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Abstract 

Gastro-oesophageal cancer is a major health problem. The overall objectives of this 

thesis were to investigate novel risk factors for gastro-oesophageal cancer risk and 

progression, in particular focusing on commonly used medications, sex hormones, 

hormonal and reproductive factors.  

In vitro experiments have shown furosemide inhibited gastro-oesophageal cancer 

cell proliferation. However, the association between furosemide use and gastro-

oesophageal cancer survival in humans has not been studied. A cohort study using 

UK primary care records from the Clinical Practice Research Datalink (CPRD) 

database was conducted to examine this association and found furosemide did not 

improve gastro-oesophageal cancer survival. Also within the CPRD database, use of 

medications with sex hormonal effects in relation to gastro-oesophageal cancer 

progression was examined with a particular focus on hormonal replacement therapy 

(HRT) because published reviews have suggested HRT should not be used in 

patients with gastric cancer. This thesis did not show any evidence that HRT was 

associated with worse survival in patients with gastro-oesophageal cancer.  

The current thesis conducted a nested case-control study using Primary Care Clinical 

Informatics Unit (PCCIU) database and a cohort study using the UK Biobank to 

assess the association between acid-suppression therapy and gastro-oesophageal 

cancer risk. The finding showed an increased risk of gastro-oesophageal cancer in 

patients using proton pump inhibitors and/or histamine-2 receptor antagonists but, 

particularly for gastric cancer, these associations appeared consistent with 

confounding by indications rather than a real causal association.  
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The apparent sex-disparities in gastro-oesophageal cancer risk remain largely 

unexplained. The current thesis investigated pre-diagnostic circulating sex hormones 

and gastro-oesophageal cancer risk using the UK Biobank, and showed sex hormone 

binding globulin was positively associated with gastric cancer risk in men and 

suggested a role of testosterone in oesophageal cancer. Also, this thesis explored a 

variety of female reproductive factors in relation to the risk of gastro-oesophageal 

cancer mortality in the China Kadoorie Biobank. Only higher number of pregnancies 

and induced abortions were found to be associated with reduced risk of gastric 

cancer mortality. 

In summary, the current thesis has contributed to the literature by identifying 

exposures which could influence gastro-oesophageal cancer risk and progression. 

Future studies are required to replicate the novel associations observed. 

 



Page | 23 
 

Dissemination of Results 

Peer-reviewed publications  

1. Liu P, McMenamin ÚC, Spence AD, Johnston BT, Coleman HG, Cardwell 

CR. Furosemide use and survival in patients with esophageal or gastric 

cancer: a population-based cohort study. BMC Cancer. 2019; 19:1017.  

2. Liu P, McMenamin ÚC, Johnston BT, Murchie P, Iversen L, Lee AJ et al. 

Use of proton pump inhibitors and histamine-2 receptor antagonists and risk 

of gastric cancer in two population-based studies. British Journal of Cancer. 

2020;123(2):307-315. 

3. McMenamin Ú, Liu P, Kunzmann A, Cook M, Coleman H, Johnston B et al. 

Circulating sex hormones are associated with gastric and colorectal cancers 

but not esophageal adenocarcinoma in the UK Biobank. The American 

journal of gastroenterology. 2020;116(3):522-529. 

Oral presentation 

Proton pump inhibitor and histamine-2 receptor antagonist use and risk of gastric 

cancer in two population-based studies. Ulster Society of Gastroenterology (USG) 

Conference. Belfast, UK, 18 October 2019. 

 

 

 



Page | 24 
 

Poster presentation 

Use of proton pump inhibitor and histamine-2 receptor antagonist use and risk of 

gastric cancer in two population-based studies. International Society for 

Pharmacoepidemiology (ISPE) Conference. Online, 15-17 September, 2020.   



Page | 25 
 

 

 

Chapter One  
 
Introduction 

 



Page | 26 
 

1.1 Background  

Cancer is the second leading cause of death worldwide, accounting for 

approximately 16% of deaths in 20151. The burden of cancer is continually 

increasing as the global population grows2,3. According to the GLOBOCAN 

statistics, there were 18.1 million newly diagnosed cancer cases and 9.6 million 

cancer-specific deaths in 20183, In 2020 new cancer cases and deaths have increased 

to 19.3 million and 10.0 million, respectively2. The World Health Organisation 

(WHO) body, the International Agency for Research on Cancer (IARC) predicts 

cancer cases will increase to 28.4 million by 20402. It is therefore a large challenge 

to reduce cancer incidence and mortality.  

Cancer occurs when normal cells lose control of cell proliferation and apoptosis due 

to damage to the genome4. Some authors suggest approximately 70-90% of cancer 

cases are attributable to extrinsic factors5 including lifestyle and environmental risk 

factors and around 40% of cancer cases are preventable6. Cancer prevention is one of 

the most cost-effective methods to reduce the burden of cancer by reducing the 

exposure to modifiable risk factors and hence reducing cancer incidence7. 

The focus of this thesis is on cancers of the upper gastrointestinal tract (GIT). The 

GIT is the tract from the mouth to the anus that food and liquids travel through from 

when they are swallowed until they are excreted, see Figure 1.1 for the structure of 

GIT8. In terms of the upper GIT, the most common sites for malignancy are the 

oesophagus and the stomach. Gastro-oesophageal cancer is a major burden globally, 

characterised by the relatively high incidence and poor survival2. Investigations into 

risk factors and potential treatments are therefore imperative.  
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Figure 1.1. Anatomy of gastrointestinal tract8 

Permission to reuse the figure is granted by Terese Winslow 
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1.2 Oesophageal cancer   

1.2.1 Incidence 

Oesophageal cancer is the seventh most common cancer worldwide, with an 

estimated 604,100 new cases in 20202. Oesophageal cancer incidence varies 

dramatically by geography, with a particularly high burden in Eastern/Southern 

Africa and Eastern Asia, see Figure 1.2 for an overview of oesophageal cancer 

geographic distribution in 2020. The highest age-standardised incidence rate (ASIR) 

occurs in Malawi, with 17.5 ASIR (world, all sex) per 100,000 population2. Whilst 

the greatest total number of new cases occurs in Eastern Asia with about 357,800 

new cases annually, of which 90% occurring in China in 20202. There is also 

geographic variation by the main histological subtype of oesophageal cancer namely 

oesophageal squamous cell carcinoma (OSCC) and oesophageal adenocarcinoma 

(OAC)2, see Figure 1.3 which shows the distribution of OSCC and OAC by 

continents and sex9. In most countries, OSCC accounts for the majority of 

oesophageal cancer cases, but recent decades witnessed an increasing trend of OAC 

in some western countries such as in the United Kingdom (UK)10. Finally, 

oesophageal cancer presents a striking male predominance both for OSCC and OAC 

in all regions, see Figure 1.39. Overall, there were an estimated 418,000 cases in men 

and 185,000 cases in women in 2020, representing a male to female ratio of 2.3:12. 

In particular, this male predominance is more marked for OAC, where incidence is 

up to 8 times higher in men than women11.
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Figure 1.2. Estimated age-standardised incidence rates (world) in 2020, oesophagus, both sexes, all ages2 

Permission to reuse the figure is granted by IARC/WHO
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Symbols:   ♀: Females;  ♂: Males 

 

Figure 1.3. OAC and OSCC age-adjusted incidence rates by continent and sex9 

Permission to reuse the figure is granted by John Wiley & Sons 

 

The epidemiology of gastro-oesophageal cancer incidence between the UK and 

China varies widely. Figure 1.4 shows the top 10 highest ASIR cancer sites in China, 

along with the corresponding cancer site ASIRs in the UK.  

In the UK, oesophageal cancer (all morphology types combination) ASIR (world) 

was reported as 6.4 in 2020, see Figure 1.4, corresponding to around 9,000 newly 

diagnosed cases2,12. 70% of new oesophageal cancer cases occurred in males (ASIR 

[world] of 9.8) accounting for 3% of all new male cancer cases, whilst 30% occurred 
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in females (ASIR [world] of 3.4) accounting for 2% of new female cancer cases2,12. 

In the UK, past decades have observed an increasing trend of OAC compared with 

OSCC and OAC is now the predominant subtype13. In contrast, OSCC has been 

decreasing over time13.  

More than half of new oesophageal cancer cases worldwide occurred in China, 

corresponding to a total of 324,400 cases in 2020, with the ASIR (world) of 13.8 

(ASIR [world] is 19.7 in males and 8.2 in females), see Figure 1.42. In China, 

oesophageal cancer is the sixth most common cancer site and accounts for 11.1% of 

new cancer cases14. Epidemiological statistics have observed a significantly 

decreasing ASIR trend for oesophageal cancer in China in recent decades14,15, 

however it is still a large burden. OSCC is the predominant histological subtype, 

accounting for about 90% of new oesophageal cancer cases16. 

 

 

Figure 1.4. Estimated age-standardised incidence rates (World) in 2020, both sexes, 
all ages, in China and in the UK 

Permission to reuse the figure is granted by IARC/WHO

Stomach 
China      20.6 
UK          4.0 

Oesophagus 
China       13.8 
UK           6.4 
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1.2.2 Mortality  

Oesophageal cancer ranks as the sixth leading cause of cancer mortality worldwide, 

with an estimated 544,000 cancer-specific deaths in 2020, and more than 70% of 

deaths from oesophageal cancer occur in men as the result of the male prominent 

incidence2. Due to the high fatality rate even in the high-income regions, the 

distribution of oesophageal cancer deaths mirrors the distribution of oesophageal 

cancer incidence2.  

In the UK, oesophageal cancer is the sixth leading cause of death from cancer and 

accounts for 4.7% of all cancer deaths with around 8,000 deaths per year2,17, see 

Figure 1.5. The age-standardised mortality rate (ASMR [world]) is 5.0 per 100,000 

population2. In 2013-2017, only 17% of oesophageal cancer patients survived more 

than five years due to late detection and poor prognosis18.  

In China, oesophageal cancer is the fourth leading cause of death from cancer, with a 

total estimated 301,000 deaths (ASMR [world] of 12.7) in 2020, see Figure 1.52. 

Although survival remains poor there have been some improvements in recent 

years14,19.  For instance, the 5-year relative survival rate increased from 21% in 

2003-2005 to 30% in 2012-201519. 
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Figure 1.5. Estimated number of deaths from cancer in 2020, both sexes, all ages, in the UK and China, respectively 

Permission to reuse the figure is granted by IARC/WHO
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1.2.3 Pathology  

As described above, the main histological subtypes are OSCC and OAC, leaving a 

small proportion of cases with leiomyosarcomas, small cell carcinomas, lymphomas, 

carcinoids, and melanomas20. OSCC and OAC have different pathogenesis, 

aetiology, and anatomical location, and also have different distribution by race, sex, 

geography, and socioeconomic status. 

As described, OSCC is the most common subtype worldwide but in some western 

high-income countries it has been surpassed by OAC. OSCC generally arises from 

the epithelial cells in the upper or middle oesophagus, where the squamous cell 

neoplasm can invade through the epithelial basement membrane into the lamina 

propria, submucosa, muscularis propria, or deeper20. The main modifiable risk 

factors for OSCC are lifestyle and environmental exposures, such as tobacco use, 

alcohol consumption, and nutritional factors20.  

OAC arises from the oesophageal gland cells, commonly occurring in the lower parts 

of the oesophagus. The main risk factors of OAC are age, being male, obesity, and 

gastro-oesophageal reflux diseases (GORD). Gastric acid refluxes into oesophagus 

can injure and irritate the mucosa then resulting in oesophagitis which further 

progressing to Barrett’s oesophagus (BO) with no dysplasia, low-grade dysplasia 

(LGD), high-grade dysplasia (HGD), finally leading to OAC21. BO, an abnormal 

metaplastic change in the oesophageal mucosal cells, is a precursor of OAC and is 

associated with OAC development, especially in BO patients with dysplasia22,23. 

Despite the strong association between BO and OAC, a population-based research 

into the progression from BO to OAC has shown the risk of malignant progression 

among BO patients was low24. 
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1.2.4 Symptoms 

Generally, symptoms depend on the location and extent of tumour invasion. 

Oesophageal cancer generally presents symptomatically late. Dysphagia is the most 

common symptom due to the luminal narrowing caused by tumour growth and 

invasion, which consequently leads to weight loss25. Patients may also experience 

long-term indigestion or heartburn once tumour grows to cause valve dysfunction 

which leads to acid reflux25. Also, such reflux may lead patients to experience pain 

in the throat or behind the breastbone25. Other signs of oesophageal cancer include 

nausea, haematemesis, hemoptysis, hematochezia, continuing cough when eating, 

constipation, and fatigue25,26. 

1.2.5 Stage 

The stage classification is of importance for prognosis and in particular informs the 

choice of treatment. Tumour–Node–Metastasis (TNM) staging system provides the 

classification criteria to identify the cancer stage in terms of the tumour size and 

location (T), lymph nodes (N), and metastasis (M)27. Oesophageal tumours are often 

divided into stages 0 to IV based upon the TNM stage, separated by histology. 

Figure 1.6 shows the oesophageal cancer staging categories along with the 

oesophageal wall layer structure. Figure 1.7 then summaries the oesophageal cancer 

clinical stage classification. Clinical stage classification is a major determinant for 

treatment options and also an indicator of survival rate. Figure 1.7 also presents the 

OAC survival rates by stage in the Northern Ireland population, graphically showing 

the impact of later stage on prognosis11.
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Figure 1.6. Tumour staging categories for oesophageal cancer27,28   

Permission to reuse the figure of the oesophageal layer wall structure is granted by Radiological Society of North America29
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Figure 1.7. Cancer staging categories for oesophageal cancer, along with the net survival by tumour stage of OAC patients11 

Permission to reuse the figure of survival by tumour stage of OAC in Northern Ireland is granted by Elsevier 
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1.2.6 Screening  

No country has a population-wide screening programme for oesophageal cancer. But 

given the poor survival, some countries, such as the UK and United States of 

America (USA), have introduced surveillance for people who have been diagnosed 

with premalignant conditions23,30. 

In the UK, OAC is the predominant type which has been shown associated with BO. 

Consequently, monitoring patients with BO has been conducted to improve clinical 

outcomes30. For example, patients with BO who have LGD are offered a repeat 

endoscopy within 6 months31. However, as said above, the absolute risk of 

progression to OAC among BO patients is low, which limits the ability to reduce the 

burden of OAC through surveillance and management of BO alone, identified from 

endoscopy24,32. Consequently, discovery of new technologies for early detection and 

risk stratification of BO patients have attracted the attention of researchers. For 

example, a population-based study has assessed the ability of candidate biomarkers 

to identify BO patients who are most likely to progress to HGD and/or OAC. This 

study showed some potential markers including: abnormal DNA ploidy, Aspergillus 

oryzae lectin (a carbohydrate-binding protein from Aspergillus oryzae, whose lectin 

histochemistry has been shown to decrease binding in the progression to OAC33), 

and LGD34. Also, a more recent study showed that a breath test could detect enriched 

volatile aldehydes in patients with OAC and suggested that exhaled aldehyde could 

have the potential to be useful in early diagnosis of OAC35. In addition, a novel non-

endoscopic cell collection device named as Cytosponge-trefoil factor 3 (TFF3) has 

been shown to improve the detection of BO, potentially allowing oesophageal cancer 

to be detected earlier36.  
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In order to reduce the burden of oesophageal cancer, China has been evaluating 

potential screening programmes. For example, a regional endoscopic screening 

programme has been introduced in several areas since 2005, and has shown a marked 

reduction in the risk of death from oesophageal cancer in the endoscopic screening 

group compared with the non-screening group37,38. Meanwhile, China has also 

introduced a “pre-screening” programme to identify high-risk individuals via a 

prediction tool on the basis of the risk factors and/or biomarkers, but this programme 

is not nation-wide yet and further research is ongoing39.   

1.2.7 Management  

Management of oesophageal cancer is mainly determined by multidisciplinary 

consultations on the basis of tumour stage and histology, and patient health status, 

alongside the patient choice, and other factors such as nutritional status40–42. 

Generally, surgery remains the only curative treatment, along with neoadjuvant 

and/or postoperative chemotherapy or chemoradiotherapy. Palliative care is provided 

at end of life, aiming to improve the quality of life40–42.  

Curative treatment  

In the UK, surgery is recommended for patients with resectable disease and who are 

fit enough to undergo surgery. Clinical TNM stage is a major determinant of 

treatment options and decision making is shared with patients after discussing the 

benefits and risks of each treatment option. Briefly, the treatment options in the UK  

according to the UK National Institute for Health and Care Excellence (NICE) 

guidelines for the management of oesophageal cancer are the following41: 
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• For the T1N0 oesophageal cancer, 1) offer endoscopic mucosal resection to 

suspected T1 oesophageal cancer; 2) offer endoscopic eradication of 

remaining Barrett's mucosa to T1aN0 tumour; 3) offer radical resection if fit 

enough to have surgery to T1bN0 OAC; 4) offer definitive 

chemoradiotherapy or surgical resection to T1bN0 OSCC.  

• For localised OAC and gastro-oesophageal junctional adenocarcinoma except 

for T1N0, offer an open or minimally invasive oesophagectomy along with 

chemotherapy before or before and after surgery, or chemoradiotherapy 

before surgery if fit enough.  

• For resectable non-metastatic OSCC, offer radical chemoradiotherapy or 

chemoradiotherapy before surgical resection. 

However, these guidelines may not be strictly adhered and for instance there remains 

some controversy in how T2N0 patients are treated. 

Palliative treatment  

Palliative care is offered to all patients who are not fit to have surgery or who have 

metastatic disease. Chemoradiotherapy can be considered for non-metastatic 

oesophageal cancer if surgery is not possible41. Also, chemotherapy is commonly 

used in palliative care to slow cancer cell proliferation and diffusion in an effort to 

prevent or relieve symptoms. In particular, oesophageal cancer patients can 

experience debilitating dysphagia, malnutrition, cough due to fistula formation in the 

airways, and other symptoms caused by cancer, especially at end of life40–42. It is 

therefore of importance to relieve such symptoms using adequate palliative care 

support to improve patients’ comfort and quality of life.   
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Novel treatment strategies 

Despite the improvement in therapy for oesophageal cancer, such as the introduction 

of minimally invasive oesophagectomy, the overall survival rate, especially for 

advanced cancer is still poor. For instance, in England around 60% of cases 

(combination of OAC and OSCC) are diagnosed at advanced stage and the 5-year 

survival rate is less than 17%43. In more recent decades, novel immunotherapy for 

patients with advanced-stage tumours has attracted the attention of researchers44,45. 

The programmed cell death protein-1 (PD-1) and its ligands namely programmed 

death-ligand 1 (PD-L1) have been shown to play critical roles in T cell inhibition and 

were associated with poor outcomes in some human cancers, including oesophageal 

cancer46. A recent systematic review on the immunotherapy on PD-1/PD-L1 

pathway showed that immunotherapy via inhibition of PD-L1 resulted in better 

survival compared to chemotherapy or palliative care in patients with advanced 

gastro-oesophageal cancer47, suggesting that immunotherapy could be an important 

addition to current regimens.  

1.2.8 Risk factors  

Age is a major risk factor for oesophageal cancer. The incidence of oesophageal 

cancer increases with age and reaches the peak at approximately 70 years12,48. 

Another unmodifiable risk factor is being male as described above a marked male 

predominance in incidence2. To date, the mechanism of how being male increases 

the risk of oesophageal cancer is still unclear. One hypothesis that sex hormones may 

play a role in oesophageal carcinogenesis, may explain some of the male 

predominance in incidence. In order to verify this hypothesis, a number of 

epidemiological investigations into sex hormone levels49–51, hormone receptor 
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expression52, hormonal and reproductive factors53–56, and hormone therapy53,57 have 

been carried out but shown inconsistent findings.  

The modifiable risk factors for oesophageal cancer vary between OSCC and OAC. 

For OSCC, the primary risk factors include alcohol consumption and tobacco use 

which independently increase the risk of OSCC, while also having a synergistic 

effect58. In addition, poverty was associated with increased risk of OSCC where a 

previous study used income and education as indicators and showed lower 

socioeconomic status increased the risk of OSCC59. Numerous previous studies have 

investigated various dietary factors and OSCC risk. Consumption of very hot drinks 

has been investigated in relation to OSCC risk60 but the IARC concluded this 

association was limited by inadequate evidence61. Similarly, investigations into 

specific food items suggested consumption of fresh vegetables and fruits62,63 

decreased but pickled vegetables64 increased OSCC risk, however these findings 

should be interpreted cautiously due to the limitations of exposure assessments and 

confounder adjustments. Betel quid chewing, commonly used by South and South-

East Asian populations, is associated with an increased risk of OSCC65,66. Several 

medical conditions also are associated with the risk of OSCC. For example, people 

diagnosed with achalasia, or who exposed to therapeutic radiation frequently, report 

a higher OSCC incidence67. Finally, a number of potential risk factors remain to be 

fully evaluated, such as poor oral health conditions, HPV infection, and genetic 

factors.  

OAC is considered obesity-related cancer with a greater OAC incidence in 

overweight individuals68. In high-income regions, the trend of obesity and OAC 

prevalence has simultaneously risen over the last decades. Previous studies have 
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provided some evidence that obesity contributes to OAC development both by 

increasing the risk of reflux disease (a strong risk factor for OAC69) and/or BO, but 

also increases OAC independently70. As said above, BO is a pre-cancer condition 

which also contributes to OAC risk. Surveillance of BO patients has been introduced 

to reduce the risk of OAC incidence in the UK and USA, as said above23,30. 

However, the increased risk of OAC in BO may have ethnic differences as a Chinese 

study showed only 4.6% of OAC patients had evidence of BO71. Alcohol 

consumption does not appear to be an important risk factor for OAC according to 

epidemiological findings72. Smoking increases the risk of OAC, but possibly not to 

the same extent as OSCC73. Moreover, the search for other potential risk factors is 

ongoing. For example, investigations are being conducted into genetic factors74,75.    
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1.3 Gastric cancer  

1.3.1 Incidence  

Gastric cancer is the fifth most common cancer worldwide and there were over 1 

million new cases in 20202. Gastric cancer incidence has a striking sex disparity, 

with a male to female ratio of 2:12. Among men, it is the most commonly diagnosed 

cancer site in several Western Asian countries, including Iran, Turkmenistan, and 

Kyrgyzstan2. Whereas a heavy burden of gastric cancer is reported in Eastern Asia, 

where China accounts for nearly half of cases worldwide, and Mongolia reports the 

highest ASIR (world) incidence of 32.5, followed by Japan with 31.6 and South 

Korea with 27.92. In addition, Southern America and Eastern Europe also have high 

incidence rates2. In contrast, the rates in North America, Northern Europe, and 

Africa are generally lower2. See Figure 1.8 for an overview of gastric cancer 

geographic distribution. 
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Figure 1.8. Estimated age-standardised incidence rates (world) in 2020, stomach, both sexes, all ages 

Permission to reuse the figure is granted by IARC/WHO 
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In the UK, there are around 6,600 new gastric cancer cases recorded annually76, 

corresponding to an ASIR (world) of 4.02. Of whom, around two-thirds are males 

and the majority of cases occur in more deprived areas76. Over past decades, the 

incidence rate of gastric cancer has decreased by up to 50% both in men and women. 

But gastric cancer is still a burden in the UK due to its late diagnosis and poor 

prognosis76. 

Around half of global new gastric cancer cases are reported in China, making it the 

third most frequently diagnosed cancer in China, with an ASIR (world) of 20.62. 

According to China Cancer Statistics 2015, there was a total of 679,000 new cases 

diagnosed in 201514. Of these, 70% occurred in males despite a downward trend in 

incidence in men within the past decade14. Overall 70% of new cases occurred in 

rural areas of China which are generally more deprived than urban areas14.    

1.3.2 Mortality  

Gastric cancer is the third leading cause of cancer death worldwide, with an 

estimated 768,800 deaths in 20202. Similar to its pattern of incidence, death rates are 

2-fold higher in men than in women2.  

In the UK, the mortality rate of gastric cancer has decreased by 80% since the early 

1970s in both men and women77. The latest statistics in the UK recorded a total of 

4,333 deaths (M:F 1.8:1) annually77. According to GLOBOCAN statistics, the 

ASMR (world) of gastric cancer deaths in the UK is 2.4, much lower compared with 

the global average of 7.72. But the prognosis of gastric cancer is poor in the UK, with 

5-year survival rates of 21.6%78. 
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In China, gastric cancer is the third leading cause of cancer death despite a declining 

trend in both men and women during the past decade14. In 2020, there were an 

estimated 374,000 gastric cancer deaths in China (ASMR [world] of 15.9), 

accounting for nearly half of global deaths2. The 5-year relative survival rate in 

China in 2012-2015 was 35.1%19. 

1.3.3 Pathology  

Gastric cancer refers to the tumours that arise from the region extending between the 

gastroesophageal junction and the pylorus. Approximately 95% of gastric cancer 

cases are adenocarcinomas, the others are rare types of adenosquamous, squamous, 

and undifferentiated carcinomas79.  

Histologically, gastric cancer is classified into intestinal and diffuse subtypes using 

Lauren’s classification system, and they have distinct clinical, molecular, and 

epidemiological characteristics80. Generally, intestinal tumours present adhesively 

irregular tubular or glandular structures, and are associated with intestinal metaplasia 

in neighbouring mucosa80. This type is more common in elderly men and has a better 

prognosis80. Whilst diffuse tumour cells lack adhesion, leading to scattered cell 

presentation. Diffuse tumours have poorer prognosis, and are more common in 

younger women80.  

Anatomically, gastric cancer is further classified into cardia and non-cardia 

(including all malignant neoplasm occurring in the stomach distal to the cardia i.e. 

fundus, body, incisura, and antrum), see Figure 1.9 for an overview of gastric 

anatomy. Gastric cardia cancer, developing from areas joining the gastro-

oesophageal junction, has similar epidemiological characteristics to OAC and is 
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mainly influenced by obesity and reflux disease3. Gastric cancers of the non-cardia 

are more common in most countries despite having been steadily declining over the 

last century in most populations81. This trend may reflect improving standards of 

living and improvements in Helicobacter pylori (H. pylori) eradication82.  

 

Figure 1.9. Gastric anatomical parts 

Permission to reuse the figure is granted by America Cancer Society 

 

1.3.4 Symptoms  

Early-stage gastric cancer rarely causes symptoms or signs to attract the attention of 

the patients. The common symptoms such as dysphagia, weight loss, dyspepsia, 

anaemia, pain, bloating, nausea, and haematemesis are not specific to gastric cancer 

and more likely to be caused by diseases other than gastric cancer83. Of which, 

persistent abdominal pain, nausea, and early satiety with reduced appetite are slightly 

more specific to gastric cancer84.  
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1.3.5 Stage  

The TNM staging system is usually used to describe gastric cancer stage where the 

tumour extent is largely determined by how far cancer grows into the stomach layers 

as shown in Figure 1.1027. Table 1.1 then lists the gastric cancer clinical stage 

classification. Similar to oesophageal cancer, the prognosis of gastric cancer largely 

depends on the stage at diagnosis. For example, the 5‐year survival rate decreased 

from 80.5% with localized tumours to 5.3% for patients with distant tumours in 2004 

and 2009 in Americans85.
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Figure 1.10. Tumour staging categories for gastric cancer27 

Permission to reuse the figure of gastric wall layer structures is granted by Terese Winslow
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Table 1.1. Cancer staging categories for gastric cancer 

Stage group T N M 

Stage 0 Tis  N0 M0 
    
Stage I T1 N0-1 M0 
    
 T2 N0 M0 
    
Stage II T1 N2 M0 
    
 T2 N1 M0 
    
 T3 N0 M0 
    
 T1 N3a M0 
    
 T2 N2 M0 
    
 T3 N1 M0 
    
Stage III T2-3 N3a M0 
    
 T3 N2-3b M0 
    
 T4a N1-3b M0 
    
 T4b N0-3b M0 
    
Stage IV T1-4 N0-3 M1 

 

 

1.3.6 Screening   

Only Japan and South Korea have introduced population-wide screening 

programmes for gastric cancer86,87. In Japan, a national radiographic screening 

programme for gastric cancer was initiated in 1983, and has contributed to a fall in 

mortality from gastric cancer87. In 2018, Japan updated the screening approach from 

which endoscopic screening was also introduced87,88. Asymptomatic people age 50 
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years or above are the target population, and are recommended to be screened every 

2 to 3 years87.   

In the UK, gastric cancer screening is not recommended by the National Screening 

Committee (NSC) due to the low incidence rate and the absence of evidence of the 

benefits versus the harms89. But this recommendation is currently being reviewed as 

part of the UK NSC's regular review cycle89.  

In China, gastric cancer endoscopy screening is recommended for high-risk 

populations based upon the following risk factors: 1) age 40 years and above; 2) 

residing in the high-incidence area for more than 3 years; 3) H. Pylori infection; 4) 

family history; 5) exposure to lifestyle and/or environmental risk factors such as 

high-salt diet, smoking or heavy alcohol consumption90,91. Despite the national 

screening guideline being published in 201490, the screening programme has not 

been widely implemented in China. In addition, a free regional one-time endoscopic 

screening programme has also been introduced in six high-risk incidence areas in 

China for people aged between 40 and 69 years and has been shown to reduce the 

upper GIT cancer incidence and mortality rate significantly92.  

1.3.7 Management  

Curative treatment  

Similar to oesophageal cancer, multidisciplinary consultation is mandatory before 

any curative treatments for gastric cancer. Surgical resection is recommended for 

resectable disease, especially at an early stage. Perioperative and adjuvant 

chemotherapy is recommended by NICE41. For those not offered chemotherapy 

before surgery, chemotherapy or chemoradiotherapy after surgery is recommended41. 
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Subtotal gastrectomy in distal gastric cancer has been shown to have a similar 

survival compared with total gastrectomy, therefore a subtotal gastrectomy may be 

preferable in order to maintain a superior nutritional status93. 

Palliative treatment  

Palliative care and chemotherapy are offered for the management of advanced 

gastric cancer41. Human epidermal growth factor receptor 2 (HER2) testing is 

recommended for people with metastatic gastric adenocarcinoma to determine the 

chemotherapy options41. Trastuzumab in combination with cisplatin and capecitabine 

or 5-fluorouracil are then recommended for HER2-positive metastatic 

adenocarcinoma41. Palliative surgery or uncovered self-expanding metal stents can 

also be considered41.  

Novel treatment strategies 

Similar to oesophageal cancer, research on novel treatments for gastric cancer is 

ongoing, in particular on novel immunotherapy and combination therapy targeting 

new immune checkpoint molecules. For example, anti-PD-1/PD-L1 immunotherapy 

is also being investigated for gastric cancer47. 

1.3.8 Risk factors  

Gastric cancer incidence rises progressively with age. The majority of gastric cancer 

cases occur in people aged 65 and over, with a peak at around 80 years76,94.  Males 

have higher rates than females (M:F 2:1) and particularly for cardia gastric cancer 

(M:F 3:1)95. Similar to the suggested hypothesis of sex hormone involvement in 

oesophageal cancer, research into sex hormones and hormonal factors in relation to 
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gastric cancer is ongoing96. In addition, rates of non-cardia gastric cancer are higher 

in non-white populations97.  

H. pylori infection is the strongest known modifiable risk factor for non-cardia 

gastric cancer. Up to 89% of non-cardia cases are attributed to H. pylori infection98. 

In contrast, this bacterium may be protective against cardia gastric cancer99 but this 

association has not been proven100,101.  

Both smoking and alcohol are established risk factors for gastric cancer, but alcohol 

consumption has been more strongly associated with increased risk of cardia than 

non-cardia subtype102,103. Diet also is associated with gastric cancer risk with diets 

high in salt and low in fresh fruit increasing risk104. Obesity, reflux disease, and BO 

are thought to increase the risk for cancer of the cardia105. Social class is associated 

with gastric cancer incidence and rates are higher in more deprived areas, especially 

for non-cardia cancer106.  

In addition, individuals with a family history of gastric cancer are at higher risk. 

Around 10% of gastric cancer patients have a family history which may reflect the 

sharing of exposures but also genetic factors. Overall about 1 to 3% of gastric cancer 

is attributed to specific inherited syndromes such as hereditary diffuse gastric 

cancer107. 

Finally, use of acid suppression drugs has also long been debated as a risk factor for 

gastric cancer. A number of observational studies have been carried out with mixed 

results108, see details in Chapter 4. 
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1.4  Aim of thesis  

The overall aim of this thesis was to conduct novel investigations of specific 

mediations, sex hormones, and reproductive factors in relation to gastro-oesophageal 

cancer risk and survival.  

The specific aims are: 

1) To investigate whether furosemide use is associated with reduced cancer-

specific mortality in gastro-oesophageal cancer patients. 

2) To investigate whether medications with hormonal effects (including 

hormonal replacement therapy, 5α-reductase inhibitor, digoxin, and 

spironolactone) are associated with altered cancer-specific mortality in 

gastro-oesophageal cancer patients. 

3) To investigate whether proton pump inhibitor and histamine-2 receptor 

antagonist use is associated with increased gastro-oesophageal cancer risk, 

and whether reverse causation plays a role in this association. 

4) To investigate the associations between blood sex hormone levels and gastro-

oesophageal cancer risk. 

5) To investigate the associations between female reproductive factors and 

gastro-oesophageal cancer mortality in a Chinese population. 

These analyses will be conducted using a variety of high-quality datasets both in the 

UK and China, including the UK Clinical Practice Research Datalink database, UK 

Primary Care Clinical Informatics Unit dataset, UK Biobank, and China Kadoorie 

Biobank. Ultimately, the goal of this thesis was to assess risk factors and novel 

treatments to improve gastro-oesophageal cancer prevention and prognosis.
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Chapter Two	
 
Furosemide use and survival in patients 
with gastro-oesophageal cancer: a 
population-based cohort study 	
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2.1 Introduction  

2.1.1 Study rational  

Pre-clinical evidence has emerged that overexpression of the Na+-K+-2Cl− 

cotransporter (NKCC) can induce cell proliferation. In vitro cell studies have 

demonstrated that NKCC1 is implicated in gastro-oesophageal cancer cell 

differentiation and the depletion of NKCC1 by furosemide inhibits cell 

proliferation109,110. Despite this preclinical evidence suggesting that NKCC1 

inhibitors such as furosemide could slow gastro-oesophageal cancer progression, no 

studies have been conducted to investigate a potential association in humans. 

Therefore, we conducted a large population-based cohort study to investigate the 

association between furosemide use and cancer-specific mortality in patients with 

gastro-oesophageal cancer. 

2.1.2 Sodium-Potassium-Chloride Cotransport  

NKCC is a class of protein that transports one Na+, one K+, and two Cl− cross plasma 

membranes simultaneously111. The earliest evidence of the discovery of NKCC 

cotransport was presented by Geck et al. in 1980112. They found an electrically silent 

cotransport system for Na+, K+, and Cl−, which was insensitive towards ouabain but 

specifically blocked by furosemide and other 'high ceiling' diuretics, well known as 

loop diuretics currently. In 1994, the NKCC encoding gene was identified, two 

isoforms were found and named as NKCC1 and NKCC2, respectively113–115. 

NKCC1 has been reported as widely expressed in a variety of adult organs, whilst 

NKCC2 is kidney-specific, only expressed in the renal medulla, corresponding with 

the anatomic location of the thick ascending limb (TAL) of Henle’s loop111. The 
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function of NKCC2 in TAL has been extensively studied, that NKCC2-dependent 

salt and water balance is essential for salt homeostasis and blood pressure control. 

Whereas the functions of ubiquitous NKCC1 have been suggested to be more 

complex, as NKCC1 has been found to participate in numerous normal and 

pathological processes, including but not limited to 1) epithelial absorptive and 

secretory processes via Cl− transport; 2) cell volume maintenance by adjusting water 

transport and; 3) cell cycle progression via regulating cell volume111. The potential 

role of NKCC1 in carcinogenesis has therefore gained attention.  

2.1.3 NKCC cotransporter and cancer  

Abnormalities in cell proliferation and death regulation play pivotal roles in 

neoplastic progression116,117. The activation of iron transport pathways during cell 

volume occurs both in cell proliferation where cell volume increases in the cell 

division process, and in cell apoptosis which is an actively controlled process of 

programmed cell death characterized by visible cell shrinkage in the early stage118–

122. NKCC1 has been observed to be expressed both in normal and cancer cells 

thereby this primary cell volume regulatory protein has attracted attention from 

researchers to investigate its potential use in cancer therapy. Previous evidence has 

demonstrated NKCC1 expression increased gliomas cell invasion, and suggested 

NKCC inhibitor might have a potential as adjuvant therapy to gliomas123–127. In 

addition, Shiozaki et al. have conducted in vitro experiments to assess the impact of 

NKCC and its inhibitor on gastro-oesophageal cancer cells and shown NKCC1 

overexpression was associated with the histological degree of differentiation109,110. 

Also, investigations into the NKCC expression and other cancer sites have shown the 

lower expression of NKCC inhibited carcinoma invasion in lung, prostate, and liver 
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cancer128–131, suggesting NKCC might be a novel therapeutic target to reduce cancer 

cell metastasis.   

2.1.4 Loop diuretics and furosemide 

In the 1960s, furosemide was first introduced to the pharmaceutical market132. Then 

it quickly became well known as a loop diuretic, characterized by acting on the TAL 

of Henle’s loop, where it blocks the luminal NKCC cotransporter then inhibits the 

reabsorption of Na+, K+, and Cl− from the renal tubule to circulating blood thereby 

changing the osmotic pressure to increase urine production. Accordingly, loop 

diuretics are commonly prescribed for patients with pulmonary oedema caused by 

left ventricular heart failure and chronic heart failure133,134, and are also used to treat 

resistant oedema and resistant hypertension through increasing water excretion135,136. 

To date, the commonly used loop diuretics are furosemide and bumetanide. 

Furosemide is the most commonly used loop diuretics, widely prescribed globally 

since it was approved for clinical use, for instance in England approximately 11 

million prescriptions are dispensed annually137. Furosemide is mainly used in oral 

formulations, achieving its peak effect approximately 1 hour after oral 

administration138. It is also available by intravenous injection, reaching the peak 

around 10 to 30 minutes after intravenous administration138. Its bioavailability varies 

from 10% to 90%, depending on the route of administration and individual 

differences, with the mean bioavailability of 51%138. The impact of furosemide is 

response-dependent and its ceiling dosage depends on the individual’s clinical 

conditions138. According to WHO Defined Daily Dosage (DDD) rules, the assumed 

average maintenance dose per day for furosemide used for its main indication in 

adults is 40mg139.  
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The main side effects of furosemide are electrolyte imbalance as the excretion of 

Na+, K+ et al. ions may cause serious conditions such as hyponatremia, hypokalemia, 

hyperuricemia, or hypocalcemia140. Additionally, furosemide may cause serious 

symptoms such as dizziness; fatigue; headache; muscle spasms; nausea, auditory 

disorder, skin eruption, and shock140. Thus, patients using furosemide are carefully 

monitored in practice141.  

2.1.5 Furosemide and gastro-oesophageal cancer  

As mentioned above, previous evidence has emerged that the NKCC could play an 

important role in gastro-oesophageal cancer cell growth. However, studies to assess 

the impact of NKCC and its inhibitors on gastro-oesophageal cancer are limited. In 

2006, a Japanese research team published a study where they conducted an in vitro 

experiment using human gastric adenocarcinoma cell lines and found that NKCC1 

expression was three times higher in poorly differentiated compared with moderately 

differentiated gastric adenocarcinoma cells110. This study also showed that 

furosemide reduced cell growth in poorly differentiated gastric adenocarcinoma 

cells, and suggested this action was via the inhibition of NKCC and specifically 

delaying G1/S cell cycle progression110. Consistently, in 2014 this team assessed 

NKCC expression and its potential functions in human oesophageal squamous cell 

lines and found higher NKCC1 expression in more poorly differentiated OSCC cases 

and depletion of NKCC1 inhibited cell proliferation via the G2/M checkpoint109.  
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2.2 Aims and objectives 

The main aim of this study was to investigate whether furosemide use is associated 

with reduced cancer-specific mortality in patients with gastro-oesophageal cancer.  

The primary objective of this study was:  

To investigate if the post-diagnostic use of furosemide influences the risk of 

gastro-oesophageal cancer-specific mortality compared to non-use.
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2.3 Methods 

2.3.1 Data source  

This study was conducted using data from the Clinical Practice Research Datalink 

(CPRD) GOLD dataset.  CPRD data were obtained along with linked data from the 

National Cancer Data Repository (NCDR) and the Office for National Statistics 

(ONS) mortality data.  

Clinical Practice Research Datalink database 

The CPRD database is an ongoing primary care database that started in 1987142. In 

1987, a commercial company named Value Added Medical Products (VAMP) health 

marketed a computer recording system to record comprehensive health information 

for individuals through general practices (GPs), to establish a valuable dataset for 

clinical research and drug safety researsch143. In 1994, the VAMP dataset was taken 

over by Reuter Health Information then was renamed as the General Practice 

Research Database (GPRD). Then GPRD was expanded to become CPRD database 

in March 2012 to reflect the additional linkages with other health-related databases 

(such as secondary care data) via a trusted third party142,144.   

The CPRD integrates anonymized computerized medical records regularly from 

participating GPs across England, Wales, Scotland, and Northern Ireland. Patients 

registered at those involved GPs are included in the dataset automatically unless they 

dissent from secondary use of their medical data. Each participating GP collects 

routine medical records on a daily basis using the Vision® or EMIS® software 

systems, then uploads the routine records to the CPRD database monthly142,144. The 

Read code system, a hierarchical clinical classification system containing over 
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96,000 codes, is used for encoding diagnoses and other clinical “events” at a patient-

level142,145. Additional clinical details are collected, including test results and lifestyle 

characteristics (e.g. smoking, physical activity, and alcohol intake).  

All data within the CPRD are from routinely collected medical records and are not 

specifically collected for the purpose of research. Therefore,  the CPRD utilises two 

criteria, acceptability of patients for research (determined by the GP registration 

status, recording of events in the patient record, and valid age and sex), and up to 

standard (UTS; based on the continuity of recording and the number of recorded 

deaths) time for practices, to help researchers select research-quality patients and 

periods of quality data recording142.  

For the purpose of generating rich and comprehensive data for research, policy, and 

health service planning, data linkage is enabled between the CPRD database and 

other sources by the National Health Service (NHS) Digital using a unique personal 

identifier number144. Before the participating GPs submit data to CPRD, patient 

identifiers (including name, full date of birth, postcode, and NHS number) are 

removed and a pseudo-anonymised system is used to replace real-name identifiers 

with system patient and practice identifiers. Meanwhile, the real-name patient 

identifiers and the system identifiers are submitted to NHS digital144. Similarly, 

external data (e.g. secondary care data) custodians transfer real-name patient 

identifiers and the system identifiers to NHS digital144. Then, NHS digital cleans and 

merges different datasets via modification of the identifiers, see Figure 2.1 for an 

overview of data linkage. 
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Figure 2.1. Primary care and linked data flow144 

Permission to reuse the figure is not required by Springer Nature 

 

Currently, the CPRD has become one of the largest databases of longitudinal medical 

records from primary care in the world. Up to March of 2021, there have been over 

2,700 peer-reviewed publications from the CPRD database since it was 

established146. These papers have been in a wide range of areas such as 
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pharmacoepidemiology, including investigations of drug and vaccine safety147, 

health policy effectiveness, health care delivery, and disease risk factors.  

The CPRD has several strengths. First, it is large. As of July of 2013, the CPRD has 

covered over 11 million patients, accounting for approximately 7% of the UK 

population, with approximately 79 million person-years of follow-up from 1987 to 

2013142. This large sample size and long follow-up allow it to investigate long-term 

risks even for less common diseases. Second, the data is routinely recorded and 

contains a wide range of covariates including demographics, diagnoses, symptoms, 

signs, prescriptions, referrals, immunisations, behavioural factors, and medical tests. 

Finally, the CPRD can be linked to other databases such as cancer registers and ONS 

mortality records148, capturing more information for further research.  

There are several limitations. First, the CPRD only contains individuals who are 

registered with a GP surgery. It is therefore likely to under-represent a minority of 

groups such as the homeless and private health service patients. However, the CPRD 

appears largely representative of the UK population when compared to the last UK 

census in 2011149. Second, some variables in the CPRD database are incomplete, for 

instance, body mass index status was available for only a third of patients between 

1990 and 1994, but this has increased to 77% from 2005 to 2011150. Third, the CPRD 

prescription records would not capture over-the-counter (OTC) therapy or hospital 

medication use146 and therefore might underestimate medication use in 

pharmacoepidemiological studies.  
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National Cancer Data Repository 

In order to create a comprehensive cancer data resource for the management and 

surveillance of all cancer cases diagnosed in England, NCDR was established in 

2010, facilitated by Public Health England151, which has been improved and renamed 

as National Cancer Registration and Analysis Service152. The NCDR brought 

together cancer data from the eight cancer registries in England from 1990 to 2010, 

achieving national coverage and providing details of cancer diagnosis date, 

characteristics (e.g. cancer site, stage, and grade), treatments, as well the patient 

demographics (e.g. date of birth, sex), and other vital information151. These data are 

obtained from primary care, hospital episode records, and clinical audit data. The 

completeness of cancer case ascertainment in NCDR has been shown to be high of 

98-99%153. The NCDR cancer records and demographic data are regularly linked 

with ONS mortality data151.  

Office for National Statistics mortality data 

The ONS is the largest independent source of official statistics in the UK, providing 

national statistics related to vital data including death records154. ONS mortality data 

captures weekly deaths in England and Wales, sourced from death registers. It 

collects the following information on deceased individuals: demographics, date of 

death, causes of death as detailed in Medical Certificate of Cause of Death 

(MCCD)154. Legally, deaths are required to be registered via MCCD within 5 days of 

their occurrence by the treating medical practitioner155. To guarantee the data quality, 

the ONS regularly undergoes quality assessment by the Government Statistical and 

the National Statistician’s Quality Reviews, therefore ensuring the data and methods 

are “fit for purpose”156. 
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2.3.2 Ethical approval and data access  

Ethical approval for all purely observational research using CPRD data has been 

obtained from the East Midlands—Derby Research Ethics Service Committee 

(reference number: 05/MRE04/87). The study protocol was approved by The CPRD 

Independent Scientific Advisory Committee (ISAC) in 2015 (protocol number: 

15_096RMn3, and protocol is available in Appendix A). 

2.3.3 CPRD linkage to cancer registers and ONS mortality data  

Gastro-oesophageal cancer cases were identified within the CPRD GOLD database 

using Read codes, and were then linked to NCDR and ONS mortality datasets via a 

unique patient identifier by NHS digital.  

2.3.4 Study population  

In this study, gastro-oesophageal cancer cases were identified using the data from the 

NCDR based on International Classification of Diseases (ICD) codes. A cohort of 

newly diagnosed gastro-oesophageal cancer patients was ascertained from English 

cancer registers between 1998 and 2013 using both the ICD-9 (used between 1979 

and 1994) and ICD-10 (used since 1995) codes, see Table 2.1 for the details of ICD 

codes used for the identification of gastro-oesophageal cancer. Individuals with 

previous cancer (apart from non-melanoma skin cancer or in situ tumours) were 

excluded using a list of Read codes modified for use in the CPRD database157. 
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Table 2.1. International classification of diseases (ICD) codes for oesophageal and 
gastric cancer patient identification 
 
ICD code  Version  Description 

Oesophageal cancer 
150 ICD-9 Malignant neoplasm of cervical oesophagus 

150.1 ICD-9 Malignant neoplasm of thoracic oesophagus 

150.2 ICD-9 Malignant neoplasm of abdominal oesophagus 
150.3 ICD-9 Malignant neoplasm of upper third of oesophagus 
150.4 ICD-9 Malignant neoplasm of middle third of oesophagus 
150.5 ICD-9 Malignant neoplasm of lower third of oesophagus 
150.8 ICD-9 Malignant neoplasm of other specified part of oesophagus 
150.9 ICD-9 Malignant neoplasm of oesophagus, unspecified site 
C15.0 ICD-10 Cervical part of oesophagus 
C15.1 ICD-10 Thoracic part of oesophagus 
C15.2 ICD-10 Abdominal part of oesophagus 
C15.3 ICD-10 Upper third of oesophagus 
C15.4 ICD-10 Middle third of oesophagus 
C15.5 ICD-10 Lower third of oesophagus 
C15.8 ICD-10 Overlapping lesion of oesophagus 
C15.9 ICD-10 Oesophagus, unspecified 

Gastric cancer 
151 ICD-9 Malignant neoplasm of cardia 
151.1 ICD-9 Malignant neoplasm of pylorus 
151.2 ICD-9 Malignant neoplasm of pyloric antrum 
151.3 ICD-9 Malignant neoplasm of fundus of stomach 
151.4 ICD-9 Malignant neoplasm of body of stomach 
151.5 ICD-9 Malignant neoplasm of lesser curvature of stomach, unspecified 
151.6 ICD-9 Malignant neoplasm of greater curvature of stomach, unspecified 
151.8 ICD-9 Malignant neoplasm of other specified sites of stomach 
151.9 ICD-9 Malignant neoplasm of stomach, unspecified site 
C16.0 ICD-10 Cardia 
C16.1 ICD-10 Fundus of stomach 
C16.2 ICD-10 Body of stomach 
C16.3 ICD-10 Pyloric antrum 
C16.4 ICD-10 Pylorus 
C16.5 ICD-10 Lesser curvature of stomach, unspecified 
C16.6 ICD-10 Greater curvature of stomach, unspecified 
C16.8 ICD-10 Overlapping lesion of stomach 
C16.9 ICD-10 Stomach, unspecified 
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All eligible cases were further classed as adenocarcinoma (using morphology codes 

of ICD codes for Oncology [ICD-O] 8140–8573) or squamous cell carcinoma (SCC: 

ICD-O 8050–8082). 

2.3.5 Outcome 

Deaths from oesophageal or gastric cancer were identified up to September 2015 

based upon the underlying cause of death (from the ONS mortality data) using ICD 

codes C15 and C16, respectively. Deaths from malignant neoplasm of other and ill-

defined digestive organs (C26) also were identified as it seems unlikely that patients 

diagnosed with gastro-oesophageal cancer would die from an unrelated digestive 

organ cancer.  

2.3.6 Exposure  

In the main analysis, the exposure was furosemide prescription, which was identified 

within GP medical records based upon all proprietary and generic names from the 

British National Formulary (BNF)158. Key items of “*furosemide*”, “*lasix*” were 

used to search furosemide exposure using the dictionary browsers within the CPRD 

database. Overall, the majority (78%) of furosemide prescriptions were for 40 mg 

and the rest were mainly for 20 mg. 

Drug quantity and strength were also ascertained to determine DDDs in each 

prescription. Individual accumulative DDDs was calculated by multiplying the 

quantity by the strength (in mg) and dividing by 40mg which is the furosemide DDD 

determined by the WHO, see Figure 2.2 for the formula of DDDs calculation159. 

Frequencies of prescriptions were also counted. 
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Figure 2.2. The formula of DDDs calculation 

 

Finally, bumetanide and torasemide use also were extracted for further analysis as 

they present similar anti-NKCC properties. Table 2.2 lists the generic and 

proprietary names of loop diuretics in this study.  

 

Table 2.2. Generic and proprietary names used to identify Loop diuretics 
 

Loop diuretics   Generic/propriety medication name  

Furosemide Furosemide, Lasix 
  
Bumetanide Bumetanide, Burinex 
  
Torasemide Torasemide, Torem 

 

2.3.7 Covariates  

Lifestyle risk factors were obtained from GP records, including smoking status 

(never, former, current), alcohol consumption (never, former, current), and body 

mass index (BMI in kg/m2 categorised as: underweight <18.5; normal weight 18.5 to 

25; overweight: 25 to 30 and obese: ≥ 30). For these lifestyle risk factors, this study 

extracted the closest records before gastro-oesophageal cancer diagnosis and ignored 

records more than 10 years before the diagnosis. Deprivation was also determined 

from the patient postcode based on the 2010 Index of Multiple Deprivation Score160.  
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Comorbidities at any time before cancer diagnosis were identified from the CPRD 

according to the Charlson Comorbidity Index, including AIDS, cerebrovascular 

disease, chronic pulmonary disease, congestive heart disease, dementia, diabetes, 

diabetes with complications, hemiplegia, mild liver disease, moderate liver disease, 

myocardial infarction (MI), peptic ulcer disease, peripheral vascular disease, renal 

disease, and rheumatological disease157. Also, furosemide indications including heart 

failure (HF)161, MI162, oedema (Read code categories of oedema listed in Appendix 

B), and hypertension162 prior to cancer diagnosis were identified from the CPRD 

using Read codes.  

Statin and aspirin use after diagnosis were also determined as previous studies have 

suggested these could reduce mortality in patients with gastro-oesophageal 

cancer163,164. Patients using antihypertensive medications (diuretics, vasodilator 

antihypertensive drugs, centrally acting antihypertensive drugs, alpha-adrenoceptor 

blocking drugs, beta-blockers, angiotensin-converting enzyme inhibitors, angiotensin 

receptor blockers, renin inhibitors, and calcium channel blockers) were identified 

from prescription records for an active comparator analysis165. 

2.3.8 Statistical analysis  

Summary statistics and frequencies were determined for patient characteristics by 

furosemide use.  

Statistical power  

In this study, a total of 2,708 oesophageal cancer patients were included for the main 

analysis, of whom 13% used furosemide and 1,844 patients died from oesophageal 

cancer. Therefore, this study would have approximately 80% power to detect a 
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statistically significant difference at the 5% level, a hazard ratio (HR) of 0.8 (i.e. a 

20% reduction in the risk of cancer-specific mortality in furosemide users compared 

with non-users) based upon Schoenfeld method166.  

In analysis of gastric cancer, there were 2,377 cases for the main analysis, of whom 

16% used furosemide and 1,467 patients died from gastric cancer. Similar to 

oesophageal cancer analysis, Schoenfeld method166 was used to estimate that this 

study would have approximately 80% power to detect a statistically significant 

difference at the 5% level, an HR of 0.8 (i.e. a 20% reduction in the risk of cancer-

specific mortality in furosemide users compared with non-users). 

Main analysis 

In the primary analyses, patients who died within 6 months were excluded as it 

seems unlikely that medication use after diagnosis could benefit such patients. 

Therefore, individuals were followed from 6 months after diagnosis to cancer-

specific death or until the earliest following event occurred: 1) participants ended 

their registration with the GP; 2) last data collection from GP; 3) death; 4) September 

2015 at which time ONS follow-up ended. Furosemide use was treated as a time-

varying covariate, to avoid immortal time bias167. This study also utilised a lag, as 

recommended, to remove prescriptions in the period immediately prior to death in 

order to minimise potential reverse causation168. The study design is illustrated in 

Figure 2.3. Individuals were non-users until 6 months after their first prescription at 

which point they were users for the remainder of follow-up. HRs and 95% 

confidence intervals (CI) were calculated using Cox regression models before and 

after adjustment for relevant confounders. The main model contained the following 

confounders: year of diagnosis, age at diagnosis, sex, deprivation, comorbidities 
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(cerebrovascular disease, chronic pulmonary disease, congestive heart disease, 

diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, 

renal disease, rheumatological disease and liver disease), post-diagnostic statin or 

aspirin use as time-varying covariates, and cancer treatments (surgery, radiotherapy 

and chemotherapy within 6 months after diagnosis). A dose-response analysis was 

calculated using a time-varying covariate to account for the dose and duration of use. 

In which, patients were further categorised as non-users (as described above), short-

term users between 6 months after their first prescription and 6 months after their 

365th DDD (or 12th prescription, approximately corresponding to 1 year of issued 

medication), and long-term users after that time.  

All analyses were repeated by restricting the cohort to patients with any pre-

diagnosis furosemide indications (HF, MI, oedema, and hypertension as described 

above) to attempt to reduce the impact of confounding by indication169. All analyses 

were conducted separately in oesophageal and gastric cancer patients.  
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Figure 2.3. Illustration of the main analysis design in the CPRD cohort, using a 6-month lag, 

furosemide use as a time-varying covariate. 

 

Sensitivity analysis  

Various sensitivity and subgroup analyses were conducted. First, an analysis was 

repeated by changing the outcome to cause of death from any cancer, and any cause, 

respectively. Subgroup analyses were conducted by the main histological subtypes 

(adenocarcinoma and SCC), and by year of cancer diagnosis. This thesis conducted 

an analysis additionally adjusting for variables which were incompletely recorded 

such as lifestyle exposures (smoking and alcohol, and separately BMI), and tumour 

characteristics (stage and grade, separately), respectively. A subgroup analysis 

restricting to patients who underwent surgery within 6 months of diagnosis was also 

carried out, as a proxy for the diagnosis stage that patients diagnosed with early stage 

who were more likely to undergo surgery. 

This thesis conducted an analysis restricted to patients with any hypertensive 

medication use in the year prior to cancer diagnosis, where patients were removed if 

their record period before diagnosis was less than 1 year. To further investigate 

potential confounding by hypertension (the most common furosemide indication 
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before diagnosis), an active comparator analysis was conducted in which furosemide 

users after diagnosis were compared with users of other antihypertensive 

medications after diagnosis, based upon a time-varying covariate with a 6-month 

lag165. Also, this thesis conducted an analysis extending the lag to 12 months, in 

which individuals who died within 12 months after diagnosis were excluded and 

follow-up started at 12 months.  

As pre-clinical evidence suggested furosemide would have a greater impact on more 

poorly differentiated tumours110,  this thesis repeated the analysis restricted to 

patients diagnosed with high grade (grade 3 and/or grade 4) tumours. This thesis also 

repeated the analysis for all loop diuretics (furosemide, bumetanide and torasemide) 

as all of them have similar NKCC inhibitor properties.  

Finally, to attempt to investigate the impact of furosemide on the tumour 

development, an analysis of furosemide use in the year before cancer diagnosis on 

cancer-specific mortality was carried out, in which the follow-up started from the 

date of cancer diagnosis and did not exclude deaths in the first 6 months167. Patients 

with less than one year of records before cancer diagnosis were excluded. Study 

design for this analysis is shown in Figure 2.4. 
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Figure 2.4. Illustration of the analysis of pre-diagnostic furosemide use. 
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2.4 Results  

2.4.1 Patient cohort  

From 1998 to 2013, there were 17,410 gastro-oesophageal cancer patients recorded 

in the NCDR with available linkage to the CPRD. Figure 2.5 shows the flow chart of 

the selection of eligible cases.  

 

 

*UTS: up to standard, criteria used in CPRD to guarantee the data quality 

Figure 2.5. Flow chart of patient identification from CPRD database 
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Figure 2.6 shows the further classification for analysis stratifying by medication use 

prior to or after cancer diagnosis.  

In the analysis of medication use after cancer diagnosis, those who died within 6 

months were excluded as they were unlikely to be impacted by such exposure, 

leaving 2,708 oesophageal cancer cases along with 1,844 oesophageal cancer-

specific deaths, and 2,377 gastric cancer cases along with 1,467 gastric cancer-

specific deaths in the main analysis. 

In the analysis of medication use prior to cancer diagnosis, those with incomplete GP 

records in the year prior to cancer diagnosis were excluded, leaving 4,429 

oesophageal cancer cases along with 3,274 oesophageal cancer-specific deaths, and 

4,194 gastric cancer cases along with 2,967 gastric cancer-specific deaths for the 

analysis.    
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Figure 2.6. Patient selection process for analysis of furosemide
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Oesophageal cancer patient characteristics by furosemide 

Oesophageal cancer patient characteristics by furosemide use after cancer diagnosis 

are shown in Table 2.3. Overall, there were a total of 2,708 oesophageal cancer cases 

included in the primary main analyses. The mean follow-up was 2.3 years (range 0.5 

to 17.2 years). Furosemide users were more likely to be older (mean age at diagnosis 

was 75 for furosemide users versus 68 for non-users), have comorbidities 

(particularly HF, oedema, MI, and hypertension), use statins and aspirin after 

diagnosis, diagnosed at a lower grade (grade 1 & 2) and earlier stage (stage 1 & 2), 

less treated with chemotherapy, and be obese (BMI≥30 kg/m2) compared to non-

users. Other characteristics were generally similar in furosemide users and non-users.   
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Table 2.3. Oesophageal cancer patient characteristics by furosemide use and non-use 
 
 Furosemide 

Users 
Furosemide 
Non-users 

Count  343 (13%) 2,365 (87%) 
   
Year of diagnosis  1998-2002 85 (25%) 482 (20%) 
 2003-2007 123 (36%) 789 (33%) 
 2008-2013 135 (39%) 1,094 (46%) 
    
Age at diagnosis: mean  74.5 68.2 
 <60 25 (7%) 564 (24%) 
 60-69 86 (25%) 755 (32%) 
 70-79 124 (36%) 655 (28%) 
 80+ 108 (31%) 391 (17%) 
    
Gender Male 217 (63%) 1,611 (68%) 
    
Deprivation quintile 1 (least deprived) 63 (18%) 501 (21%) 
 2 86 (25%) 602 (25%) 
 3 70 (20%) 469 (20%) 
 4 71 (21%) 446 (19%) 
 5 (most deprived) 53 (15%) 346 (15%) 
    
Treatment Surgery   125 (36%) 959 (41%) 
 Chemotherapy 116 (34%) 1,178 (50%) 
 Radiotherapy 108 (31%) 591 (25%) 
    
Tumour type Adenocarcinoma 214 (62%) 1,391 (59%) 
 Squamous 99 (29%) 716 (30%) 
 Others 30 (9%) 258 (11%) 
    
Grade 1 17 (7%) 92 (5%) 
 2 131 (53%) 775 (44%) 
 3 93-98a  892 (50%) 
 4 <5a  16 (1%) 
 Missing 97 590 
    
Stage 1 8 (17%) 36 (8%) 
 2 10 (21%) 86 (18%) 
 3 20 (43%) 208 (44%) 
 4 9 (19%) 143 (30%) 
 Missing 296 1,892 
    
Other medication useb Statin 133 (39%) 553 (23%) 
 Aspirin  146 (43%) 423 (18%) 
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Table 2.3 (continued). Oesophageal cancer patient characteristics by furosemide use 
and non-use 
 
 

 Furosemide 
Users 

Furosemide 
Non-users 

Smoking  Never  101 (43%) 701 (39%) 
 Former  94 (40%) 621 (35%) 
 Current  42 (18%) 473 (26%) 
 Missing  106 570 
    
Alcohol consumption Never  36 (16%) 235 (15%) 
 Former  7 (3%) 63 (4%) 
 Current  184 (81%) 1,322 (82%) 
 Missing  116 745 
    
BMI (kg/m2) Underweight (<18.5) 6 (3%) 68 (5%) 
 Normal (18.5-24.9) 63 (29%) 549 (38%) 
 Overweight (25-29.9) 86 (39%) 531 (37%) 
 Obese (≥30) 63 (29%) 300 (21%) 
 Missing 125 917 
    
Comorbidities  Heart failure 51 (15%) 58 (2%) 
 Myocardial infarction 38 (11%) 124 (5%) 
 Hypertension  187 (55%) 979 (41%) 
 Oedema  79 (23%) 185 (8%) 
 Diabetes 71 (21%) 257 (11%) 
 Cerebrovascular disease 21 (6%) 147 (6%) 
 Congestive heart disease 53 (15%) 57 (2%) 
 Chronic pulmonary 

disease 
83 (24%) 382 (16%) 

 Renal disease 51 (15%) 170 (7%) 
 Liver disease 6 (2%) 14 (1%) 
 Peptic ulcer disease 19 (6%) 102 (4%) 
 Peripheral vascular disease 26 (8%) 103 (4%) 
 Rheumatological disease 30 (9%) 71 (3%) 
aRanges presented for statistical disclosure control. 
bAfter cancer diagnosis, using a 6 months lag (same as furosemide). 
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Gastric cancer patient characteristics by furosemide 

Gastric cancer patient characteristics by the furosemide use after cancer diagnosis 

are shown in Table 2.4. A total of 2,377 gastric cancer cases met the included criteria 

for the primary main analyses. The mean follow-up was 2.7 years (range 0.5 to 17.2 

years). In gastric cancer patients, furosemide users differed with respect to non-users 

on the same characteristics as in the oesophageal cancer patients. 
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Table 2.4. Gastric cancer patient characteristics by furosemide use and non-use 
 
 Furosemide 

Users 
Furosemide 
Non-users 

Count  372 (16%) 2,005 (84%) 
   
Year of diagnosis  1998-2002 116 (31%) 507 (25%) 
 2003-2007 126 (34%) 719 (36%) 
 2008-2013 130 (35%) 779 (39%) 
    
Age at diagnosis: mean  76.5 69.6 
 <60 21 (6%) 408 (20%) 
 60-69 64 (17%) 506 (25%) 
 70-79 150 (40%) 698 (35%) 
 80+ 137 (37%) 393 (20%) 
    
Gender Male 241 (65%) 1,368 (68%) 
    
Deprivation quintile 1 (least deprived) 68 (18%) 381 (19%) 
 2 93 (25%) 480 (24%) 
 3 61 (16%) 413 (21%) 
 4 81 (22%) 429 (22%) 
 5 (most deprived) 69 (19%) 299 (15%) 
    
Treatment Surgery 181 (49%) 1,029 (51%) 
 Chemotherapy 76 (20%) 784 (39%) 
 Radiotherapy 30 (8%) 130 (6%) 
    
Tumour type Adenocarcinoma 303 (81%) 1,581 (79%) 
 Squamous <5a 19 (1%) 
 Others 64-69a 405 (20%) 
    
Grade 1 18 (7%) 69 (5%) 
 2 103 (40%) 484 (33%) 
 3 132-137a 892 (61%) 
 4 <5a 17 (1%) 
 Missing 114 543 
    
Stage 1 7 (16%) 33 (12%) 
 2 9 (21%) 54 (20%) 
 3 8 (19%) 67 (28%) 
 4 19 (44%) 116 (43%) 
 Missing 329 1,735 
    
Other medication useb Statin 164 (44%) 479 (24%) 
 Aspirin  132 (35%) 366 (18%) 
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Table 2.4 (continued). Gastric cancer patient characteristics by furosemide use and 
non-use 
 
  Furosemide 

Users 
Furosemide 
Non-users 

Smoking  Never  103 (39%) 609 (42%) 
 Former  123 (46%) 510 (35%) 
 Current  39 (15%) 318 (22%) 
 Missing  107 568 
    
Alcohol consumption Never  51 (20%) 243 (18%) 
 Former  12 (5%) 45 (3%) 
 Current  191 (75%) 1,030 (78%) 
 Missing  118 687 
    
BMI (kg/m2) Underweight(<18.5) <5a 50 (4%) 
 Normal(18.5-24.9) 64-69a 429 (35%) 
 Overweight(25-29.9) 91 (39%) 504 (41%) 
 Obese(≥30) 74 (32%) 238 (19%) 
 Missing 138 784 
    
Comorbidities  Heart failure 64 (17%) 61 (3%) 
 Myocardial infarction 48 (13%) 115 (6%) 
 Hypertension  217 (58%) 826 (41%) 
 Oedema  86 (23%) 148 (7%) 
 Diabetes 81 (22%) 235 (12%) 
 Congestive heart disease 60 (16%) 60 (3%) 
 Cerebrovascular disease 41 (11%) 124 (6%) 
 Chronic pulmonary 

disease 
90 (24%) 330 (16%) 

 Renal disease 56 (15%) 132 (6%) 
 Liver disease 5 (1%) 8 (<1%) 
 Peptic ulcer disease 61 (16%) 250 (12%) 
 Peripheral vascular disease 43 (12%) 112 (6%) 
 Rheumatological disease 22 (6%) 85 (4%) 
aRanges presented for statistical disclosure control. 
bAfter cancer diagnosis, using a 6 months lag (same as furosemide). 
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2.4.2 The association between furosemide and oesophageal cancer mortality  

Main and sensitivity analysis based on all oesophageal cancer patients 

Table 2.5 shows the main and sensitivity analysis results for the association between 

furosemide use and cancer-specific mortality in all oesophageal patients. In the main 

analysis, there was a slight increase in oesophageal cancer-specific mortality in users 

of furosemide compared with non-users in the primary analysis (adjusted HR=1.28, 

95% CI 1.10, 1.50). This positive association remained in dose and duration analysis 

with a more marked increased risk of oesophageal cancer mortality in patients with 

over one year of furosemide use (adjusted HR=1.74, 95% CI 1.22, 2.49 for 12 or 

more prescriptions compared to non-use, and adjusted HR=1.52, 95% CI 1.08, 2.13 

for 365 or more DDDs compared to non-use). 

Sensitivity and subgroup analyses generally showed similar associations to the main 

results. In particular, associations were similar when the use of furosemide in the 

year before diagnosis was investigated (adjusted HR=1.14, 95% CI 1.02, 1.28), when 

a 12-month lag was used (adjusted HR=1.14, 95% CI 1.02, 1.28), when expanding 

the exposure to all loop diuretics (adjusted HR=1.24, 95% CI 1.06, 1.44), when 

expanding the oesophageal cancer-specific death to all-cancer death (adjusted 

HR=1.34, 95% CI 1.16, 1.55) or all-cause death (adjusted HR=1.44, 95% CI 1.25, 

1.65), after additional adjustment for smoking and alcohol (adjusted HR=1.12, 95% 

CI 0.91, 1.36). There was a slight attenuation of risk after additional adjustment for 

BMI (adjusted HR=1.09, 95% CI 0.90, 1.32).  

Subgroup analysis by histological subtype showed a similar result in 

adenocarcinoma cases (adjusted HR=1.30, 95% CI 1.07, 1.57), and a slight but non-
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significant increase in SCC patients (adjusted HR=1.64, 95% CI 1.18, 2.26), with P-

value for interaction is 0.794. Also, there was little alteration when stratified by year 

of diagnosis (P-value for interaction is 0.265). 

Further sensitivity analyses also showed a similar result when additionally adjusted 

for tumour stage (adjusted HR=1.19, 95% CI 0.74, 1.91) or grade (adjusted 

HR=1.44, 95% CI 1.20, 1.73), when restricted to patients diagnosed with high grade 

tumours (adjusted HR=1.36, 95% CI 1.04, 1.79), and when restricted to surgically 

treated patients (adjusted HR=1.44, 95% CI 1.10, 1.90).  

Finally, in analyses to reduce confounding by indication, the association was partly 

attenuated when restricting to patients who were users of any antihypertensive 

medications in the year prior to cancer diagnosis (adjusted HR=1.13, 95% CI 0.94, 

1.36), but the association was similar when using an active comparator to compare 

users of furosemide to users of other antihypertensive medications after cancer 

diagnosis (adjusted HR=1.27, 95% CI 1.07, 1.49). 
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Table 2.5. Association between furosemide use and oesophageal cancer-specific mortality based on all patients 
 
 Non-users  Users Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95% CI)  Patients Deaths Person
-years  Patients Deaths Person

-years 
Main analysis  2,365 1,625 4,336  343 219 471 1.47 (1.27, 1.69) 1.28 (1.10, 1.50) 
          
Dose-response analysis           
1-12 prescriptionsb 2,365 1,625 4,336  270 184 361 1.40 (1.20, 1.63) 1.23 (1.04, 1.45) 
≥ 12 prescriptions 2,365 1,625 4,336  73 35 110 2.02 (1.44, 2.84) 1.74 (1.22, 2.49) 
1-365 DDDsc 2,365 1,625 4,336  266 180 347 1.42 (1.21, 1.65) 1.25 (1.06, 1.47) 
≥ 365 DDDs 2,365 1,625 4,336  77 39 124 1.76 (1.28, 2.43) 1.52 (1.08, 2.13) 
          

Sensitivity analysis          
All cancer death  2,365 1,730 4,336  343 248 471 1.56 (1.36, 1.78) 1.34 (1.16, 1.55) 
All cause death  2,365 1,784 4,336  343 277 471 1.68 (1.47, 1.90) 1.44 (1.25, 1.65) 
Use in the year before diagnosis 3,862 2,836 5,739  567 438 469 1.46 (1.32, 1.62) 1.14 (1.02, 1.28) 
12 month lag 1,481 883 3,401  208 112 336 1.56 (1.28, 1.90) 1.41 (1.13, 1.75) 
Tumour typed          
  Adenocarcinoma  1,478 1,015 2,837  218 145 322 1.55 (1.30, 1.85) 1.30 (1.07, 1.57) 
  Squamous cell carcinoma 717 496 1,214  99 59 115 1.38 (1.05, 1.81) 1.64 (1.18, 2.26) 
Additionally adjusted for smoking and 
alcohol 1,391 1,031 1,581  182 134 173 1.34 (1.11, 1.60) 1.12 (0.91, 1.36) 

Additionally adjusted for BMI 1448 1036 1928  218 148 243 1.25 (1.05, 1.49) 1.09 (0.90, 1.32) 
All loop diureticse 2348 1613 4313  360 231 492 1.44 (1.25, 1.66) 1.24 (1.06, 1.44) 
Additionally adjusted for stage 473 285 641  47 26 62 1.24 (0.83, 1.86) 1.19 (0.74, 1.91) 
Additionally adjusted for grade 1,775 1,229 3,131  246 164 312 1.55 (1.31, 1.82) 1.44 (1.20, 1.73) 
Restricted to patients with high gradef 908 661 1,371  98 70 113 1.55 (1.21, 1.99) 1.36 (1.04, 1.79) 
Restricted to patients surgically treatedg 959 579 2,460  125 70 248 1.64 (1.28, 2.11) 1.44 (1.10, 1.90) 
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Table 2.5 (continued). Association between furosemide use and oesophageal cancer-specific mortality based on all patients 
 
 Non-users  Users Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95% CI)  Patients Deaths Person
-years  Patients Deaths Person

-years 
Restricted to any hypertensive 
medication useh 1,062 736 1,676  264 174 335 1.34 (1.13, 1.58) 1.13 (0.94, 1.36) 

Furosemide vs other antihypertensivesi 1,106 771 1,909  343 219 471 1.46 (1.25, 1.70) 1.27 (1.07, 1.49) 
Year of diagnosisj:  1998 to 2002 482 372 1,095  85 58 131 1.72 (1.30, 2.27) 1.46 (1.06, 1.99) 
                                 2003 to 2007 789 601 1,701  123 80 179 1.45 (1.15, 1.84) 1.28 (0.99, 1.65) 
                                 2008 to 2013 1,094 652 1,540  135 81 162 1.32 (1.05, 1.67) 1.22 (0.94, 1.59) 
aAdjusted for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy within 6 months, chemotherapy within 6 months, surgery within 
6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic pulmonary disease, congestive heart disease, diabetes, 
myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal disease, rheumatological disease and liver disease), and other 
medication use (statins, aspirin, time-varying after diagnosis). 
bDose-response analysis by numbers of prescription, P-value for trend is less than 0.001. 
cDose-response analysis by DDDs, P-value for trend is 0.001.  
dP-value for interaction across oesophageal histological subtypes is 0.794.   
eAssociation between all loop diuretics (including furosemide, bumetanide and torasemide) use after diagnosis and oesophageal cancer mortality. 
fRestricted to patients who were diagnosed as grade 3 or 4 cancer. 
gRestricted to patients who received the surgery treatment within 6 months of diagnosis. 
hRestricted to patients with any antihypertensive medication use in the year prior to cancer diagnosis. 
iUsing other antihypertensive medications after cancer diagnosis as an active comparator. 
jP-value for interaction across cancer diagnosis year is 0.265. 
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Additional analyses when restricting to cohort with furosemide indications  

In order to further reduce the impact of confounding by indication, a series of 

additional analyses were conducted by restricting to oesophageal cancer cases with 

any diagnosis of hypertension, oedema, MI or HF (i.e. the main indications for 

furosemide) before cancer diagnosis. Table 2.6 shows these results. Overall, a null 

association was observed when restricting to patients with furosemide indications, 

adjusted HR=1.07, 95% CI 0.88, 1.30. Additional analyses in this cohort restricted to 

furosemide indications generally showed null results.  
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Table 2.6. Association between furosemide use and oesophageal cancer-specific mortality when restricting to patients with any diagnosis of 
hypertension, oedema, myocardial infarction, or heart failure at any time before oesophageal cancer diagnosis 
 
 Non-users  Users 

Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  Patients Deaths Person

-years  Patients Deaths Person
-years 

Main analysis  1,097 763 1747  233 148 285 1.29 (1.08, 1.55) 1.07 (0.88, 1.30) 
          
Dose-response analysis           
1-12 prescriptionsb 1,097 763 1747  182 122 227 1.23 (1.02, 1.50) 1.03 (0.83, 1.26) 
≥ 12 prescriptions 1,097 763 1747  51 26 59 1.69 (1.13, 2.52) 1.41 (0.92, 2.16) 
1-365 DDDsc 1,097 763 1747  175 117 214 1.24 (1.02, 1.51) 1.03 (0.84, 1.28) 
≥ 365 DDDs 1,097 763 1747  58 31 71 1.53 (1.06, 2.21) 1.27 (0.86, 1.88) 
          

Sensitivity analysis           
12 month lag 683 422 1,314  138 75 194 1.31 (1.02, 1.68) 1.04 (0.79, 1.37) 
Tumour typed          
  Adenocarcinoma  715 493 1,192  146 98 188 1.43 (1.14, 1.78) 1.08 (0.85, 1.39) 
  Squamous cell carcinoma 310 214 471  71 41 78 1.18 (0.85, 1.66) 1.32 (0.87, 2.00) 
Additionally adjusted for smoking and 
alcohol 758 567 785  137 97 137 1.15 (0.92, 1.43) 0.95 (0.74, 1.21) 

Additionally adjusted for BMI 774 562 900  162 107 182 1.03 (0.83, 1.27) 0.83 (0.65, 1.05) 
All loop diureticse 1,082 752 1,730  248 159 302 1.28 (1.08, 1.52) 1.03 (0.84, 1.25) 
Additionally adjusted for Stage 275 160 351  33 17 32 1.29 (0.78, 2.14) 1.37 (0.76, 2.48) 
Additionally adjusted for Grade 832 578 1,328  172 112 211 1.41 (1.15, 1.72) 1.25 (0.99, 1.57) 
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Table 2.6 (continued). Association between furosemide use and oesophageal cancer-specific mortality when restricting to patients 
with any diagnosis of hypertension, oedema, myocardial infarction, or heart failure at any time before oesophageal cancer diagnosis 
 
 Non-users  Users 

Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  Patients Deaths Person

-years  Patients Deaths Person
-years 

Year of diagnosisf:          
1998 to 2002 149 120 290  43 30 47 1.47 (0.98, 2.20) 1.07 (0.65, 1.77) 
2003 to 2007 348 279 685  83 58 112 1.34 (1.01, 1.79) 1.12 (0.81, 1.54) 
2008 to 2013 600 364 772  107 60 126 1.16 (0.88, 1.52) 0.99 (0.72, 1.36) 

aAdjusted for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy within 6 months, chemotherapy within 6 months, 
surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic pulmonary disease, 
congestive heart disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal disease, 
rheumatological disease and liver disease), and other medication use (statins, aspirin, time-varying after diagnosis). 
bDose-response analysis by numbers of prescription, P-value for trend is 0.267. 
cDose-response analysis by DDDs, P-value for trend is 0.326.  
dP-value for interaction across oesophageal histological subtypes is 0.524.  
eAssociation between all loop diuretics (including furosemide, bumetanide and torasemide) use after diagnosis and oesophageal 
cancer mortality. 
fP-value for interaction across cancer diagnosis year is 0.964. 
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2.4.3 The association between furosemide and gastric cancer mortality 

Main and sensitivity analysis based on all gastric cancer patients  

Table 2.7 shows the results of the association between furosemide use and gastric 

cancer mortality. Overall, use of furosemide was associated with a 27% increase in 

the risk of dying from gastric cancer, adjusted HR=1.27, 95% CI 1.08, 1.50. There 

was some evidence that this association was dose and duration dependent in the 

analysis of increasing prescriptions (P-value for trend is 0.005) and DDDs (P-value 

for trend is 0.006).  

Generally, sensitivity analyses showed a similar pattern of results. Similar 

associations were found when using one year lag in the post-diagnostic analysis 

(adjusted HR=1.21, 95% CI 0.96, 1.53), when investigating use of furosemide in the 

year prior to cancer diagnosis (adjusted HR=1.12, 95% CI 1.00, 1.26), when 

restricting to gastric adenocarcinoma patients (adjusted HR=1.25, 95% CI 1.05, 

1.49), when restricting to patients with complete smoking and alcohol records 

(adjusted HR=1.41, 95% CI 1.13, 1.75), when restricting to patients with complete 

BMI records (adjusted HR=1.26, 95% CI 1.02, 1.54), when additionally adjusting for 

grade (adjusted HR=1.26, 95% CI 1.03, 1.54), when restricting to patients diagnosed 

at high grade (adjusted HR=1.37. 95% CI 1.05, 1.79), when expanding exposure to 

all loop diuretics (adjusted HR=1.27, 95% CI 1.08, 1.50), when restricting to any 

antihypertensive medication users in the year prior to cancer diagnosis (adjusted 

HR=1.14, 95% CI 0.93, 1.39), and when using an active comparator to compare 

users of furosemide to users of other antihypertensive medications after cancer 

diagnosis (adjusted HR=1.31, 95% CI 1.10, 1.57).  
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There was a slight increase when expanding the outcome to dying from any cancer 

cause (adjusted HR=1.37, 95% CI 1.18, 1.59) or any cause (adjusted HR=1.44, 95% 

CI 1.25, 1.65). The association was attenuated when additionally adjusting for 

tumour stage (adjusted HR=0.64, 95% CI 0.35, 1.15), but more marked when 

restricting to patients who were treated with surgery within 6 months after diagnosis 

(adjusted HR=1.74, 95% CI 1.35, 2.23). In the analysis stratified by year of 

diagnosis, this association was more marked for patients diagnosed in 1998-2002 

and 2003-2008, but attenuated in patients diagnosed between 2008 and 2013, 

however there was no evidence of a significant difference (P-value for interaction is 

0.390).
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Table 2.7. Association between furosemide use and gastric cancer-specific mortality based on all patients 
 

 Non-users  Users Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  Patients Deaths Person

-years  Patients Deaths Person
-years 

Main analysis  2,005 1,268 4,558  372 199 612 1.38 (1.19, 1.60) 1.27 (1.08, 1.50) 
          
Dose-response analysis           
1-12 prescriptionsb 2,005 1,268 4,558  263 161 382 1.38 (1.17, 1.63) 1.26 (1.06, 1.50) 
≥ 12 prescriptions 2,005 1,268 4,558  109 38 230 1.37 (0.99, 1.91) 1.35 (0.96, 1.91) 
1-365 DDDsc 2,005 1,268 4,558  259 155 364 1.39 (1.18, 1.65) 1.26 (1.06, 1.51) 
≥ 365 DDDs 2,005 1,268 4,558  113 44 248 1.34 (0.99, 1.82) 1.32 (0.96, 1.83) 
          

Sensitivity analysis           
All cancer death  2,005 1,405 4,558  372 244 612 1.50 (1.31, 1.72) 1.37 (1.18, 1.59) 
All cause death  2,005 1,512 4,558  372 293 612 1.63 (1.44, 1.85) 1.44 (1.25, 1.65) 
Use in the year before diagnosis 3,584 2,534 5,693  608 431 573 1.32 (1.19, 1.46) 1.12 (1.00, 1.26) 
12 month lag 1,360 712 3,733  234 101 464 1.35 (1.10, 1.67) 1.21 (0.96, 1.53) 
Gastric Adenocarcinoma 1,813 1,182 4,015  336 186 561 1.33 (1.14, 1.55) 1.25 (1.05, 1.49) 
Additionally adjusted for smoking and 
alcohol 1,091 780 1,469  206 133 204 1.30 (1.08, 1.56) 1.41 (1.13, 1.75) 

Additionally adjusted for BMI 1,221 825 1,984  234 135 282 1.27 (1.06, 1.53) 1.26 (1.02, 1.54) 
All loop diureticsd 1,984 1,256 4,514  393 211 656 1.35 (1.17, 1.56) 1.27 (1.08, 1.50) 
Additionally adjusted for Stage 270 155 409  43 18 66 0.88 (0.54, 1.44) 0.64 (0.35, 1.15) 
Additionally adjusted for Grade 1,462 945 3,316  258 134 422 1.31 (1.09, 1.57) 1.26 (1.03, 1.54) 
Restricted to patients with high grade 
diagnosise 909 610 1,770  137 81 207 1.34 (1.06, 1.69) 1.37 (1.05, 1.79) 

Restricted to patients surgically treatedf 1,029 556 3,198  181 85 385 1.64 (1.30, 2.06) 1.74 (1.35, 2.23) 
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Table 2.7 (continued). Association between furosemide use and gastric cancer-specific mortality based on all patients 
 

 Non-users  Users Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  Patients Deaths Person

-years  Patients Deaths Person
-years 

Restricted to any hypertensive 
medication useg 899 563 1,914  283 149 434 1.31 (1.09, 1.57) 1.14 (0.93, 1.39) 

Furosemide vs other antihypertensive 
medicationh 953 593 2,169  372 199 612 1.49 (1.27, 1.76) 1.31 (1.10, 1.57) 

Year of diagnosisi:   1998 to 2002 507 365 1,496  116 67 232 1.52 (1.17, 1.98) 1.50 (1.11, 2.02) 
 2003 to 2007 719 476 1,779  126 76 211 1.60 (1.25, 2.04) 1.64 (1.24, 2.15) 
 2008 to 2013 779 427 1,283  130 56 169 1.07 (0.81, 1.41) 1.01 (0.74, 1.38) 
aAdjusted for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy within 6 months, chemotherapy within 6 months, surgery within 
6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic pulmonary disease, congestive heart disease, diabetes, 
myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal disease, rheumatological disease and liver disease), and other 
medication use (statins, aspirin, time-varying after diagnosis). 
bDose-response analysis by numbers of prescription, P-value for trend is 0.005. 
cDose-response analysis by DDDs, P-value for trend is 0.006. 
dAssociation between all loop diuretics (including furosemide, bumetanide and torasemide) use after diagnosis and gastric cancer mortality. 
eRestricted to patients who were diagnosed as grade 3 or 4 cancer. 
fRestricted to patients who received the surgery treatment within six months of diagnosis. 
gRestricted to patients with any antihypertensive medication use in the year prior to cancer diagnosis. 
hUsing other antihypertensive medications after cancer diagnosis as an active comparator. 
iP-value for interaction across cancer diagnosis year is 0.390. 
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Additional analyses when restricting to cohort with furosemide indications  

Table 2.8 shows the results of additional analyses when restricting the cohort to 

those with furosemide indications. Overall, there was no association between 

furosemide use after diagnosis and gastric cancer mortality (adjusted HR=1.18, 95% 

CI 0.96, 1.46). Additional analyses within patients with furosemide indications 

generally showed similar null associations. However, there was an increased risk of 

gastric cancer-specific mortality when additionally adjusting for smoking and 

alcohol (adjusted HR=1.36, 95% CI 1.04, 1.77). In the subgroup analysis by year of 

diagnosis, an increased risk of dying from gastric cancer in patients diagnosed 

between 2003-2007 (adjusted HR=1.57, 95% CI 1.11, 2.23), but the null association 

in patients diagnosed between 1998 to 2002, and between 2008 to 2013. However, 

P-value for interaction showed no significant difference across the year of diagnosis.  
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Table 2.8. Association between furosemide use and gastric cancer-specific mortality when restricting to patients with any diagnosis of 
hypertension, oedema, myocardial infarction, or heart failure at any time before gastric cancer diagnosis 
 

 Non-users  Users Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  Patients Deaths Person

-years  Patients Deaths Person
-years 

Main analysis  906 541 1,978  264 138 440 1.36 (1.13, 1.64) 1.18 (0.96, 1.46) 
          
Dose-response analysis           
1-12 prescriptionsb 906 541 1,978  181 108 274 1.31 (1.07, 1.62) 1.14 (0.91, 1.43) 
≥ 12 prescriptions 906 541 1,978  83 30 166 1.56 (1.07, 2.29) 1.38 (0.92, 2.07) 
1-365 DDDsc 906 541 1,978  175 102 251 1.32 (1.07, 1.63) 1.14 (0.90, 1.43) 
≥ 365 DDDs 906 541 1,978  89 36 189 1.49 (1.05, 2.10) 1.34 (0.93, 1.96) 
          
Sensitivity analysis          
12 month lag 615 288 1,606  168 75 334 1.46 (1.13, 1.88) 1.22 (0.91, 1.64) 
Gastric adenocarcinoma 813 502 1,721  235 130 393 1.33 (1.10, 1.62) 1.16 (0.93, 1.44) 
Additionally adjusted for smoking 
and alcohol 550 368 739 

 160 101 155 
1.36 (1.09, 1.70) 1.36 (1.04, 1.77) 

Additionally adjusted for BMI 630 401 1,013  177 99 223 1.24 (0.99, 1.55) 1.14 (0.89, 1.47) 
All loop diureticsd 890 533 1,949  280 146 470 1.34 (1.11, 1.61) 1.18 (0.96, 1.45) 
Additionally adjusted for Stage 129 68 154  33 51 46 1.01 (0.58, 1.78) 0.53 (0.24, 1.15) 
Additionally adjusted for Grade 659 408 1,435  174 89 274 1.31 (1.04, 1.65) 1.11 (0.85, 1.45) 
Year of diagnosise:   1998 to 2002 148 108 447  69 35 160 1.24 (0.85, 1.83) 0.95 (0.59, 1.54) 
   2003 to 2007 325 208 809  86 56 141 1.65 (1.22, 2.22) 1.57 (1.11, 2.23) 
 2008 to 2013 433 225 722  109 47 140 1.17 (0.85, 1.60) 1.04 (0.72, 1.49) 
aAdjusted for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy within 6 months, chemotherapy within 6 months, surgery  
 

(continuing) 
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(continued) 
 
within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic pulmonary disease, congestive heart disease,  
diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal disease, rheumatological disease and liver disease), and  
other medication use (statins, aspirin, time-varying after diagnosis). 
bDose-response analysis by the numbers of prescription, P-value for trend is 0.079. 
cDose-response analysis by DDDs, P-value for trend is 0.080.  
dAssociation between all loop diuretics (including furosemide, bumetanide and torasemide) use after diagnosis and gastric cancer mortality. 
eP-value for interaction across cancer diagnosis year is 0.070. 
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2.5 Discussion  

2.5.1 Main findings 

In this large population-based cohort, there was no evidence that furosemide was 

associated with a reduced risk of cancer-specific mortality in patients with gastro-

oesophageal cancer. In the primary analyses, furosemide use was found to slightly 

increase the mortality in patients with gastro-oesophageal cancer. However, when 

restricted the analyses to patients with furosemide indications, there was little 

evidence of any strong association between furosemide use and deaths from gastro-

oesophageal cancer. Findings were similar across most subgroup and sensitivity 

analyses. 

2.5.2 Comparison with previous studies 

This is, to date, the first observational study assessing the influence of furosemide 

use on gastro-oesophageal cancer mortality. A limited number of studies have 

investigated furosemide use and cancer risk or survival, concentrated on 

investigations into renal, breast, skin, and lip cancer but not gastro-oesophageal 

cancer, and furosemide was not the primary exposure of interest in those studies170–

174. No consistent associations were observed for furosemide use and risk or survival 

of these cancers from human studies. Preclinical studies have recently shown that 

inhibition of the NKCC1 could slow cancer cell deterioration by influencing cancer 

cell growth and metastasis128, and furosemide could reduce cell growth in poorly 

differentiated gastric adenocarcinoma cells110. In contrast, this study did not detect 

any evidence that users of furosemide either before or after diagnosis of gastro-

oesophageal cancer had reduced cancer-specific mortality. Instead, this study found 
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some evidence of an inverse association between furosemide use and gastro-

oesophageal cancer mortality, but this association contributed largely to the 

confounding by indication where it attenuated when restricting to patients with 

furosemide indications. This lack of protective effect could reflect differences in 

drug dose, duration of use, or the recognised difficulty of in vitro models to recreate 

the complexity of human carcinogenesis, physiology, and progression175.  

Finally, the estimated risk of dying from gastric cancer was still raised in the 

restricted patients with furosemide indication when additionally adjusting for 

smoking and alcohol. Any mechanism leading to this increase is unclear. It should be 

taken into account in future studies.  

2.5.3 Strengths 

The main strength of this study is that it utilised high-quality data sources including 

cancer-registry records, ONS mortality data, and the CPRD for prescription data. In 

the UK, furosemide is only available through GP prescriptions and therefore these 

records are likely to capture all of the use in these populations176. The use of an 

electronic record of GP prescriptions also eliminated recall bias. In addition, the 

primary care records provided information on medication dose and frequency of 

prescriptions, which enabled the dose-response analysis by duration of exposure. 

Also, there was a long-term follow-up in this study, making it possible to assess the 

impact of furosemide on gastro-oesophageal cancer prognosis long after diagnosis. 

Further, the data linkage in the study enabled it to calculate the time from cancer 

diagnosis (from cancer registration) to death (from ONS mortality data), allowing the 

use of Cox regression model which naturally uses this time to event. Cox regression 
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model is more powerful compare with the logistic regression model which in 

contrast categorises individuals as dead/not dead at a specific time point e.g. 5 years 

and therefore loses information for three reasons: 1)  logistic regression model would 

not include individuals who died after 5 years as an event i.e. it would miss cases and 

lose power; 2) it could not include individuals who had less than 5 years of follow-

up in the analysis because it would not be fair i.e. reducing the cohort size; and 3) in 

a logistic regression model an individual who died at 1 year would be treated the 

same as an individual who died at year 4 i.e. the time to event would not matter.  

Importantly, this study was able to adjust for a wide range of covariates, including 

important risk factors for gastro-oesophageal cancer progression, such as age, sex, 

and deprivation. Also, this study benefited from the robust data collection on 

comorbidities and other prescriptions. For example, UK primary care records have 

been shown to accurately identify a range of comorbidities177 including the Charlson 

comorbidities178 which were risk factors for survival in cancer patients and 

furosemide indications which allowed the analyses to assess the confounding by 

indication. 

2.5.4 Limitations 

Confounding by indication is often encountered in pharmacoepidemiology studies as 

allocation of prescription is not randomized and the drug indication may be related to 

the outcomes of interest169,179. This study carried out a number of analyses to account 

for confounding by indication. First, this study conducted analyses restricted to 

patients with furosemide indications, restricted to patients with any antihypertensive 

medications use, and an active comparator analysis comparing furosemide users to 

users of other antihypertensive drugs. In most of these analyses, no association 
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between furosemide use and cancer-specific mortality was found. Although diuretics 

are sometimes used for malignant ascites, this is not likely to impact the results in 

this study because furosemide is not commonly used for this purpose180–182. 

Furthermore, application of the lag period removed prescriptions in the 6 months 

before death in the main analysis (and 12 months in the sensitivity analysis), which 

would almost entirely remove the use for ascites as survival with malignant ascites is 

very short183. Moreover, this potential weakness would not have impacted the 

analysis of furosemide use in the year before diagnosis, which also did not show 

evidence of improved survival with furosemide use.  

Another potential weakness is that although it was able to adjust for a wide range of 

confounders there is the possibility of residual confounding by incompletely 

recorded variables such as cancer stage and lifestyle exposures. However, based on 

the available data, additional adjustment of some lifestyle exposures for which we 

had complete records did not change the main findings. Also, there was no 

difference when analysis was restricted to poorly differentiated cancers.  

In addition, although furosemide is only available through GP prescriptions and 

therefore these records are likely to capture all of the use in these populations but the 

furosemide adherence is unclear. Therefore, it can not be ruled out that a true inverse 

association was dragged to the null as patients prescribed furosemide were not 

consuming it. However, in this study this possibility seems unlikely as furosemide is 

commonly prescribed for the management of more severe health conditions and 

analysis was similar for individuals prescribed more. It is unlikely those patients 

prescribed this medication did not intake it, especially those “long-term users”. 
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Finally, this study failed to assess the impact of ethnicity on the association between 

furosemide and gastro-oesophageal cancer survival due to a large missing data on 

ethnicity. However, we would expect over 85% of the participants to be white, based 

upon a previous study which compared the recorded ethnicity breakdown in the 

CPRD to the UK censuses184.  

2.5.5 Recommendations for future research 

This human study did not provide any evidence that furosemide, the NKCC 

inhibitor, improved gastro-oesophageal cancer progression. Although the slight 

increases observed are consistent with confounding by indication, it would be 

prudent to conduct additional large cohorts with detailed information on the dose and 

timing of furosemide use and confounders such as cancer stage to confirm this null 

association.
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2.6 Conclusions 

In conclusion, in the first human study to investigate furosemide use and survival in 

gastro-oesophageal cancer patients, there was no evidence that furosemide use was 

associated with improved survival.  
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Chapter Three 
 
Use of medications with hormonal 
effects and survival in patients with 
gastro-oesophageal cancer: a 
population-based cohort study
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3.1 Introduction 

3.1.1 Study rationale  

Gastro-oesophageal cancer presents a marked and unexplained sex disparity in 

incidence, as described in Incidence section of Chapter 1, suggesting the hypothesis 

that sex hormones may be implicated in gastro-oesophageal cell carcinogenesis and 

progression. In support of this hypothesis, studies have shown: 1) the expression of 

sex hormonal receptors in gastro-oesophageal cancer185,186; 2) a reduction in gastro-

oesophageal cancer risk with use of hormonal replacement therapy (HRT)53,96,187; 3) 

a reduction in risk OAC with higher circulating levels of testosterone50; and 4) the 

observation of a lower incidence of gastro-oesophageal cancer among users of anti-

androgen therapies57. These findings have raised questions as to whether medications 

with hormonal effects could influence survival in patients with gastro-oesophageal 

cancer. In particular, there have been some concerns that HRT use could negatively 

impact survival in patients with gastric cancer and some authors have advised against 

using HRT in these patients188,189.  

In addition to HRT, anti-androgen 5α-reductase inhibitors (5ARIs) can influence sex 

steroid hormone concentrations, and to a lesser extent, a number of other commonly 

prescribed medications such as digoxin and spironolactone. 

However, to date, no observational studies have comprehensively investigated the 

impact of these medications on survival from gastro-oesophageal cancer. Therefore, 

we conducted a large cohort study to investigate whether HRT or 5ARIs (potent sex 

hormonal effects), or digoxin or spironolactone (weak sex hormonal effects) use, 
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either after diagnosis or before diagnosis, was associated with cancer-specific 

mortality in patients with gastro-oesophageal cancer, respectively. 

3.1.2 Hormonal replacement therapy  

HRT is mainly used to alleviate the menopausal symptoms in females in the 

postmenopausal periods to release the symptoms caused by decreased levels of 

circulating oestrogen and progesterone158,190, but can also be used in premenopausal 

women. HRT is also commonly used to relieve hormonal symptoms in women who 

have undergone hysterectomy191.  

Although large numbers of prescriptions for HRT are issued each year, e.g. in 

England, approximately 3.6 million prescriptions of HRT are dispensed annually137, 

the safety of long-term use of HRT has been debated, with particular concerns on the 

impact on oestrogen-sensitive cancers such as breast cancer192.  

HRT and oesophageal cancer   

The unexplained male predominance in the incidence of oesophageal cancer suggests 

that oestrogen may lower the risk of oesophageal cancer. Preclinical studies have 

provided some evidence that oestradiol could inhibit the proliferation and migration 

of oesophageal cancer cells193–195. Also, epidemiological studies investigating the 

impact of HRT exposure have reported a reduction in the risk of oesophageal 

cancer53,187,196. However, two recent prospective studies of pre-diagnostic circulating 

sex hormones and risk of oesophageal cancer reported inconsistent results50,51 and 

revealed no association between oestradiol and OAC in men when meta-analytically 

combined 50,197, which is consistent with the findings of null association between 

oestradiol and oesophageal cancer risk from Chapter 5.  



Page | 109 
 

To date, no study has been conducted to examine the association between HRT use 

and oesophageal cancer progression. Some molecular pathology studies have found 

higher expression of oestrogen receptors (ERs, from American spelling of estrogen 

receptors) in poorly differentiated oesophageal cancer and suggested anti-oestrogen 

treatment could be a promising therapeutic target for oesophageal cancer198–200. 

Contrarily, a prospective cohort study has suggested ERβ might be associated with 

improved survival in gastro-oesophageal junctional adenocarcinoma albeit findings 

did not reach statistical significance52.  

HRT and gastric cancer  

The male preponderance in gastric cancer incidence also suggests that oestrogen 

exposure may reduce risk. This hypothesis is supported by previous observational 

studies showing that use of HRT was significantly associated with an approximate 

27% decrease in gastric cancer risk96. However, concerns have been raised about the 

safety of HRT use in gastric cancer patients because preclinical studies have shown 

that oestrogen stimulated growth in gastric cancer cell lines201,202, and some 

pathological studies have reported the presence of ERs was associated with poorer 

outcome in patients with gastric cancer203. 

Based upon these findings along with the observation of females with advanced 

gastric cancer having poorer prognosis compared to males204, some researchers have 

warned HRT use in gastric cancer survivors should be avoided188,189. 
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3.1.3 5α-Reductase inhibitors 

5ARIs, finasteride and dutasteride, block 5α-reductase enzyme, thereby reducing the 

metabolism of testosterone to dihydrotestosterone (DHT, a more potent androgen 

than testosterone). 5ARIs reduce DHT levels by around 90% and are commonly used 

to treat benign prostatic hyperplasia in men205,206. 5ARIs are also used for the 

treatment of hair loss207,208.  

Due to the androgen-lowering effects of 5ARIs, they can negatively impact libido, 

erectile function, and ejaculation206. Consequently, clinicians and patients have to 

weigh up the benefits and risks when prescribing or taking 5ARIs209.  

5ARIs and gastro-oesophageal cancer   

There has been limited research on the role of androgens in gastro-oesophageal 

cancer. A latest Norwegian cohort study observed a null association between pre-

diagnostic circulating testosterone level and risk of OAC mortality210. But preclinical 

studies have shown that higher androgen receptor (AR) expression was found in 

more poorly differentiated gastric cancer and associated with worse survival211, and 

suggested overexpression of AR induced increases in gastric cancer cell migration, 

invasion, and proliferation212.  

Previous studies on the risk investigations also showed inconsistent findings. Some 

studies have shown a lower oesophageal cancer risk in prostate cancer patients, who 

were likely to be receiving androgen deprivation therapy213,214 and a case-control 

study reported a decreased risk of gastro-oesophageal cancer in 5ARI users 

compared with non-users57. However, investigations into pre-diagnostic sex 
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hormones showed higher circulating testosterone levels to decrease the risk of 

OAC50. 

3.1.4 Digoxin  

Digoxin is a well-known cardiac glycoside, extracted from digitalis lanata215 and is 

mainly used for the management of congestive heart failure and atrial fibrillation216 

through inhibition of the Na+/K+-ATPase pump217,218.  

Digoxin has a steroid-like structure, which can bind to ERs and has oestrogenic 

properties, suggesting that it may have different effects in men and women219, see 

digoxin structure in Figure 3.1. In 2002, a post hoc subgroup analysis of a digoxin 

trial in heart failure patients showed the impact of digoxin therapy differed between 

men and women, with poorer survival observed in women220. Moreover, previous 

studies have shown use of digoxin is associated with increases in the risk of 

oestrogen-sensitive cancers, e.g. breast and uterus cancers in women221,222. While in 

men, digoxin has been shown to significantly decrease sexual desire and frequency 

of sexual relations223. 
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Figure 3.1. Structure of estradiol, digoxin and spironolactone222 

Permission to reuse the figure is granted by American Association for Cancer Research 

 

Digoxin and gastro-oesophageal cancer  

A nationwide population-based cohort study has investigated use of digitalis 

(including digoxin) on GIT cancer risk and shown an increased risk of oesophageal 

cancer but no changes in gastric cancer risk 224, but no study has been conducted to 

specifically assess use of digoxin in relation to gastro-oesophageal cancer risk or 

progression.  
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3.1.5 Spironolactone  

Spironolactone is an antagonist of aldosterone, mainly used as a potassium-sparing 

diuretic in patients with heart failure, oedema, or ascites (most commonly seen in 

patients with cirrhosis of the liver)225. Similar to digoxin, spironolactone also shares a 

steroid-like structure, see Figure 3.1.  

Gynecomastia, an enlargement or swelling of male breast tissue, is a well-known 

side effect of spironolactone use, possibly achieved through the conversion of 

androgens to oestrogens226.  Concerns around the use of spironolactone have 

therefore been raised in patients with hormone-sensitive cancers. A propensity score-

matched cohort study within the CPRD database across 36 cancer sites showed a 

reduced risk of prostate cancer in spironolactone users227.  More recently, a 

population-based case-control study has shown a reduced risk of prostate cancer in 

spironolactone users, and suggesting this protective effect was achieved via the anti-

androgenic properties of this medicaiton228. Whilst, a Danish study provided some 

evidence that exposure to spironolactone increased the risk of breast and other 

gynaecologic caners229.  

Spironolactone and gastro-oesophageal cancer 

To my knowledge, there have not been any studies which have been conducted into 

the association between spironolactone and gastro-oesophageal cancer progression, 

but a case-control study assessed the association between spironolactone and gastro-

oesophageal cancer risk and observed no associations230. 
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3.2 Aims and objectives 

The main aim of this study was to investigate the association between medications 

with hormonal effects and survival in patients with gastro-oesophageal cancer in a 

population-based cohort study.  Specific objectives of this study were: 

1) To investigate if HRT use, either after diagnosis or before diagnosis, is 

associated with cancer-specific mortality in patients with gastro-oesophageal 

cancer.  

2) To investigate if 5ARIs use, either after diagnosis or before diagnosis is 

associated with cancer-specific mortality in patients with gastro-oesophageal 

cancer.  

3) To investigate if digoxin use, either after diagnosis or before diagnosis is 

associated with cancer-specific mortality in patients with gastro-oesophageal 

cancer.  

4) To investigate if spironolactone use, either after diagnosis or before 

diagnosis is associated with cancer-specific mortality in patients with gastro-

oesophageal cancer.  
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3.3 Methods 

3.3.1 Data source  

Similar to Chapter 2, this study included only gastro-oesophageal cancer patients 

from general practices within the CPRD who were linked to the NCDR and ONS 

mortality dataset via a unique patient identifier. Details of data source and data 

supplied by CPRD were shown in Sections 2.3.1-4. 

3.3.2 Study population and design  

Similar to Chapter 2, ICD-9 and ICD-10 codes were utilised to identify gastro-

oesophageal cancer patients. Then criteria were used to select eligible patients for the 

individual analysis, see details in Section 2.3.4.  

Gastro-oesophageal cancer was further classified by histology as SCC (ICD-O 8050–

8082) and adenocarcinoma (ICD-O 8140–8573). Moreover, this study further 

subdivided gastric cancer into gastric cardia (C16.0) and gastric non-cardia cancer 

(C16.1–16.5). 

In this study, analysis of HRT use was restricted to females and analysis of 5ARI use 

was restricted to males, whilst analysis of digoxin and spironolactone was performed 

in the whole cohort.  

3.3.3 Outcome  

Details of identification of cancer-specific mortality are described in Section 2.3.5, 

Chapter 2. 
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3.3.4 Definition of exposure  

Similar to furosemide, HRT, 5ARIs, digoxin, and spironolactone use were identified 

from GP prescription records based upon all proprietary and generic names from the 

BNF158. Table 3.1 shows the full list of proprietary and generic names used to 

identify the medications in this study. HRT was furtherly classified subtypes as 

oestrogen use alone, oestrogen combined with progesterone therapy, progesterone 

use alone, and tibolone. HRT which was administered vaginally (including creams, 

vaginal tablets, pessaries, and suppositories, see Table 3.2) were also identified for 

further analysis.
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Table 3.1. List of generic and proprietary drug names used to identify medications 
with hormonal effects 
 
Substance Medication 

HRT 
Unopposed oestrogen 
Conjugated oestrogen (Equine) Premarin, Conjugated oestrogens 

Estradiol 

Elleste Solo, Elleste-Solo, Estradiol, Estradiol 
valerate, Progynova, Zumenon, Bedol, Vagifem, 
Estring, Estradot, Evorel, Estraderm MX,  
Estraderm TTS, FemSeven, Nuvelle TS, 
Sandrena, Oestrogel, Fematrix, Climaval, 
Progynova TS, Progynova, Estradiol implants 

Estradiol, estriol and estrone  Hormonin 
Estriol Ovestin 
Estropipate Harmogen 
  
Tibolone  
Tibolone Livial, Tibolone  
  
Oestrogen with progestogens 
Conjugated oestrogen with 
progesterone 

Premique, Prempak-C, Prempak  
 

Estradiol & Drospirenone  Angeliq  

Estradiol & Norethisterone 

Climagest, Climesse, Clinorette, Cyclo-
progynova, Elleste duet, Evorel conti, Evorel 
sequi, Kliofem, Kliovance, Novofem, 
Trisequens, Estradiol 1mg / Norethisterone 
acetate 1mg tablets, Estradiol valerate 1mg / 
Norethisterone 1mg tablets, Elleste Duet Conti, 
Estradiol 2mg / Norethisterone 1mg, Estradiol 
2mg / Norethisterone acetate 1mg tablets, 
Estradiol valerate 2mg / Norethisterone 1mg 
tablets, Estradiol 4mg / Norethisterone 1mg 
tablets, Estragest TTS, Evorel Sequi patches 

Estradiol & Dydrogesterone 

Femapak, Femoston, Estradiol 1mg / 
Dydrogesterone 10mg tablets, Estradiol 2mg / 
Dydrogesterone 10mg tablets, Estradiol with*, 
Estradiol and* 

Estradiol & Levonorgestrel  Femseven conti, Femseven sequi, Nuvelle 
Estradiol & 
Medroxyprogesterone 

Indivina, Tridestra, Estradiol valerate 2mg / 
Medroxyprogesterone 20mg tablets 

  
Progestogens 
Dydrogesterone Dydrogesterone,  
Medroxyprogesterone Medroxyprogesterone, Provera, Climanor 

Morethisterone Norethisterone, Primolut N, Utovlan, Noristerat, 
Noriday, Micronor 
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Table 3.1 (continued). List of generic and proprietary drug names used to identify 
medications with hormonal effects 
 
Substance Medication 

HRT 

Progesterone 
Lutigest, Crinone, Cyclogest, Gestone, 
Utrogestan, Lubion, Prontogest, Crinone 8% 
progesterone vaginal gel 

  
5-ARIs 

Finasteride Finasteride, Aindeem, Propecia, Proscar 
Dutasteride  Dutasteride, Avodart 
  

Digoxin 
Digoxin Digoxin, Lanoxin 
  

Spironolactone 
Spironolactone Spironolactone Aldactone 

 

Table 3.2. List of generic HRT which are administered vaginally along with their 
manufacturers 
  
Cyclogest 200mg Suppository (Shire Pharmaceuticals Ltd)  
Cyclogest 400mg Pessary (Shire Pharmaceuticals Ltd)  
Cyclogest 400mg Suppository (Shire Pharmaceuticals Ltd)  
Estradiol 10microgram pessaries  
Estradiol 25microgram pessaries  
Vagifem 10microgram vaginal tablets (Novo Nordisk Ltd)  
Vagifem 25microgram vaginal tablets (Novo Nordisk Ltd)  
Conjugated oestrogens 625micrograms/g vaginal cream  
Ovestin 1mg cream (Aspen Pharma Trading Ltd)  
Premarin 0.625mg/g vaginal cream (Pfizer Ltd)  
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3.3.5 Covariates  

Similar to Chapter 2, smoking, alcohol, BMI and patient postcodes records160 were 

extracted from the CPRD database. Charlson comorbidities were identified at any 

time before cancer diagnosis157. Aspirin and statins were also identified. Treatments 

(including surgery, radiotherapy, and chemotherapy) within 6 months after diagnosis 

were identified from cancer registries, see details in Section 2.3.7. 

In this study, cases who received gynaecological surgeries (including hysterectomy, 

oophorectomy and other gynaecological surgeries) and prostatectomy before cancer 

diagnosis were identified from GP records as these surgeries would influence sex 

hormone concentrations and prescription of hormonal medications.  

3.3.6 Statistical analysis  

Summary statistics and frequencies were determined for patient characteristics by 

medication use, respectively.  
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Statistical power  

Similar to Chapter 2, statistical power and sample size were estimated using 

Schoenfeld method at the significance level of 5% and power of 80%166. The 

detectable HRs were calculated based upon the sample size and medication usage in 

Table 3.4 & 3.5. The estimated detectable HRs are shown in Table 3.3. For example, 

in analysis of HRT use after cancer diagnosis, based upon 880 females with 

oesophageal cancer assuming 5% used HRT and 580 patients died from oesophageal 

cancer, the study would have approximately 80% power to detect, a statistically 

significant difference at the 5% level, a HR of 0.58 or 1.7.   

 

Table 3.3. Detectable hazard ratio, calculations based upon observed sample size 
and usage assuming 5% significance level and 80% power 
 

 Cancer 
patients 

Cancer-specific  
death 

Proportion of 
medication use 

(%) 

Detectable 
HR 

Oesophageal cancer 

HRT 880 580 5 0.58 or 1.7 
     

5ARIs 1,828 1,264 4 0.64 or 1.6 
     

Digoxin 2,708 1,844 4 0.71 or 1.4 
     

Spironolactone 2,708 1,844 1 0.54 or 1.8 
     

Gastric cancer 
HRT 768 440 6 0.58 or 1.7 
     

5ARIs 1,609 1,027 4 0.64 or 1.6 
     

Digoxin 2,377 1,467 5 0.72 or 1.4 
     

Spironolactone 2,377 1,467 2 0.53 or 1.9 
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Main analysis 

Similar to Chapter 2, time-varying Cox regression models were utilised to assess the 

association between medication use after cancer diagnosis and gastro-oesophageal 

cancer mortality using a 6-month lag in the main analysis, see study design in Figure 

2.3. In analysis of HRT or 5ARIs, the model adjusted for year of diagnosis, age at 

diagnosis, deprivation, comorbidities (cerebrovascular disease, chronic pulmonary 

disease, congestive heart disease, dementia, diabetes, diabetes with complications, 

myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal disease, 

and rheumatological disease), statin or aspirin use after diagnosis as time-varying 

covariates (with 6 months lag) and cancer treatment (surgery, radiotherapy, and 

chemotherapy within 6 months after diagnosis). For digoxin and spironolactone, the 

main mode additionally adjusted for sex. A dose-response analysis was calculated by 

number of prescriptions for each mediation, respectively.  

Also, Cox regression models were used to assess the association between medication 

use in the year prior to cancer diagnosis and cancer-specific mortality, see Figure 2.4 

for the study design. This analysis excluded patients with less than one year GP 

records before diagnosis. Patients with at least one prescription in the year before 

diagnosis were defined as drug users. The follow-up period started from the date of 

cancer diagnosis, and ended at death, censoring, or September 2015. In analysis of 

HRT or 5ARIs, the main model contained the following confounders: year of 

diagnosis, age at diagnosis, deprivation, comorbidities (same as mentioned above), 

and statin/aspirin use in the year prior to cancer diagnosis. For digoxin and 

spironolactone, the main model additionally adjusted for sex.  
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All analyses were conducted stratifying by tumour site and medications, 

respectively. 

Sensitivity analysis  

Various sensitivity and subgroup analyses were conducted. First, an analysis was 

performed by expanding the outcome from cancer-specific death to death from any 

cause. Subgroup analyses were conducted by the main histological subtypes (OAC 

and OSCC) and gastric cancer anatomical subtypes (gastric cardia and non-cardia).  

Associations were compared by subtypes using interaction terms within the 

regression models.  

In the analysis of medication use after diagnosis, this study conducted an analysis 

increasing the lag from six months to one year to further reduce any impact of 

reverse causation168. Also, an analysis of medication use after diagnosis was carried 

out by restricting to individuals who did not take such medications before diagnosis. 

In the analysis of drug use prior to cancer diagnosis, an analysis was conducted 

based upon medication use in the period between two years before cancer diagnosis 

and six months before cancer diagnosis, excluding medications in the six months 

immediately prior to cancer diagnosis as new medication use is known to increase in 

this period and may reflect increased surveillance or cancer symptoms231.  

In order to reduce potential confounding by lifestyle exposures, analyses were 

conducted additionally adjusting for smoking, alcohol, and BMI using multiple 

imputation with chained equations232. The imputation model for smoking category 

used multinomial logistic regression with HRT use (or 5ARI, digoxin, and 

spironolactone), the adjusted confounders (as mentioned above), cancer-specific 
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death indicator, and the baseline hazard function as covariates233. Similar imputation 

models were used for alcohol (based upon a multinomial logistic regression) and 

BMI (based upon a multiple linear regression model). Forty imputations were 

conducted and results were combined using Rubin’s rules234.  

To help overcome a limitation of incomplete information on tumour stage, an 

analysis restricting to patients who received surgery within six months after 

diagnosis was conducted as a proxy for the diagnosis stage as these patients were 

more likely to have a less advanced cancer diagnosed.   

In analysis of HRT use, separate analyses were performed stratifying by HRT 

subtypes. Additionally, an analysis was performed excluding HRT which was 

administered vaginally (including creams, vaginal tablets, pessaries and 

suppositories) as they are likely to have reduced systemic effects. In addition, there 

was no information on menopausal status, which can contribute to hormone level 

fluctuations, therefore an analysis restricting to women aged over 55 years at cancer 

diagnosis was performed, as natural menopause usually occurs between the age of 45 

and 55 in UK women235. Analysis was also repeated restricted to those who received 

hysterectomy, oophorectomy, and other gynaecological surgeries before cancer 

diagnosis as these surgeries also contribute to hormone deficiency. Moreover, 

analysis was repeated additionally adjusting for gynaecological surgeries.  

Similarly, in analysis of 5ARIs, analysis was repeated by restricting to those who 

received prostatectomy before cancer diagnosis, and by additionally adjusting for 

prostatectomy. 
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Finally, a subgroup analysis by sex was performed using interaction terms within the 

models to compare associations by sex in the analysis of digoxin and spironolactone. 
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3.4 Results  

3.4.1 Patient cohort  

Patient selection from CPRD database is shown in Figure 2.5 and 2.6, Section 2.4.1, 

Chapter 2. In particular, the analysis of HRT was restricted to females only, whilst 

the analysis of 5ARIs was restricted to males only. Details of the identification of the 

eligible cases for separate analyses in this study are shown in Figure 3.2.
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Figure 3.2. Flow chart for the identification of the eligible oesophageal and gastric cancer cases for separate analyses
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Characteristics of oesophageal cancer patients by use of medications with sex 

hormonal effects 

Table 3.4 shows oesophageal cancer patient characteristics by use of medications 

with sex hormonal effects after cancer diagnosis within the CPRD database. 

Appendix table C-1 shows oesophageal cancer patient characteristics by use of 

medications with sex hormonal effects in the year prior to cancer diagnosis, see 

Appendix C. 

A total of 880 females with oesophageal cancer were identified for analysis of HRT 

use after cancer diagnosis, with a mean follow-up of 2.2 years (range 0.5 to 17.2 

years). Generally, HRT users were much younger (younger by approximately 11 

years on average), had less comorbidities, and were more likely to be diagnosed with 

lower grade tumour. HRT users were more likely to be a current smoker, be treated 

with surgery and chemotherapy, but less likely to be treated with radiotherapy within 

six months after diagnosis, compared with non-users. Finally, a marked increase in 

gynaecological surgeries was reported in pre-diagnostic HRT users compare with 

non-users (29% vs 16%). Other characteristics were generally similar in HRT users 

and non-users. 

A total of 1,828 males with oesophageal cancer were identified for analysis of 5ARI 

use after cancer diagnosis, with a mean follow-up of 2.3 years (range 0.5 to 16.7 

years). Generally, 5ARI users were more likely to be older, have comorbidities (e.g. 

diabetes and renal disease), use statin and aspirin, and have had prostatectomy before 

diagnosis, but less likely to smoke, consume alcohol and be treated with 
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chemotherapy. Other characteristics were generally similar in 5ARI users and non-

users. 

There was a total of 2,708 oesophageal cancer patients identified for the analysis of 

digoxin/spironolactone use after cancer diagnosis with a mean follow-up of 2.3 years 

(range 0.5 to 17.2 years). Generally, digoxin users were more likely to be older, have 

comorbidities, use statins and aspirin. In addition, digoxin users were less likely to 

be treated using chemotherapy in the six months after diagnosis. Other 

characteristics were generally similar between digoxin users and non-users. Whilst 

spironolactone users seemed more likely to come from more deprived areas, be 

diagnosed with adenocarcinoma, have comorbidities, and use statins and aspirin, 

they were less likely to be treated with chemotherapy within the six months after 

diagnosis. Other characteristics were generally similar across spironolactone users 

and non-users. 
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Table 3.4. Oesophageal cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone after diagnosis  
 
 HRT (female only)  5ARIs (male only)  Digoxin  Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
Patient numbers  45  835  62  1766  101 2607 39 2669 
         

Male      64 (63.4) 1764 (67.7) 27 (69.2) 1801 (67.5) 
         

Year of diagnosis:  1998–2002 17 (37.8) 179 (21.4) 8 (12.9) 363 (20.6) 39 (38.6) 528 (20.3) 6 (15.4) 561 (21.0) 
      2003–2007 14 (31.1) 282 (33.8) 23 (37.1) 593 (33.6) 28 (27.7) 884 (33.9) 14 (35.9) 898 (33.6) 
 2008–2013 14 (31.1) 374 (44.8) 31 (50.0) 810 (45.9) 34 (33.7) 1195 (45.8) 19 (48.7) 1210 (45.3) 
         

Age at diagnosis: Mean (SDb) 60.5 (11.9) 72.0 (12.0) 74.5 (9.4) 67.7 (11.0) 76.7 (8.5) 68.7 (11.6) 71.7 (10.9) 69.0 (11.6) 
    18-60 25 (55.6) 141 (16.9) <5a 419 (23.7) <5a 587 (22.5) 5 (12.8) 584 (21.9) 
    60-69 9 (20.0) 209 (25.0) 11~15a 609 (34.5) 15~20a 821 (31.5) 10 (25.6) 831 (31.4) 
    70-80 11 (24.4) 485 (58.1) 25 (40.3) 497 (28.1) 48 (47.5) 731 (28.0) 16 (41.0) 763 (28.6) 
    80+   19 (30.6) 241 (13.6) 31 (30.7) 468 (17.9) 8 (20.5) 491 (18.4) 
         

Deprivation: Most deprived fifth <5a 122 (14.6) 9 (14.5) 265 (15.0) 11 (10.9) 388 (14.9) 10 (25.6) 389 (14.6) 
         

Gradec: Lower grade  19 (55.9) 329 (44.4) 29 (60.4) 638 (47.8) 38 (51.3) 977 (50.2) 23 (69.7) 992 (49.9) 
              Higher grade 15 (44.1) 276 (55.6) 19 (39.6) 696 (52.2) 36 (48.6) 970 (49.8) 10 (30.3) 996 (50.1) 
              Missing   7 248 14 432 27 660 6 681 
         

Histology: Adenocarcinoma  17 (42.5) 311 (41.5) 49 (80.3) 1319 (79.4) 61 (66.3) 1635 (67.6) 32 (84.2) 1664 (67.3) 
                  Squamous cell carcinoma  23 (57.5) 439 (58.5) 12 (19.7) 342 (20.6) 31 (33.7) 785 (32.4) 6 (15.8) 810 (32.7) 
                  Others 5 85 1  105 9 187 1 195 
         

Smoking: Never  9 (37.5) 338 (52.2) 15 (39.5) 440 (33.3) 31 (47.0) 771 (39.2) 13 (44.8) 789 (39.4) 
                 Former 5 (20.8) 153 (23.6) 16 (42.1) 541 (40.9) 25 (37.9) 690 (35.1) 11 (37.9) 704 (35.2) 
                 Current 10 (41.7) 157 (24.2) 7 (18.4) 341 (25.8) 10 (15.2) 505 (25.7) 5 (17.2) 510 (25.5) 
                 Missing 21 187 24 444 35 641 10 666 
         

BMI (kg/m2): Mean (SDb) 24.04 (3.9) 25.44 (5.8) 27.22 (4.9) 26.94 (4.9) 27.5 (4.5) 26.4 (5.2) 28.7 (5.1) 26.4 (5.2) 
         

Alcohol: Never  <5a 152 (27.0) 7 (16.3) 109 (9.0) 10 (14.9) 261 (14.7) <5a 269 (14.8) 
               Former/Current 20~25a  412 (73.0) 36 (83.7) 1105 (91.0) 57 (85.1) 1519 (85.3) 25~30a 1550 (85.2) 
               Missing 19 271 19 552 34 827 11 850 
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Table 3.4 (continued). Oesophageal cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone after diagnosis  
 
 HRT (female only)  5ARIs (male only)  Digoxin  Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
Selected Comorbiditiesd:          
               Renal disease <5a 83 (9.9) 9 (14.5) 129 (7.3) 16 (15.8) 205 (7.9) 5 (12.8) 216 (8.1) 
               CHD <5a 46 (5.5) <5a 62 (3.5) 12 (11.9) 98 (3.8) 7 (17.9) 103 (3.9) 
               Diabetes  <5a 73 (8.7) 14 (22.6) 241 (13.7) 9 (8.9) 319 (12.2) 7 (17.9) 321 (12.0) 
               MI <5a 23 (2.8) 8 (12.9) 131 (7.4) 6 (5.9) 156 (6.0) <5a 158 (5.9) 
               CPD 5 (11.1) 140 (16.8) 15 (24.2) 305 (17.3) 25 (24.8) 440 (16.9) 9 (23.1) 456 (17.1) 
               CVD/stroke  <5a 49 (5.9) <5a 114 (6.5) 10 (9.9) 158 (6.1) 6 (15.4) 162 (6.1) 
         
Other medicationse: Statin <5a 146 (17.5) 32 (51.6) 504 (28.5) 30 (29.7) 656 (25.2) 19 (48.7) 667 (25.0) 
                                   Aspirin  6 (13.3) 144 (17.3) 28 (45.2) 391 (22.1) 51 (50.1) 518 (19.9) 17 (43.6) 552 (20.7) 
         
Treatments: Surgery 26 (57.8) 288 (34.5) 30 (48.4) 740 (41.9) 41 (40.6) 1043 (40.0) 16 (41.0) 1068 (40.0) 
                      Chemotherapy 19 (42.2) 340 (40.7) 27 (43.6) 908 (51.4) 28 (27.7) 1266 (48.6) 10 (25.6) 1284 (48.1) 
                      Radiotherapy 8 (17.8) 287 (34.4) 18 (29.0) 386 (21.9) 28 (27.7) 671 (25.7) 14 (35.9) 685 (25.7) 
         
Gynaecological surgeries/prostatectomyf 9 (20.0) 141 (16.9) 14 (22.6) 99 (5.6)     
aRanges presented for statistical disclosure control. 
bSD: Standard deviation 
cLower grade is grade 1 & 2; Higher grade is grade 3 & 4. 
dCHD: Congestive heart disease; MI: Myocardial infarction; CPD: Chronic pulmonary disease; CVD: Cerebrovascular disease. 
eSame as exposure identification in each individual study, respectively. 
fFor females, receiving gynaecological surgeries (including hysterectomy, oophorectomy and other gynaecological surgeries) before cancer diagnosis; For males, receiving 
prostatectomy before cancer diagnosis. 



Page | 131 
 

Characteristics of gastric cancer patients by use of medications with sex 

hormonal effects  

Table 3.5 shows gastric cancer patient characteristics by use of 

HRT/5ARIs/digoxin/spironolactone after cancer diagnosis, respectively.  

Appendix table C-2 shows gastric cancer patient characteristics by use of 

medications in the year before cancer diagnosis. 

We identified 768 females with gastric cancer for the analysis of HRT use after 

cancer diagnosis with a mean follow-up of 2.8 years (range 0.5 to 17.2 years. 

Generally, HRT users were more likely to be younger, be diagnosed before 2008, 

have less comorbidities, be treated with surgery within six months after diagnosis, 

and receive gynaecological surgeries before diagnosis. Other characteristics were 

generally similar in HRT users and non-users. 

A total of 1,609 males with gastric cancer were included in the analysis of 5ARI use 

after cancer diagnosis, with the mean follow-up of 2.6 years (range 0.5 to 17.1 

years). First, 5ARIs were more commonly prescribed for gastric cancer patients after 

2008. Second, 5ARIs were more likely prescribed to older patients, and those who 

had more comorbidities, used statins/aspirin, and those who received a prostatectomy 

before cancer diagnosis, but less likely to be used for those who received 

chemotherapy within six months after diagnosis. Other characteristics were generally 

similar in 5ARI users and non-users.  

There was a total of 2,377 gastric cancer cases included in the main analysis of 

digoxin or spironolactone use after cancer diagnosis. The mean follow-up was 2.7 

years (range 0.5 to 17.2 years). Overall, digoxin and spironolactone users were more 
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likely to be older, have more comorbidities, and use statins and aspirin, but less 

likely to be treated by chemotherapy within six months after cancer diagnosis. In 

addition, spironolactone users were more likely to be diagnosed after 2008, be obese 

and be diagnosed with lower grade histology. Other characteristics were generally 

similar in digoxin/spironolactone users and non-users.
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Table 3.5.Gastric cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone after diagnosis  
 
 HRT (female only)  5ARIs (male only)  Digoxin  Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
Patient numbers  49  719  63  1546 106 2271 56 2321 
         

Male      71 (67.0) 1538 (67.7) 41 (73.2) 1568 (67.6) 
         

Year of diagnosis: 1998–2002 17 (34.7) 189 (26.3) 14 (22.2) 403 (26.1) 36 (34.0) 587 (25.9) 10 (17.8) 613 (26.4) 
                                2003–2007 22 (44.9) 240 (33.4) 17 (27.0) 566 (36.6) 35 (33.0) 810 (35.7) 22 (39.3) 823 (35.5) 
                                2008–2013 10 (20.4) 290 (40.3) 32 (50.8) 577 (37.3) 35 (33.0) 874 (38.5) 24 (42.9) 885 (38.1) 
         

Age at diagnosis: Mean (SDb) 62.0 (11.5) 72.5 (12.8) 74.8 (7.5) 69.9 (11.4) 77.7 (8.4) 70.3 (12.0) 74.3 (10.2) 70.6 (11.9) 
    18-60 20 (40.8) 118 (16.4) <5a 289 (18.7) <5a 427 (18.8) 7 (12.5) 422 (18.2) 
    60-69 17 (34.7) 132 (18.4) 10~15a 408 (26.4) 15~20a 554 (24.4) 9 (16.1) 561 (24.2) 
    70-80 12 (24.5) 469 (65.2) 32 (50.8) 554 (35.8) 46 (43.4) 802 (35.3) 23 (41.1) 825 (35.6) 
    80+   16 (25.4) 295 (19.1) 42 (39.6) 488 (21.5) 17 (30.4) 513 (22.1) 
         

Deprivation: Most deprived fifth 8 (16.3) 112 (15.6) <5a 245 (15.9) 19 (17.9) 349 (15.4) 5 (8.9) 363 (15.7) 
         

Gradec: Lower grade  13 (40.6) 173 (32.3) 19 (50.0) 469 (40.4) 32 (46.4) 642 (38.9) 16 (44.4) 658 (39.1) 
              Higher grade 19 (59.4) 317 (64.5) 19 (50.0) 691 (59.6) 37 (53.6) 1009 (61.1) 20 (55.6) 1026 (60.9) 
              Missing   17 229 25 386 37 620 20 637 
         

Histology: Adenocarcinoma  42  627 (98.9) 57 1423  96 (99.0) 2053  48  2101 (99.1) 
                  Squamous cell carcinoma 2  7 (1.1) 0 10  1 (1.0) 18  0 19 (0.9) 
                  Others 5 85  6  113  9 200 8 201 
         

Location:  Cardia  12 (48.0) 173 (46.0) 19 (59.4) 607 (65.4) 33 (57.9) 778 (59.7) 17 (56.7) 794 (59.7) 
                  Non-cardia  13 (52.0) 203 (54.0) 13 (40.6) 321 (34.6) 24 (42.1) 526 (40.3) 13 (43.3) 537 (40.4) 
                  Others  24 343 31 618 49 967 26 990 
         

Smoking: Never  11 (47.8) 302 (57.2) 10~15a 387 (34.8) 30~35a 682 (42.7) 10~15a 698 (42.0) 
                 Former 5~10 a 137 (25.9) 22 (57.9) 466 (41.9) 33 (50.0) 600 (36.7) 20 (52.6) 613 (36.8) 
                 Current <5 a 89 (16.9) <5a 260 (23.4) <5a 354 (21.6) <5a 353 (21.2) 
                 Missing 26 191  25 433 40 635 18 657 
         

BMI (kg/m2): Mean (SDb) 25.5 (5.0) 26.7 (5.6) 27.2 (4.1) 26.5 (4.5) 26.6 (3.9) 26.6 (4.9) 29.1 (5.4) 26.5 (4.9) 
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Table 3.5 (continued). Gastric cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone after diagnosis 
 
 HRT (female only)  5ARIs (male only)  Digoxin  Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
Patient numbers  49  719  63  1546 106 2271 56 2321 
Alcohol: Never  13 (39.4) 129 (26.7) 6 (17.7) 146 (14.3) 10 (13.7) 284 (18.9) 5 (12.5) 289 (18.9) 
               Former/Current 20 (60.6) 354 (73.3) 28 (82.3) 876 (85.7) 63 (86.3) 1215 (81.1) 35 (87.5) 1243 (81.1) 
               Missing 16 236 29 524 33 772 16 789 
         

Selected Comorbiditiesd:          
               Renal disease <5a 65 (9.0) 11 (17.5) 109 (7.1) 9 (8.5) 179 (7.9) 9 (16.1) 179 (7.7) 
               CHD <5a 39 (5.4) <5a 76 (4.9) 22 (20.8) 98 (4.3) 16 (28.6) 104 (4.5) 
               Diabetes  <5a 82 (11.4) 11 (17.5) 220 (14.2) 19 (17.9) 297 (13.1) 13 (23.2) 303 (13.1) 
               MI <5a 27 (3.8) <5a 133 (8.6) 8 (7.6) 155 (6.8) 7 (12.5) 156 (6.7) 
               CPD 17 (34.7) 150 (20.9) 13 (20.6) 240 (15.5) 22 (20.8) 398 (17.5) 21 (37.5) 399 (17.2) 
               CVD/stroke  <5a 37 (5.2) 8 (12.7) 118 (7.6) 9 (8.5) 156 (6.9) 8 (14.3) 157 (6.8) 
         

Other medicationse: Statin 13 (26.5) 159 (22.1) 34 (54.0) 437 (28.3) 41 (38.7) 602 (26.5) 30 (53.6) 613 (26.4) 
                                   Aspirin  12 (24.5) 116 (16.3) 25 (40.0) 345 (22.3) 40 (37.7) 458 (20.2) 28 (50.0) 470 (20.3) 
         

Treatments: Surgery 31 (63.3) 352 (49.0) 36 (57.1) 791 (51.2) 60 (56.6) 1150 (50.6) 28 (50.0) 1182 (50.9) 
                       Chemotherapy 13 (26.5) 203 (28.2) 18 (28.6) 626 (40.5) 23 (21.7) 837 (36.9) 11 (19.6) 849 (36.6) 
                       Radiotherapy <5a 44 (6.1) 6 (9.5) 108 (7.0) <5a 156 (6.9) 7 (12.5) 153 (6.6) 
         

Gynaecological surgeries/prostatectomyf 21 (42.9) 135 (18.8) 12 (19.1) 107 (6.9)     
aRanges presented for statistical disclosure control. 
bSD: Standard deviation 
cLower grade is grade 1 & 2; Higher grade is grade 3 & 4. 
dCHD: Congestive heart disease; MI: Myocardial infarction; CPD: Chronic pulmonary disease; CVD: Cerebrovascular disease. 
eSame as exposure identification in each individual study, respectively. 
fFor females, receiving gynaecological surgeries (including hysterectomy, oophorectomy and other gynaecological surgeries) before cancer diagnosis; For males, receiving 
prostatectomy before cancer diagnosis. 
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3.4.2 Oesophageal cancer mortality 

HRT and oesophageal cancer survival  

Table 3.6 shows the main and sensitivity analyses of the association between HRT 

use and oesophageal cancer survival. Overall, no significant association was 

observed between use of HRT after diagnosis and oesophageal cancer-specific 

mortality (adjusted HR=0.86, 95% CI 0.53, 1.40). This association was not altered 

after removing the vaginally administered products (adjusted HR=0.91, 95% CI 

0.52, 1.61). Similar results were observed in the stratified analyses by HRT subtypes, 

dose-response analysis, and sensitivity analyses.  

Similarly, we did not find evidence of an association between HRT use in the year 

prior to cancer diagnosis and oesophageal cancer-specific mortality (adjusted 

HR=1.12, 95% CI 0.85, 1.47). However, there was an increase in oesophageal 

cancer-specific mortality in women using combined oestrogen and progesterone in 

the year before diagnosis (adjusted HR=1.95, 95% CI 1.20, 3.18). 
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Table 3.6. Associations between HRT use and cancer mortality in female patients with oesophageal cancer 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 
N deaths Person 

years N deaths Person 
years 

Any usage after cancer diagnosis, n=880 
Main analysis         
   Any HRT user vs. non-user 45 19 142 835 561 1369 0.77 (0.48, 1.23) 0.86 (0.53, 1.40) 
   1-6 prescriptions vs. non-user  36 14 111 835 561 1369 0.65 (0.38, 1.11) 0.76 (0.44, 1.31) 
   >6 prescriptions vs. non-user 9 5 32 835 561 1369 1.74 (0.71, 4.31) 1.60 (0.63, 4.10) 
   P-value for trend         0.909 
         
Sensitivity analysis 
  Oestrogen only user vs. non-users  28 11 80 852 569 1431 0.90 (0.49, 1.65) 1.08 (0.58, 2.00) 
  Oestrogen & progesterone user vs. non-user  14 9 39 866 571 1472 1.14 (0.59, 2.20) 1.20 (0.60, 2.42) 
  Removing vaginal productsb 27 14 83 853 566 1428 0.84 (0.49, 1.43) 0.91 (0.52, 1.61) 
  Histology: Adenocarcinoma 17 5 61 311 221 457 0.45 (0.18, 1.12) 0.68 (0.26, 1.78) 
                    Squamous cell carcinoma 23 11 54 438 288 766 1.03 (0.56, 1.89) 0.91 (0.47, 1.75) 
                    P-value for interaction        0.370 
  Restricted to age over 55 29 12 81 760 521 1171 0.81 (0.45, 1.44) 0.86 (0.47, 1.57) 
  Using 1-year lag  36 11 122 487 278 1050 0.74 (0.40, 1.37) 0.92 (0.48, 1.75) 
  All cause death  45 23 142 835 627 1368 0.85 (0.56, 1.27) 0.98 (0.64, 1.50) 
  Restricted to only using HRT after diagnosisc 14 2 62 627 418 1036 0.32 (0.79, 1.30) 0.37 (0.89, 1.51) 
  Restricted patients surgically treated 26 8 89 288 163 754 0.81 (0.39, 1.66) 0.91 (0.42, 1.99) 
  Restricted to receiving gynaecological surgeriesd 9 4 20 141 93 255 1.04 (0.38, 2.87) 1.17 (0.29, 4.76) 
  Additionally adjusted for gynaecological surgeries 45 19 142 835 561 1369 0.77 (0.48, 1.23) 0.87 (0.54, 1.41) 
  Additionally adjusted for smoking, alcohol & BMIe 45 19 142 835 561 1369 0.77 (0.48, 1.23) 0.84 (0.52, 1.38) 
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Table 3.6 (continued). Associations between HRT use and cancer mortality in female patients with oesophageal cancer 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 
N deaths Person 

years N deaths Person 
years 

Usage in the year before cancer diagnosis, n=1,568 
Main analysis         
  Any HRT user vs. non-user 77 56 143 1491 1061 1882 0.82 (0.63, 1.07) 1.12 (0.85, 1.47) 
         
Sensitivity analysis         
  Oestrogen only user vs. non-users  46 30 105 1522 1087 1920 0.69 (0.48, 0.99) 0.75 (0.52, 1.08) 
  Oestrogen & progesterone user vs. non-user  23 18 31 1545 1099 1994 0.91 (0.57, 1.45) 1.95 (1.20, 3.18) 
  Removing vaginal productsb 55 40 100 1513 1077 1924 0.82 (0.60, 1.13) 1.37 (0.98, 1.92) 
  Histology: Adenocarcinoma 29 22 46 537 386 670 0.99 (0.64, 1.53) 1.55 (0.98, 2.47) 
                    Squamous cell carcinoma 41 28 79 706 503 989 0.80 (0.55, 1.18) 0.95 (0.63, 1.42) 
                    P-value for interaction        0.331 
  Restricted to age over 55 62 45 112 1401 1013 1730 0.83 (0.61, 1.11) 1.06 (0.78, 1.44) 
  24 to 6 months prior to cancer diagnosis 97 71 179 1471 1046 1845 0.80 (0.63, 1.02) 1.24 (0.96, 1.60) 
  All-cause death 77 61 142 1491 1200 1882 0.78 (0.61, 1.01) 1.05 (0.80, 1.37) 
  Restricted patients surgically treated 30 16 90 448 277 906 0.69 (0.41, 1.14) 0.82 (0.48, 1.41) 
  Restricted to receiving gynaecological surgeriesd 22 13 58 237 162 307 0.66 (0.37, 1.17) 0.85 (0.41, 1.77) 
  Additionally adjusted for gynaecological surgeries 77 56 143 1491 1061 1882 0.82 (0.63, 1.07) 1.12 (0.85, 1.48) 
  Additionally adjusted for smoke, alcohol & BMIe 77 56 143 1491 1061 1882 0.82 (0.63, 1.07) 1.10 (0.83, 1.45) 
       

  

aIn the analysis of HRT use after diagnosis adjustments were made for age at diagnosis, year of diagnosis, deprivation, radiotherapy within 6 months, 
chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic pulmonary 
disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal disease and  

 
continuing…  
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continued… 
 
rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of HRT use in the year prior to cancer 
diagnosis, the model contained age at diagnosis, year of diagnosis, deprivation, comorbidities (prior to diagnosis, including cerebrovascular disease, 
chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, 
renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before cancer diagnosis). 
bRemoving the HRT vaginal products, including vaginal cream, suppositories, pessaries, and tablets. 
cRestricted to individuals who did not take HRT before diagnosis. 
dRestricted to individuals who received gynaecological surgeries (hysterectomy, oophorectomy, and other gynaecological surgeries) before cancer 
diagnosis. 
eAdditionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods.             
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5ARIs and oesophageal cancer survival  

Table 3.7 shows the results of the association between 5ARIs and oesophageal 

cancer mortality. Overall, there was no association between cancer-specific mortality 

in patients with oesophageal cancer and 5ARI use after diagnosis (adjusted 

HR=1.29, 95% CI 0.92 1.81). The null associations were generally similar across all 

sensitivity and dose-response analyses. However, a more marked borderline 

association was found with OAC (unadjusted HR=1.45, 95% CI 1.00, 2.08; and 

adjusted HR=1.46, 95% CI 0.99, 2.13, respectively). But interaction analysis showed 

no difference between OAC and OSCC, with P-value for interaction was 0.142. 

In analysis of 5ARI use in the year prior to cancer diagnosis, 5ARI use was not 

associated with oesophageal cancer-specific mortality (adjusted HR=1.02, 95% CI 

0.77 1.35), or all-cause mortality (adjusted HR=1.03, 95% CI 0.80, 1.34). The null 

associations were generally similar across all sensitivity and subgroup analyses. 
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Table 3.7. Associations between 5ARI use and cancer mortality in male patients with oesophageal cancer 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Any usage after cancer diagnosis, n=1,828 

Main analysis         
  5ARIs user vs. non-user 62 37 109 1766 1227 3188 1.29 (0.93, 1.79) 1.29 (0.92, 1.81) 
  1-12 prescriptions vs. non-user  48 32 75 1766 1227 3188 1.34 (0.94, 1.91) 1.36 (0.95, 1.95) 
  >12 prescriptions vs. non-user 14 5 34 1766 1227 3188 1.02 (0.42, 2.47) 0.96 (0.39, 2.35) 
  P-value for trend         0.253 
         
Sensitivity analysis         
  Histology: Adenocarcinoma 49 30 84 1319 904 2556 1.45 (1.00, 2.08) 1.46 (0.99, 2.13) 
                    Squamous cell carcinoma 12 6 24 342 249 484 0.72 (0.32, 1.62) 0.76 (0.32, 1.81) 
                    P-value for interaction        0.142 
  Using 1-year lag  39 20 86 1127 686 2478 1.24 (0.79, 1.93) 1.24 (0.78, 1.95) 
  All-cause death  62 42 109 1766 1367 3187 1.26 (0.93, 1.72) 1.22 (0.89, 1.67) 
  Restricted to only using 5ARIs after diagnosisb 25 12 63 1727 1198 3118 1.28 (0.72, 2.26) 1.28 (0.71, 2.29) 
  Restricted patients surgically treated  30 13 81 740 465 1782 0.99 (0.57, 1.72) 0.89 (0.50 1.59) 
  Restricted to receiving prostatectomyc 14 8 23 99 74 145 0.94 (0.45, 1.97) 1.76 (0.55, 5.63) 
  Additionally adjusted for prostatectomy 62 37 109 1766 1227 3188 1.29 (0.93, 1.79) 1.30 (0.92, 1.82) 
  Additionally adjusted for smoke, alcohol & obesityd 62 37 109 1766 1227 3188 1.29 (0.93, 1.79) 1.31 (0.93, 1.84) 
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Table 3.7 (continued). Associations between 5ARI use and cancer mortality in male patients with oesophageal cancer 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Usage in the year before cancer diagnosis, n=2, 861 

Main analysis         
  5ARI users vs. non-users 72 53 82 2789 2104 4101 1.07 (0.82, 1.41) 1.02 (0.77, 1.35) 
         
Sensitivity analysis          
  Histology: Adenocarcinoma 52 39 62 1944 1446 3231 1.21 (0.88, 1.66) 1.14 (0.82, 1.58) 
                    Squamous cell carcinoma 18 12 20 561 436 671 0.81 (0.46, 1.43) 0.73 (0.40, 1.34) 
                    P-value for interaction        0.184 
  24 to 6 months prior to cancer diagnosis 65 51 73 2796 2106 4110 1.12 (0.85, 1.48) 1.05 (0.79, 1.40) 
  All cause death 72 60 82 2789 2318 4101 1.11 (0.86, 1.44) 1.03 (0.80, 1.34) 
  Restricted to receiving surgery for cancer treatment 25 15 44 1019 700 2135 0.92 (0.55, 1.54) 0.71 (0.42, 1.23) 
  Restricted to receiving prostatectomyc 15 11 22 170 130 212 0.81 (0.44, 1.49) 1.35 (0.63, 2.90) 
  Additionally adjusted for prostatectomy 72 53 82 2789 2104 4101 1.07 (0.82, 1.41) 1.04 (0.79, 1.38) 
  Additionally adjusted for smoke, alcohol & obesityd 72 53 82 2789 2104 4101 1.07 (0.82, 1.41) 1.07 (0.81, 1.42) 
         

aIn the analysis of 5ARI use after diagnosis adjustments were made for age at diagnosis, year of diagnosis, deprivation, radiotherapy within 6 
months, chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic 
pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal 
disease and rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of 5ARI use in the year 
prior to cancer diagnosis, the model contained age at diagnosis, year of diagnosis, deprivation, comorbidities (prior to diagnosis, including 
cerebrovascular disease, chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, 
peripheral vascular disease, renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before cancer  
 

continuing…  
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diagnosis). 
bRestricted to individuals who did not take 5ARIs before diagnosis. 
cRestricted to individuals who received prostatectomy before cancer diagnosis. 
dAdditionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods.  
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Digoxin and oesophageal cancer survival  

Table 3.8 shows the results of the association between digoxin and oesophageal 

cancer mortality. Overall, there was no association between digoxin use after 

diagnosis and cancer-specific mortality in patients with oesophageal (adjusted 

HR=1.01, 95% CI 0.79 1.30), and all-cause mortality (adjusted HR=1.02, 95% CI 

0.81, 1.29). The null associations between digoxin and oesophageal cancer-specific 

mortality were generally similar across all sensitivity, dose-response, and subgroup 

analyses. 

In analysis of digoxin use in the year before diagnosis, an increased risk of cancer-

specific mortality in patients with oesophageal cancer was observed before 

adjustment (unadjusted HR=1.42, 95% CI 1.18, 1.69), but this association attenuated 

when adjusting confounders (adjusted HR=1.04, 95% CI 0.87, 1.25). A similar 

pattern of associations was generally reported in sensitivity and subgroup analysis.
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Table 3.8. Associations between digoxin use and oesophageal cancer mortality 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Any usage after cancer diagnosis, n=2,708 

Main analysis         
  User vs. non-user 101 68 160 2607 1776 4647 1.25 (0.98, 1.59) 1.01 (0.79, 1.30) 
  1-12 prescriptions vs. non-user  76 58 97 2607 1776 4647 1.32 (1.01, 1.71) 1.08 (0.83, 1.41) 
  >12 prescriptions vs. non-user 25 10 63 2607 1776 4647 0.96 (0.51, 1.78) 0.73 (0.39, 1.38) 
  P-value for trend         0.790 
         
Sensitivity analysis         
  Sex: Male only  64 45 121 1764 1219 3174 1.14 (0.84, 1.53) 0.95 (0.70, 1.30) 
          Female only  37 23 38 843 557 1472 1.48 (0.97, 2.25) 1.19 (0.77, 1.07) 
          P-value for interaction        0.338 
  Histology: Adenocarcinoma 31 23 36 785 532 1293 1.43 (0.94, 2.18) 1.04 (0.67, 1.63) 
                    Squamous cell carcinoma 61 40 116 1635 1120 3044 1.44 (0.84, 1.57) 0.97 (0.69, 1.34) 
                    P-value for interaction        0.680 
  Using 1-year lag  63 33 120 1626 962 3617 1.20 (0.85, 1.70) 0.99 (0.69, 1.43) 
  All cause death  101 79 160 2607 1982 4647 1.29 (1.03, 1.62) 1.02 (0.81, 1.29) 
  Restricted to only using digoxin after diagnosisb 39 22 58 2580 1753 4622 1.30 (0.86, 1.99) 1.37 (0.89, 2.10) 
  Restricted to receiving surgery for cancer treatment 41 21 93 1043 628 2614 1.07 (0.69, 1.65) 0.78 (0.49, 1.25) 
  Additionally adjusted for smoking, alcohol & obesityc 101 68 160 2607 1776 4647 1.25 (0.98, 1.59) 1.02 (0.79, 1.31) 
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Table 3.8 (continued). Associations between digoxin use and oesophageal cancer mortality 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Usage in the year before cancer diagnosis, n=4,429 

Main analysis         
  User vs. non-user 169 128 154 4260 3146 6053 1.42 (1.18, 1.69) 1.04 (0.87, 1.25) 
         
Sensitivity analysis          
  Histology: Adenocarcinoma 50 39 41 1276 940 1718 1.36 (0.99, 1.88) 0.84 (0.60, 1.18) 
                    Squamous cell carcinoma 92 68 98 2470 1825 3911 1.46 (1.14, 1.86) 1.16 (0.90, 1.49) 
                    P-value for interaction         0.230 
  24 to 6 months prior to cancer diagnosis 166 127 145 4263 3147 6062 1.46 (1.22, 1.74) 1.06 (0.88, 1.27) 
  All cause death 169 148 154 4260 3491 6053 1.48 (1.25, 1.74) 1.07 (0.90, 1.27) 
  Restricted to receiving surgery for cancer treatment 47 36 55 1475 972 3123 1.89 (1.36, 2.64) 1.25 (0.87, 1.81) 
  Additionally adjusted for smoke, alcohol & obesityc 169 128 154 4260 3146 6053 1.42 (1.18, 1.69) 1.06 (0.89, 1.28) 
aIn the analysis of digoxin use after diagnosis adjustments were made for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy within 6 
months, chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic 
pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal 
disease and rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of digoxin use in the year 
prior to cancer diagnosis, the model contained age at diagnosis, sex, year of diagnosis, deprivation, comorbidities (prior to diagnosis, including 
cerebrovascular disease, chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, 
peripheral vascular disease, renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before cancer 
diagnosis). 
bRestricted to individuals who did not take digoxin before diagnosis. 
cAdditionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods. 
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Spironolactone and oesophageal cancer survival 

Table 3.9 shows the results of the association between spironolactone and 

oesophageal cancer mortality. Use of spironolactone after diagnosis was associated 

with a 69% increase in the chances of oesophageal cancer mortality (adjusted 

HR=1.69, 95% CI 1.13, 2.51). This association appeared more marked for female 

patients compare with males, and more marked in OSCC cases compare to OAC, but 

there was no evidence of a difference between sexes (P-value for interaction was 

0.334) or tumour histology (P-value for interaction was 0.447). 

Other sensitivity analyses showed a slightly more marked increased association 

when expanding cancer specific deaths to any cause of deaths, when expanding the 

six months lag to one year lag, when restricting the cohort to those who did not use 

spironolactone before cancer diagnosis, and when restricting to those receiving 

surgery therapy within six months after diagnosis.  

In analysis of spironolactone use in the year prior to cancer diagnosis, a similar 

pattern of the association between spironolactone and oesophageal cancer mortality 

were observed in main (adjusted HR=1.35, 95% CI 1.01, 1.81) and sensitivity 

analyses. But the association attenuated when restricting to those receiving surgery 

therapy within six months after diagnosis.
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Table 3.9. Associations between spironolactone use and oesophageal cancer mortality  
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Any usage after cancer diagnosis, n=2,708 

Main analysis         
  Spironolactone user vs. non-user 39 26 41 2669 1818 4767 1.75 (1.19, 2.58) 1.69 (1.13, 2.51) 
  1-12 prescriptions vs. non-user  35 25 33 2669 1818 4767 1.93 (1.29, 2.86) 1.90 (1.27, 2.85) 
  >12 prescriptions vs. non-user 4 1 7 2669 1818 4767 0.53 (0.75, 3.77) 0.41 (0.06, 3.36) 
  P-value for trend         0.068 
         
Sensitivity analysis         
  Sex: Male only 27 18 32 1801 1246 3264 1.58 (0.99, 2.52) 1.50 (0.93, 2.44) 
          Female only 12 8 9 868 572 1502 2.23 (1.11, 4.50) 2.29 (1.08, 4.83) 
          P-value for interaction        0.334 
  Histology: Adenocarcinoma 32 22 38 1664 1138 3122 1.71 (1.12, 2.61) 1.54 (0.99, 2.40) 
                    Squamous cell carcinoma 6 3 3 810 552 1327 1.75 (0.56, 5.46) 2.93 (0.86, 9.92) 
                    P-value for interaction        0.447 
  Using 1-year lag  23 14 26 1666 981 3711 2.12 (1.25, 3.60) 2.00 (1.15, 3.48) 
  All-cause death  39 32 41 2669 2029 4767 1.93 (1.36, 2.74) 1.76 (1.23, 2.53) 
  Restricted to only using spironolactone after 
diagnosisb 23 15 30 2634 1793 4743 1.77 (1.06, 2.95) 1.70 (1.02, 2.85) 

  Restricted to receiving surgery for cancer treatment 16 12 16 1068 637 2692 2.80 (1.58, 4.96) 1.93 (1.04, 3.60) 
  Additionally adjusted for smoke, alcohol & obesityc 39 26 41 2669 1818 4767 1.75 (1.19, 2.58) 1.68 (1.13, 2.50) 
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Table 3.9 (continued). Associations between spironolactone use and oesophageal cancer mortality 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Usage in the year before cancer diagnosis, n=4,429 

Main analysis         
  Spironolactone user vs. non-user 61 49 37 4368 3225 6170 1.66 (1.26, 2.21) 1.35 (1.01, 1.81) 
         
Sensitivity analysis          
  Histology: Adenocarcinoma 39 33 29 2523 1860 3982 1.69 (1.20, 2.39) 1.22 (0.85, 1.76) 
                    Squamous cell carcinoma 16 12 8 1310 967 1751 1.77 (1.00, 3.13) 1.91 (1.04, 3.52) 
                    P-value for interaction        0.293 
  24 to 6 months prior to cancer diagnosis 64 50 41 4365 3224 6166 1.61 (1.22, 2.13) 1.35 (1.01, 1.80) 
  All-cause death 61 57 37 4368 3582 6170 1.77 (1.36, 2.30) 1.41 (1.07, 1.85) 
  Restricted to receiving surgery for cancer treatment 20 19 14 1502 989 3164 2.47 (1.57, 3.90) 1.39 (0.83, 2.31) 
  Additionally adjusted for smoke, alcohol & obesityc 61 49 37 4368 3225 6170 1.66 (1.26, 2.21) 1.37 (1.02, 1.84) 
aIn the analysis of spironolactone use after diagnosis adjustments were made for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy 
within 6 months, chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, 
chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, 
renal disease and rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of spironolactone use 
in the year prior to cancer diagnosis, the model contained age at diagnosis, sex, year of diagnosis, deprivation, comorbidities (prior to diagnosis, 
including cerebrovascular disease, chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer 
disease, peripheral vascular disease, renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before 
cancer diagnosis). 
bRestricted to individuals who did not take spironolactone before diagnosis. 
cAdditionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods. 
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3.4.3 Gastric cancer mortality 

HRT and gastric cancer survival  

Table 3.10 shows the main and sensitivity analyses of the association between HRT 

and gastric cancer mortality. In the analysis of HRT use after diagnosis, a reduced 

cancer-specific mortality in patients with gastric cancer was observed (adjusted 

HR=0.65, 95% CI 0.40, 1.06), however this association was not statistically 

significant. Associations were generally similar in the sensitivity, dose-response, and 

subgroup analyses of HRT use after diagnosis. But a significant reduction of all-

cause deaths was observed in HRT use after cancer diagnosis (adjusted HR=0.60, 

95% CI 0.39, 0.93). 

HRT use in the year before diagnosis was associated with a significant reduction in 

gastric cancer-specific mortality (adjusted HR=0.71, 95% CI 0.53, 0.96). The 

association was more marked for the use of unopposed oestrogen (adjusted 

HR=0.52, 95% CI 0.34, 0.79), but attenuated for use of combined oestrogen and 

progesterone (adjusted HR=0.89, 95% CI 0.54, 1.47). A similar inverse association 

was observed across sensitivity analyses when restricting to gastric adenocarcinoma 

patients, restricting to women aged over 55 years, excluding prescriptions in the six 

months prior to cancer diagnosis, removing the vaginally administrated HRT 

products, additionally adjusting for potential lifestyle confounders using multiple 

imputation, and when expanding cancer-specific mortality to all-cause deaths. But 

this association attenuated when additionally adjusting for gynaecological surgeries 

(adjusted HR=0.77, 95% CI 0.57, 1.04).
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Table 3.10. Associations between HRT use and cancer mortality in female patients with gastric cancer 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Any usage after cancer diagnosis, n=768 

Main analysis         
  Any HRT user vs. non-user 49 18 219 719 422 1565 0.62 (0.38, 1.00) 0.65 (0.40, 1.06) 
  1-6 prescriptions vs. non-user  32 13 132 719 422 1565 0.54 (0.31, 0.94) 0.60 (0.34, 1.05) 
  >6 prescriptions vs. non-user 17 5 88 719 422 1565 1.02 (0.41, 2.52) 0.88 (0.35, 2.23) 
  P-value for trend        0.152 
         
Sensitivity analysis          
  Oestrogen only user vs. non-users  33 10 165 735 430 1619 0.53 (0.28, 1.01) 0.56 (0.29, 1.07) 
  Oestrogen & progesterone user vs. non-user  11 6 47 757 434 1737 0.95 (0.42, 2.13) 1.09 (0.47, 2.54) 
  Removing vaginal productsb 37 16 174 731 424 1611 0.71 (0.43, 1.18) 0.73 (0.44, 1.24) 
  Adenocarcinoma 42 16 188 627 382 1321 0.61 (0.37, 1.02) 0.60 (0.35, 1.01) 
  Location: Gastric cardia  12 6 44 176 118 306 0.68 (0.29, 1.56) 0.70 (0.28, 1.71) 
                  Gastric non-cardia  13 4 63 203 108 461 0.73 (0.26, 2.01) 0.93 (0.30, 2.82) 
                  P-value for interaction         0. 872 
  Restricted to age over 55 36 15 154 648 385 1385 0.69 (0.41, 1.15) 0.74 (0.43, 1.26) 
  Using 1-year lag  42 12 196 472 218 1279 0.63 (0.35, 1.13) 0.62 (0.33, 1.15) 
  All cause death  49 24 219 719 529 1565 0.54 (0.36, 0.82) 0.60 (0.39, 0.93) 
  Restricted to only using HRT after diagnosisc 12 3 45 555 329 1177 0.67 (0.21, 2.12) 0.60 (0.19, 1.95) 
  Restricted to receiving surgery for cancer treatment 31 10 134 352 175 1074 0.80 (0.42, 1.52) 0.77 (0.39, 1.52) 
  Restricted to receiving gynaecological surgeriesd 21 6 128 135 72 366 0.49 (0.21, 1.16) 0.37 (0.12, 1.12) 
  Additionally adjusted for gynaecological surgeries 49 18 219 719 422 1565 0.62 (0.38, 1.00) 0.69 (0.42, 1.12) 
  Additionally adjusted for smoke, alcohol & obesitye 49 18 219 719 422 1565 0.62 (0.38, 1.00) 0.64 (0.39, 1.05)  
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Table 3.10 (continued). Associations between HRT use and cancer mortality in female patients with gastric cancer 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Usage in the year before cancer diagnosis, n=1,475 

Main analysis         
  Any HRT user vs. non-user 85 49 265 1390 972 1887 0.56 (0.42, 0.75) 0.71 (0.53, 0.96) 
  Oestrogen only user vs. non-users  46 24 191 1429 997 1961 0.46 (0.30, 0.68) 0.52 (0.34, 0.79) 
  Oestrogen & progesterone user vs. non-user  30 17 68 1445 1004 2084 0.62 (0.38, 1.00) 0.89 (0.54, 1.47) 
  Removing vaginal productsb 69 39 226 1406 982 1926 0.55 (0.40, 0.76) 0.71 (0.51, 0.99) 
Sensitivity analysis          
  Adenocarcinoma 85 49 265 1390 972 1887 0.56 (0.42, 0.75) 0.71 (0.53, 0.96) 
  Location: Gastric cardia  27 16 68 274 202 373 0.63 (0.38, 1.06) 0.88 (0.49, 1.57) 
                  Gastric non-cardia  17 8 84 336 218 527 0.42 (0.21, 0.86) 0.52 (0.24, 1.12) 
                  P-value for interaction         0.225 
  Restricted to age over 55 71 42 236 1285 915 1637 0.53 (0.39, 0.73) 0.69 (0.50, 0.96) 
  24 to 6 months prior to cancer diagnosis 105 63 315 1370 958 1836 0.60 (0.47, 0.78) 0.78 (0.59, 1.02) 
  All cause death 82 61 264 1390 1140 1887 0.57 (0.44, 0.73) 0.74 (0.57, 0.97) 
  Restricted to receiving surgery for cancer treatment 42 20 172 471 267 1164 0.63 (0.40, 0.99) 0.70 (0.43, 1.14) 
  Restricted to receiving gynaecological surgeriesd 34 17 147 210 130 385 0.59 (0.35, 0.98) 0.62 (0.33, 1.15) 
  Additionally adjusted for gynaecological surgeries 85 49 265 1390 972 1887 0.56 (0.42, 0.75) 0.77 (0.57, 1.04) 
  Additionally adjusted for smoke, alcohol & obesitye 85 49 265 1390 972 1887 0.56 (0.42, 0.75) 0.67 (0.49, 0.90) 
         

aIn the analysis of HRT use after diagnosis adjustments were made for age at diagnosis, year of diagnosis, deprivation, radiotherapy within 6 months, 
chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic pulmonary 
disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal disease, and  

 
continuing…  
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continued… 
 
rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of HRT use in the year prior to cancer 
diagnosis, the model contained age at diagnosis, year of diagnosis, deprivation, comorbidities (prior to diagnosis, including cerebrovascular disease, 
chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, 
renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before cancer diagnosis). 
bRemoving the HRT vaginal products, including vaginal cream, suppositories, pessaries, and tablets. 
cRestricted to individuals who did not take HRT before diagnosis. 
dRestricted to individuals who received gynaecological surgeries (hysterectomy, oophorectomy, and other gynaecological surgeries) before cancer 
diagnosis. 
eAdditionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods.             
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5ARIs and gastric cancer survival  

Table 3.11 shows results of the association between 5ARIs and gastric cancer 

mortality.  

There was no association between 5ARI use after diagnosis and cancer-specific 

mortality in patients with gastric cancer (adjusted HR=0.96, 95% CI 0.64, 1.43). 

Similarly, there was no association between 5ARI use in the year before diagnosis 

and cancer-specific mortality in patients with gastric cancer (adjusted HR=1.00, 95% 

CI 0.77, 1.28).  

The null associations between 5ARIs and mortality in gastric cancer patients were 

generally similar across all sensitivity and subgroup analyses.
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Table 3.11. Associations between 5ARI use and cancer mortality in male patients with gastric cancer 

 

 
User  Non-user Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95% CI)  

 
N deaths Person 

years N deaths Person 
years 

Any usage after cancer diagnosis, n=1,609 
Main analysis         

  User vs. non-user 63 26 123 1546 1001 3262 0.96 (0.65, 1.42) 0.96 (0.64, 1.43) 

  1-12 prescriptions vs. non-user  48 32 76 1766 1227 3188 1.08 (0.72, 1.62) 1.06 (0.70, 1.61) 

  >12 prescriptions vs. non-user 14 5 33 1766 1227 3188 0.42 (0.10, 1.67) 0.46 (0.11, 1.86) 

  P-value for trend         0.589 

         

Sensitivity analysis         

  Adenocarcinoma 57 25 113 1423 945 2953 1.01 (0.67, 1.50) 0.96 (0.64, 1.44) 

  Location: Gastric cardia  19 9 57 607 420 1147 0.71 (0.37, 1.38) 0.60 (0.30, 1.21) 

                  Gastric non-cardia  13 6 16 321 191 714 1.22 (0.54, 2.75) 0.81 (0.32, 2.05) 

                  P-value for interaction         0.326 

  Using 1-year lag  45 15 97 1035 568 2623 1.01 (0.60, 1.68) 0.96 (0.56, 1.64) 

  All cause death  63 36 124 1546 1216 3262 1.01 (0.73, 1.41) 0.94 (0.67, 1.32) 

  Restricted to only using 5ARIs after diagnosis
b
 26 5 57 1496 967 3188 0.94 (0.39, 2.28) 1.01 (0.41, 2.47) 

  Restricted to receiving surgery for cancer treatment 36 11 75 791 445 2299 1.09 (0.60, 1.99) 1.08 (0.58, 2.01) 

  Restricted to receiving prostatectomy
c
 12 4 29 107 66 263 1.05 (0.38, 2.90) 0.63 (0.15, 2.59) 

  Additionally adjusted for prostatectomy 63 26 123 1546 1001 3262 0.96 (0.65, 1.42) 0.96 (0.64, 1.43) 

  Additionally adjusted for smoke, alcohol & obesity
d
 63 26 123 1546 1001 3262 0.96 (0.65, 1.42) 1.00 (0.67, 1.51) 
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Table 3.11 (continued). Associations between 5ARI use and cancer mortality in male patients with gastric cancer 

 

 
User  Non-user Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95% CI)  

 
N deaths Person 

years N deaths Person 
years 

Usage in the year before cancer diagnosis, n=2,719 
Main analysis         

  User vs. non-user 84 63 102 2635 1883 4014 1.11 (0.86, 1.43) 1.00 (0.77, 1.28) 

Sensitivity analysis          

  Adenocarcinoma 72 54 87 2339 1691 3640 1.14 (0.87, 1.50) 1.04 (0.79, 1.38) 

  Location: Gastric cardia  27 23 44 894 750 1442 1.06 (0.70, 1.60) 0.92 (0.60, 1.43) 

                  Gastric non-cardia  16 12 17 531 365 833 1.20 (0.67, 2.13) 0.93 (0.49, 1.77) 

                  P-value for interaction         0.627 

  24 to 6 months prior to cancer diagnosis 87 62 115 2632 1884 4001 1.00 (0.78, 1.29) 0.94 (0.72, 1.21) 

  All cause death 84 73 102 2635 2230 4014 1.11 (0.88, 1.40) 0.94 (0.74, 1.19) 

  Restricted to receiving surgery for cancer treatment 26 18 41 1019 620 2585 1.41 (0.88, 2.25) 1.13 (0.69, 1.84) 

  Restricted to receiving prostatectomy
c
 20 17 28 205 141 317 1.20 (0.73, 1.99) 0.68 (0.34, 1.33) 

  Additionally adjusted for prostatectomy 84 63 102 2635 1883 4014 1.11 (0.86, 1.43) 1.00 (0.77, 1.29) 

  Additionally adjusted for smoke, alcohol & obesity
d
 84 63 102 2635 1883 4014 1.11 (0.86, 1.43) 1.02 (0.79, 1.32) 

        

 

a
In the analysis of 5ARI use after diagnosis adjustments were made for age at diagnosis, year of diagnosis, deprivation, radiotherapy within 6 

months, chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic 

pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal 

disease and rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of 5ARI use in the year 

prior to cancer diagnosis, the model contained age at diagnosis, year of diagnosis, deprivation, comorbidities (prior to diagnosis, including 

cerebrovascular disease, chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease,  

 

continuing… 
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continued… 

 

peripheral vascular disease, renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before cancer 

diagnosis). 

b
Restricted to individuals who did not take 5ARIs before diagnosis. 

c
Restricted to individuals who received prostatectomy

 
before cancer diagnosis.

 

d
Additionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods. 
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Digoxin and gastric cancer survival  

Table 3.12 shows the results of the association between digoxin and gastric cancer 

mortality. There was no evidence that digoxin use after diagnosis was associated 

with gastric cancer-specific mortality (unadjusted HR=0.94, 95% CI 0.72, 1.23) 

which altered a little after adjustment (adjusted HR=1.09, 95% CI 0.91, 1.31), but 

positively associated with all-cause mortality (unadjusted HR=1.25, 95% CI 1.01, 

1.55) which attenuated after adjustment (adjusted HR=1.14, 95% CI 0.91, 1.42). 

Null associations were shown in other sensitivity, dose-response and subgroup 

analyses. 

In the analysis of digoxin use in the year prior to diagnosis, we also found some 

evidence of an increase in cancer-specific mortality in gastric cancer patients before 

adjustment, but this association attenuated after adjusting for confounders.  
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Table 3.12. Associations between digoxin use and gastric cancer mortality 
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Any usage after cancer diagnosis, n=2,377 

Main analysis         
  User vs. non-user 106 54 235 2271 1413 4935 0.94 (0.72, 1.23) 0.90 (0.68, 1.19) 
  1-12 prescriptions vs. non-user  49 32 91 2271 1413 4935 0.86 (0.60, 1.22) 0.81 (0.57, 1.16) 
  >12 prescriptions vs. non-user 57 22 144 2271 1413 4935 1.10 (0.72, 1.69) 1.07 (0.69, 1.66) 
  P-value for trend         0.719 
         
Sensitivity analysis         
  Sex: Male only  71 37 153 1538 990 3232 0.88 (0.64, 1.23) 0.83 (0.59, 1.17) 
          Female only  35 17 81 733 423 1703 1.06 (0.65, 1.72) 1.02 (0.61, 1.70) 
          P-value for interaction        0.699 
  Adenocarcinoma 90 50 202 2053 1318 4374 0.95 (0.71, 1.26) 0.93 (0.69, 1.25) 
  Location: Gastric cardia  33 24 62 778 529 1493 1.26 (0.84, 1.90) 1.04 (0.67, 1.63) 
                  Gastric non-cardia  24 10 37 526 299 1216 0.90 (0.48, 1.70) 0.83 (0.42, 1.64) 
                  P-value for interaction         0.489 
  Using 1-year lag  72 31 192 1522 782 4005 0.90 (0.63, 1.29) 0.82 (0.56, 1.20) 
  All cause death  106 89 234 2271 1716 4935 1.25 (1.01, 1.55) 1.14 (0.91, 1.42) 
  Restricted to only using digoxin after diagnosisb 47 23 98 2230 1386 4883 1.20 (0.79, 1.81) 1.23 (0.81, 1.88) 
  Restricted to receiving surgery for cancer treatment 60 24 183 1150 617 3399 0.81 (0.54, 1.23) 0.78 (0.51, 1.19) 
  Additionally adjusted for smoke, alcohol & obesityc 106 54 235 2271 1413 4935 0.94 (0.72, 1.23) 0.90 (0.68, 1.20) 
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Table 3.12 (continued). Associations between digoxin use and gastric cancer mortality  
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Usage in the year before cancer diagnosis, n=4,194 

Main analysis         
  User vs. non-user 181 133 195 4013 2834 6072 1.33 (1.12, 1.58) 1.09 (0.91, 1.31) 
Sensitivity analysis          
  Adenocarcinoma 145 105 165 3465 2467 5389 1.24 (1.02, 1.50) 1.04 (0.85, 1.27) 
  Location: Gastric cardia  47 40 41 1175 854 1886 1.83 (1.34, 2.52) 1.19 (0.84, 1.69) 
                  Gastric non-cardia  34 23 36 866 580 1425 1.12 (0.74, 1.70) 0.93 (0.59, 1.46) 
                  P-value for interaction         0.444 
  24 to 6 months prior to cancer diagnosis 174 125 185 4020 2843 6081 1.26 (1.05, 1.51) 1.03 (0.85, 1.24) 
  All cause death 181 165 195 4013 3339 6072 1.41 (1.21, 1.65) 1.12 (0.95, 1.31) 
  Restricted to receiving surgery for cancer treatment 43 19 116 1515 906 3848 0.71 (0.45, 1.12) 0.61 (0.38, 0.98) 
  Additionally adjusted for smoke, alcohol & obesityc 181 133 195 4013 2834 6072 1.33 (1.12, 1.58) 1.10 (0.82, 1.32) 
aIn the analysis of digoxin use after diagnosis adjustments were made for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy within 6 
months, chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic 
pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal 
disease and rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of digoxin use in the year 
prior to cancer diagnosis, the model contained age at diagnosis, sex, year of diagnosis, deprivation, comorbidities (prior to diagnosis, including 
cerebrovascular disease, chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, 
peripheral vascular disease, renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before cancer 
diagnosis). 
bRestricted to individuals who did not take digoxin before diagnosis. 
cAdditionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods. 
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Spironolactone and gastric cancer survival 

Table 3.13 shows the main and sensitivity analysis results of the association between 

spironolactone and gastric cancer mortality. Overall, neither pre-diagnostic nor post-

diagnostic use of spironolactone were associated with the mortality in patients with 

gastric cancer across all analyses conducted.  
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Table 3.13. Associations between spironolactone use and gastric cancer mortality  
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Any usage after cancer diagnosis, n=2,377 

Main analysis         
  User vs. non-user 56 22 85 2321 1445 5085 1.04 (0.68, 1.58) 1.14 (0.73, 1.76) 
  1-12 prescriptions vs. non-user  43 18 51 2321 1445 5085 1.25 (0.79, 2.00) 1.32 (0.81, 2.15) 
  >12 prescriptions vs. non-user 13 4 34 2321 1445 5085 0.58 (0.22, 1.56) 0.70 (0.26, 1.89) 
  P-value for trend         0.902 
Sensitivity analysis         
  Sex: Male only  41 18 55 1568 1009 3330 1.07 (0.67, 1.71) 1.25 (0.77, 2.05) 
          Female only  15 4 30 753 436 1754 0.84 (0.31, 2.26) 0.85 (0.30, 2.40) 
          P-value for interaction        0.481 
  Adenocarcinoma 48 20 75 2101 1348 4501 1.00 (0.64, 1.56) 1.12 (0.70, 1.77) 
  Location: Gastric cardia  17 9 20 794 544 1535 1.39 (0.72, 2.67) 1.11 (0.54, 2.28) 
                  Gastric non-cardia  13 1 19 237 308 1234 0.24 (0.03, 1.72) 0.26 (0.03, 1.95) 
                  P-value for interaction         0.124 
  Using 1-year lag  34 10 63 1560 803 4133 0.88 (0.47, 1.63) 0.98 (0.51, 1.88) 
  All cause death  56 41 85 2321 1764 5085 1.54 (1.13, 2.10) 1.58 (1.13, 2.19) 
  Restricted to only using spironolactone after diagnosisb 34 13 43 2295 1433 5038 1.45 (0.84, 2.51) 1.49 (0.75, 2.64) 
  Restricted to receiving surgery for cancer treatment 28 8 52 1182 633 3530 0.99 (0.49, 1.99) 1.11 (0.54, 2.30) 
  Additionally adjusted for smoke, alcohol & obesityc 56 22 85 2321 1445 5085 1.04 (0.68, 1.58) 1.15 (0.74, 1.79) 
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Table 3.13 (continued). Associations between spironolactone use and gastric cancer mortality  
 

 User  Non-user Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI)  

 N deaths Person 
years N deaths Person 

years 
Usage in the year before cancer diagnosis, n=4,194 

Main analysis         
  User vs. non-user 62 37 71 4132 2930 6196 0.93 (0.67, 1.29) 0.81 (0.58, 1.14) 
Sensitivity analysis          
  Adenocarcinoma 53 31 66 3557 2541 5488 0.89 (0.63, 1.27) 0.78 (0.54, 1.12) 
  Location: Gastric cardia  17 11 22 1205 883 1906 0.90 (0.50, 1.64) 0.71 (0.37, 1.34) 
                  Gastric non-cardia  14 6 11 886 597 1450 0.79 (0.35, 1.76) 0.68 (0.29, 1.59) 
                  P-value for interaction         0.758 
  24 to 6 months prior to cancer diagnosis 54 32 57 4140 2935 6210 0.92 (0.65, 1.31) 0.79 (0.55, 1.13) 
  All cause death 62 52 71 4132 3452 6197 1.13 (0.86, 1.48) 0.96 (0.72, 1.27) 
  Restricted to receiving surgery for cancer treatment 15 5 30 1543 920 3933 0.57 (0.24, 1.38) 0.57 (0.23, 1.39) 
  Additionally adjusted for smoke, alcohol & obesityc 62 37 71 4132 2930 6196 0.93 (0.67, 1.29) 0.83 (0.59, 1.15) 
aIn the analysis of spironolactone use after diagnosis adjustments were made for age at diagnosis, sex, year of diagnosis, deprivation, radiotherapy 
within 6 months, chemotherapy within 6 months, surgery within 6 months, comorbidities (prior to diagnosis, including cerebrovascular disease, chronic 
pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease, renal 
disease and rheumatological disease), and other medication use (statins, aspirin, time-varying after diagnosis). In analysis of spironolactone use in the 
year prior to cancer diagnosis, the model contained age at diagnosis, sex, year of diagnosis, deprivation, comorbidities (prior to diagnosis, including 
cerebrovascular disease, chronic pulmonary disease, congestive heart disease, liver disease, diabetes, myocardial infarction, peptic ulcer disease, 
peripheral vascular disease, renal disease and rheumatological disease), and other medication use (statins, aspirin, use in the year before cancer 
diagnosis). 
bRestricted to individuals who did not take spironolactone before diagnosis. 
cAdditionally adjusted for smoking, BMI and alcohol consumption using multiple imputation methods. 
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3.5 Discussion 

3.5.1 Main findings 

This large population-based study is the first study to comprehensively investigate 

the impact of medications with sex hormonal effects (including both potent sex 

hormonal medications [HRT and 5ARIs], and weak hormonal medications [digoxin 

and spironolactone]) in patients with gastro-oesophageal cancer.  

Overall, there was no evidence of an increased risk of gastro-oesophageal cancer-

specific mortality in patients using HRT, 5ARIs, or digoxin. Notably a reduction of 

around 30% was observed in the risk of cancer-specific mortality in women with 

gastric cancer who used HRT, particularly unopposed oestrogen, before cancer 

diagnosis. Finally, this study found any use of spironolactone was associated with a 

shorter survival in patients with oesophageal cancer but not gastric cancer.  

3.5.2 Comparison with previous studies 

HRT and oesophageal cancer survival  

Overall, this first epidemiological study investigating into HRT use and oesophageal 

cancer-specific mortality did not find evidence of an association between HRT use, 

either after diagnosis or before diagnosis, and risk of mortality in patients with 

oesophageal cancer in women, with the exception that pre-diagnostic combined 

oestrogen and progesterone use was found to increase the risk of oesophageal cancer 

mortality.  

Investigations into sex steroid hormones and hormonal receptors in relation to 

oesophageal cancer progression have been sparse and contradictory. Preclinical 
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evidence have found oestradiol can inhibit the viability and migration of oesophageal 

cancer cells and suggested this anti-cancer effects achieved through the activation of 

ERs193,195. However, other studies have found the ER expression was associated with 

poorer metaplasia progression199,200,236. In addition, a population-representative study 

was conducted to assess the ER expression in relation to OAC survival, and found 

little evidence of a connection52. Moreover, a population-based study conducted by 

Xie et al. showed no association between pre-diagnostic oestradiol levels and OAC 

survival.  

Similarly, investigations into HRT and oesophageal cancer risk also showed 

inconsistent findings. In 2016, a systematic review demonstrated a decreased risk of 

oesophageal cancer with HRT use, but this protective association only occurred in 

OSCC and not OAC53. A Swedish population-based matched cohort study revealed a 

decreased risk both in OSCC and OAC187, and a Danish cohort study found a 

borderline reduced risk of oesophageal cancer196. However, these two studies did not 

adjust for some confounders of importance such as BMI, smoking and alcohol, and 

the associations were not evaluated by HRT duration or dose exposure.  

In addition, two prospective studies have investigated the association between pre-

diagnostic oestradiol levels and risk of OAC cancer in men, combined to show no 

association between oestradiol and OAC risk50,51. This thesis also showed no 

association between pre-diagnostic oestradiol and oesophageal cancer both in men 

and in women, see chapter 5. However, a population-based case-control study, 

including 172 males with OAC and 185 controls, observed a significantly lower 

concentrations of oestradiol in cases compared with controls49.  
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Finally, this study demonstrated use of oestrogen combined with progesterone before 

cancer diagnosis to increase the risk of oesophageal cancer mortality, but null 

association in post-diagnostic use. Fewer previous studies have assessed the 

expression of progesterone receptors (PR) in oesophageal cancer and limited to a 

small size. Two earlier case-control studies have reported the expression of PRs in 

oesophageal cancer tissues but not in normal tissues237,238, however this finding was 

not replicated by Kalayarasan et al. and Boone et al.199,239. And a recent Norwegian 

cohort study showed no associations between pre-diagnostic progesterone levels and 

OAC risk and survival in men50,210. The cause of this increase is unclear and may 

reflect confoundings as this increase attenuated when additionally adjusted for 

smoking, alcohol and BMI using multiple imputation methods (data not shown). 

HRT and gastric cancer survival  

This is the first epidemiological study to investigate HRT use and gastric cancer-

specific mortality. There was no any evidence of a positive association between HRT 

use and gastric cancer mortality, contrasting with reviews that have suggested HRT 

should be avoided in gastric cancer patients188,189. Conversely, this study found HRT 

to reduce the risk of gastric cancer mortality in women, albeit this association was 

only statistically significant for use before cancer diagnosis. Moreover, HRT use 

before or after diagnosis was associated with a reduction in all-cause mortality.  

The findings of an inverse association between gastric cancer mortality and HRT use 

by this study are consistent with some evidence from previous studies. In particular, 

the epidemiological reports have revealed a marked reduced risk of gastric cancer in 

females3,81, and a systematic review has demonstrated that HRT users and women 
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with longer years of fertility benefitted from a reduced risk of gastric cancer but 

tamoxifen (anti-oestrogen) users reported an increased risk of gastric cancer96.   

The mechanism behind any protective effect of oestrogen is unclear. ERs have been 

identified in some gastric cancer tissue but not all gastric cancer presents 

ERs186,240,241 and previous studies have shown some evidence that ERα and ERβ 

played opposite role in gastric cancer, in particular, the absence of  ERβ and/or 

presence of ERα seemed linked to poorer outcome203,242. But their association with 

survival appears complicated. Previous studies have demonstrated oestrogen controls 

the expression of a wide variety of genes through distinct genomic and nongenomic 

pathways therefore regulating cellular activities in many physiological and 

pathological processes203,243. Studies into the oestrogen/ERs pathways in gastric 

cancer have proposed some potential mechanisms: 1) oestrogen activates the 

Hedgehog signalling pathway via ERα resulting in increased cell proliferation in 

gastric cancer cells244; and 2) the anti-cancer properties of ERβ may correlate with 

prothymosin alpha pathway245.  

Our suggestive epidemiological results, along with the mounting preclinical evidence 

should stimulate further research into the mechanisms behind a potentially beneficial 

effect of oestrogen on gastric cancer progression. Importantly, this study should 

provide some reassurance to women with gastric cancer that HRT appears safe but 

further studies are necessary which capture hormonal receptor expression status.  
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5ARIs and gastro-oesophageal cancer survival  

This large cohort study is the first study to evaluate use of 5ARIs in relation to 

gastro-oesophageal cancer survival. Overall, this study did not provide evidence of 

an association between 5ARIs and gastro-oesophageal cancer survival. A borderline 

association between 5ARIs use after diagnosis and increased risk of OAC mortality 

was observed, but interaction analysis showed no difference with OSCC.  

Previous investigations into pre-diagnostic sex hormone levels relation to OAC risk 

and survival have shown higher testosterone concentrations to decrease the risk of 

OAC in men50,51, but no association with OAC survival in men210. This thesis 

(Chapter 5) also showed no association between pre-diagnostic testosterone 

concentrations and OAC risk in men. These null findings seem in contrast to studies 

which have shown a marked reduced risk of oesophageal cancer in prostate cancer 

patients who are likely to have received androgen deprivation therapy213,214, and in a 

study showing a reduced risk of gastro-oesophageal cancer with 5ARI use57. 

However, it is likely that the processes involved in cancer development and 

progression are different and may explain the disparity in findings between risk and 

progression studies246.  

Digoxin and gastro-oesophageal cancer survival  

This is the first study to investigate digoxin and gastro-oesophageal cancer 

progression. Overall, there was no significant association between digoxin use, either 

after diagnosis or before diagnosis, and risk of death in patients with gastro-

oesophageal cancer. A previous study has shown an increased risk of gastro-

oesophageal cancer with digitalis use, but that study was not specific to digoxin, and 

dose-response analysis only showed an increase in short-term users and a null 
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association with long-term use when compared to organic nitrates use only224. This 

study suggested that any association between digoxin and gastro-oesophageal cancer 

risk may not translate to cancer progression, but further studies are required to 

replicate our findings. 

Spironolactone and gastro-oesophageal cancer survival  

This large cohort study is the first study to investigate spironolactone and gastro-

oesophageal cancer survival. Overall, this study observed a significant increase in 

oesophageal cancer mortality but no association with gastric cancer when comparing 

spironolactone users with non-users.  

The cause of this marked increase in oesophageal cancer is unknown. A previous 

epidemiological study has shown use of spironolactone is associated with increased 

adverse gastrointestinal events e.g. upper gastrointestinal bleeding247. The association 

in this study could also reflect confounding by indications (e.g. oedema or malignant 

ascites).  For instance, spironolactone is sometimes used in the treatment for 

malignant ascites248, which is associated with advanced cancer and worse patient 

outcomes. Unfortunately, there was no complete information on cancer stage in this 

stage and unable to adjust for cancer stage. However, it is worth noting that there was 

an association between spironolactone use before cancer diagnosis and poorer 

outcomes, which seems less likely to be attributable to confounding by stage. 

Consequently, further research on spironolactone and cancer-specific mortality in 

oesophageal cancer patients is warranted.  
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3.5.3 Strengths 

Similar to Chapter 2, the main strength of this study lies in the use of high-quality 

population-based data, and in particular, the benefits of CPRD for pharmacovigilance 

purposes has been highlighted249.  

Cancer registry data from England was used to identify cancer cases and provided 

information on many important covariates including age at diagnosis, sex, cancer 

characteristics and cancer treatments, which enabled the conduct of subgroup 

analyses, e.g. by tumour histology and anatomical location.  

Moreover, the medications assessed in this study mainly were accessed through GPs 

in the UK and the GP records provided detailed information on prescribed 

medications, eliminating recall bias176. Also complete information on medication 

dose and frequency of prescriptions enabled the dose-response analysis by duration 

of exposure.  

In addition, we were able to adjust for a wide range of confounders, including many 

of the main risk factors for gastro-oesophageal cancer progression, including sex, 

age, year of diagnosis, smoking, alcohol, BMI, deprivation and comorbidities. 

Moreover, we were able to identify the gynaecological surgeries for HRT sensitivity 

analysis and prostatectomy for 5ARI sensitivity analysis. Finally, ONS death data 

provided the date and causes of death, with complete population coverage154.  

This large study also benefitted from a large sample size and long follow-up of up to 

17 years, which allowed analysis using lags to reduce the potential for reverse 

causation.    
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3.5.4 Limitations 

This study has several limitations. For instance, it is not possible to rule out residual 

confounding by unrecorded or incomplete variables. In particular, adjustments for 

tumour stage were not possible as the missing rate reached up to 80%, which could 

influence results for medication use after diagnosis. However, such adjustments are 

probably not appropriate for the analysis of medication use before diagnosis, as stage 

may lie on the causal pathway. Moreover, findings were similar in analyses adjusting 

for and restricted to those patients receiving surgery within six months after 

diagnosis, who are likely to have been diagnosed at an earlier stage. Future studies 

should include detailed information on stage and other prognostic variables to allow 

adjustments for these factors.  

Another weakness is that this study did not have information on sex hormone 

receptor status of the cancers, which could influence whether or not hormonal 

medications, such as those studied, could impact upon cancer progression. This study 

did not have data on population-based cancer-free controls and therefore it could not 

investigate the impact of these medications on cancer risk. Further, as it is possible 

that sex hormones could impact upon cancer initiation/development and progression 

differently, this limits the biological insights of this study. In addition, medication 

adherence was a limitation in this study as similar as discussed in Chapter 2. 

The study had some missing data on lifestyle exposures (smoking status, alcohol 

intake, and BMI), but after using multiple imputation to adjust for lifestyle exposures 

the main findings were similar. There was no information on female menopausal 

status but in an analysis restricting to women diagnosed over 55 years old the main 

findings were similar. Moreover, the associations were not altered when additionally 
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adjusting for gynaecological surgeries, and when restricting to women who received 

gynaecological surgeries before diagnosis. Also, as indicated in Table 3.3, the study 

had limited power to detect weaker associations between hormonal medications and 

cancer progression and there remains a risk of Type 2 error. Finally, as a large 

number of tests were conducted, increasing the likelihood of Type 1 error, significant 

results should be interpreted cautiously. 

3.5.5 Recommendations for future research 

1) This study lacked information on ER expression in gastro-oesophageal 

cancer.  Future studies should be conducted which capture ER expression 

along with HRT use. These observational studies should be large, have long 

follow-up and include details of cancer characteristics at diagnosis including 

stage.  

2) The observed increase in mortality with spironolactone merits further 

investigation. As recommended above, future studies should be large, have 

long follow-up and capture detailed cancer characteristics. It would also be 

useful to capture information on the reason for spironolactone use.
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3.6 Conclusions

In summary, there was no evidence that HRT, or 5ARI, or digoxin use after cancer 

diagnosis was associated with poorer outcomes in patients with gastro-oesophageal 

cancer. However, use of spironolactone after cancer diagnosis was associated with 

an increased risk of oesophageal cancer-specific mortality. Notably, this study found 

some evidence that use of HRT, particularly unopposed oestrogen, before cancer 

diagnosis was associated with reduced cancer-specific mortality in female patients 

with gastric cancer. 
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Chapter Four 
 
Proton pump inhibitor and histamine-2 
receptor antagonist use and risk of 
gastro-oesophageal cancer in two 
population-based studies
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4.1 Introduction  

4.1.1 Study rationale  

PPIs and H2RAs are the most commonly used acid suppression drugs since they 

were introduced to the pharmaceutical market, with a long history use by millions of 

patients for the treatment of a wide range of acid-related gastro-oesophageal 

diseases, such as GORD which has been shown with increased gastro-oesophageal 

cancer risk250–252. However, more recent evidence has suggested that prolonged acid 

suppression may be associated with an increased risk of gastro-oesophageal 

cancer108,253. This has raised concerns for both patients and practitioners about the 

use or prescribing of acid suppressing medications254. A recent survey reported that 

38% of clinicians and 37 % of patients had changed their PPI therapy as a result of 

worrying about the side effects255. However, it is important to balance these potential 

side effects with consequences of not taking PPIs for patients who require acid 

suppression, particularly for BO patients with reflux symptoms, in whom PPIs have 

been shown to reduce the risk of oesophageal cancer256,257.  

Due to uncontrolled confounders, confounding by indication, potential reverse 

causation, and immortal bias in individual studies contributed to the associations 

between use of acid suppression and gastro-oesophageal cancer risk, well-designed 

observational studies controlling for known confounding factors, with minimisation 

of biases are warranted to determinate causal relationship on this topic. In particular, 

lag times are recommended in studies of drug-cancer associations258 because (i) 

cancer, including gastro-oesophageal cancer250,259, develops over a prolonged period 

of time, and medications newly prescribed in the short period before cancer 
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diagnosis are unlikely to be causative; and, (ii) medications prescribed immediately 

before cancer diagnosis could reflect reverse causality, as pre-diagnostic cancer 

symptoms may lead to the prescription of medications260. Relatively short lags are 

thought to be sufficient to avoid bias from reverse causation, but the relevant lag 

time to address the induction and latency period is unclear and it is therefore 

recommended that a range of lags are used258.  

Therefore, a nested case-control study was conducted within the Primary Care 

Clinical Informatics Unit (PCCIU) database and a prospective cohort study within 

the UK Biobank to investigate whether PPIs/H2RAs use increased the risk of gastro-

oesophageal cancer via adjusting for a wide range of confounders and exploring the 

potential impact of reverse causation using a series of reasonable lags. 

4.1.2 Gastric acid secretion and suppression 

Gastric acid is produced by gastric parietal cells under nervous and hormonal control 

and is required for the digestion of protein and the absorption of vital minerals, such 

as iron and calcium261. Gastric acid secretion can be stimulated by thinking of or 

making contact with food such as eating, smelling, or just watching. Such simulation 

then activates the neuro-humoral regulations for acid secretion, mainly by the 

following pathways, as shown in Figure 4.1:  

1) histamine, released from enterochromaffin-like cells, acting on histamine-2 

(H2) receptors in parietal cells;  

2) gastrin, released from G cells, acting on cholecystokinin-2 (CCK-2) receptor 

receptors in parietal cells; and  
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3) acetylcholine (Ach), released from postganglionic enteric neurons, acting on 

muscarinic acetylcholine-3 (M3) receptors in parietal cells262,263.  

The activated histamine-H2, gastrin-M3 and Ach-CCK-2 signalling pathways can 

stimulate hydrogen-potassium adenosine triphosphatase (H+K+-ATPase, also known 

as proton pump which is the last step of acid secretion), respectively264,265. Finally, 

H+K+-ATPase transfer H+ from parietal cells to the gastric lumen266. Theoretically, 

acid suppression could be achieved via inhibiting the action of Ach, or blocking H2 

receptor, CCK-2 receptor or H+K+-ATPase267. To date, proton pump inhibitors (PPIs, 

the inhibitor of H+K+-ATPase) and histamine-2 receptor antagonists (H2RAs, the 

blocker of the H2 receptor) are the most commonly used medications for acid 

suppression. Additionally, a potassium-competitive acid blocker (P-CAB), which 

blocks the H+K+-ATPase K+ channel, has been approved for the clinical market, but 

only in a small number of Asian countries such as Japan and Korea268. 
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Figure 4.1. Gastric acid secretion pathways269 

Permission to reuse the figure is granted by Springer Nature 

4.1.3 Proton pump inhibitor 

In the 1970s, the pharmaceutical company Astra commenced a programme of 

research to identify a drug to inhibit acid secretion and thereby to treat peptic 

ulcer269. Some compounds were found to have potent acid suppression properties via 

specifically inhibiting the proton pump269. In the 1990s, omeprazole, one of those 

compounds, was introduced to the pharmaceutical market269. Since then, 

lansoprazole, pantoprazole, rabeprazole and esomeprazole have successfully 

obtained approval for medical use270. All marketed PPIs share a basic structure that 

includes the benzimidazole ring, derived from omeprazole, as shown in Figure 4.2. 

To date, PPIs are still the most commonly used drugs for acid suppression for the 

treatment of gastric diseases such as peptic ulcer, dyspepsia, GORD and H. pylori 
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infection137. In England, approximately four million PPI medications are prescribed 

by GPs annually137.  

 

Figure 4.2. Selected PPIs chemical structure271 

Permission to reuse the figure is granted by Karger 

 

All PPIs are available to be administered in oral form by encapsulating the active 

compounds into enteric-coated granules, while some PPIs are also available in 

intravenous form272. After being absorbed into the blood, PPIs will accumulate in the 

parietal cells, where they can be rapidly activated by the high acidity, then their 

activated forms bind to proton pumps at cysteines to achieve the purpose of acid 

suppression270,273.   

Despite these beneficial actions for controlling acid suppression, a number of 

concerns have been raised in relation to PPI use. The most commonly reported 

adverse reactions after taking PPIs are headache, abdominal pain, diarrhoea, 

flatulence, nausea, vomiting and constipation, most of which are of moderate 
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severity274. However, the potential gastric cancer risk of long-term PPI use has long 

been debated275,276. As mentioned above, PPIs potently reduce the acid content of 

gastric acid, potentially causing hypochlorhydria which can lead to an overgrowth of 

bacteria in the gut, reducing the absorption of nutrients and lowering protection 

against infections277,278. Additionally, overgrowth of some bacteria such as 

Clostridium Difficile and H. pylori would cause or exacerbate gastritis, which in turn 

is associated with increased gastric cancer risk279,280. Moreover, long-term use of 

PPIs has been observed with increased serum gastrin level, known as 

hypergastrinemia281 as PPI-induced decreased stomach acidity can stimulate gastrin 

secretion261. Hypergastrinemia has been suggested to lead to hyperplasia of 

enterochromaffin cells and ultimately gastric carcinoid formation282. Finally, long-

term use of PPI is associated with reduced absorption of minerals, such as 

calcium283,284. 

4.1.4 Histamine-2 receptor antagonist 

H2RAs were the first acid suppression medications developed specifically for the 

treatment of peptic ulcers. H2RA was discovered prior to PPIs in 1964 when the 

pharmaceutical company Smith, Kline & French initiated a research program to 

discover a specific H2 receptor antagonist to inhibit acid suppression285. After testing 

hundreds of synthesized compounds, the first commercial H2RA, cimetidine, was 

approved in 1976 in the UK285,286. Additional H2RAs were later developed including 

ranitidine, famotidine, nizatidine, etintidine, and roxatidine. All H2RAs are ring-

based histamine analogs, see Figure 4.3 for an overview of selected H2RA 

structures. The indications of H2RAs are similar to PPIs, including ulcerations, 
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GORD, dyspepsia, and any other indications where gastric acid suppression is 

beneficial.  

 

Figure 4.3. Selected H2RA chemical structures287 

Permission to reuse the figure is not required by The Korean Academy of Asthma, 
Allergy and Clinical Immunology • The Korean Academy of Pediatric Allergy and 

Respiratory Disease. 

 

H2RAs are commonly administrated by mouth, achieving the peak plasma 

concentrations within one to three hours after oral intake288. Additionally, a second 

peak has also been observed with several H2RAs such as cimetidine during the third 

to fifth hour after administration288. H2RAs competitively and selectively blind to 

the H2 receptor on gastric parietal cells, against histamine reversibly, to influence the 

acid secretory stimuli to H+K+-ATPase via hormonal control pathway.  

H2RAs have several commonly reported side effects including mild headache, 

drowsiness, fatigue, abdominal pain, constipation, and diarrhea289. H2RAs have also 

been reported in relation to central nervous system toxicity, particularly in elders, 

including delirium, confusion, hallucinations, and slurred speech290,291. Additionally, 
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some H2RAs such as cimetidine are potent cytochrome P450 (CYP450) enzyme 

inhibitors, potentially causing adverse drug interactions when used with medications 

metabolized through CYP450 enzyme292. In addition, H2RA use has been associated 

with several side effects via reducing gastric acidity, including hypergastrinemia, hip 

fracture, and gastric cancer281,283,293, but did not appear to lead to bacteria 

overgrowth294.  

4.1.5 Acid suppression drugs and oesophageal cancer  

Some human studies have investigated the association between acid suppression 

medications and oesophageal cancer risk. These studies have mainly investigated 

individuals with acid reflux disease or BO which is the consequence of long-term 

reflux of gastric acid and may predispose to OAC295,296. In the UK and USA, low-

dose of PPI has been recommended for the management of BO patients with reflux 

symptoms despite the absence of robust evidence23,30. 

In 2013, Singh et al. conducted the first systematic review to examine whether acid 

suppression treatment for BO patients would protect them from the risk of 

progression to OAC and/or HGD256. In this review, a total of 2,813 BO patients from 

seven observational studies were included in the pooled analysis, and there was a 

significant marked reduction of 71% in progression from BO to OAC and/or HGD 

with PPI use compare with non-use in a duration-dependent manner256. However, in 

2017 an updated meta-analysis on this question that included two new high-quality 

studies297,298 has revealed there was no evidence of the association between PPIs use 

in patients with BO and decreased risk of OAC and/or HGD299. A more recent 

AspECT trial in 2018 assessed the benefit of PPI and aspirin in patients with BO 

where BO patients randomly allocated to high-dose PPI use compared with low-dose 
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PPI use had lower risks of composite events (all-cause death, OAC, or HGD, 

whichever occurred first), but with amendments to the constant event rate for the 

composite events257.  

Observational evidence has suggested that long-term use of PPIs in general 

populations (i.e. not just patients with BO) is associated with an increased risk of 

oesophageal cancer (both for OAC and OSCC). A recent Swedish population-based 

cohort study investigated the impact of PPI on oesophageal cancer risk in general 

population, in which they observed there was an increased risk of oesophageal 

cancer in general PPI users and this risk remained increased over follow-up253,300, but 

a UK CPRD population-based case-control study which suggested this harmful 

effect was due to the underlying indications rather than the agent per se301. 

Similarly, the association between H2RAs and oesophageal cancer both on the basis 

of general populations and patients with oesophageal indications for acid suppression 

has been investigated but with inconsistent findings302–307.  

4.1.6 Acid suppression drugs and gastric cancer  

The safety of long-term acid suppression to gastric cancer has long been debated due 

to the mechanisms discussed previously. In 2013, the first systematic review 

investigating the association between PPIs and gastric cancer risk has shown an 

increase of gastric risk in PPI users (pooled odd ratio [OR] of 1.4 from three 

observational studies)293. In 2019, Jiang et al. updated a meta-analysis by including 

four new studies and shown an increase in gastric cancer risk of 150% with 

prolonged PPIs use but with a substantial heterogeneity of I2=79% where two Asian 

studies specifically investigated this association after H. Pylori eradication108. 
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Moreover, limitations such as uncontrolled confounders and reverse causation in 

individual studies limited to conclude that long-term use of PPIs is a risk factor for 

gastric carcinoma. For example, most individual studies incorporated short lag times, 

with three not using any lag in their main analysis, suggesting the reverse 

causation308–310.  

Similarly, there has been no consistent conclusion of the association between H2RAs 

and gastric cancer risk to date. A recent meta-analysis that included eight case-

control and two cohort studies has suggested use of H2RAs increased gastric cancer 

risk by 40%293 but also with a substantial heterogeneity of I2=59%. In contrast, a 

recent Swedish population-based study revealed that H2RAs were not associated 

with increased gastric cancer risk308, and an Asian study showed there was no 

relationship between H2RAs and gastric cancer risk after adjusting the impact of H. 

pylori infection311.  



Page | 184 
 

4.2 Aims and objectives 

The main aim of this study was investigating the association between PPIs or H2RAs 

use and the risk of gastro-oesophageal cancer in two independent population-based 

studies.  

Specific objectives of this study were: 

1) To investigate the risk of gastro-oesophageal cancer in patients prescribed 

PPIs or H2RAs; 

2) To investigate if gastro-oesophageal cancer risk is associated with duration of 

exposure to PPIs or H2RAs; 

3) To investigate if the associations between PPIs or H2RAs and gastro-

oesophageal cancer risk are altered after adjustment for various potential 

confounders.
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4.3 Methods 

This study was conducted using the data from the PCCIU database and the UK 

Biobank. 

4.3.1 Primary Care Clinical Informatics Unit database  

Data source  

The General Practice Administration System for Scotland (GPASS) was established 

in 1984 and was widely used by Scottish GPs before it was replaced in 2011312. In 

1987, the GPASS Data Evaluation Project (GDEP), known as the predecessor of 

PCCIU, was established to assess the usage of GPASS. Then GDEP developed a 

series of tools for research projects, such as developing a prototype of a Standardised 

Practice Health Profile to allow GPs to conduct comparison studies to evaluate their 

health needs and performances312. In 1999, PCCIU was funded to access primary 

care data from GPASS, to provide a reporting service for the Scottish Programme for 

Improving Clinical Effectiveness in Primary Care312. The PCCIU database obtained 

records from 393 GP surgeries, capturing the medical records of over two million 

people (approximately corresponding to 15% of Scottish population) between 1993 

and 2011312. The PCCIU contains vital information (month and year of birth, sex), 

patient encounters, diagnoses, referrals, prescriptions, comorbidities, and other 

information (such as smoking, alcohol intake, and BMI from registered GPs). In 

order to maintain data confidentiality, clinician identifiers were concealed but the 

postcode of the GP surgery was collected313. In the PCCIU database, diagnoses were 

captured using Read Codes, a widely used coding system in primary care 

computerized records314.  
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Ethical approval and data access 

Access to the PCCIU database was obtained following an application to the Research 

Applications and Data Management Team, University of Aberdeen.  

Ethical approval for this study was supplied by the Queen’s University Belfast, 

School of Medicine, Dentistry and Biomedical Sciences Research Ethics Committee 

(reference number: 15.43). Protocol is available in Appendix D. 

Study design  

A nested case-control study was conducted within the PCCIU database. Individuals 

with newly diagnosed primary oesophageal cancer (Read code as B10) and gastric 

cancer (Read code as B11) between 1 January 1999 and 30 April 2011 were 

identified as cases, respectively. Up to five controls were matched to each case on 

age, sex, and GP practice, to form a matched set. In each matched set, we defined the 

index date as the cancer diagnosis date. Selection criteria for cases and controls was 

used. In the main analysis, the gastro-oesophageal cancer cases and matched controls 

are required to meet the following criteria:  

Cases  

• Each case was required to have at least three years of GP records prior to the 

date of cancer diagnosis between 1 January 1999 and 30 April 2011. 

• Each case was required to have no previous cancer history, apart from non-

melanoma skin cancer.  
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Controls 

• Each control was required to have no previous diagnosis of cancer, other than 

non-melanoma skin cancer, before or on the index date in the matched set. 

• Each control was required to have at least three years of GP records prior to 

the index date.  

• Up to five controls were randomly selected for each case based upon age, 

sex, and GP practice.   

In this study, the start of prescription records was from 1 January 1996 as 

prescriptions before this were less likely to be recorded electronically, or the date of 

GP registration if this occurred after 1 January 1996. The shortest duration of 

prescription records was identified within each matched set. The start of the 

exposure period was then set as the index date minus this duration within each 

matched set of a case and controls to ensure all members of the matched set had an 

identical length of exposure period. The exposure period ended one year prior to the 

index date, to reduce the risk of reverse causality or protopathic bias (resulting from 

medications being prescribed for early symptoms of gastric cancer)315. All cases and 

controls included had a minimum of two years of exposure duration as we have 

ensured each member had at least three years of GP records prior to the index date. 

See Figure 4.4 for the illustration of the nested case-control study design in the 

PCCIU database. 
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Figure 4.4. Illustration of the main analysis design in PCCIU nested case-control 
study  

Using a 1-year lag, any use of PPIs/H2RAs during the exposure period as users, 
otherwise non-users 

 

Definition of exposure  

In this study, PPIs or H2RAs identification was based upon the BNF158. Table 4.1 

lists the generic and proprietary names of PPIs and H2RAs in this study. If an 

individual was prescribed at least once with any of esomeprazole, lansoprazole, 

omeprazole, pantoprazole, or rabeprazole sodium during the exposure period, then 

we identified this person as PPI user, otherwise they were a non-user. Similarly, 

individuals who received at least one prescription with cimetidine, famotidine, 

nizatidine, or ranitidine during the exposure period, were identified as H2RA users. 

The PCCIU database provided complete data on drug quantity, strength, frequency, 

and prescription dates. Drug quantity and strength from prescription records were 

extracted to calculate the DDDs139,159. High-dose PPI use was estimated based upon 

the NICE guidelines316. Cohorts were identified as high-dose PPI users if they were 

prescribed 40mg-esomeprazole, 40mg-rabeprazole or 40mg-omeprazole at least once 

daily, or took 30mg-lansoprazole or 40mg-pantoprazole at least twice daily.  
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Table 4.1. Generic and proprietary names used to identify PPIs and H2RAs 

Acid suppression agents Generic/propriety medication name  

PPI Esomeprazole, Lansoprazole, Omeprazole, 
Pantoprazole, Rabeprazole sodium 

  
H2RA  Cimetidine, Famotidine, Nizatidine, Ranitidine 

 

Covariates  

Lifestyle risk factors from GP records were determined using the most recent records 

prior to the index date. Smoking status (never, former, or current smokers), alcohol 

consumption (none, low e.g. moderate or light drinker, or high intake e.g. above 

recommended limits, chronic alcoholism) and obesity (BMI>30kg/m2, or not obese 

along with the missing data) as recorded by the GP were extracted. Comorbidities 

during the exposure period were also identified from GP records, including diabetes, 

coronary heart disease, myocardial infarction, heart failure, peripheral vascular 

disease, cerebrovascular disease, cerebrovascular accident, chronic obstructive 

pulmonary disease, mental illness, liver disease, oesophagitis, and peptic ulcer 

disease. GP postcodes were used to estimate social deprivation on the basis of the 

Scottish Index of Multiple Deprivation313. Finally, aspirin and statins use in the 

exposure period were identified as previous studies have shown associations between 

these medications and gastro-oesophageal cancer risk317–319.  
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Statistical analysis  

Statistical power & sample size 

A sample size calculation was conducted based upon the observed numbers of cases 

and controls in the PCCIU (1,979 oesophageal cancer cases versus 9,543 matched 

controls and 1,119 gastric cancer cases versus 5,394 matched controls, see Table 

4.2), and assuming that PPIs and H2RAs were used by around 20% and 12% of 

controls respectively. Therefore, this study would have approximately 80% power to 

detect a statistically significant difference at the 5% level, an OR of 1.20 for PPI use 

and 1.25 for H2RA use in the analysis of oesophageal cancer, and an OR of 1.25 for 

PPI use and 1.30 for H2RA use in the analysis of gastric cancer. 

Main analysis 

In the PCCIU database, we used conditional logistic regression to estimate OR and 

95% CIs for the association between PPIs or H2RAs use and gastro-oesophageal 

cancer risk. The matched design accounted for age, sex and GP practice, then we 

adjusted for obesity, aspirin and statin use, and comorbidities (diabetes, coronary 

heart disease, myocardial infarction, heart failure, peripheral vascular disease, 

cerebrovascular disease, cerebrovascular accident, chronic obstructive pulmonary 

disease, mental illness, liver disease, oesophagitis, and peptic ulcer disease). 

Furthermore, we repeated the analysis additionally adjusting for smoking status and 

alcohol consumption (in individuals for whom this data was available). Dose-

response analyses were conducted based upon DDDs and the number of 

prescriptions (365 DDDs or 12 prescriptions approximately corresponded to 1 year 

of issued medication). We categorised users as 1-183 DDDs, 184-365 DDDs, 366-
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1095 DDDs or more than 1095 DDDs. Similarly, number of prescriptions was 

divided into four categories as 1-6 prescriptions, 6-12 prescriptions, 12-36 

prescriptions and more than 36 prescriptions.  

Sensitivity analysis on impact of potential reverse causality 

Various analyses were conducted varying the duration of lag investigated as 

recommended258,320, to investigate, or reduce, the impact of potential reverse 

causality (i.e. the prescribing of PPI for symptoms of gastro-oesophageal cancer), 

which is likely to influence prescriptions in the period shortly before cancer 

diagnosis when symptoms may be present. First, a series of analyses were conducted 

by removing prescriptions in the two years (including only individuals with at least 

four years of GP records), three years (including only individuals with at least five 

years of GP records), four years (including only individuals with at least six years of 

GP records), and five years (including only individuals with at least seven years of 

GP records) prior to index date, separately. Next, analyses were conducted 

investigating medication use in one-year intervals before gastric cancer 

diagnosis/index date. Specifically, the users were identified in the year before the 

index date (including individuals with at least three years of records), in the period of 

one to two years before the index date (including individuals with at least three years 

of records), in the period of two to three years before the index date (including 

individuals with at least four years of records), in the period of three to four years 

before the index date (including individuals with at least five years of records), and 

in the period of four years to five years before the index date (including individuals 

with at least six years of records), respectively. Additionally, an analysis was 

performed comparing new use of PPIs/H2RAs in the year before index date 
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(including individuals with at least three years of records, to ensure at least two years 

of not using PPI/H2RA), respectively. 

Other sensitivity analysis  

A series of sensitivity analyses were performed. First, an analysis was conducted to 

investigate high-dose PPI use and gastro-oesophageal cancer risk as a previous study 

suggested that high-dose PPI may have potential anti-oesophageal cancer properties 

but not low-dose PPI257. We also conducted an analysis adjusting for H2RAs and 

PPIs simultaneously. An active comparator analysis was conducted by comparing 

PPI users to users of only H2RA use in the exposure period simultaneously. 

Additionally, an analysis was repeated by removing peptic ulcer and oesophagitis 

adjustment from the main model, as these could lie on the causal pathway. Also a 

sensitivity analysis was conducted using multiple imputation with chained equations 

to adjust for missing smoking and alcohol values as the main analysis used a 

complete case approach232. The imputation model for smoking category used ordered 

logit models for cases and controls separately, adjusted for age, sex, GP practice, 

PPIs (or H2RAs), obesity, comorbidities (as mentioned above), statins and aspirin. 

Twenty-five imputations were conducted and results were combined using Rubin’s 

rules234. The same methods were utilised for alcohol imputation. Moreover, a 

subgroup analysis was conducted by sex using interaction terms within the models to 

compare associations by sex. Finally, separate analyses, varying the duration of lags 

as above, were conducted for omeprazole and lansoprazole (the most commonly 

used PPIs) and cimetidine and ranitidine (the most commonly used H2RAs). 
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4.3.2 UK Biobank 

Data source  

UK Biobank  

The UK Biobank is a large population-based prospective cohort study, established 

with support from public funding bodies and charities including the UK Medical 

Research Council, Wellcome Trust, Department of Health, Scottish and Welsh 

Government, North West Development Agency, British Heart Foundation, and 

Diabetes UK, and NHS321. It aims to allow the investigations into the determinants 

of diseases, as well as the promotion of innovative science in clinical practice.  

In 2006 to 2010, the UK Biobank recruited approximately 500,000 adults aged 40 to 

69 years in 22 assessment centres across England, Scotland, and Wales322. Each 

participant was asked to visit an assessment centre near to them to complete a 

questionnaire using touch screen entries, take physical measurements, and provide 

biological samples. Information collected through questionnaire included 

demographics, lifestyle and environmental exposures, and health-related factors. 

Specifically, self-reported medication use was discussed in more detail with 

participants by a study nurse. The included physical measurements captured the 

blood pressure, weight, height, waist circumference, hip circumference, bio-

impedance, handgrip strength, spirometry, and bone densitometry. Biological 

samples included blood samples and urine samples. The Quality Management 

System of UK Biobank has been approved by the British Standards Institution to the 

following Quality Management System Standards of ISO 9001:2015 and 

ISO27001:2013322. 
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Database linkage process 

The UK Biobank is linked to cancer registries from the Health and Social Care 

Information Centre (in England and Wales) and the National Health Service Central 

Register (in Scotland). In order to maintain anonymity and confidentiality for 

participants, a provisional identifier number was used in the data linkage. Each 

participant recruited in UK Biobank was assigned a third identifier number to replace 

NHS identifier, then was linked to the UK Biobank reference number using the third 

identifier.   

Ethical approval and data access 

The UK Biobank has approval from the North West Multi-centre Research Ethics 

Committee, which covers mainland UK. In England and Wales, the National 

Information Governance Board for Health & Social Care and in Scotland the 

Community Health Index Advisory Group granted the UK Biobank project ethical 

approval for data access. All participants provided written informed consent. Access 

to UK Biobank data was approved and facilitated by UK Biobank (application 

number: 34374).  

Study design  

In UK Biobank, a prospective cohort study was conducted. Figure 4.5 shows the 

illustration of this prospective cohort study design. In the main analysis, follow-up 

was started from one year after baseline and ended at the earliest of gastro-

oesophageal cancer diagnosis or censoring due to other cancer diagnosis, death, 

emigration, or 30 September 2014. During the cohort follow-up, newly diagnosed 

gastro-oesophageal cancer cases were identified based on the ICD-10 codes 
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(oesophageal cancer: C15, and gastric cancer: C16, respectively). Cancer cases were 

further classified by histology into adenocarcinoma (ICD-O 8140–8573) and SCC 

(ICD-O 8050–8082). Additionally, gastric cancers were classified by anatomy as 

gastric cardia cancer (C16.0) or gastric non-cardia cancer (C16.1–16.5). Individuals 

with previous cancer (apart from non-melanoma skin cancer) before baseline or in 

the year after baseline were excluded (as those cancer cases might have been 

prevalent at baseline).  

 

Figure 4. 5 Illustration of main analysis design in the UK Biobank cohort study 

 

Definition of exposure  

PPI and H2RA use was self-reported at the baseline using the touch screen 

questionnaire, then verified during verbal interview with a UK Biobank nurse. The 

participants were identified as medication users if they reported with PPI or H2RA 

use at baseline, otherwise they were considered non-users. 

Covariates  

Information on potential risk factors for gastro-oesophageal cancer and covariates for 

the association with medications were retrieved from electronic touchscreen records, 

collected at baseline, and categorised as follows for analysis: smoking status (never, 

ever and current smoker), alcohol consumption (never, <1 day per week, 1-2 days 
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per week, 3-4 days per week, or >4 days per week), BMI (categorised as 

underweight or normal [<25kg/m2], overweight [25-30kg/m2] or obese [>30kg/m2]), 

and comorbidities (including GORD, peptic ulcer, oesophagitis, and diabetes). 

Deprivation was also retrieved from Townsend score (based on postcode of usual 

residence)323. Other medication use (statins and aspirin) at baseline also was 

ascertained. 

Statistical analysis  

Characteristics of gastro-oesophageal cancer cases and non-cancer cases were 

compared using descriptive statistics for continuous variables, and frequencies and 

percentages for categorical variables, respectively. 

Main analysis 

Cox regression models (with age as the underlying timescale) were used to calculate 

hazard ratios (HR) and 95% CIs for the association between PPIs/H2RAs and gastro-

oesophageal cancer risk before and after adjustment. All analyses were adjusted for 

age, sex, deprivation, BMI, alcohol, smoking, comorbidities at baseline (including 

diabetes, GORD, oesophagitis, and peptic ulcer, and statins/aspirin use at baseline).  

Sensitivity analysis  

Sensitivity analyses and subgroup analyses were conducted for the association 

between PPIs and gastro-oesophageal cancer risk. Separate analyses were conducted 

by PPIs subtypes (omeprazole and lansoprazole, the most commonly used PPIs), by 

oesophageal cancer subtypes (OSCC and OAC), and by gastric cancer subtypes 

(gastric adenocarcinoma, gastric cardia, and gastric non-cardia).  
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In order to reduce the impact of reverse causation, we repeated the analyses starting 

follow-up at two or three years after baseline (to remove cancers within two and 

three years at the baseline, respectively, as symptoms of these cancers could have 

influenced prescribing at baseline). Moreover, due to PPI indications (GORD, 

oesophagitis, and peptic ulcer) could like on the causal pathway between PPI and 

gastro-oesophageal cancer risk, which might mask the real relationship between 

exposure and outcomes of interests, an analysis was conducted by removing these 

conditions from the main model. Finally, sensitivity analyses were conducted 

additionally adjusting for H2RAs, and additionally adjusting for the year of entry.  

No further analysis was conducted to investigate the impact of H2RAs on gastro-

oesophageal cancer risk as there were small numbers of H2RA users.
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4.4 Results  

4.4.1 Primary Care Clinical Informatics Unit database  

Overall, there were a total of 1,992 patients diagnosed with oesophageal cancer 

between 1 January 1999 and 30 April 2011. After dropping 13 cases without 

matched controls, 1,979 cases were matched to a total of 9,543 controls on age, sex, 

and GP practice. Overall, 1,832 cases (92.6%) were matched with five controls, 65 

(3.3%) with four controls, 30 (1.5%) with three controls, 30 (1.5%) with two 

controls and 22 (1.1%) were matched with one control. 

There were a total of 1,129 patients diagnosed with gastric cancer between 1 January 

1999 and 30 April 2011. After dropping 10 cases without matched controls, 1,119 

cases were matched to a total of 5,394 controls on age, sex, and GP practice. Overall, 

1,007 cases (90.0%) were matched with five controls, 56 (5.0%) with four controls, 

33 (3.0%) with three controls, 13 (1.1%) with two controls and only 10 (0.9%) were 

matched with one control.  

Table 4.2 shows the gastro-oesophageal patient characteristics for cases and controls, 

respectively. 

Oesophageal cancer cases and controls 

The majority of cases in this study were diagnosed with oesophageal cancer between 

2004 and 2007 (46%). The median duration of the exposure period was 5.1 (range 

2.0 to 14.1) years for cases and controls. Around half participants were diagnosed at 

or over 70 years old, with a mean age of 68 years old. A marked male predominance 

was observed, with 69% male cases. There were slight differences in lifestyle 
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characteristics in oesophageal cancer cases and controls. Overall, 78% of cases and 

77% of controls reported former or current alcohol consumption, whilst 9% of cases 

and 5% of controls were heavy alcohol users. A slightly greater proportion (67%) of 

oesophageal cancer cases were former or current smokers, compared with controls 

(56% former or current smokers). Cases were less likely to be obese compared to 

controls, with 14% and 20% proportion of obesity in cases and controls respectively. 

Generally, cases and controls reported similar rates of comorbidities and other 

medication use. The most commonly diagnosed comorbidities during the follow-up 

period were mental health issues (6% both in cases and controls) and coronary heart 

disease (5% both in cases and controls). PPI/H2RA indications including peptic 

ulcer and oesophagitis were extracted, with a low prevalence rate both in cases and 

controls.  In this study, 32% cases and 30% controls were prescribed with aspirin 

during the exposure duration, and 24% and 23% statins users in cases and controls 

respectively.  

Gastric cancer cases and controls 

Generally, the majority of cases in this study were diagnosed with gastro-

oesophageal cancer between 2004 and 2007 (44%). The median duration of the 

exposure period was 5.1 (range 2.0 to 14.1) years for cases and controls. Around 

59% of gastric cancer patients were diagnosed at or over 70 years old, with mean age 

of 71 years old. A male predominance was also observed, with 57% male patients. 

Generally, gastric cancer cases and controls reported a similar rate of lifestyle 

exposures, comorbidities, and other medication use. Overall, 71% of cases and 75% 

of controls were observed with alcohol consumption history, amongst 5% of cases 

and controls were heavy alcohol users. A slightly greater proportion (60%) of gastric 
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cancer cases were former or current smokers, compared to gastric cancer controls of 

54% former or current smokers. Cases were less likely to be obese compared to 

controls, with 15% in cases and 20% in controls respectively. Similar to oesophageal 

cancer cohort, the most commonly diagnosed comorbidities during the follow-up 

period were mental health issues and coronary heart disease. Peptic ulcer diseases 

and oesophagitis were less likely to be observed, with a low prevalence rate 

(approximately 1% of cases and controls were diagnosed with peptic 

ulcer/oesophagitis, respectively).  In this study, gastric cancer cases and controls 

reported a similar prescription rate of aspirin and statins.
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Table 4.2. Characteristics of gastro-oesophageal cancer cases and controls in the PCCIU database 
 
 Oesophageal cancer  Gastric cancer 
 Cases Controls Cases Controls 
Count  1,979 9,543 1,119  5,394  
     
Median exposure years (Min, Max) 5.1 (2.0, 14.1) 5.1 (2.0, 14.1) 5.1 (2.0, 13.7) 5.1 (2.0, 13.7) 
     
Year of diagnosis      
  1996-1999 102 (5.2) 486 (5.1) 68 (6.1) 332 (6.2) 
  2000-2003 563 (28.4) 2,724 (28.5) 330 (29.5) 1,609 (29.8) 
  2004-2007 910 (46.0) 4,382 (45.9) 494 (44.1) 2,359 (43.7) 
  2008-2011 404 (20.4) 1,951 (20.4) 227 (20.3) 1,094 (20.3) 
     
Age at index date / Mean (SD*) 68 (11.3) 68 (11.1) 71 (11.4) 71 (11.2) 
  0-59 424 (21.4) 2,122 (22.2) 165 (14.8) 818 (15.2) 
  60-69 550 (27.8) 2,732 (28.6) 292 (26.1) 1,450 (26.9) 
  70+ 1,005 (50.8) 4,689 (49.1) 662 (59.2) 3,126 (57.9) 
     
Male  1,364 (68.9) 6,568 (68.8) 639 (57.1) 3,082 (57.1) 
     
Deprivation      
  1 (least deprived) 242 (12.4) 1,141 (12.1) 133 (12.0) 635 (11.9) 
  2 373 (19.1) 1,791 (19.0) 182 (16.4) 866 (16.2) 
  3 406 (20.8) 1,970 (20.9) 242 (21.8) 1,167 (21.8) 
  4 464 (23.8) 2,259 (24.0) 284 (25.6) 1,378 (25.8) 
  5 (most deprived) 466 (23.9) 2,249 (23.9) 268 (24.2) 1,300 (24.3) 
  Missing  28 133 10 48 
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Table 4.2 (continued).  Characteristics of gastro-oesophageal cancer cases and controls in the PCCIU database 
 
 Oesophageal cancer  Gastric cancer 
 Cases Controls Cases Controls 
Smoking status     
  Never 544 (32.3) 3,447 (43.7) 387 (40.5) 2,052 (45.9) 
  Former 578 (34.3) 2,589 (32.8) 320 (33.5) 1,414 (31.6) 
  Current  562 (33.4) 1,858 (23.5) 249 (26.1) 1,009 (22.6) 
  Missing  295 1,649 163 919 
     
BMI     
  Obese 1703 (86.1) 7,598 (79.6) 164 (14.7) 1,060 (19.7) 
  Missing/not obese 276 (13.9) 1,945 (20.4) 955 (85.3) 4,334 (80.4) 
     
Alcohol consumption      
  Never  314 (21.7) 1,520 (22.4) 237 (29.3) 969 (25.4) 
  Low 1,005 (69.6) 4,871 (71.9) 529 (65.5) 2,660 (69.8) 
  High 126 (8.7) 387 (5.7) 42 (5.2) 184 (4.8) 
  Missing   534 2765 311 1581 
     
Other drug use      
  Statins 491 (24.8) 2,130 (22.3) 265 (23.7) 1,248 (23.1) 
  Aspirin  557 (28.2) 2,607 (27.3) 358 (32.0) 1,610 (29.9) 
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Table 4.2 (continued). Characteristics of gastro-oesophageal cancer cases and controls in the PCCIU database 
 
 Oesophageal cancer  Gastric cancer 
 Cases Controls Cases Controls 
Comorbidities     
  Peptic ulcer  46 (2.3) 122 (1.3) 15 (1.3) 75 (1.4) 
  Diabetes  93 (4.7) 398 (4.2) 54 (4.8) 222 (4.1) 
  Oesophagitis 21 (1.1) 79 (0.8) 7 (0.6) 44 (0.8) 
  Coronary heart disease 101 (5.1) 443 (4.6) 58 (5.2) 263 (4.9) 
  Myocardial infarction 40 (2.0) 166 (1.7) 24 (2.1) 98 (1.8) 
  Heart failure 40 (2.0) 164 (1.7) 27 (2.4) 107 (2.0) 
  Peripheral vascular disease 42 (2.1) 153 (1.6) 24 (2.1) 97 (1.8) 
  Mental illness 113 (5.7) 586 (6.1) 68 (6.1) 322 (6.0) 
  Cerebrovascular disease 74 (3.7) 308 (3.2) 46 (4.1) 203 (3.7) 
  Cerebrovascular accident  33 (1.7) 122 (1.3) 22 (2.0) 88 (1.6) 
  Chronic obstructive pulmonary disease 92 (4.7) 324 (3.4) 51 (4.6) 176 (3.2) 
  Liver disease 11 (0.6) 22 (0.2) 3 (0.3) 10 (0.2) 
*SD: Standard deviation 
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The association between PPIs and oesophageal cancer risk  

Table 4.3 shows the main and sensitivity analyses for the association between PPIs 

and oesophageal cancer risk in PCCIU. A greater use of PPIs was observed in 

oesophageal cancer patients (27.9%) compared with controls (20.3%). Use of PPIs 

was associated with a 45% increase in the odds of oesophageal cancer (fully adjusted 

OR=1.45, 95% CI 1.26, 1.68). This increased risk was higher for longer durations of 

exposure to PPIs. For example, compared with non-users, users of 1 to 183 DDDs 

had a 30% increased risk (fully adjusted OR=1.30, 95% CI 1.05, 1.59), whilst users 

of more than 1096 DDDs had a 99% increased risk (fully adjusted OR=1.99, 95% CI 

1.56, 2.54), with P value for trend was less than 0.001. A similar pattern of results 

was found when dose-response analysis was examined by prescription numbers with 

the most marked increased risk observed with long-term use of PPIs (fully adjusted 

OR=1.94, 95% CI 1.46, 2.57 for more than 36 prescriptions of PPIs versus never 

use). Moreover, high-dose PPI use also was observed with a more marked risk of 

oesophageal cancer, with fully adjusted OR=1.69, 95% CI 1.18, 2.41. In subgroup 

analyses by sex, PPIs were positively associated with oesophageal cancer risk both 

in males (fully adjusted OR=1.38, 95% CI 1.16, 1.65) and females (fully adjusted 

OR=1.61, 95% CI 1.25, 2.08). 

In the analyses investigating the potential impact of reverse causation, the 

association was similar when a 2-year lag was used (removing prescriptions in 2 

years before diagnosis, fully adjusted OR=1.44, 95% CI 1.22, 1.70), and only 

slightly attenuated when a 5-year lag was used (removing prescriptions in 5 years 

before diagnosis, fully adjusted OR=1.33, 95% CI 1.02, 1.74). Graphical 

presentation is shown in Appendix E. 
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There was evidence of reverse causation when PPIs were investigated in the period 

immediately before diagnosis. For instance, PPIs were much more commonly used 

in oesophageal cancer cases compared with controls in the year before cancer 

diagnosis (65% of oesophageal cancer cases used PPIs versus only 18% usage in 

controls, with fully adjusted OR=6.91, 95% CI 5.96, 8.02). Similarly, 34.5% of 

oesophageal cancer patients newly used a PPI in the year before diagnosis compared 

with 4.1% of controls (fully adjusted OR=12.04, 95% CI 9.87, 14.69) and this 

association was more marked in the 55 and younger age group (fully adjusted 

OR=27.42, 95% CI 15.36, 48.95).  However, there remained an increased proportion 

of patients using PPIs even in the period of 4 to 5 years before diagnosis (fully 

adjusted OR=1.45, 95% CI 1.15, 1.85).  

The associations were generally similar by medication subtypes (fully adjusted 

OR=1.43, 95% CI 1.21, 1.69 for omeprazole and fully adjusted OR=1.30, 95% CI 

1.09, 1.55 for lansoprazole), after additional adjustment for H2RAs (fully adjusted 

OR=1.42, 95% CI 1.22, 1.64), when not adjusting for peptic ulcer disease and 

oesophagitis (fully adjusted OR=1.49, 95% CI 1.30, 1.72), and when adjusting for 

lifestyle factors using multiple imputation (fully adjusted OR=1.54, 95% CI 1.37, 

1.74). However, a null association (fully adjusted OR= 1.34, 95% CI 0.85, 2.09) was 

observed when comparing PPI users with H2RA users when using H2RA users as an 

active comparator.
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Table 4.3. The association between PPI use and the risk of oesophageal cancer in the PCCIU database 

 
Case, n(%) Control, n(%) Unadjusted 

OR (95%CI) 
Adjusteda 

OR (95%CI) 
Fully adjustedb 
OR (95%CI)  

PPI main analysis (removing 1 year before index)     
PPI user vs. non-user 553/1979 (27.9) 1937/9543 (20.3) 1.56 (1.39, 1.75) 1.53 (1.36, 1.73) 1.45 (1.26, 1.68) 
      
Male only 354/1364 (26.0) 1242/6568 (18.9) 1.53 (1.33, 1.76) 1.51 (1.30, 1.75) 1.38 (1.16, 1.65) 
Female only 199/615 (32.4) 695/2975 (23.4) 1.61 (1.32, 1.96) 1.59 (1.30, 1.96) 1.61 (1.25, 2.08) 
P-value for interaction   0.682 0.543 0.203 
      
High-dose PPI user vs. non-user 59/1979 (3.0) 190/9543 (2.0) 1.72 (1.27, 2.33) 1.69 (1.24, 2.31) 1.69 (1.18, 2.41) 
      
Dose-response analysis (removing 1 year before index) 
1-183 DDDs vs. non-user 198/1979 (10.0) 759/9543 (8.0) 1.43 (1.20, 1.69) 1.41 (1.19, 1.67) 1.30 (1.05, 1.59) 
184-365 DDDs vs. non-user 65/1979 (3.3) 249/9543 (2.6) 1.44 (1.09, 1.91) 1.40 (1.05, 1.85) 1.08 (0.74, 1.58) 
366-1095 DDDs vs. non-user 149/1979 (7.5) 535/9543 (5.6) 1.51 (1.24, 1.83) 1.50 (1.23, 1.82) 1.46 (1.16, 1.85) 
≥1096 DDDs vs. non-user 141/1979 (7.1) 394/9543 (4.1) 1.99 (1.61, 2.45) 1.98 (1.60, 2.46) 1.99 (1.56, 2.54) 
P-value for the trend   <0.001 <0.001 <0.001 
      
1-12 prescriptions vs. non-user 219/1979 (11.1) 806/9543 (8.5) 1.48 (1.26, 1.75) 1.47 (1.25, 1.74) 1.29 (1.06, 1.59) 
12-24 prescriptions vs. non-user 48/1979 (2.4) 256/9543 (2.7) 1.04 (0.76, 1.43) 1.01 (0.73, 1.39) 0.83 (0.56, 1.24) 
24-36 prescriptions vs. non-user 182/1979 (9.2) 579/9543 (6.1) 1.70 (1.42, 2.03) 1.68 (1.40, 2.02) 1.72 (1.38, 2.14) 
≥36 prescriptions vs. non-user 104/1979 (5.3) 296/9543 (3.1) 1.95 (1.53, 2.49) 1.93 (1.51, 2.48) 1.94 (1.46, 2.57) 
P-value for the trend   <0.001 <0.001 <0.001 
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Table 4.3 (continued). The association between PPI use and the risk of oesophageal cancer in the PCCIU database 

 
Case, n(%) Control, n(%) Unadjusted 

OR (95%CI) 
Adjusteda 

OR (95%CI) 
Fully adjustedb 
OR (95%CI)  

PPI user vs. non-user when removing prescriptions in a specific duration   
  Removing 2 years before index 370/1497 (24.7) 1358/7207 (18.8) 1.44 (1.25, 1.65) 1.41 (1.23, 1.63) 1.44 (1.22, 1.70) 
  Removing 3 years before index 248/1137 (21.8) 978/5461 (17.9) 1.29 (1.10, 1.52) 1.26 (1.07, 1.50) 1.19 (0.98, 1.44) 
  Removing 4 years before index 172/855 (20.1) 661/4087 (16.2) 1.32 (1.09, 1.60) 1.32 (1.08, 1.60) 1.27 (1.02, 1.59) 
  Removing 5 years before index 116/630 (18.4) 434/2996 (14.5) 1.35 (1.07, 1.70) 1.34 (1.05, 1.70) 1.33 (1.02, 1.74) 
      
PPI user in specific time periods before index date/cancer diagnosis date   
  0-1 y before indexc 1163/1979 (64.7) 1726/9543 (18.1) 7.13 (6.37, 7.99) 7.45 (6.63, 8.38) 6.91 (5.96, 8.02) 
  1-2 y before indexd 443/1979 (22.4) 1465/9543 (15.4) 1.61 (1.43, 1.82) 1.59 (1.40, 1.80) 1.54 (1.32, 1.79) 
  2-3 y before indexe 306/1497 (20.4) 1009/7207 (14.0) 1.59 (1.37, 1.84) 1.55 (1.33, 1.80) 1.67 (1.40, 2.00) 
  3-4 y before indexf 196/1137 (17.2) 726/5461 (13.3) 1.36 (1.14, 1.63) 1.32 (1.10, 1.58) 1.29 (1.04, 1.58) 
  4-5 y before indexg 150/855 (17.5) 499/4087 (12.2) 1.54 (1.26, 1.89) 1.51 (1.23, 1.87) 1.45 (1.15, 1.85) 
      
PPI new user vs. PPI nonnew userh 682/1979 (34.5) 391/9543 (4.1) 12.89 (11.07, 15.01) 13.07 (11.21, 15.25) 12.04 (9.87, 14.69) 
  <55 176/424 (41.5) 61/2122 (2.9) 27.12 (18.28, 40.24) 32.32 (21.13, 49.42) 27.42 (15.36, 48.95) 
  55-69 203/550 (36.9) 116/2732 (4.3) 13.70 (10.30, 18.23) 14.51 (10.78, 19.54) 15.15 (10.27, 22.36) 
  70+ 303/1005 (30.2) 214/4689 (4.6) 9.24 (7.49, 11.40) 9.34 (7.56, 11.54) 8.92 (6.80, 11.70) 
      
Omeprazole user vs. non-user      
  Removing 1 year before index 344/1979 (17.4) 1225/9543 (12.8) 1.44 (1.26, 1.65) 1.42 (1.23, 1.63) 1.43 (1.21, 1.69) 
  Removing 2 years before index 229/1497 (15.3) 820/7207 (11.4) 1.41 (1.20, 1.66) 1.38 (1.17, 1.64) 1.47 (1.20, 1.79) 
  Removing 3 years before index 150/1137 (13.2) 582/5461 (10.7) 1.28 (1.05, 1.55) 1.24 (1.01, 1.51) 1.21 (0.96, 1.52) 
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Table 4.3 (continued). The association between PPI use and the risk of oesophageal cancer in the PCCIU database 

 
Case, n(%) Control, n(%) Unadjusted 

OR (95%CI) 
Adjusteda 

OR (95%CI) 
Fully adjustedb 
OR (95%CI)  

Lansoprazole user vs. non-user      
  Removing 1 year before index 283/1979 (14.3) 975/9543 (10.2) 1.49 (1.29, 1.73) 1.44 (1.24, 1.67) 1.30 (1.09, 1.55) 
  Removing 2 years before index 187/1498 (12.5) 708/7207 (9.8) 1.32 (1.11, 1.58) 1.28 (1.07, 1.54) 1.23 (1.00, 1.51) 
  Removing 3 years before index 134/1137 (11.8) 512/5461 (9.4) 1.30 (1.05, 1.59) 1.27 (1.02, 1.57) 1.16 (0.91, 1.47) 
      
Sensitivity analysis (PPI user versus non-user)     
  Additionally adjusted for H2RA 553/1979 (27.9) 1937/9543 (20.3) 1.56 (1.39, 1.75) 1.49 (1.32, 1.68) 1.42 (1.22, 1.64) 
  PPI user vs. H2RA useri 553/715 (77.3) 1937/2560 (75.7) 0.95 (0.73, 1.23) 0.91 (0.70, 1.19) 0.87 (0.63, 1.22) 
  Adjusted for lifestyle using multiple 
imputation 553/1979 (27.9) 1937/9543 (20.3) 1.56 (1.39, 1.75) 1.53 (1.36, 1.73) 1.54 (1.37, 1.74) 

  Additionally not adjusted for peptic 
ulcer and oesophagitisj 553/1979 (27.9) 1937/9543 (20.3) 1.56 (1.39, 1.75) 1.57 (1.39, 1.76) 1.49 (1.30, 1.72) 
aStudy matched on age, sex and general practice and model contains obesity, comorbidities in exposure period (including diabetes, 
coronary heart disease, myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, 
chronic obstructive pulmonary disease, mental illness, liver disease, peptic ulcer, oesophagitis) and other medication use in exposure 
period (statins, aspirin). 
bAdditionally adjusted for alcohol and smoking. 
cMedication use in the year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
dMedication use in the year from 2 years to 1 year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
eMedication use in the year from 3 years to 2 years prior to diagnosis/index date restricted to individuals with at least 4 years of records. 
fMedication use in the year from 4 years to 3 years prior to diagnosis/index date restricted to individuals with at least 5 years of records. 
gMedication use in the year from 5 years to 4 years prior to diagnosis/index date restricted to individuals with at least 6 years of records. 
hProportion of cases and controls who used PPI in the year before diagnosis and who had not previously used PPI. 
iUsing only H2RA users as an active comparator. 
jRemoving the peptic ulcer and oesophagitis adjustment from the main model. 
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The association between H2RAs and oesophageal cancer risk  

The association between H2RAs and oesophageal cancer risk in PCCIU was shown 

in Table 4.4. Similarly, H2RAs use was associated with an increase in the risk of 

oesophageal cancer (fully adjusted OR=1.29, 95% CI 1.08, 1.54). This association 

was slightly more marked in females (fully adjusted OR=1.55, 95% CI 1.15, 2.09) 

compared with males (fully adjusted OR=1.18, 95% CI 0.95, 1.47), however, there 

was little evidence of a difference (P value for interaction=0.136). 

There was little consistent evidence of a clear dose-response as increases in risk were 

seen even for short-term use in the analysis by DDDs (183 or less DDD H2RAs 

versus never use, fully adjusted OR=1.34, 95% CI 1.05, 1.71) and the association 

was less clear for longer-term use (more than 1096 DDDs OR=1.23, 95% CI 0.80, 

1.89). 

The positive association between H2RAs and oesophageal cancer risk was not 

attenuated when longer lag durations were used as increases in risk were seen even 

when a 5-year lag was used (fully adjusted OR=1.45, 95% CI 1.09, 1.93). The 

associations were apparent when H2RA prescriptions were investigated in the period 

1 to 2 years before diagnosis (fully adjusted OR = 1.26, 95% CI 0.99, 1.61), 2 to 3 

years before diagnosis (fully adjusted OR = 1.35 95% CI 1.04, 1.76), but not before 

this time, see Appendix E for graphical presentation. 

A marked increase in H2RA use was observed in the period one year before 

diagnosis (fully adjusted OR=2.54, 95% CI 2.07, 3.12). Similarly, 7.0% of 

oesophageal cancer patients newly used H2RAs in the year before diagnosis 

compared with 1.2% of controls (fully adjusted OR = 6.70, 95% CI 4.70, 9.53). 
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Similar results were found in the analyses when after additional adjustment for PPIs 

(fully adjusted OR=1.19, 95% CI 1.00, 1.42), when not adjusting for peptic ulcer 

disease and oesophagitis (fully adjusted OR=1.31, 95% CI 1.10, 1.56), and when 

adjusting for lifestyle factors using multiple imputation (fully adjusted OR=1.19, 

95% CI 1.11, 1.49). However, a null association was observed when using only PPI 

users as an active comparator, fully adjusted OR=0.93, 95% CI 0.70, 1.23. 
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Table 4.4. The association between H2RA use and the risk of oesophageal cancer in the PCCIU database 

 Case, n(%) Control, n(%) Unadjusted 
OR (95%CI) 

Adjusteda 
OR (95%CI) 

Fully adjustedb 
OR (95%CI)  

H2RA main analysis (removing 1 year before index)      
  H2RA user vs. non-user 297/1979 (15.0) 1119/9543 (11.7) 1.35 (1.17, 1.56) 1.33 (1.15, 1.53) 1.29 (1.08, 1.54) 
      
  Male only  187/1364 (13.7) 734/6568 (11.2) 1.28 (1.07, 1.53) 1.26 (1.05, 1.50) 1.18 (0.95, 1.47) 
  Female only 110/615 (17.9) 385/2975 (12.9) 1.50 (1.18, 1.90) 1.47 (1.15, 1.88) 1.55 (1.15, 2.09) 
  P-value for interaction    0.288 0.257 0.136 
      
Dose-response analysis (removing 1 year before index) 
  1-183 DDDs vs. non-user 146/1979 (7.4) 536/9543 (5.6) 1.39 (1.14, 1.69) 1.38 (1.13, 1.68) 1.34 (1.05, 1.71) 
  184-365 DDDs vs. non-user 41/1979 (2.1) 142/9543 (1.5) 1.46 (1.02, 2.08) 1.40 (0.98, 2.00) 0.96 (0.60, 1.53) 
  366-1095 DDDs vs. non-user 76/1979 (3.8) 285/9543 (3.0) 1.37 (1.05, 1.78) 1.32 (1.01, 1.72) 1.42 (1.03, 1.94) 
  ≥1096 DDDs vs. non-user 34/1979 (1.7) 156/9543 (1.6) 1.10 (0.76, 1.61) 1.11 (0.76, 1.63) 1.23 (0.80, 1.89) 
  P-value for the trend    0.002 0.004 0.017 
      
  1-6 prescriptions vs. non-uers 148/1979 (7.5) 559/9543 (5.9) 1.35 (1.11, 1.63) 1.33 (1.10, 1.62) 1.26 (0.99, 1.60) 
  6-12 prescriptions vs. non-uers 44/1979 (2.2) 166/9543 (1.7) 1.35 (0.96, 1.90) 1.30 (0.92, 1.83) 1.11 (0.72, 1.71) 
  12-36 prescriptions vs. non-uers 75/1979 (3.8) 289/9543 (3.0) 1.34 (1.03, 1.74) 1.30 (1.00, 1.70) 1.42 (1.03, 1.94) 
  ≥ 36 prescriptions vs. non-uers 30/1979 (1.5) 105/9543 (1.1) 1.42 (0.94, 2.14) 1.41 (0.93, 2.13) 1.37 (0.85, 2.20) 
  P-value for the trend   <0.001 0.001 0.006 
      
H2RA user vs. non-user when removing prescriptions in a specific duration 
  Removing 2 years before index 217/1497 (14.5) 832/7207 (11.5) 1.32 (1.12, 1.56) 1.31 (1.10, 1.54) 1.29 (1.06, 1.58) 
  Removing 3 years before index 159/1137 (14.0) 635/5461 (11.6) 1.25 (1.03, 1.51) 1.24 (1.02, 1.50) 1.19 (0.95, 1.49) 
  Removing 4 years before index 133/855 (15.6) 462/4087 (11.3) 1.48 (1.19, 1.83) 1.49 (1.20, 1.85) 1.36 (1.05, 1.74) 
  Removing 5 years before index 103/630 (16.2) 345/2996 (11.5) 1.53 (1.20, 1.96) 1.53 (1.19, 1.97) 1.45 (1.09, 1.93) 
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Table 4.4 (continued). The association between H2RA use and the risk of oesophageal cancer in the PCCIU database 

 Case, n(%) Control, n(%) Unadjusted 
OR (95%CI) 

Adjusteda 
OR (95%CI) 

Fully adjustedb 
OR (95%CI) 

H2RA user in specific time periods before index date/cancer diagnosis date   
   0-1 y before indexc 270/1979 (13.6) 589/9543 (6.2) 2.51 (2.14, 2.93) 2.45 (2.09, 2.87) 2.54 (2.07, 3.12) 
   1-2 y before indexd 158/1979 (8.0) 579/9543 (6.1) 1.36 (1.13, 1.63) 1.33 (1.10, 1.61) 1.26 (0.99, 1.61) 
   2-3 y before indexe 116/1497 (7.8) 435/7207 (6.0) 1.32 (1.07, 1.64) 1.29 (1.04, 1.60) 1.35 (1.04, 1.76) 
   3-4 y before indexf 81/1137 (7.1) 340/5461 (6.2) 1.15 (0.90, 1.48) 1.13 (0.88, 1.46) 1.08 (0.80, 1.46) 
   4-5 y before indexg 75/855 (8.8) 250/4087 (6.1) 1.47 (1.12, 1.93) 1.48 (1.12, 1.95) 1.28 (0.93, 1.76) 
      
H2RA new user vs. H2RA nonnew userh 139/1979 (7.0) 117/9543 (1.2) 6.38 (4.93, 8.27) 6.36 (4.90, 8.25) 6.70 (4.70, 9.53) 
  <55 28/424 (6.6) 22/2122 (1.0) 7.12 (3.97, 12.78) 7.24 (3.99, 13.13) 7.29 (3.13, 16.96) 
  55-69 46/550 (8.4) 35/2732 (1.3) 7.28 (4.56, 11.62) 7.68 (4.73, 12.49) 7.82 (4.27, 14.34) 
  70+ 65/1005 (6.5) 60/4689 (1.3) 5.59 (3.86, 8.07) 5.47 (3.78, 7.93) 5.49 (3.28, 9.21) 
      
Cimetidine user vs. non-user      
  Removing 1 year before index 104/1979 (5.3)  377/9543 (4.0) 1.36 (1.09, 1.71) 1.34 (1.06, 1.68) 1.30 (0.99, 1.71) 
  Removing 2 years before index 79/.1497 (5.3) 281/7207 (3.9) 1.39 (1.07, 1.80) 1.38 (1.06, 1.79) 1.30 (0.96, 1.75) 
  Removing 3 years before index 57/1137 (5.0) 220/5461 (4.0) 1.27 (0.94. 1.71) 1.28 (0.94, 1.73) 1.16 (0.82, 1.64) 
      
Ranitidine user vs. non-user      
  Removing 1 year before index 203/1979 (10.3)  775/9543 (8.1)  1.31 (1.11, 1.55) 1.29 (1.09, 1.53) 1.27 (1.03, 1.56) 
  Removing 2 years before index 145/1497 (9.7) 582/7207 (8.1) 1.24 (1.02, 1.50) 1.22 (1.00, 1.49) 1.26 (0.99, 1.59) 
  Removing 3 years before index 106/1137 (9.3) 440/5461 (8.1) 1.18 (0.94, 1.48) 1.16 (0.92, 1.47) 1.20 (0.91, 1.56) 
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Table 4.4 (continued). The association between H2RA use and the risk of oesophageal cancer in the PCCIU database 

 Case, n(%) Control, n(%) Unadjusted 
OR (95%CI) 

Adjusteda 
OR (95%CI) 

Fully adjustedb 
OR (95%CI) 

Sensitivity analysis (H2RA user versus non-user)   
  Additionally adjusted for PPIs 297/1979 (15.0) 1119/9543 (11.7) 1.35 (1.17, 1.56) 1.22 (1.05, 1.41) 1.19 (1.00, 1.42) 
  H2RA user vs. PPI useri 297/715 (41.5) 1119/2560 (43.7) 0.96 (0.77, 1.21) 0.96 (0.76, 1.20) 0.93 (0.70, 1.23) 
  Adjusted for lifestyle using multiple 
imputation 297/1979 (15.0) 1119/9543 (11.7) 1.35 (1.17, 1.56) 1.33 (1.15, 1.53) 1.29 (1.11, 1.49) 

  Additionally not adjusted for peptic 
ulcer and oesophagitisj 297/1979 (15.0) 1119/9543 (11.7) 1.35 (1.17, 1.56) 1.35 (1.17, 1.56) 1.31 (1.10, 1.56) 
aStudy matched on age, sex and general practice and model contains obesity, comorbidities in exposure period (including diabetes, coronary 
heart disease, myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, chronic 
obstructive pulmonary disease, mental illness, liver disease, peptic ulcer, oesophagitis) and other medication use in exposure period (statins, 
aspirin). 
bAdditionally adjusted for alcohol and smoking. 
cMedication use in the year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
dMedication use in the year from 2 years to 1 year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
eMedication use in the year from 3 years to 2 years prior to diagnosis/index date restricted to individuals with at least 4 years of records. 
fMedication use in the year from 4 years to 3 years prior to diagnosis/index date restricted to individuals with at least 5 years of records. 
gMedication use in the year from 5 years to 4 years prior to diagnosis/index date restricted to individuals with at least 6 years of records. 
hProportion of cases and controls who used PPI in the year before diagnosis and who had not previously used PPI.  
iUsing only PPI users as an active comparator. 
jRemoving the peptic ulcer and oesophagitis adjustment from main model. 
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The association between PPIs and gastric cancer risk 

Table 4.5 shows the results of the association between PPIs and gastric cancer risk. 

Overall, a greater proportion of gastric cancer cases used PPIs compared with 

controls (29.4% versus 22.5%).  Use of PPIs was associated with a 45% increase in 

the risk of gastric cancer (unadjusted OR=1.45, 95% CI 1.25, 1.68) which was little 

altered after adjustment for confounders (fully adjusted OR=1.49, 95% CI 1.24, 

1.80). The association appeared slightly more marked for females (fully adjusted 

OR=1.84, 95% CI 1.38, 2.47) compared with males (fully adjusted OR=1.26, 95% 

CI 0.97, 1.62), however there was little evidence of a difference (P value for 

interaction=0.092). Dose-response analysis by DDDs showed that this association 

was most marked for short-term use of PPIs (183 or less DDDs PPI versus no use, 

fully adjusted OR=1.84, 95% CI 1.43, 2.38) and was attenuated for longer-term use 

of PPIs (1096 or more DDDs versus no use, fully adjusted OR=1.30, 95% CI 0.91, 

1.85). A similar pattern of results was found when dose-response analysis was 

examined by number of prescriptions. The increase in gastric cancer risk with PPIs 

use was most marked for short-term use of PPIs (6 or less PPI prescriptions versus 

no use, fully adjusted OR=1.85, 95% CI 1.44, 2.37) and was attenuated for longer-

term use of PPIs (36 or more prescriptions versus no use, fully adjusted OR=0.97, 

95% 0.64, 1.47). There was no evidence of an association between use of high-dose 

PPIs and gastric cancer risk (fully adjusted OR = 1.23, 95% CI 0.76, 1.97). 

When lags of 2 or 3 years were used (i.e. removing prescriptions in the 2 or 3 years 

before diagnosis) the overall association was attenuated (fully adjusted OR=1.13, 

95% CI 0.91, 1.40, and fully adjusted OR=1.03, 95% CI 0.80, 1.33, respectively), 

see Appendix E for graphical presentation. Further analysis of PPIs use in specific 
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periods before diagnosis showed that PPIs were much more commonly used in 

gastric cancer cases compared with controls in the year before cancer diagnosis 

(fully adjusted OR=7.04, 95% CI 5.57, 8.61) and in the period of 1 to 2 years before 

diagnosis (fully adjusted OR=1.51, 95% CI 1.23, 1.84), but not before this time. 

Moreover, 33.6% of gastric cancer patients newly used PPIs in the year before 

diagnosis compared with 4.4% of controls (fully adjusted OR=10.98, 95% CI 8.47, 

14.23) and this association was slightly more marked in the 55 to 69 age group.  

The associations with gastric cancer risk were generally similar for lansoprazole 

(fully adjusted OR=1.49, 95% CI 1.18, 1.88), omeprazole (fully adjusted OR=1.21, 

95% CI 0.97, 1.50), after additional adjustment for H2RAs (fully adjusted OR=1.43, 

95% CI 1.18, 1.73), when not adjusting for peptic ulcer disease and oesophagitis 

(fully adjusted OR=1.44, 95% CI 1.20, 1.74), and when adjusting for lifestyle factors 

using multiple imputation (fully adjusted OR=1.47, 95% CI 1.26, 1.72), but no 

association was observed when using an active comparator analysis (fully adjusted 

OR = 1.34, 95% CI 0.85, 2.09 when using only H2RA users as an active 

comparator). 
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Table 4.5. The association between PPI use and the risk of gastric cancer in the PCCIU database 

 
Case, n(%) Control, n(%) 

Unadjusted 
OR (95%CI) 

Adjusteda 
OR (95%CI) 

Fully adjustedb 
OR (95%CI) 

PPI main analysis (removing 1 year before index)      
  PPI user vs. non-user 329/1119 (29.4) 1213/5394 (22.5) 1.45 (1.25, 1.68) 1.48 (1.26, 1.73) 1.49 (1.24, 1.80) 
      
  Male only  167/639 (26.1) 668/3082 (21.7) 1.29 (1.05, 1.58) 1.30 (1.05, 1.61) 1.26 (0.97, 1.62) 
  Female only 162/180 (33.8) 545/2312 (23.6) 1.66 (1.33, 2.06) 1.74 (1.38, 2.19) 1.84 (1.38, 2.47) 
  P-value for interaction    0.100 0.089 0.092 
      
  High-dose PPI user vs. non-user  33/1119 (3.0) 109/5394 (2.0) 1.40 (0.94, 2.10) 1.40 (0.93, 2.12) 1.23 (0.76, 1.97) 
      
Dose-response analysis (removing 1 year before index) 
  1-183 DDDs vs. non-user 141/1119 (12.6) 441/5394 (8.2) 1.74 (1.41, 2.14) 1.77 (1.43, 2.19) 1.84 (1.43, 2.38) 
  184-365 DDDs vs. non-user 43/1119 (3.8) 163/5394 (3.0) 1.41 (1.00, 1.99) 1.48 (1.04, 2.09) 1.49 (0.97, 2.28) 
  366-1095 DDDs vs. non-user 81/1119 (7.2) 352/5394 (6.5) 1.21 (0.94, 1.56) 1.23 (0.94, 1.59) 1.20 (0.89, 1.64) 
  ≥1096 DDDs vs. non-user 64/1119 (5.7) 257/5394 (4.8) 1.32 (0.98, 1.77) 1.31 (0.97, 1.77) 1.30 (0.91, 1.85) 
  P-value for the trend    0.003 0.004 0.026 
      
  1-6 prescriptions vs. non-uers 153/1119 (13.7) 482/5394 (13.7) 1.71 (1.40, 2.10) 1.74 (1.42, 2.14) 1.85 (1.44, 2.37) 
  6-12 prescriptions vs. non-uers 44/1119 (3.9) 167/5394 (3.1) 1.42 (1.01, 2.00) 1.46 (1.04, 2.07) 1.39 (0.91, 2.13) 
  12-36 prescriptions vs. non-uers 90/1119 (8.0) 366/5394 (6.8) 1.31 (1.02, 1.68) 1.33 (1.04, 1.72) 1.35 (1.00, 1.82) 
  ≥ 36 prescriptions vs. non-uers 42/1119 (3.7) 198/5394 (3.7) 1.07 (0.75, 1.53) 1.06 (0.74, 1.52) 0.97 (0.64, 1.47) 
  P-value for the trend   0.008 0.010 0.073 
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Table 4.5 (continued). The association between PPI use and the risk of gastric cancer in the PCCIU database 

 Case, n(%) Control, n(%) 
Unadjusted 

OR (95%CI) 
Adjusteda 

OR (95%CI) 
Fully adjustedb 
OR (95%CI) 

PPI user vs. non-user when removing prescriptions in a specific duration   
  Removing 2 years before index 212/862 (24.6) 878/4126 (21.3) 1.20 (1.00, 1.43) 1.19 (0.99, 1.43) 1.13 (0.91, 1.40) 
  Removing 3 years before index 137/644 (21.3) 620/3062 (20.3) 1.04 (0.84, 1.28) 1.04 (0.83, 1.29) 1.03 (0.80, 1.33) 
  Removing 4 years before index 87/474 (18.3) 421/2235 (18.8) 0.93 (0.71, 1.21) 0.92 (0.70, 1.21) 0.89 (0.65, 1.22) 
  Removing 5 years before index 55/345 (15.9) 267/1611 (16.6) 0.90 (0.65, 1.25) 0.90 (0.64, 1.26) 0.82 (0.55, 1.22) 
      
PPI user in specific time periods before index date/cancer diagnosis date   
   0-1 y before indexc 664/1119 (59.3) 1088/5394 (20.2) 6.32 (5.44, 7.33)  6.79 (5.82, 7.91) 7.04 (5.75, 8.61) 
   1-2 y before indexd 259/1119 (23.2) 926/5394 (17.2) 1.45 (1.23, 1.70) 1.47 (1.25, 1.74) 1.51 (1.23, 1.84) 
   2-3 y before indexe 165/862 (19.1) 670/4126 (16.2) 1.20 (0.99, 1.46) 1.20 (0.98, 1.47) 1.15 (0.90, 1.46) 
   3-4 y before indexf 107/644 (16.6) 481/3062 (15.7) 1.04 (0.82, 1.31) 1.02 (0.81, 1.30) 1.00 (0.76, 1.33) 
   4-5 y before indexg 68/474 (14.4) 329/2235 (14.7) 0.93 (0.70, 1.24) 0.92 (0.69, 1.23) 0.96 (0.68, 1.35) 
      
PPI new user vs. PPI non-new-userh 376/1119 (33.6) 235/5394 (4.4) 10.93 (9.01,13.25) 11.11 (9.14, 13.51) 10.98 (8.47, 14.23) 
  <55 40/97 (41.2) 20/493 (4.06) 15.77 (8.05, 30.92) 17.11 (8.32, 35.18) 14.72 (5.70, 37.99) 
  55-69 146/360 (40.6) 63/1775 (3.6) 19.58 (13.32, 28.80) 21.10 (14.18, 31.38) 18.14 (11.13, 29.57) 
  70+ 190/662 (28.7) 152/3126 (4.9) 7.56 (5.92, 9.65) 7.84 (6.10, 10.07) 8.03 (5.71, 11.31) 
      
Omeprazole user vs. non-user      
  Removing 1 years before index 201/1119 (18.0) 774/5394 (14.4) 1.30 (1.09, 1.55) 1.29 (1.07, 1.54) 1.21 (0.97, 1.50) 
  Removing 2 years before index 123/862 (14.3) 548/4126 (13.3) 1.06 (0.85, 1.32) 1.03 (0.82, 1.29) 0.92 (0.70, 1.20) 
  Removing 3 years before index 78/644 (12.1) 373/3062 (12.2) 0.95 (0.73, 1.24) 0.95 (0.72, 1.25) 0.89 (0.65, 1.23) 
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Table 4.5 (continued). The association between PPI use and the risk of gastric cancer in the PCCIU database 

 
Case, n(%) Control, n(%) 

Unadjusted Adjusteda Fully adjustedb 
 OR (95%CI) OR (95%CI) OR (95%CI) 
Lansoprazole user vs. non-user      
  Removing 1 years before index 169/1119 (15.1) 610/5394 (11.3) 1.40 (1.16, 1.69) 1.42 (1.17, 1.73) 1.49 (1.18, 1.88) 
  Removing 2 years before index 114/862 (13.2) 447/4126 (10.8) 1.24 (0.99, 1.56) 1.24 (0.99, 1.57) 1.27 (0.97, 1.66) 
  Removing 3 years before index 75/644 (11.7) 319/3062 (10.4) 1.11 (0.85, 1.46) 1.12 (0.84, 1.48) 1.17 (0.85, 1.62) 
      
Sensitivity analysis (PPI user versus non-user)    
  Additionally adjusted for H2RA 329/1119 (29.4) 1213/5394 (22.5) 1.45 (1.25, 1.68) 1.41 (1.20, 1.65) 1.43 (1.18, 1.73) 
  PPI user vs. H2RA useri 329/431 (76.3) 1213/1604 (75.6) 1.18 (0.85, 1.65) 1.24 (0.88, 1.75) 1.34 (0.85, 2.09) 
  Adjusted for lifestyle using multiple 
imputation 

329/1119 (29.4) 1213/5394 (22.5) 1.45 (1.25, 1.68) 1.48 (1.26, 1.73) 1.47 (1.26, 1.72) 

  Additionally not adjusted for peptic 
ulcer and oesophagitisj 

329/1119 (29.4) 1213/5394 (22.5) 1.45 (1.25, 1.68) 1.45 (1.25, 1.69) 1.44 (1.20, 1.74) 

      

aStudy matched on age, sex and general practice and model contains obesity, comorbidities in exposure period (including diabetes, 
coronary heart disease, myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, 
chronic obstructive pulmonary disease, mental illness, liver disease, peptic ulcer, oesophagitis) and other medication use in exposure 
period (statins, aspirin). 
bAdditionally adjusted for alcohol and smoking. 
cMedication use in the year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
dMedication use in the year from 2 years to 1 year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
eMedication use in the year from 3 years to 2 years prior to diagnosis/index date restricted to individuals with at least 4 years of records. 
fMedication use in the year from 4 years to 3 years prior to diagnosis/index date restricted to individuals with at least 5 years of records. 
gMedication use in the year from 5 years to 4 years prior to diagnosis/index date restricted to individuals with at least 6 years of records. 
hProportion of cases and controls who used PPI in the year before diagnosis and who had not previously used PPI.  
iUsing only H2RA users as an active comparator. 
jRemoving the peptic ulcer and oesophagitis adjustment from the main model. 
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The association between H2RAs and gastric cancer risk  

Table 4.6 shows the main and sensitivity analyses for the association between 

H2RAs and gastric cancer risk in PCCIU. H2RAs use was associated with an 

increase in the risk of gastric cancer (fully adjusted OR=1.44, 95% CI 1.16, 1.80). 

There was no clear dose-response was observed as increases in risk were seen even 

for short-term use (for 183 DDDs or less versus never use the fully adjusted 

OR=1.40, 95% CI 1.05 1.85, and for 6 or less PPI prescriptions versus never use the 

fully adjusted OR=1.38, 95% CI 1.04, 1.83, respectively).  

The H2RAs association was slightly attenuated after removing prescriptions in the 

two years before diagnosis and largely attenuated when three years were removed 

(fully adjusted OR=1.32, 95% CI 1.02, 1.70 and fully adjusted OR=1.16, 95% CI 

0.85, 1.57, respectively). H2RAs use was more commonly used and associated with 

an increased risk of gastric cancer in the period of one year before diagnosis (fully 

adjusted OR=3.07, 95% CI 2.37, 3.98), one to two years before diagnosis (fully 

adjusted OR=1.87, 95% CI 1.40, 2.50), and two to three years before diagnosis (fully 

adjusted OR=1.55, 95% 1.11, 2.16), but not before this time, see Appendix E for 

graphical presentation. Overall, 7.9% of gastric cancer patients newly used H2RAs 

in the year before diagnosis compared with 1.1% of controls (fully adjusted 

OR=9.87, 95% CI 6.04, 16.15) and this association was more marked in the group 

aged younger than 55 years (fully adjusted OR=30.69, 95% CI 3.28, 287.41).   

Similar associations were observed in the analyses stratifying by types of H2RAs 

(fully adjusted OR=1.43, 95% CI 1.02, 2.01 for cimetidine and fully adjusted 

OR=1.42, 95% CI 1.10, 1.85 for ranitidine, respectively), after additional adjustment 

for PPIs (fully adjusted OR=1.33, 95% CI 1.07, 1.67), when no adjusting for peptic 
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ulcer disease and oesophagitis (fully adjusted OR=1.42, 95% CI 1.14, 1.77), and 

when adjusting for lifestyle factors using multiple imputation (fully adjusted 

OR=1.45, 95% CI 1.22, 1.75). In the analysis using only PPI users as an active 

comparator, no increase of gastric cancer risk was found in H2RA users (fully 

adjusted OR = 0.86, 95% CI 0.60, 1.24).
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Table 4.6. The association between H2RA use and the risk of gastric cancer in the PCCIU database 

 Case, n(%) Control, n(%) Unadjusted 
OR (95%CI) 

Adjusteda 
OR (95%CI) 

Fully adjustedb 
OR (95%CI) 

H2RA main analysis (removing 1 year before index)      
  H2RA user vs. non-user 199/1119 (17.8) 689/5394 (12.8) 1.49 (1.25, 1.77) 1.49 (1.24, 1.78) 1.44 (1.16, 1.80) 
      
  Male only  100/639 (15.6) 356/3082 (11.6) 1.42 (1.11, 1.82) 1.41 (1.10, 1.81) 1.43 (1.05, 1.94) 
  Female only  99/480 (20.6) 333/2312 (14.4) 1.56 (1.21, 2.01) 1.57 (1.21, 2.04) 1.45 (1.04, 2.01) 
  P-value for interaction    0.615 0.620 0.929 
      
Dose-response analysis (removing 1 year before index) 
  1-183 DDDs vs. non-user 107/1119 (9.6) 370/5394 (6.9) 1.49 (1.18, 1.87) 1.49 (1.18, 1.88) 1.40 (1.05, 1.85) 
  184-365 DDDs vs. non-user 22/1119 (2.0) 76/5394 (1.4) 1.50 (0.93, 2.41) 1.49 (0.92, 2.40) 1.42 (0.77, 2.60) 
  366-1095 DDDs vs. non-user 51/1119 (4.6) 172/5394 (3.2) 1.52 (1.10, 2.10) 1.51 (1.09, 2.10) 1.50 (0.99, 2.29) 
  ≥1096 DDDs vs. non-user 19/1119 (1.7) 71/5394 (1.3) 1.38 (0.82, 2.33) 1.37 (0.81, 2.32) 1.62 (0.86, 3.05) 
  P-value for the trend   <0.001 <0.001 0.003 
      
  1-6 prescriptions vs. non-uers 105/1119 (9.4) 375/5394 (6.9) 1.44 (1.14, 1.81) 1.44 (1.14, 1.82) 1.38 (1.04, 1.83) 
  6-12 prescriptions vs. non-uers 34/1119 (3.0) 101/5394 (1.8) 1.72 (1.16, 2.56) 1.71 (1.15, 2.55) 1.54 (0.93, 2.54) 
  12-36 prescriptions vs. non-uers 46/1119 (4.1) 163/5394 (3.0) 1.46 (1.04, 2.05) 1.45 (1.03, 2.05) 1.58 (1.03, 2.42) 
  ≥ 36 prescriptions vs. non-uers 14/1119 (1.3) 50/5394 (0.9) 1.44 (0.79, 2.63) 1.44 (0.79, 2.64) 1.34 (0.62, 2.90) 
  P-value for the trend   <0.001 <0.001 0.003 
      
H2RA user vs. non-user when removing prescriptions in a specific duration 
  Removing 2 years before index 137/862 (15.9) 518/4126 (12.6) 1.32 (1.07, 1.63) 1.30 (1.05, 1.61) 1.32 (1.02, 1.70) 
  Removing 3 years before index 93/644 (14.4) 386/3062 (12.6) 1.16 (0.90, 1.50) 1.15 (0.89, 1.48) 1.16 (0.85, 1.57) 
  Removing 4 years before index 63/474 (13.3) 284/2235 (12.7) 1.03 (0.76, 1.39) 1.01 (0.74, 1.37) 1.06 (0.74, 1.52) 
  Removing 5 years before index 44/345 (12.8) 199/1611 (12.4) 1.00 (0.70, 1.43) 0.99 (0.69, 1.43) 1.13 (0.74, 1.72) 
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Table 4.6 (continued). The association between H2RA use and the risk of gastric cancer in the PCCIU database 

 
Case, n(%) Control, n(%) Unadjusted 

OR (95%CI) 
Adjusteda 

OR (95%CI) 
Fully adjustedb 
OR (95%CI)  

H2RA user in specific time periods before index date/cancer diagnosis date     
   0-1 y before indexc 178/1119 (15.9) 323/5394 (6.0) 3.05 (2.49, 3.72) 3.04 (2.48, 3.72) 3.07 (2.37, 3.98) 
   1-2 y before indexd 114/1119 (10.2) 329/5394 (6.1) 1.77 (1.42, 2.22) 1.78 (1.41, 2.23) 1.87 (1.40, 2.50) 
   2-3 y before indexe 77/862 (8.9) 263/4126 (6.4) 1.46 (1.12, 1.91) 1.45 (1.11, 1.91) 1.55 (1.11, 2.16) 
   3-4 y before indexf 53/644 (8.4) 196/3062 (6.4) 1.32 (0.96, 1.83) 1.33 (0.96, 1.85) 1.26 (0.85, 1.87) 
   4-5 y before indexg 38/474 (8.0) 136/2235 (6.1) 1.35 (0.92, 1.98) 1.34 (0.91, 1.97) 1.29 (0.81, 2.05) 
      
H2RA new user vs. H2RA non-new-userh 89/1119 (7.9) 58/5394 (1.1) 8.11 (5.75, 11.43) 8.26 (5.85, 11.68) 9.87 (6.04, 16.15) 
  <55 14/97 (14.4) 5/493 (1.0) 20.32 (5.80, 71.23) 24.22 (6.24, 94.06) 48.34 (4.59, 509.16) 
  55-69 38/360 (10.6) 24/1775 (1.4) 8.52 (4.94, 14.71) 8.81 (5.00, 15.15) 9.40 (4.38, 20.14) 
  70+ 37/662 (5.6) 29/3126 (1.0) 6.07 (3.72, 9.89) 6.33 (3.87, 10.35) 7.88 (3.89, 15.95) 
      
Cimetidine user vs. non-user      
  Removing 1 years before index 85/1119 (7.6) 254/5394 (4.7) 1.68 (1.30, 2.17) 1.66 (1.28, 2.15) 1.43 (1.02, 2.01) 
  Removing 2 years before index 62/862 (7.2) 193/4126 (4.7) 1.59 (1.18, 2.15) 1.55 (1.14, 2.10) 1.31 (0.90, 1.93) 
  Removing 3 years before index 39/644 (6.1) 148/3062 (4.8) 1.27 (0.88, 1.83) 1.23 (0.85, 1.79) 1.10 (0.70, 1.75) 
Ranitidine user vs. non-user      
  Removing 1 years before index 128/1119 (11.4) 459/5394 (8.5) 1.39 (1.12, 1.71) 1.10 (0.94, 1.29) 1.42 (1.10, 1.85) 
  Removing 2 years before index 78/862 (9.1) 341/4126 (8.3) 1.09 (0.84, 1.42) 1.09 (0.84, 1.43) 1.22 (0.89, 1.67) 
  Removing 3 years before index 57/644 (8.9) 255/3062 (8.3) 1.05 (0.77, 1.43) 1.05 (0.77, 1.44) 1.17 (0.81, 1.68) 
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Table 4.6 (continued). The association between H2RA use and the risk of gastric cancer in the PCCIU database 

 
Case, n(%) Control, n(%) Unadjusted 

OR (95%CI) 
Adjusteda 

OR (95%CI) 
Fully adjustedb 
OR (95%CI)  

Sensitivity analysis (H2RA user versus non-user)   
  Additionally adjusted for PPI 199/1119 (17.8) 689/5394 (12.8) 1.49 (1.25, 1.77) 1.39 (1.16, 1.67) 1.33 (1.07, 1.67) 
  H2RA user vs. PPI useri 199/431 (46.2) 689/1604 (43.0) 1.03 (0.78, 1.36) 1.00 (0.75, 1.33) 0.86 (0.60, 1.24) 
  Adjusted for lifestyle using multiple 
imputation 

199/1119 (17.8) 689/5394 (12.8) 1.49 (1.25, 1.77) 1.49 (1.24, 1.78) 1.45 (1.22, 1.75) 

  Additionally not adjusted for peptic ulcer 
and oesophagitisj 

199/1119 (17.8) 689/5394 (12.8) 1.49 (1.25, 1.77) 1.47 (1.23, 1.76) 1.42 (1.14, 1.77) 

aStudy matched on age, sex and general practice and model contains obesity, comorbidities in exposure period (including diabetes, 
coronary heart disease, myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, 
chronic obstructive pulmonary disease, mental illness, liver disease, peptic ulcer, oesophagitis) and other medication use in exposure 
period (statins, aspirin). 
bAdditionally adjusted for alcohol and smoking. 
cMedication use in the year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
dMedication use in the year from 2 years to 1 year prior to diagnosis/index date restricted to individuals with at least 3 years of records. 
eMedication use in the year from 3 years to 2 years prior to diagnosis/index date restricted to individuals with at least 4 years of records. 
fMedication use in the year from 4 years to 3 years prior to diagnosis/index date restricted to individuals with at least 5 years of records. 
gMedication use in the year from 5 years to 4 years prior to diagnosis/index date restricted to individuals with at least 6 years of records. 
hProportion of cases and controls who used H2RA in the year before diagnosis and who had not previously used H2RA.  
iUsing only PPI users as an active comparator. 
jRemoving the peptic ulcer and oesophagitis adjustment from the main model. 
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4.4.2 UK Biobank 

Patient cohort  

There were 502,543 participants in the UK Biobank cohort, 26,869 were removed 

because they developed cancer before the first year after baseline, and 3,898 were 

removed because they died within the first year, leaving 471,779 for analysis. 

Amongst, 355 were diagnosed with oesophageal cancer and 250 were diagnosed 

with gastric cancer during the median follow-up of 4.6 years (interquartile range: 

3.9–5.3 years). Those who were diagnosed with gastro-oesophageal cancer were 

more likely to be older, male, from deprived areas, smoke, be overweight or obese, 

have comorbidities, and use statins and aspirin, see Table 4.7 for the characteristics 

of gastro-oesophageal cancer cases and non-cancer cases, as well the characteristics 

of acid suppression drug users versus non-users. PPIs were more commonly used in 

the UK Biobank cohort compare with H2RAs. Generally, PPIs/H2RAs were more 

commonly used in a cohort aged 60 to 69, living in more deprived areas, smoking, 

being obese, having more comorbidities, and using statins and aspirin.  
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Table 4.7. Characteristics of participants in the UK Biobank 

 Oesophageal cancer  Gastric cancer  PPIs  H2RAs 
 Cancers  Non-cancers Cancers  Non-cancers Users Non-uers Users Non-uers 
Count 355 471,424 250 471,529 46,146 425,633 8,389 463,390 
         
Year of diagnosis        
2004-2007 1 (0.3)  1 (0.4)      
2008-2011 136 (38.3)  99 (39.6)      
2012-2015 218 (61.4)  150 (60.0)      
         
Age at baseline         
0-59 111 (31.3) 273,403 (58.0) 70 (28.0) 273,444 (58.0) 19,146 (41.5) 254,368 (59.8) 4,297 (51.2) 269,217 (58.1) 
60-69 240 (67.6) 195,894 (41.6) 175 (70.0) 195,959 (41.6) 26,636 (57.7) 169,498 (39.8) 4,028 (48.1) 192,106 (41.5) 
70+ 4 (1.1) 2,127 (0.4) 5 (2.0) 2,126 (0.5) 364 (0.8) 1,767 (0.4) 67 (0.8) 2,067 (0.5) 
Mean (SD*) 61.9 (5.8) 56.8 (8.1) 62.2 (6.3) 56.8 (8.1) 60.0 (7.3) 56.5 (8.1) 58.1 (77.9) 56.8 (8.1) 
         
Male 266 (74.9) 217,062 (46.0) 182 (72.8) 217,146 (46.1) 20,980 (45.5) 196,348 (46.1) 3,868 (46.1) 213,460 (46.1) 
         
Deprivation         
1 (least deprived) 68 (19.1) 94,395 (20.0) 41 (16.5) 94,422 (20.0) 8,079 (17.5) 86,384 (20.3) 1,337 (16.0) 93,126 (20.1) 
2 61 (17.2) 93,988 (20.0) 40 (16.1) 94,009 (20.0) 8,427 (18.3) 85,622 (20.1) 1,417 (16.9) 92,632 (20.0) 
3 62 (17.5) 93,916 (20.0) 49 (19.7) 93,929 (20.0) 8,721 (18.9) 85,257 (20.1) 1,587 (18.9) 92,391 (20.0) 
4 72 (20.3) 94,366 (20.0) 55 (22.1) 94,383 (20.0) 9,281 (20.1) 85,157 (20.0) 1,774 (21.2) 92,664 (20.0) 
5 (most deprived) 92 (25.9) 94,166 (20.0) 64 (25.7) 94,194 (20.0) 11,571 (25.1) 82,687 (19.5) 2,265 (27.0) 91,993 (19.9) 
Missing 0 593 1 592 67 526 9 584 
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Table 4.7 (continued). Characteristics of participants in the UK Biobank 

 Oesophageal cancer  Gastric cancer  PPIs  H2RAs 
 Cancers  Non-cancers Cancers  Non-cancers Users Non-uers Users Non-uers 
Smoking status         
Never 109 (30.8) 257,984 (55.0) 99 (40.2) 257,994 (55.0) 21,415 (46.8) 236,678 (55.9) 3,784 (45.4) 254,309 (55.2) 
Former 168 (17.5) 160,728 (34.3) 106 (43.1) 160,790 (34.3) 19,125 (41.7) 141,771 (33.5) 3,298 (39.5) 157,598 (34.2) 
Current 77 (21.7) 49,969 (10.7) 41 (16.7) 50,005 (10.7) 5,255 (11.5) 44,791 (10.6) 1,258 (15.1) 48,788 (10.6) 
Missing 1 2,743 4 2,740 351 2,393 49 2,695 
         
BMI         
Normal/underweight 70 (19.9) 154,903 (33.1) 61 (24.4) 154,912 (33.1) 8,750 (19.1) 146,223 (34.6) 1,755 (21.1) 153,218 (33.3) 
Overweight 162 (46.2) 199,159 (42.5) 119 (47.6) 199,202 (42.5) 19,610 (42.8) 179,711 (42.5) 3,537 (42.4) 195,784 (42.5) 
Obese 119 (33.9) 114,452 (24.4) 70 (28.0) 114,501 (24.4) 17,442 (38.1) 97,129 (23.0) 3,040 (36.5) 111,531 (24.2) 
Missing 4 2,910 0 2,914 344 2,570 57 2,857 
         
Alcohol consumption        
Never 39 (11.0) 37,853 (8.1) 27 (10.9) 37,865 (8.1) 5,762 (12.5) 32,130 (7.6) 988 (11.8) 36,904 (8.0) 
<1 day per wk 80 (22.6) 106,464 (22.6) 62 (25.0) 106,482 (22.7) 12,458 (27.1) 94,086 (22.2) 2,118 (25.3) 104,426 (22.6) 
1-2 days per wk 84 (23.7) 121,435 (25.8) 58 (23.4) 121,461 (25.8) 11,084 (24.1) 110,435 (26.0) 1,969 (23.5) 119,550 (25.9) 
3-4 days per wk 70 (19.8) 108,872 (23.2) 50 (20.2) 108,892 (23.2) 8,593 (18.7) 100,349 (23.6) 1,647 (19.7) 107,295 (23.2) 
>4 days per wk 81 (22.9) 95,371 (20.3) 51 (20.6) 95,401 (20.3) 8,097 (17.6) 87,355 (20.6) 1,655 (19.8) 93,797 (20.3) 
Missing 1 1,429 2 1,428 152 1278 12 1418 
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Table 4.7 (continued). Characteristics of participants in the UK Biobank 

 Oesophageal cancer  Gastric cancer  PPIs  H2RAs 
 Cancers  Non-cancers Cancers  Non-cancers Users Non-uers Users Non-uers 
Selected comorbidities        
GORD 25 (7.0) 19,573 (4.2) 16 (6.4) 19,582 (4.2) 14,958 (32.4) 4,640 (1.1) 2,180 (26.0) 17,418 (3.8) 
Ulcer disease 11 (3.1) 5,720 (1.2) 7 (2.8) 5,724 (1.2) 2,919 (6.3) 2,812 (0.7) 617 (7.4) 5,114 (1.1) 
Diabetes 36 (10.1) 23,807 (5.1) 22 (8.8) 23,821 (5.1) 4,763 (10.3) 19,080 (4.5) 750 (8.9) 23,093 (5.0) 
Oesophagitis 9 (2.5) 1,356 (0.3) 4 (1.6) 1,361 (0.3) 1,208 (2.6) 157 (0.1) 78 (0.9) 1,287 (0.3) 
         
Other drug use         
Statins 104 (29.3) 76,437 (16.2) 68 (27.2) 76,473 (16.2) 15,466 (33.5) 61,075 (14.3) 2,204 (26.3) 74,337 (16.0) 
Aspirin 79 (22.3) 64,710 (13.7) 72 (28.8) 64,717 (13.7) 11,344 (24.6) 53,445 (12.6) 1,791 (21.3) 62,998 (13.6) 
*SD: Standard deviation 
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The association between acid suppression and oesophageal cancer risk 

Table 4.8 shows the main and sensitivity analyses for oesophageal cancer in the UK 

Biobank. There was an increase in oesophageal cancer risk with PPIs use (adjusted 

HR=1.41, 95% CI (1.02, 1.95). This association was attenuated after starting follow-

up at two years after baseline, removing incident gastric cancers within two years 

after baseline which could have influenced prescribing at baseline (adjusted 

HR=1.34, 95% CI 0.93, 1.92), and after starting follow-up at three years after 

baseline (adjusted HR=1.36, 95% CI 0.89, 2.08). 

The association for PPIs use appeared more marked for OAC compared with OSCC 

(adjusted HR=1.49, 95% CI 1.03, 2.16, and HR=1.19, 95% CI 0.54, 2.63, 

respectively). The association was similar after additional adjustment for H2RAs 

(adjusted HR=1.44, 95% CI 1.05, 1.98), stratifying by sex (adjusted HR=1.46, 95% 

CI 1.01, 2.12 for males and HR=1.38, 95% CI 0.72, 2.65 for females, respectively), 

and after additional adjustment for year of cohort entry (adjusted HR=1.41, 95% CI 

1.02, 1.95), but more marked when not adjusting for GORD, oesophagitis and peptic 

ulcer (adjusted HR=1.62, 95% CI 1.24, 2.13). In subgroup analyses by medication 

types, there was no evidence of an increased risk in oesophageal cancer with 

omeprazole use (adjusted HR=1.23, 95% CI 0.85, 1.79), or lansoprazole use 

(adjusted HR=1.32, 95% CI 0.86, 2.02).  

Similar to PPIs, an increase in oesophageal cancer risk with H2RAs use was 

observed (adjusted HR=1.73, 95% CI 1.02, 2.94), but the numbers of H2RAs use 

was small precluding further analysis.   
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Table 4.8. The association between PPI or H2RA use and the risk of oesophageal cancer in the UK Biobank 

 Users  Non-users 
Unadjusted 

HR (95%CI) 
Adjusteda 

HR (95%CI)  
N 

Person
-years 

 N 
Person-
years 

PPI user vs. non-user       
  Main analysis (starting follow-up at 1y 71 208807  284 1949341 1.82 (1.40, 2.36) 1.41 (1.02, 1.95) 
        
  Male only  53 94195  213 896467 1.89 (1.39, 2.55) 1.46 (1.01, 2.12) 
  Female only  18 114611  71 1052874 1.83 (1.09, 3.09) 1.38 (0.72, 2.65) 
        
  Adenocarcinoma 57 208806  199 1949341 2.07 (1.54, 2.79) 1.49 (1.03, 2.16) 
  Squamous cell carcinoma 11 208806  61 1949341 1.33 (0.70, 2.54) 1.19 (0.54, 2.63) 
        
  Main additionally adjusting for H2RA 71 208807  284 1949341 1.82 (1.40, 2.36) 1.44 (1.05, 1.98) 
  Main removing adjustment for GORD, oesophagitis and peptic ulcer 71 208807  284 1949341 1.82 (1.40, 2.36) 1.62 (1.24, 2.13) 
  Main additionally adjusting for year of cohort entry 71 208807  284 1949341 1.82 (1.40, 2.36) 1.41 (1.02, 1.95) 
        
  Starting follow-up at 2y 55 162955  233 1525464 1.74 (1.29, 2.34) 1.34 (0.93, 1.92) 
  Starting follow-up at 3y 39 117731  171 1105366 1.68 (1.18, 2.38) 1.36 (0.89, 2.08) 
        
  Omeprazole user vs. non-user (starting follow-up at 1y) 38 122860  317 2035288 1.57 (1.12, 2.20) 1.23 (0.85, 1.79) 
  Lansoprazole user vs. non-user (starting follow-up at 1y) 27 73848  328 2084299 1.83 (1.23, 2.71) 1.32 (0.86, 2.02) 
        
H2RA user vs. non-user (starting follow-up at 1y) 15 38517  340 2119632 2.19 (1.30, 3.67) 1.73 (1.02, 2.94) 
aAdjusted for age at baseline, sex, socioeconomic status, alcohol, smoking, BMI, comorbidities at baseline (including diabetes, GORD, 
oesophagitis, peptic ulcer) and other medication use at baseline (statins, aspirin). 
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The association between acid suppression and gastric cancer risk   

Table 4.10 shows the main and sensitivity analysis for PPIs/H2RAs and gastric 

cancer risk in the UK Biobank. Overall, 44 gastric cancer patients reported use of 

PPIs at baseline. There was an increase in gastric cancer risk with PPIs use before 

adjustment (unadjusted HR=1.53, 95% CI 1.10, 2.12).  However, this risk was 

attenuated after adjustment for confounders (adjusted HR=1.28, 95% CI 0.86, 1.90). 

Further analysis revealed the association was partly attenuated after adjustment for 

deprivation (HR after adjustment for deprivation alone=1.44, 95% CI 1.03, 2.00), 

and further attenuated after additional adjustment for oesophagitis (HR after 

adjustment for deprivation and oesophagitis=1.35, 95% CI 0.96, 1.90, data not 

shown).  

The association was further attenuated after starting follow-up at two years after 

baseline (unadjusted HR=1.28, 95% CI 0.86, 1.89 and adjusted HR=1.15, 95% CI 

0.73, 1.82), and after starting follow-up at three years after baseline (unadjusted 

HR=1.28, 95% CI 0.81, 2.02 and adjusted HR=1.12, 95% CI 0.65, 1.92). 

In the subgroup analyses by gastric cancer subtype, the association for PPIs appeared 

more marked for non-cardia gastric cancer compared with cardia gastric cancer 

before (unadjusted HR=1.93, 95% CI 1.06, 3.50 and HR=1.26, 95% CI 0.72, 2.18, 

respectively) but not after adjustment (adjusted HR=1.44, 95% CI 0.68, 3.06 and 

HR=0.81, 95% CI 0.40, 1.64, respectively). The association was not altered for 

gastric adenocarcinoma (adjusted HR=1.18, 95% CI 0.76, 1.83), by medication 

subtype (adjusted HR=1.17, 95% CI 0.74, 1.85 for omeprazole and adjusted 

HR=1.21, 95% CI 0.71, 2.08 for lansoprazole, respectively), after additional 

adjustment for H2RA (adjusted HR=1.26, 95% CI 0.84, 1.88), and after additional 
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adjustment for year of cohort entry (adjusted HR=1.28, 95% CI 0.86, 1.90), but 

slightly less marked for males (adjusted HR=1.14, 95% CI 0.70, 1.87).  

When not adjusting for GORD, oesophagitis and peptic ulcer the increased risk of 

gastric cancer after PPI use was more apparent in the main analysis removing 

incident gastric cancers were removed within one year after baseline (adjusted 

HR=1.41, 95 CI 1.00, 1.98), but not in analyses removing incident gastric cancers 

within two or three years after baseline (adjusted HR=1.14, 95% CI 0.76, 1.71 and 

adjusted HR=1.12, 95% CI 0.70, 1.80, respectively, data not shown). 

There was no evidence of an increase in gastric cancer risk with H2RAs use 

(adjusted HR=0.49, 95% CI 0.16, 1.56), but the numbers of H2RAs use was small 

precluding further analysis. 
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Table 4.9. The association between PPI or H2RA use and the risk of gastric cancer in the UK Biobank 
 
 Users  Non-users 

Unadjusted 
HR (95%CI) 

Adjusteda 
HR (95%CI)  

N 
Person-
years 

N 
Person-
years 

PPI user vs. non-user       
  Main analysis (starting follow-up at 1y) 44 208807 206 1949341 1.53 (1.10, 2.12) 1.28 (0.86, 1.90) 
       
  Male only  29 94195 153 896467 1.43 (0.96, 2.13) 1.14 (0.70, 1.87) 
  Female only  15 114611 53 1052874 1.94 (1.09, 3.47) 1.73 (0.86, 3.45) 
       
  Adenocarcinoma 37 208807 175 1949341 1.52 (1.07, 2.18) 1.18 (0.76, 1.83) 
  Gastric cardia 15 208807 86 1949341 1.26 (0.72, 2.18) 0.81 (0.40, 1.64) 
  Gastric non-cardia 14 208807 51 1949341 1.93 (1.06, 3.50) 1.44 (0.68, 3.06) 
       
  Main additionally adjusting for H2RA 44 208807 206 1949341 1.53 (1.10, 2.12) 1.26 (0.84, 1.88) 
  Main removing adjustment for GORD, oesophagitis and peptic ulcer 44 208807 206 1949341 1.53 (1.10, 2.12) 1.41 (1.00, 1.98) 
  Main additionally adjusting for year of cohort entry 44 208807 206 1949341 1.53 (1.10, 2.12) 1.28 (0.86, 1.90) 
       
  Starting follow-up at 2y 30 162955 170 1525464 1.28 (0.86, 1.89) 1.15 (0.73, 1.82) 
  Starting follow-up at 3y 22 117731 122 1105366 1.28 (0.81, 2.02) 1.12 (0.65, 1.92) 
       
  Omeprazole user vs. non-user (starting follow-up at 1y) 25 122860 225 2035288 1.43 (0.95, 2.17) 1.17 (0.74, 1.85) 
  Lansoprazole user vs. non-user (starting follow-up at 1y) 16 73848 234 2084299 1.49 (0.90, 2.48) 1.21 (0.71, 2.08) 
       
H2RA user vs. non-user (starting follow-up at 1y) 4  38517 246 2119632 0.80 (0.30, 2.15) 0.49 (0.16, 1.56) 
aAdjusted for age at baseline, sex, socioeconomic status, alcohol, smoking, BMI, comorbidities at baseline (including diabetes, GORD, oesophagitis, 
peptic ulcer) and other medication use at baseline (statins, aspirin). 
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4.5 Discussion  

4.5.1 Main findings 

Acid suppression and oesophageal cancer  

In both the PCCIU case-control and UK Biobank cohort studies, there was some 

evidence of an increased risk of oesophageal cancer with PPIs use. This association 

seemed dose and duration dependent in PCCIU, as this increased risk persisted when 

longer lag durations were used to assess the reverse causation, but in the UK 

Biobank the increased association attenuated when expanding the 1-year lag to 2 or 

3-year. In PCCIU, a null association was reported in active comparator analysis, 

suggesting the confounding by indication. We also found an increased risk of 

oesophageal cancer with H2RA use in the PCCIU study, but no clear dose-response 

was observed. In the UK Biobank, H2RA use was associated with an increased risk 

of oesophageal cancer.  

Acid suppression and gastric cancer  

In both the PCCIU case-control and UK Biobank cohort studies, there was little 

consistent evidence of an increased risk of gastric cancer with PPI use. Although 

using a 1-year lag there was an association between PPIs and gastric cancer, this 

association did not follow an exposure-response (for instance, those using for the 

shortest period had the highest risk) and was attenuated with longer lags suggesting 

the role of reverse causation (for instance, associations weakened when prescriptions 

in the 2-year period prior to diagnosis were removed in the PCCIU, and incident 

gastric cancers within 2 years after baseline were removed in the UK Biobank). A 
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similar pattern of association was observed in PCCIU for H2RAs, but there was no 

association between H2RAs use and gastric cancer in the UK Biobank. 

4.5.2 Comparison with previous studies 

Acid suppression and oesophageal cancer  

The studies on acid-suppression treatment in general populations and oesophageal 

cancer are limited. The PPI findings from PCCIU are similar to a recent nationwide 

cohort study, in which an increase in oesophageal cancer rates was observed in PPI 

users and this increase remained significant when several lags were utilized, 

suggesting PPIs exposure may be an independent risk factor for oesophageal cancer 

development253,300. Whilst this PCCIU cohort study observations seem also 

consistent with the hypothesis from a UK CPRD case-control study in which there 

was an increase in oesophageal cancer in PPI users and the authors attributed this to 

the underlying treatment indication301, suggesting the confounding by indication. 

The cause of the increased risk of oesophageal cancer in PPI users is unclear. This 

could reflect a carcinogenic mechanism that PPI-induced hypergastrinemia 

stimulates cell proliferation in Barrett's metaplasia324–328, but it is unclear how this 

would apply to the rest of the population. Another hypothetical carcinogenic 

mechanism could be attributed to that PPIs increased the risk of oesophageal cancer 

via disordering the gastro-intestinal microbiome329. Finally, previous evidence has 

shown PPIs induced bile salt toxicity for oesophagus330. Alternatively, the observed 

increased risk of oesophageal cancer in PPI users could reflect the underlying 

indications for PPIs such as GORD which are known risk factors for oesophageal 

cancer250. Our results are also not directly comparable to studies in higher-risk 
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populations such as BO patients, in whom acid suppression treatment has been 

shown to reduce the risk of oesophageal cancer331, further suggesting a role of 

confounding by indication. 

Few studies have investigated the association between H2RAs and oesophageal 

cancer in the general public and reported no association based on a small size302,303. 

Compared with PPIs usage, H2RAs were less commonly used and associated with a 

weaker increase in oesophageal cancer risk in the current studies.  If real, this would 

be consistent with the weaker acid inhibition of H2RAs compared with PPIs, again 

though this increased risk could reflect indications. A previous nested case-control 

study investigating the impact of PPIs/H2RAs on progression from BO to 

oesophageal cancer has shown an increased risk of oesophageal cancer with H2RAs 

but not PPIs use306. This could reflect the different pathways of acid inhibition 

impacted by H2RAs (acting on H2 receptors) and PPIs (acting on ATPase). 

Acid suppression and gastric cancer  

PPI findings in this study contrast with the most recent meta-analysis, in which a 

marked increase in gastric cancer risk with prolonged PPI use was observed with 

pooled OR of 2.5 in seven observational studies108. However there was marked 

heterogeneity in the observed associations with ORs varying from 1.5 to 24.1 across 

the individual studies included, and an earlier meta-analysis observed a less marked 

association for any PPI use (pooled OR of 1.4)293. The cause of the discrepancy in 

the current study and these meta-analyses is unclear, however it seems likely to 

partly reflect our adjustments for reverse causation (by ignoring prescriptions in the 

year before diagnosis in PCCIU and excluding cancers in the year after baseline in 

UK Biobank). Previous studies which made similar inclusions have observed less 
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marked estimates, for instance less marked associations were observed by Poulson et 

al. (OR of 1.2) who excluded prescriptions in the year before diagnosis332 and Tamin 

et al. (OR of 1.5) who excluded prescription in 6 months before diagnosis333. 

Furthermore, in a UK study an association between PPI and gastric cancer risk was 

only observed in current users who used in the year before diagnosis301 and in a 

Swedish study the association between PPI and gastric cancer was also reduced 

(standardised incidence ratio [SIR] of 3.4 reduced to 1.6) after excluding cancers in 

the year after medication started308. Alternatively, the difference in the current results 

and the meta-analysis could reflect ethnic differences, as two studies were based 

upon Asian populations and investigated PPI in the context of H. pylori 

eradication310,311. Finally, differences in the adjustments used in statistical models 

may explain the differences between our results and previous publications. For 

example, in the Swedish study adjustments were not made for several important 

confounders including smoking, alcohol, BMI, deprivation, comorbidities and 

related treatments308.  

In the PCCIU study, around one-third of gastric cancer patients newly used PPIs in 

the year before cancer diagnosis, similar but lower than observed in a Swedish 

study253. This should raise the question in the mind of the clinician prescribing a first 

course of PPI: could these dyspepsia symptoms be a signal of early gastric cancer334?  

Recommending further action on the basis of new use of PPI alone however does not 

appear to be warranted because PPI is very widely prescribed, and this approach 

would only capture a third of gastric cancer patients. However, since early detection 

is a key determinant of survival in gastric cancer, it is possible that future research 
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could investigate new use of acid suppression therapy along with other factors to 

identify those at the highest risk. 

Of relevance, two systematic reviews of RCTs of PPIs found no evidence that PPIs 

could cause or accelerate the development of the premalignant gastric lesions, 

atrophic gastritis and intestinal metaplasia, but the numbers of included events were 

small335,336.   

H2RA findings in current are similar to a meta-analysis which observed a pooled OR 

of 1.4 in ten observational studies293. The less marked association in current study 

could reflect better adjustment for confounders in our study, or the inclusion of low-

quality observational studies in that review, both of which were shown to influence 

the pooled OR with more recent studies and studies of higher quality observing less 

marked estimates. 

4.5.3 Strengths 

The main strength of our study is the use of high-quality population-based data from 

two independent sources. In PCCIU, medication use was determined from GP 

prescription records avoiding recall bias and providing detailed information on the 

timing, dose, and quantities prescribed. Which allowed the dose-response analyses 

by DDDs and number of prescriptions, and by the prescriptions in the specific 

periods before cancer diagnosis, to investigate if there is the evidence of reverse 

causation. In UK Biobank, cancer outcome was determined from cancer registry 

records, providing verified information on tumour histology and location.  

This study was able to adjust for a wide range of covariates, including many of the 

main risk factors for gastro-oesophageal cancer, such as age, sex, and deprivation. 
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As expected, in the PCCIU database, univariable analyses revealed gastro-

oesophageal cancer was more common with smoking, obesity and alcohol 

consumption, particularly for oesophageal cancer. In UK biobank there were also 

associations between current smoking, obesity, alcohol consumption and gastro-

oesophageal cancer. Also, relevant comorbidities (including peptic ulcer, 

oesophagitis in PCCIU and GORD, peptic ulcer and oesophagitis in the UK 

Biobank) and medication use (including statins and aspirin) were adjusted in this 

study. 

Finally, large sample size and long follow-up were also strengths. For example, in 

PCCIU a total of 1,119 gastric cancer cases were identified with a total of 5,394 

matched controls even after we excluded those whose exposure durations were less 

than three years.  

4.5.4 Limitations 

Several limitations of this study must be acknowledged. First, confounding by 

indication was a limitation as despite having a wide range of comorbidities, this 

study was not able to adjust for H. pylori for gastric cancer, an important risk factor 

for gastric cancer337, also it couldn’t identify potential BO patients for oesophageal 

cancer analysis. Second, in the UK Biobank, medication use was based on self-

report, and even though this was verified by nurses, it could not obtain the dose or 

the frequency of medication use. However, the self-reported acid suppression drug 

use captured both prescriptions and the OTC use. Third, UK Biobank has been 

shown to be healthier than the general population338, but aetiological findings from 

the UK Biobank appear to be generalisable to the UK population339. Although some 

inaccuracy in identifying gastric cancer in GP records from PCCIU is inevitable, in 
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general, the recording of cancer outcomes within UK GP records has been shown to 

be fairly accurate340.  

Another potential limitation was that PCCIU study only obtained PPI/H2RA 

prescriptions from GP records and missed the OTC use. Similar to the CPRD 

database, medication adherence also was a limitation in this study. Further, data on 

ethnicity was not available from the PCCIU database or the UK Biobank for this 

thesis. However, we anticipate over 90% of participants in the UK Biobank322 and 

Scotland341 would be white making detailed analysis by ethnicity possible. 

Moreover, there are very large numbers of analyses in the PCCIU nested case control 

study, which could increase the risk of Type 1 error. The notable findings in the 

PCCIU database that new use of PPI might be a sign for cancer detection limited by 

logistic regression model which failed to show the radio of hazard to cancer at time 

X between exposure group and non-exposure group due to the absence of incidence 

in exposure group and non-exposure group. A further weakness is that this study did 

not have matched patients with GORD or Barrett’s oesophagus which would have 

allowed it to investigate differences in the impact of PPIs or H2RAs on precursors of 

oesophageal cancer.  

4.5.5 Recommendations for future research 

1) Additional large cohorts are recommended, with detailed information on the 

dose and timing of medication use, more reasonably it is recommended to 

stratify OTC use and clinician prescriptions with collections on indications or 

any reason for taking this drug, and accurate cancer classification, using 
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analysis techniques to adjust for confounding (e.g. lifestyle risk factors) and 

examine the potential reverse causation by using lags. 

2) Early detection is a key determinant of survival in gastro-oesophageal cancer. 

We observed that a large proportion of gastric cancer patients newly used 

acid suppression drugs in the year before cancer diagnosis. Future research 

could investigate whether new use of acid suppression medications, in 

combination with other clinical risk predictors such as dysphagia, upper 

abdominal pain and weight loss334, could be useful in predicting patients who 

are potentially at risk of gastro-oesophageal cancer. 
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4.6 Conclusions 

In conclusion, there was some evidence of a positive association between 

PPIs/H2RAs and oesophageal cancer risk, but a little consistent evidence of an 

association between PPIs/H2RAs use and gastric cancer risk across a large 

population-based case-control study and a cohort study. These results revealed a 

marked increase in the prescription of acid suppression medications immediately 

before gastro-oesophageal cancer diagnosis, suggesting the role of reverse causation. 
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5.1 Introduction  

5.1.1 Study rationale  

As described, gastro-oesophageal cancer shows an unexplained male predominance, 

supporting the hypothesis that sex hormones, including oestrogens and androgens, 

may be involved in the development of these cancers. This thesis has conducted a 

cohort study within the UK CPRD database to investigate whether medications with 

sex hormonal effects were associated with the survival in patients with gastro-

oesophageal cancer and provided some evidence of an inverse association between 

HRT and gastric cancer mortality in women (Chapter 3), and a cohort study within 

China Kadoorie Biobank to investigate female reproductive factors which showed 

women with at least five pregnancies and induced abortion had a decreased risk of 

gastric cancer mortality, suggesting longer exposure to higher oestrogen level may 

be a protective factor for gastric cancer (Chapter 6).  

Two prospective studies have investigated the association between pre-diagnostic 

circulating sex hormones and risk of gastro-oesophageal cancer in men50,51. 

Combined, these two studies provided evidence of an inverse association between 

endogenous circulating testosterone and OAC risk, but there was less evidence for 

associations with oestradiol, sex hormone–binding globulin (SHBG), or testosterone 

to oestradiol ratio50. To date, no study has specifically investigated pre-diagnostic 

circulating sex hormones and risk of gastro-oesophageal cancer in women. 

Further prospective investigation of the role of sex hormones in the development of 

gastro-oesophageal cancer may identify novel targets for prevention and treatment. 

This thesis therefore aimed to conduct the first study to evaluate pre-diagnostic 
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circulating sex hormones, in both men and women, and risk of gastro-oesophageal 

cancer in a large prospective cohort.  

5.1.2 Endogenous sex hormones 

Endogenous sex steroid hormones are well known as regulators of fertility, 

reproduction, and sexual behaviour, including two main classes; oestrogens which 

induce female secondary sexual characteristics and androgens which induce male 

secondary sexual characteristics342. Oestrogens and androgens are structurally 

similar and derived from cholesterol primarily in the gonadal organs (such as adrenal 

cortex, ovaries, and testes)343. In addition, sex steroid hormones are synthesized in 

the peripheral tissues such as liver, heart, muscle, bone, and brain344,345, and play 

important roles in the non-reproductive system. Previous studies have reported sex 

hormones as major determinants of the pathogenesis and development of sex 

hormone-dependent cancer sites such as breast cancer346,347.    

Figure 5.1 shows the overview of steroidogenic pathways348. Simply, cholesterol 

side-chain cleavage enzyme, belongs to CYP450 family and coded by CYP11A1 

gene, catalyses conversion of cholesterol to pregnenolone which further can be 

transformed to dehydroepiandrosterone (DHEA). The DHEA is the precursor of 

androstenediol and androstenedione, both of these can be metabolized to testosterone 

(the most common androgen). Testosterone then can be converted into more potent 

androgen as DHT by 5α-reductase, also it can be converted into oestradiol by 

CPY19A1. 

When sex steroid hormones are produced, they then are transported into the 

circulation, to access the target tissues for physiological regulation349. During 
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circulation, the majority of sex hormones are protein-bound through attaching to 

steroid-binding proteins. For example, approximately 50% of testosterone binds to 

albumin, 44% binds to SHBG, 4% binds to cortisol binding globulin, and leaving 

only 2% as the free fraction350–352. In normal men and women, between 40% and 

65% of circulating testosterone and between 20 and 40% of circulating estradiol is 

bound to SHBG353.
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Figure 5.1. Overview of circulating sex hormone pathway348 

Permission to reuse the figure is not required by Society for Endocrinology
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Oestrogen and oestradiol 

Oestrogen is one of the main categories of primary female sex hormones that are 

mainly synthesised in the ovaries, corpus luteum, and placenta, but also a small 

amount can be produced by non-gonad organs345. Endogenous oestrogens contain 

three major forms: oestrone, oestradiol, and oestriol. All these three forms act 

through ERs345.  

Oestradiol, derived from testosterone (see structure and synthesis process in Figure 

5.1), is the major product and is the most potent oestrogen in pre-menopausal 

women345. However, its production varies largely throughout the menstrual cycle, 

and is also influenced largely by pregnancy in pre-menopausal women, see Figure 

6.2 which shows the hormone changes with menstrual cycle, pregnancy, and 

menopause. When women begin the peri-menopausal period, oestradiol levels can 

increase compared with the pre-menopausal period due to changes in ovarian 

function345. Following this, oestradiol synthesis drops dramatically which represents 

onset of menopause. In post-menopausal women, oestradiol levels are generally 

lower than 129 pmol/L345.  

Similar to women, oestradiol in men is synthesised primarily in gonad organs 

(including testis and adipose) with a small amount produced in peripheral tissues. In 

contrast to females, the concentration of oestradiol is relatively stable throughout the 

male lifetime, with a range of 37 to 300 pmol/L354.  

Androgen and testosterone  

Androgens are a group of primary male sex hormones that bind to androgen 

receptors for the regulation of the male reproductive system. Testosterone is the 
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predominant circulating male androgen, which is a metabolite of cholesterol, and is 

the precursor of oestradiol, see Figure 5.1348. Testosterone is primarily produced in 

the testis in men355 and in the ovaries and adrenal cortex in women356.  

Similar to the oestradiol variance in women, testosterone levels fluctuate throughout 

the lifecycle in men. Generally, testosterone reaches the peak (mean of 15.4 nmol/L) 

at an average of 19 years, and falls to 13.0 nmol/L by age of 40 years with limited 

decline after 40 years357.   

As mentioned above, 98% of testosterone is protein-bound in circulation. Of which, 

SHBG (~44%) bound testosterone is biologically inactive351. The biological activity 

of testosterone is thereby influenced by SHBG concentration. 

Sex hormone-binding globulin 

SHBG, also called testosterone-oestrogen binding globulin, is a kind of plasma β-

globulin, produced by the liver358,359. SHBG plays a vital role in sex hormone 

circulation via binding to oestrogens and androgens, thereby regulating the 

biologically active fraction of sex hormones360. SHBG production is also influenced 

by sex hormone concentrations; higher oestradiol stimulates its production but 

testosterone represses its synthesis.  

The affinity of SHBG to sex steroids varies largely according to sex steroids (DHT > 

testosterone > oestradiol). In circulation, around 75% of oestrogen and 40% of 

testosterone bind to SHBG. When sex hormones are not bound to SHBG, they are 

referred to as “free”, or “bioavailable”, and can freely exert their action by binding to 

corresponding receptors. SHBG concentrations also present sex differences in that 
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they are reported to be higher in women (~35 to 90 nmol/L) than men (~20 to 40 

nmol/L).  
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5.2 Aims and objectives 

The main aim of this study was to investigate the association between pre-diagnostic 

circulating sex hormones and the risk of gastro-oesophageal cancer in UK Biobank.  

Specific objectives of this study were: 

1) To investigate whether pre-diagnostic SHBG concentrations were associated 

with gastro-oesophageal cancer risk. 

2) To investigate whether pre-diagnostic oestradiol concentrations were 

associated with gastro-oesophageal cancer risk. 

3) To investigate whether pre-diagnostic testosterone/free testosterone 

concentrations were associated with gastro-oesophageal cancer risk. 
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5.3 Methods 

5.3.1 Data source  

This study was conducted within the UK Biobank, which was introduced in Section 

4.3.2 Chapter 4 in detail.  

5.3.2 Study design  

A prospective cohort study was conducted among males and postmenopausal 

females within the UK Biobank which recruited over 500,000 adults between 2006 

and 2010 with collections on blood samples at baseline, see details in UK Biobank 

Study design section in Chapter 4.  

Simply, this study started the follow-up from baseline and ended at the earliest of 

gastro-oesophageal cancer diagnosis or censoring due to death, emigration, or end of 

follow-up (30 March 2016). During the cohort follow-up, newly diagnosed gastro-

oesophageal cancer cases were identified based on the ICD-10 codes (oesophageal 

cancer: C15, and gastric cancer: C16, respectively). Cancer cases were further 

classified by histology as adenocarcinoma (ICD-O 8140–8573) or squamous cell 

carcinoma (SCC: ICD-O 8050–8082). Additionally, gastric cancers were classified 

by anatomical site as gastric cardia cancer (C16.0) or gastric non-cardia cancer 

(C16.1–16.5). Individuals with previous cancer (apart from non-melanoma skin 

cancer) before baseline were excluded.  
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5.3.3 Exposure   

At baseline when participants visited the assessment centres, trained UK Biobank 

phlebotomists or nurses collected blood samples which then were transported to the 

UK Biobank central laboratory in Stockport, UK, and from where blood samples 

were processed within 24 hours of collection361. 

For the purpose of quality assurance, a series of quality control procedures were 

performed before and after the sample collection and assessment. First, pilot studies 

were conducted to determine optimal processes for sample collection, processing, 

and storage, for instance, fasting samples were determined not to be a requirement in 

this study and samples could be stored at 4°C for up to 36 hours prior to processing 

and archiving361–363. An external quality assessment (EQA) scheme was applied for 

each assay to assess the accuracy and bias, in which assay performance was verified 

via the results returned from participation in these EQA schemes362. For oestradiol, 

testosterone, and SHBG, RIQAS Immunoassay was used as the external scheme and 

showed the acceptable distributions were 88%, 99%, and 95%, respectively. In 

addition, internal quality control (IQC) was also performed to guarantee the assay 

measurement precision where IQC samples of known high, medium, and low 

biomarker concentrations were run over multiple batches (prior to each batch of 

participant samples and after each batch) and analysers362. IQC showed coefficients 

of variation (CV) were less than 16% (range=3.7% to 15.3%), see details in Table 

5.1364. The UK Biobank sampling and handling methods have been shown to be 

robust365.
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Table 5.1. The CVs derived from the IQC data for oestradiol, testosterone, and 
SHBG over the period of the project, based on IQC type with 3 different lots 
 

Biomarker IQC* level IQC* material 
in the range 

Average within 
Laboratory CV* (%) 

Average 
SD* 

Oestradiol 
Low 175-417  15.26 39.05 
Medium 446-990  8.68 61.91 
High 1305-2503  6.47 124.24 

      

Testosterone 
Low 1.04-2.20  8.34 0.13 
Medium 13.40-22.84  3.66 0.71 
High 29.31-49.4  4.15 1.62 

      

SHBG 
Low 15.0-27.7  5.67 1.15 
Medium 31.9-55.5  5.25 2.23 
High 56.3-87.8  5.22 3.63 

*IQC: Internal quality control; CV: Coefficients of variation; SD: Standard deviation  

 

In this study, oestradiol, testosterone, and SHBG were analysed using 

chemiluminescent immunoassay (Beckman Coulter, UK, Ltd). Free testosterone then 

was calculated using previously validated methods366. 

5.3.4 Covariates  

Information on potential risk factors for gastric cancer was retrieved from electronic 

touchscreen records. Similar to Chapter 4, smoking status, alcohol consumption, 

BMI, and comorbidities were collected at baseline. Deprivation was also retrieved 

from Townsend score (based on postcode of usual residence)323. Statins and aspirin 

use also was ascertained at baseline. 
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5.3.5 Statistical analysis  

Characteristics of gastro-oesophageal cancer cases and non-cancer cases were 

compared using descriptive statistics for continuous variables, and frequencies and 

percentages for categorical variables, respectively. 

Main analysis 

Cox proportional hazards regression models (with age as the underlying timescale) 

were used to calculate HR and 95% CIs for the associations between sex hormones 

and gastro-oesophageal cancer risk before and after adjustment. The adjusted models 

contained age at baseline, deprivation, BMI, smoking, alcohol, diabetes, statins, and 

aspirin. All analyses were separated by sex.  

In this study, hormonal levels were categorised to investigate the association 

between sex hormone levels and gastro-oesophageal cancer risk for the consistency 

with the only two previous studies50,51 as there was no established cut offs for 

hormones. Testosterone and SHBG were available for most participants 

(testosterone: 93% males, 78% females; SHBG: 86% males, 84% females), which 

then were categorised into fourths based upon concentration quartiles. As described, 

free testosterone values were estimated based on testosterone and SHBG 

concentrations and then were categorised into quartiles. P-value for trend in analysis 

of testosterone, SHBG, and free testosterone was calculated based upon both the 

continuous and categorised variables in the main model and showed no changes. 

Whilst for oestradiol, due to the analyses being restricted to males and 

postmenopausal females, a large proportion of the included cohort did not have 

reportable oestradiol concentrations as values were below the lower limit of 
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quantification (LOQ: 175 pmol/L for oestradiol). Participants then were categorised 

into the low group (<175 pmol/L) if they did not have reportable values due to 

concentrations below the LOQ (79% males, and 84% females), and the high group (

≥175.0 pmol/L) if they had reportable oestradiol concentration values.  

Sensitivity analysis  

Subgroup analyses were conducted by histology for oesophageal cancer (OAC and 

OSCC), and anatomical location for gastric cancer (cardia and non-cardia). 

Sensitivity analysis using a 1-year lag was conducted where participants with a 

gastro-oesophageal cancer diagnosis in the first year after baseline were excluded 

and started the follow-up from one year after baseline.  

Finally, analysis was repeated by replacing the values that were below the LOQ with 

half LOQ values for SHBG and testosterone for consistency with some previous 

studies51,367. Based on this, quartiles for free testosterone were then estimated using 

the new values of SHBG and testosterone. P-value for trend was calculated based on 

only the categorised variables in this analysis.
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5.4 Results  

5.4.1 Patient cohort  

After removing the participants with prior cancer diagnosis (apart from non-

melanoma skin cancer) before baseline, a total of 219,365 men and 145,616 

postmenopausal women were included in the main analysis. During the median 

follow-up of 7.1 years (interquartile range: 6.3-7.8 years), 500 oesophageal (406 men 

and 94 women) and 327 gastric (252 men and 75 women) cancer cases were 

identified.  

Participant characteristics within the UK Biobank in this study are listed in Table 

5.2. In men, gastro-oesophageal cancer cases were more likely to be older, be 

smokers, and have a higher BMI, live in deprived areas, have more comorbidities 

(including diabetes, GORD, ulcer disease, and oesophagitis), and use statins and 

aspirin compared with non-cases. Other characteristics were generally similar among 

gastro-oesophageal cancer cases and non-cases in men. In women, both oesophageal 

and gastric cancer cases were more likely to be older, live in deprived areas 

compared with non-cases. Whereas women with oesophageal cancer were more 

likely to have a lower BMI and be smokers compared to non-cases. Women with 

gastric cancer were more likely to report more comorbidities and use statins and 

aspirin. Finally, male patients with gastro-oesophageal cancer and female patients 

with oesophageal cancer presented a higher SHBG level compared with non-cancer 

participants. 
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Table 5.2. Characteristics of gastro-oesophageal cancer cases and non-cases in the UK Biobank, separated by sex. 

 Men (n=219,365)  Women (n=145,616) 
 Oesophageal cancer Gastric cancer Oesophageal cancer Gastric cancer 
 Case Non-cases  Cases Non-cases  Case Non-cases  Cases Non-cases  

Count  406 218959  252 219113 94 145522 75 145541 
         
Median follow-up 
(interquartile range) 

3.9  
(2.1-5.6) 

7.1  
(6.3-7.8) 

3.4  
(2.0-5.4) 

7.1  
(6.3-7.8) 

4.1  
(2.5-5.6) 

7.1 
 (6.4-7.8) 

4.2 
(2.2-5.8) 

7.1  
(6.4-7.8) 

         
Year of diagnosis         
  2006-2009 47 (11.6)  36 (14.3)  7 (7.5)  8 (10.7)  
  2010-2013 218 (53.7)  147 (58.3)  52 (55.3)  39 (52.0)  
  2014-2016 141 (34.7)  69 (27.4)  35 (37.2)  28 (37.3)  
         
Age at baseline         
   <50 14 (3.5) 52378 (23.9) 18 (7.1) 52374 (23.9) 0 3742 (2.7) 0 3942 (2.7) 
  50-59 115 (28.3) 70842 (32.4) 52 (20.6) 70905 (32.4) 26 (27.7) 55966 (38.5) 15 (20.0) 55977 (38.5) 
  60-69 268 (66.0) 94633 (43.2) 175 (69.4) 94726 (43.2) 68 (72.3) 84744 (58.2) 58 (77.3) 84754 (58.2) 
  70+ 9 (2.2) 1106 (0.5) 7 (2.8) 1108 (0.5) 0 870 (0.6) 2 (2.7) 868 (0.6) 
         
Deprivation          
  1 (least deprived) 72 (17.7) 44093 (20.2) 40 (15.9) 44125 (20.2) 12 (12.8) 30056 (20.7) 7 (9.3) 30061 (20.7) 
  2 72 (17.7) 43534 (19.9) 37 (14.7) 43569 (19.9) 21 (22.3) 30362 (20.9) 16 (21.3) 30367 (20.9) 
  3 76 (18.7) 42905 (19.6) 52 (20.7) 42929 (19.6) 23 (24.5) 29899 (20.6) 13 (17.3) 29909 (20.6) 
  4 79 (19.5) 43159 (19.7) 59 (23.5) 43179 (19.7) 13 (13.8) 28731 (19.8) 19 (25.3) 28725 (19.8) 
  5 (most deprived) 107 (26.4) 44978 (20.6) 63 (25.1) 45022 (20.6) 25 (26.6) 26325 (18.1) 20 (26.7) 26330 (18.1) 
  Missing  0 290 1 289 0 149 0 149 
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Table 5.2. (continued). Characteristics of gastro-oesophageal cancer cases and non-cases in the UK Biobank, separated by sex. 

 Men (n=219,365)  Women (n=145,616) 
     Oesophageal cancer Gastric cancer   Oesophageal cancer Gastric cancer 
 Case Non-cases Cases Non-cases Case Non-cases Cases Non-cases 

Smoking status         

  Never 104 (25.9) 107102 (49.2) 76 (30.4) 107130 (49.2) 42 (44.7) 84810 (58.5) 46 (62.2) 84806 (58.5) 
  Former 219 (54.5) 82946 (38.1) 127 (50.8) 83038 (38.1) 36 (38.3) 48490 (33.5) 22 (29.7) 48504 (33.5) 
  Current  79 (19.6) 27552 (12.7) 47 (18.8) 27584 (12.7) 16 (17.0) 11656 (8.0) 6 (8.1) 11666 (8.0) 
  Missing  4 1359 2 1361 0 566 1 565 
         
Body mass index         
Normal/underweight    62 (15.5) 54745 (25.2) 44 (17.5) 54763 (25.2) 39 (41.9) 55278 (38.2) 29 (38.7) 55288 (37.2) 
  Overweight 196 (48.9) 107324 (49.4) 129 (51.4) 107391 (49.4) 36 (38.7) 55425 (38.3) 28 (37.3) 55433 (38.3) 
  Obese 143 (25.7) 55303 (25.4) 78 (31.1) 55368 (25.4) 18 (19.4) 34127 (23.6) 18 (24.0) 34127 (23.6) 
  Missing 5 1587 1 1591 1 692 0 693 
         
Alcohol consumption      
   Never  33 (8.2) 13852 (6.3) 27 (10.8) 13858 (6.3) 19 (20.2) 14505 (10.0) 6 (8.1) 14518 (10.0) 
  <1 day per wk  71 (17.6) 35511 (16.3) 53 (21.1) 35529 (16.3) 29 (30.8) 40168 (27.6) 23 (31.1) 40174 (27.6) 
  1-2 days per wk  98 (24.3) 56539 (25.9) 64 (25.5) 56573 (25.9) 18 (19.2) 36117 (24.8) 20 (27.0) 36115 (24.8) 
  3-4 days per wk  96 (23.8) 57093 (26.2) 44 (17.5) 27145 (26.2) 13 (13.8) 39482 (20.3) 16 (21.6) 29479 (20.3) 
  >4 days per wk  105 (26.1) 55228 (25.3) 63 (25.1) 55270 (25.3) 15 (16.0) 25134 (17.3) 9 (12.2) 25140 (17.3) 
  Missing 3 736 1 738 0 116 1 115 
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Table 5.2 (continued). Characteristics of gastro-oesophageal cancer cases and non-cases in the UK Biobank, separated by sex. 

 Men (n=219,365)  Women (n=145,616) 

 Oesophageal cancer Gastric cancer Oesophageal cancer Gastric cancer 
 Case Non-cases Cases Non-cases Case Non-cases Cases Non-cases 

Selected comorbidities        
  GORD  30 (7.4) 9433 (4.3) 13 (5.2) 9450 (4.3) 3 (3.2) 6473 (4.4) 5 (6.7) 6471 (4.4) 
  Ulcer disease 13 (3.2) 3489 (1.6) 6 (2.4) 3496 (1.6) 3 (3.2) 1438 (1.0) 1 (1.3) 1440 (1.0) 
  Diabetes  54 (13.3) 15101 (6.9) 29 (11.5) 15126 (6.9) 6 (6.4) 5764 (4.0) 9 (12.0) 5761 (4.0) 
  Oesophagitis 10 (2.5) 777 (0.4) 3 (1.2) 784 (0.4) 4 (4.3) 403 (0.3) 2 (2.7) 405 (0.3) 
         
Statin use 269 (33.7) 47365 (21.6) 78 (31.0) 47424 (21.6) 15 (16.0) 21803 (15.0) 19 (25.3) 21799 (15.0) 
Aspirin 105 (25.9) 40639 (18.6) 79 (31.3) 40665 (15.6) 9 (9.6) 17185 (11.8) 17 (22.7) 17177 (11.8) 
         
Sex hormone levels (nmol/L): Mean (SD*)       
  SHBG  42.5 (18.4) 39.5 (16.7) 44.7 (18.0) 39.5 (16.7) 63.1 (29.8) 58.1 (26.7) 56.1 (29.4) 58.1 (26.8) 
  Testosterone  11.8 (3.9) 12.0 (3.7) 12.0 (3.7) 12.0 (3.7) 1.12 (0.65) 1.09 (0.65) 1.14 (0.86) 1.09 (0.65) 
*SD: Standard deviation 
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5.4.2 Main and sensitivity analyses  

The associations between pre-diagnostic circulating sex hormones and risk of gastro-

oesophageal cancer are presented in Tables 5.3 (men) and 5.4 (women). Tables 5.5 

and 5.6 show the associations stratified by histological and anatomical subgroups in 

men and women, respectively. Results in sensitivity analysis of using a 1-year lag 

are listed in Appendix table F-1 (men) and Appendix table F-2 (women). Finally, 

Appendix table F-3 shows the results when replacing the unreportable values using 

half of the LOQ value. All Appendix tables in this chapter are listed in Appendix F. 

SHBG and gastro-oesophageal cancer risk  

The median SHBG concentration was 36.88 nmol/L in men, and 53.90 nmol/L in 

women. There were no associations between SHBG and oesophageal cancer risk in 

either men or women comparing the highest to the lowest concentrations (adjusted 

HR=1.09, 95% CI 0.79, 1.52 in men, and adjusted HR=1.20, 95% CI 0.61, 2.37 in 

women, respectively). The null associations were not altered when stratifying by 

histology for OAC or OSCC in either men or women. Sensitivity analyses also 

showed no association between SHBG and oesophageal cancer risk when using a 1-

year lag, and when replacing the unreportable values using half of the LOQ. 

For gastric cancer, higher SHBG across fourths was associated with an increased risk 

in men (adjusted HR=1.46, 95% CI 0.95, 2.25 comparing the highest to the lowest 

concentrations, and P-value for trend was 0.015). This increased risk did not alter 

when replacing unreportable values with half of the LOQ. Separate analysis by 

anatomy showed this increased risk in men was more marked for gastric non-cardia 

(adjusted HR=3.28, 95% CI 1.08, 10.06). Null associations were observed in women 
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in main (adjusted HR=0.90, 95% CI 0.42, 1.91 comparing the highest to the lowest 

concentrations) and sensitivity analyses.  

Testosterone and gastro-oesophageal cancer risk  

The median testosterone concentration was 11.46 nmol/L in men, and 0.98 nmol/L in 

postmenopausal women. There was no evidence of an association between 

testosterone and oesophageal cancer either in men or women (adjusted HR=1.08, 

95% CI 0.80, 1.46 in men, and adjusted HR=1.39, 95% CI 0.75, 2.58 in women). 

Similar results were found when using 1-year lag and replacing the LOQ values. 

However, subgroup analysis by cancer subsite showed OSCC risk was increased in 

men comparing the highest to the lowest testosterone concentrations (adjusted 

HR=2.91, 95% CI 1.19, 7.14) albeit it did not reach trend significance (P value for 

trend was 0.091), whereas no associations were observed in women and OSCC. 

Meanwhile, OAC risk was increased in women comparing the highest to the lowest 

testosterone concentrations (adjusted HR=3.51, 95% CI 1.15, 10.74, and P value for 

trend was 0.017), but no association in men and OAC. 

Null associations were observed between testosterone and gastric cancer risk in both 

men and women (adjusted HR=1.20, 95% CI 0.82, 1.75 in men, and adjusted 

HR=1.04, 95% CI 0.50, 2.16). The results were similar in analysis when stratifying 

by cancer subsites, using a 1-year lag, and replacing unreportable values with half of 

the LOQ value. 

Free testosterone and gastro-oesophageal cancer risk  

In this study, we estimated the median value of free testosterone as 0.21 nmol/L in 

men and 0.01 nmol/L in women. Overall, we did not find any evidence of an 
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association between free testosterone and oesophageal cancer risk (adjusted 

HR=0.96, 95% CI 0.69, 1.35 in men, and adjusted HR=0.98, 95% CI 0.47, 2.06 in 

women). Similar results remained in sensitivity analysis. Subgroup analyses by 

cancer subsites showed free testosterone was positively associated with OSCC in 

men (adjusted HR=1.73, 95% CI 0.78, 3.81), but inversely associated in women 

(adjusted HR=0.37, 95% CI 0.10, 1.38). However, these findings did not reach 

statistical significance.   

There was no evidence of any impact of free testosterone on gastric cancer risk in all 

main and sensitivity analysis.   

Oestradiol and gastro-oesophageal cancer risk  

In this study, oestradiol concentrations were below the LOQ for the majority of men 

and postmenopausal women. Although values below the LOQ were categorised into 

the low (reference) group, no association was observed between oestradiol and 

gastro-oesophageal cancer risk in all main and sensitivity analyses, either for man 

and women.  
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Table 5.3. Pre-diagnostic sex hormone concentrations and risk of gastro-oesophageal cancer in men in the UK Biobank 

 Person-
years 

Oesophageal cancer  Gastric cancer 

 Cases Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95% CI) Cases Unadjusted HR 

(95% CI) 
Adjusteda HR 
(95% CI) 

SHBG (nmol/L)  
<27.88 329514 68 1.00 1.00 36 1.00 1.00 
27.88 to <36.88 325838 76 0.88 (0.63, 1.22) 0.93 (0.67, 1.30) 40 0.91 (0.58, 1.43) 0.90 (0.56, 1.43) 
36.88 to <48.07 323893 94 0.94 (0.69, 1.29) 1.06 (0.77, 1.47) 67 1.35 (0.89, 2.03) 1.47 (0.96, 2.23) 
≥48.07 320201 105 0.92 (0.68, 1.26) 1.09 (0.79, 1.52) 76 1.36 (0.90, 2.04) 1.46 (0.95, 2.25) 
Missing  63 Ptrend=0.804 Ptrend=0.406 33 Ptrend=0.038 Ptrend=0.015 
        

Testosterone (nmol/L)  
<9.45 350527 114 1.00 1.00 62 1.00 1.00 
9.45 to <11.64 351902 99 0.90 (0.69, 1.18) 1.05 (0.80, 1.38) 53 0.88 (0.61, 1.27) 0.93 (0.63, 1.35) 
11.64 to <14.15 352218 80 0.74 (0.56, 0.99) 0.91 (0.68, 1.23) 60 1.01 (0.71, 1.45) 1.15 (0.79, 1.66) 
≥14.15 351477 87 0.85 (0.64, 1.12) 1.08 (0.80, 1.46) 58 1.03 (0.72, 1.47) 1.20 (0.82, 1.75) 
Missing  26 Ptrend=0.117 Ptrend=0.854 19 Ptrend=0.727 Ptrend=0.222 
        

Free testosterone (nmol/L)   
<0.18 318412 118 1.00 1.00 85 1.00 1.00 
0.18 to <0.21 322038 95 0.92 (0.70, 1.21) 1.02 (0.78, 1.34) 42 0.57 (0.39, 0.82) 0.57 (0.39, 0.84) 
0.21 to <0.25 324924 75 0.86 (0.64, 1.15) 0.96 (0.71, 1.30) 48 0.76 (0.53, 1.08) 0.86 (0.60, 1.23) 
≥0.25 327777 53 0.82 (0.59, 1.14) 0.96 (0.69, 1.35) 40 0.82 (0.55, 1.21) 0.93 (0.62, 1.39) 
Missing  65 Ptrend=0.190 Ptrend=0.767 37 Ptrend=0.284 Ptrend=0.753 
        

Estradiol (pmol/L)  
<175.0 1200900 316 1.00 1.00 199 1.00 1.00 
≥175.0 121843 39 1.22 (0.88, 1.71) 1.19 (0.85, 1.67) 21 1.04 (0.66, 1.63) 1.03 (0.65, 1.61) 
Missing  51   32   
aAdjusted for age at baseline, deprivation, smoking status, BMI, alcohol consumption diabetes, aspirin use and statin use. 
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Table 5.4. Pre-diagnostic sex hormone concentrations and risk of gastro-oesophageal cancer in women in the UK Biobank 

 Person-
years 

Oesophageal cancer  Gastric cancer 

 Cases 
Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95% CI) Cases 
Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95% CI) 
SHBG (nmol/L)  
<38.73 212950 18 1.00 1.00 18 1.00 1.00 
38.73 to <53.90 212610 16 0.86 (0.44, 1.38) 0.85 (0.43, 1.69) 19 1.00 (0.52, 1.90) 1.07 (0.55, 2.08) 
53.90 to <72.67 212926 17 0.92 (0.47, 1.78) 0.88 (0.44, 1.77) 10 0.53 (0.24, 1.14) 0.52 (0.22, 1.19) 
≥72.67 212392 26 1.40 (0.77, 2.56) 1.20 (0.61, 2.37) 16 0.84 (0.43, 1.65) 0.90 (0.42, 1.91) 
Missing  17 Ptrend=0.234 Ptrend=0.535 12 Ptrend=0.321 Ptrend=0.445 
        

Testosterone (nmol/L)  
<0.70 194066 19 1.00 1.00 16 1.00 1.00 
0.70 to <0.98 193499 18 0.96 (0.51, 1.84) 1.03 (0.54, 1.98) 11 0.70 (0.33, 1.52) 0.76 (0.35, 1.65) 
0.98 to <1.33 194224 10 0.54 (0.25, 1.16) 0.58 (0.27, 1.27) 15 0.97 (0.48, 1.97) 1.07 (0.52, 2.19) 
≥1.33 192137 23 1.27 (0.68, 2.33) 1.39 (0.75, 2.58) 14 0.93 (0.45, 1.91) 1.04 (0.50, 2.16) 
Missing  24 Ptrend=0.727 Ptrend=0.530 19 Ptrend=0.965 Ptrend=0.720 
        

Free testosterone (nmol/L)   
<0.008 176013 18 1.00 1.00 14 1.00 1.00 
0.008 to <0.01 176348 14 0.78 (0.39, 1.57) 0.88 (0.43, 1.79) 13 0.94 (0.44, 2.00) 1.04 (0.48, 2.26) 
0.01 to <0.02 175935 15 0.85 (0.43, 1.68) 0.99 (0.48, 2.00) 12 0.88 (0.41, 1.91) 1.00 (0.45, 2.19) 
≥0.02 175321 14 0.82 (0.41, 1.64) 0.98 (0.47, 2.06) 13 1.00 (0.47, 2.13) 1.16 (0.52, 2.59) 
Missing  33 Ptrend=0.622 Ptrend=0.967 23 Ptrend=0.958 Ptrend=0.761 
        

Estradiol (pmol/L)  
<175.0 844623 78 1.00 1.00 65 1.00 1.00 
≥175.0 33675 2 0.87 (0.21, 3.58) 0.95 (0.23, 3.90) 0 - - 
Missing  14   10   
aAdjusted for age at baseline, deprivation, smoking status, BMI, alcohol consumption diabetes, aspirin use and statin use. 
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Table 5.5. Pre-diagnostic sex hormone concentrations and gastro-oesophageal cancer subtypes in men in the UK Biobank 

 Person-
years 

OAC  OSCC  Gastric cardia  Gastric non-cardia 

 Cases 
Adjusteda HR 

(95% CI) Cases 
Adjusteda HR 

(95% CI) Cases 
Adjusteda HR 

(95% CI) Cases 
Adjusteda HR 

(95% CI) 
SHBG (nmol/L)  
<27.88 329514 56 1.00 8 1.00 16 1.00 4 1.00 
27.88 to <36.88 325838 63 0.93 (0.65, 1.35) 10 1.07 (0.40, 2.84) 20 1.16 (0.59, 2.28) 10 1.85 (0.56, 6.06) 
36.88 to <48.07 323893 77 1.08 (0.76, 1.54) 13 1.16 (0.45, 2.99) 36 1.93 (1.04, 3.59) 12 2.12 (0.67, 6.75) 
≥48.07 320201 81 1.07 (0.74, 1.54) 18 1.25 (0.49, 3.20) 34 1.66 (0.87, 3.18) 23 3.28 (1.08, 10.06) 
Missing  52 Ptrend=0.526 7 Ptrend=0.593 14 Ptrend=0.054 9 Ptrend=0.023 
          

Testosterone (nmol/L)  
<9.45 350527 102 1.00 8 1.00 33 1.00 14 1.00 
9.45 to <11.64 351902 72 0.86 (0.64, 1.17) 18 2.66 (1.10, 6.42) 26 0.90 (0.53, 1.53) 7 0.45 (0.17, 1.18) 
11.64 to <14.15 352218 71 0.93 (0.68, 1.27) 8 1.16 (0.41, 3.25) 27 1.04 (0.62, 1.76) 15 1.10 (0.52, 2.33) 
≥14.15 351477 62 0.90 (0.64, 1.25) 20 2.91 (1.19, 7.14) 26 1.10 (0.64, 1.90) 16 1.13 (0.53, 2.42) 
Missing  22 Ptrend=0.589 2 Ptrend=0.091 8 Ptrend=0.646 6 Ptrend=0.383 
          

Free testosterone (nmol/L)   
<0.008 318412 101 1.00 14 1.00 43 1.00 18 1.00 
0.008 to <0.01 322038 76 0.97 (0.71, 1.30) 8 0.67 (0.28, 1.60) 20 0.56 (0.32, 0.96) 10 0.60 (0.27, 1.34) 
0.01 to <0.02 324924 60 0.92 (0.66, 1.28) 14 1.30 (0.60, 2.80) 24 0.86 (0.51, 1.43) 13 1.04 (0.50, 2.15) 
≥0.02 327777 38 0.82 (0.56, 1.21) 13 1.73 (0.78, 3.81) 16 0.76 (0.41, 1.38) 7 0.74 (0.30, 1.83) 
Missing  54 Ptrend=0.328 7 Ptrend=0.105 17 Ptrend=0.441 10 Ptrend=0.751 
          

Estradiol (pmol/L)  
<175.0 1200900 256 1.00 45 1.00 96 1.00 47 1.00 
≥175.0 121843 31 0.16 (0.79, 1.69) 6 1.33 (0.57, 3.13) 12 1.22 (0.67, 2.23) 4 0.82 (0.30, 2.29) 
Missing  42  5  12  7  
aAdjusted for age at baseline, deprivation, smoking status, BMI, alcohol consumption, diabetes, aspirin use and statin use.  
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Table 5.6. Pre-diagnostic sex hormone concentrations and  gastro-oesophageal cancer subtypes in women in the UK Biobank 

    
Person-
years 

OAC  OSCC  Gastric cardia  Gastric non-cardia 

 Cases Adjusteda HR 
(95% CI) Cases Adjusteda HR 

(95% CI) Cases 
Adjusteda HR 

(95% CI) Cases 
Adjusteda HR 

(95% CI) 
SHBG (nmol/L)  
<38.73 212950 11 1.00 6 1.00 3 1.00 9 1.00 
38.73 to <53.90 212610 5 0.49 (0.17, 1.44) 11 1.60 (0.58, 4.42) 5 1.56 (0.36, 6.72) 6 0.70 (0.24, 2.02) 
53.90 to <72.67 212926 8 0.85 (0.32, 2.22) 8 1.07 (0.35, 3.24) 3 0.92 (0.17, 4.93) 4 0.47 (0.14, 1.63) 
≥72.67 212392 10 1.13 (0.43, 3.00) 14 1.50 (0.52, 4.34) 5 1.51 (0.31, 7.33) 7 0.80 (0.26, 2.45) 
Missing  7 Ptrend=0.655 9 Ptrend=0.659 3 Ptrend=0.778 1 Ptrend=0.581 
          

Testosterone (nmol/L)  
<0.70 194066 4 1.00 13 1.00 6 1.00 3 1.00 
0.70 to <0.98 193499 6 1.50 (0.42, 5.31) 11 0.97 (0.43, 2.21) 3 0.52 (0.13, 2.10) 3 1.02 (0.21, 5.08) 
0.98 to <1.33 194224 6 1.50 (0.42, 5.32) 4 0.37 (0.12, 1.13) 5 0.91 (0.28, 3.01) 6 2.09 (0.52, 8.40) 
≥1.33 192137 14 3.51 (1.15, 10.74) 8 0.77 (0.31, 1.89) 3 0.57 (0.14, 2.31) 6 2.20 (0.54, 8.83) 
Missing  11 Ptrend=0.017 12 Ptrend=0.265 2 Ptrend=0.586 9 Ptrend=0.165 
          

Free testosterone (nmol/L)   
<0.008 176013 4 1.00 12 1.00 5 1.00 3 1.00 
0.008 to <0.01 176348 5 1.24 (0.33, 4.65) 9 0.91 (0.37, 2.21) 5 1.04 (0.30, 3.63) 4 1.42 (0.32, 6.39) 
0.01 to <0.02 175935 9 2.22 (0.67, 7.36) 6 0.65 (0.24, 1.81) 3 0.65 (0.15, 2.77) 6 2.28 (0.56, 9.31) 
≥0.02 175321 10 2.45 (0.73, 8.18) 3 0.37 (0.10, 1.38) 3 0.71 (0.16, 3.13) 5 2.06 (0.47, 9.09) 
Missing  13 Ptrend=0.085 18 Ptrend=0.119 3 Ptrend=0.524 9 Ptrend=0.260 
          

Estradiol (pmol/L)  
<175.0 844623 32 1.00 42 1.00 16 1.00 26 1.00 
≥175.0 33675 1 1.00 (0.13, 7.46) 0 - 0 - 0 - 
Missing  8  6  3  1  
aAdjusted for age at baseline, deprivation, smoking status, BMI, alcohol consumption, diabetes, aspirin use and statin use.   
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5.5 Discussion  

5.5.1 Main findings 

This was the first prospective analysis to comprehensively investigate the association 

between pre-diagnostic sex hormone concentrations and gastro-oesophageal cancer 

risk in both men and women. This study found that SHBG was positively associated 

with gastric cancer in men, but no association was shown in women. Testosterone, 

free testosterone, and oestradiol were not associated with gastric cancer risk in both 

men and women. In addition, there was no evidence of an association between 

oesophageal cancer and sex hormone concentrations in either men or women, with 

the exception of suggestive evidence that testosterone might play a role in 

oesophageal cancer development, but this role varies from sex and cancer subtypes 

(i.e. higher testosterone increased the risk of OSCC in men, and increased the risk of 

OAC in women).  

5.5.2 Comparison with previous studies 

Sex hormones and oesophageal cancer  

This study showed no significant association between pre-diagnostic sex hormone 

concentrations and overall risk of oesophageal cancer in men or women, however in 

subgroup analysis by histology, higher testosterone level was observed to increase 

the risk of OAC in women significantly, and also to increase the risk of OSCC in 

men. 

The null association between testosterone and OAC in men in this study contrasts 

two prior cohort studies which in combination suggested higher circulating 
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testosterone levels may decrease the risk of OAC in men despite not reaching 

statistical significance in individual studies50,51. This may reflect the differences in 

testosterone measurements where testosterone was measured by mass spectrometry 

in both previous studies, but the UK Biobank analysed testosterone concentration by 

chemiluminescent immunoassay. These results also contradicts observational studies 

showing a lower oesophageal cancer risk in prostate cancer patients, who are likely 

to be receiving androgen deprivation therapy213,214, and in users of 5ARIs, 

medications that lower circulating androgen levels57.  

Similarly, the previous US-based study in men used mass spectrometry to quantitate 

oestradiol, and found that higher concentrations were associated with a reduced risk 

of gastro-oesophageal cardia adenocarcinoma51, but the Norwegian study, which 

used an immunoassay (with 36% of samples below the lower limit of detection), did 

not replicate this result50. The results for oestradiol using immunoassay measurement 

in the UK Biobank did not present any associations in men or women. 

Findings of null association between SHBG and oesophageal cancer in men in this 

study were consistent with the previous US and Norwegian prospective population-

based studies50,51. 

Besides of the prospective cohort studies, there have been a few retrospective case-

control studies conducted investigating circulating sex hormones and risk of OAC. A 

population-based case–control study conducted on the island of Ireland found that 

higher androgen:oestrogen ratio was associated with increased odds of OAC in 

men49. However, as blood samples were taken at diagnosis, the study could 

potentially be at risk of reverse causation where sex hormone concentrations may be 

affected by the tumour (or cancer related conditions such as cachexia)49. 
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Sex hormones and gastric cancer  

No study has specifically investigated gastric cancer risk with respect to sex 

hormone levels, despite a two-fold higher incidence in men compared in women. 

This study found an increased risk of gastric cancer in men with higher circulating 

concentrations of SHBG. Polymorphisms in SHBG, and catechol-O-

methyltransferase (involved in oestrogen inactivation), have been shown to be 

associated with gastric cancer risk368 and epidemiological studies in women have 

shown some protective associations for longer years of fertility and use of HRT, 

suggesting that oestrogen may be protective96. Higher SHBG levels have been 

hypothesised to reduce concentrations of free oestrogens, which in turn may promote 

gastric cancer development369, but this study found no association with oestradiol 

concentrations and gastric cancer risk in men, and it was unable to conduct analysis 

of oestradiol in women because of small numbers.  

The mechanism of an association between gastric cancer risk and SHBG is 

unknown.  Although SHBG plays an integral role in the regulation of free oestradiol 

and testosterone in circulation, it may have biological functions independent of sex 

hormone binding370. Given the limited evidence, the novel findings for gastric cancer 

require verification in other prospective cohorts to determine potential applications 

of sex hormones or analogs in the prevention of these cancers.  

5.5.3 Strengths 

This study is the largest to date, and for the first time in a cohort, we were able to 

include both men and women.  
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This study collected serum samples that were collected up to 10 years before cancer, 

reducing potential reverse causation. Selection bias was limited because sex 

hormones were measured in the whole study population, and we were able to 

investigate a number of gastrointestinal cancers, minimizing potential measurement 

error371. For the first time, we were able to investigate risk of gastric and OSCC, and 

OAC cancer in women.  

In addition, in all analyses, we were able to adjust for a wide range of covariates, 

including many of the main risk factors for gastro-oesophageal cancer, such as age at 

baseline, deprivation, smoking, BMI, alcohol consumption, diabetes, and statins and 

aspirin use which has been discussed in Chapter 4. 

5.5.4 Limitations 

There were several limitations in this study. First, some analysis in women, 

particularly oestradiol, were limited by reduced numbers. As described, a large 

proportion of participants had oestradiol levels below the LOQ, which is expected in 

men and postmenopausal women using chemiluminescent immunoassay, and 

although we replaced these values with half of the LOQ value, the resultant 

dichotomized exposure may have attenuated associations preventing us from 

replicating results of some studies.  

Second, the UK Biobank participants are generally healthier compared with the UK 

population, but risk factor–disease estimations are generalizable339. In addition, sex 

hormone concentrations were measured at one time point, but serum samples have 

shown good correlation with concentrations up to 3 years after baseline372.  
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Moreover, although we adjusted for a wide range of confounders, we cannot rule out 

potential residual confounding, for example, pack years of smoking, duration of 

diabetes, or H. pylori infection. Furthermore, this study used an area-based 

deprivation measure, which is relatively crude; however, it is likely be a proxy for 

other confounders associated with deprivation.  

Finally, a number of associations were investigated therefore increasing the chance 

of Type 1 error. 

5.5.5 Recommendations for future research 

This study provides some evidence that higher SHBG may be a potential risk factor 

for gastric cancer, but further studies are warranted to replicate this finding. Also, 

future studies will require collaborative pooling of cohorts to ensure sufficient 

sample sizes, particularly for women. In addition, as this study is based on sex 

hormone levels measured at one time point only, future studies should aim to collect 

multiple blood samples over time to minimise potential exposure misclassification. 

Finally, this study assessed the samples using chemiluminescent immunoassay 

resulting in a large unreported oestradiol values due to below LOQ, future studies 

should use more analytic sensitivity measurement, such as mass spectrometry.
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5.6 Conclusions 

In conclusion, in the first prospective study to investigate pre-diagnostic sex 

hormones and risk of oesophageal and gastric cancer in both men and women, there 

was some evidence that higher SHBG level was associated with an increased risk of 

gastric cancer in men. And there was some suggested evidence that higher 

testosterone might increase the risk of OSCC in men and it is also suggested to 

increase the risk of OAC in women. Further large population-based studies are 

however required to replicate these findings to determine if sex hormone modulation 

could be of benefit in the prevention of these cancers.  
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6.1 Introduction  

6.1.1 Study rationale  

Investigations into sex hormone factors have shown some evidence of associations 

with gastro-oesophageal cancer, supporting the hypothesis that sex hormones may be 

a possible explanation for sex disparities in gastro-oesophageal cancer incidence. 

which have been described in Chapter 3 and Chapter 5. 

Female reproductive factors have a large influence on endogenous sex hormones and 

therefore may be associated with risk of gastro-oesophageal cancer. Previous meta-

analyses have shown age at menopause, parity, and breastfeeding were inversely 

associated with decreased oesophageal cancer risk, but postmenopausal status was 

associated with increased risk53,54. Similarly, a meta-analysis of studies investigating 

into gastric cancer risk has shown reduced risks in women with the longer durations 

of fertility, but null association with age at menarche, age at menopause, parity, age 

at first birth, and use of oral contraceptives96. More recently, a large European 

prospective cohort study found an inverse association between risk of OAC and 

parity, a decrease in the risk of gastric non-cardia cancer in women who were older 

at first pregnancy, an increased risk of gastric non-cardia in women with a bilateral 

ovariectomy, and null associations with other reproductive factors373.  

Investigations into female reproductive factors and gastro-oesophageal cancer 

mortality have been limited. Increased standardised gastric cancer-specific mortality 

ratio was reported among women with at least five deliveries in Taiwan (China)374, 

but not in Finland375. This increased association was also observed in another 

Taiwan study in which the authors included all women with parity records and 
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observed number of parity was positively associated with risk of gastric cancer 

mortality376. Whilst null association was observed between grand multiparity 

(women with a large number of parity) and oesophageal cancer mortality374,375. Also, 

previous study investigating the impact of parity on women diagnosed with OSCC 

has shown no association between parity and cancer mortality377. In addition, a Japan 

study provided no significant changes on gastric cancer deaths with productive 

factors378.  

Further study of female reproductive factors and gastro-oesophageal cancer risk is 

necessary as there has been so few studies investigating these associations. 

Furthermore, female reproductive factors are strongly associated with behavioural 

factors such as socioeconomic status, lifestyle exposure (e.g. smoking and alcohol), 

and nutrition379, but some previous studies did not account for these important 

confounders374,375. Meanwhile, the distribution of some female reproductive factors 

is specific in mainland China due to the unique setting of one child policy. This 

thesis therefore conducted a large prospective cohort study to evaluate the 

reproductive factors and risk of gastro-oesophageal cancer mortality in women in 

mainland China. Importantly, a wide range of confounders were contained for 

adjustment. 

6.1.2 Menstrual cycle and fertility duration 

Female menstrual cycle occurs under the control of sex hormone regulation and 

influenced by environmental exposures380. Menarche is the start of female 

reproductive life, characterized by the onset of the first menstrual bleeding which 

generally occurs between 9 and 16 years380, from which women started to increase 

exposure to endogenous steroids. Whilst menopause is the end of fertility life, which 
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generally occurs between 48 and 54 years380, from which oestrogen production 

declines, also symbolizing the aging. Figure 6.1 shows the hormone changes with 

menstrual cycle, pregnancy, and menopause.  

Early menarche (before age 12 years) has long been proved as a risk factor for breast 

cancer, suggesting it might be due, in part, to the increased lifetime exposure to 

oestrogen347,381.  

Findings from epidemiological studies into menstrual factors and gastro-oesophageal 

cancer have shown inconsistent conclusions. A systematic review into gastric cancer 

risk showed controversial findings with age at menarche from eleven studies, no 

association with age at menopause from eight studies, and an inverse association 

with years of fertility from eight studies96. For oesophageal cancer, meta-analysis 

revealed no association with age menarche from seven studies, and an inverse 

relationship with age at menopause from seven studies54.  

Although some studies have examined the impact of menstrual status on human 

mortality, few studies specified to gastro-oesophageal cancer mortality. A Japan 

cohort study showed early menarche and late menopause were not associated with 

gastric cancer mortality378. 
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Figure 6.1. Hormone changes with menstrual cycle, pregnancy, and menopause382  

Permission to reuse the figure is granted by Elsevier
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6.1.3 Parity  

As shown in Figure 6.1, pregnancy exposes women to markedly higher levels of 

oestrogen and progesterone. Parity, the number of pregnancies and/or deliveries， 

reflects the frequency of such high-level exposure, and therefore may be associated 

with gastro-oesophageal cancer.  

A number of studies have been conducted into gastro-oesophageal cancer risk but 

have not reached consistent conclusions53,373,383. Investigations into women with at 

least five deliveries also have shown inconsistent findings with one reported these 

women had higher risk of gastric cancer mortality5 and the other showed no 

association6. Such inconsistency also occurred when expanding the research 

population to general cohort376,378. Whilst null association have been observed 

between higher parity and oesophageal cancer mortality5,6.  

6.1.4 Oral contraceptive pill use 

Oral contraceptives include two main preparations, one is combined oestrogen and 

progesterone and the other is progestogen-only. A number of epidemiological studies 

have investigated contraceptives in relation to gastro-oesophageal cancer risk but 

results have been inconsistent. 

A systematic review pooled results from three previous studies and showed a 

decrease of OAC cancer in contraceptive users compared with non-users384. A null 

association was found for gastric cancer risk from another systematic review which 

extracted data from four previous studies96. A more recent UK study showed no 

association between contraceptives and gastro-oesophageal cancer risk385. 
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6.1.5 Oophorectomy and hysterectomy 

Uterus and ovaries, as the main parts of female reproductive system, and play a vital 

role in the production and management of endogenous hormones. Hysterectomy (i.e. 

uterus removal surgery) and oophorectomy (i.e. ovary removal surgery) before 

natural menopause, drop sex hormone concentrations abruptly, and therefore may be 

associated with gastro-oesophageal cancer.  

To our knowledge, there was no epidemiological studies has investigated the impact 

of oophorectomy and hysterectomy on gastro-oesophageal cancer mortality. 
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6.2 Aims and objectives 

The main aim of this study was investigating the associations between female 

reproductive factors and the risk of gastro-oesophageal cancer mortality in women in 

Mainland China.  

Specific objectives of this study were: 

1) Investigating whether menstrual cycle (age at menarche, age at menopause, 

menopause status, and fertility duration) is associated with gastro-

oesophageal cancer mortality. 

2) Investigating whether parity (numbers of pregnancies, number of live births, 

age at first live birth, stillbirths, miscarriages, and induced abortion) is 

associated with gastro-oesophageal cancer mortality. 

3) Investigating whether oophorectomy or hysterectomy is associated with 

gastro-oesophageal cancer mortality. 

4) Investigating whether oral contraceptive pill use is associated with gastro-

oesophageal cancer mortality.
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6.3 Methods 

6.3.1 Data source  

Data were obtained from the China Kadoorie Biobank (CKB) linked to the National 

Mortality Surveillance System (NMSS).  

China Kadoorie Biobank 

In 2004, for the purpose of the investigations into the determinants of chronic 

diseases in Chinses population, Kadoorie Study of Chronic Disease in China 

(KSCDC) was established with support from public funding bodies and charities 

including the Kadoorie Charitable Foundation, UK Wellcome Trust, Oxford 

University, UK Medical Research Council, the British Heart Foundation, and UK 

Cancer Research.  The study aimed to recruit approximately 500,000 adults from 10 

geographically defined regions across the mainland in China. KSCDC, since 

renamed as CKB, is one of the largest cohort study worldwide386,387.  

From 2004 to 2008, the CKB recruited approximately 512,700 adults aged between 

30 and 79 years from five rural and five urban areas across China, see Figure 6.2 for 

the geographical distribution of regions included in this study. Each participant was 

asked to bring their unique national identity card to visit an assessment centre near to 

them to complete an interviewer-administered electronic questionnaire, take physical 

measurements, and provide blood samples. Information collected through 

questionnaire included demographics, socio-economic status, lifestyle and 

environmental exposures, and health related factors387. Reproductive history was 

also collected for female participants. The physical measurements captured the 
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height, weight, hip and waist circumference, bio-impedance, lung function, carbon 

monoxide, blood pressure and pulse rate387. Blood sample was collected by trained 

staffs387. A quality control survey was done a few weeks after the baseline survey 

which involved approximately 3% of the participants randomly selected to repeat 

questionnaire and measures on selected items387.  

 

Figure 6.2. The location of ten study areas in the CKB387 

Permission to reuse the figure is granted by Oxford University Press 

 

National Mortality Surveillance System 

China has yet to establish a complete mortality registration to record deaths with 

detailed information on date and underlying causes. In order to accelerate the 

development of the nationwide mortality system, the NMSS was created in 2013388. 

It brought together data from the vital registration and the Disease Surveillance 

Points (DSP)388.  
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Vital registration, a sample-based registration, was established to obtain the vital 

death information including age, sex and causes of death since 1950s389. By 2012, it 

has expanded to include 319 sites from 22 provinces, covering approximately 230 

million Chinses people388. The data collection process can be briefly described as: 

when a person died, family members reported the death to vital registration office to 

obtain a death certificate (essential to deregister the permanent residence and to 

allow burial) which was completed by trained staff in vital registration on the basis 

of the information from family members, medical records and other relevant 

documents389. From 1999, ICD-9 code was used to record the causes of death but 

this was replaced with ICD-10 since 2002388,389. Mortality data were transferred to 

China National Health Commission monthly.  

DSP, also sample-based, was established in 1978 by Chinese Center for Disease 

Control and Prevention (China CDC) in order to improve the usability of data from 

vital registration, also to make it nationally representative389. By 2004, DSP has 

established 161 monitoring points, covering 73 million population388. The data 

collection process was similar to vital registration, but more detailed and precise. For 

example, for deaths occurring in hospital, the death certificate was completed by the 

attending physician, and for deaths occurring at home, village health care staff 

reported the death which was then completed by trained staff389.   

NMSS integrated these two mortality systems, and provided a nationally 

representative picture of mortality under the quality control which has been 

described previously389.   
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CKB linkage to NMSS mortality data 

All ten study areas in the CKB are covered by NMSS388,389. For CKB participants, 

cancer-specific mortality was monitored by NMSS, and checked annually for quality 

control. Approximately 95% CKB deaths were recorded precisely using ICD-10 

codes, and for those without recent medical records (approximately 5% deaths), 

standardised verbal autopsy was used to determine probable causes on the basis of 

symptoms and signs described by informants390,391.  

Ethical approval and data access 

The CKB has ethical approval from the China CDC and UK Oxford University. 

Approvals were also obtained from institutional research boards at the local CDCs in 

the 10 regions. All participants provided written informed consent. Access to CKB 

data was approved and facilitated by CKB (application number: DAR-2018-00055).  

6.3.2 Study design 

A prospective cohort study was conducted within the CKB. In the main analysis, 

follow-up was started from the baseline and ended at the earliest of gastro-

oesophageal cancer death, censoring, or 31 December 2014. During the follow-up, 

deaths from gasto-oesophageal cancer were identified based upon the underlying 

cause of death (from the China NMS mortality data) using ICD codes C15 and C16, 

respectively. Individuals with previous cancer diagnosis before baseline, or without 

complete BMI records were excluded.  
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6.3.3 Exposure 

Female reproductive history including age at menarche, age at menopause, 

menopause status, number of pregnancies, number of live births, age at first live 

birth, breastfeeding for each child, stillbirths, spontaneous abortions, induced 

abortions, use of oral contraceptive pills (never, ever, and current; as well the age at 

first use and the duration of use), hysteretomy, and oophorectomy was self-reported 

by participants using the questionnaire at baseline. Fertility duration then was 

determined by age at first menarche and age at menopause based upon the formula:  

Fertility duration = age at menopause – age at menarche 

6.3.4 Covariates  

Basic information on demographics was collected at baseline, including the date of 

birth, sex, residential areas, education (no formal school, primary school, middle 

school, high school, and college/university), current occupation (agriculture related 

workers, factory worker, non-manual, and others), household income (<4,999 yuan, 

5,000-19,999 yuan, 20,000-34,999 yuan, and ≥35,000 yuan), and physical 

activities392 (metabolic equivalent task [MET] hours per day spent in occupational, 

commuting, domestic, and leisure-time). In addition, potential risk factors for gastro-

oesophageal cancer were retrieved, including smoking status and alcohol 

consumption (never, former and current), BMI, and comorbidities (including 

hypertension, peptic ulcer, diabetes, stoke, chronic heart disease, chronic obstructive 

pulmonary disease [COPD]).  

Other potential confounders also were ascertained from baseline, including the years 

of fridge use, shortage history (yes or no), and frequency of consumption of fresh 
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fruits, fresh vegetables, preserved vegetables, meat, egg, fish, soybean, poultry, rice, 

wheat, and other staple e.g. corn and millet (daily, 4-6 days per week, 1-3 day per 

week, monthly, and never/rarely) during the past 12 months.  

6.3.5 Statistical analysis  

Characteristics between deaths and non-deaths were compared using descriptive 

statistics for continuous variables, and frequencies and percentages for categorical 

variables. 

Main analysis 

Cox proportional hazards regression models (with age as the underlying timescale) 

were used to calculate HR and 95% CIs for the associations between female 

reproductive factors and gastro-oesophageal cancer mortality. In the adjusted 

analysis, the main model contained age at baseline, living areas, BMI, smoking 

status, alcohol consumption, highest level of education, household income, current 

occupation, physical activity, and comorbidities (including hypertension, peptic 

ulcer, diabetes, stoke, chronic heart disease, and COPD). Analysis was then repeated 

by additionally adjusted for nutritional and dietary factors, including years of fridge 

use, shortage history, and frequency of consumption of fresh fruits, fresh vegetables, 

preserved vegetables, meat, egg, fish, soybean, poultry, rice, wheat, and other staples 

(e.g. corn and millet) during the past 12 months.  

Analysis was conducted by the outcome of gastro-oesophageal cancer-specific 

mortality, oesophageal cancer-specific mortality, and gastric cancer-specific 

mortality, respectively. 
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Sensitivity analysis  

In order to reduce the risk of reverse causation, analyses were repeated using a 1-

year lag in which participants who died within one year after baseline were removed, 

and the follow-up was started from one year after baseline.  

Also, analyses were conducted by restricting to participants with more reliable data 

based upon the CKB assessment of the reliability of the information collected at 

baseline.   

Finally, we conducted an analysis restricted to post-menopausal women for 

consistency with some previous studies378.
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6.4 Results  

6.4.1 Patient cohort  

There were a total of 512,714 participants recruited for CKB, including 210,204 

males and 302,510 females. Of whom, 1,187 participants (893 males and 294 

females; M:F 4.2:1) died due to oesophageal cancer, and 1,453 participants (995 

males and 458 females; M:F 3.1:1) died due to gastric cancer, compositing a total of 

2,640 gastro-oesophageal cancer-specific deaths, presenting a male predominance 

(data not shown).  

This study was restricted to women only, and removed the participants with a prior 

cancer diagnosis before baseline and those without complete BMI records, leaving 

300,899 in the main analysis. Of whom 278 were reported to have died from the 

underlying cause of oesophageal cancer and 440 died from gastric cancer with a total 

of 718 gastro-oesophageal cancer deaths during the median follow-up of 8.2 years 

(interquartile range: 7.3–9.1 years).  

Patient characteristics within the CKB in this study are shown in Table 6.1. 

Generally, those who died from gastro-oesophageal cancer were more likely to be 

older, from rural areas, have lower household income, have poorer nutrition, have 

more comorbidities, compared with the rest of cohort. 
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Table 6.1. Characteristics of female participants in China Kadoorie Biobank 
 
 Oesophageal cancer  Gastric cancer 
 Deaths Non deaths Deaths Non deaths 
Participants  278 300621 440 300459 
     
Median follow-up  
Quarter 

4.5  
(2.7-6.5) 

8.2 
(7.3-9.1) 

4.5 
(2.5-6.5) 

8.2 
(7.3-9.1) 

     
Mean age at death 
(SDb) 67.0 (8.6)  66.7 (9.1)  

     
Year of death     
2004-2007 23 (8.3)  29 (6.6)  
2008-2011 166 (60.0)  227 (51.6)  
2012-2014 89 (32.0)  184 (41.8)  
     
Age at baseline     
30-39 4 (1.4) 47967 (16.0) 13 (3.0) 47,958 (16.0) 
40-49 12 (4.3) 93221 (31.0) 45 (10.2) 93,188 (31.0) 
50-59 90 (32.4) 93105 (31.0) 134 (30.5) 93061 (31.0) 
60-69 104 (37.4) 49925 (16.6) 159 (36.1) 49870 (16.6) 
70+ 68 (24.5) 16403 (5.5) 89 (20.2) 16382 (5.4) 
     
Rural area  235 (84.5) 166768 (55.5) 240 (54.6) 166763 (55.5) 
     
Household income      
<4,999 yuan  91 (32.7) 30441 (10.1) 117 (26.6) 30415 (10.1) 
5,000-19,999 yuan  155 (55.8) 147774 (49.2) 219 (50.0) 147710 (49.2) 
20,000-34,999 yuan 22 (7.9) 72869 (24.2) 61 (13.9) 72830 (24.2) 
≥35,000 yuan 10 (3.6) 49537 (16.5) 43 (9.8) 49504 (16.5) 
     
Current occupation     
Agriculture 170 (61.1) 122170 (40.6) 196 (44.5) 122144 (40.6) 
Factory <5a 32095 (10.7) 14 (3.2) 32083 (10.7) 
non-manual <5a 26954 (9.0) 11 (2.5) 26945 (9.0) 
others 104 (37.4) 119402 (39.7) 219 (49.8) 119287 (39.7) 
     
Education     
No formal school 138 (49.6) 76019 (25.3) 209 (47.5) 75948 (25.3) 
Primary school 107 (38.5) 94441 (31.4) 132 (30.0) 94416 (31.4) 
Middle school 29 (10.4) 76310 (25.4) 62 (14.1) 76277 (25.4) 
High school <5a 40531 (13.5) 29 (6.6) 40504 (13.5) 
University/college <5a 13320 (4.4) 8 (1.8) 13314 (4.4) 
     
Smoking status     
Never 255 (91.7) 285406 (94.9) 398 (90.5) 285263 (94.9) 
Former 8 (2.9) 2612 (0.9) 4 (0.9) 2616 (0.9) 
Current  15 (5.4) 12603 (4.2) 38 (8.6) 12580 (4.2) 
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Table 6.1 (continued). Characteristics of female participants in China Kadoorie 
Biobank 
 
 Oesophageal cancer  Gastric cancer 
 Deaths Non deaths Deaths Non deaths 
BMI (Mean, SDb) 23.5 (3.9) 23.8 (3.5) 23.5 (3.7) 23.8 (3.5) 
Underweight (<18.5) 24 (9.6) 12815 (4.3) 34 (7.7) 12805 (4.3) 
Normal (18.5-24.9) 161 (57.9) 184834 (61.5) 261 (59.3) 184734 (61.5) 
Overweight (25-
29.9) 78 (28.1) 88366 (29.4) 118 (26.8) 88326 (29.4) 
Obese (≥30) 15 (5.4) 14606 (4.9) 27 (6.1) 14594 (4.9) 
     
Nutrition     
Shortage 135 (48.6) 52122 (17.3) 172 (39.1) 52085 (17.3) 
Have fridge 94 (33.8) 162224 (54.0) 182 (41.4) 162136 (54.0) 
Fresh fruits  32 (11.5) 95462 (31.7) 104 (23.6) 95390 (31.7) 
Fresh vegetables  267 (96.0) 284588 (94.7) 401 (91.4) 284454 (94.7) 
Preserved veg 49 (17.6) 68686 (22.9) 134 (30.5) 68601 (22.8) 
Meat  33 (11.9) 132549 (44.1) 136 (30.9) 132446 (44.1) 
Egg  53 (19.1) 70757 (23.5) 92 (20.9) 70718 (23.5) 
Fish  5 (1.8) 25517 (8.5) 24 (5.5) 25498 (8.5) 
Soybean  15 (5.4) 27906 (9.3) 43 (9.8) 27878 (9.3) 
Poultry  19 (6.8) 77199 (25.7) 68 (15.5) 77150 (25.7) 
Rice 88 (31.6) 217644 (72.4) 269 (61.1) 217463 (72.4) 
Wheat  199 (71.6) 135711 (45.1) 222 (50.5) 135688 (45.2) 
Other staple  172 (61.9) 40826 (13.6) 59 (13.4) 40939 (13.6) 
     
Alcohol consumption    
Never  125~130 a 191144 (63.6) 306 (70.0) 190965 (63.6) 
Former <5a 1309 (0.4) <5a 1309 (0.4) 
Current 148 (53.2) 108168 (36.0) 130~135a 108185 (36.0) 
     
Selected comorbidities    
Hypertension   42 (15.1) 35631 (11.9) 73 (16.6) 35600 (11.9) 
Peptic ulcer  13 (4.7) 8762 (2.9) 29 (6.6) 8746 (2.9) 
Diabetes  22 (7.9) 18404 (6.1) 43 (9.8) 18383 (6.1) 
Stoke  8 (2.9) 3933 (1.3) <5a 3938 (1.3) 
Chronic heart 
disease 6 (2.2) 9657 (3.2) 20 (4.6) 9643 (3.2) 
COPD 30 (10.8) 18483 (6.2) 42 (9.6) 18471 (6.2) 
aRanges presented for statistical disclosure control. 
bSD: Standard deviation 
cRegular consumption means consuming food products for at least 4 days per 
week, except for fresh vegetables where it means daily consumption and poultry 
where it means consuming at least 1 day per week, during past 12 months. 
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6.4.2 Main and sensitivity analysis  

Table 6.2 shows the main results of the associations between female reproductive 

factors and gastro-oesophageal cancer-specific mortality. Separate analysis by cancer 

sites (oesophageal and gastric cancer, respectively) is shown in Table 6.3. Sensitivity 

analysis results are shown in Appendix table G-1 (using 1-year lag) and Appendix 

table G-2 (restricting to women with high data quality), see Appendix G. 

Age at menarche    

On average, age at menarche was one year later in deaths compared with non-deaths 

(median age at 16 years in gastro-oesophageal cancer deaths vs. 15 years in non-

deaths, data not shown). There was little evidence of an altered risk of gastro-

oesophageal cancer with later age at menarche either before or after adjustment for 

confounders (comparing women under 12 to over 18 the unadjusted HR=1.11, 95% 

CI 0.71, 1.71; and fully adjusted HR=0.83, 95% CI 0.54, 1.29), see Table 6.2.  

The findings were not markedly altered when stratifying by cancer sites, using 1-

year lag, and restricting to high-quality data.  

Age at menopause  

Generally, age at menopause was similar between gastro-oesophageal cancer deaths 

and non-deaths (data not shown). This study observed some associations before 

adjustments but these associations were attenuated after adjusting for confounders 

(comparing women over 55 to under 45 years, fully adjusted HR=0.99, 05% CI 0.68, 

1.43).  
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Null association were observed when stratifying by cancer sites, using 1-year lag, 

and restricting to high-quality data. 

Menopause status  

Compared with pre-menopausal women, there were no changes in gastro-

oesophageal cancer-specific mortality in menopausal (fully adjusted HR=1.03, 95% 

CI 0.57, 1.88) and post-menopausal women (fully adjusted HR=1.19, 95% CI 0.77, 

1.84).  

Similar patterns were observed in gastric cancer deaths, but a more marked increase 

of oesophageal cancer mortality was observed in menopausal (fully adjusted 

HR=1.33, 95% CI 0.42, 4.20) and post-menopausal (fully adjusted HR=1.90, 95% 

CI 0.78, 4.19) women albeit they did not reach statistical significance.  

There was no evidence of an association between menopause status and gastro-

oesophageal cancer mortality when using a 1-year lag and restricting to women with 

high-quality data.   

Years of fertility 

Overall, there was an inverse association between duration of fertility and gastro-

oesophageal cancer mortality (comparing women with over 37 years of fertility 

compared with under 30 years unadjusted HR=0.79, 95% CI 0.63, 0.99), but this 

association attenuated when adjusting for relevant confounders (adjusted HR=0.95, 

95% CI 0.76, 1.20), and further attenuated when additionally adjusted for nutritional 

factors (fully adjusted HR=1.00, 95% CI 0.80, 1.26).  

Similar findings were observed across sensitivity analyses. 
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Number of pregnancies  

Overall, there was no significant difference in risk of gastro-oesophageal cancer 

mortality in women with at least five pregnancies compared with women with one or 

two pregnancies (fully adjusted HR=0.86, 95% CI 0.67, 1.20). In analysis stratifying 

by cancer sites, there was a 29% decrease in the risk of gastric cancer death in 

women with at least five pregnancies (fully adjusted HR=0.71, 95% CI 0.52, 0.96, P-

value for trend by number of pregnancies was 0.04), but not for oesophageal cancer 

(fully adjusted HR=1.27, 95% CI 0.83, 1.94, P-value for trend was 0.144).  

The 1-year lag did not alter the result of the null association between gastro-

oesophageal cancer mortality and parity. But when restricting to more reliable data, a 

marked reduction of 21% from gastro-oesophageal deaths was observed in women 

with at least five pregnancies (fully adjusted HR=0.79, 95% CI 0.50, 0.98).  

Further investigations into gastric cancer mortality showed a marked decrease in 

women with at least five pregnancies when using a 1-year lag and restricting to more 

reliable data, data not shown. However, a null association was found when 

restricting to women reported at post-menopausal status at baseline, data not shown.  

Number of live births, age at first live birth, and stillbirths 

There was no association observed in number of live births, age at first live birth, 

and number of stillbirths in relation to the risk of mortality from gastro-oesophageal 

cancer. 
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Miscarriages and induced abortion 

Overall, null associations were observed between miscarriages and gastro-

oesophageal cancer, oesophageal cancer, or gastric cancer survival across all 

analyses.   

There was an inverse association between induced abortion and gastro-oesophageal 

cancer mortality before (unadjusted HR=0.62, 95% CI 0.53, 0.72) and after (adjusted 

HR=0.72, 95% CI 0.62, 0.85) adjusting for main confounders, but this association 

lost significance when additionally adjusting for nutritional factors (fully adjusted 

HR=0.86, 95% CI 0.73, 1.02). This result seemed less marked when a 1-year lag was 

used (fully adjusted HR=0.90, 95% CI 0.76, 1.07), but remained significant when 

restricted to higher-quality data (fully adjusted HR=0.76, 95% CI 0.59, 0.97).  

Separate analysis by cancer sites showed this inverse association was only apparent 

for gastric cancer-specific deaths (fully adjusted HR=0.77, 0.62, 0.96) but not 

oesophageal cancer (fully adjusted HR=1.03, 95% CI 0.79, 1.34).  

Finally, we also repeated the analysis restricting to post-menopausal women and 

found no alteration of the result (fully adjusted HR=0.77, 95% CI 0.61, 0.97) for 

gastric cancer deaths, data not shown. 

Breastfeeding and breastfeeding duration 

In this study, all oesophageal cancer deaths reported a history of breastfeeding, and 

only five gastric cancer deaths reported without a history of breastfeeding and 

showed no association with gastric cancer deaths. 
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In analysis of breastfeeding duration, duration of breastfeeding was positively 

associated with gastro-oesophageal cancer mortality (in women breastfeeding for 

more than 4 years compared with less than 1 year the adjusted HR=1.47, 95% CI 

1.01, 2.15), but this association attenuated when additionally adjusting for nutritional 

factors (fully adjusted HR=0.92, 95% CI 0.63, 1.35).  

Oral contraceptive pill use and use duration  

Oral contraceptive pill use was not common in women in this study, only accounting 

for 10% of participants. After considering the confounders, there was no evidence of 

an association between oral contraceptive pill use and gastro-oesophageal cancer 

mortality. Dose-response analysis by use duration also shown no association, even in 

users with more than 2 years compared with never users (fully adjusted HR=1.07, 

95% CI 0.71, 1.63).  

Null associations were observed in subgroup and sensitivity analyses.  

Hysterectomy and Oophorectomy      

There was no association between hysterectomy and gastro-oesophageal cancer 

survival. But we observed a decrease in mortality in participants with oophorectomy 

history but these findings were based upon only deaths from gastro-oesophageal 

cancer (fully adjusted HR=0.32, 95% CI 0.10, 0.99).  
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Table 6.2. Associations between reproductive factors and risk of gastro-oesophageal 
(combined) cancer mortality in China Kadoorie Biobank 
 
 N Person-

years 
Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95%CI) 
Fully adjustedb 
HR (95%CI) 

Age at menarche (n=718) 
≤12 28 132599 1.00 1.00 1.00 
13-14 132 132599 0.80 (0.53, 1.20) 0.79 (0.52, 1.20) 0.81 (0.54, 1.21) 
15-16 246 919115 0.85 (0.57, 1.25) 0.79 (0.53, 1.17) 0.78 (0.53, 1.15) 
16-18 235 575735 1.01 (0.70, 1.49) 0.86 (0.58, 1.28) 0.86 (0.58, 1.15) 
≥19 77 140526 1.11 (0.71, 1.71) 0.87 (0.56, 1.35) 0.83 (0.54, 1.29) 
P-trend    0.021 0.633 0.913 
      
Age at menopause (n=636)  
20-44 107 197203 1.00 1.00 1.00 
45-49 266 524465 0.90 (0.72, 1.13) 0.96 (0.77, 1.21) 0.99 (0.79, 1.24) 
50-54 223 484655 0.78 (0.62, 0.98) 0.89 (0.70, 1.12) 0.96 (0.76, 1.21) 
≥55 40 61973 0.85 (0.59, 1.22) 0.94 (0.65, 1.35) 0.99 (0.68, 1.43) 
P-trend   0.046 0.340 0.788 
      
Menopause status (n=718) 
Pre-meno 60 1067967 1.00 1.00 1.00 
Currently 16 122771 1.02 (0.56, 1.85) 1.05 (0.57, 1.90) 1.03 (0.57, 1.88) 
Post-meno 636 1268306 1.28 (0.84, 1.97) 1.20 (0.78, 1.86) 1.19 (0.77, 1.84) 
P-trend   0.214 0.378 0.399 
      
Fertility duration (n=652) 
≤30 years 230 406743 1.00 1.00 1.00 
31-33 163 361217 0.85 (0.69, 1.04) 0.91 (0.74, 1.11) 0.93 (0.76, 1.14) 
34-36 144 372534 0.73 (0.59, 0.90) 0.82 (0.67, 1.01) 0.87 (0.70, 1.07) 
≥37 115 250581 0.79 (0.63, 0.99) 0.95 (0.76, 1.20) 1.00 (0.80, 1.26) 
P-trend   0.007 0.324 0.660 
      
Number of pregnancies (n=718) 
None  6 23050 0.92 (0.40, 2.10) 0.82 (0.36, 1.87) 0.78 (0.34, 1.79) 
1-2 125 865654 1.00 1.00 1.00 
3-4 293 1087849 0.99 (0.79, 1.23) 0.88 (0.71, 1.10) 0.86 (0.69, 1.07) 
≥5 294 482491 1.15 (0.92, 1.46) 0.92 (0.72, 1.17) 0.86 (0.67, 1.20) 
P-trend   0.123 0.729 0.393 
      
Number of live births (n=712)  
None  1 9638 0.54 (0.07, 3.87) 0.52 (0.07, 3.73) 0.49 (0.07, 3.51) 
1-2 242 1639092 1.00 1.00 1.00 
3-4 299 633682 1.27 (1.04, 1.53) 0.99 (0.81, 1.21) 0.86 (0.71, 1.05) 
≥5 170 153580 1.88 (1.48, 2.39) 1.19 (0.92, 1.55) 0.89 (0.68, 1.16) 
P-trend   <0.001 0.169 0.435 
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Table 6.2 (continued). Associations between reproductive factors and risk of gastro-
oesophageal (combined) cancer mortality in China Kadoorie Biobank 
 
 N Person-

years 
Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95%CI) 
Fully adjustedb 
HR (95%CI) 

Age at live first birth (n=711) 
11-20 207 447227 0.93 (0.78, 1.10) 0.85 (0.71, 1.01) 0.90 (0.75, 1.08) 
21-25 381 1439024 1.00 1.00 1.00 
26-30 113 486794 0.85 (0.69, 1.05) 1.06 (0.54, 1.32) 1.06 (0.85, 1.32) 
≥30 10 53309 0.60 (0.32, 1.13) 0.79 (0.42, 1.48) 0.81 (0.43, 1.52) 
P-trend   0.305 0.141 0.759   
      
Stillbirths (n=712) 
None 650 2298246 1.00 1.00 1.00 
≥1 62 137721 0.89 (0.68, 1.16) 0.95 (0.72, 1.23) 1.12 (0.86, 1.47) 
      
Miscarriages (n=712) 
None 616 2218155 1.00 1.00 1.00 
≥1 96 217820 1.21 (0.98, 1.50) 1.15 (0.93, 1.43) 1.08 (0.87, 1.35) 
      
Induced abortion (n=712) 
None 460 1157977 1.00 1.00 1.00 
≥1 252 1277997 0.62 (0.53, 0.72) 0.72 (0.62, 0.85) 0.86 (0.73, 1.02) 
      
Breastfeeding (n=711) 
No 5 67527 1.00 1.00 1.00 
Yes  706 2358828 2.91 (1.20, 7.02) 2.17 (0.90, 5.26) 2.09 (0.86, 5.06) 
      
Duration of breastfeeding (n=711) 
1-11 36 391984 1.00 1.00 1.00 
12-23 66 619353 1.02 (0.68, 1.53) 0.95 (0.63, 1.43) 0.97 (0.64, 1.45) 
24-48 176 764293 1.24 (0.86, 1.78) 1.03 (0.71, 1.50) 0.91 (0.62, 1.32) 
≥48 433 650724 2.35 (1.65, 3.37) 1.47 (1.01, 2.15) 0.92 (0.63, 1.35) 
P-trend   <0.001 0.001 0.699 
      
Oral contraceptive pill use (n=718) 
Never 
use  

676 2212272 1.00 1.00 1.00 

Ever use  43 246772 0.63 (0.46, 0.86) 0.81 (0.59, 1.10) 1.01 (0.73, 1.38) 
      
Duration of contraceptive pill use (n=718) 
Never 676 2212272 1.00 1.00 1.00 
<2 years  18 111074 0.64 (0.40, 1.03) 0.78 (0.49, 1.25) 0.93 (0.58, 1.48) 
≥2 years  24 135698 0.62 (0.41, 0.93) 0.83 (0.55, 1.25) 1.07 (0.71, 1.63) 
P-trend   0.005 0.235 0.845 
      
Hysterectomy (n=718) 
No 693 2363611 1.00 1.00 1.00 
Yes  25 95433 0.86 (0.58, 1.28) 1.01 (0.67, 1.50) 1.03 (0.69, 1.53) 
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Table 6.2 (continued). Associations between reproductive factors and risk of 
gastro-oesophageal (combined) cancer mortality in China Kadoorie Biobank.  
 
 N Person-

years 
Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95%CI) 
Fully adjustedb 
HR (95%CI) 

Oophorectomy (n=718) 
No 715 2422264 1.00 1.00 1.00 
Yes  3 36780 0.25 (0.08, 0.77) 0.30 (0.10, 0.94) 0.32 (0.10, 0.99) 
aAdjusted for age at baseline, living region, household income, smoking, BMI, 
alcohol, education, physical activities, occupation, and comorbidities at baseline 
(diabetes, chronic heart disease, COPD, hypertension, peptic ulcer, and stroke).  
bAdditionally adjusted for nutrition (suffering from shortage, using fridge, 
frequency of consuming fruits, vegetables, meat, eggs, fish, soybean, preserved 
vegetables, poultry, rice, wheat, other staples[corn, millet etc.]) 
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Table 6.3. Associations between reproductive factors and risk of gastro-oesophageal (separated) cancer mortality in China 
Kadoorie Biobank 
 
 Oesophageal cancer  Gastric cancer 

 
N 

Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 
HR (95%CI) 

 N 
Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 
HR (95%CI) 

Age at menarche  (n=278)  (n=440) 

11-12 10 132599 1.00 1.00  18 132599 1.00 1.00 
13-14 49 691068 0.86 (0.43, 1.69) 0.94 (0.47, 1.86)  83 691068 0.76 (0.46, 1.27) 0.74 (0.45, 1.24) 
15-16 80 919115 0.70 (0.36, 1.35) 0.74 (0.38, 1.42)  166 919115 0.83 (0.51, 1.35) 0.80 (0.49, 1.31) 
16-18 105 575735 1.03 (0.54, 1.98) 1.07 (0.56, 2.07)  130 575735 0.75 (0.46, 1.24) 0.73 (0.45, 1.21) 
≥19 34 140526 1.03 (0.50, 2.10) 0.94 (0.48, 2.00)  43 140526 0.76 (0.43, 1.34) 0.74 (0.42, 1.29) 
P-trend    0.149 0.318    0.515 0.461 
          
Age at menopause  (n=260)  (n=376) 

20-44 47 197191 1.00 1.00  60 197203 1.00 1.00 
45-49 109 524429 0.92 (0.65, 1.30) 0.95 (0.67, 1.34)  157 524465 1.00 (0.74, 1.34) 1.02 (0.75, 1.37) 
50-54 91 484635 0.87 (0.61, 1.24) 0.99 (0.69, 1.41)  132 484655 0.91 (0.67, 1.24) 0.95 (0.70, 1.29) 
 ≥55 13 61973 0.70 (0.38, 1.30) 0.75 (0.41, 1.40)  27 61973 1.12 (0.71, 1.78) 1.16 (0.73, 1.84) 
P-trend   0.239 0.646    0.825 0.959 
          
Menopause status  (n=278)  (n=440) 

Pre-meno 13 1067930 1.00 1.00  53 1067967 1.00 1.00 
Currently 5 122771 1.47 (0.47, 4.62) 1.33 (0.42, 4.20)  11 122771 0.96 (0.47, 1.95) 1.01 (0.50, 2.05) 
Post-meno 260 1268237 1.97 (0.81, 4.73) 1.90 (0.78, 4.19)  376 1268306 1.03 (0.62, 1.72) 1.04 (0.62, 1.73) 
P-trend   0.126 0.136    0.892 0.884 
          



Page | 300 

 

Table 6.3 (continued). Associations between reproductive factors and risk of gastro-oesophageal (separated) cancer mortality in 
China Kadoorie Biobank 
 
 Oesophageal cancer  Gastric cancer 

 
N 

Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 
 N 

Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 

Fertility duration  (n=265)  (n=387) 

≤30 years 107 406731 1.00 1.00  123 406743 1.00 1.00 
31-33 63 361217 0.77 (0.56, 1.05) 0.81 (0.60, 1.12)  100 361217 1.04 (0.79, 1.34) 1.04 (0.82, 1.36) 
34-36 56 372534 0.71 (0.51, 0.98) 0.77 (0.56, 1.07)  88 372534 0.93 (0.71, 1.23) 0.96 (0.72, 1.26) 
 ≥37 39 250525 0.70 (0.49, 1.02) 0.76 (0.52, 1.10)  76 250581 1.17 (0.88, 1.57) 1.22 (0.91, 1.63) 
P-trend   0.024 0.085    0.515 0.357 
          
Number of pregnancies  (n=278)  (n=440) 

None  2 23019 0.94 (0.22, 3.94) 0.92 (0.22, 3.88)  4 23050 0.80 (0.29, 2.19) 0.76 (0.28, 2.10) 
1-2 32 865644 1.00 1.00  93 865654 1.00 1.00 
3-4 103 1087819 1.05 (0.70, 1.58) 1.02 (0.68, 1.53)  190 865654 0.84 (0.65, 1.09) 0.82 (0.63, 1.07) 
≥5 141   482456 1.35 (0.88, 2.08) 1.27 (0.83, 1.94)  153 482491 0.75 (0.55, 1.01) 0.71 (0.52, 0.96) 

P-trend   0.075 0.144    0.081 0.040 

          
Number of live births  (n=276)  (n=436) 

None  0 9638 - -  1 9638 0.78 (0.11, 5.57) 0.71 (0.10, 5.06) 
1-2 70 1639083 1.00 1.00  172 1639092 1.00 1.00 
3-4 121 633627 1.12 (0.80, 1.56) 0.97 (0.70, 1.35)  178 633682 0.93 (0.72, 1.20) 0.83 (0.64, 1.07) 
≥5 85 153571 1.43 (0.94, 2.18) 1.02 (0.67, 1.57)  85 153580 1.04 (0.73, 1.46) 0.81 (0.57, 1.14) 
P-trend   0.068 0.808    0.867 0.225 
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Table 6.3 (continued). Associations between reproductive factors and risk of gastro-oesophageal (separated) cancer mortality in 
China Kadoorie Biobank 
 
 Oesophageal cancer  Gastric cancer 

 
N 

Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 
 N 

Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 

Age at live first birth  (n=276)  (n=435) 

11-20 85 447199 0.74 (0.56, 0.98) 0.94 (0.71, 1.25)  122 447199 0.95 (0.75, 1.20) 0.91 (0.72, 1.15) 
21-25 155 1438990 1.00 1.00  226 1438990 1.00 1.00 
26-30 33 486781 0.75 (0.64, 1.40) 0.94 (0.64, 1.38)  80 486781 1.10 (0.84, 1.44) 1.11 (0.84, 1.45) 
≥30 3 53309 0.75 (0.24, 2.36) 0.81 (0.25, 2.54)  7 53309 0.80 (0.37, 1.70) 0.80 (0.37, 1.72) 
P-trend   0.154 0.995    0.590 0.383 
          
Stillbirths   (n=276)  (n=436) 

None 254 2298180 1.00 1.00  396 2298246 1.00 1.00 
≥1 22 137712 0.75 (0.48, 1.18) 1.25 (0.80, 1.96)  40 137721 1.08 (0.78, 1.51) 1.13 (0.81, 1.57) 
          
Miscarriages  (n=276)  (n=436) 

None 230 2218081 1.00 1.00  386 2218155 1.00 1.00 
≥1 46 217820 1.34 (0.97, 1.84) 1.35 (0.98, 1.86)  50 217820 1.03 (0.77, 1.39) 0.95 (0.70, 1.28) 
          
Induced abortion  (n=276)  (n=436) 

None 182  1.00 1.00  278 1157977 1.00 1.00 
≥1 94  0.85 (0.66, 1.10) 1.03 (0.79, 1.34)  158 1277997 0.66 (0.54, 0.82) 0.77 (0.62, 0.96) 

          
Breastfeeding (n=276)  (n=435) 

No 0 67527 1.00 1.00  5 67527 1.00 1.00 
Yes  276 2391875 - -  430 2358828 1.62 (0.67, 3.93) 1.61 (0.66, 3.91) 
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Table 6.3 (continued). Associations between reproductive factors and risk of gastro-oesophageal (separated) cancer mortality in 
China Kadoorie Biobank  
 
 Oesophageal cancer  Gastric cancer 

 N 
Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 
 N 

Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 

Duration of breastfeeding (n=276)  (n=435) 

1-11 4 391984 1.00 1.00  32 391984 1.00 1.00 
12-23 11 619353 1.31 (0.42, 4.13) 1.40 (0.46, 4.42)  55 619353 0.93 (0.60, 1.45) 0.94 (0.60, 1.45) 
24-48 55 764293 2.11 (0.75, 5.91) 1.76 (0.63, 4.91)  121 764293 0.92 (0.61, 1.40) 0.86 (0.56, 1.30) 
≥48 206 650724 3.76 (1.35, 10.46) 1.72 (0.62, 4.81)  227 650724 1.11 (0.72, 1.70) 0.85 (0.55, 1.32) 
P-trend   <0.001 0.376    0.342 0.490 
          
Oral contraceptive pill use (n=278)  (n=440) 

Never use  266 2212166 1.00 1.00  410 2212272 1.00 1.00 
Ever use  12 246772 0.67 (0.37, 1.20) 0.91 (0.51, 1.64)  30 246772 0.90 (0.62, 1.31) 1.05 (0.72, 1.54) 
          
Duration of contraceptive pill use           (n=278)  (n=440) 

Never 266 2212629 1.00 1.00  410 2212629 1.00 1.00 
<2 years  5 111074 0.60 (0.25, 1.46) 0.73 (0.30, 1.79)  13 111074 0.89 (0.51, 1.56) 1.02 (0.58, 1.79) 
≥2 years  7 135698 0.73 (0.34, 1.26) 1.10 (0.51, 2.36)  17 135698 0.91 (0.56, 1.48) 1.08 (0.66, 1.77) 
P-trend   0.238 0.942    0.617 0.762 
          
Hysterectomy  (n=278)  (n=440) 

No 273 2363505 1.00 1.00  420 2363611 1.00 1.00 
Yes  5 95433 0.58 (0.24, 1.42) 0.61 (0.25, 1.48)  20 95433 1.24 (0.79, 1.94) 1.25 (0.80, 1.96) 
          
          



Page | 303 

 

Table 6.3 (continued). Associations between reproductive factors and risk of gastro-oesophageal (separated) cancer mortality in 
China Kadoorie Biobank 
 
 Oesophageal cancer  Gastric cancer 

 N 
Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 
 N 

Person-

years 

Adjusteda HR 

(95%CI) 

Fully adjustedb 

HR (95%CI) 

Oophorectomy      (n=278)  (n=440) 

No 277 2422158 1.00 1.00  438 2422264 1.00 1.00 
Yes  1 36780 0.35 (0.05, 2.52) 0.37 (0.05, 2.68)  2 36780 0.29 (0.07, 1.15) 0.30 (0.07, 1.21) 
aAdjusted for age at baseline, living region, household income, smoking, BMI, alcohol, education, physical activities, occupation, 
and comorbidities at baseline (diabetes, chronic heart disease, COPD, hypertension, peptic ulcer, and stroke).  
bAdditionally adjusted for nutrition (suffering from shortage, using fridge, frequency of consuming fruits, vegetables, meat, eggs, 
fish, soybean, preserved vegetables, poultry, rice, wheat, other staples[corn, millet etc.]) 
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6.5 Discussion  

6.5.1 Main findings 

Overall, in this large prospective cohort study, there was little evidence of 

associations between female reproductive factors and gastro-oesophageal cancer 

mortality, but a reduced risk of gastric cancer mortality with greater numbers of 

pregnancies, and induced abortion was observed. 

6.5.2 Comparison with previous studies 

Few large studies have been conducted which have comprehensively examined the 

associations between female reproductive factors and gastro-oesophageal cancer 

mortality. This study found a reduced risk of gastric cancer mortality in women with 

greater numbers of pregnancies however this association was attenuated when 

restricting the cohort to post-menopausal women only, and the association was 

slightly attenuated when greater numbers of live births were investigated. Which was 

inconsistent with the findings from Taiwan (China) studies where they suggested a 

greater number of deliveries was associated with increased risk of gastric cancer 

morality374,376. This inconsistency may reflect on the difference in parity definition as 

they did not obtain the information on stillbirths and abortions, also they did not 

distinguish between pregnancies and live births. These two studies also did not 

account for some important confounders such as BMI, dietary and socio-economic 

status. In addition, a Japan study showed number of deliveries was not associated 

with risk of gastric cancer mortality, also inconsistent with our findings where we 

observed a reduced risk of gastric cancer mortality albite it did not reach statistical 
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significance, but it may reflect the category definition (highest category: >3 

deliveries in Japan study vs. ≥5 live births in this study)9.  

To my knowledge, this is the first study investigating induced abortion and gastro-

oesophageal cancer mortality. The cause of the inverse association is unclear and 

could reflect Type 1 error but merits further investigation.  

The finding of null associations for other female reproductive factors included in this 

study and oesophageal cancer mortality, are consistent with some previous findings 

for instance a recent European prospective study found no associations between 

reproductive factor and oesophageal cancer for the exception of parity in which a 

decrease of OAC risk was observed in women with more than two pregnancies/live 

births compared with none373, but also inconsistent with some findings for instance a 

review demonstrated earlier age at menopause was a risk factor for OSCC and 

suggested this risk was correlated to oestrogen deficiency393. In addition, a previous 

study in Mainland China revealed that women diagnosed with OSCC had a longer 

survival if they had at least six pregnancies, or were diagnosed before menopause, 

but this association was only apparent in women from high incidence areas or with a 

negative family history377.  

6.5.3 Strengths 

The major strengths of current study are the larger number of participants included 

with a long duration of follow-up of 10 years. In addition, this study contained 

detailed information collected at baseline allowing it to perform adjustments for a 

wide range of confounders such as socioeconomic status which played a vital role in 

gastro-oesophageal cancer prognosis in Chinese population394,395. As expected, 
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univariable analyses revealed gastro-oesophageal cancer patients were more likely to 

be poverty for instance living in the rural area, having lower household income, and 

being less educated. Also, this study captured a wide range of nutritional factors 

which played a crucial role in determining the timing of puberty and 

menopause396,397, and also reflected the poverty status. This study revealed deaths 

from gastro-oesophageal cancer were more likely to experience shortage, reporting 

no fridge and poorer nutritional status such as consuming less fresh fruits, meat, fish, 

and poultry.  

Also, this is the first cohort study to comprehensively examine the associations 

between female reproductive factors and gastro-oesophageal cancer mortality within 

Chinese women. 

6.5.4 Limitations 

This study has a number of limitations. First, the gastro-oesophageal cancer outcome 

was based upon mortality and not incidence. This may lead to an underestimation of 

the number of cancer events as it will take longer for patients to develop gastro-

oesophageal cancer and die from it. Furthermore, this study will miss patients who 

develop gastro-oesophageal cancer with a better prognosis as these patients may not 

die from it and/or may live with their cancer diagnosis for an extended period.  

Second, reproductive factors were self-reported at baseline which may influence the 

data accuracy, particularly for factors requiring long-term recall such as age at 

menarche. However, CKB assessed the data quality for each participant as part of 

their data collection process, and further analysis restricted to participants recorded 

high-quality data did not alter the observed associations. Third, despite the fact that 
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the current analyses have controlled for a wide range of potentially confounding 

variables, other unmeasured factors such as H. pylori infection and HRT use were 

still possible.  

Finally, a large number of tests were conducted, increasing the likelihood of Type 1 

error, and therefore significant results should be interpreted cautiously.  

6.5.5 Recommendations for future research 

At the analysis information on gastro-oesophageal cancer incidence was not 

available to this thesis, it will eventually be made available for CKB participants via 

linkage with national health insurance claims databases387,398. It is, therefore, to 

recommend further analysis of gastro-oesophageal cancer risk within CKB once 

these incidence data become available.  
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6.6 Conclusions 

In conclusion, this study found some evidence that grand multiparity status and 

induced abortion history were inversely associated with gastric cancer mortality, but 

other reproductive factors were not associated with the risk of gastro-oesophageal 

cancer mortality in this large prospective study.
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7.1 Aims of thesis  

This thesis primarily aimed to investigate novel risk factors for gastro-oesophageal 

cancer risk and progression using large datasets both in the UK and in China, 

focusing on medications, sex hormones, and reproductive factors. In order to achieve 

these aims, a number of distinct studies were conducted:  

1) A population-based cohort study was performed (using primary care records 

from the UK CPRD linked to English cancer registers and ONS mortality 

data) to investigate use of furosemide and medications with sex hormonal 

effects (i.e. HRT, 5ARIs, spironolactone, and digoxin) and survival in 

patients with gastro-oesophageal cancer. 

2) A population-based prospective cohort study was conducted within the UK 

Biobank and a nested case-control study within PCCIU database was 

conducted to investigate use of PPIs and H2RAs in relation to gastro-

oesophageal cancer risk.  

3) A population-based prospective cohort study within the UK Biobank was 

carried out to investigate the association between pre-diagnostic circulating 

sex hormone concentrations and gastro-oesophageal cancer risk.  

4) A large prospective cohort study within CKB was conducted to evaluate 

female reproductive factors in relation to the risk of gastro-oesophageal 

cancer mortality.  
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7.2 Summary of studies  

7.2.1 Furosemide use and gastro-oesophageal cancer mortality 

Drug repurposing is a promising tool in the discovery of new therapies for cancer399. 

Preclinical studies provided evidence that furosemide, the most commonly used loop 

diuretic for the treatment of oedema and resistant hypertension, may play a 

protective role in gastro-oesophageal cancer progression by inhibiting NKCC co-

transporter109,110. We, therefore, conducted the first observational analysis to 

investigate furosemide and gastro-oesophageal cancer survival, as outlined in 

Chapter 2. Overall, our study provided no evidence of any protective association 

between furosemide use and gastro-oesophageal cancer mortality.  

7.2.2 Medications with sex hormonal effects and gastro-oesophageal cancer 

mortality 

Sex disparities have been observed in gastro-oesophageal cancer epidemiology, 

suggesting a role of sex hormones in gastro-oesophageal cancer pathogenesis and 

progression. Specific findings such as poorer survival in gastric cancer patients with 

expression of sex hormone receptors203,400 and poorer survival of gastric cancer in 

younger females204 have raised concerns about the safety of medications with sex 

hormonal effects for patients with gastro-oesophageal cancer. In particular, some 

authors have suggested that use of HRT should be avoided for gastric cancer 

patients188,189 despite the absence of evidence in humans. Chapter 3 describes the 

first cohort study which comprehensively assessed the impact of medications with 

sex hormonal effects on gastro-oesophageal cancer progression within the CPRD 

database. Three commonly used medications which increase oestrogen levels (HRT, 



Page 312 
 

digoxin, and spironolactone) along with anti-androgen therapy of 5ARIs were 

evaluated in this analysis. Overall, use of these oestrogenic medications or 5ARIs did 

not increase the risk of gastric cancer mortality. In contrast, there was some evidence 

that use of HRT, particularly unopposed oestrogen, was associated with improved 

survival in patients with gastric cancer.  

7.2.3 PPI and H2RA use and gastro-oesophageal cancer risk 

Acid suppression therapy, especially use of PPIs, is commonly used to treat gastric 

acid disorders such as GORD, dyspepsia, and peptic ulcer disease401. Use of acid 

suppression drugs for BO symptom control has been recommended based on 

observations of a reduced risk of OAC in BO patients via acid suppression30,402. 

However, concerns that long-term use of acid suppression agents may increase the 

risk of gastric cancer108,280 have questioned the safety of acid suppressing agents. 

The current study, as shown in Chapter 4, is based on two independent UK datasets 

and examined the associations between PPI and H2RA use and gastro-oesophageal 

cancer risk in the general population. In conclusion, there was evidence of a higher 

risk of oesophageal cancer in PPI and H2RA users, which seems likely to reflect 

confounding by indication, but little consistent evidence of an association between 

PPI and H2RA use and gastric cancer risk.  

7.2.4 Pre-diagnostic sex hormone levels and gastro-oesophageal cancer risk  

Despite the hypothesis that sex hormones may play a role in gastro-oesophageal 

cancer pathogenesis and progression, only two prospective cohorts have investigated 

pre-diagnostic sex hormone levels and gastro-oesophageal adenocarcinoma in men.  

These studies observed a relationship between circulating testosterone and 
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oesophageal adenocarcinoma risk50,51. Chapter 5 describes a UK population-based 

prospective cohort study that evaluated the associations between pre-diagnostic sex 

hormone concentrations and gastro-oesophageal cancer risk both in men and post-

menopausal women within the UK Biobank. After 10-years of follow-up, a positive 

association between pre-diagnostic SHBG level and gastric cancer was observed in 

men, but no association with testosterone, free testosterone, or oestradiol in men or 

women. For oesophageal cancer, there was no evidence of an association with sex 

hormone concentrations in men or women with the exception of weak evidence that 

higher testosterone might increase the risk of OSCC in men and OAC in women. 

Consequently, this thesis provides further evidence of a role of sex hormones in 

gastro-oesophageal cancer risk.  

7.2.5 Female reproductive factors and gastro-oesophageal cancer mortality 

Female reproductive factors can reflect levels of circulating sex hormones across the 

life course. Previous studies have provided some evidence of a correlation between 

female reproductive factors and gastro-oesophageal cancer risk53,54,96. This thesis, as 

outlined in Chapter 6, carried out a large prospective cohort study to evaluate a range 

of female reproductive factors including age at menarche, age at menopause, 

menopause status, years of fertility, numbers of pregnancies, number of live births, 

age at first live birth, stillbirths, miscarriages, induced abortion, breastfeeding, 

breastfeeding duration, oral contraceptive pill use and use duration, hysterectomy, 

and oophorectomy comprehensively in relation to the risk of gastro-oesophageal 

cancer mortality. This study was conducted in China as there has been a specific 

distribution of reproductive factors due in part to the implementation of a one-child 

policy. Overall, higher numbers of pregnancies and induced abortion were found to 
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reduce the risk of gastric cancer mortality. But these associations need to be 

interpreted with caution as they may reflect Type 1 error. There was no evidence of 

an association between other female reproductive factors and the risk of gastro-

oesophageal cancer mortality.  



Page 315 
 

7.3 Translation of research into practice and future studies 

The specific findings described above need to be considered within the wider public 

health and/or clinical practice contexts. In the following section, the potential 

translation of some of this research into practice is discussed. 

7.3.1 Acid suppression therapy  

Appropriate use  

There have long been concerns about both overuse and conversely poor adherence to 

acid suppression therapy. A number of previous studies have reported overutilisation 

of PPIs as many patients were prescribed PPIs without a licenced indication403–405. 

On the other hand, poor adherence to PPIs in patients with appropriate indications 

remains a problem and contributes to treatment failure406. A recent survey showed 

one-third of patients changed their PPI prescriptions without consulting a physician 

because they were worried about the side effects of treatment255. It is, therefore, 

urgent to determine the side effects of acid suppression to inform the decision to use 

PPIs and allow patients and physicians to balance the risks and benefits.   

Although there has been concern that gastro-oesophageal cancer could be a side 

effect of acid suppression, there is some rationale for PPIs actually reducing OAC 

risk. Gastro-oesophageal disorders such as reflux disease and BO increase the risk of 

OAC252. Previous observational studies have shown some evidence that PPIs could 

reduce the risk of progression from BO/reflux to OAC256,407 and PPIs have been 

recommended in the UK and USA for the management of BO patients with reflux 

symptoms to reduce neoplasm progression30,402. These recommendations seem to be 
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supported by the recent AspECT trial of a PPI (esomeprazole), particularly when 

combined with aspirin, which appeared to reduce a composite outcome of all-cause 

mortality, OAC, or HGD257.  

In contrast, previous observational studies along with this current study have 

observed an increased risk of oesophageal cancer in general population using acid 

suppression therapy253,300, but these associations seem likely to reflect confounding 

by indication and reverse causation. It is difficult using observational data to 

disentangle the effect of reflux disease from the effects of acid suppression despite 

this study utilising a wide range of statistical methodologies to attempt to minimise 

the impact of confounding by indication e.g. adjusting for a range of confounders, 

applying multiple lags, using an active comparator in sensitivity analyses, and it is 

unclear whether even advanced analysis techniques can adequately control for 

confounding by indication408. Consequently, whilst there is evidence for use of PPIs 

in patients with BO symptom control, use in the general population should be 

undertaken with caution and restricted to patients with appropriate indications.  

Early diagnosis  

Gastro-oesophageal cancer prognosis is highly related to the stage at diagnosis, 

thereby early detection is key to survival. Despite the success of screening 

programmes for gastric cancer in Japan and Southern Korea, these screening 

programmes are not recommended in the UK, and in China there are considerable 

barriers to implement these programmes including cost. Consequently, it is useful to 

identify high-risk groups for further tests and/or ongoing surveillance. In this thesis, 

chapter 4 demonstrated that a new prescription of acid suppression therapy was 

associated with a marked increase in both gastric and oesophageal cancer risk within 
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one year, suggesting the potential that new use of acid suppression agents may be a 

useful indicator to identify people with gastro-oesophageal cancer earlier. In the UK, 

the current referral for urgent endoscopy to detect gastro-oesophageal cancer is 

mainly based on clinical symptoms such as dysphagia334. Milder symptoms such as 

dyspepsia are only considered when people present with more common visible signs 

of cancer such as weight loss334. The findings in this thesis that around one-third of 

gastro-oesophageal cancer patients newly used PPIs in the year before cancer 

diagnosis is similar to but lower than observed in a Swedish study253. This should 

therefore raise the question in the mind of the clinician prescribing a first course of 

PPI: could these dyspepsia symptoms be a signal of early upper GIT cancers334?  

Recommending further action on the basis of new use of PPI alone however does not 

appear to be warranted because acid suppression therapy is very widely prescribed, 

and this approach would only capture a third of patients. However, we think this 

finding deserves further research as described in more detail below.  

7.3.2 Sex hormones and hormone therapy  

HRT reduces menopausal-related vasomotor symptoms (hot flashes, flushing, and 

night sweats), urogenital atrophy, and improves the quality of life409. Therefore, it 

has been acknowledged that a reluctance to treat menopausal symptoms, where not 

contraindicated, can cause unnecessary suffering410. Previous reviews based upon 

preclinical evidence have suggested that HRT should be avoided in patients with 

gastric cancer188,189. This thesis provides some reassurance that HRT appears safe in 

patients with gastro-oesophageal cancer and some weak evidence that HRT may 

even be protective for gastric cancer at the first time. This potential inverse 

association is interesting and future research in this area is recommended below.  
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7.4 Future research recommendations 

A number of specific research recommendations could be made based upon the 

research conducted in this thesis: 

A) The finding that HRT use was not associated with increased cancer-specific 

mortality requires replication to provide further reassurance to gastric cancer patients 

and their treating physicians. These findings should be replicated in large cohorts, 

with detailed information on cancer stage and grade. Ideally, these cohorts would 

additionally capture the recurrence of gastro-oesophageal cancer as opposed to 

cancer-specific mortality, which relies upon the correct coding of death certificates.  

These studies should also capture molecular characteristics because increasingly the 

molecular heterogeneity of gastro-oesophageal cancer is being acknowledged.  

Furthermore, recent studies have shown that exposures can interact with the 

molecular characteristics, for instance, trastuzumab is now used specifically in 

certain gastric cancer patients with HER2411. Therefore, studies of HRT and survival 

should capture molecular characteristics of gastro-oesophageal cancer so they could, 

for instance, determine ERs and PRs expression400. These studies would require 

tissue collection and the creation of microarrays allowing large-scale 

immunohistochemical biomarker analyses to be conducted. There may be 

opportunities to conduct such analyses within ongoing large-scale collaborations for 

instance within the Oesophageal Cancer Clinical and Molecular Study consortium 

which includes oesophageal cancer patients and has tissue microarray data along 

with clinical characteristics412. Further analyses should be conducted stratifying by 

prespecified relevant molecular characteristics (including sex hormone receptor 
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expression) and interaction tests should be used to compare associations by these 

characteristics413,414.     

Interestingly, this thesis observed some evidence that oestrogen was associated with 

improved survival in gastric cancer. If real, this could provide a novel adjuvant 

therapy in gastric cancer. Future analysis could determine whether this finding is 

replicated and if so, this could provide additional evidence to inform the decision to 

conduct an RCT of HRT in gastro-oesophageal patients.  

B) This thesis provided further evidence of associations between circulating sex 

hormones and gastro-oesophageal cancer. Further large cohort studies of sex 

hormones and gastro-oesophageal cancer risk are required particularly to overcome 

some of the specific weaknesses in current analyses. First, this thesis analysed a 

fairly narrow selection of sex hormones. Future analyses should investigate a broader 

range of hormones on the sex steroid metabolism pathway including DHEA which 

was found to be associated with a decreased risk of OAC/gastric cardia 

adenocarcinoma by Petrick et al.51 and oestrone which, though biologically weaker 

than oestradiol, has higher levels in postmenopausal women415. Second, the current 

analyses were based upon chemiluminescent immunoassay and consequently many 

participants had values below LOQ. Future studies should use methods with higher 

analytic sensitivity, such as mass spectrometry, to allow women with lower levels of 

hormones to be compared. Finally, the results in this thesis were based upon 

hormones measured at one-time point but as hormones vary across the life course a 

better analysis would capture hormone levels measured at a range of time points.    

C) This thesis revealed that new use of PPIs was predictive for gastro-oesophageal 

cancer. Early diagnosis of gastro-oesophageal cancer is important to reduce 
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morbidity and mortality. It seems unlikely that new use of PPIs alone could be a 

useful criteria upon which to refer for endoscopy but, it may contribute to identifying 

high-risk patients. Therefore new studies should investigate the improvement in a 

performance incorporating new use of a PPI into existing risk prediction models e.g. 

for OAC416, OSCC39 and gastric cancer417. Future studies should be conducted in 

large cohorts using routinely available data to allow clinical applicability at a large 

scale, and with follow-up to identify individuals who develop gastro-oesophageal 

cancer. The performance improvement of existing risk prediction models could be 

compared before and after inclusion of new use of PPI and quantified by calculating 

the improvement in calibration and discrimination (e.g. by determining the C-

statistic or calibration plots418). Ultimately these risk prediction models could then be 

used to identify individuals to be offered endoscopy or more frequent endoscopy39,419 

or newer technologies to identify gastro-oesophageal cancer such as the cytosponge-

TFF3 which has been rolled out for individuals with reflux disease36.  
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7.5 Overall conclusion 

The current thesis has contributed to epidemiological investigations into 

medications, sex hormones, and reproductive factors in relation to gastro-

oesophageal cancer risk and survival using a variety of high-quality datasets both in 

the UK and China. In particular, the current thesis found: there was no evidence to 

support furosemide as a potential therapy for gastro-oesophageal cancer patients; 

there was little evidence of associations between PPIs/H2RAs and gastric cancer 

risk; HRT use appeared to be safe in gastro-oesophageal cancer patients; blood levels 

of SHBG were associated with gastric cancer risk; blood levels of testosterone were 

associated with oesophageal cancer risk; Chinese women with higher numbers of 

pregnancies and abortions had lower gastric cancer risk. Future research into the 

prevention and treatment of these cancers is warranted, particularly given the poor 

survival outcomes of these patients.
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Appendix A 

Protocol submitted to the CPRD ISAC for data used in Chapter 2 and 3 

An investigation of the association between prescription medication use and 
survival from upper gastrointestinal tract cancer 

Lay summary (200 words)  
In England, approximately 12,600 people are diagnosed with upper gastrointestinal 
(GI) tract cancers (gastric and oesophageal) each year. These cancers have a 
particularly poor prognosis with 5 year survival rates of 8% and 13% 
for oesophageal and gastric cancer respectively.  Recent evidence has emerged 
which suggests that statins and aspirin could reduce mortality in upper GI cancer 
patients. This study will investigate whether patients with upper GI cancers exposed 
to statins / aspirin have longer survival times after cancer diagnosis. These objectives 
will be achieved by comparing survival after diagnosis of upper GI cancers in users 
of statins / aspirin with non-users. This study could identify medications which could 
slow the progression of upper GI cancers, which could then be tested in clinical 
trials.  Alternatively, the study could identify medications which increase the risk of 
progression of upper GI cancers; the use of such medications in these patients may 
need to be reconsidered.  
  
Background  
In England, there are, over 12,600 upper GI cancers diagnosed each year (6,900 
oesophageal and 5,700 gastric cancer patients)1.  These cancers have particularly 
poor prognosis with 5 year survival rates of 8% and 13% for oesophageal2 and 
gastric cancer3 respectively.  These cancer patients are increasingly exposed to a 
wide range of prescription medications but the effect of these medications on the 
progression of their cancer is largely unknown.  There is increasing speculation 
about the anti-cancer properties of statins4 and aspirin5 but little research has been 
conducted into their effects on cancer progression in upper GI cancer patients.  
  
Statins:  HMG-CoA reductase inhibitors (statins) block the rate-limiting step in 
cholesterol biosynthesis and have become standard therapy to manage 
hypercholesterolemia and associated morbidities. Statins may additionally affect the 
occurrence or outcomes of other diseases, including cancer, either through 
cholesterol reduction or by other mechanisms6.  Numerous observational and 
interventional studies have examined the relationships between the use of statins and 
cancer incidence.  In general, few strong or consistent associations have been 
observed between statin use and cancer incidence7, but some observational studies 
have detected reductions in the risk of stomach cancer8 and oesophageal cancer9 in 
statin users.  In contrast to the large number of incidence studies, few studies have 
reported on associations between statin use and cancer prognosis as noted in a recent 
review which observed “data is lacking for any effects of statins on 
cancer prognosis”7.    
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The recent findings that statins inhibit cancer prognosis in colorectal 
cancer patients10 suggest that the association between statins and prognosis for other 
GI cancers is worth investigating.  However there has only been one small study 
investigating the survival of gastric cancer patients11 using statins which contained 
only 241 gastric cancer patients.  Consequently, further research is necessary to 
investigate the effect of statin use on cancer progression in upper GI cancer patients.  
  
Aspirin:  Platelets play a complex role in cancer growth and metastasis12-14.  Evidence 
from randomised controlled trials of aspirin, to prevent vascular events, show that low-
dose aspirin significantly reduced risk of death from GI cancer by 50%5, with more 
marked reductions observed for oesophageal cancer (of 60%) but no association for 
stomach cancer.  However, as these trials included predominantly patients who were 
cancer free at baseline these studies largely reflect cancer risk, and not survival from 
cancer.  More direct evidence of the effect of aspirin on survival from GI cancers was 
observed in a recent meta-analysis of observational studies which suggested that 
aspirin used after colorectal cancer diagnosis reduced cancer-specific mortality by 
15%15.  A phase 3 trial of aspirin in colorectal cancer patients is currently underway16, 
thereby illustrating the potential of aspirin as an adjunct treatment.  There has been 
relatively little research into the effect of aspirin on survival in upper GI cancer 
patients.  A non-randomised trial in oesophageal cancer patients17 did observe better 
survival in patients taking aspirin compared with placebo.  However, in this study the 
numbers were relatively small, the aspirin group contained a lower proportion with 
stage 3 and 4 disease and no adjustments for stage were conducted.  Therefore there 
is a strong rationale for conducting a study of aspirin and cancer progression in GI 
cancer patients.    
  
Medications with hormonal effects: Recent pre-clinical evidence suggests 
that oestrogen reduces cell migration in gastric cancer cell lines18 and reduces cell 
growth and increases apoptosis in oesophageal cancer cell lines19.  In humans, 
hormone replacement therapy has been shown to reduce the risk of 
gastric cancer20 and tamoxifen has been shown to increase gastric 
cancer risk20.  Similarly, some studies have observed reduced risk 
of oesophageal cancer with HRT use21 but not all22.  The preclinical findings, and 
these observations for GI cancer risk, suggest that medications 
with oestrogenic effects could reduce cancer progression in GI cancer patients.  This 
is of particular interest because a number of common medications have potential 
hormonal effects (such as hormone replacement therapy, spironolactone, finasteride 
and digoxin) but there has been comparatively little research into the effect of these 
medications on upper GI cancer progression.  Therefore, we plan to investigate 
whether patients with upper GI cancer using these medications have reduced rates of 
cancer progression.   
  
Other hypotheses:  The association between cancer progression and a number 
of other medications also warrant investigation.  Preclinical studies in gastric cancer 
cells have observed reduced cell growth after treatment with the 
diuretic furosemide23.  Similar studies of the beta-blocker propranolol have observed 
repressed gastric cancer cell growth through the inhibition of beta 
adrenergic receptors24.  Finally, the angiotensin II type 1 receptor blocker (ARB) 
candesartan has been shown to suppress proliferation and fibrosis in gastric cancer 
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cell lines25.  Our study would allow exploratory investigations of the associations 
between these medications and cancer progression in patients with upper GI cancer.  
  
Objective, Specific Aims and Rationale  
The primary objectives of this study are to examine whether patients with upper GI 
cancers exposed to statins / aspirin are more likely to have reduced cancer-specific 
mortality rates. The main objective will be achieved by comparing the rates of 
cancer-specific death in patients with upper GI cancers who are exposed to these 
medications with a suitable comparison group not exposed to these medications.   
  
Study Type  
The study will allow hypothesis testing. The primary hypotheses that will be tested 
are that patients with upper Gl cancers who are exposed to statins / aspirin have an 
altered risk of death from cancer. Secondary analyses in the study will investigate the 
effect of other medication usage (i.e. medications with hormonal effects / diuretics / 
beta-blockers / ARBs) allowing hypothesis generation.  
  
Study design  
A cohort of incident patients with upper GI cancers (oesophageal and gastric) will be 
identified (from ICD codes C15 and C16). Analyses of cancer progression will be 
conducted using a cohort approach by comparing time from diagnosis to death from 
cancer in medication users with medication non-users.  
  
Study population  
In the primary analysis patients with upper GI cancers will be included if they are 
diagnosed from 1998, when NCDR coverage starts, to 2013 in the NCDR to allow 
confirmation of primary cancer diagnosis, date of cancer diagnosis and to allow use 
of staging and cancer treatment data.  The estimated number of upper GI cancer 
patients in CPRD with NCDR link is 10,200 (3,300 with gastric and 6,900 with 
oesophageal cancer, see Sample size section for more details).  
  
Selection of comparison group(s) or controls  
In the main analysis of cancer progression, time to cancer specific death in upper GI 
cancers patients will be compared in statin / aspirin users with non-users (as 
described below).  
  
 
Exposure, outcomes and covariates  
Exposure  
The primary exposure will be statins / aspirin usage determined from GP prescribing 
data in the period following diagnosis of cancer.  Secondary analysis will investigate 
medications with hormonal effects / diuretics / beta-blockers / ARBs.  Packages and 
tablets of prescriptions for medications will be converted to daily defined doses 
(DDDs) where appropriate.  Medications will be investigated overall and by specific 
drug (e.g. all statins will be investigated as well as simvastatin, atorvastatin etc.).  A 
separate analysis will be conducted on exposures in the year prior to cancer 
diagnosis (and sensitivity analyses will investigate the effect of increasing this 
period).  
  
Outcomes  
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The primary outcome will be cancer specific mortality based upon date and cause of 
death from ONS. Secondary outcomes of all-cause mortality (from ONS) will also 
be investigated.   
  
Covariates  
Adjusted analysis will be conducted controlling for variables available from NCDR 
(including cancer stage, grade, surgery, chemotherapy, radiotherapy, morphology) 
and CPRD (including age, year of diagnosis, HRT, smoking, alcohol intake and 
BMI, comorbidities (including cerebrovascular disease, chronic pulmonary disease, 
congestive heart disease, diabetes, diabetes with complications, myocardial 
infarction, peptic ulcer disease, peripheral vascular disease, renal disease), other 
medication use and deprivation.   
  
Use of linked data  
NCDR data will be used to confirm cancer site and dates of diagnosis. NCDR data 
will also be used to provide confounder information in the analyses of cancer 
progression (including stage, grade, surgery etc.). ONS mortality data will be used to 
identify deaths and cancer-specific deaths which will be important in the analysis of 
cancer progression. Deprivation data will be used as a confounder in the analyses of 
cancer risk and progression.   
  
Data/ statistical analysis plan  
Analyses will be stratified by cancer site. In the primary analysis of medication 
usage after diagnosis, Cox regression models will be used with medication use as a 
time varying covariate26.  Follow-up will start 6 months after diagnosis (as it seems 
implausible that deaths in this period could reflect post-diagnostic medication usage, 
sensitivity analyses will be conducted investigating increasing this to 1 year). A 
lag27 will be included to remove prescriptions in the 6 months prior to death as these 
prescriptions may reflect end of life care (sensitivity analyses will investigate 
varying the duration of this lag). Cox regression models will calculate hazard ratios 
(HRs) and 95% confidence intervals (95% CIs) comparing medication users to non-
users.  Similar analysis will be conducted for dose response (after 12 prescriptions or 
365 DDDs).  Adjusted analysis will be conducted including the potential 
confounders listed above in the Cox models.  In all time varying covariate analyses 
(i.e. both primary and secondary analyses), the models will contain all potentially 
relevant medication use such as statin, aspirin, hormones, diuretics, beta-blockers, 
arbs treated as time-varying covariates using a 6 month lag as detailed above.  The 
proportional hazards assumption will be checked graphically from log(-
log(survival)) plots and by tests of Schoenfeld residuals28.   
  
Similar analyses will be conducted for all-cause mortality and for medication use in 
the year prior to diagnosis. Various sensitivity analyses will be conducted. A 
sensitivity analysis will be conducted for the analysis of post-diagnostic medication 
usage analysing the cohort using a time matched nested case-control analysis 
approach.  Analyses will be stratified by exposure to medications prior to cancer 
diagnosis, gender and by cancer type (e.g. adenocarcinoma versus squamous 
cell).  Sensitivity analysis will also be conducted exploring the impact of imputation 
for missing data compared with the original complete case analysis. For instance for 
stage, multiple imputation (in STATA 13) will be conducted using an ordinal logistic 
regression model with stage as the outcome including the following variables in the 
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model: cancer-specific death status, time to death, medication use and other 
confounding variables mentioned previously. The main Cox regression analysis will 
be conducted in 10 separate datasets containing imputed stage information and these 
will be combined using Rubin’s rules to produce an overall estimate. A separate 
analysis will be conducted in the entire cohort investigating competing risk of deaths 
from other causes, using competing-risks regression based on Fine and Gray’s 
proportional subhazards model29.  Finally, a sensitivity analysis will be conducted 
based upon GP diagnosed GI cancer (using medical codes shown in the Appendix) 
using all-cause mortality based upon GP records as the outcome, this should allow 
numbers to be increased as the NCDR link would not be required.  In line with 
CPRD policy, no tables will be presented (either in published reports or in 
presentations) with cell counts less than 5 to preserve confidentiality.  
  
Sample size/power calculations  
The CPRD contains 3,300 gastric cancer patients with NCDR records from 1998 to 
2009 (from correspondence with CPRD) assuming similar rates for more recent 
years we would anticipate 4,400 gastric cancer patients from 1998 to 
2013.  Applying England and Wales relative survival rates3, we would anticipate that 
approximately 2,200 gastric cancer patients will survive 6 months and be eligible for 
analysis and within these patients there will be 1760 gastric cancer-specific 
deaths.  Assuming statin use of approximately 33% in gastric cancer patients (as seen 
in a similar UK colorectal cancer cohort10) we would have over 80% power to detect 
a HR of 0.85 (i.e. a 15% reduction) for gastric cancer-specific deaths in statin users 
compared with non-users (using Schoenfeld’s method)30.  Similarly assuming aspirin 
use of approximately 25% in gastric cancer patients31 we would have over 80% 
power to detect a HR of 0.85 for gastric cancer-specific deaths.  In oesophageal 
cancer analyses, we estimate the NCDR and CPRD would contain 
6,921 esophagel cancer patients of whom 3,460 would survive 6 months and are 
eligible for the main analysis in whom we estimate there would be 2,900 
oesophageal cancer-specific deaths.  Assuming similar rates of statin and aspirin use, 
we could detect a HR of 0.85 for statins and 0.85 for aspirin as statistically 
significant at the 5% level with over 80% power.   
  
Limitations of the study design, data sources and analytic methods  
As with all pharmacoepidemiology studies, there is the possibility of confounding by 
indication (in which the indication for the drug rather than the drug itself is causing 
effects on outcomes). Confounding by indication will be investigated using 
restriction (i.e. rather than comparing medication users to non-users the comparison 
group may be restricted on the basis of diagnosis codes or other medications with 
similar indications to the medication under study). A further weakness of the study is 
that a number of medications are being investigated which increases the likelihood of 
detecting statistically significant findings by chance (type 1 error). However the 
main focus of these analyses is on statins / aspirin use and cancer mortality, other 
findings will be interpreted more cautiously. Another limitation is that aspirin is 
available over the counter, and less so for statins as only a low dose statin is 
available over the counter, and only from 2005. However a previous CPRD study 
estimated that 70% to 80%32 of aspirin use in the age-group we will investigate was 
prescription based, whilst another showed little evidence of misclassification by 
aspirin usage when compared with patient recall33. Also, methodological studies 
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suggest that prescription data can give valid estimates of association even though 
drugs are available over the counter34.  
  
Previous peer review  
The statins and gastric cancer progression hypothesis was submitted to Cancer 
Research UK’s Training & Career Development Board for a bursary for Dr Andrew 
Spence (co-applicant).  This application was peer reviewed and was successful.  The 
funding received from CRUK will cover the majority of the dataset costs with the 
surplus being funded by Queen’s University Belfast.  
  
Patient/user group involvement  
The results of the study, and their implications, will be disseminated widely, to 
health care professionals.    
  
Plans for disseminating and communicating study results  
Results will be published in a high impact medical journal (e.g. previous 
CPRD\GPRD publications from this group35;36).  Results will also be presented at 
relevant international scientific conferences in the areas of pharmacoepidemiology, 
general and Gl cancer.  
  
  
Amendments  
An amendment has been made to the protocol (following review by Public Health 
England) so that the upper GI cancer cohort based upon NCDR cancer registry data 
(used in the main analysis) will be restricted to cancers diagnosed in the period 1990 
to 2010.  
  
A clarification has also been made to the protocol (following review by Public 
Health England) to highlight that all analysis in the protocol, including those 
referring to cancer progression, are based upon analysis of time to death (or time to 
cause-specific death).  It is worth noting that the protocol does not contain analysis 
of cancer recurrence or progression free survival, as neither are possible.  
  
Minor Amendment – 02/11/2015  
  
The amendment refers to the potential confounders included in adjusted 
analyses.  The following sentence has changed from:  
  
“Adjusted analysis will be conducted controlling for variables available from NCDR 
(including cancer stage, grade, surgery, chemotherapy, radiotherapy, morphology)”   
  
to:  
  
“Adjusted analysis will be conducted controlling for variables available from NCDR 
(including age, year of diagnosis, cancer stage, grade, surgery, chemotherapy, 
radiotherapy, morphology)”  
  
Minor Amendment – 09/05/2016  
An amendment has been made to the protocol (following the decision to use Set 11 
Cancer Registry data) so that the upper GI cancer cohort based upon NCDR cancer 
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registry data (used in the main analysis) will be widened to cancers diagnosed in the 
period 1990 to 2013.  
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Appendix B 

Read code categories of oedema in CPRD database 
  
Medcode  Readcode  Readterm  
11396  R023400  [D]Peripheral oedema  
3158  183..00  Oedema  
6047  183..11  Oedema - symptom  
1906  22C2.11  O/E - ankle oedema  
4950  R023.00  [D]Oedema  
6585  22C4.11  O/E - leg oedema  
15477  R023z11  [D]Dependent oedema  
14702  R023z00  [D]Oedema NOS  
20553  22C2.00  O/E - oedema of ankles  
10931  22C..00  O/E - oedema  
19358  22C4.00  O/E - oedema of legs  
2140  183..12  Swelling - oedema - symptom  
7321  H541z00  Pulmonary oedema NOS  
1284  22C3.00  O/E - oedema of feet  
30309  183Z.00  Oedema NOS  
9108  1837  Pitting oedema  
558  H584.00  Acute pulmonary oedema unspecified  
5155  23E1.00  O/E - pulmonary oedema  
7106  22C3.11  O/E - foot oedema  
6651  22C..11  O/E - swelling - oedema  
28419  22CZ.00  O/E - oedema NOS  
5293  H584z00  Acute pulmonary oedema NOS  
22500  8E95.00  Reduction of oedema  
20301  R023000  [D]Oedema, generalized  
43618  G581.12  Pulmonary oedema - acute  
102627  183B.00  Worsening pulmonary oedema  
22734  1838  Sacral oedema  
19714  22C5.11  O/E - thigh oedema  
9392  22C7.00  O/E - sacral oedema  
31747  22C6.00  O/E - abdominal oedema  
61224  22C5.00  O/E - oedema of thighs  
26082  H541000  Chronic pulmonary oedema  
108888  C366200  Idiopathic oedema  
48466  H584.11  Acute oedema of lung, unspecified  
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Appendix C 

Characteristics of gastro-oesophageal cancer patients by use of medications 

with sex hormonal effects in the year prior to cancer diagnosis 

Appendix table C-1. Oesophageal cancer patient characteristics by use of 

HRT/5ARIs/digoxin/spironolactone in the year prior to cancer diagnosis 

 

Appendix table C-2. Gastric cancer patient characteristics by use of 

HRT/5ARIs/digoxin/spironolactone in the year prior to cancer diagnosis 
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Appendix table C-1. Oesophageal cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone in the year prior to cancer diagnosis 
 
 HRT (female only)  5ARIs (male only)  Digoxin   Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
Patient numbers  77  1491  72  2789   169 4260  61 4368 
           

Male       
97 (57.4) 2764 (64.9) 

 
38 (62.3) 2823 (64.6) 

           

Year of diagnosis: 1998–2002 26 (33.8) 335 (22.5)  <5a  564 (20.2)  39 (23.1) 889 (20.9)  7 (11.5) 921 (21.1) 
                                2003–2007 28 (36.4) 515 (34.5)  20~25a 991 (35.5)  66 (39.1) 1491 (35.0)  20 (32.8) 1537 (35.2) 
                                2008–2013 23 (29.8) 641 (43.0)  46 (63.9) 1234 (44.3)  64 (37.9) 1880 (44.1)  34 (55.7) 1910 (43.7) 
            

Age at diagnosis: Mean (SDb) 66.1 (12.9) 75.5 (11.8)  77.2 (9.0) 69.7 (11.1)  80.0 (8.6) 71.4 (11.7)  76.2 (11.5) 71.7 (11.7) 
    18-60 27 (35.1) 169 (11.3)  <5a 539 (19.3)  <5a 735 (17.3)  6 (9.8) 733 (16.8) 
    60-69 22 (28.6) 238 (18.0)  5~10a 873 (31.3)  15~20a  1153 (27.1)  8 (13.1) 1163 (26.6) 
    70-80 28 (36.3) 1054 (70.7)  31 (43.1) 838 (30.0)  62 (36.7) 1275 (29.9)  22 (36.1) 1315 (30.1) 
    80+    29 (40.3) 539 (19.3)  85 (50.3) 1097 (25.7)  25 (41.0) 1157 (26.5) 
            

Deprivation: Most deprived fifth 6 (7.8) 226 (15.2)  11 (15.3) 429 (15.4)  22 (13.0) 650 (15.3)  11 (18.0) 661 (15.1) 
            

Gradec: Lower grade  33 (55.9) 516 (50.7)  24 (45.3) 908 (44.1)  42 (38.9) 1439 (47.7)  21 (43.7) 1460 (46.5) 
              Higher grade 26 (44.1) 502 (49.3)  29 (54.7) 1151 (55.9)  66 (61.1) 1642 (53.3)  27 (56.3) 1681 (53.5) 
              Missing   18 473  19 730  61 1179  13 1227 
            

Histology: Adenocarcinoma  29 (41.4) 537 (43.2)  52 (74.3) 1944 (77.6)  92 (64.8) 2470 (65.9)  39 (70.9) 2523 (65.8) 
                  Squamous cell carcinoma 41 (58.6) 706 (56.8)  18 (26.5) 561 (22.4)  50 (35.2) 1276 (33.1)  16 (29.1) 1310 (34.2) 
                  Others 7 248  2 284  27 514  6 535 
            

Smoking: Never  23 (37.7) 665 (55.6)  25 (44.6) 725 (32.2)  72 (51.1) 1366 (39.9)  19 (36.5) 1419 (40.4) 
                 Former 15 (24.6) 269 (22.5)  22 (39.3) 936 (41.5)  48 (34.0) 1194 (34.8)  23 (44.2) 1219 (34.7) 
                 Current 23 (37.7) 263 (21.9)  9 (16.1) 593 (26.3)  21 (14.9) 867 (25.3)  10 (19.2) 878 (25.0) 
                 Missing 16 294  16 535  28 833  9 852 
            

BMI (kg/m2): Mean (SDb) 24.4 (5.4) 25.2 (6.0)  27.3 (4.9) 26.5 (5.0)  25.8 (4.7) 26.0 (5.4)  26.9 (4.3) 26.0 (5.4) 
    

10 (19.6) 198 (10.2) 
      

Alcohol: Never  8 (15.7) 275 (28.0)  41 (80.4) 1750 (89.8)  23 (19.2) 468 (16.1)  5 (11.1) 486 (16.3) 
               Former/Current 43 (84.3) 709 (72.0)  21 841 97 (80.8) 2446 (83.9)  40 (88.9) 2503 (83.7) 
               Missing 26 507    49 1346 16 1379 
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Appendix table C-1 (continued). Oesophageal cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone in the year prior to cancer 
diagnosis 
 
 HRT (female only)  5ARIs (male only)  Digoxin   Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
Selected Comorbiditiesd:          
               Renal disease <5a 162 (10.9) 17 (23.6) 239 (8.6) 37 (21.9) 381 (8.9) 10 (16.4) 408 (9.3) 
               CHD <5a 99 (6.6) <5a 144 (5.2) 57 (33.7) 193 (4.5) 24 (39.3) 226 (5.2) 
               Diabetes  6 (7.79) 142 (9.5) 18 (25.0) 395 (14.2) 26 (15.4) 535 (12.6) 14 (23.0) 547 (12.5) 
               MI <5a 52 (3.5) 11 (15.3) 228 (8.2) 11 (6.5) 280 (6.6) 9 (14.8) 282 (6.5) 
               CPD 14 (18.2) 248 (16.6) 12 (16.7) 503 (18.0) 44 (26.0) 733 (17.2) 17 (27.9) 760 (17.4) 
               CVD/stroke  5 (6.5) 124 (8.3) 9 (12.5) 214 (7.7) 27 (16.0) 325 (7.6) 9 (14.6) 343 (7.8) 
         

Other medicationse: Statin 12 (15.6) 321 (21.5) 35 (48.6) 875 (31.4) 59 (34.9) 1184 (27.8) 26 (42.6) 1217 (27.9) 
                                   Aspirin  16 (20.8) 367 (24.6) 36 (50.0) 772 (27.7) 72 (42.6) 1119 (26.3) 30 (49.2) 1161 (26.6) 
         

Treatments: Surgery 30 (39.0) 448 (30.1) 25 (34.7) 1019 (36.5) 47 (27.8) 1475 (34.6) 20 (32.8) 1502 (34.4) 
                      Chemotherapy 28 (36.4) 386 (25.9) 20 (27.8) 1092 (39.2) 23 (13.6) 1503 (35.3) <5a  1522 (34.8) 
                      Radiotherapy 17 (22.1) 365 (24.5) 20 (27.8) 528 (18.9) 41 (24.3) 889 (20.9) 14 (23.0) 916 (21.0) 
         

Gynaecological surgeries/prostatectomyf 22 (28.6) 237 (15.9) 15 (20.8) 170 (6.1)     
aRanges presented for statistical disclosure control. 
bSD: Standard deviation 
cLower grade is grade 1 & 2; Higher grade is grade 3 & 4. 
dCHD: Congestive heart disease; MI: Myocardial infarction; CPD: Chronic pulmonary disease; CVD: Cerebrovascular disease. 
eSame as exposure identification in each individual study, respectively. 
fFor females, receiving gynaecological surgeries (including hysterectomy, oophorectomy and other gynaecological surgeries) before cancer diagnosis; For males, receiving 
prostatectomy before cancer diagnosis. 
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Appendix table C-2. Gastric cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone in the year prior to cancer diagnosis  
 
 HRT (female only)  5ARIs (male only)  Digoxin   Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
Patient numbers  85  1390 84  2635  181 4013 62 4132 
         

Male      102 (56.3) 2617 (65.2) 39 (62.9) 2680 (64.9) 
         

Year of diagnosis: 1998–2002 29 (34.1) 400 (28.8) 9 (10.7) 691 (26.2) 58 (32.0) 1071 (26.7) 7 (11.3) 1122 (27.2) 
                                2003–2007 34 (40.0) 481 (34.6) 25 (29.8) 960 (36.4) 69 (38.1) 1431 (35.7) 20 (32.3) 1480 (35.8) 
                                2008–2013 22 (25.9) 509 (36.6) 50 (59.5) 984 (37.4) 54 (29.8) 1511 (37.6) 35 (56.5) 1530 (37.0) 
         

Age at diagnosis: Mean (SDb) 63.2 (9.5) 75.6 (12.7) 79.3 (7.4) 72.2 (11.4) 81.5 (7.3) 72.9 (12.0) 79.1 (9.9) 73.2 (11.9) 
    18-60 34 (40.0) 162 (11.7) <5a 376 (14.3) <5a 573 (14.3) <5a 571 (14.8) 
    60-69 31 (36.5) 206 (14.8) <5a 601 (22.8) 10~15a 831 (20.7) 5~10a 834 (20.2) 
    70-80 20 (23.5) 1022 (73.5) 37 (44.0) 980 (37.2) 61 (33.7) 1413 (35.2) 19 (30.6) 1455 (35.2) 
    80+   41 (48.8) 678 (25.7) 108 (59.7) 1196 (29.8) 32 (51.6) 1272 (30.8) 
         

Deprivation: Most deprived fifth 10 (11.8) 252 (18.2) 13 (15.5) 437 (16.6) 28 (15.5) 684 (17.1) 9 (14.5) 703 (17.0) 
         

Gradec: Lower grade  18 (36.0) 273 (30.2) 18 (35.3) 657 (35.2) 40 (36.0) 926 (33.6) 16 (42.1) 950 (33.6) 
              Higher grade 32 (64.0) 630 (69.8) 33 (64.7) 1209 (64.8) 71 (64.0) 1833 (66.4) 22 (57.9) 1882 (66.5) 
              Missing   35 487 33 769  70 1254 24 1300 
         

Histology: Adenocarcinoma  73 (96.1) 1126 (98.6) 72 2339 (99.3) 145 3465 (99.0) 53 3557 (99.0) 
                  Squamous cell carcinoma 3 (3.9) 16 (1.4) 0 17 (0.7) 1 35 (1.0) 1 35 (1.0) 
                  Others 9 248 12 279 35 513 8 540 
         

Location:  Cardia  27 (61.4) 274 (44.9) 27 (62.8) 894 (62.7) 47 (58.0) 1175 (57.6) 17 (54.8) 1205 (57.6) 
                  Non-cardia  17 (38.6) 336 (55.1) 16 (37.2) 531 (37.3) 34 (42.0) 866 (42.4) 14 (45.2) 886 (42.4) 
                  Others  41 780 41 1210 100 1972 31 2041 
         

Smoking: Never  31 (47.2) 644 (57.9) 29 (40.8) 725 (34.9) 75 (48.7) 1354 (42.7) 18 (34.0) 1411 (43.2) 
                 Former 14 (22.2) 269 (24.2) 36 (50.7) 885 (42.6) 67 (43.5) 1137 (35.9) 26 (49.1) 1178 (36.0) 
                 Current 18 (28.5) 199 (17.9) 6 (8.5) 466 (22.5) 12 (7.8) 677 (21.4) 9 (16.9) 680 (20.8) 
                 Missing 22 278 13 559 27 845 9 863 



Page | 369 

 

Appendix table C-2 (continued). Gastric cancer patient characteristics by use of HRT/5ARIs/digoxin/spironolactone in the year prior to cancer 
diagnosis 
 
 HRT (female only)  5ARIs (male only)  Digoxin   Spironolactone 

 User Non-user  User Non-user  User Non-user  User Non-user 
BMI (kg/m2): Mean (SDb) 25.0 (5.0) 25.9 (5.7) 26.1 (4.6) 26.1 (4.8) 25.7 (4.7) 26.0 (5.1) 28.1 (6.4) 26.0 (5.1) 
         

Alcohol: Never  22 (37.9) 300 (32.0) 12 (20.3) 287 (15.8) 35 (26.7) 586 (21.4) 11 (22.5) 610 (21.6) 
               Former/Current 36 (62.1) 638 (68.0) 47 (79.7) 1530 (84.2) 96 (73.3) 2155 (78.6) 38 (77.5) 2213 (78.4) 
               Missing 27 452 23 818 50 1272 13 1309 
         

Selected Comorbiditiesd:          
               Renal disease <5a 143 (10.3) 20 (23.8) 235 (8.9) 32 (17.7) 370 (9.2) 18 (29.0) 384 (9.3) 
               CHD <5a 96 (6.9) 15 (17.9) 153 (5.8) 60 (33.2) 205 (5.1) 26 (41.9) 239 (5.8) 
               Diabetes  6 (7.1) 154 (11.1) 22 (26.2) 378 (14.4) 36 (19.9) 524 (13.1) 16 (25.8) 544 (13.2) 
               MI <5a 66 (4.8) 6 (7.1) 246 (9.3) 24 (13.3) 294 (7.3) 10 (16.1) 308 (7.5) 
               CPD 22 (25.9) 285 (20.5) 17 (20.2) 432 (16.4) 38 (21.0) 718 (17.9) 21 (33.9) 735 (17.8) 
               CVD/stroke  <5a 111 (8.0) 15 (17.9) 243 (9.2) 30 (16.6) 339 (8.5) 15 (24.2) 354 (8.6) 
         

Other medicationse: Statin 12 (14.1) 298 (21.4) 40 (47.6) 749 (28.4) 42 (23.2) 1057 (26.3) 33 (53.2) 1066 (25.8) 
                                   Aspirin  10 (11.8) 353 (25.4) 45 (53.6) 789 (29.9) 71 (39.2) 1126 (28.1) 27 (43.6) 1170 (28.3) 
         

Treatments: Surgery 42 (49.4) 471 (33.9) 26 (31.0) 1019 (38.7) 43 (23.8) 1515 (37.8) 15 (24.2) 1543 (37.3) 
                      Chemotherapy 31 (36.5) 239 (17.2) 17 (20.2) 761 (28.9) 13 (7.2) 1035 (25.8) 6 (9.7) 1042 (25.2) 
                      Radiotherapy <5a 60 (4.3) 9 (10.7) 152 (5.8) 8 (4.4)  216 (5.4) 5 (8.1) 219 (5.3) 
         

Gynaecological surgeries/prostatectomyf 34 (40.0) 210 (15.1) 20 (23.8) 205 (7.8)     
aRanges presented for statistical disclosure control. 
bSD: Standard deviation 
cLower grade is grade 1 & 2; Higher grade is grade 3 & 4. 
dCHD: Congestive heart disease; MI: Myocardial infarction; CPD: Chronic pulmonary disease; CVD: Cerebrovascular disease. 
eSame as exposure identification in each individual study, respectively. 
fFor females, receiving gynaecological surgeries (including hysterectomy, oophorectomy and other gynaecological surgeries) before cancer diagnosis; For males, receiving 
prostatectomy before cancer diagnosis. 
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Appendix D 

Protocol submitted to the PCCIU for data used in Chapter 4 

PROTOCOL and DATA SPECIFICATION 
 
 
All sections of the protocol should be completed.  Protocols that do not comply with 
these criteria or are of poor quality may be rejected.    
 
Anonymised data only will be provided. 
  
1.1 Project Title 
Pharmaco-epidemiological investigations to explore cancer causation and 
prevention: Examplar project investigating use of commonly prescribed medications 
and risk of upper gastrointestinal tract cancer. 
 
1.2 Background 
This application seeks to exploit the PCCIUR database to perform innovative 
pharmaco-epidemiological studies to determine the role of commonly prescribed 
drugs in the cause and prevention of cancer. The Primary Care Clinical Informatics 
Unit for Research (PCCIUR) database collected high-quality clinical data from over 
two million patients registered at 393 general practices that used the General Practice 
Administration Systems for Scotland (GPASS) clinical system between 1993 and 
2011. For individuals included on this database detailed information is available on 
many demographic variables (diagnoses (including cancer diagnoses), primary care 
encounters, referrals to hospital, and investigations) and importantly, the type and 
number of prescriptions received for individual drugs dating back to the early 1990s.  
With the advent of alternative primary care information systems, such as EMISS and 
Vision in preference to GPASS, data is no longer being added to PCCIUR. Despite 
this, the historical clinical and prescription data has enormous potential for 
conducting innovative pharmaco-epidemiological studies in cancer. This application 
is being made by researchers in primary care at the University of Aberdeen who are 
skilled in the utilization of PCCIUR data. We are joined by co-applicants from the 
Centre for Public Health at Queen’s University, Belfast with substantial experience 
in conducting cancer pharmaco-epidemiological studies. This application will have 
two main outcomes. The exemplar project will investigate the association between 
use of commonly prescribed medications and risk of upper gastrointestinal tract 
cancer.  A secondary outcome will be to establish the methodological framework for 
the innovative use of PCCIUR and provide the foundation for an ongoing 
collaboration between the applicants. 
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Examplar project: Use of commonly prescribed medications and risk of upper 
gastrointestinal tract cancer. 
 
Background 
In Scotland, there are, on average, 2,800 upper gastrointestinal tract cancers 
diagnosed each year and over 2,500 deaths are attributable to upper gastrointestinal 
tract cancer respectively each year (1). Consequently, there is a need to investigate 
factors which could influence the risk of upper gastrointestinal tract cancer. Recent 
evidence from preclinical or population based studies has suggested that certain 
medications could reduce gastrointestinal risk (such as statins) and there have been 
concerns that a number of commonly used medications could increase 
gastrointestinal tract cancer risk (such as tetracyclines).  In this project a number of 
these associations will be investigated.    
 
Statin use and upper gastrointestinal tract cancer 
Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) reduce serum 
cholesterol and are widely used primarily to manage and prevent coronary heart 
disease (2). Accumulating pre-clinical evidence suggests that statins could also have 
anti-cancer properties by inhibiting cell proliferation, inducing apoptosis, or 
inhibiting angiogenesis (3, 4). The potential chemoprotective effect of statins as well 
as their known safety profile and relative low cost, have led some researchers to 
suggest that clinical trials may be worthwhile (5), particularly in high risk 
populations.  In gastrointestinal tract cancer, a number of observational studies have 
shown associations between statin use and cancer risk including marked protective 
associations for liver (6), esophageal (7), and gastric cancer (8), but less evidence of 
associations for pancreatic cancer (9).  Further evidence is required to clarify these 
findings particularly in large population based studies with detailed information on 
confounding factors.   
 
Tetracyclines and upper gastrointestinal tract cancer 
Oral tetracyclines are known to cause inflammation of the upper gastrointestinal tract 
and particularly inflammation of the oesophagus and pancreas.  Prospective studies 
have shown that oral tetracyclines can cause oesophageal injury and ulceration (10) 
and case reports have shown tetracycline-induced lesions mimicking oesophageal 
cancer (11).  Similarly, studies have shown evidence of marked (60%) increases in 
the risk of acute pancreatitis in tetracycline users (12).  Inflammation can increase 
the risk of cancer particularly in cancers of the oesophagus and pancreas where 
marked increases in risk have been observed after reflux oesophagitis and 
pancreatitis, respectively.  Despite the widespread and often prolonged usage of oral 
tetracyclines, no previous study has investigated whether oral tetracyclines could 
increase upper gastronintestinal tract cancer risk and particularly cancer of the 
oesophagus or pancreas. 
 
Other hypotheses 
In addition to these targeted hypotheses, this study will allow confirmatory or 
exploratory analyses of medications which have previously been shown to be 
associated with upper gastrointestinal tract cancer risk or medications for which 
there is a biological rationale for such an association. Specifically additional 
medications will be investigated which have been shown to cause inflammation of 
the oesophagus (e.g. rifampicin and bisphosphonates (13)), inflammation of the 
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pancreas (e.g. ACE inhibitors, diuretics, and sodium valproate (14)) or inflammation 
of the upper gastrointestinal tract (e.g. spironolactone (15)).  The association 
between non-steroidal anti-inflammatory drugs (NSAIDs) and aspirin and upper 
gastrointestinal tract cancer will also be investigated, as previous studies have 
suggested inverse associations for various gastrointestinal tract cancers including 
esophageal and gastric cancer (16).  Medications will also be investigated which 
relax the lower esophageal sphincter, as these could influence oesophageal cancer 
risk, including nitrates, calcium channel blockers, benzodiazepines, and beta agonists 
(17).  Finally, previous studies have shown that hormonal factors, including 
hormonal therapies, have been associated with upper gastrointestinal tract cancer 
(e.g. hormone replacement therapy use has been inversely associated with gastric 
cancer risk (18), therefore we will investigate medications with potential hormonal 
effects (such as hormone replacement therapy, finasteride/dutasteride and digoxin).   
 
Summary 
The considerable number of upper gastrointestinal tract cancers diagnosed each year 
and the poor survival of patients with these cancers highlight the need to investigate 
factors associated with the risk of gastrointestinal tract cancer. Preclinical and 
observational studies have shown potential associations between a number of 
medications and gastrointestinal tract cancer risk. There is a clear need to investigate 
these associations particularly because of the widespread and often prolonged usage 
of some of these medications. 
 
1.3 Overall Purpose (Aim) 
The overall aim of this research is to identify medications which could increase or 
reduce gastrointestinal tract cancer risk. The primary aim of this study is to 
determine whether statins/tetracycline usage is associated with altered 
gastrointestinal tract cancer risk. Should the study determine that any of these 
medications increase cancer risk, current practice regarding the use of these 
medications may need to be reconsidered. 
 
1.4 Research Questions 
The specific research questions asked in this study are: 

a) In the PCCIUR database is statin use associated with gastrointestinal tract 
cancer risk?  

b) In the PCCIUR database is tetracycline use associated with gastrointestinal 
tract cancer risk?   

Secondary hypotheses will allow exploratory and confirmatory analyses of the 
association between other the other commonly used medications mentioned above 
and risk of upper gastrointestinal tract cancer risk.  
 
1.5 Study population 
Cases will be PCCIUR included patients with a first diagnosis of upper gastro-
intestinal cancer since 1993, based on READ codes for liver cancer (B15...), 
oesophageal cancer (B10..), pancreatic cancer (B17..) and gastric cancer (B11..). 
Cases will only be included if they have three years of GP records prior to their 
cancer diagnosis in which prescriptions and confounders could have been recorded.  
Five controls will be selected for each case matched on practice, year of birth and 
gender. The index date in the cases will be their date of cancer diagnosis and the 
controls will be allocated an index date equal to the date of the cancer diagnosis in 
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their matched case.  Cases and controls will be excluded from the main analysis if 
they have been diagnosed with an alternative cancer, other than non-melanoma skin 
cancer, prior to the index date. Non-melanoma skin cancers are usually excluded 
from this type of study since these cancers are common, usually non-fatal and 
incompletely recorded on clinical databases. 
 
1.6 Study design 
All analyses will employ a retrospective case-control design.  To give an example of 
statistical power, sample size calculations for oesophageal cancer were conducted 
and for liver cancer (the most and least common cancers to be studied).  In the 
PCCIUR dataset there were 3596 oesophageal cancers and 936 liver cancers. The 
proportion of controls using oral statins has been estimated at approximately 39% 
from a previous case control study of patients with GI cancers formed from the 
PCCIUR dataset. Therefore using 5 controls per case, we would have over 80% 
power to detect a decreased risk of oesophageal cancer associated with any statin use 
of 15% (corresponding odds ratio, OR 0.85).  Similarly, we would have over 80% 
power to detect a decreased risk of liver cancer of 20% (OR=0.80).  Power would be 
slightly increased for pancreatic and gastric cancer, compared with oesophageal and 
would be reduced for medications used less often. 
 
1.7 Exposure of interest 
 
Data collection on the primary exposures 
The primary exposure will be statin/tetracycline usage determined from the PCCIUR 
GP prescribing records prior to cancer diagnosis in cases (and index date in 
controls).  The six months prior to primary cancer diagnosis will be excluded as 
prescriptions in this period may be influenced by cases more regularly attending their 
GP with cancer symptoms.  The volume of prescribing will be converted to daily 
defined doses (DDDs) to enable dose/duration response analyses were possible.  
Adjustments, confirmatory or exploratory analyses may be conducted for the 
following medications:  rifampicin, bisphosphonates, ACE inhibitors, diuretics, 
sodium valproate, non-steroidal anti-inflammatory drugs, nitrates, calcium channel 
blockers, benzodiazepines, beta agonists, hormone replacement therapy, finasteride, 
dutasteride and digoxin.  We require the date of each individual drug use in the 
period since 1993 to identify medications used in the relevant exposure period for 
cases and controls. The relevant drugs, along with drugs of interest as secondary 
hypotheses or confounders, are shown in Appendix 1. 
  
Confounders 
The following covariates will be collected for all cases and controls: 

a) Demographics: information on age; gender; postal sector (for deprivation 
assignment). 

b) For each included case and control we will also request GP practice details 
including size and rurality, smoking status (most recent entry in patient 
record – ever before up to their earliest cancer diagnosis in study period, and 
it will be one of Smoker, Non-Smoker, Ex-Smoker, Unknown), alcohol 
intake, and information on obesity will also be collected with obesity being 
defined as any recorded Body Mass Index (BMI) > 30. For each patient we 
required the date and value of most recent BMI>30 EVER. BMI will be 



Page | 374 
 

collected as an entered value or will be calculated from a recorded weight 
and the latest recorded height before or on the date of that weight. 

c) Comorbidities: Data will be collected on the following standard co-
morbidities to enable the calculation of a Charlson co-morbidity index: 
diabetes; coronary heart disease; myocardial infarction; heart failure; 
peripheral vascular disease, dementia; cerebrovascular disease (stroke, 
transient ischaemic attack, hemiplegia); chronic obstructive pulmonary 
disease; osteoporosis; significant mental illness; connective tissue disease; 
renal disease; liver disease; rheumatoid arthritis; inflammatory bowel disease; 
non-melanoma skin cancer; leukaemia; lymphoma; any cancer; metastatic 
cancer; HIV. For each patient, we wish to know, each major disease by name 
and date of diagnosis. See Appendix 2.  

d) Additional conditions: Data will also be gathered on diagnoses which are 
potential confounders of risk for cancers investigated (e.g. liver disease 
including cirrhosis and hepatitis). See Appendix 2. 

e) Prescriptions for drugs that are potential confounders of the associations: 
metformin, sulphonylureas, thiazolidinediones, non-steroidal anti-
inflammatory drugs (NSAIDs), aspirin, hepatitis B and C treatments (e.g 
interferon and anti-retrovirals), beta-blockers, clonazepam, valproic acid, 
pioglitzone. These have been included in Appendix 1. 

f) Prescriptions for drugs that are required to explore specificity of the 
association between associations: non statin lipid regulating drugs (bile acid 
sequestrants (e.g. cholestyramine), fibrates (e.g. bezafibrate), nicotinic acids 
(e.g. acipimox) and omega-3 fatty acid compounds). Also included in 
Appendix 1. 

 
1.8 Outcome of interest e.g. Morbidity 
The main outcome will be upper gastrointestinal tract cancer as denoted by the read 
codes and ICD codes below. 
 
CANCER SITE ICD 10 CODES CORRESPONDING READ CODE 
Oesophagus C15 B10.. 
Pancreas C25 B17.. 
Liver C22, C23 B15.. 
Gastric C16 B11.. 

 
1.9 Outcome of interest e.g. Other 
Not applicable 
 
1.10 Observational period 
The period of observation will be from the beginning of data collection by PCCIUR 
in 1993 until the latest date available.  
 
1.11 Analysis 
Conditional logistic regression will be used to calculate odds ratios (ORs) and 95% 
confidence intervals (95% CIs) for the association between medication and cancer 
risk in cancer patients and controls. The exposure will be a simple binary variable of 
ever use of a medication. In the primary hypotheses the main medications of interest 
will be statins and tetracyclines. Subsequent analysis will explore the effect of 
duration of use, and volume of prescriptions, of the medication on cancer. This will 
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be achieved by including cumulative duration of drug usage (in DDDs), and number 
of relevant prescriptions for medications and between cases and controls. Univariate 
analyses will be conducted for the association between each potential confounder on 
cancer risk. Those found to be significant at the 10% level will be taken forward to a 
multi-variable model which will enable simultaneous adjustment for all significant 
confounders. Confounders may also be included in the final models based upon 
clinical knowledge.  Gastrointestinal tract cancers will be investigated stratified by 
site (oesophageal, gastric, liver and pancreas).  Where appropriate medications for 
primary and secondary hypotheses will be investigated by type e.g. separate 
tetracyclines will be investigated including doxycycline, lymecycline and 
oxytetracycline etc.    Propensity score methods, to attempt to reduce confounding by 
indication, will be applied were appropriate.   
 
Similar analyses will be conducted for secondary hypotheses for other medications 
such as NSAIDs and aspirin, medications causing inflammation of the 
gastrointestinal tract (including bisphosphonates, ACE inhibitors and 
spironolactone), medications which relax the lower esophageal sphincter (including 
nitrates, calcium channel blockers) and medications with potential hormonal effects 
(such as hormone replacement therapy, finasteride and digoxin).  A weakness of 
these analyses are that the number of medications being investigated will increase 
the likelihood of detecting statistically significant findings by chance (type 1 error).  
However, the main focus of our study is on the primary hypotheses and the findings 
for other medications are more exploratory and will be analysed and interpreted 
more cautiously.
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1.12 RESEARCH and INFORMATION GOVERNANCE 
 
1.12.1 Institutional Data Protection Registration Number 
 
University of Aberdeen Data Protection Registration Number: Z7266585 
Queen’s University Belfast Data Protection Registration Number: Z6833827 
 
1.12.2 Ethical Approval 
 
What ethical issues are associated with 
the use of PCCIUR data in relation to 
your proposed study? (Please write) 

We are not aware of any major ethical 
concerns with the current protocol but this 
can be confirmed with the Chair of the 
North of Scotland Research Ethics 
Committee. We do intend to identify or 
contact any patients. 

Is there a risk of disclosure of an 
individual’s identity in this study? 
(For example, individuals with rare 
diseases) (Please circle) 

Yes  / No  /Unsure 

 
 
1.12.3 Data Storage, Retention and Destruction 
 
How will the data be stored and where 
e.g. on a secure backed up PC in 
locked room in the Centre of 
Academic Primary Care in the 
University of Aberdeen.   

On a secure server within the University 
of Aberdeen and/or a secure backed up PC 
in a locked room within the Centre of 
Academic Primary Care in the University 
of Aberdeen. Also on a secure server 
within Queens University Belfast and /or 
a secure backed up PC in a locked room 
with the Department of Public Health, 
Queen’s University Belfast. 

For what period of time will the data 
be retained?   

For 5 years in accordance with the 
Research Governance and Quality 
Assurance Policy of the University of 
Aberdeen 

How will the data be destroyed at the 
end of the retention period? 

It will be electronically deleted 
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1.13 Contact details for lead applicant 
Please note, for student projects, the student cannot be lead applicant.  The student’s 
supervisor should be the named lead applicant.   
 
Title: DR 
 
Name: PETER MURCHIE 
 
Position: Senior Lecturer in Primary Care 
 
Qualifications: BSc (Med Sci) MB ChB MSc PhD FRCGP 
 
Full Postal Address: Centre of Academic Primary Care, University of 
Aberdeen, Polwarth Building, Foresterhill, Aberdeen 
 
Postcode:  AB25 2ZD 
 
Telephone:  01224 437222  Email: p.murchie@abdn.ac.uk 
 
If the lead applicant is not based in a Higher Education Institution, NHS organisation 
or Government department, they may be required to submit a one-page CV and 
additional supporting material. 
 
1.14 Individuals with access to this data 
The data will not be released to any other individual(s) or organisation(s) other than 
below not directly connected with the work specified in the protocol and 
specification without prior approval from PCCIU-R, except in the form of non-
disclosive statistical tables or conclusions.  
 

Named individuals to 
have access to data 

Job Title Organisation 

Dr Peter Murchie Senior Lecturer University of Aberdeen 
Dr Chris Cardwell Senior Lecturer Queen’s University Belfast 
Professor Liam Murray Professor of Public Health Queen’s University Belfast 
Dr Lisa Iversen Research Fellow University of Aberdeen 
Professor Amanda Lee Professor of Medical 

Statistics 
University of Aberdeen 

Dr Margaret Watson Senior Research Fellow University of Aberdeen 
Dr Alasdair Coutts DaSH Data Analyst University of Aberdeen 

 
1.15 Funding 
Funding will be clarified once the availability of data has been confirmed. This 
application is primarily being made from an internal grouping of the CAPC, 
University of Aberdeen, which is currently where PCCIU data is sited. 
 
1.16 Timetable 
Describe your timetable for your project. (Applicants should note that application 
process takes between three to four months from the point at which the completed 
protocol is submitted). 
Months 0-4:  Data preparation with PCCIUR. 
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Months 4-6:  Data receipt and initial data cleaning. 
Months 6-12:  Data analysis of main hypothesis and write up for publication. 
Months 12-24:  Data analysis of secondary hypotheses and write up for publication. 
Months 24+:  Revision of analyses subject to reviewer comments and publication of 
manuscripts. 
 
1.17 Data Transfer 
Data will be supplied using FTP. 
 
1.18 Plan for dissemination 
The results will be prepared for publication in a peer reviewed journal. They will 
also be disseminated at seminars, conferences and lectures, within the University of 
Aberdeen. 
 
1.19 Data Specification 
 

Full Field name DataType English 
description 

Read group ID Coding of variable 

e.g. GlucocorD date/time Date/time variable Latest Missing = null 
     
     
     
     

     
Measurements (multiple rows per patient) 

e.g. SysBP Boolean Binary variable to 
denote recording of 
systolic blood 
pressure 

Where recorded – 
can have multiple 
rows  

From carevalues (or 
equivalent) table 
Missing = null 
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Suggested peer reviewers for protocol 
Please list at least three suitable peer reviewers for this application.  Reviewers should not be directly involved with the proposed study and 
should be outside base department. 
 
We have suggested peer reviewers as requested. However, a version of this application was subject to two internal peer reviews prior to 
submission and then extensive peer-review by seven reviewers when considered by the Health Services Research Committee of the Chief 
Scientist Office, Scottish Government in December 2014. We have included a copy of these reviews and our responses to them. 
 

Reviewer Title Name Address Email Any known conflict of interest? 

1 

 

 

Dr David Brewster Scottish Cancer Registry, 
Edinburgh 

david.brewster@nhs.net None 

2 

 

 

Dr  Fiona Walter Academic Primary Care, 
University of Cambridge 

fmw22@medschl.cam.ac.uk None 

3 

 

 

Prof Frank Sullivan Primary Care Research, 
University of Toronto 

frank.sullivan@nygh.on.ca None 



Page | 381 

 

 APPENDIX 1: Prescription data requested in PCCIUR  
 

PROJECT 1 
BNF 67 CHAPTER SYSTEM BNF SECTIONS DRUGS 
Main hypotheses 
2 Cardiovascular system  2.12  Atorvastatin, fluvastatin, pravastatin, rosuvastatin, simvastatin 
5 Infections  5.13 Tetracyclines all 
Secondary hypotheses\confounders 
5 Infections 5.1.9 rifampicin 
6 Endocrine system 6.6.2 bisphosphonates 
2 Cardiovascular system  2.5.5.1 ace inhibitors 
2 Cardiovascular system  2.2 Diuretics (including spironolactone) 
4 Central nervous system 4.8.1 sodium valproate 
2 Cardiovascular system  2.6.1 nitrates 
2 Cardiovascular system  2.6.2 calcium channel blockers 
4 Central nervous system 4.1.2 benzodiazepines 
3 Respiratory system 3.1 beta agonists 
6 Endocrine system 6.4.1 hormone replacement therapy 
6 Endocrine system 6.4.2 finasteride 
2 Cardiovascular system  2.1.1 digoxin 
1 Gastrointestinal system 1.3.1 H2 Receptor antagonists (all) 
1 Gastrointestinal system 1.3.5 proton pump inhibitors (all) 
2 Cardiovascular system 2.4 All beta-adrenoceptor blocking drugs 
2 Cardiovascular system 2.9 Abciximab, aspirin, clopidogrel, dipyridiamole, eptifibatide, 

prasugrel, ticagrelor, tirofiban, 
5 Infections 5.3.3 (5.3.3.1, 5.3.3.2) Chronic hepatitis B,C 
6 Endocrine system 6.1.2.1; 6.1.2.2; 6.1.2.3 Sulfonylureas, biguanides, other diabetic drugs 
6 Endocrine 6.62 bisphosphonates 
10 NSAIDs 10.1.1 All 
13 Skin 13.6.2 co-cyprindiol, isotretinoin 
5 Viral Hepatitis 5.3.3 (5.3.3.1, 5.3.3.2) Chronic hepatitis B,C 
6 Antidiabetic drugs 6.1.2.1; 6.1.2.2; 6.1.2.3 Sulfonylureas, biguanides, other diabetic drugs 
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APPENDIX 2 – Read codes for requested exposures and co-morbidities 
 
MAIN 
EXPOSURE 

CANCER SITE ICD 10 
CODES 

CORRESPONDING 
READ CODE 

 Liver C22, C23 B15.. 
 Oesophagus C15 B10.. 
 Pancreas C25 B17.. 
 Gastric C16 B11.. 
 
CONFOUNDERS LIFESTYLE 

FACTOR 
  

 BMI   
 Smoking  137.. 
 Alcohol  E23.., 136.. 
 
 COMORBID 

CONDITION 
  

 Diabetes  C10.. 
 Coronary heart 

disease (CHD) 
 G3… 

 Myocardial 
infarction 

 G30.. 

 Heart failure  G58.. 
 Peripheral vascular 

disease 
 G73.. 

 Dementia  E00.. 
 Cerebrovascular 

disease 
 G6…,  

 Cerebrovascular 
accident (CVA) 

 G65.. 

 Chronic obstructive 
pulmonary disease 
(COPD) 

 H3… 

 Osteoporosis  N330. 
 Significant mental 

illness 
 E…. 

 Connective tissue 
disease 

 N…. 

 Renal disease  14D.., K0D.., G22.., 
IZ10. – 4 

 Liver disease  J61.. 
 Rheumatoid arthritis  N040. 
 Inflammatory bowel 

disease 
 J4… 

 Non-melanoma skin 
cancer 

 B33.. 

 Leukaemia;  
Lymphoma 

 B6… 

 Any cancer  B…. 
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 Metastatic cancer  BB03. 
 HIV  A788. 
 Reflux oesophagitis  J1011 
 Hiatus hernia  J34.. 
 Acute pancreatitis  J670. 
 Chronic pancreatitis  J671. 
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Appendix E 

Supplementary Figures and legends: Graphical presentation of analyses which were 

conducted varying the duration of lag. 

Associations between PPIs/H2RAs and gastro-oesophageal cancer risk 

 in the PCCIU database 
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Appendix F 

Associations between pre-diagnostic sex hormone concentrations and risk of 

gastro-oesophageal cancer in the sensitivity analysis, in the UK Biobank 

 

Appendix table F-1. Pre-diagnostic sex hormone concentrations and risk of gastro-

oesophageal cancer in men in the UK Biobank, using 1-year lag 

 

Appendix table F-2. Pre-diagnostic sex hormone concentrations and risk of gastro-

oesophageal cancer in women in the UK Biobank, using 1-year lag 

 

Appendix table F-3. Pre-diagnostic sex hormone concentrations replacing eligible 

missing values uing half LOQ values and risk of gastro-oesophageal cancer in the 

UK Biobank
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Appendix table F-1. Pre-diagnostic sex hormone concentrations and risk of gastro-
oesophageal cancer in men in the UK Biobank, using 1-year lag 
 

 Person
-years 

Oesophageal cancer  Gastric cancer 

 
Cases 

Adjusteda HR 
(95% CI) 

Cases 
Adjusteda HR  

(95% CI) 
SHBG (nmol/L) 
<27.88 281630 62 1.00 32 1.00 
27.88 to <36.88 279117 67 0.90 (0.63, 1.28) 36 0.89 (0.54, 1.46) 
36.88 to <48.07 276728 84 1.05 (0.75, 1.47) 57 1.38 (0.88, 2.17) 
≥48.07 274171 97 1.12 (0.80, 1.58) 70 1.48 (0.94, 2.34) 
Missing 53 Ptrend=0.313 29 Ptrend=0.019 
      
Testosterone (nmol/L) 
<9.45 300041 103 1.00 52 1.00 
9.45 to <11.64 300984 89 1.05 (0.78, 1.40) 51 1.06 (0.71, 1.58) 
11.64 to <14.15 301417 72 0.92 (0.67, 1.25) 50 1.13 (0.76, 1.69) 
≥14.15 300591 78 1.08 (0.79, 1.48) 54 1.34 (0.89, 2.00) 
Missing 21 Ptrend=0.849 17 Ptrend=0.149 
      
Free testosterone (nmol/L)  
<0.18 272743 111 1.00 77 1.00 
0.18 to <0.21 275431 78 0.89 (0.66, 1.19) 37 0.55 (0.36, 0.83) 
0.21 to <0.25 277930 70 0.95 (0.70, 1.29) 44 0.87 (0.60, 1.28) 
≥0.25 280156 49 0.95 (0.66, 1.35) 33 0.86 (0.56, 1.33) 
Missing 55 Ptrend=0.790 33 Ptrend=0.605 
      
Estradiol (pmol/L) 

<175.0 
102756

4 284 
1.00 

178 
1.00 

≥175.0 104124 36 1.22 (0.86, 1.74) 18 0.99 (0.61, 1.61) 
Missing  43  28  
aAdjusted for age at baseline, deprivation, smoking status, BMI, alcohol consumption, 
diabetes, aspirin use and statin use. 
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Appendix table F-2. Pre-diagnostic sex hormone concentrations and risk of gastro-
oesophageal cancer in women in the UK Biobank, using 1-year lag 

 
 

Person-
years 

Oesophageal cancer  Gastric cancer 

 
Cases 

Adjusteda HR 
(95% CI) 

Cases 
Adjusteda HR  

(95% CI) 
SHBG (nmol/L) 
<27.88 182316 17 1.00 18 1.00 
27.88 to <36.88 181994 15 0.88 (0.43, 1.78) 17 0.97 (0.49, 1.92) 
36.88 to <48.07 182549 14 0.82 (0.38, 1.73) 10 0.52 (0.23, 1.22) 
≥48.07 181535 22 1.18 (0.57, 2.43) 15 0.86 (0.40, 1.86) 
Missing  17 Ptrend=0.657 11 Ptrend=0.442 

      
Testosterone (nmol/L) 
<0.70 166205 17 1.00 15 1.00 
0.70 to <0.98 165676 18 1.15 (0.58, 2.27) 10 0.74 (0.33, 1.66) 
0.98 to <1.33 165813 9 0.59 (0.26, 1.33) 14 1.07 (0.51, 2.24) 
≥1.33 164884 20 1.33 (0.69, 2.59) 14 1.10 (0.52, 2.31) 
Missing  21 Ptrend=0.715 18 Ptrend=0.613 

      
Free testosterone (nmol/L)  
<0.008 150629 17 1.00 13 1.00 
0.008 to <0.01 151018 12 0.78 (0.37, 1.67) 12 1.04 (0.46, 2.32) 
0.01 to <0.02 150574 13 0.88 (0.41, 1.85) 11 0.98 (0.43, 2.26) 
≥0.02 150132 13 0.92 (0.42, 1.98) 13 1.23 (0.54, 2.80) 
Missing  30 Ptrend=0.888 22 Ptrend=0.666 

      
Estradiol (pmol/L) 
<175.0 723014 70 1.00 62 1.00 
≥175.0 28891 2 1.00 (0.24, 4.17) 0 - 
Missing  13  9  
aAdjusted for age at baseline, deprivation, smoking status, BMI, alcohol 
consumption, diabetes, aspirin use and statin use. 
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Appendix table F-3. Pre-diagnostic sex hormone concentrations replacing eligible missing values using half LOQ values and risk of gastro-
oesophageal cancer in the UK Biobank 
 
 

Person-
years 

Men 
                  

Person
-years 

Women 
 Oesophageal cancer  Gastric cancer Oesophageal cancer  Gastric cancer 

 Cases Adjusteda HR 
(95% CI) Cases Adjusteda HR  

(95% CI) Cases Adjusteda HR 
(95% CI) Cases Adjusteda HR  

(95% CI) 
SHBG (nmol/L) 
Q1 331,099 68 1.00 37 1.00 213267 18 1.00 18 1.00 
Q2 327,675 75 0.92 (0.66, 1.28) 40 0.87 (0.55, 1.38) 212838 16 0.86 (0.43, 1.70) 18 1.02 (0.52, 2.00) 
Q3 325,641 94 1.06 (0.77, 1.47) 67 1.43 (0.94, 2.16) 213401 17 0.88 (0.44, 1.77) 11 0.58 (0.26, 1.30) 
Q4 321,946 106 1.11 (0.80, 1.54) 76 1.42 (0.93, 2.18) 212661 26 1.20 (0.61, 2.37) 16 0.91 (0.43, 1.93) 
Missing 63 0.345 32 0.020  17 0.535 12 0.524 
           
Testosterone (nmol/L) 
Q1 352,334 114 1.00 63 1.00 234678 29 1.00 17 1.00 
Q2 353,707 99 1.05 (0.80, 1.38) 51 0.87 (0.60, 1.27) 233530 23 0.81 (0.47, 1.41) 18 1.21 (0.61, 2.36) 
Q3 354,207 80 0.91 (0.68, 1.23) 63 1.16 (0.81, 1.67) 234362 13 0.49 (0.25, 0.94) 18 1.25 (0.64, 2.45) 
Q4 353,475 87 1.08 (0.80, 1.45) 58 1.17 (0.80, 1.71) 234362 23 0.90 (0.52, 1.56) 16 1.15 (0.57, 2.31) 
Missing 26 0.860 18 0.224  6 0.380 6 0.672 
          
Free testosterone (nmol/L)  
Q1 320,069 117 1.00 85 1.00 212075 27 1.00 16 1.00 
Q2 323,835 96 1.04 (0.79, 1.36) 42 0.57 (0.39, 0.83) 212542 15 0.61 (0.32, 1.15) 16 1.14 (0.56, 2.31) 
Q3 326,815 75 0.97 (0.72, 1.31) 49 0.86 (0.61, 1.24) 212395 19 0.81 (0.44, 1.47) 15 1.08 (0.53, 2.23) 
Q4 329,622 53 0.97 (0.69, 1.36) 40 0.92 (0.61, 1.37) 211468 16 0.72 (0.38, 1.37) 15 1.12 (0.54, 2.36) 
Missing 65 0.796 36 0.744  17 0.415 13 0.790 
aAdjusted for age at baseline, deprivation, smoking status, BMI, alcohol consumption, diabetes, aspirin use and statin use. 
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Appendix G 

Associations between reproductive factors and risk of gastro-oesophageal 

cancer mortality in the sensitivity analysis, in China Kadoorie Biobank  

 

Appendix table G-1. Associations between reproductive factors and risk of gastro-

oesophageal cancer mortality in China Kadoorie Biobank, using 1-year lag 

 

Appendix table G-2. Associations between reproductive factors and risk of gastro-

oesophageal cancer mortality in China Kadoorie Biobank, when restricting to high 

quality data.
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Appendix table G-1. Associations between reproductive factors and risk of gastro-
oesophageal cancer mortality in China Kadoorie Biobank, using 1-year lag 
 
 

N Person-
years 

Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95%CI) 

Fully adjustedb 
HR (95%CI) 

Age at menarche (n=678) 
≤12 27 116206 1.00 1.00 1.00 
13-14 124 606631 0.78 (0.52, 1.19) 0.78 (0.51, 1.18) 0.79 (0.52, 1.20) 
15-16 228 806872 0.82 (0.55, 1.22) 0.77 (0.51, 1.15) 0.76 (0.51, 1.13) 
16-18 229 505552 1.02 (0.68, 1.52) 0.88 (0.59, 1.32) 0.88 (0.59, 1.31) 
≥19 70 123282 1.05 (0.67, 1.64) 0.84 (0.53, 1.31) 0.80 (0.51, 1.25) 
P-trend    0.020 0.546 0.814 
      
Age at menopause (n=599) 
20-44 97 172609 1.00 1.00 1.00 
45-49 255 459575 0.95 (0.75, 1.20) 1.02 (0.80, 1.29) 1.04 (0.82, 1.31) 
50-54 208 424625 0.80 (0.62, 1.02) 0.91 (0.71, 1.16) 0.98 (0.77, 1.25) 
≥55 39 54211 0.92 (0.63, 1.33) 1.00 (0.69, 1.46) 1.06 (0.73, 1.54) 
P-trend   0.086 0.449 0.918 
      
Menopause status (n=678) 
Pre-meno 65 939501 1.00 1.00 1.00 
Currently 14 108013 0.93 (0.49, 1.75) 0.93 (0.49, 1.75) 0.91 (0.48. 1.72) 
Post-meno 599 1111028 1.33 (0.85, 2.08) 1.15 (0.73, 1.81) 1.14 (0.72, 1.79) 
P-trend   0.159 0.478 0.501 
      
Fertility duration (n=613) 
≤30 years 213 356300 1.00 1.00 1.00 
31-33 156 316742 0.87 (0.71, 1.07) 0.93 (0.75, 1.15) 0.96 (0.78, 1.18) 
34-36 132 326556 0.71 (0.57, 0.89) 0.81 (0.65, 1.01) 0.85 (0.68, 1.06) 
≥37 112 219443 0.83 (0.66, 1.04) 0.99 (0.78, 1.24) 1.04 (0.82, 1.31) 
P-trend   0.016 0.425 0.783 
      
Number of pregnancies (n=678) 
None  6 20197 0.97 (0.43, 2.22) 0.86 (0.38, 1.96) 0.82 (0.36, 1.88) 
1-2 122 760718 1.00 1.00 1.00 
3-4 273 955394 0.96 (0.77, 1.20) 0.85 (0.68, 1.07) 0.83 (0.66, 1.03) 
≥5 277 422234 1.17 (0.92, 1.49) 0.91 (0.71, 1.16) 0.86 (0.67, 1.09) 
P-trend   0.102 0.695 0.390 
      
Number of live births (n=672)  
None  1 8438 0.58 (0.08, 4.12) 0.55 (0.08, 3.92) 0.52 (0.07, 3.69) 
1-2 234 1440062 1.00 1.00 1.00 
3-4 280 555904 1.27 (1.04, 1.54) 0.97 (0.79, 1.19) 0.85 (0.69, 1.04) 
≥5 257 133942 1.90 (1.48, 2.44) 1.16 (0.88, 1.53) 0.88 (0.67, 1.15) 
P-trend   <0.001 0.263 0.378 
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Appendix G-1. (continued). Associations between reproductive factors and risk of 
gastro-oesophageal cancer mortality in China Kadoorie Biobank, using 1-year lag  
 
 

N Person-
years 

Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95%CI) 

Fully adjustedb 
HR (95%CI) 

Age at live first birth (n=711) 
11-20 195 392316 0.93 (0.78, 1.11) 0.85 (0.71, 1.02) 0.92 (0.76, 1.20) 
21-25 360 1263729 1.00 1.00 1.00 
26-30 106 427133 0.84 (0.67, 1.04) 1.04 (0.83, 1.31) 1.04 0.83, 1.32( 
≥30 10 46730 0.64 (0.34, 1.20) 0.83 (0.44, 1.57) 0.85 (0.45, 1.61) 
P-trend   0.279 0.168 0.788 
      
Stillbirths (n=672) 
None 615 2017504 1.00 1.00 1.00 
≥1 57 120819 0.88 (0.67, 1.15) 0.94 (0.71, 1.23) 1.11 (0.84, 1.47) 
      
Miscarriages (n=672) 
None 582 1947457 1.00 1.00 1.00 
≥1 90 190874 1.21 (0.97, 1.52) 1.15 (0.92, 1.44) 1.09 (0.87, 1.36) 
      
Induced abortion (n=672) 
None 426 1016507 1.00 1.00 1.00 
≥1 246 1121822 0.65 (0.55, 0.76) 0.76 (0.64, 0.90) 0.90 (0.76, 1.07) 
      
Breastfeeding (n=671) 
No 5 59298 1.00 1.00 1.00 
Yes  666 2070611 2.76 (1.14, 6.65) 2.06 (0.85, 4.99) 1.97 (0.81, 4.78) 
      
Duration of breastfeeding (n=671) 
1-11 35 344188 1.00 1.00 1.00 
12-23 63 544212 1.00 (0.66, 1.52) 0.93 (0.61, 1.40) 0.94 (0.62, 1.43) 
24-48 171 671119 1.25 (0.86, 1.82) 1.03 (0.70, 1.51) 0.91 (0.62, 1.32) 
≥48 402 570388 2.33 (1.62, 3.35) 1.41 (0.96, 2.07) 0.88 (0.60, 1.30) 
P-trend   <0.001 0.002 0.532 
      
Oral contraceptive pill use (n=678) 
Never use  637 1941360 1.00 1.00 1.00 
Ever use  41 217184 0.65 (0.47, 0.89) 0.83 (0.60, 1.15) 1.02 (0.74, 1.42) 
      
Duration of contraceptive pill use (n=678) 
Never 637 1941670 1.00 1.00 1.00 
<2 years  17 97720 0.64 (0.40, 1.04) 0.78 (0.48, 1.26) 0.91 (0.56, 1.48) 
≥2 years  24 119464 0.65 (0.43, 0.98) 0.88 (0.58, 1.32) 1.12 (0.74, 1.70) 
P-trend   0.011 0.344 0.719 
      
Hysterectomy (n=678) 
No 655 2074773 1.00 1.00 1.00 
Yes  23 83771 0.83 (0.55, 1.26) 0.97 (0.64, 1.47) 0.99 (0.65, 1.50) 
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Appendix G-1. (continued). Associations between reproductive factors and risk of 
gastro-oesophageal cancer mortality in China Kadoorie Biobank, using 1-year lag  
 
 

N Person-
years 

Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95%CI) 

Fully adjustedb 
HR (95%CI) 

Oophorectomy (n=678) 
No 675 2126211 1.00 1.00 1.00 
Yes  3 32332 0.26 (0.08, 0.81) 0.32 (0.10, 1.00) 0.34 (0.11, 1.05) 
aAdjusted for age at baseline, living region, household income, smoking, BMI, alcohol, 
education, physical activities, occupation, and comorbidities at baseline (diabetes, 
CHD, COPD, hypertension, peptic ulcer, and stroke).  
bAdditionally adjusted for nutrition (suffering from shortage, using fridge, frequency of 
consuming fruits, vegetables, meat, eggs, fish, soybean, preserved vegetables, poultry, 
rice, wheat, other staples[corn, millet etc.]) 
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Appendix table G-2. Associations between reproductive factors and risk of gastro-
oesophageal cancer mortality in China Kadoorie Biobank, restricting to high-quality 
data 
 
 

N Person
-years 

Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95%CI) 

Fully adjustedb 
HR (95%CI) 

Age at menarche (n=353) 
≤12 15 93508 1.00 1.00 1.00 
13-14 68 496518 0.76 (0.43, 1.32) 0.72 (0.41, 1.26) 0.70 (0.40, 1.23) 
15-16 126 597962 0.90 (0.53, 1.54) 0.79 (0.46, 1.36) 0.77 (0.45, 1.31) 
16-18 110 355878 1.04 (0.60, 1.78) 0.82 (0.48, 1.42) 0.81 (0.47, 1.40) 
≥19 34 79264 1.16 (0.63, 2.13) 0.82 (0.44, 1.52) 0.81 (0.43, 1.50) 
P-trend    0.041 0.746 0.711 
      
Age at menopause (n=310) 
20-44 49 123170 1.00 1.00 1.00 
45-49 125 317498 0.93 (0.67, 1.30) 1.00 (0.71, 1.39) 1.01 (0.73, 1.41) 
50-54 108 302298 0.79 (0.56, 1.11) 0.91 (0.65, 1.29) 0.96 (0.68, 1.36) 
≥55 19 36241 0.90 (0.53, 1.53) 1.00 (0.59, 1.71) 1.05 (0.62, 1.80) 
P-trend   0.218 0.670 0.909 
      
Menopause status (n=353) 
Pre-meno 46 766842 1.00 1.00 1.00 
Currently 6 77072 0.69 (0.28, 1.72) 0.77 (0.31, 1.91) 0.80 (0.32. 2.00) 
Post-meno 301 779216 1.25 (0.72, 1.17) 1.21 (0.68, 2.12) 1.20 (0.68, 2.12) 
P-trend   0.339 0.450 0.460 
      
Fertility duration (n=307) 
≤30 years 111 245916 1.00 1.00 1.00 
31-33 75 219897 0.78 (0.58, 1.05) 0.85 (0.64, 1.15) 0.86 (0.64, 1.16) 
34-36 67 231033 0.66 (0.49, 0.90) 0.78 (0.58, 1.07) 0.80 (0.59, 1.09) 
≥37 54 159442 0.71 (0.51, 0.99) 0.91 (0.65, 1.26) 0.94 (0.67, 1.31) 
P-trend   0.011 0.325 0.441 
      
Number of pregnancies (n=353) 
None  0 16000 - - - 
1-2 77 600963 1.00 1.00 1.00 
3-4 147 706960 0.87 (0.65, 1.16) 0.79 (0.59, 1.06) 0.77 (0.58, 1.04) 
≥5 129 299206 0.92 (0.67, 1.27) 0.74 (0.53, 1.03) 0.79 (0.50, 0.98) 
P-trend   0.785 0.357 0.221 
      
Number of live births (n=353)  
None  1 7405 0.94 (0.13, 6.75) 0.92 (0.12, 6.59) 0.82 (0.11, 5.89) 
1-2 139 112606

6 
1.00 1.00 1.00 

3-4 138 386581 1.18 (0.91, 1.55) 0.92 (0.69, 1.22) 0.81 (0.61, 1.08) 
≥5 75 87077 1.85 (1.32, 2.59) 1.13 (0.77, 1.64) 0.85 (0.58, 1.25) 
P-trend   <0.001 0.591 0.380 
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Appendix table G-2 (continued). Associations between reproductive factors and risk of 
gastro-oesophageal cancer mortality in China Kadoorie Biobank, restricting to high-
quality data 
 
 

N Person-
years 

Unadjusted HR 
(95% CI) 

Adjusteda HR 
(95%CI) 

Fully adjustedb 
HR (95%CI) 

Age at live first birth (n=352) 
11-20 102 270551 1.10 (0.86, 1.41) 0.97 (0.75, 1.25) 0.91 (0.70, 1.18) 
21-25 181 935566 1.00 1.00 1.00 
26-30 65 352290 0.90 (0.67, 1.19) 1.09 (0.80, 1.47) 1.10 (0.81, 1.49) 
≥30 4 41316 0.42 (0.15, 1.14) 0.53 (0.20, 1.44) 0.54 (0.20, 1.45) 
P-trend   0.052 0.998 0.962 
      
Stillbirths (n=353) 
None 321 1515937 1.00 1.00 1.00 
≥1 32 91167 0.96 (0.66, 1.38) 1.09 (0.75, 1.58) 1.15 (0.79, 1.67) 
      
Miscarriages (n=353) 
None 314 1461980 1.00 1.00 1.00 
≥1 39 145133 0.94 (0.67, 1.31) 0.89 (0.64, 1.25) 0.81 (0.58, 1.14) 
      
Induced abortion (n=353) 
None 229 752062 1.00 1.00 1.00 
≥1 124 855049 0.54 (0.43, 0.67) 0.64 (0.50, 0.80) 0.76 (0.59, 0.97) 
      
Breastfeeding (n=352) 
No 5 52239 1.00 1.00 1.00 
Yes  347 1547485 1.85 (0.77, 4.48) 1.41 (0.58, 3.45) 1.44 (0.59, 3.52) 
      
Duration of breastfeeding (n=352) 
1-11 22 291811 1.00 1.00 1.00 
12-23 50 446879 1.35 (0.82, 2.23) 1.25 (0.76, 2.08) 1.28 (0.77, 2.12) 
24-48 97 487631 1.38 (0.86, 2.22) 1.16 (0.72, 1.90) 1.10 (0.68, 1.80) 
≥48 183 373403 2.30 (1.15, 3.67) 1.40 (0.84, 2.31) 1.04 (0.62, 1.73) 
P-trend   <0.001 0.192 0.698 
      
Oral contraceptive pill use (n=353) 
Never use  327 1472295 1.00 1.00 1.00 
Ever use  26 150836 0.78 (0.52, 1.17) 1.05 (0.70, 1.58) 1.26 (0.83, 1.90) 
      
Duration of contraceptive pill use (n=353) 
Never 327 1472599 1.00 1.00 1.00 
<2 years  12 71201 0.86 (0.48, 1.52) 1.09 (0.61, 1.94) 1.26 (0.70, 2.26) 
≥2 years  14 79635 0.73 (0.43, 1.25) 1.02 (0.59, 1.75) 1.25 (0.72, 2.16) 
P-trend   0.217 0.860 0.311 
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Appendix table G-2 (continued). Associations between reproductive factors and 
risk of gastro-oesophageal cancer mortality in China Kadoorie Biobank, restricting 
to high-quality data 
 

 
N Person-

years 
Unadjusted HR 

(95% CI) 
Adjusteda HR 

(95%CI) 
Fully adjustedb 
HR (95%CI) 

Hysterectomy (n=353)    
No 339 1559110 1.00 1.00 1.00 
Yes  14 64021 0.91 (0.53, 1.56) 1.07 (0.62, 1.83) 1.06 (0.62, 1.81) 

      
Oophorectomy (n=353) 
No 351 1598510 1.00 1.00 1.00 
Yes  2 24622 0.32 (0.08, 1.29) 0.43 (0.11, 1.74) 0.45 (0.11, 1.81) 
aAdjusted for age at baseline, living region, household income, smoking, BMI, 
alcohol, education, physical activities, occupation, and comorbidities at baseline 
(diabetes, CHD, COPD, hypertension, peptic ulcer, and stroke).  
bAdditionally adjusted for nutrition (suffering from shortage, using fridge, 
frequency of consuming fruits, vegetables, meat, eggs, fish, soybean, preserved 
vegetables, poultry, rice, wheat, other staples[corn, millet etc.]) 
 

 


