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Abstract

To investigate the anti-tumor efficacy and safety of adoptive cell therapy for the treatment of relapsed, refractory
or chemotherapy-resistant lymphoma, we conducted a pilot clinical study using autologous anti-CD3 expanded T
cells derived from patients with the diseases. A total of 12 patients, who were pathologically diagnosed with
malignant lymphoma at various stages were enrolled in the study. PBMCs from the immunotherapy group were
collected and expanded by anti-CD3 in the presence of IFNy and IL2. The expanded T cells were then infused back
to the patients, who were assessed for changes in lymphocyte subgroups, tumor-related biological parameters,
imaging characteristics, and the condition of remission and survival. The overall response rate (ORR) to the therapy
was 66.7% of the treated patients achieving the complete response (CR) and partial response (PR), with a median
progression-free survival (PFS) of 43 months and median overall survival (OS) of 54 months separately. No severe
toxicity or side effects were observed. Also, we found new factors influencing the clinical outcomes. The higher
percentages of CD4* T cells and CD4*HLA DR* T cells, but the lower CD8*HLA DR* T cells in the blood was
positively correlated to the therapeutic outcomes achieving CR as compared to the patients still having stable
disease (SD) or partial disease (PD).

Précis: The early form of adoptive T cell therapy still provides a valuable option in the treatment of relapsed,
refractory, or chemotherapy-resistant lymphoma by improving progression-free survival (PFS) and overall survival
(0S).

Keywords: Refractory lymphoma; Adoptive T cell immunotherapy;
CD4 T cells; Progression-free survival; Overall survival

Abbreviations: ABVD: Adriamycin, Bleomycin, Vinblastine,
Dacarbazine; BEACOPP: Bleomycin, Etoposide, Adriamycin,
Cyclophosphamide, Oncovin (vincristine), Procarbazine, Prednisone;
CHOP: Cyclophosphamide, Hydroxydaunorubicin (doxorubicin),
Oncovin (vincristine), Prednisone; CIK: Cytokines-induced killer cells;
CR: Complete response; DHAP: Dexamethasone, High-dose
cytarabine, Cisplatin; DHAX: Dexamethasone, High-dose cytarabine,
and Oxaliplatin; ORR: Overall Response Rate; OS: Overall Survival;
PBMC: Peripheral Blood Mononuclear Cells; PD: Progressive Disease;
PFS: Progression-free Survival; PR: Partial Response; R-CHOP:
Rituximab, Cyclophosphamide, Hydroxydaunorubicin (doxorubicin),
Oncovin (vincristine), Prednisone; R-DHAP: Rituximab,
Dexamethasone, High-dose cytarabine, Cisplatin; SD: Stable Disease

Introduction

Lymphoma is a malignant tumor derived from hematopoietic and
lymphoid tissues. About 20-30% of malignant lymphomas eventually
develop into refractory and relapsed lymphomas in the early stage and
during treatment [1]. Refractory lymphoma is defined as treatment

ineffective after at least two cycles of chemotherapy, or relapse occurs
shortly after withdrawal [2]. Therefore, relapsed and refractory
lymphoma continues to pose the most significant challenge in the
treatment, and the prognosis after relapse remains relatively poor [3].

Over the past several decades, considerable effort and progress have
been made in the treatment of various hematologic malignancies.
Chemotherapy and radiotherapy are among the first choices of
treatment options. However, the long-term efficacy remains
disappointing, since most patients might eventually relapse or suffer
from severe side effects caused by chemo drugs and radiation.
Especially for elderly patients, who are most vulnerable to
hematological malignancies, treatment-related adverse reactions are a
significant cause of drug discontinuation and reduced dose-intensity,
thus aggravating treatment efficacy [4-7].

Recently, ex vivo harvested tumor-infiltrating lymphocytes (TILs)
[8], sentinel lymph node (SLN)-T cells [9], in vitro constructed
chimeric antigen receptor (CAR) T cells [10] and TCR transgenic T
cells [11], PD1 antibody [12] and NK cells [13] have emerged as
innovative approaches in the treatment with cancers and malignant
lymphomas. The immunotherapy aims at stimulating the patients’
immune system to trigger an anti-tumor immune response, eventually
enabling the body’s immune cells to better recognize and ultimately kill
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cancer cells. These anti-tumor effects have been well-documented in
the animal models and clinical trials [14,15]. However, as an
alternative to the antigen-targeting adoptive cellular immunotherapy,
cytokine-induced killer (CIK) cell therapy was developed in the early
‘90s [16], in which peripheral blood mononuclear cells were activated
and grown in the presence of IFNy, anti-CD3 mAb, and IL2. It
represents a heterogeneous cell population, including CD3*CD56%,
CD3*CD56 and CD3°CD56" cells. These CIK cells are thought to be
adjuvants and have potent cytotoxicity against cancerous tissues and
cells [17]. CIK cell therapy still offers a relatively effective option in the
treatment of solid tumors by significantly improving progression-free
(PFS) and overall survival (OS) [18-21].

In this study, we investigated the potential anti-tumor efficacy and
safety of autologous tumor-reactive T cell immunotherapy as a
standalone treatment for refractory lymphomas after the failure of
standard chemotherapy. Here, we randomly selected admitted and
treated 12 cases of patients with relapsed and refractory lymphomas,
who had prior treatment of multiple cycles of chemotherapy, such as R-
CHOP, in our clinical center between 2011 and 2016. The clinical
efficacy and safety results from this study are presented. Our data
suggest this safe, efficient and feasible approach accelerates immune
reconstitution that may also contribute to enhance immune recovery
and improve antitumor immunity.

Materials and Methods

Patient characteristics and selection criteria

This pilot study was conducted at the Affiliated Hospital of Guiyang
Medical University between August 2011 to April 2016. A total of 12
eligible patients who were diagnosed with malignant lymphomas (4
Diffuse large-B-cell lymphomas, 3 Hodgkin's lymphomas, 2 non-
Hodgkin's lymphomas, 2 Mantle-cell lymphomas and 1 Follicular
lymphoma) were selected based on the following inclusion criteria: (1)
pathologically confirmed lymphoma; (2) previously administered with
ABVD, BEACOPP, CHOP, DHAP, DHAX, R-CHOP, and R-DHAP for
1-6 cycles and had no remission; (3) must be over 12 years old and had
normal heart, lung, liver and kidney functions; (4) had no infection or
infection under control; (5) no hemorrhage and abnormal clotting
function. Our exclusion criteria eliminated patient who had (1) T cell
lymphoma; (2) post organ transplantation with long-term
immunosuppressive regimen; (3) autoimmune diseases under
immunosuppressive drugs; (4) HIV-positive; (5) severe liver and
kidney malfunction; (6) pregnant and nursing women. Table 1 showed
the patient baseline characteristics.

ACT Group* (n=12)
Age (Mean) 57 (32-82)
Gender (Male/Female) 9/3
Disease stage
1-ll 7
-1v 5
Bone marrow involvement 3
Diffuse large-B-cell ymphoma 4
Non-diffuse large-B-cell lymphoma

Page 2 of 7
Mantle-cell lymphoma 2
Follicular lymphoma 1
Hodgkin’s lymphoma 3
Non-hodgkin’s lymphoma 2
Other lymphoma near lymph nodes

Table 1: Patient baseline characteristics (*ACT: Adoptive Cell Therapy
by the infusion of anti-CD3 expanded autologous T cells Stage is
defined by the Ann Arbor staging system)

The mean age of those patients was 57 years old (a range of 32-82).
The Ann Arbor Staging System was applied to determine the disease
stage [22].

The study protocol and informed-consent forms were reviewed and
approved by the hospital ethical committee. All patients must give their
written informed-consents before entering the study. The study was
under supervision by an independent data and safety monitoring
committee.

Study design

Autologous CIK cells were prepared followed by the previous
reports [23,24] with some modifications. In brief, about 50 m1-100 ml
of heparinized peripheral blood from refractory lymphoma patients
were collected on day 0 and separated using Ficoll-Paque (Amersham)
as described previously [25]. The peripheral blood mononuclear cells
(PBMCs) harvested at the interface layer were mixed and washed twice
with phosphate-buffered saline (PBS) by centrifuging at 300 g for 10
min at 4°C. Single PBMC suspensions obtained were re-suspended and
activated with OKT3 (500 ng/ml) in AIM-V serum-free cell culture
medium (Gibco) at a density of 2 x 10° cells/ml in the presence of 500
IU/ml recombinant human IL2 (Shuanglu, China) for first 24 hrs. The
cells were followed by adding 500 IU/ml each of recombinant human
IL2, human IFNy (Shuanglu, China) and human ILly (Shuanglu,
China) for 2 to 3 days. These cells were incubated and expanded in
flasks in a humidified atmosphere containing 5% CO, at 37°C for
12-14 days to induce CIK cells. The cell cultures had periodically
received a fresh medium containing 500 IU/ml each of recombinant
human IL2, human IFNy, and human ILly. The corresponding cell
density was maintained at 2 x 106 cells/ml. At the end of the culture,
the expanded cells were harvested, washed, and transferred to a sterile
plastic bag containing 200 ml of saline solution and 1% human serum
albumin (CSL Behring GmbH, Germany). Before infusion, a portion of
cells was collected for further characterization to evaluate the number,
viability, phenotype, and possible contamination.

Cell Therapy

n(%)(N=12) 95%CI**
Overall response rate 8 (66.7) 39.1, 86.2
Complete response 6 (50) 25.4,74.6
Partial response 2(16.7) 3,448
Stable disease 3 (25) 8.9,53.2
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Progressive disease 1(8.3) 04,354

Table 2: Clinical outcomes in patients evaluated for efficacy: response Apheresis 2" Apheresis
to treatment (*Tumor responses were classified as complete response 7 : T CIK
(CR), partial response (PR), stable disease (SD), or progressive disease chemotherapy infusion ot
(PD) per the Cheson revised response assessment criteria [26]; **CI: : llllll
Confidence Interval) 0o 07 Ipia | oos

The treatment schedule is shown in Figure 1. After 14 days of

. . . . . . . Cell 3-week

expansion, cytokine-induced killer cell infusions were given to the Expansion break
patients in 200 ml volume a day for six consecutive days per course.
The cells were intravenously transfused over a 60 min interval by the ) ) )
guidelines in the hospital. During the infusion, heart rate, respiratory Flgure 1: The schematic diagram of auto'logous cellular
rate, blood pressure, and temperature were carefully monitored and immunotherapy  schedule.  Autologous  peripheral ~ blood

recorded. Each patient received a total of 2711 x 10° cells per
transfusion. The infusion protocol was repeated every four weeks for
additional 1-5 courses depending on patient conditions. Transfusion-
related toxicity was assessed after the cell transfusion using the
Common Terminology Criteria for Adverse Events (CTCAE) 3.0
criteria.

mononuclear cells (PBMCs) were collected by apheresis on DO and
induced into T*CIK cells. The expanded T cells were then infused
back into patients 14 days later (D14) as the initial transfusion. That
was done for six consecutive transfusion days (D14-D20), and each
course was completed within four weeks of apheresis. The second
course of PBMCs collection was started one week after the end of
the first course.

100+

504

Percent survival

0 T T T 1
0 20 40 60 80

Months elapsed

2a

Meier estimate of median OS was 54 months.

Figure 2: Endpoint analysis of the responses to cell therapy. a) Progression-free survival (PFS) by Kaplan-Meier curve. PFS was defined from
the date of definitive treatment to the date of first documented disease progression or death or date of the cutoff date, whichever came first.
The Kaplan-Meier estimate of median PFS was 43 months; b) Overall survival by Kaplan-Meier curve. Overall survival was defined as the
time from study day one until the date of death due to any cause or to the cutoff date, including data from long-term follow-up. The Kaplan-
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Before and after each infusion day 1 and 6, the peripheral T cell
subsets were collected and assessed for phenotypes by flow cytometry.
Fluorescent-labeled monoclonal antibodies (mAbs) against CD3, CD4,
CDS8, CD16, CD19, CD56, HLA DR (Beckman Coulter) were used to
stain the cells per the manufacturer’s recommendations. The flow
cytometry was performed by an FC500 flow cytometer (Beckman
Coulter). A total of 50,000 events were collected and analyzed using
CXP software (Beckman Coulter).

Physical examinations were performed before and after treatment.
Also, patient’s symptoms and complaints were recorded and analyzed.
During the treatment, the ultrasonography for abdominal and
superficial lymph nodes was performed once every three months,
while chest and abdominal MRI, whole body PET-CT scans, and
gastroscopy were performed once every six months. A primary clinical

assessment was conducted by radiographic images (CT/PETCT),
whereas subsequent clinical effect evaluation was involved in the
analysis of T-cell subsets, biochemistry, hemogram, bone marrow
morphology test and clinical symptoms as well. Side effects, mortality
rate, and complications were included in the safety evaluation. After
immunotherapy, the patients were monitored every three months in
the first year and every six months after that, with a median follow-up
time of 54 months (ranging 5-63 months). The disease status was
assessed based on physical examination and imaging (CT, PET scan,
etc.). If metastases or recurrence occurred during the follow-up
periods, the following treatments were recommended including
surgery, chemotherapy or radiation. The status and correlating
treatments of the patients have updated accordingly in the database.
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Statistical evaluation

Statistical analysis was done by GraphPad Prism version 7.0
(GraphPad Software, Inc., San Diego, CA). The therapeutic efficacy was
determined by Cheson Revised Response Assessment Criteria [26].
The response criteria were: complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD). The overall
response rate (ORR) was calculated as the proportion of patients with
CR and PR. A corresponding two-sided 95% exact binomial
confidence interval (CI) was constructed using Wilson/Brown method
and repeated with individual CR, PR, SD, and PD. The follow-ups were
regularly conducted through in-patient visits or telephone
consultations for each patient. Progression-free survival (PFS) was
described from the date of the treatment to the date of first
documented disease progression or death or date of the cut-off date,
whichever came first. Patients who died were considered censored at
their date of death. Overall survival (OS) was stated as the time from
study day one until the date of death because of any cause or to the
cut-off date, including data from long-term follow-up. Kaplan and
Meier's method was used to estimate both OS and PFS, and to compare
both with the log-rank test. The results were expressed in Kaplan-
Meier plots. In the analysis of CD4" and CD8* cells from the patients
one day after each infusion, the complete response (n=6) vs. the stable
and progression disease (n=4) cases were separately regrouped and
assessed using no matching, regular two-way ANOVA. Also, the non-
parametric Mann-Whitney test was used to analyze the difference of
the medians of CD3*CD4*HLADR* and CD3*CD8*HLADRY subsets
one day after each infusion from CR patients (n=5) vs. SD or PD
patients (n=4) in the cell therapy group. The difference between two
groups was statistically significant at p<0.05.

Results

Clinical efficacy evaluation

By analysis of response rates within a median follow-up of 54
months (ranging 5-63 months), the overall response rate was 66.7%
(95% CI: 39.1, 86.2), with 6 cases achieving a complete response and 2
cases a partial response by immunotherapy (Table 2). The disease
events (stable, progression, or death) were observed in 4 out of 12 cases
(33.3%). The duration of response (DOR) ranged from 18-68 months
by cell therapy, as compared to those same patients treated with the
chemotherapies previously, which reached up to 30 months (patient
#1) at best (Table 3).

Duration of
response to prior| Duration of response
Subject | Prior therapy therapy (Mo) to cell therapy (Mo)
CR
1 R-CHOP x6 30 (CR) 68 (response ongoing)
R-DHAP x1 - (PD)
3 R-CHOP x6 6.5 (PR) 47 (response ongoing)
DHAP x11 7 (PR)
4 R-CHOP x1 5 (PR) 47 (relapsed and died)
5 R-CHOP x6 5(CR) 61 (response ongoing)
6 R-CHOP x1 3(CR) 44 (response ongoing)
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8 R-CHOP x6 - (SD) 18 (response ongoing)
PR
7 ABVD x6 3 (PR) 42 (response ongoing)
11 ABVD x4 4 (PR) 38 (response ongoing)
SD
9 ABVD x2 - (SD) -

BEACOPP x4
10 R-CHOP x4 18 (PR) -
12 R-CHOP x6 - (SD) -
PD
2 CHOP x3 -(SD) -(died)

DHAX x4 13 (PR)

Table 3: Clinical outcomes evaluated for efficacy in the patients
receiving cell therapy (CR: Complete Response; DHAP: Cytarabine,
Cisplatin, and Dexamethasone; DHAX: Cytarabine, Dexamethasone,
and Oxaliplatin; PD: Progressive Disease; PR: Partial Response; R-
CHOP: Cyclophosphamide, Doxorubicin, Prednisone, Rituximab, and
Vincristine sulfate; R-DHAP: Rituximab, Cytarabine, Cisplatin, and
Dexamethasone; SD: Stable Disease).

The median progression-free survival (PFS) was 43 months for
those with the immunotherapy (Figure 2a), whereas the median overall
survival (OS) was 54 months (Figure 2b). At 50 months of the
treatment, OS was 75 percent of patients treated. Here we also note
that by the analysis cut-off date, there had been two patients (#2 and
#4) who experienced the disease relapse and died of the disease at 28
and 54 months separately after the start of the first immunotherapy
treatment.

Adverse effects

No noticeable adverse events (infection, allergy, pulmonary, renal
symptoms, hepatic function failure, or autoimmune disorder) were
observed among the patients who had the immunotherapy after
multiple infusions, though some patients developed mild fatigue and
low-grade fever at the initial infusion, which resolved after treatment.
No patients withdrew from the treatment. At the end of follow-up
period, no patients showed liver and kidney dysfunction, change in
hemogram or other symptoms.

Impact of potential factors on the efficacy of immunotherapy

In the multivariate analysis of this study, we sought to identify a
couple of factors including specific cell subsets, which could contribute
to the likely clinical outcomes. The peripheral blood from all 12
patients in the immunotherapy group was collected and assessed
before the cell preparation for expansion and after one day of the
infusion each time. Although the numbers of infused cells showed no
significant impact on the clinical outcomes (Data not shown), the
phenotyping analysis by flow cytometry suggested specific subsets
might play such a role in clinical outcomes. Here we characterized the
lymphocyte subsets as percentages of CD3*, CD3*/CD4*, CD3*/CD8",
CD19*, CD3*/CD56", CD4*/HLA DR* and CD8*/HLA DR*. We
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separately pooled together the percentages of CD4 and CD8 cells
collected after one day of each infusion cycle and compared the CD4*
and CD8" subsets between 6 CR patients and 3SD/1PD patients, as
shown in Figure 3a. Interestingly, the comparison revealed that the
percent of CD4" T cells in the blood one day after infusion was highly
correlated with achieving CR. That was because all CR patients had
significantly higher percentages of CD4" cells (a mean of 17.7%) than
those (a mean of 7.3%) in the stable disease (SD)/progression of
disease (PD) patients (p=0.0246).

R vs SDIPD

CD4+DR+ and CDE+DR+ in CR vs SDIPD

= R

P=00207
= an

5 &

Figure 3: Impact of cellular composition on clinical efficacy. a)
Comparison of CD3*CD4* and CD3*CD8" cells post day one of
infusion from CR patients (n=6) vs. SD or PD patients (n=4) in the
cell therapy group. Those cells were collected and analyzed from
above patients after the first day of the infusion. Two groups were
assessed using no matching, regular two-way ANOVA. The results
were considered significant at p<0.05. b) Comparison of
percentages of CD3*CD4*HLADR" and CD3*CD8*HLADR™ cells
post day one of infusion from CR patients (n=5) vs. SD or PD
patients (n=4) in the cell therapy group. Those subsets pooled from
above patients each after the first day of the infusion were analyzed
by flow cytometry. The Mann-Whitney test was used to compare
medians of two groups. The results were considered significant at
p<0.05.

Further, in Figure 3b, CD4* cells in all CR patients were shown to
express a higher frequency of HLA DR (a mean of 7.6%) than those (a
mean of 3.1%) of 3SD/1PD patients (p=0.0202). However, CD8* cells
in all CR patients demonstrated having a lower expression of HLA DR
(a mean of 41.2%) than those (a mean of 58.6%) of 3SD/1PD patients
(p=0.0207).

Discussion

In general, chemotherapy-refractory lymphoma is difficult to treat
and needs innovative approaches to treatment. High-dose
chemotherapy and autologous stem cell transplantation (ASCT) are
considered the standard of care for chemo sensitive relapsed Hodgkin
and non-Hodgkin lymphomas, leading to increased disease-free
survival [27,28]. However, disease relapse or progression is still the
primary cause of treatment failure following ASCT for non-Hodgkin
lymphomas (NHL). Also, the efficacy, feasibility, and affordability limit
its extensive application [29,30]. Therefore, appropriate and effective
strategies are being developed to contend in this field. Recently
adoptive immunotherapy has made significant advances, as a variety of
treatment modalities have been explored thus far, including new T-cell
products that are genetically engineered with chimeric antigen
receptors (CARs) targeting CD19. CD19 CAR T cells have proven to
be a great success and have broad application for treatment of relapse
and refractory lymphomas or other B cell malignancies [31,32].

CIK therapy represents a mature, promising, and potent cytotoxic,
but a less profound tool in the treatment of certain cancers. In our pilot
study, we determined the anti-tumor efficacy, tolerability, and safety of
anti-CD3 expanded T cells in the patients with refractory lymphomas.
Their straightforward ex-vivo expansion, along with the MHC-
unrestricted tumor killing capability may overcome some crucial
problems that have limited the outreaching and clinical translation in
other forms of immunotherapy [17,33]. In contrast, the treatment of
genetically modified T cells has been associated with several potential
safety concerns, such as cytokine release storm (CRS) and neurologic
toxicity, both of which have been linked to a marked increase in serum
proinflammatory cytokine levels [34,35].

Our preliminary study indicates that the cell immunotherapy has
potential to provide substantial clinical benefit in heavily pre-treated
patients with malignant lymphoma, especially in the case of lack of
adequate alternatives. Also, overall survival has often been regarded as
the most reliable endpoint in evaluating an experimental strategy for
cancer treatment. Thus, its improvement is an essential benchmark for
efficacy and regulatory approval of a new therapy. On the other hand,
we found the commonly used endpoints, PFS, OS, and response rate
were not sufficient to assess and describe the value of clinical efficacy
when compared with different therapeutic modalities. In our cases, the
response rate did not adequately capture the potential outcomes with
our immunotherapy, and additional metrics are needed, especially
when the new agents or therapies have mechanisms of action that may
translate into different clinical effects.

In consideration of our clinical outcomes, the HLA-DR was up
regulated during CD4" T cell activation and proliferation following T
cell receptor engagement, which suggests their activation and
presentation of antigenic information in anti-tumor immune response
[36,37]. However, the expression of HLA DR by CD8" cells was
inversely correlated to the clinical outcomes in this case. They could be
considered as regulatory CD8* T cell subsets that played a suppressive
role in tumor patients [38] and might shorten the progression-free
survival in our patients. Interestingly our observations suggest that
higher levels of HLA-DR expressed by CD4* and CD8" T cells reflect
different roles in tumor-bearing patients. Therefore, the results
demonstrated that the higher percentages of CD4" T cells, CD4"HLA
DR* T cells and lower percent of CD8*HLA DR* in T cell-mediated
immunotherapy could be useful biomarkers to predict a favorable
prognosis for the patients with refractory lymphoma. Thus, the
therapeutic strategies that aim to overcome CD8* Treg activity as a
means of enhancing anti-tumor immune responses must consider this
unique subset circulating in the patients’ blood.

In conclusion, our study provides an informative reference for
subsequent clinical trials using anti-CD3 expanded PBMCs and
demonstrates that the method of the immunotherapy preparation is an
effective alternative in the treatment of patients with refractory and
relapsed malignant lymphomas when compared with the complicated
preparation methods of other immunotherapies mediated by TCR T
and CAR T cells.
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