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Chimeric antigen receptor (CAR) T-cell therapy has the potential to transform the way in which 
hematological cancers such as leukemia, lymphoma and multiple myeloma are treated. It represents the 
culmination of over five decades of research into how to harness the body's own immune system to 
destroy tumor cells. The approach combines the precise targeting ability of monoclonal antibodies with 
the cytotoxicity and long-term persistence associated with cell-mediated T lymphocyte responses. A 
patient’s own (autologous) T-cells are extracted, shipped to a central manufacturing site, and genetically 
engineered to express a synthetic surface protein – the chimeric antigen receptor. Current generation 
versions of CARs are equipped with the capacity to recognize surface components of malignant B-cells 
(most commonly the CD19 antigen on certain leukemias and lymphomas); when the modified T-cells are 
reinfused back to the patient, binding to the malignant target triggers the CAR T-cells to proliferate and 
enact tumor cell killing. 
 
The pivotal ZUMA-1 phase I/II study demonstrated that this novel approach to immunotherapy could 
translate into meaningful disease control in patients with diffuse large B-cell lymphoma (DLBLC), the 
most common type of non-Hodgkin lymphoma.1 Although approximately two-thirds of people with 
DLBCL can be cured initially, patients who are refractory to initial therapy or whose disease recurs after 
multiple lines of chemotherapy have limited options. In ZUMA-1, patients with relapsed or refractory 
DLBCL (and its variants) were treated with the CD19-specific CAR T-cell product, axicabtagene ciloleucel 
or axi-cel (Yescarta, Kite/Gilead) and achieved high initial and ongoing responses (42% ongoing response 
at 15 months follow-up). Of note, the analysis was completed with a modified intent-to-treat design, in 
which efficacy was analyzed only in patients who completed successful manufacturing and reinfusion of 
their individualized CAR T product. A unique side effect profile also emerged, with patients commonly 
experiencing a cytokine-release syndrome characterized by high fevers, hemodynamic instability, and 
multi-organ dysfunction and/or an encephalopathy syndrome with symptoms ranging from delirium to 
seizures and cerebral edema. As a consequence, a majority of patients require treatment in hospital 
with highly specialized and intensive monitoring. 
 
There is understandably tremendous excitement for these therapies that clearly demonstrate 
meaningful remissions in some individuals with refractory disease. However, huge challenges abound; 
not least, how health care systems can afford these potentially lifesaving treatments. The two CD19-
specific CAR T-cell products currently approved by the US Food and Drug Administration, axi-cel and 
tisagenlecleucel (Kymriah, Novartis) are priced amongst the most expensive cancer therapies to date, 
$373,000 and $475,000, respectively. Whether such high drug acquisition costs are justified is an area of 
active debate, in particular given the heavy investment by taxpayers in the early development of these 
technologies prior to commercialization by the manufacturers.2,3 Public payer jurisdictions are already 
pushing back on whether the clinical benefit attained justifies the daunting price tag; the UK National 
Institute for Health and Care Excellence recently recommended against the use of axi-cel due to 
expense.4 In the US, the American Society of Hematology and American Society for Blood and Marrow 
Transplantation have expressed concern that the current Centers for Medicare and Medicaid Services 
reimbursement policy is inadequate to even recover costs associated with drug acquisition, let alone the 
additional extensive costs associated with inpatient care.5 The Societies caution that patient access to 
this transformative therapy may be limited by the high costs of care.  
 
In this context, the article by Roth et al. is timely and important.6 The authors, in a collaboration 
between academia and industry, attempt to quantify the costs and benefits of axi-cel through a formal 
cost-utility analysis. Based on currently available data, there remains considerable uncertainty 
surrounding the inputs required to determine the cost-effectiveness of CAR T-cell therapy.  How this 
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uncertainty is addressed can significantly alter the estimate of the incremental cost-effectiveness ratio 
and cost per quality adjusted life years.   
 
For example, in the accompanying economic analysis, the short duration of follow-up for the ZUMA-1 
study population is extrapolated to a lifetime horizon. The model is based on the premise that no 
further lymphoma recurrences will occur after five years and mortality for those in remission will be the 
same as an age-matched population after only one year. Thus, responders to CAR T-cell therapy might 
survive an additional 28 years on average. This seems optimistic for an adult cohort that have received 
extensive prior treatments including stem cell transplantation and consequently are at higher risk of 
earlier mortality due to late treatment toxicities. Furthermore, relapse of lymphoma and potential late 
toxicities of CAR T-cell therapy may emerge with longer follow-up. Although the authors subjected the 
50% remission rate (at one year) to sensitivity analysis using the 95% confidence intervals from the 
phase I/II data, further exploration of this key uncertainty and its extrapolation to a lifetime of benefit is 
likely warranted.  
 
The SCHOLAR-1 study population was selected as the comparator for the pivotal ZUMA-1 single arm 
clinical trial in this analysis.7 SCHOLAR-1 is an international retrospective pooled analysis of individuals 
with high risk non-Hodgkin lymphoma, refractory to, or relapsed within 12 months of standard 
treatment.  Data came from two randomized phase III clinical trials (Lymphoma Academic Research 
Organization CORAL and the Canadian Cancer Trials Group LY.12) and two observational cohorts (MD 
Anderson Cancer Center and University of Iowa/Mayo Clinic Lymphoma Specialized Program of Research 
Excellence). Individuals in the SCHOLAR-1 analysis were treated with a variety of chemotherapy 
combinations, including R-ICE (rituximab, ifosfamide, carboplatin, etoposide),8 R-DHAP (rituximab, 
cytarabine, cisplatin) and R-GDP (rituximab, gemcitabine, dexamethasone and cisplatin).9 As such, while 
it represents a very heterogeneous cohort, SCHOLAR-1 is a reasonable comparator in the absence of a 
randomized study.   
 
A similar analysis comparing ZUMA-1 to SCHOLAR-1 was conducted by the Institute for Clinical and 
Economic Review (ICER).10 This independent analysis reported a higher incremental cost per quality 
adjusted life years gained of $145,158 compared with Roth et al’s estimate of $58,146 (Table 1). Several 
important differences contribute.  In the current analysis by Roth et al, costs attributed to axi-cel were 
lower ($552,921 vs. $625,000) while costs attributed to the chemotherapy comparator were higher 
($172,737 vs. $105,000). Similarly quality adjusted life years (QALYs) attributed to axi-cel were higher 
(7.67 vs. 6.06) while QALYs attributed to chemotherapy were lower (1.13 vs. 2.48). The authors point 
out differences in survival curve modeling to account for higher estimates of survival in the Roth 
analysis. Both models included the optimistic key assumption that long-term survivors would attain 
mortality rates on par with the age-matched population. However, unlike the Roth analysis that 
assumed this benefit was attained after 1 year, the ICER analysis assumed that survival reached these 
levels after 5 years. Utility inputs also differed between the studies, with the ICER trial potentially 
imparting more punitive disutilities for those experiencing severe toxicities associated with CAR T, 
including cytokine release syndrome. Moreover, the ICER analysis accounted for uncertainty around the 
long-term benefit of CAR T-cell therapy with scenario analyses to study the impact of different model 
time horizons and long-term curative assumptions. Notably, when shorter time horizons (<10 years) or 
non-zero late recurrences were modeled, the reported ICER increased into ranges above currently 
accepted willingness to pay thresholds.  
 
Finally, the authors selected R-DHAP to calculate costs for the comparator in this analysis, being one of 
the more commonly used chemotherapy regimens for re-treatment of non-Hodgkin lymphoma in the 
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United States.  However, for other jurisdictions where alternative regimens are standard of care, a 
different incremental cost effectiveness ratio would be expected.  For example, R-GDP chemotherapy 
has been shown to be dominant when compared with R-DHAP, demonstrating improved quality of life, 
reduced toxicity and reduced costs in the context of non-inferior efficacy, from the perspective of the 
Canadian health care system.11   
 
While CD19 CAR-T products are the result of decades of work, they likely only represent the start of the 
wave of cellular therapy.  Currently buyers have two FDA approved CAR T-cell products to choose from.  
According to a landscape analysis in October 2018, 753 cancer cell therapies were in development of 
which 404 were CAR T-cell therapies.12 Current prototypes of supercars (a heterogeneous population of 
CAR T-cells with individual therapeutic effects to promote improved T-cell persistence and anti-tumor 
effect),13 armored cars (engineered to redirect suppressive signals from the tumor to activating signals 
that resist exhaustion) and TRUCKS (T-cells Redirected for Universal Cytokine Killing)14 mean future 
patients and providers are likely to have much more choice. The activation and longevity of CAR T-cells 
may be controlled through incorporation of a safety switch, allowing products to be turned off in vivo in 
the event of severe toxicity.  Bispecific CARs are in development, such as those targeting CD19 and CD20 
simultaneously that may reduce resistance which can arise as a tumor evolves to lose the CD19 antigen.  
New targets including BCMA for multiple myeloma are progressing through clinical trials.15  
 
The current industry model is of highly centralized CAR T-cell manufacturing, with a minimal number of 
manufacturing facilities globally. Therefore, the patient’s apheresis product must be transported, often 
internationally, to the manufacturing facility and the resulting CAR T product subsequently returned to 
the patient for infusion. The process is logistically complex, costly and importantly adds delay for 
patients whose disease may progress during this window.  Two approaches under exploration may 
improve time to availability and perhaps cost.  Allogeneic CAR T or CAR NK (natural killer)-cell products, 
produced from a source other than the patient’s own cells, could substantially reduce the time delay for 
those with aggressive cancers requiring urgent therapy. Mass manufacturing of an off-the-shelf, less 
personalized product may be more affordable.  Scientists at prominent academic institutions have 
expertise in development and manufacturing of CAR T and other cellular therapy products on site.16-18  
Point of care manufacturing using fully automated closed systems has been reported to reduce cost and 
production time, a model that may be amenable to wider adoption.19   
 
Current costs of approved CAR T products and the associated costs of providing care for individuals who 
require them are causing appropriate concern for policy makers and payers across countries and 
systems. However, as one looks ahead, if the hype associated with CAR T-cell therapy is realized, it is not 
inconceivable that these therapies achieve thresholds of cost-effectiveness. Myeloma, for example, is an 
incurable malignancy with median life expectancy of seven to ten years; current three-drug continuous 
regimens are associated with drug acquisition costs of $300,000 annually,20 while anticipated quadruplet 
therapy would push the annual costs in excess of $500,000. If the distant dream of myeloma cure with 
front line CAR T-cell therapy were to be realized, much needed reductions in current spending may be 
possible.   
 
Whatever form the future takes, change and tough decisions are required.  Innovation should be 
rewarded. Societal attention to optimizing the science, orchestrating the logistics and figuring out the 
finances is needed for hype to be justified, and hope for these living drugs to be translated into 
lifesaving treatment for a larger number of individuals with cancer.   
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Table 1. Comparison of results of two separate economic evaluations comparing axi-cel CAR T-cell 
therapy from the ZUMA-1 single arm phase I/II trial1 with chemotherapy from the SCHOLAR-1 
retrospective pooled analysis,7 both in individuals with relapsed or refractory aggressive non-Hodgkin 
lymphoma. 
 

Base case Institute for Clinical and 
Economic Review 
analysis10 

Roth / Kite analysis6 Difference 

Costs (lifetime) ($)    

   Axi-cel  625,000 552,921 72,079 

   Chemotherapy 105,000 172,737 67,737 

    

Benefits (years)    

   Axi-cel LY gained 7.57 9.49  1.92 

   Axi-cel QALY gained 6.06  7.67  1.61 

   Chemotherapy LY gained 3.23  2.60  0.63 

   Chemotherapy QALY gained 2.48  1.13  1.35 

    

Axi-cel cost per LY gained ($) 120,000 55,128 64,872 

Axi-cel cost per QALY gained ($) 145,158* 58,146^ 87,012 
 
Costs in US dollars. *Costs in the ICER study were expressed in 2016 US dollars. ^Costs in the Roth et al. analysis were expressed 
in 2017 US dollars. Axi-cel; Axicabtagene Ciloleucel (Yescarta). LY; life years. QALY; quality adjusted life years 
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