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Aims: We evaluated physicians’ willingness to trade-off benefits, risks and time to infusion for CAR T-
cell therapy for relapsed or refractory diffuse large B-cell lymphoma. Materials & methods: In a discrete-
choice experiment survey, 150 US oncologists/hematologists chose between two hypothetical CAR T-cell
treatments defined by six attributes. Results: Decreasing time to infusion from 113 to 16 days yielded the
greatest change in preference weight (1.91). Physicians were willing to accept a >20% increase in risk
of severe cytokine release syndrome and 15% increase in risk of severe neurological events in exchange
for an increase in the probability of overall survival at 24 months from 40 to 55%. Conclusion: Physicians
value reducing time to infusion and will accept incremental increases in serious adverse event risks to gain
survival improvements.

Lay abstract: CAR T-cell therapy is a treatment option for patients with diffuse large B-cell lymphoma that
has not responded to at least two other kinds of treatments. CAR-T therapies are manufactured from a
patient’s white blood cells, modified to attack lymphoma cells. A CAR-T therapy takes time to manufacture
after these cells are collected. CAR-T therapies can result in the reduction or disappearance of lymphoma
tumors and can increase the chances of survival, but also cause serious side effects for a few patients. One
of these is cytokine release syndrome (CRS), in which high levels of inflammation throughout the body may
cause fever, heart problems or difficulty breathing. Another is the development of temporary but serious
neurological problems such as confusion, seizures and memory problems. To understand how important
physicians consider certain features of CAR-T therapies to be when deciding whether to recommend
them, we asked physicians to choose between two treatment options resembling CAR-T therapies in a
series of questions, with the CAR-T features varying in each question. Their answers indicated whether
disappearance of tumors, a patient’s chances of survival after 1 and 2 years of treatment, manufacturing
time, or the risk of CRS or neurological problems was the most important factor. Physicians most wanted
to reduce manufacturing time from 113 to 16 days, but also were willing to accept a >20% increase in
risk of severe CRS and a 15% increase in risk of severe neurological events to increase a patient’s chance
of survival from 40 to 55% at 2 years.

First draft submitted: 6 February 2021; Accepted for publication: 2 September 2021; Published online:
28 September 2021
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An estimated 81,560 Americans are expected to be diagnosed with non-Hodgkin lymphoma (NHL) in 2021 [1].
Diffuse large B-cell lymphoma (DLBCL) is the most common form of NHL among adults in the USA, repre-
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senting 33% of newly diagnosed NHL cases [2]. First-line treatment for DLBCL usually consists of rituximab,
cyclophosphamide, vincristine, doxorubicin and prednisone (R-CHOP). Although the majority of patients with
DLBCL will have long-term, disease-free survival after initial R-CHOP [3], overall 5-year relative survival among
all newly diagnosed patients with NHL is still only an estimated 63.8% [4]. Those whose disease relapses or is
refractory to initial therapy have historically had limited curative treatment options (e.g., high-dose chemotherapy
followed by hematopoietic stem cell transplantation for responders).

At the time this study was designed, two autologous anti-CD19 CAR-T cell therapies were commercially
available for the treatment of patients with relapsed or refractory large B-cell lymphoma with two or more
prior systemic therapies: axicabtagene ciloleucel (Yescarta R©; Kite, A Gilead Company [5]) and tisagenlecleucel
(Kymriah R©; Novartis Pharmaceuticals [6]). A third CAR-T therapy, lisocabtagene maraleucel, also was recently
approved for relapsed or refractory DLBCL [7]. Although both axicabtagene ciloleucel and tisagenlecleucel are
both CD19-directed, genetically modified, autologous T-cell products, in clinical trials these therapies differed in
manufacturing time (time from leukapheresis to availability for infusion), overall survival (OS) and in the risk
of important adverse reactions, including cytokine release syndrome (CRS) and neurological toxicities such as
encephalopathy, headache, tremor, dizziness and aphasia [5,6]. Currently, there is little information available about
how physicians make decisions when choosing between CAR-T treatments for patients with DLBCL.

This study aimed to explore physicians’ preferences regarding CAR-T therapy for patients with relapsed or refrac-
tory DLBCL. The first study objective was to quantify physician preferences for efficacy, time from leukapheresis
to infusion and risk of severe adverse reactions associated with CAR-T treatments for adult patients with relapsed
or refractory DLBCL. The second objective was to quantify the trade-offs that physicians are willing to accept
between risks, benefits and specific improvements in time from leukapheresis to infusion. The third objective was
to determine whether physicians’ treatment preferences varied systematically between a hypothetical patient with
an average pace of disease progression for DLBCL and one with more rapid disease progression.

Materials & methods
Study design
The study employed a discrete-choice experiment (DCE) to elicit physicians’ preferences for features or outcomes
that differ between the available CAR-T treatments. DCE methods are based on the hedonic principle that products
or services comprise multiple attributes and that an individual’s choice of a product or service is a function of the
utility of each attribute. Thus DCE methods can be used to elicit preferences for attributes of a good or service.
DCEs have been used to elicit preferences for health and healthcare since before 1990 and for a wide range of
healthcare topics, including physicians’ cancer treatment decisions [7–11].

The DCE was developed and conducted according to good research practice guidelines published by the Interna-
tional Society for Pharmacoeconomics and Outcomes Research [12]. The study was reviewed by RTI International’s
institutional review board and deemed exempt from full review on 3 April 2019 (IRB ID: STUDY00020581).
Oncologists or hematologists in the USA with experience treating patients with DLBCL were invited to complete
the survey; all respondents provided electronic informed consent.

Survey instrument
The survey instrument included screening questions to confirm respondent eligibility, informed consent text,
background questions on the respondent’s experience treating patients with DLBCL and with CAR-T therapies, a
series of DCE questions and background questions about the doctors and their practice.

In the DCE questions, physicians were asked to choose between pairs of unlabeled alternatives (hypothetical
CAR-T treatments) for selected patient profiles. Figure 1 presents an example choice question. The hypothetical
CAR-T treatments were defined by a set of treatment features or outcomes, called attributes. The attributes were
chosen according to the best available information at the time the study was designed to represent those that
reflected important differences between the existing CAR-T treatment options used to treat relapsed or refractory
DLBCL after two or more prior systemic therapies. The attributes evaluated in the survey included probability of
achieving a complete response (CR) at 6 months, probabilities of OS at 12 and 24 months, time from leukapheresis
to infusion, risk of severe CRS and risk of a severe neurological event (Table 1). The efficacy attributes were
constrained such that the level of CR at 6 months was always higher than the level of OS at 12 months, and the
level of OS at 12 months was always higher than the level of OS at 24 months.
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Probability of complete
response achieved at
6 months of treatment

Probability of OS at
12 months

Probability of OS at
24 months

Time from initial collection
(leukapheresis) to infusion

Risk of severe cytokine
release syndrome (CRS)

Risk of a severe
neurological event

Which treatment would you

prescribe for this patient?

Treatment feature CAR T-cell treatment A CAR T-cell treatment B

52 out of 100 people (52%) 60 out of 100 people (60%)

60 out of 100 people (60%)

40 out of 100 people (40%)

52 out of 100 people (52%)

48 out of 100 people (48%)

5 out of 100 people (5%)

16 days

10 out of 100 people (10%)

47 days

5 out of 100 people (5%)

10 out of 100 people (10%)

Figure 1. Example of a discrete-choice experiment question.
OS: Overall survival.

Table 1. CAR T-cell treatment attributes and levels.
Attribute label Attribute definitions Levels

Probability of CR achieved at
6 months

Different CAR-T therapies result in different probabilities of achieving CR as assessed according to the International
Working Group Response Criteria for Malignant Lymphoma
In this survey, we will ask you to consider treatments with different rates of CR at 6 months ranging from 40 to 60%

40%
52%
60%

Probability of OS at 12 months Different CAR-T treatments result in different probabilities of OS at 12 months
In this survey, we will ask you to consider treatments with different rates of OS at 12 months ranging from 40 to 60%

40%
52%
60%

Probability of OS at 24 months Different CAR-T treatments result in different rates of OS at 24 months
In this survey, we will ask you to consider treatments with different rates of OS at 24 months ranging from 40 to 55%

40%
48%
55%

Time from initial collection
(leukapheresis) to infusion

CAR-T therapy uses the patient’s own immune cells to seek and destroy cancerous cells. After blood is taken from the
patient, the T cells are removed from the sample, genetically modified to create CAR, and then infused back into the
patient
This process requires time from initial collection (leukapheresis) and manufacturing to reinfusing a patient’s
individual T cells
In this survey, we will ask you to consider different treatments that take between 16 and 113 days to manufacture
and get to the patient

16 days
24 days
47 days
73 days
113 days

Risk of severe CRS Patients receiving CAR-T treatment are at risk for severe (grade 3 or 4) CRS. Symptoms of CRS may include pyrexia,
hypotension, hypoxia, arrhythmia, chills and sinus tachycardia
Please note that CRS is transient and that the median time to resolution is approximately 7–8 days; however, some
patients will experience severe or life-threatening complications from CRS
In this survey, we will ask you to consider treatments with a risk of severe CRS ranging from 5 to 25%

5%
10%
25%

Risk of a severe neurological
event

Patients receiving CAR-T treatment are at risk of experiencing severe (grade 3 or 4) neurological events. These
neurological events may include encephalopathy, confusion, tremor, aphasia, somnolence, agitation, memory
impairment and mental status changes
Please note that the severe neurological events described above are transient and that the median time to resolution
is approximately 2 weeks
In this survey, we will ask you to consider treatments with a risk of neurological events ranging from 10% to 32% of
patients

10%
20%
32%

To ensure the presentation of efficacy in each hypothetical CAR-T treatment profile was realistic, the discrete-choice experimental design was constrained so that CR at 6 months was
always greater than or equal to OS at 12 months and that OS at 12 months was always greater than or equal to OS at 24 months.
CR: Complete response; CRS: Cytokine release syndrome; OS: Overall survival.
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Table 2. Patient profiles.
Patient profile 1 Patient profile 2

The patient is a 58-year-old female with histologically confirmed diffuse large
B-cell lymphoma who has previously received two prior lines of treatment.
The patient has refractory stable disease as the best response to the most recent
chemotherapy regimen. The patient has no central nervous system involvement;
no active infection; and adequate renal, hepatic, pulmonary and cardiac function.
The patient has an ECOG performance status score of 1 (i.e., she is restricted in
physically strenuous activity but ambulatory and able to carry out work of a light
or sedentary nature, such as light housework and office work). Currently, this
patient has progressive, stage IV disease with an estimated survival of 6 months.

The patient is a 60-year-old male with histologically confirmed stage IV diffuse large
B-cell lymphoma, which is MYC +, BCL2+ and BCL6+ by FISH. He has rapidly
progressed through three prior lines of treatment (R-CHOP, R-ICE and R-GDP).
The patient has refractory progressive disease as the best response to the most
recent chemotherapy regimen. He now presents with new-onset B-symptoms and
elevated LDH. This patient has no central nervous system involvement; no active
infection; and adequate renal, hepatic, pulmonary and cardiac function. The patient
has an ECOG performance status score of 1 (i.e., he is restricted in physically
strenuous activity but ambulatory and able to carry out work of a light or sedentary
nature, such as light housework and office work).

MYC is a gene whose expression may change in DLBCL; BCL2 and BCL6 are genes that may be mutated in DLBCL.
DLBCL: Diffuse large B-cell lymphoma; ECOG: Eastern Cooperative Oncology Group; R-CHOP: Rituximab, cyclophosphamide, vincristine, doxorubicin and prednisone; R-GDP: Rituximab
+ gemcitabine, dexamethasone and cisplatin; R-ICE: Rituximab + ifosfamide, carboplatin and etoposide.

Each attribute was further defined by between three and five levels over which it could vary in each choice
question in the DCE. The range of levels of each attribute was selected such that it encompassed the clinically
relevant range of outcomes that has been seen or might be expected to be seen in clinical trials or clinical practice.
The ranges also were selected to reflect the maximum range over which respondents are willing to accept trade-offs
among attributes.

The survey instrument was pretested to assess the appropriateness of the descriptive information and the difficulty
of the choice questions in telephone interviews with ten physicians in May 2019. The qualitative research company
M3 was contracted to recruit the pretest participants from its existing panel of physicians. Board-certified or
board-eligible US oncologists or hematologists who had treated at least ten patients with DLBCL in the past year
were eligible to participate. Participants in the pretest interviews received a small compensation for their time.

During pretesting, physicians were able to complete the survey and choose between CAR-T treatment options
presented in the DCE without difficulty. Pretesting also confirmed the appropriateness of the attributes and
the clarity and accuracy of the descriptive information included in the survey. Based on suggestions made by
physicians during the interviews, a few refinements were made to the survey. First, an Eastern Cooperative
Oncology Group score of 1 was added to each patient profile, as physicians mentioned that having such a score
in the patient profile was necessary for understanding the condition of the hypothetical patient and to decide
between the CAR-T treatment options. In addition, while the survey initially presented four levels for time from
leukapheresis to infusion (17, 45, 75 and 114 days), physicians stated during pretesting that the difference of
even a few weeks was an important consideration, and some felt that waiting 45 days was too long. Treating a
patient as quickly as possible was a major driver of choice during pretesting. Therefore, to encourage physicians
to make trade-offs among the attributes and to reduce the possibility that respondents to the online survey would
predominantly choose the time from leukapheresis to infusion as the most important attribute, the levels were
revised during pretesting to be more realistic and in line with the clinical data available at the time. An additional
level with a shorter time from leukapheresis to infusion also was included. The final levels chosen for the survey
were 16, 24, 47, 73 and 113 days.

The market research firm Dynata was contracted to administer the final survey online to a subgroup of its online
panel of physicians, following the same inclusion criteria defined for pretest interviews.

Experimental design
The hypothetical pair of treatment profiles in each choice question and full set of choice questions in the DCE
were determined by an experimental design, constructed to have statistical properties that allowed estimation of the
main-effect preference weights of interest using a random-parameters logit (RPL) model. The commonly employed
D-optimal algorithm was used to construct a fractional factorial experimental design [13,14] developed in SAS 9.4
software (SAS Institute, Inc., NC, USA).

The experimental design comprised 60 DCE questions divided into five blocks of 12 questions. Each respondent
was randomly assigned to one of the five blocks of questions. The order of the 12 experimentally designed choice
questions was randomized for each respondent. Before being presented with the DCE questions, respondents were
presented with two hypothetical patient profiles, one with average pace and one with a more rapid, predicted
pace of disease progression (Table 2). Half of respondents were randomly asked to choose a CAR-T treatment for
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the patient with an average pace of disease progression for DLBCL first, and the other half of respondents were
presented with the patient with more rapid disease progression first. All respondents answered a total of 24 choice
questions, 12 for each hypothetical patient profile.

Statistical analyses
Choice data were analyzed using RPL to generate preference weights for all attribute levels. The RPL model relates
each respondent’s choice to the attribute levels of each treatment profile in the choice questions. In addition, the
model controls for variations among individual preferences not explicitly accounted for by the variables in the
model by estimating a distribution of preferences (assumed to be normal in the analysis presented in this paper)
around each model parameter [15,16].

To explore whether physician preferences varied systematically between the two patient types, we used a Wald
test on an interacted RPL model to retrieve separate preference weights for each profile, and we also qualitatively
compared those preferences. To further explore whether it was possible to combine the data from the two patient
types in the analyses of physician preferences, we used the test proposed by Swait and Louviere [17].

The results from the final RPL specification were used to calculate maximum acceptable percentage-point
increases in treatment-related risks as trade-offs for different improvements in treatment attributes. The maximum
acceptable risk (MAR) increases were calculated as the negative of the ratio between the marginal utility for either
the improvement in the CR and OS attributes or in time to infusion and the marginal disutility of each risk
(i.e., severe CRS or severe neurological events) from the lowest level of that risk included in the DCE.

The analyses were performed in Stata 15 (StataCorp, TX, USA).

Results
Physician sample
Among the 150 physicians who completed the online survey, 79% were male and 47% worked in academic hospitals
(Table 3). The respondent sample had considerable experience in treating DLBCL, and two-thirds (67%) of the
sample had been involved in a transplantation procedure in the past year.

A majority of physicians (63%) worked at hospitals where one or both commercial CAR-T therapies (i.e., axicab-
tagene ciloleucel or tisagenlecleucel) are available. Among these physicians, 65% worked at institutions where both
CAR-T treatments are used, 15% where only axicabtagene ciloleucel is used and 14% where only tisagenlecleucel
is used; 6% did not know or were not sure which treatment(s) were available at their institution. Among the
94 physicians who worked at hospitals where a commercial CAR-T therapy was available, 84 (90%) had used
commercial CAR-T therapy to treat patients with relapsed/refractory DLBCL during the past 12 months. More
than 68% of them had used CAR-T therapy for six or more patients. In addition, 8% of physicians had been an
investigator in a clinical trial for CAR-T treatment, and 33% of their institutions were currently running a clinical
trial using CAR-T therapy. An additional 13 physicians had previously used CAR-T cell therapy (albeit not in the
past 12 months), for a total of 97 physicians with any experience using CAR-T therapy.

Preference weights
The comparison between physicians’ choices for the two patient profiles revealed that preferences did not vary
systematically. Furthermore, the Swait and Louviere test [17] did not provide strong support for rejecting the null
hypothesis that physicians had the same preference weights for the two patient profiles (λa. = 5.07; critical for 15
degrees of freedom = 22.31; p = 0.99). Therefore the data from both patient profiles were pooled for analysis.

Figure 2 shows the preference weight estimate for each attribute level. The preference weights indicate the
ranking of levels within each attribute (i.e., a higher preference weight indicates that a level is more preferred). If
the CIs for any pair of levels of the same attribute do not overlap, the mean estimates for those attribute levels are
statistically significantly different from each other (p < 0.05). The preference weights were ordered as expected,
with better outcomes being preferred to worse outcomes. On average, respondents preferred a greater probability
of CR achieved at 6 months, a greater probability of OS at 12 and 24 months, and less time between leukapheresis
and infusion. Furthermore, respondents preferred lower risks of severe CRS and neurological events compared with
higher risks.

The change in utility associated with a change in any two levels of an attribute is represented by the difference
between the preference weights for those levels of that attribute in Figure 2. Larger differences between preference
weights indicate that respondents viewed the change as having a relatively greater effect on overall utility. For
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Table 3. Respondent characteristics (n = 150).
Survey question Respondents n (%)

Demographic characteristics

What is your gender?

– Female 29 (19.3)

– Male 118 (78.7)

– Prefer not to say 3 (2.0)

Which of the following best describes you?

– n 149

– Medical oncologist 55 (36.9)

– Hematologist 2 (1.3)

– Hematologist/oncologist 92 (61.7)

– Missing 1

Which of the following best describes the geographic area in which you practice?

– Urban 87 (58)

– Suburban 54 (36)

– Rural 9 (6.0)

US regions where you are licensed to practice medicine†

– Northeast 39 (26.0)

– Midwest 28 (18.7)

– South 49 (32.7)

– West 39 (26.0)

Which of the following best describes the setting in which you treat your patients?
(Please select all that apply)†

– Academic hospital 71 (47.3)

– Community hospital directly affiliated with an academic medical institution 41 (27.3)

– Community hospital not directly affiliated with an academic medical institution 47 (31.3)

– Experience with DLBCL and CAR-T therapy

Have you been involved in transplantation procedures in the past 12 months?

– Yes, only autotransplantation 5 (3.3)

– Yes, only allotransplantation 1 (0.7)

– Yes, both 94 (62.7)

– No 50 (33.3)

Do you treat only hematologic malignancies?

– Yes 32 (21.3)

– No 118 (78.7)

Approximately what percentage of your current patients has relapsed or refractory diffuse large B-cell lymphoma, primary mediastinal B-cell lymphoma, or
transformed follicular lymphoma?

– 0–10% 27 (18.0)

– 11–20% 36 (24.0)

– 21–30% 27 (18.0)

– 31–40% 27 (18.0)

– 41– 50% 20 (13.3)

– 51–75% 12 (8.0)

– More than 75% 1 (0.7)

For how many years have you been treating adult patients with DLBCL?

– 1–5 years 26 (17.3)

– 6–10 years 39 (26.0)

– 11–15 years 28 (18.7)

– More than 15 years 57 (38.0)

†Respondents could provide more than one answer to this question. For this reason, the sum of the responses may exceed the total number of respondents and the percentages may
sum to more than 100%.
DLBCL: Diffuse large B-cell lymphoma.
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Table 3. Respondent characteristics (n = 150) (cont.).
Survey question Respondents n (%)

Approximately how many adult patients with DLBCL did you see in the past 3 months?

– 2 or fewer patients 8 (5.5)

– 3–5 patients 25 (16.7)

– 6–10 patients 32 (21.3)

– 11–20 patients 25 (16.7)

– 21–50 patients 42 (28.0)

– More than 50 patients 18 (12.0)

Does your institution use commercial CAR-T to treat relapsed/refractory DLBCL patients?

– Yes 94 (62.7)

– No 41 (27.3)

– Do not know or not sure 15 (10.0)

Among those whose institution uses commercial CAR-T therapy to treat relapsed/refractory DLBCL

Which of the following commercial CAR-T therapies is used in your institution?

– n 94

– Yescarta R© 14 (14.9)

– Kymriah R© 13 (13.8)

– Both 61 (64.9)

– Do not know or not sure 6 (6.4)

Have you used commercial CAR-T to treat relapsed/refractory DLBCL patients during the past 12 months?

– n 94

– Yes 84 (89.4)

– No 10 (10.6)

Among those who have used commercial CAR-T therapy to treat relapsed/refractory DLBCL patients during the past 12 months

How many times have you used commercial CAR-T to treat relapsed/refractory DLBCL patients in the past 12 months?

– n 84

– 2 or fewer patients 9 (10.7)

– 3–5 patients 18 (21.4)

– 6–10 patients 31 (36.9)

– More than 10 patients 26 (31.0)

Among those whose institution does not use commercial CAR-T therapy

Have you ever used commercial CAR-T to treat relapsed/refractory DLBCL patients?

– n 41

– Yes 13 (31.7)

– No 28 (68.3)

Have you referred relapsed/refractory DLBCL patients to a hospital to be treated with commercial CAR-T during the past 12 months?

– n 41

– Yes 31 (75.6)

– No 10 (24.4)

All participants

Are you or your institution currently running a clinical trial using CAR-T therapy?

– Yes 49 (32.7)

– No 101 (67.3)

Have you ever been an investigator in a clinical trial for a CAR-T treatment?

– Yes 12 (8.0)

– No 138 (92.0)

†Respondents could provide more than one answer to this question. For this reason, the sum of the responses may exceed the total number of respondents and the percentages may
sum to more than 100%.
DLBCL: Diffuse large B-cell lymphoma.
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Figure 2. Preference weights (n = 150). Attributes are presented in the order in which they appeared in the
discrete-choice experiment questions. The vertical bars around each mean preference weight represent the 95% CI
around the point estimate. The change in utility associated with a change in the levels of each attribute is
represented by the vertical distance between the preference weights for any two levels of that attribute. Larger
differences between preference weights indicate that respondents viewed the change as having a relatively greater
effect on overall utility.

example, decreasing the time to infusion from 113 to 16 days yields a change in utility of approximately 1.91
(1.16 + 0.75). Likewise, an improvement in the probability of OS at 12 months from 40 to 60% yields a utility of
approximately 0.51 (0.26 + 0.25). Therefore reducing the time to infusion by 97 days is preferable to improving
the probability of OS at 12 months by 20 percentage points because it has approximately 3.75 (1.91/0.51) times
more impact on utility. Shifts from the least- to most-preferred levels of the other attributes yielded lower utility
gains, with risk of severe neurological events generating slightly higher utility gains than the rest.
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Table 4. Maximum acceptable increase in percentage point risk of adverse events (n = 150)†.
Attribute From level To level Severe CRS Severe neurological event

Mean‡ 95% CI Mean§ 95% CI

Time from initial collection (leukapheresis) to
infusion

113 days 16 days �20.00 33.45 68.19 �22.00 24.93 54.62

113 days 24 days �20.00 29.99 60.52 �22.00 21.87 48.08

113 days 47 days �20.00 22.92 46.41 �22.00 15.71 36.00

113 days 73 days �20.00 15.55 34.54 17.57 8.80 26.34

73 days 16 days �20.00 17.35 37.47 19.61 10.74 28.48

73 days 24 days �20.00 13.35 30.34 14.81 7.20 22.43

73 days 47 days 11.25 4.55 17.96 6.58 1.77 11.39

47 days 24 days 17.79 9.38 26.20 11.32 3.27 19.38

47 days 16 days 12.23 4.41 20.04 7.24 2.02 12.47

24 days 16 days 7.20 -1.82 16.23 3.81 -2.00 9.61

Probability of complete response achieved at
6 months of treatment

40% 52% 5.59 -3.38 14.56 2.70 -2.69 8.10

40% 60% �20.00 10.36 31.75 14.13 4.53 23.73

52% 60% 17.10 9.90 24.30 10.73 3.78 17.67

Probability of OS at 12 months 40% 52% 8.97 1.49 16.44 5.01 0.20 9.83

40% 60% 14.80 4.34 25.26 9.00 1.23 16.78

52% 60% 7.47 -0.07 15.01 3.99 -0.72 8.70

Probability of OS at 24 months 40% 48% 15.51 9.22 21.80 9.49 4.49 14.49

40% 55% �20.00 12.80 32.22 15.38 6.85 23.91

48% 55% 8.63 0.58 16.69 4.79 -0.47 10.04

†The estimates are maximum acceptable increases in risk above the minimum level presented in the survey instrument (5% for severe CRS and 10% for severe neurological events).
‡The percentage point difference between the highest (25%) and lowest (5%) risk of CRS presented in the survey is 20%. Estimates of increases in risk of CRS greater than 20 percentage
points in the calculations of the MAR increase require the strong assumption that the disutility of each unit increase in risk remains constant beyond 25% (5% baseline + 20-percentage
point increase). Rather than making this strong assumption about disutility outside the levels of CRS included in the DCE experimental design, estimates greater than 20 percentage points
are reported as simply greater than 20.
§The percentage point difference between the highest (32%) and lowest (10%) risk of a severe neurological event presented in the survey is 22%. Estimates of increases in risk of a severe
neurological event greater than 22 percentage points in the calculations of the MAR increase require the strong assumption that the disutility of each unit increase in risk remains constant
beyond 32% (10% baseline + 22-percentage point increase). Rather than making this strong assumption about disutility outside the levels of a severe neurological event included in the
DCE experimental design, estimates greater than 22 percentage points are reported as simply greater than 22.
CRS: Cytokine release syndrome; DCE: Discrete-choice experiment; MAR: Maximum acceptable risk; OS: Overall survival.

MAR increases
The preference weights were used to calculate the maximum acceptable percentage-point risk increase of severe
CRS from 5% and of a severe neurological event from 10% (the lowest levels included in the DCE) that physicians
would be willing to accept for increases in the probability of a CR, increases in the probability of OS, and reductions
in time from leukapheresis to CAR-T infusion (Table 4). Physicians in the sample were generally willing to accept
increases in the risk of severe CRS and severe neurological events to reduce the time between leukapheresis and
infusion or to gain improvements in CR at 6 months and OS at 12 months. To gain an improvement in CR from
40 to 60% or an improvement in OS at 24 months from 40 to 55%, physicians were willing to accept more than
a 25% risk of CRS, which was the largest potential increase in risk of CRS included in the survey instrument (a
20-percentage point increase from 5%). Physicians were also willing, on average, to accept a 25% risk of severe
neurological events (a 15.38-percentage point increase from 10%) to gain an improvement in OS at 24 months
from 40 to 55%. To gain an improvement in CR from 40 to 60%, they were willing, on average, to accept a
24% risk of severe neurological events (a 14.13-percentage point increase from 10%). To reduce time to infusion
from 113 to 47 days (or lower), physicians were willing to accept more than a 25% risk of CRS and more than
32% risk of severe neurological events, which was the largest variation in risk of neurological events included in
the survey instrument (a 22-percentage point increase from 10%). Because the increases in MAR for some of the
benefits generated by improving treatment efficacy were greater than the largest variation of risk included in the
questionnaire (20- and 22-percentage point increase for CRS and neurological events, respectively), estimating a
specific value for the MAR increases would have required the strong assumption that the disutility of each unit
increase in risk remains constant beyond 20 or 22. Instead of making this strong assumption outside the levels
included in the DCE experimental design, any MAR increases that exceeded these values were considered to be
greater than 20 or 22.
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Discussion
CAR-T therapy is a relatively new option for patients with relapsed/refractory DLBCL who have failed on two or
more other therapies. To our knowledge, this is the first study to have evaluated physicians’ preferences related to
CAR-T therapy for DLBCL. While there are serious risks associated with CAR-T therapy – including severe CRS
and neurological events – CAR-T therapy is a promising therapy for patients with an otherwise poor prognosis.
Treatment requires waiting during the time it takes for a patient’s individual treatment to be manufactured, which
can be an added risk for a patient whose disease is progressing rapidly.

This study explored the willingness of physicians to make trade-offs among manufacturing time, serious risks and
potential benefits of CAR-T therapy for two different types of patients with DLBCL: one with an average pace
of expected disease and another with more rapid expected disease progression. When offered choices between
hypothetical CAR-T treatment profiles, physicians’ preferences did not vary between the two patient profiles,
suggesting that they prioritize reductions in waiting time and improvements in efficacy over adverse event risks,
even for patients without rapidly progressing disease.

In both pretest interviews and the online survey, physicians preferred to avoid the longest wait times and treat a
patient as quickly as possible. Physicians were willing to accept increases in adverse event risk to gain reductions in
time spent waiting for an infusion. They also demonstrated a strong preference for 60% CR at 6 months compared
with a 52% CR at 6 months. Physicians were willing to accept considerable increases in the risks of CRS and
neurological events for higher CR and survival rates. Specifically, they were willing to accept increases of >20
percentage points in the risk of CRS or 14 percentage points in the risk of a severe neurological event to gain the
largest improvement in CR presented in the survey, a move from 40% chance to 60% chance of CR. For the largest
improvement in OS at 24 months (moving from a 40% chance to a 55% chance), physicians were willing to accept
increases of >20 percentage points in the risk of CRS or 15 percentage points in the risk of a severe neurological
event.

The results of this study should be considered within the context of a complex and evolving evidence base.
Differences in the design of clinical trials evaluating axicabtagene ciloleucel and tisagenlecleucel, including the
use of different toxicity grading scales, make direct comparisons between these products challenging. Nonetheless,
evidence on the comparative efficacy and safety of the two available CAR-T products is emerging [18–21]. In
addition, the clinical practice of CAR-T therapy has improved since this DCE was designed; in particular, adverse
event rates have improved with better adverse event management [22,23]. A third CAR-T therapy, lisocabtagene
maraleucel, also has been approved for relapsed or refractory DLBCL since this study was conducted [24]. Additional
evidence from head-to-head comparative clinical trials among the three available CAR-T therapies with clinically
similar participants is needed to inform risk–benefit comparisons of these treatments. Nonetheless, information
from this study provides insights into how physicians weigh treatment attributes and consider them in clinical
decision-making.

A key strength of the study is the use of a well-established methodology for quantifying preferences between
alternative therapies and weighing various attributes in decision-making. The methodology allowed for a finely
calibrated evaluation of trade-offs among a relatively small (yet realistic) range of outcomes. In addition, because a
majority of respondents worked at hospitals where CAR-T therapy is available, their responses were grounded in
their own knowledge and attitudes gained through treating patients with CAR-T therapies for DLBCL. Thus the
respondents constituted a group with high interest in and extensive experience with CAR-T therapies, providing a
more realistic window into preferences of decision-makers than might have been possible with a random sample of
hematologists/oncologists. Some limitations must also be acknowledged. While the choice questions and patient
profiles were designed to represent real-world settings and be as realistic as was feasible, the survey presents
hypothetical scenarios to respondents; thus decisions made in the survey may not fully predict decisions that would
be made in a clinical setting. In addition, although the two survival attributes, OS at 12 and 24 months, are related,
pretests of the survey instrument confirmed that physicians could choose between CAR-T treatment options
presented in the survey questions and accepted the hypothetical questions where probability of survival at different
time points varied independently. Physicians were asked to assume that the two patient profiles were eligible for
and had access to the treatments presented. The patient profiles were designed to include the characteristics most
likely to drive earlier or more aggressive treatment, but not all relevant clinical factors could be included. Moreover,
as the focus of this study was eliciting trade-offs that physicians were willing to accept among attributes of CAR-T
therapies, we did not include forgoing CAR-T therapy or selecting an alternative stem cell therapy as an option
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in the choice questions. The sample of physicians were recruited through opt-in panels of individuals who choose
to participate in research and therefore may not be representative of the broader population of physicians who
treat patients with DLBCL. The sample was not of a sufficient size for an analysis of whether preferences differed
between physicians with experience using CAR-T therapies and those with no such experience. Future research
should explore the specific preferences of CAR-T-experienced physicians. Finally, the time needed to prepare CAR-
T products may be shorter in the future than was reflected in the survey, and other characteristics of these treatments
and the management of their serious adverse events may change as practice evolves with the commercially available
products, which might make the study results less applicable than they are currently.

Although physician preferences are important to the understanding of choices between competing therapies
for DLBCL, the preferences of patients, caregivers and payers would also be relevant. Therefore, to gain a more
complete understanding of decision-making among available options for DLBCL treatment, future studies should
also explore the preferences of other stakeholders for CAR-T therapy.

Conclusion
Reducing time from leukapheresis to infusion was an important driver of physicians’ choices between specific
therapies resembling currently available choices of CAR-T products and was no less important to physicians in
considering a patient with an average expected time to DLBCL progression than for one with more rapid expected
progression, emphasizing the value of timely product preparation for prescribers of CAR-T therapies. Moreover,
physicians demonstrated a willingness to trade incremental increases in risks of serious adverse events to gain
improvements in CR and OS rates.

Future perspective
CAR-T therapy is a treatment option for patients with relapsed/refractory DLBCL after two or more lines of
systemic therapy. CAR-T therapy carries risks – some serious, including CRS, encephalopathy, headache, tremor,
dizziness and aphasia – and requires manufacturing time between leukapheresis and infusion. This DCE evaluated
150 US oncologists’ and hematologists’ willingness to trade-off benefits, risks and time to infusion for CAR-T
therapy. Physicians were willing to accept the risks associated with CAR-T therapy in exchange for treatment benefit.
Reducing time from leukapheresis to infusion was the most important driver of physicians’ choices. Physicians also
accepted absolute increases of more than 20% for severe CRS and 15% for severe neurological events to increase
the probability of OS at 24 months from 40 to 55%. CAR-T therapy is a relatively new option for patients with
relapsed or refractory DLBCL for whom prior therapies are not successful. Understanding how physicians value
and prioritize the attributes of CAR-T therapy provides important context as this treatment option is integrated
into routine clinical practice. Future research should explore patients’ and caregivers’ preferences for the attributes
of CAR-T therapy and compare them with the physician preferences identified in this study.

Summary points

• A discrete-choice experiment survey was administered to 150 US physicians who treat diffuse large B-cell
lymphoma to evaluate their preferences for CAR T therapy.

• Decreasing time to infusion from 113 to 16 days yielded the greatest change in preference weight (1.91) among
the included attributes.

• Among efficacy attributes, increasing probability of overall survival at 24 months from 40 to 55% yielded the
greatest preference weight change (0.81).

• Physicians were willing to accept absolute increases of >20% for severe CRS and 15% for severe neurological
events to gain this improvement.
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