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Cell Therapeutic Platforms 
 
Introduction 
 
Within the cell therapy space, there are various therapeutic platforms being researched and 
developed. These platforms differ by cell type as well as the type of tumor antigen that they 
target. While chimeric antigen receptor (CAR) T-cell therapy is the most prominent—
especially when it comes to the FDA-approved treatment landscape (Exhibit 1)—other forms 
of cell therapy exist as well and are explored in this section. Cell therapies can be 
administered in either autologous or allogeneic form. Autologous cell therapies are those in 
which the patient’s own cells are engineered and re-introduced into the body to attack their 
disease. Allogeneic cell therapies, often referred to as “off-the-shelf” therapies, use cells 
from donors rather than the patient themselves. 
 
Beyond treatment efficacy, the main hurdle towards developing a commercial cell therapy 
product is ensuring safety. The two major challenges in this area are cytokine release 
syndrome (CRS) and graft versus host disease (GvHD). CRS is an inflammatory syndrome 
commonly associated with CAR T-cell therapy that may lead to intense fever and organ 
dysfunction. GvHD, on the other hand, specifically arises in allogeneic cell therapy platforms 
when the donated cells recognize the patient’s as foreign and thus attack the body. 
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Exhibit 1. FDA-Approved Cell Therapies 
Therapy 
Name 

Manufacturer 
(Parent 
Company) 

Platform Autologous 
or 
Allogeneic 

Indication Target  
Antigen 

ABECMA Celgene 
(Bristol-Myers 
Squibb) 

CAR T Autologous Multiple Myeloma BCMA 

BREYANZI Juno 
Therapeutics 
(Bristol-Myers 
Squibb) 

CAR T Autologous Large B-cell Lymphoma CD19 

KYMRIAH Novartis CAR T Autologous B-Cell Precursor Acute 
Lymphoblastic Leukemia, 
Large B-Cell Lymphoma 

CD19 

PROVENGE Dendreon 
(Sanpower 
Group) 

T Cell-
Based 
Vaccine 

Autologous Prostate Cancer PAP 

TECARTUS Kite Pharma 
(Gilead 
Sciences) 

CAR T Autologous Mantle Cell Lymphoma  CD19 

YESCARTA Kite Pharma 
(Gilead 
Sciences) 

CAR T Autologous Large B-Cell Lymphoma, 
Follicular Lymphoma 

CD19 

 
 
Chimeric Antigen Receptor T (CAR T) Cells 
 

 
 
Chimeric antigen receptors (CARs) are engineered cell surface receptors that bind to 
specific proteins expressed on the surface of other cells (i.e., antigens). They are typically an 

Key Takeaway 
The autologous form of chimeric antigen receptor (CAR) T cell therapy is the standard of 
care for numerous forms of relapsed or refractory leukemia and lymphoma. Despite 
strong efficacy as a therapy for these “liquid cancers,” CAR T faces several obstacles as 
potential treatment for solid cancers that CAR macrophage (CAR M) therapies may be 
able to address. 
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amalgamation of portions of different, interdependent immune receptors (e.g. T cell 
receptors and B cell receptors) so that the resulting CAR carries the functions of all 
constituent receptor types and can independently recognize and kill antigen-bearing 
cells.1 Immune cells like T cells and macrophages can be genetically engineered to present 
CARs that bind to a specific set of target cells, forming the bases of CAR T and CAR M 
therapies, respectively. As opposed to modifying a lymphocyte (e.g., a T cell), CAR M 
therapy modifies macrophages, large phagocytic cells that can also initiate inflammation 
and recruit other immune cells.2 
 
Autologous CAR T-cell therapy is the standard of care for numerous forms of relapsed or 
refractory leukemia and lymphoma.3 In 2017, the FDA approved the two dominant CAR T 
treatments on the market: Novartis’s Kymriah and Kite’s (acquired by Gilead) Yescarta, both 
of which are autologous. Kymriah treats relapsed acute lymphoblastic leukemia, while 
Yescarta treats large B cell lymphoma.4 While these FDA-approved CAR T treatments are all 
currently autologous, there are numerous allogeneic CAR T clinical studies in early phases. 
Allogene Therapeutics’ current phase I trial for ALLO-501 is one such example. In pre-
clinical studies, the drug caused no cases of graft-versus-host disease and showed similar 
efficacy to Kymriah and Yescarta.5, 6 

 

Despite being an effective therapy option for blood-based cancers, CAR T faces several 
obstacles as a potential treatment for solid cancers. These include difficulty finding 
appropriate tumor surface antigens, ensuring cell survival in the immunosuppressive tumor 
microenvironment, and addressing the heterogeneity of most solid tumors.7 Some groups 
are working on strategies to address these difficulties, like immune checkpoint inhibition 
and inflammatory agonists.8 
 
Another solution to the solid cancer incompatibility may be a different therapeutic platform 
altogether. In March 2020, researchers at the University of Pennsylvania published a proof-
of-concept paper suggesting that CAR-engineered macrophages can ingest cancer cells 
and overcome the challenges that CAR T cells face in solid tumor treatment. Macrophages 

 
1 Bitesize Bio 
2 British Society for Immunology 
3 Dana-Farber Cancer Institute 
4 Drug Discovery Today  

5 Journal of Clinical Oncology 
6  Biopharma Dealmakers 

7 Healio 
8 CBPartners 
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naturally exist at tumor sites and thus are not subject to the immunosuppressive obstacles 
that block T cells.9  Macrophages traditionally have been considered more difficult to 
engineer than T cells because they are naturally resistant to viral vector infection. However, 
these researchers not only overcame this challenge in their mouse models, but also incurred 
an additional benefit in which their transfection method restricted macrophages to the 
active, antitumor (M1) phenotype.10, 11 In contrast to the immunosuppressive M2 phenotype 
that is said to facilitate tumor growth, the M1 phenotype in tumor-associated macrophages 
encourages an inflammatory response against tumors and pathogens.12 The two lead 
authors of this publication are the founders of Carisma Therapeutics, the most prominent 
player in the CAR-M space.11  
 
Carisma’s lead candidate, CT-0508, recently launched them into the clinical space when 
they dosed their first phase I trial patients in mid-March, 2021.13 CT-0508 is a CAR M therapy 
that targets the human epidermal growth factor 2 receptor (HER2), which is overexpressed 
in many cancers, particularly breast cancer. Pre-clinical studies showed that such anti-HER2 
CAR macrophages decreased tumor burden and extended survival in mice with HER2-
positive ovarian cancer.14 Results suggest that CAR M therapies may successfully address 
many of the problems that CAR T cells faced in solid tumor treatment. Other pipeline 
products include CT-0729 and CT-1119, both of which are still in the discovery phase. 
Respectively, they target PSMA and mesothelin, two different tumor-associated antigens, 
but otherwise abide by similar principles to their predecessor, CT-0508.11 The CAR M space 
is still in an early stage of development, with other major players such as Thunder Biotech 
and Myeloid Therapeutics still not having begun human trials.15 
 
 

 
9 Nature Biotechnology 
10 Penn Medicine News 
11 CARISMA Therapeutics 
12 J Hematol Oncol 

13 PR Newswire 
14 Nature Biotechnology 
15 Nature Biotechnology 



HARVARD UNDERGRADUATE CONSULTING ON BUSINESS AND THE ENVIRONMENT 
Cell Therapy Market | 2021 

7 
 

Induced Pluripotent Stem Cells 
 

 
 
Induced Pluripotent Stem Cells (iPSC) are a type of pluripotent stem cells that are derived 
directly from somatic cells. Created in 2006, iPSCs are usually generated from blood or skin 
cells that are genetically reprogrammed through the introduction of reprogramming genes 
Oct4, Sox2, Klf4, and c-Myc.16 Through this process, these cells can be converted back into 
embryonic-like pluripotent cells that can become any human cell.17  
 
Within the iPSC space, both autologous and allogeneic therapies are being developed. 
Although the origin of iPSCs may differ—whether it be from the patient themselves or 
donors—the general steps in creating an iPSC bank are the same (Exhibit 2): the somatic 
cells are harvested, reprogrammed with the appropriate transcription factors to revert them 
back to a pluripotent state, multiplied, and then differentiated to the appropriate cell type.18  
 
Exhibit 2. Steps in creating an iPSC bank 

 
 

16 Millipore Sigma  
17 UCLA Broad Stem Cell Research Center  

18 Lonza Cell and Gene Technologies.  

Key Takeaway 
Induced pluripotent stem cell (iPSC) treatments are promising due to their limitless 
potential to become any type of somatic cell to treat disease, but the development into 
therapeutics is currently limited. Although various iPSC-based therapies have shown 
promise in early clinical trials, iPSCs still have a long way to go before becoming a 
mainstream treatment option. 
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Although this technology is relatively new, it is already being researched and applied to 
treat diseases such as cancer, heart disease, diabetes, neurological disorders, and macular 
degeneration.19 These treatments revolve around using iPSCs to create any cell that the 
body might need to fight against a disease or to serve as cell-replacements for regenerative 
medicine treatments.20 For cancer treatment specifically, iPSCs have been used in Natural 
Killer and T-cell based immunotherapy for solid tumors. They have also been tested as a 
method to suppress oncogenic promoters and promote tumor suppressor genes.21,22  
 
As this is a relatively new field, the state of translational development in the iPSC space is 
rather limited. In fact, since 2006, there have only been 54 iPSC clinical trials, and most have 
not progressed to human trials. Nonetheless, one company that has begun clinical trials is 
Fate Therapeutics, which utilizes iPSC and hematopoietic stem cell transplantation (HSCT) to 
treat various cancers and immune disorders, including solid tumors, chronic lymphocytic 
leukemia, and multiple myeloma. Fate Therapeutics’ development process involves 
engineering a line of iPSCs that can be used as “off-the-shelf” T-cells, NK cells, CD34+ cells, 
or other types of cells within the immune system for patients. Out of the 13 current product 
candidates, seven are in phase I studies, four are in the preclinical phase, and two are still 
being researched.23 
 
BlueRock Therapeutics is another major player in the iPSC space, utilizing its proprietary 
“cell+gene” platform to treat diseases across neurology, immunology, and cardiology. This 
platform uses healthy donor cells to create iPSCs and then applies proprietary gene editing 
to ensure that the donor iPSCs evade an immune response in the patient.24 Since BlueRock 
is a preclinical company, most of its developmental timeline has involved researching and 
developing proof-of-concept evidence for its therapeutic treatments before advancing into 
early-stage clinical trials. One of BlueRock’s most notable products (DA01) aims to 
transplant iPSCs that are differentiated into functional dopamine-releasing neurons for 
patients with advanced stage Parkinson’s disease, combatting the degenerative nerve cell 
damage in their brains.25  
 

 
19 Boston Children’s Hospital  
20 National Institutes of Health 
21 Current Hematologic Malignancy Reports 
22 J Exp Clin Cancer Res 

23 Fate Therapeutics 
24 BlueRock Therapeutics 
25 BlueRock Therapeutics 
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Natural Killer Cells 
 

 
 
Natural killer (NK) cells were first discovered independently by Swedish and British 
researchers in the 1970s.26 These innate lymphocytes are typically short-lived and lack 
antigen specificity; when activated, NK cells trigger cell death by releasing cytotoxic packets 
containing granzymes and perforin.27 The ability of NK cells to target tumor cells 
indiscriminately and without prior activation is of great interest and has led to the 
generation of several applications in treatments of cancer.  
 
The most significant field of interest is in adoptive NK cell transfers. To support these NK cell 
transfers, players are approaching NK cell harvesting in different ways. Some, like Nkarta, 
use NK cells harvested from peripheral blood by leukapheresis.29 Meanwhile, other groups 
are focused on umbilical cord blood, since it has higher concentrations of NK cells than 
peripheral blood does. One of these companies, Glycostem, harvests hematopoietic stem 
cells (HSCs) from umbilical cord blood, which they then use to produce NK cells. So far, this 
approach has been extraordinarily promising – Glycostem’s 2015 phase I clinical trial for 
acute myeloid leukemia demonstrated that patients infused with unmodified NK cells did 
not suffer from GvHD or CRS but did benefit from significantly better survival rates. 
Glycostem has now entered a new clinical trial testing the effects of a series of three 
infusions, rather than one.29 
 
In allogeneic uses of NK cells, HLA-haploidentical hematopoietic stem cell transplantation 
(HSCT) has been tested for treatment of acute leukemia. This treatment has been 
demonstrated to avoid GvHD while simultaneously generating strong NK-mediated effects 
combatting leukemia, leading to lower rates of relapse and higher rates of complete 
remission over a series of studies. Comparatively, autologous transplants of NK cells have 

 
26 The Scientist 27 J Hematol Oncol 

Key Takeaway 
Natural killer (NK) cells show great promise as an innate, potentially cheaper, off-the-
shelf cancer treatment without the risk of side effects such as GvHD and CRS. As a result, 
the field has seen a spur of activity in recent years as key players hasten to begin 
development and reach regulatory milestones. 
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been unsuccessful, as in vivo expansion of NK cells is much harder than it is for T cells. A 
final area of promising adoptive NK cell transfers is in the development of CAR-NKs, which 
use the CAR receptors, traditionally used in CAR Ts, with NKs to create NK cells with greater 
specificity; as of 2019, there were 14 trials evaluating CAR-NKs, the majority of which were 
testing the treatment against leukemia.3 
 
A further development in the NK cell space is the use of bispecific and trispecific killer cell 
engagers (BiKEs and TriKEs) as off-the-shelf antibody therapies to activate NK cells. BiKEs 
are small molecules with two segments that target the tumor antigen and an NK cell 
receptor; as such, the BiKE effectively joins NK cells and tumors, facilitating an immune 
response. TriKEs have additional segments to target additional antigens. BiKEs and TriKEs 
typically target the CD16 receptor on NK cells, which also activates a cytotoxic response.3 In 
2018, Genentech reached a $96 million deal with Affimed to develop treatments targeting 
CD16.29 
 
One key player in the NK cell therapy space is Nkarta, a clinical-stage company focused on 
allogeneic, off-the-shelf NK cell therapy. Nkarta has two headlining, investigational, off-the-
shelf cancer immunotherapies – NKX101 and NKX019. Both use NK cells that are derived 
from peripheral blood and engineered with a chimeric antigen receptor (CAR); these CAR-
NK cells also have an additional membrane-bound IL15, a cytokine that has been shown to 
support NK cell growth and activity.28 NKX101 targets the NKG2D ligands on cancer cells, 
which initiates a cell-killing immune response. A multi-center phase 1 clinical trial for 
NKX101 is currently enrolling patients with relapsed/refractory acute myeloid leukemia or 
myelodysplastic syndromes. Meanwhile, NKX019 targets tumors expressing the CD19 
antigen. A phase 1 dosing clinical trial enrolling patients with advanced B cell malignancies 
is expected to start in the second half of 2021. 
 
A second key player in the space has emerged from the 2019 partnership between MD 
Anderson Cancer Center and Japanese biopharmaceutical company Takeda. Under the 
terms of their agreement, Takeda has exclusive rights to commercialize MD Anderson’s off-
the-shelf CAR-NK platform, TAK-007.29 In February 2020, MD Anderson released results 
from an initial phase I/IIa clinical trial of TAK-007, which treated eleven patients with non-

 
28 BioSpace  29 Takeda 
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Hodgkin’s lymphoma and chronic lymphocytic leukemia.30 Of the eleven, eight responded 
to the therapy and seven responded fully, showing no evidence of disease. After 14 months 
of follow-up, this complete response continued. No patients experienced neurotoxicity, 
cytokine release syndrome, or GvHD. 
 
The favorable results of this first study have led Takeda and MD Anderson to initiate a 
multicenter, international phase II study for TAK-007 enrolling anywhere from 36 to 60 
patients. This study is expected to be completed in June 2022.31 The partnership will also 
allow Takeda to commercialize MD Anderson’s CAR-NK cells targeting the BCMA antigen in 
multiple myeloma, as well as two other CAR-NK programs in breast cancer and brain cancer 
glioblastoma. 
 
 
Red Blood Cells 
 

 
 
Deficiencies and abnormalities related to red blood cells (RBCs) are the underlying factors 
of many diseases, both blood-related and beyond.32 Traditionally, clinical usage of RBCs has 
been limited to blood transfusions, whereby patients receive type-matched donor blood to 
either compensate for excessive blood loss or to supplement existing host cells in anemic, 
leukemic or hemoglobin-deficient individuals.33 In recent years, though, the therapeutic 
application of RBCs has been extended to several chronic diseases.34 
 
Drug encapsulation into RBCs is accomplished by resealing the cells after electrical insertion 
and hypotonic loading. Diverse pharmacological and imaging agents—including enzymes, 
biological fluorophores, antibiotics, genetic materials, and anti-cancer drugs—have been 

 
30 MedCity News 
31 ClinicalTrials.gov 
32 Antioxidants & Redox Signaling 

33 The Medical Clinics of North America 
34 Expert Opinion on Drug Delivery 

Key Takeaway 
Historically, red blood cells (RBCs) have mostly been used in the clinic for simple blood 
transfusions and never to treat chronic diseases. Recent developments have suggested 
a unique therapeutic potential of RBCs in their ability to serve as versatile, non-
immunogenic, and precise drug carriers for various therapeutic purposes. 
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loaded into RBCs and have demonstrated long-lasting functional efficacy. In line with many 
other drug carriers currently in use, these RBC carriers exhibit enhanced specificity towards 
target cells, favorable half-lives, and clearance from circulation, as well as timely and 
controllable delivery mechanisms. In addition, RBCs were found to be especially attractive 
drug carriers due to their incredible nontoxicity, dual ability to metabolize drugs, and 
intrinsic transport features within the bloodstream. And because their natural role is to 
transport cargo-like oxygenated hemoglobin, RBCs are optimal carriers for drugs that work 
specifically in the bloodstream or target RBC-eliminating cells, like macrophages within the 
reticuloendothelial system (RES macrophages). Among other emerging uses for RBC drug 
carriers, ones that currently show the most potential are for cancer and enzyme replacement 
therapies (ERTs).35, 36  
 
Exhibit 3. Benefits of RBC carriers 

 

Genetically driven or newly formed deficiencies of lysosomal enzymes often cause 
lysosomal storage disorders (LSDs), which are best managed through ERT –– the infusion 
and delivery of recombinant enzymes to macrophages and, ultimately, lysosomes. But 

 
35 Frontiers in Physiology 36 Pharmaceutics 
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because these enzymes are highly toxic when found outside the lysosome, typical drug 
carriers cannot trigger enzyme activation or induce cellular uptake. By instead encapsulating 
these enzymes in surface-modified RBC carriers, toxicity is minimized through preventing 
unfavorable enzyme interaction with other cells in the external environment. And while there 
are already many successful carriers for anti-cancer drugs, RBC-based encapsulation of 
chemotherapeutic drugs (such as doxorubicin) has a special niche: prolonged and thorough 
circulation.37 Human RBCs have a long life span of 100-120 days and traverse through ~250 
km of the cardiovascular system during one lifetime, which make them especially attractive 
carriers for anti-cancer drugs whose effectiveness increases with length of activity. 
Compared to other cell therapies for cancer treatment such as CAR-T cell therapy, RBC-
based drug encapsulation is easier to use, design, and control, and RBCs are much cheaper 
and more accessible than genetically modifying T cells. 
 
Both autologous and allogeneic approaches have been designed for these RBC-based drug 
carriers. Massachusetts-based biotechnology company Rubius Therapeutics uses an 
allogeneic genetic engineering approach to take CD34+ hematopoietic stem cells from O-
negative donors and differentiate them into RBC carriers.38 Rubius is centered around its 
RED PLATFORM®, designed to genetically engineer a class of cellular medicines called “Red 
Cell Therapeutics” (RCTs) for killing malignant solid tumors and regulating autoimmune 
disorders. RCTs are essentially red blood cells (RBCs) that have been transformed into 
cellular medicines through the engineered expression of biotherapeutic proteins on their 
cell surfaces.39 This makes them highly target-specific and powerful drug delivery vehicles. 
The unique approach of Rubius’s platform leverages therapeutic modalities such as cellular 
shielding, effective cell-cell interaction, and induction of immune tolerance. They are also 
looking into autologous, on-demand production for specific patients. RCTs, specifically the 
allogeneic RTX-240 pipeline cells, are being tested in phase I trials for treating autoimmune 
disorders and cancers like acute myeloid leukemia, acute lymphoblastic lymphoma (ALL), 
and human papillomavirus (HPV) 16+ cancers. The naturally activated immune system 
mediated by RTX-240 has been demonstrated to induce a powerful and effective anti-tumor 
response, even against advanced-stage or relapsed solid tumors. 
 

 
37 Theranostics 
38 Rubius Therapeutics 

39 Rubius Therapeutics 
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Rubius is working towards advancing a pipeline with programs spanning other types of 
cancers and diseases. RTX-240 is being evaluated in another arm of the same trial for its 
ability to treat acute myeloid leukemia, although this has seen less success and 
development. RTX-321 has recently been approved for use in human HPV 16+ cancer 
clinical trials. Lastly, RTX-T1D, a candidate targeting Type 1 Diabetes, has also been 
developed but is still in its preclinical stages.38 

 
Erytech is a French and Massachusetts-based biopharmaceutical company that also uses an 
allogeneic approach but instead with unmodified donor RBCs of all different blood types.40, 

41 Using reversible osmotic stress, active drugs and enzymes are safely encapsulated in 
these RBCs and delivered to target cancerous tumors. Erytech’s most advanced program 
encapsulates asparaginase, an enzyme that depletes asparagine from the blood stream. 
This therapy aims to starve cancer tumors while preventing destruction of healthy cells, as 
cells can no longer produce the amino acid once they become malignant. A successful 
phase III trial demonstrated 65% complete remission of ALL patients following delivery of 
asparaginase via Erytech’s RBCs. phase II trials are also looking promising for both 
metastatic pancreatic and triple-negative breast cancers, although acute myeloid leukemia 
has been unresponsive to the treatment.  
 
Erytech has further identified other therapeutic enzymes to target amino acid metabolism, 
such as methionine-γ-lyase (MGL) and arginine deiminase (ADI). They have already 
developed MGL-encapsulated RBCs, and the product candidate, called “erymethionase,” is 
still undergoing preclinical development.42 Erytech speculates that erymethionase has a 
strong potential to be effective against cancers and diseases that are reliant on the 
metabolism of methionine, an essential amino acid. And while they have not yet explored 
ADI encapsulation in greater detail, a similar approach and comparable timeline of 
development would likely be used. 
 
A final key player in the field is Italian biotech company EryDel, which utilizes an entirely 
autologous approach: deriving RBCs and therapeutic enzymes directly from patients using 
an encapsulation apheresis machine.43 This bedside process allows EryDel to then reinfuse 
RBCs into the host patient following on-demand encapsulation. The company recently 

 
40 Erytech 
41 Bloomberg 

42 Erytech 
43 EryDel 
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received $31 million in support of its phase III clinical trial focused on treating a rare 
inherited disorder known as ataxia telangiectasia (AT). This trial uses RBCs that encapsulate 
dexamethasone, a corticosteroid drug known for its effective immunosuppressive and anti-
inflammatory results. 
 
 
T Cell Receptors 
 

 
 
T cells are lymphocytes that can mediate cytotoxicity and immunity against foreign or 
infected cells. In T cell receptor (TCR) therapies, T cells are genetically modified to express 
engineered TCRs, which recognize target cells of interest. While CAR T cell therapies involve 
targeting naturally occurring, external antigens on tumor surfaces, TCR therapies rely on the 
major histocompatibility complex (MHC) to identify internal antigens. The engineered TCRs 
are targeted to tumor antigens of both solid tumors and hematological (liquid) 
malignancies, which enables recognition and response to the cancers (Figure 4). Other 
areas of application include autoimmune disease therapies and immunodeficiencies.44 
 
 
 
 
 
 
 
 
 
 

 
44 AllCells 

Key Takeaway 
T cell receptor (TCR) therapies show promise in targeting solid tumors presenting 
Cancer/testis (CT) antigens, but only phase I and II trials have been completed. The 
biggest technical challenge is target antigen selection, while costs remain high due to 
the demanding nature of TCR engineering. 
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Exhibit 4. Engineered TCR T cell targeting a tumor cell’s antigen 

 
Engineered TCRs enable T cells to recognize and kill a large range of tumor cells given that 
the tumor antigen is presented on the human leukocyte antigen system (HLA), which is an 
improvement on tumor infiltrating lymphocyte (TIL) therapies that require naturally 
occurring T cells already targeted to tumors.44 Requirements of the target antigen include 1) 
tumor specificity (the antigen only occurs on tumor cells and not other healthy cells); 2) 
relation to oncogenesis (the antigen must result from cancer cell growth); 3) 
immunogenicity (the antigen must elicit an immune reaction). There are a few major antigen 
types that satisfy these requirements. Cancer/testis (CT) antigens are only expressed in 
germ cells and certain cancer cells, and are the most common target antigen type.45 
Neoantigens, which result from somatic point mutations only in tumor cells are promising 
candidates for this reason, and studies show that cancers with high somatic mutation 
burden are particularly susceptible to engineered TCR therapy.46 The major scientific 
obstacles in the development of these therapies are efficiently identifying good target 
antigens and optimizing TCR sequences to maximize on target affinity and minimize off 
target effects.45  
 
Currently, only autologous TCR therapies are in the clinical stage of development. The 
autologous nature enables patient specific targeting, but at a greater resource, time, and 
financial cost than allogeneic approaches. In contrast, allogeneic approaches are only in 

 
45 Protein & Cell 46 Nature Medicine 
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preclinical stages of research at present. As of 2019, there were 84 trials involving 
engineered TCR therapy, including two phase I/II clinical trials of TCR therapy (one 
completed) in hematological malignancies and ten phase II or I/II trials of TCR therapy in 
solid tumor targets (five completed). The most successful case of TCR therapy targeted the 
CT antigen NY-ESO-1 in multiple myeloma patients with an 80% response rate.46 Similarly, 
many other companies with TCR therapy products predominantly target CT antigens.47  
 
One such company is Adaptimmune Therapeutics, a mid-sized biotechnology firm 
dedicated to engineered TCR therapies targeting solid tumors. Their products include four 
Specific Peptide Enhanced Affinity Receptor (SPEAR) T-cell therapies: ADP-A2M4, ADP-
A2AFP, ADP-A2M4CD8, and ADP-A2M10 (see Table 2).  All products target CT antigens 
expressed in various solid tumor types. These therapies are currently being trialed in ten 
cancers (urothelial, melanoma, head and neck, non-small cell lung, ovarian, esophageal, 
gastric, synovial sarcoma, myxoid/round cell liposarcoma, hepatocellular).48 
 
Exhibit 5. Trial phases of Adaptimmune therapies 

Therapy Target Antigen Trial Phase 

ADP-A2M4 MAGE-A4 II 

ADP-A2M4CD8 MAGE-A4 I 

ADP-A2AFP AFP I 

ADP-A2M10 MAGE-A10 I 

 
In a 2019 conference, Adaptimmune also announced that they were studying potential off-
the-shelf, allogeneic SPEAR T-cells in the preclinical development stage. To create 
consistent batches, human induced pluripotent stem cells (iPSCs) are directed through 
differentiation into T-cells, which are then genetically engineered to express SPEAR TCRs.49 
 
TCR2 Therapeutics, another major player in the space, has developed TCR Fusion Construct 
T cells (TRuC-T cells), which use the complete, regulated TCR complex and conjugates the 

 
47 Technology in Cancer Research & Treatment 
48 Adaptimmune 

49 Molecular Therapy 



HARVARD UNDERGRADUATE CONSULTING ON BUSINESS AND THE ENVIRONMENT 
Cell Therapy Market | 2021 

18 
 

tumor antigen binder to the TCR complex, eliminating the need for HLA matching. TRuC-T 
cells are intended to target both liquid and solid tumors with reduced cytokine release. 
TCR2 has two therapies in phase I/II clinical trials: TC-110 (targeting CD19) and TC-210 
(targeting mesothelin). TC-110 aims to treat B-cell hematological malignancies, and trial 
cancers include lymphoblastic leukemia (ALL), aggressive non-Hodgkin’s lymphoma (NHL), 
and indolent NHL. TC-210 aims to treat solid tumors expressing mesothelin, and trial targets 
include non-small cell lung cancer (NSCLC), ovarian cancer, malignant pleural/peritoneal 
mesothelioma (MPM) and cholangiocarcinoma. Preliminary results show a 100% disease 
control rate and a 40% overall response rate in the first suboptimal dose with a manageable 
safety profile. Future aims include developing second generation dual TRuC-T cells to 
overcome immunosuppression in tumor environments and an allogeneic approach that 
avoids graft versus host disease.50, 51 

 
 
Looking Ahead 
 
Growing focus is being placed on two goals within the cell therapy field: (1) extending the 
application of cell therapy treatments towards solid tumors, and (2) developing safe 
allogeneic therapies, as they are more scalable and convenient than their autologous 
counterparts. Progress has been made in both areas. There is a plethora of allogeneic, solid 
tumor-targeting cell therapy products within the early clinical phases of development, many 
of which have been developed in the past several years as this sub-field has gained steam. 
However, there are still breakthroughs that need to be made before these products are safe 
and effective enough to reach the market. 

 

 
50 TCR² Therapeutics 51 Globe Newswire 
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Cell Therapy Manufacturing Processes 
 
Introduction 
 
The production of cell therapies is both a high-labor and costly process. Efforts to reduce 
the cost of this therapy have focused on moving towards an automated system, as well as 
reducing batch failure rates. In addition, allogeneic cell therapy has been of particular 
interest regarding cost due to the apparent ability to scale allogeneic therapy, which is 
impossible to do with autologous cell therapy, given the cells are harvested from the patient 
themselves and not a donor.  

The novelty of cell therapy likewise presents another challenge, as companies are now 
having to invest in facilities for a therapy that has yet to be cost effective. As a result, some 
companies are turning towards Contract Manufacturing Organizations (CMOs) and Contract 
Development and Manufacturing Organizations (CDMOs). These organizations are already 
well-equipped with labor and facilities, though they likewise pose specific challenges (e.g., 
over a year long waiting time). 

 
Cost of Operations 
 

 
 
A 2018 study detailed a cost analysis of autologous cell therapy manufacturing. They used 
the production and expansion of dendritic cells for immunotherapy as a frame of reference, 
and made several simplifying assumptions (e.g. project life, inflation rate, discount rate), but 
it still offers a strong baseline for identifying the key drivers of manufacturing costs.52 

 
52Bioprocess International  

Key Takeaway 
At present, the high costs of cell therapy are largely driven by the intensive labor it 
requires. As a result, companies should look to maximize individual batch effectiveness 
and move minimizing process failure rates. 
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The analysis found that labor was the greatest cost (Exhibit 6), making up about 50% of net 
cost per batch. Because labor is the greatest cost, it stands to reason that this is an important 
opportunity for manufacturers to cut costs. The initial model assumed that manufacturing 
required an operations team in addition to a quality team; increasing the total number of 
personnel in the facility (across the two teams) significantly increased the cost of each batch 
of cell production. In contrast, bringing head count to a minimum (two operators and a 
supervisor to cover breaks) would reduce the cost of goods sold by 24%.53   

Exhibit 6. Cost of Goods Breakdown  

 

In this study, materials were the second greatest cost; this category included growth media, 
buffers, and other materials necessary for cell expansion and purification. The study 
investigators recommended that manufacturers sub-aliquot their media into smaller 
components in order to reduce costs by about $1450 per batch as well as reduce 
noncontaminated waste. 

 
53 Bioprocess International  
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In addition, a high cost of cell therapy is the cost of manufacturing viral vectors. This is 
partially driven by viral vectors’ classification as a drug substance instead of as a key raw 
material. Lentiviruses are commonly used in cell therapy to modify eukaryotic cells, such as 
to introduce genes into mature T-cells to generate tumor cell immunity.54 One pertinent 
example is with the first FDA-approved genetically engineered cell therapy that made use of 
this technology.55 Typical manufacturing of viral-vector cell therapy using high-yield cell 
lines and large-capacity bioreactors cost approximately $100,000 per dose.56 Despite this 
high price tag, a study from the University College London concludes that using suspension 
cultures in single-use bioreactors achieves a ~90% improvement in cost of goods per dose, 
compared to traditional, stackable, multi-layer vessels.57 

It is worth noting here that while capital costs (facilities and equipment) made up only 18% 
of batch cost, the basis of the model did not require gene engineering. However, for cell 
therapy methods that do involve genetic engineering, such as CAR-based therapies, this 
cost may become more significant. Indeed, gene editing face steep financial challenges: in 
2020, Deloitte noted that essentially all publicly traded gene editing companies were 
unprofitable.58 

One final unique aspect of cell therapy production is the process failure rate. The typical 
failure rate for current biologics manufacturing is about 3%, but cell therapy manufacturing 
generally requires much more manual intervention and is thus subject to a greater failure 
rate. This tendency also affects the cost of the therapeutic production. In an initial analysis, 
investigators set the process failure rate at 10%, which resulted in a net cost of $94 per 
million cells. When they varied that rate from 0-20%, they found that cost per 
batch was affected by up to 12%, with a 3% failure rate bringing cost down to $87 per 
million cells. This suggests that bringing down failure rate, such as through rigorous training 
protocols or a reevaluation of the equipment being used, could be a point of focus for 
companies hoping to reduce manufacturing costs. Further, process failure rate should be 
reduced in preparation for expanding production to protect the safety of patients receiving 
autologous cell therapies and to optimize the economies of scale in these operations.59 

 

 
54 Nature 
55 Cytiva 
56 McKinsey 

57 Genetic Engineering & Biotechnology News 
58 Bioprocess International 
59 Bioprocess International 
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Automation in Cell Therapy Manufacturing 
 

 
 
Automating portions of the manufacturing process promises to reshape the landscape of 
cell therapy production. It is one potential solution for reducing the failure rate in 
production by preventing operator errors, accidental contaminations, or failures due to non-
process deviations such as handwriting errors. In addition, automation may help to reduce 
the number of manufacturing personnel necessary to maintain operations while improving 
standardization across batches of produced cells, which can enable in-process quality 
controls that expedite production and further reduce operator interactions.  

Nonetheless, implementing automation comes with its own set of increased facility and 
equipment costs; as such, investigators performed an analysis of partial and full automation 
to determine the most cost-effective ratio of manual operation to automation. In this model, 
the study considered partial automation as encompassing only the automation of peripheral 
blood mononuclear cell (PBMC) isolation and dendritic cell differentiation (18-28% of the 
baseline process in this model); all other manual steps from the baseline process were 
preserved. Meanwhile, full automation described the automation of PBMC isolation, 
dendritic cell differentiation, dendritic cell maturation, and filling operations (74-84% of the 
baseline process).  Failure rate was estimated at 3% for all cases of full automation, which is 
lower than in the original baseline model because automation was expected to reduce 
manual error and closed systems resulting from automated equipment also were expected 
to reduce failure rate. 

 

Key Takeaway 
Automation is a promising method in the efforts to reduce batch failure rates and 
improve batch-to-batch consistency in production. Moving towards a fully automated 
process would allow for the organization to improve cost efficiency and streamline 
manufacturing operations. 
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Exhibit 7. Cost of goods breakdown with automated manufacturing 

Partially Automated Fully Automated 
  

 

 

For both levels of automation, capital became the main cost driver as opposed to labor in 
the baseline, manual process (Figures 6 and 7). The partially automated process resulted in 
a lower cost per batch and a higher throughput than either the baseline or fully automated 
processes, suggesting that an initial upfront capital cost is more cost-efficient at an 
intermediate level of automation.60   

Labor cost per batch depends significantly on the number of batches produced each year, 
which explains why the fully automated process was less cost-efficient than the partially 
automated option. To increase efficiency of automation, a greater number of systems would 
be required to facilitate parallel processing and streamlining of production, which would 
double capacity to about 100 batches per year. The authors predicted that in that instance, 
the fully automated process would become more competitive than even the partially 
automated option.61 

In addition to moving towards fully automated processes, there has been a large push 
during the commercialization phase of cell therapies towards closed processes and 

 
60 Bioprocess International 61 Bioprocess International 
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supervisory computer systems, including Manufacturing Execution Systems (MES) and 
Electronic Batch Record (eBR). These forms of processing reduce various monitoring and 
operational costs while further mitigating failures. In addition, technological innovations 
may facilitate the development of point-of-care automated production equipment, shaping 
a future where autologous therapies become highly personalized with both production and 
administration occurring in a single day.62  

 

Alternatives to In-House Manufacturing 
 

 
 
Contract development and manufacturing organizations (CDMOs) are a very common 
method of outsourcing biopharmaceutical production, especially for startups that often do 
not have the requisite resources and funding to meet production demand internally.63 
Nonetheless, CDMOs come with their own share of difficulties and disadvantages. Firstly, 
demand is much greater than supply. Although there are numerous cell and gene therapy 
CDMOs internationally, the current wait time averages more than 15 months for CDMOs to 
start new gene therapy projects. The supply capacity of these manufacturers is currently very 
low compared to the market demand for cell and gene therapy.64 Further, considering the 
complicated nature of cell therapy manufacturing, CDMO personnel must undergo 
specialized training to be utilized. One cost analysis estimated that a baseline autologous 
cell therapy production process would require 3.3-times greater hands-on operations than 
traditional biologics manufacturing processes. Having more manual steps that require more 
hands-on intervention not only increases required training but also increases the risk of 
error, which complicates the process of hiring and onboarding personnel from outside of 

 
62 Invetech 
63 BioPharma Reporter 

64 Deloitte 

Key Takeaway 
Given the novelty of cell therapy, few companies have developed sufficient 
infrastructure for manufacturing, leaving external companies as a viable alternative to 
internal facilities. Nonetheless, long waiting times and expensive costs are persisting 
problems. 
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the company, while also limiting the number of CDMOs that are prepared to handle cell 
therapy production. 

One alternative to traditional contract production is a model brought forth by biotechnology 
holding company ElevateBio, which is based in Cambridge, Massachusetts. They are 
working to establish a portfolio of cell and gene therapy companies at all stages, all of which 
will have access to ElevateBio’s central operational facility, BaseCamp. ElevateBio raised 
$150M in Series A funding, suggesting that investors are optimistic about this model’s 
success.65 This model centralizes the expertise of cell therapy production to solve a number 
of the problems with CDMOs, especially the issue of training external personnel. 

Looking Ahead 
 
In the context of cell therapies, expansion of production and process capacity can take the 
form of scaling out, by increasing the production components in parallel, or scaling up—by 
increasing the number of batches made by making a production component larger or more 
efficient. Autologous therapies are largely more conducive to scaling out than scaling up, as 
each treatment must be manufactured specifically for one patient. Manufacturers are 
restricted to using the patient’s cell material, which makes the process subject to inherent 
variability between patients. In addition, each individual process needs to be undergone in 
a clean room, resulting in a uniquely high demand for space and labor. On the other hand, 
allogeneic therapies present an opportunity for scaling up as the off-the-shelf treatments are 
manufactured. While these technologies are newer and less established, the production 
process for allogeneic cell therapeutics more closely mirrors that of other biologics such as 
monoclonal antibodies and vaccines.66 As such, although cell technologies are unique in 
their storage needs and stability, the growth of allogeneic offerings presents a potentially 
simpler future for the operations of their manufacturers. 

 

 
65 Xconomy 66 Bioprocess International 
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Commercialization of Cell Therapies 
 
Introduction 
 
Engineered cell therapies have high potential to advance patient care in treating major, 
chronic diseases including cancers. The rapid evolution of novel technologies treating new 
indications and populations promises to continually shape the eligible populations for cell 
therapeutics as well as the accessibility to these treatments. Further, while CAR-T platforms 
have been the most prominent, novel forms such as CAR-NK therapies may drastically alter 
this space. All in all, the uniquely personalized nature of autologous cell technologies 
presents a novel challenge in the commercialization of these therapies. 
 
 
Value Proposition 
 

 
 
Cell therapy is quickly emerging as one of the most reliable methods of treating chronic 
diseases, especially in oncology. While chemotherapy is still the most widely used form of 
treatment for cancer, it is often detrimental to other fast-growing cells in the patient’s body 
and ineffective against certain intractable variants of the disease.67,68 The use of engineered 
cell technologies are promising alternative or complementary methods of treatment, as 
many are proven to decrease chances of relapse following remission, increase the efficacy 
of other treatments that are used in tandem, as well as curb many of the undesirable side 
effects of chemotherapy or radiotherapy. 
 
The prognostic benefits of cell technology-based cancer treatments give them immense 
value from the patient perspective. Because these techniques yield such a robust and long-

 
67 National Cancer Institute 68 Chemocare  

Key Takeaway 
Cell technologies show promise in chronic diseases, especially cancer where they 
decrease chances of relapse, increase the efficacy of paired treatments, and curb side 
effects of chemotherapy. They are attractive for families who have dealt with ineffective 
alternatives as well as for providers as an opportunity for growth.  
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lasting health improvement, they have been used in the clinic especially for cases with bleak 
odds of survival or burdensome last resort options, such as Stage IV cancers or cancers 
harboring fast-growing tumors.69 Families who have dealt with many ineffective yet 
exhausting treatment options for their ill loved ones are therefore more likely to turn to 
these cell technologies for hope, despite their largely unaffordable nature. CAR-T cell 
therapy, for example, can cost nearly $400,000 for a one-time treatment,70 and oftentimes 
more than one round is needed in order to achieve complete remission.71 Stem cell-based 
approaches are also especially expensive, with prices reaching $800,000 to engineer a 
personalized iPSC-derived cell product.72 However, cancer patients and families have been 
willing to take on these costs in light of the clinically proven effectiveness of the techniques, 
especially because they are also thought to be relatively time-sensitive, safe, and devoid of 
terribly burdensome or life-threatening side effects. Following treatments such as CAR-T cell 
therapy, the average acute recovery period spans only around 30 days before remission 
may officially be declared.3 This stands in stark comparison to alternative treatment methods 
such as chemotherapy, where just one of the many successive rounds may take up to 6 
weeks.73 The only immune-adverse effects that are frequently noted in association with the 
cell technologies are cytokine storms for the immunotherapies (self-attack by the immune 
system due to its induced overactivation)74 and graft-vs-host disease for the stem cell 
approaches (incompatibility between the transplanted cells and the host cells).75 These 
consequences are generally not lethal and are often quite mild, hence why patients and 
payors are willing to risk them in favor of the desired end result. 
 
Not only are these cell technologies attractive for the patient and payor populations, but 
they also hold strong value for medical providers, researchers, and hospitals. An obvious 
incentive for these providers to study and administer such treatments is the tremendous 
amount of revenue that can be generated, but this monetary gain is often a lot less than 
expected due to the upfront costs that go into engineering and preparing the cells for 
therapy.76 Aside from this, offering these effective treatment options allows hospitals and 
research institutions to gain credibility as well as boost their rankings and reputation. Having 
physicians and researchers who are able to handle these cutting-edge cell technologies is 

 
69 Life Science Integrates 
70 HealthLeaders Media  
71 Fred Hutch  
72 Biomaterials 

73 Cancer.Net 
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75 American Cancer Society  
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likely to increase patient survival rate numbers associated with the hospitals, which then 
initiates a positive feedback loop of good reviews and a subsequent increase in number of 
patients, ultimately improving the financial state and credibility of the institution. This is 
especially the case for when relatively new cell technologies, such as NK cell therapy or 
RBC-based drug carriers, reach the clinic, as only a few key hospitals have been approved to 
administer them,77 meaning competition is less fierce and an effective “monopoly” is 
attainable. 
 
 
Target Market 
 

 
 
The target market for cell therapies is largely defined by the indications of each approved 
therapy. Most of the approved CAR-T therapies on the market (Breyanzi, Tecartus, Kymriah, 
and Yescarta) are approved for specific use cases in B cell lymphoma or leukemia, while 
another (Abecma) is approved for multiple myeloma.78 Nonetheless, with the extensive 
research into using CAR-T and other cell therapies for other types of blood cancers—as well 
as other forms of cancer including colorectal, colon, and ovarian—the conditions that are 
treatable by cell therapies is expected to expand. Currently, cell therapy treatments are 
generally limited to patients with relapsed or refractory cancer. As a result, most patients 
have gone through at least two, if not more, systemic lines of therapy prior to becoming 
candidates for cell therapies. Age-wise, patients of these therapies can range from ages 19 
to 89 but are on average just over 60 years of age; this is consistent with average age of 
diagnosis for relapsed/refractory multiple myeloma at 69 years.79 
 

 
77 The ASCO Post  
78 Medical News Today  

79 CAR T-Cell Therapy: Strategies to Expand Access 

Key Takeaway 
Target populations for cell therapies tend to be older and have refractory blood 
cancers. For patients, financial and geographic barriers remain key concerns in 
accessibility; CAR-NK therapy development and travel assistance programs may 
provide solutions expand access. 
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In addition to the approved indications for each of these therapies, candidates are also 
segmented based on their ability to access these treatments. One major factor is the high 
cost of the currently approved CAR-T therapies, with baseline price tags upwards of 
$350,000.79 If not covered by a patient’s health insurance, this cost can be astronomical and 
a serious financial obstacle to accessing to this new technology. Even when covered in full 
by insurance, the related costs of becoming candidates for an engineered cell therapy can 
still be burdensome, ranging from pre-therapy consult to chemotherapy to post-treatment 
monitoring – especially when considering that CAR-T patients must go through other 
expensive treatments prior to beginning cell therapy. Promisingly, however, while CAR-T 
cell therapy is expensive both to buy and produce, the related CAR-NK therapies being 
developed are significantly cheaper. In fact, Dr. Rezvani, who leads the CAR-NK project at 
MD Anderson Cancer Center, has estimated that CAR-NK cell production may cost around 
one hundred times cheaper than the equivalent CAR-T cells.80 Because they are part of the 
innate immune system, CAR-NK cells generally require less priming for tumor-targeting and 
are less likely to cause GvHD compared to CAR-T cells, making them cheaper to produce.81 
While CAR-NK therapies have not yet hit the market, their entry may provide a more 
affordable option for patients that will expand financial accessibility. 
 
One further consideration is geographic accessibility. The Foundation for the Accreditation 
of Cellular Therapy (FACT) is one of the only centralized organizations that accredits centers 
that meet the standard for providing cell therapies; as of April 2021, only around 300 such 
sites exist.82 Exhibit 8 shows the geographic distribution of these FACT-accredited facilities. 
While this number will continue to grow, the limited number of sites currently presents a 
geographic obstacle to many patients; in Arkansas, for instance, there is just a single FACT-
accredited center in the entire state.83 The travel costs for patients to reach these sites, both 
in terms of time and money, can be prohibitive. Some organizations are doing their best to 
increase geographic accessibility in light of this. CancerCare, for instance, offers travel 
assistance for eligible patients. And Novartis, through their Kymriah Cares program, 
reimburses eligible Medicare and Medicaid patients of their cell therapy for travel, lodging, 
meals, and any other out-of-pocket costs; the company received special permission from 
the Department of Health and Human Services to establish such a program in early 2020 to 

 
80 PharmaPhorum 
81 FierceBiotech 

82 CAR T-Cell Therapy: Strategies to Expand Access 
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ease the burden of associated costs on patients.84 Programs like these can make CAR-T and 
other cell therapies more accessible and equitable for all patients in need of them. 
 
Exhibit 8. Distribution of FACT-accredited sites across the United States 

 
 
 
Competitive Landscape 
 

 
 

 
84 Cure Today 

Key Takeaway 
The cell therapy space is a hot, emerging marketplace with potential for rapid sector 
growth but also presents extensive novelty and high up-front risk.  As such, larger 
companies may enter this industry through licensing partnerships with cell therapy 
innovators to manage their direct risk. 
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There is extensive competition in the cell therapy space. With over 500 companies already 
involved with cell therapy, this number is projected to rapidly increase over the next decade 
as the industry expands even more.85 Promisingly, however, these cell therapy companies 
are all extremely diverse, researching various cell platforms and targeting numerous 
conditions and indications. Thus, even though there is fierce competition within the industry 
of companies constantly researching new possibilities for cell therapy targets, the market is 
still relatively young and unsaturated, such that it will most likely be able to support the 
explosion of companies in the market. Meanwhile, competition among the few FDA-
approved therapies, at present, is restricted to a case-by-case basis by physicians at a 
limited number of sufficiently equipped facilities, following complex and careful 
consideration of patients’ clinical profiles.86 
 
Although there is theoretically a constant threat of new entrants into the market based on 
the popularity of the sector, the rate of successful entry into the market is relatively low. This 
is because the cell therapy space is still seen as a risky endeavor, with many companies 
failing before they can reach actual production levels.87 Additionally, the cell therapy 
industry is known for having extremely high technological and production barriers to entry, 
due to it being so capital intensive. For instance, within the iPSC segment, expensive 3D 
bioreactors are required to mass produce these stem cells, and extremely skill lab 
technicians are required during the production process. 88 Since the large fixed costs of 
production can be spread out as companies lower their marginal cost through large-scale 
production, this presents a further competitive disadvantage for new entrants in the space. 
 
In entering this young but rapidly expanding marketplace, small biotech companies and 
large pharmaceutical groups are making strategic moves to better position themselves to 
capitalize on the industry’s rapid growth. However, it must also be noted that there are key 
differences in how partnerships are approached in the cell therapy industry compared to in 
the traditional drug manufacturing pipeline. Due to the especially heightened risk and 
uncertainty with the cell therapy space, an emerging trend is for large companies to enter 
into partnerships and licensing agreements with smaller cell therapy companies.89 One 
example is a collaboration between the biopharmaceutical company Abbvie and the 
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translational research institute Calibr, in which Abbvie paid Calibr a license fee in advance in 
exchange for exclusive access to Calibr's CAR-T platform, with further options for further 
therapeutic development and commercialization.90 This model can serve to reduce the 
larger pharmaceutical companies’ economic exposures in the case of failure and may be a 
trend that is seen in the industry for years to come. 
 
 
Pricing and Reimbursement 
 

 
 
Four of the only CAR-T cell therapies available come at high prices: on average, Kymriah 
and Yescarta both cost $373,000 for adults (Kymriah costs $475,000 for children), Breyanzi 
costs $410,300, and Tescartus costs $373,000.91 On top of the treatment cost, additional 
fees are expected to bring average totals above $600,000, such as due to adverse events 
like cytokine release syndrome.92 Most commercial insurers cover CAR-T therapies, but it is 
done on an individual basis—as it typical for novel treatments. Nonetheless, delays and even 
denials of coverage arose in commercial insurance adoption when Kymriah and Yescarta 
were first released due to the staggering prices.93 
 
Because of the high cost, pay-for-performance pricing models are increasingly used in cell 
and gene therapies. One model is outcomes-based pricing, which requires demonstration 
of effectiveness for the individual patient to qualify for reimbursement. An example is 
Novartis’s Kymriah, which will only charge if patients go into remission within one month of 
treatment.94 Another possible model is annuity-based, in which a payer reimburses over 
time based on continued good outcomes, which may be more appealing to patients since 
this helps assuage the fears of relapse several months after treatment. 95 Fortunately for 

 
90 Pharmaphorum 
91 Cell & Gene 
92 Yang, H. (n.d.). 

93 Kaiser Health News 
94 Blue Matter Consulting   
95 Cell & Gene 

Key Takeaway 
Newly approved expensive cell therapies will likely follow a similar outcomes-based or 
annuity-based reimbursement structure to existing CAR-T therapies on the market. 
Because many insurance companies are already familiar with CAR-T therapies, adoption 
of these new therapy types may go more smoothly. 
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CAR-T cell therapies, they are uniquely effective in the circumstances they are used despite 
the enormous sticker price.  
 
Exhibit 9. Descriptions of payment models 

 
 
In 2021, the Centers for Medicare and Medicaid Services (CMS) created a new Medicare 
Severity Diagnosis-Related Group (MS-DRG 018) for CAR-T Immunotherapy, helping to 
streamline hospital reimbursement of cell therapy administration. The unadjusted MS-DRG 
base payment rate from Medicare to hospitals using CAR-T treatments is $239,929 for non-
clinical trial recipients. For clinical trial recipients, the cost was determined to be about 17% 
of non-clinical trial cases, resulting in an MS-DRG base payment rate of $40,788. Moreover, 
Kymriah and Yescarta’s new technology add-on payment (NTAP), which is an additional 
payment from Medicare to hospitals for new treatments for up to three years that covers up 
to 50% of the excess cost above the base rate, is discontinued for FY 2021. However, 
hospitals incur a fixed loss of around $30,000 for each patient treated under Medicare.96  
 
Similarly, it is expected that other autologous cell therapies for cancer such as TCR and CAR-
M therapies will incur comparably high sticker prices, so reimbursement processes will likely 
match those of CAR-T cell therapy. Initially, Medicare will likely offer a NTAP, which may be 
around 50% of the cost as it did for Yescarta and Kymriah when they were first approved.97 
Optimistically, however, commercial insurance companies may have less hesitance with 
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these new treatments if they are already familiar with CAR-T therapy coverage. Further, 
outcomes- or annuity-based reimbursement may also be implemented here.  
 
Reimbursement for other engineered cell therapy platforms may introduce novel intricacies 
in pricing. The in-development CAR-NK platform is expected to be 100 times cheaper to 
produce than CAR-T therapies, so coverage will likely evolve much more quickly, as costs 
would then be close to the lower end of chemotherapy prices.80 For iPSC therapies, the cost 
may be between that of CAR-NK and CAR-T therapies, considering the estimated $25,000 
price tag of iPSC induction and expansion, in addition to further costs incurred in 
engineering the cells.98 However, as with all first-in-class therapies, there will likely be 
hesitance that may be addressed through outcomes-based pricing. 
 
 
Looking Ahead 
 
Allogeneic therapies offer the potential for an entirely novel paradigm in the cell therapy 
space. They present the potential for “off the shelf” products that reduce the specialized 
requirements in autologous treatments (e.g. tissue extraction), enabling greater accessibility 
to cell therapies and expanding the market for these treatments.99 Further, the lower cost of 
production enables lower pricing, allowing for broader affordability of these treatments and 
reimbursement structures that are more comparable to standard drug treatments.100 
Indeed, allogeneic therapies have the potential to align smoothly with existing business 
practices in the pharmaceutical industry, reducing the commercial complexities of offering 
cell therapies to patients. 

 
98 iPSC21 
99 Frontiers in Immunology 

100 Horizon Discovery 
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Selected Case Studies 
 
Introduction 
 
Thus far, only a small handful of engineered cell therapies have attained FDA approval. All 
of these have been autologous treatments, largely targeting “liquid” cancers such as 
lymphoma, and many have overlapping indications and characteristics. The two case studies 
presented here center on two FDA-approved CAR-T therapies that highlight unique 
characteristics of these therapies, distinctive aspects of their commercialization, and their 
manufacturers’ strategic decisions that are shaping the burgeoning space of cell 
therapeutics. 
 
 
Yescarta 
 

 
 
In 2017, Yescarta (axicabtagene ciloleucel) became the second FDA-approved CAR-T 
therapy, and the first to be approved for the treatment of large B-cell lymphoma after two 
lines of systemic therapy. In the ZUMA-1 trial that led to Yescarta’s approval, 72% of patients 
responded to the therapy, and 51% attained complete remission. Thirteen percent of 
patients experienced serious cytokine release syndrome (CRS), leading to the Boxed 
Warning on its product label regarding CRS. Yescarta is listed at a price of $373,000 in the 
U.S.101 
 
Yescarta is produced by Kite Pharma, a subsidiary of Gilead Sciences. In 2017, Gilead 
acquired Kite for an astronomical $12 billion, a deal primarily motivated by the potential of 
Yescarta.102 This decision has since become controversial, given Yescarta’s relatively small 

 
101 Business Wire 102 BioPharma Dive 

Key Takeaway 
Since its initial release in 2017, Yescarta has attained a slow but steady market growth 
fueled by additional use applications and an expanded manufacturing infrastructure. 
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growth compared to the scale of the deal: in the first quarter of 2021, Yescarta sales were 
$160 million.103 
 
Nonetheless, Yescarta’s growth has been steady since its first approval, partially driven by 
Kite’s push for additional approvals for use of Yescarta to treat other cancers. In March 2021, 
Yescarta received its second approval and became the first CAR-T therapy approved for 
treatment of indolent follicular lymphoma, the second most common form of lymphoma. 
Approval was given based on results from clinical trial ZUMA-5, in which 91% of patients 
showed a response to the drug, and 74% reached remission by 18 months. This approval 
gives Yescarta a distinct advantage over other CAR-T players in the market; Novartis’ 
Kymriah is also on the path to approval for follicular lymphoma but has fallen behind Kite in 
this respect.104 
 
Yescarta’s growth has also been bolstered by an increasingly efficient and improved 
manufacturing process. After its initial approval, Yescarta was produced solely at Kite’s 
manufacturing facility in El Segundo, California. In June 2020, however, Kite completed 
construction of a 117,000-square-foot CAR-T manufacturing facility at Amsterdam Airport. 
The new facility will support production of Yescarta in Europe, dramatically reducing 
production turnaround time for European audiences by removing transportation times 
associated with shipping cells to California and back. Kite also has plans to build a biologics 
site for developing viral vectors in California, as well as a second CAR-T manufacturing plant 
in Maryland.105 
 
 
Breyanzi 
 

 
 

 
103 Business Wire 
104 FiercePharma 

105 FiercePharma 

Key Takeaway 
Breyanzi claims that it is equally effective as its competitor CAR-T cell therapies with 
fewer side-effects, justifying its 10%-higher sticker price. Because of the various 
accelerated approval tracks it used to gain approval, significant safety monitoring and 
risk mitigation strategies are required. 
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Breyanzi (lisocabtagene maraleucel) by Juno Therapeutics Inc., a Bristol-Myers Squibb 
Company, is one of the newest autologous CAR-T cell therapy, and it was FDA approved in 
February 2021. It targets diffuse large B-cell lymphoma, which is a non-Hodgkin lymphoma, 
and the complete remission rate after treatment was 54%.106 Like many other cell therapies, 
the FDA granted Breyanzi expedited approval after designating it as an Orphan Drug (rare 
disease), Regenerative Medicine Advanced Therapy (cell therapy for serious condition), and 
Breakthrough Therapy (substantial improvement over available therapy on clinical 
endpoints). Also similar to other CAR-T cell therapies, cytokine release syndrome is one a 
serious risk with Breyanzi. As a result, the FDA requires the manufacturer to conduct a post-
marketing safety observational study and administration is regulated with a risk evaluation 
and mitigation strategy (REMS.107 Nonetheless, the side effect profile of Breyanzi was less 
severe than those of Yescarta and Kymriah (two other cell therapies with overlapping 
indications for treatment) during clinical testing. As such, Bristol-Myers Squibb aims to 
demonstrate that Breyanzi is safer than its competitors while maintaining similar efficacy, 
which may lead to possibilities as an outpatient treatment.  
 
Despite its potential edge in drug safety, Breyanzi also faces some competitive challenges. 
The turn-around time for production, however, is 24 days, which is slightly longer than 
Yescarta’s 17 days and Kymriah’s 22 days, which can make a difference when patients have 
weeks left to live. In addition, its price is also higher than the other two drugs, at $410, 
300.108 
 
In its commercialization, Breyanzi had a somewhat unusual acquisition process. Originally, 
Juno Therapeutics began development through early clinical testing before being bought 
by Celgene in 2018. Around a year later, Bristol-Myers Squibb acquired Celgene with an 
agreement that if 3 Celgene treatments were brought to the market by certain target dates, 
Bristol Myers would pay an additional $6 billion. Possibly due to delays in FDA inspection 
during COVID-19, the 2020 year-end target was not met for Breyanzi, and Bristol Myers did 
not pay the additional amount.109 Further, in the reimbursement structure for Breyanzi, New 
Technology Add-on Payments for FY 2021 were not granted by Medicare to Breyanzi 
because it did not meet the FDA approval by July 1, 2020, so Medicare will not reimburse 

 
106 Business Wire 
107 U.S. Food and Drug Administration 

108 BioPharma Dive  
109 BioPharma Dive 
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an additional 50% of the excess cost to hospitals administering Breyanzi. However, the 
treatment does fall under MS-DRG 018 (the newly-established Medicare payment 
classification for cell therapies), which establishes a fixed loss threshold of approximately 
$30,000.110 
 

 
110 Avalere Health 
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Appendix A: Selected Cell Therapy Companies 
(in rough order of clinical development level) 

Company 
Name 

Central 
Location 

(Founded) 

Company 
Type and 

Size 

Current 
Focus Area Broad Therapeutic Goal Lead Asset Status 

Number of 
Pipeline 
Products 

Notable Info 

Fate 
Therapeutics 

San Diego, 
CA, USA 
(2007) 

Public, 
about 279 
employees 

iPSCs, 
Allogeneic 

NK & CAR-T 

Develop a platform of next-
generation allogeneic cell 

therapies derived from iPSC 
lines for liquid and solid 

cancers. 

ProTmune (graft to 
prevent GvHD following 

allogeneic hematopoietic 
stem cell transplantation), 

Phase 2 

Nine (8 are iPSC-
derived cell 

products), mostly 
in Phase 1 

• Has established a patent-protected, proprietary iPSC 
platform to create master iPSC lines. 

Adaptimmune  
United 

Kingdom 
(2008) 

Public, 
about 462 
employees 

Autologous 
& allogeneic 

TCR 

Develop TCR therapy pipeline 
for solid tumors. 

ADP-A2M4 (targets the 
MAGE-A4 antigen in solid 

tumors), Phase 2 

Four (one Phase 
2, two Phase 1, 
one preclinical) 

• Proprietary TCR platform is called SPEAR (Specific 
Peptide Enhanced Affinity Receptor) 

TCR2 
Therapeutics 

Cambridge, 
MA, USA 

(2015) 

Public, 
about 118 
employees 

Autologous 
& allogeneic 

TCR 

Advance their platform of TCR 
therapies for solid and liquid 

cancers. 

TC-110 (Targets the CD-
19 antigen in leukemia 
and lymphoma), Phase 

1/2 

Unspecified (two 
Phase 1/2, 

unspecified 
preclinical) 

• Proprietary TCR Fusion Construct T (TruC-T) cells. 
• Has a clinical manufacturing facility in Stevenage, 

United Kingdom and uses ElevateBio’s BaseCamp 
facilities in Waltham, MA. 

Allogene 
Therapeutics 

San 
Francisco, 
CA, USA 
(2017) 

Public, 
about 265 
employees 

Allogeneic 
CAR-T 

Advance their pipeline of off-
the-shelf, allogeneic CAR-T 

therapies for cancer. 

ALLO501 (allogeneic 
CAR-T therapy for 

relapsed or refractory 
non-Hodgkin’s 

lymphoma), Phase 1/2 

Eleven (five Phase 
1 trials, six 
preclinical) 

• Acquired Pfizer/Cellectis’s allogeneic CAR-T portfolio 
in 2018 (ex. ALLO501), though Servier holds rights to 
ALLO501 outside the US. 
• Building AlloCAR TTM manufacturing facility in 

Newark, California. 

Cellectis Paris, France 
(1999) 

Public, 281 
employees 

Allogeneic 
CAR-T 

Use their gene editing 
expertise to develop a new 

generation of immunotherapy 
products for cancer (currently 

leukemia and lymphoma) 

UCART123 (allogeneic 
CAR-T therapy for 

relapsed/refractory acute 
lymphoblastic leukemia), 

Phase 1  

Six (all in Phase 1) 
– 3 are joint 

ventures with 
other companies. 

• Created proprietary TALEN gene editing and 
PulseAgile electroporation primarily used for CAR 
engineering, which has led them to profitable 
partnerships. 

Rubius 
Therapeutics 

Cambridge, 
MA, USA 

(2013) 

Public, 
about 204 
employees 

Allogeneic 
RBCs 

Create an allogeneic RBC-
based cell therapy platform for 

solid and liquid cancers and 
autoimmune diseases. 

RTX-240 (improving anti-
tumor activity in both solid 
tumors and AML), Phase 1 

Seven (three 
Phase 1, one IND-

enabling, three 
pre-clinical) 

• Developed their proprietary RED PLATFORM to 
engineer RBCs. 

Celularity 

Florham 
Park, NJ, 

USA 
(2016) 

Private, 164 
employees 
(Celgene 
spinout) 

Allogeneic 
CAR-T, NK, 
and MSCs 

Establish a platform of 
allogeneic (off-the-shelf) 

placental-derived cell therapies 
for a broad disease spectrum. 

CYNK-001 (placental 
hematopoietic stem cell-
derived NK therapy for 
glioblastoma), Phase 1 

Four (one Phase 
1, three 

preclinical) 

• Has raised over $350M in investor funding. 
• Owns a 150,000 square foot cGMP-compliant 

manufacturing facility. 
• Has two non-cell therapy inventions on the market. 

Carisma 
Therapeutics 

Philadelphia, 
PA, USA 
(2016) 

Private, 
about 40 

employees 

Autologous 
CAR-M 

Establish a broad platform of 
solid tumor therapy through 

CAR-engineered macrophages 

CT-0508 (targets HER2-
expressing solid tumors), 

Phase 1 

Three (one Phase 
1, two preclinical) • Achieved $59M in Series B funding in March 2021. 

BlueRock 
Therapeutics 

Cambridge, 
MA, USA 

(2016) 

Private, 
about 176 
employees 

iPSCs, 
various 
derived 

allogeneic 
cell types  

Advance their pipeline of iPSC-
derived allogeneic therapies 
and develop a stable master 
cell banks for cell expansion. 

MSKDA-01 (iPSC-derived 
dopaminergic neurons for 

Parkinson’s disease), 
preclinical in USA, Phase 1 

in Canada 

Unspecified 
number of 
products 

• Acquired by Bayer in August 2019. 
• Has existing collaborations with other startups like 

Editas Medicine (gene editing) and Ncardia (iPSC-
derived cardiomyocytes). 
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George Cai 
George is a rising sophomore studying chemistry and physics. He 
originally comes from Minnesota, but he is excited to call Mather 
House his new home. He is currently an analyst researching 
innovative clinical trial designs for a major pharmaceutical 
company, and outside of CBE, he conducts research on using 
artificial intelligence for antibiotic discovery and design with the 
Collins Lab at the Wyss Institute. 

Alex Dang 
Alex is a rising sophomore from Gainesville, Florida living in 
Dunster House. He is studying Human Developmental and 
Regenerative Biology with a Secondary in Economics. Within CBE, 
Alex is working with a medical technology company on possible 
uses for blockchain systems integration. Outside of the group, 
Alex also participates in financial and investment clubs, a pre-
medical club, and the poker club. 

Lauren Kim 
Lauren is a rising junior in Eliot House studying a joint 
concentration in Chemistry and Bioengineering with a secondary 
in Global Health and Health Policy. As a member of CBE, Lauren 
has worked primarily on life-sciences cases, specifically in the 
biotech and pharma sectors. At Harvard, she is involved with 
cancer research at Dana Farber Cancer Institute and the Wyss 
Institute of Biologically Inspired Engineering, as well as global 
health startups and projects. Originally from Chicago, IL, Lauren 
loves deep dish pizza, Wrigley Field, and chamber music. 

Michelle Lu 
Michelle is a rising sophomore in Leverett House from Southbury, 
Connecticut. She's studying Chemical and Physical Biology and 
Computer Science, and outside of CBE she is involved in data 
science journalism and Model U.N. on campus. In CBE, Michelle 
has worked on cases ranging from creating a go-to-market 
strategy for a medical device startup to developing applications 
of digital technologies in clinical trial design for one of the largest 
pharmaceutical companies in the world. This summer, Michelle 
has been working in the Business Development team at Xenon 
Health. 
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Kira Nagoshi 
Kira is an Eliot House resident from Gainesville, Florida interested 
in studying Statistics or Applied Math with a biology focus and a 
secondary in Ethnicity, Migration, and Rights. She has worked on 
both nonprofit and biotech-based cases with CBE, primarily in the 
life sciences division. Outside of CBE, she is involved with social 
impact tech through the computer science society, journalism 
through HealthRighters, and has been working in a lab at Dana-
Farber Cancer Institute this summer. Some of her hobbies include 
dance, long-distance running, and crossword puzzles. 

Arda Cataltepe (Lead) 
Arda is a rising junior studying Applied Mathematics with a focus 
on Economics. He has been a member of CBE for two years and 
has worked on a variety of healthcare and biotech cases. He is 
currently serving as a Managing Director. Beyond CBE, Arda is a 
member of the Harvard Impact Investing Group, where he helps 
lead the organization’s new fund. He is also an avid NBA fan and 
enjoys learning about sports analytics. 

Julia Kendall (Lead) 
Julia is a rising junior in Lowell House concentrating in Chemistry 
with a secondary field in Mathematical Sciences and a citation in 

Mandarin. Her work in CBE has focused mainly on life-sciences 
pharmaceutical cases. Aside from her role in CBE, she serves as 

the treasurer for Women in Business, a member of Harvard 
Undergraduate Brazilians’ Association and works as a tour guide 

for the Admissions Office. She spent this past summer working in 
Sao Paulo, Brazil as an investment banking analyst.  

 
James Chen (Editor) 

Originally from New York, James is a rising junior in Mather 
House studying Chemical and Physical Biology with a secondary 
in Economics. With CBE, he has directed the group’s life sciences 
initiatives, as well as led teams for both early-stage startups and 
world-leading pharmaceutical companies. Outside CBE, James 
has worked in biopharmaceutical business development, serves 
as an EMT with Harvard’s emergency medical service, and is a 
varsity rower on the heavyweight crew team. This summer, he has 
been conducting cancer research at the Broad Institute. 
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