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Chimeric antigen receptor modified T cells targeting CD19 and CD20 have shown activity in Phase I, II trials
of patients with hematological malignancies. We conducted a systematic review and meta-analysis of all
published clinical trials studying the role of efficacy as well as safety of CD-19 and CD-20 chimeric antigen
receptor-T therapy for B-cell hematologic malignancies. A total of 16 studies with 195 patients were
identified. The pooled analysis showed an overall response rate of 61% (118/195) with complete response
of 42% (81/195) and partial response of 19% (37/195). Major adverse events were cytokine release
syndrome 33%, neurotoxicity 33% and B-cell aplasia 54%. Collectively, the results indicate encouraging
response in relapsed/refractory B lymphoma and leukemia, especially in acute lymphoblastic leukemia
(ALL) patients.
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Despite major therapeutic advances in combination chemotherapy, immunotherapy, radiation therapy, targeted
therapy and stem cell transplantation, relapsed or refractory B-cell malignancies still carry poor prognosis. Therefore,
promising results of adoptive cell therapy with chimeric antigen receptor (CAR) T cells suggest a feasible approach for
the management of refractory or relapsing lymphoproliferative disorders [1–4] such as ALL [5–9], chronic lymphocytic
leukemia (CLL) [10–12] and non-Hodgkin lymphoma (NHL) [13–15 ]. B-cell hematological malignancies express
B-cell-specific tumor-associated antigens (TAA) namely CD19 and CD20, and can serve as primary targets for CAR
T-cell immunotherapy [16]. In CAR T-cell immunotherapy, patients’ autologous T cells are genetically modified to
express an artificial T-cell receptor known as CAR. CAR T cells are designed to effectively recognize and bind tumor
cells expressing TAA and subsequently eliminate these cells by secreting perforin and granzymes [3]. Currently, three
generations of CAR T cells have been constructed. The first generation CAR T cells lacks costimulatory domain,
second generation has one (CD28 or 4–1BB) [17,18] and third generation has two (CD28 and 4-1BB or OX-40)
costimulatory domains. The second and third generation CAR T cells have shown better responses compared with
first generation CARs [8] because of effective cell division and optimal cytokine production along with prolonged
T-cell expansion and sustained antitumor effects [19–21].

CAR-T-cell immunotherapy has several advantages over other available approaches. These cells have the ability
to specifically recognize the targeted tumor antigens with subsequent tumor lysis. After tumor lysis, these cells
may persist as memory cells, suggesting that these might be more effective than monoclonal antibodies [22]. In
addition, this technique is used as a salvage or bridge therapy in many cases and does not have the limitations
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of HLA incompatibility posed by hematopoietic stem cell transplantation (HSCT), and even response has been
observed in postallogenic stem cell (AlloSCT) relapse and blinatumomab refractory ALL patients [7]. Specificity
of CAR-mediated T-cell recognition depends on expressed antibody domain, this ability is independent of major
histocompatibility complex presentation and can potentially be used against any oncologic or even nononcologic
target for which an antibody is available. Previously conducted reviews of anti-CD19CART therapy by XuX-J et
al. [23], Zhu et al. [24] and Zhang et al. [25] have become outdated with publication of recent trials and we are
including additional data for anti-CD20 CAR T immunotherapy trials. Hence, an updated analysis is warranted
which utilizes the most recent data to compare the efficacy as well as safety of CD19 and CD20 CAR T therapy in
ALL, CLL and NHL.

Materials & methods
The meta-analysis was designed in accordance with the principles set by the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) checklist.

Eligibility criteria
Inclusion criteria specified all clinical studies with adult patients who had B-cell malignancy (ALL, CLL and non-
Hodgkin lymphoma and underwent anti-CD19 or anti-CD20 CAR T-cell therapy. We excluded ongoing clinical
trials without reported outcomes, studies not reporting survival outcomes, studies with acute myeloid leukemia
patients and studies not using anti-CD19 or anti-CD20 CAR T cells.

Search strategy
Literature search was performed using following electronic bibliographic databases: MEDLINE (Ovid SP and
PubMed), EMBASE, The Cochrane Library (Cochrane Database of Systematic Reviews) and Cochrane Central
Register of Controlled Trials (CENTRAL), Scopus and Web of Science. The initial search was not restricted to
English. The searches were repeated just before the final analyses and further studies retrieved for inclusion till
25 May 2016. The bibliographies of retrieved articles and previous review articles were hand searched to obtain
additional articles. Search terms and full details of the search strategy for each database are provided (refer to
appendix).

Data extraction

Using the search strategy, we obtained titles and/or abstracts of retrieved studies and imported them to endnote.
Two investigators independently screened the titles and abstracts; the full texts were screened if the articles met the
inclusion criteria. Full text of these selected articles was obtained and evaluated by two investigators to confirm
eligibility for inclusion. Data were extracted using a structured template and disagreement resolved with consensus
during the process of screening and data extraction. A standardized data extraction form was used to extract the
following fields: author/year, phase of the study, age, sex, study center, patient population, pre-CAR T-cell infusion
HSCT, post-CAR T-cell infusion HSCT, generation of CAR T cells, receptor, CAR construct and signaling, gene
transfer strategy, infused CAR T-cell dose, conditioning or lymphodepleting chemotherapy, IL-2, persistence of
CAR T cells, peak blood CAR T-cell level, peak TNF, IFN-γ, peak IL-6, origin type of the CAR T cells (autologous
vs donor derived/allogeneic), outcomes, survival and adverse effects.

Outcome measures

The primary outcomes were overall response (OR). Secondary outcomes were complete response (CR) and partial
response (PR). The other outcomes were stable disease, progressive disease, progression-free survival (PFS) and
overall survival (OS). The toxicity data were analyzed for three main categories: grade 3–4 cytokine release
syndrome (CRS), severe neurotoxicity and B-cell aplasia.

Statistical analysis

We performed a meta-analysis using Comprehensive Meta-analysis 3.0 using random effects model. The hetero-
geneity was assessed using I2values.
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Figure 1. PRISMA flow sheet.

Subgroup analysis

We performed prespecified subgroup analysis to assess the efficacy of allogeneic CAR T-cell (donor derived)
immunotherapy in ALL, CLL and NHL patients.

Results
A comprehensive database search of Medline/PubMed, Scopus, Embase, Cochrane CENTRAL, Web of Science,
SCI-Expanded, WOS CPCI-S retrieved 4476 citations after duplicates removed. After screening the titles, 176
studies were considered eligible for further review, and 60 potentially eligible articles were assessed for inclusion
and finally 16 studies were included in the systematic review. The characteristics of the 16 included studies are
summarized in Table 1. The search strategy is documented in the PRISMA flow sheet (Figure 1).

All studies were published from 2008 to 2016 [6–15,26–31]. All trials were conducted at seven centers, six centers
in the USA: University of Pennsylvania, Memorial Sloan-Kettering Cancer Center, The Fred Hutchinson Cancer
Research Center, the National Cancer Institute, Baylor College of Medicine, City of Hope and one center in China:
Chinese PLA General Hospital.

A total of 16 studies with 195 patients were included in the systematic review. The included trials consisted of
patient with following malignancies; ALL 68 (35%), CLL 47 (24%), NHL80 (41%). The pooled analysis showed
an OR of 61% (118/195) with CR of 42% (81/195) and PR of 19% (37/195). Stable disease was seen in 11% of
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Figure 2. Forest plot showing overall response (OR – Figure 2A), complete remission (CR – Figure 2B), and partial
remission (PR – Figure 2C) in acute lymphoblastic leukemia (ALL) patients.

the patients and disease progression was seen in 22% of the patients. OS and PFS were not consistently reported
in all the studies but 6-month OS was as high as 90% in Brudno et al. study while highest 6-month PFS of 67%
was reported by Maude et al.

For ALL, OR of 78% (53/68) was observed with HR of 0.75 (95% CI: 0.55–0.88, p = 0.014), CR of 75%
(51/68) was observed with HR of 0.71 (95% CI: 0.41–0.90, p = 0.163) and PR of 3% (2/68) was observed with
HR of 0.103 (95% CI: of 0.04–0.25, p = 0.00). There was significant heterogeneity among the studies with I2 of
32.26, Q = 5.91 and p = 0.014 (Figure 2).

For CLL, OR of 51% (24/47) was observed with HR of 0.54 (95% CI: 0.35–0.72, p = 0.67), CR of 28%
(13/47) was observed with HR of 0.33 (95% CI: 0.19–0.49, p = 0.04) and PR of 23% (11/47) was observed
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Figure 3. Forest plot showing overall response (OR – Figure 3A), complete remission (CR – Figure 3B), and partial
remission (PR – Figure 3C) in chronic lymphocytic leukemia (CLL) patients.

with HR of 0.27 (95% CI: 0.15–0.42, p = 0.004). There was no significant heterogeneity among the studies with
I2 of 21.74, Q = 8.94 and p = 0.67 (Figure 3).

For NHL, OR 51% (41/80) was observed with HR of 0.51 (95% CI: of 0.39–0.63, p = 0.88), CR of 21%
(17/80) was observed with HR of 0.25 (95% CI: 0.16–0.37, p = 0.00) and PR of 30% (24/80) was observed with
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Figure 4. Forest plot showing overall response (OR – Figure 4A), complete remission (CR – Figure 4B), and partial
remission (PR – Figure 4C) in non-Hodgkin lymphoma (NHL) patients.

HR of 0.31 (95% CI: being 0.18–0.47, p = 0.02). No significant heterogeneity was observed among the studies
with I2 of 6.55, Q = 8.56 and p = 0.88 (Figure 4).

A total of 34 patients were treated with donor-derived CAR T cells in these four studies 6, 26, 28 [32], with an
OR of 41% (CR = 10/34, PR = 4/34) with the longest CR being 30 months in a patient of CLL. A total of 17
patients received HSCT (10 ALL, 1 CLL, 6 NHL) before CAR T-cell infusion and seven ALL patients received
HSCT after CAR T-cell infusion.
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Table 2. Major side effects frequencies.
Study (year) CRS incidence and severity Neurotoxicities B-cell aplasia

Brentjens et al. (2011) Fever 8/9 grade 1-3 including neutropenic fever,
rigors and chill 5/9, Neutropenia 4/9 grade 3-4
(1/4 without fever), hypotension 3/9 grade 3-5,
renal failure 1/9 grade 5, dyspnea 1/9

Not reported 1/9 patients

Porter et al. (2015) CRS 9/14 with ≥ grade 1 (grade 1-2, n = 3; grade
3-4, n = 6; ICU admission, n = 4)

6/14, including ≤ grade 2 hallucinations,
confusion, delirium (n = 5) and grade 4 confusion
(n = 1)

4/4 patients receiving CR,
2/4 PR patients

Kochenderfer (2015) Fever 12/15, hypotension 4/15, dyspnea 1/15 6/15, including confusion, obtundation, aphasia,
encephalopathy

Not reported

Kochenderfer et al.
(2012)

Fever 1/8, hypotension 4/8, capillary leak
syndrome 3/8, acute renal failure 3/8, dyspnea 1/8

2/8 patients, obtundation 4/8 patients

Davila et al. (2014) Neutropenia 12/16 (11 associated with fever and
grade 3, while one without fever and grade 4),
hypotension 6/16 grade 3, chills 1/16,

6/16 grade 3-4 obtundation Not reported

Till et al. (2008) Fever 1/7 (grade 2), chills 2/7 (grade 1), flu like
symptoms 1/7 (grade 2), dyspnea 1/7

Not reported Not reported

Jensen et al. (2010) Fever 2/4, rigors 2/4, lymphopenia 3/4 Not reported Not reported

Kalos et al. (2011) Fever 2/3, rigors 2/3, hypotension 1/3 (1/3
develop anemia, leukocytosis, thrombocytopenia),
dyspnea 1/3

Not reported Not reported

Savoldo et al. (2011) NO Not reported NO

Kochenderfer et al.
(2013)

Fever 2/10, hypotension 2/10, neutropenia and
anemia 1/10, dyspnea 1/10

Not reported 03-Oct

Maude et al. (2014) CRS in 30/30 (8 /30 severe CRS, hypotension in 8,
febrile neutropenia in 22)

13/30 delirium to encephalopathy with one or
more of following: aphasia, confusion,
hallucination

30/30

Wang et al. (2014) CRS 4/7 (all 4 fever, fatigue 2/4, diaphoresis,
hypotension1/4 but that was due to hemorrhage
of alimentary tract), dyspnea 2/7

Not reported Not reported

Dai et al. (2015) CRS 4/9 (fever 4/4, dyspnea 2/4, capillary leak
syndrome 1/4, oliguria 2/4), dyspnea 2/4

2/4 (Facial paralysis and headache, insomnia &
irritability in 1 pt, while in other Numbness and
stiffness of lower limbs and abdominal skin)

Not reported

Cruz et al. (2013) NO Not reported NO

Till et al. (2012) Fever 1/4 (grade 2), Grade 1 rigor and chills 1/4,
flu-like syndrome 1/4, dyspnea 2/4, while
orthostatic hypotension 1/4 (grade 2), hypoxemia
1/4 (grade 3)

Not reported 1/4 developed cytopenia

CRS: Cytokine-release syndrome.

Major reported side effects were CRS, neurotoxicity and B-cell aplasia (Table 2). Data for CRS were available
for 180 patients, 33% (60 patients) of which developed grade 3–4 CRS with HR being 0.37 (95% CI: 0.26–0.44,
p = 0.001). Neurotoxicity data were reported for a total of 129 patients with 33% (42 patients) developing severe
neurotoxicity with HR of 0.35 (95% CI: 0.27–0.44; p = 0.001). For B-cell aplasia data were reported only for 85
patients, 46 (54%) of which developed B-cell aplasia with HR of 0.43 (95% CI: 0.15–0.77; p = 0.72) (Figure 5).

The CARS construction and signaling domains are described in Table 1. Gene transfer was done using retrovirus
in seven studies or lentivirus in five studies and electroporation in three studies. Lymphodepleting conditioning
therapies included chemotherapy. The most commonly used lymphodepleting drugs were cyclophosphamide
(Cy) and fludarabine. Other drugs used were vincristine, doxorubicin, etoposide and carboplatin, rituximab and
cytosinearabinoside.

Discussion
Our systematic review of relevant literature showed highly favorable outcomes in adult aggressive B-cell malignancy
patients who were treated with engineered CAR T cells. The effectiveness of therapy is variable depending on the
type of B-cell malignancy, notably for ALL, CAR T therapy outcome is superior when compared with outcomes
for B-cell lymphoma patients by a significant margin. Over the last few years, considerable advances were made
in optimizing the structure and signaling potency of CAR T cells, which is translating into better clinical efficacy.
Variables which can impact the outcomes include the specific construct technique, subpopulation of cells used
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to generate CART, biology and severity of targeted hematological malignancy. The results for R/R ALL patients
(n = 68) treated with CAR T cells at different centers showed a dramatic complete remission rate of above 80%
in this difficult to treat population. Maude et al. reported CR rate as high as 90% in 30 pediatric and adult
patients [7]. There are important differences in the CAR T design, lymphodepleting strategy and inclusion criteria
among various studies and these important variables must be considered while deriving inference about efficacy,
and outcomes of individual trials.

Prognosis for a post-transplant ALL relapse patient is typically dismal, a significant number (46%) of patients
in these CAR T studies had a prior history of alloSCT. Davilla et al. reported successful salvage (CR 88%) and
patient were able to proceed to allogeneic stem cell transplantation [6,29]. Even patients with extramedullary R/R
B ALL responded as reported by Dai et al. (OS 56%) [29]. Durable remissions were observed in CAR T studies but
only half of the salvaged patients ultimately bridged to alloSCT in the National Cancer Institute and Memorial
Sloan Kettering cancer center groups [6,33]. Maude et al., (2014) study showed sustained remission with a 6-month
event-free survival rate, OS rate of 67 and 78% respectively [7]. B-ALL remains a challenge because disease relapse
can happen even after CD19 directed T-cell therapy, which is possible through various escape and resistance
mechanisms. Optimized CAR T design, simultaneous multiple antigen targeting, improvement in gene transfer
technologies, optimal CD4 / CD8 ratio and subsequent CAR T-cell infusions may prevent relapse of ALL by
boosting long term engineered T-cell persistence especially if a patient is not eligible to receive AlloSCT.

Other than ALL population, CAR T cells showed a clinically significant response among patients with CLL
and aggressive B-cell lymphoma patients. Patients (n = 47) with advanced, refractory and high risk CLL, 28%
achieved CR and 23% showed PR with CAR T therapy. Some of treated patients received allogeneic rather than
autologous CAR T cells. Porter et al., study about relapsed and refractory CLL patients (n = 14) who received CD19
expressing CAR T cells; the overall response rate in these patients was 57%. CD28 costimulatory domain containing
CD19 CAR T cells reported clinically significant positive responses in CLL patients. Second and third generation
CD19 CAR T cells showed encouraging clinical outcomes in relapsed refractory lymphoma. Jensen et al. [14],
Savoldo et al. [27], and Cruz et al. [28], used first generation CAR T cells and reported decreased immune activation,
limited efficacy and short duration of persistence. Second generation CAR T cells, which include co-stimulation
domains such as CD28, CD137, or 4–1BB showed superior results when compared with first generation of these
cells. After combining results from all R/R NHL studies, CR rates were 21%, and 30% patients were able to achieve
PR. A direct comparison of efficacy and T cell persistence of CD19 targeting versus CD20 targeting CAR T cells
is missing, with decades of experience with rituximab antibody targeting CD20 antigen and extensive data on use
of Blinatumomab (CD19), question about superiority of targeting CD20 versus CD19 needs to be addressed in
prospective trials.

Relapsed disease after failure of AlloSCT is a major therapeutic challenge and data on safety and efficacy of
donor driven CAR T cells is still evolving. Clinical trials using autologous CD19-targeted T cells as well as allogenic
CD19-targeted T cells have shown efficacy against B cell malignancies. Ghosh et al. in their elegant mouse model
of donor derived CAR T cells, demonstrated alloreactive T cells expressing CD28-costimulated CD19 CARs
experienced enhanced stimulation which led to their clonal deletion, showed loss of effector function, diminished
proliferation and decreased occurrence of GVHD, while other CAR T cells retained graft versus malignancy effect.
They also showed first-generation and 4–1BB-costimulated CAR T cells led to increased occurrence of GVHD [34].
Anwer et al., in their systematic review of 74 patients where donor origin CAR T cells were used, summarized results
with conclusion that donor origin CAR T cells have strong graft versus leukemia effect but without significant
incidence of GVHD [35]. Question about the efficacy and safety of donor derived CD19 CAR T cells in post-
AlloSCT relapse was specifically addressed in this review [6,28,29,32] and reported rates for GVHD (5.4%) were low.
Role of donor derived CAR T cells collected from original donor or from patient with mixed chimerism for MRD
eradication before or after AlloSCT is an open area for further study. Short-term outcomes in patients who cannot
proceed to AlloSCT after CAR T immunotherapy are comparable to patients who proceed to AlloSCT. A unique
approach utilizing donor derived CD19 virus-specific cytotoxic T cells (VSTs) was used by Cruz et al. in their
study with eight patients, and these VSTs do not exhibit alloreactivity, hence they successfully postulated no flare
of GVHD with VSTs with strong potential for graft versus leukemia effect [28].

Lymphodepleting chemotherapy given before the CAR T cells have shown to enhance responses by eradicating
native regulatory T cells and eliminating other competing immune cells [36]. Among various other factors, antitumor
efficacy of first generation of CAR T cells may have been limited by ineffective lymphodepletion as well as
lack of co-stimulation [36]. As a proof of principle, in an early study of refractory CLL patients with bulky
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lymphadenopathy who were treated with CAR T cells, no objective responses were observed [36]. Four subsequent
patients received lymphodepletion with Cy followed by CAR T infusion, these patients showed positive responses
with one patient exhibiting marked reduction of peripheral adenopathy and two others with stable disease [36].
Adequate lymphodepletion may prevent transgene rejection, as observed by the Seattle group in adults with B-ALL
and B-NHL [37–41]. Higher CAR T-cell levels were seen in adults with B-ALL receiving a combination of fludarabine
in addition to Cy (Flu + Cy) versus Cy alone at 28 days following CAR-T-cell infusion. A trend toward improved
disease free survival was also observed in the cohort receiving Flu + Cy. Similarly, in other trial with B-NHL
patients, significantly higher peak CAR T-cell levels were seen with Flu + Cy preconditioning compared with
Cy alone. Zhang et al. [25] reported significant association of lymphodepletion therapy with clinical efficacy and
prognosis. Brudno et al. [32] showed higher OR were linked with higher levels of CAR T cells among patients
achieving CR or PR. In addition to conditioning chemotherapy, other strategies like using central memory T cells
for CAR T construct may help cells to persist for long duration with possibility to multiply overtime [42,43] in
contrast to effector T origin CAR T cells with limited proliferative capacity [44]. In addition, the administration
of interleukin or the insertion of IL-12 and IL-15 genes in CD19 specific CAR T cells has resulted in sustained
antitumor effects because of longer persistence and retention of central memory function [45,46].

Toxic side effects of CAR T therapy include CRS, tumor lysis syndrome, B-cell aplasia and central nervous system
toxicity. B-cell aplasia detected by peripheral blood flow cytometry, which is an ‘on target / off tumor’ side effect, can
serve as a useful indirect marker to assess the persistence of anti-CD19 or CD20 CAR T cells. B-cell depletion has
inherent issues with concerns about safety due to secondary infections, however it is postulated that risk of infection
can be mitigated at least to some extent with Immunoglobulin G replacement in cases of hypogammaglobinemia
and subclass gammaglobulin deficiency [9,12,13]. This adverse effect potentially can be avoided with the use highly
specific TAA to design CAR T cells. Data on threshold to give Immunoglobulin G replacement therapy in this
scenario is emerging and for the time being oncologists may have to rely on institutional practices in place for
replacement on the similar lines as for treatment of hypogammaglobinemia in post-AlloSCT recipients. Activated T
cells produces several proinflmmatory cytokines, including IL-6, TNF-α and IFN-γ and cause CRS with symptoms
like fever, hypotension, hypoxia and multiorgan failure. C-reactive protein level can indicate the severity of CRS [6]

but confirmation of its predictive accuracy is being investigated [7,47]. The clinical and laboratory findings of CRS
mimics macrophage activation syndrome [5]. Tumor burden at the time of CAR T-cell infusion correlate directly
with severity of CRS [7,48]. Therefore, it is imperative to used salvage and preconditioning regimens to decrease
tumor burden before CAR T infusion if possible. Tocilizumab, an IL-6inhibitor, is used successfully to control
severity of CRS and antibody does not interfere with the effectiveness of adoptive cell therapy [5]. Judicious use of
low dose steroids (up to 20 mg dexamethasone per day) have been proposed to manage lower grade CRS [5,6,48].
As understanding about CRS evolved over time, many earlier trials did not report information about this side
effect in a consistent manner. Our review highlights the need to adhere to a uniformly accepted grading scale in
the clinical trials as well as in the clinical practice setting. CAR T toxicity related neurological signs and symptoms
range from seizures to dysphasia, delirium and death. This type of toxicity seems self-limited, in most cases it
is without adverse sequelae but recently two unexpected deaths were reported in JCAR015 Phase II ROCKET
trial of an anti-CD19 CAR T-cell therapy. It is assumed that some of these neurologic signs occur due to T-cell–
mediated CNS inflammation and edema rather than direct toxic effect on CNS tissues [6]. Exact understanding
about pathophysiology of CNS related symptoms is evolving and requires further investigation [6,7,29,49]. Delayed
toxicities of CAR T cells are not known and long term follow-up data are evolving.

Strengths & weaknesses
This review is time critical as it is highlighting the efficacy data for adult patients along with summary of efficacy
and toxicity profile. This manuscript can help to strengthen the case, for the extension of CAR T therapy approval
to include adults in addition to children and younger adults for which FDA recently gave approval for CD19
directed CAR T therapy. Our review includes additional trials and have highest number of patients (195) reported
so far as compared with the previous three published systematic reviews. CD20 CAR studies were included in
addition to CD19 CAR, having decades of experience with Rituximab alone or combination therapy and few years
of Blinatumomab use experience, this is a valid question to explore unique properties of CD20 targeting CAR T
cells. The current data does not compare the clinical efficacy of CD19 versus CD20 CAR T, this manuscript may
trigger the interest to explore the superiority of one construct and CD target over the other in a subset of patients
and may help to overcome tumor escape mechanisms. Our analysis was limited due to the nature of early phase
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Practice points

� Chimeric antigen receptor (CAR) T-cell therapy is a very promising treatment option for refractory and relapsed
hematological malignancies and in near future, its role will evolve not only for hematological malignancies but
also for other disease such as rheumatological disorders and solid organ malignancies.

� The durable responses of CAR T-cell therapy will likely help integrate its use into standard treatment protocols,
front line or as salvage personalized anticancer therapy, immunotherapy, targeted therapy and as an integral
part of allogenic stem cell transplantation to reduce relapse risk.

� Several higher risk groups with refractory disease such as those with overall poor prognosis, or those with
relapsed disease after allogenic stem cell (AlloSCT) can potentially achieve complete or partial remission by
utilizing CAR T mediated targeted antitumor activity.

� To enhance the safety and effectiveness of this therapy, further optimization is required in specific antigens
identification, CAR T signaling, T-cell subtypes selection, optimal preconditioning and multitarget strategies to
overcome tumor escape.

� Adoptive CAR T cells can serve as a salvage, preemptive, prophylactic or bridge strategy to AlloSCT. An effective
CAR T therapy has the potential to substitute for AlloSCT in the treatment of at least a subset of patients with
hematopoietic malignancies such as ALL, CLL, lymphoma and plasma cell disorders.

studies. Number of patients in these studies are small, with no long-term efficacy and safety data in general. There
is significant heterogeneity observed in the trials using CAR T cells for hematological malignancies. Before drawing
inferences from these studies, caution is required due to variability in the biology of various malignancies treated in
included trials, difference in use of chemotherapy type, dose, nature of lymphodepleting therapies, different CAR
T constructs, different inclusion and exclusion criteria across studies.

Future respective
Moving forward, to increase the efficacy and safety of CAR T-cell therapy, it is very important to optimize each step
of the procedure involved with generation of CAR T cells, gene transfer technique, disease specific lymphodepleting
conditioning regimens, selection of lymphoid population to achieve longer survival and self-renewal of CAR T cells
in vivo along with minimizing the risk by better prediction, anticipation, prompt recognition and early management
of toxicities.
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