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Abstract

Purpose It is now recognized that solid tumors encroach on the host’s immune microenvironment to favor its own prolifera-
tion. Strategies to enhance the specificity of the endogenous T-cell population against tumors have been met with limited
clinical success. We aimed to devise a two-tier protocol coupling in vivo whole antigen priming with ex vivo cellular expan-
sion to clinically evaluate survival in patients following re-infusion of primed, autologous T cells, thereby determining
treatment efficacy.

Experimental design Treatment commenced with the acquisition of whole tumor antigens from tumor cell lines correspond-
ing with patients’ primary malignancy. Lysate mixture was inoculated intradermally, while peripheral blood mononuclear
cells (PBMCs) were periodically extracted via phlebotomy and expanded in culture ex vivo for re-infusion. Post-treatment
tumor-specific T-cell response and cytotoxicity was confirmed via Elispot and real-time cell analyzing (RTCA) assay. Serum
cytokine levels and cytotoxicity scores were evaluated for associations with survival status and duration.

Results There was a significant increase in cytotoxicity exhibited by T cells measured using both Elispot and RTCA follow-
ing treatment. Correlation analysis determined significant association between higher post-treatment cytotoxicity scores and
survival status (R=0.52, p=0.0028) as well as longer survival duration in months (R=0.59, p=0.005).

Conclusions Our treatment protocol successfully demonstrated significant correlation between tumor-associated antigen-
specific immune response and objective prolongation of survival. Whole-cell cancer antigen priming and adoptive T-cell
therapy is, therefore, a highly feasible clinical model which can be easily replicated to positively influence outcome in end-
stage malignancy.
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Introduction

Persistent cancer progression following surgical and
oncological interventions is evidence of therapeutic fail-
ure, indicating an urgent need for a novel therapy to be
developed in the management of terminal disease. Thera-
peutic cancer vaccines currently under development aim
to enhance the body’s immune response sufficiently to
impede cancer cell growth. This, however, is difficult to
achieve as cancer cells are: (1) highly heterogeneous with
both inter and intracellular antigen variability; (2) capable
of concealing themselves from the immune surveillance
via their continuous mutation of their genetic materials
through a process termed immunoediting, thereby tak-
ing advantage of the loopholes in one’s natural immune
system; as well as (3) able to generate a tumor microen-
vironment which actively downregulates the potency of
native anti-tumor cells [1-5]. As such, it is imperative for
a cancer vaccine to be personalized to the patient’s unique
cancer antigen repertoire to capture the antigenic diversity
of the specific malignancy in context.

Whole cancer cell antigens and adoptive T-cell therapy
are two of the most frequently engaged techniques attempt-
ing to counter the aforementioned immune-diversity of
cancer. In both animal studies and human clinical trials,
active immunization with allogeneic tumor lysates has
shown significant potentials [6]. Treatment with tumor cell
lysate-loaded antigen presenting cells, such as dendritic
cells (DCs), was found to generate tumor-specific immune
response without any therapeutic side effect [7]. However,
Obtaining a tumor antigen-specific immune response in
clinical settings presents a marked challenge as neither
cell-associated markers nor in vivo biological responses
reflective of treatment efficacy has been identified [8§—10].
Infusion of tumor-specific T cells obtained from the tumor
itself or via regional lymph nodes has demonstrated thera-
peutic potential. However, the technique is limited by (1)
the physical inability to gain access to tumor-infiltrating
lymphocytes in individuals with the most frequently
encountered malignancies; and (2) the ex vivo difficulty
in cell expansion with low number of tumor-specific lym-
phocyte to achieve a sizeable population sufficient to pro-
duce discernable clinical effects [11]. To overcome these
obstacles, tumor antigen-specific T-cell expansion follow-
ing in vivo priming with active vaccination was attempted.
This technique was subsequently shown to be very suc-
cessful, allowing a large number of antigen-specific T cells
to be acquired from the peripheral blood, greatly facilitat-
ing tumor antigen-specific T-cell expansion [12].

In this preliminary clinical study, we developed a two-
tiered treatment strategy, consisting of active immuniza-
tion with whole cancer cell antigen made available through
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lysed whole tumor cells, followed by adoptive T-cell ther-
apy performed ex vivo via cell expansion using patient’s
peripheral blood. We aimed to demonstrate detectable
biological changes in T-cell tumor-specific cytotoxicity
as well as a clear survival advantage in individuals who
had undergone this novel treatment.

Materials and methods
Participants and setting

Patients with solid organ tumors who had failed to ben-
efit from at least one cycle of the conventional therapy
(surgery, chemotherapy, radiotherapy, target therapy, or
interventional radiological procedure) were identified in
the Xiamen 5th Hospital and Zhang Zhou Xing Pu Hos-
pital, Fujian Province, China from January 2010 to Janu-
ary 2016. All individuals were above the age of 18 and
had biopsy-proven end-stage disease determined via TNM
staging (stage > III), with an expected survival of at least
3 months. Of note, if patients were on schedule for further
conventional therapy, such regimens were not halted and
were concurrently administered with our protocol, unless
the patient explicitly requested otherwise. This was in
keeping with stipulations laid out by the clinical ethics
committee. Although this inevitably exposed participants
to treatments outside of our protocol, it ensured that they
remained on gold-standard therapy while volunteering in
our study.

Study design

The primary objective of this multi-center study was to
demonstrate an improvement in overall survival (months)
in end-stage cancer patients on this novel protocol who
have failed to benefit from the conventional therapies.
Our secondary objective sought to show that cancer anti-
gen priming via lysed whole tumor cells and subsequent
adoptive T-cell therapy enhanced tumor-specific cytokine
expression and T-cell tumor-specific cytotoxicity. The
feasibility of this two-tiered treatment protocol was also
evaluated in the clinical setting retrospectively upon treat-
ment termination. All interventions were performed and
specimens were acquired after obtaining written informed
consent from study subjects in accordance with the Dec-
laration of Helsinki. The trial was registered to the World
Health Organization International Clinical Trials Registry
Platform (ChiCTR-OPC-15006703) and was approved by
the Xiamen 5th Hospital and Zhang Zhou Xing Pu Hospi-
tal Ethics Committee (Project 03/200909).
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Antigen preparation

Selected cancer cell lines (Cell Bank, Chinese Academy of
Sciences, Shanghai, China) corresponding with patients’
malignancies were identified in accordance to individual
biopsy reports (Supplementary Table 1). Cells were permit-
ted to grow to near confluence in cell culture flask in Roswell
Park Memorial Institute (RPMI) 1640 medium containing
10% fetal bovine serum (FBS). Before harvesting, the cells
were grown in RPMI medium without FBS for 3—4 days.
Whole antigens of each cancer cell line were obtained via
mechanical disruption of 1 x 107 cancer cells in the cold with
a stainless steel high speed tissue homogenizer, followed by
three cycles of freezing with liquid nitrogen and thawing to
room temperature. The presence exclusively of disrupted
cancer cells was confirmed by microscopic examination
of random samples of the lysate mixture. The absence of
viable cancer cells in our preparations was demonstrated by
inoculation of 0.2 mL of the lysate mixture into each of the
five nude mice, which showed no growth of tumor over the
course of the next 4 weeks. The lysate mixture preparations
were further confirmed sterile, mycoplasma and endotoxin
free, non-pyrogenic, and devoid of both hepatitis and AIDS
viruses. The above were achieved through lysate-inocula-
tion on agar-based growth medium for 1 week, mycoplasma
staining assay (pyrogen), tachypleus amebocyte lysate assay,
and immunogold labeling technique respectively.

Therapeutic protocol

Three milliliter of lysate mixture containing pooled whole
antigens derived from 1x 107 cancer cells of each cell line
and 100 pg of recombinant human GM-CSF were adminis-
tered intradermally into the inguinal region once a month for
3 months. At least two cell lines were simultaneously used.
This was followed by twice-weekly infusion of 2-3 x 10° of
autologous T-lymphocyte expanded ex vivo for 2 weeks with
specificity confirmed via flow cytometry. Our standardized
protocol of administration is shown in Fig. 1a. After comple-
tion of the protocol, patients were followed every 3 months
post-discharge to assess for clinical progress.

Generation of autologous CD8* T-lymphocyte

Peripheral blood mononuclear cells (PBMCs) were obtained
from 40 mL of whole blood collected once a week for 3 con-
secutive weeks following the last immunization. Cytotoxic
T-cell (CTL) population was expanded by placing PBMCs
into X-vivol5 T-cell medium (Longza, Basel, Switzerland)
containing anti-human CD3 (Biolegend, San Diego, CA,
USA), CD28 antibodies (Ancell Corporation, MN, US), and
recombinant human IL-2 (SiHuan pharmaceutical company,
Beijing, China) and IL-15 (Peprotech, NJ, USA) ex vivo.
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Fig. 1 a Therapeutic model comprising of in vivo priming, peripheral
blood collection, and ex vivo T-cell expansion followed by re-infu-
sion; b (i) Representative flow cytometry demonstrating pre-culture
CD8+ lymphocyte at 22.8% and (ii) post-culture CD8 + cells at 84.9%

The culture is maintained for 14 days prior to being ready
for infusion.

Cytotoxicity assays

To determine if the lymphocytes expanded ex vivo and post-
treatment were tumor-specific, cytotoxicity assay against the
cancer cells from which the antigens were made was per-
formed with either morphological observation or real-time
cell analysis (RTCA).

For morphological observation, target cancer cells
(1x10°) were allowed to attach and grow for 24 h in a
6-well tissue culture plate where a clearly visible marking
was made. The field of cancer cell growth was localized by
a mark under an inverted microscope before and after the
expanded lymphocytes or PBMC (1 x 10°) were added and
co-cultured for a further 24 h. The target cancer cell growth
was then compared at the site of the constant field before and
after the lymphocytes were added.

For RTCA, an xCelligence real-time cell analyzer S16
(ACEA Bioscience Inc., San Diego, CA, USA) was used
as previously described by Kho et al [13] in 2015. Briefly,
the E16 xCELLigence plates were prepared via addition of
50 pL of culture medium to every well and insertion of wells
into the xCELLigence station in a CO, incubator (Thermo
Electron LDD GmbH, Langenselbold, Germany) set at
37 °C with 5% CO, atmosphere. The baseline impedance
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was measured to ensure that all wells and connections were
working within acceptable limits. Following harvesting and
counting, cancer cells were diluted to a concentration of
10° cells/mL and 100 pL were seeded to the wells. Real-
time variations in impedance due to the adhesion, growth,
and morphological changes of cancer cells were recorded
during interaction with gold-microelectrodes placed at the
bottom of the E-plates. The impedance signal was converted
to arbitrary “cell index” (CI) units, which were recorded and
analyzed through the RTCA software 1.2.1 (ACEA Biosci-
ence). To determine the cytotoxicity, either 2 x 10> PBMCs
or ex vivo expanded T cells in 100 pL of complete media
were added to the wells at the normalized CI value of 1
and monitored for 12 h. Percentage of cancer cell death was
represented by the mean of CI values at 12 h of control wells
less the experimental wells over the mean of CI values at
12 h of control wells.

Antigen-specificimmune response assay

IFN-y ELISPOT assay was used to determine the frequen-
cies of lysate mixture specific T cells before and 8 weeks
after the treatment was completed. Briefly, on day 1, PBMCs
were re-suspended at a concentration of 1 x 10%mL in fresh
T-cell medium, and 100 pL. was placed in the well of 96-well
tissue culture plate. The cells were incubated with or with-
out 100 uL lysate mixture of 1x 10° cancer cells (three rep-
licates per condition) at 37 °C in 5% CO, overnight. On
day 2, the stimulated cells were transferred into anti-human
IFN-y monoclonal antibody-coated 96-well nitrocellulose
plates (Millipore Corp, Bedford, MA) and further incubated
overnight. On day 3, PBMCs were replaced by a solution
of 50 pL of anti-human IFN-y biotinylated monoclonal
antibody at 1 pg/mL in PBS. Two hours after incubation at
37 °C, the plates were washed and developed for 1 h at room
temperature with 50 pL of streptavidin—alkaline phosphatase
(diluted to the ratio 1:1000 in PBS; Bio-Rad Lab, Hercules,
CA). After washing, substrate (bio-Rad Lab) was added and
incubated for 20 min. The resultant spots were then counted
using an ELISPOT reader (ImmunoSpot, CTL). Data were
then calculated using the IFN-y specific frequency (in 10
cells) averaged from three-well replicates, while subtracting
from it the mean value from non-antigenic wells.

Serum IFN-y and IL-10 and peripheral Tigy_, and T,
Cytokines IFN-y and IL-10 in the serum were measured
using commercially available enzyme-linked immunosorb-
ent assay (ELISA) kits, according to the manufacturer’s
instructions (eBioscience) before the treatment and 8 weeks
after the last session of lymphocyte infusion.

For intracellular cytokine assay, harvested PBMCs
were permeabilized and stained with intracellular markers
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IFN-y-PE and Human Treg Flow Kit (BioLegend Inc., San
Diego, CA, USA) according to the manufacturer’s instruc-
tions. The cells were then acquired and a minimum of 5000
CD4*/CD8* T-cell events were collected per sample. Analy-
sis was conducted using Guava EasyCyte (Millipore Corpo-
ration, Hayward, CA, USA).

Statistical test

Primary end points of post-procedure survivability as well
as survival duration in months were defined as depend-
ent variables. Post-procedure serum cytokines IFN-y and
IL-10, CTL and Treg counts, IFN-y Elispot score, as well as
PBMC cytotoxicity score were selected as potential factors
of correlation to defined primary end points. Pre- and post-
treatment serum IFN-y, IL-10, CTL, and Treg levels were
analyzed for significant differences via Wilcoxon matched-
pairs signed rank test. IFN-y as a fraction of IL-10 (IFN-y/
IL-10) and CTL as a fraction of T, (Tipy_/T,e,) Were then
computed and given scores of either 1 (for value> 1) or 0
(for value < 1). Pre- and post-treatment scores were again
compared for significant differences in median using the
Chi-square test. PBMC cytotoxicity was taken as the dif-
ference between pre- and post-treatment co-cultured can-
cer cell counts. PBMC cytotoxicity score was defined by
assigning a numerical value from 1 to 7 to cytotoxic PBMC
responses post-procedure towards each cancer cell line used
and obtaining an average based on the summation of scores
for every patient. One stands for a post-procedure cytotoxic-
ity response of <0% (higher cancer cell count than pre-pro-
cedure), while 7 points to a> 100% increase in co-cultured
cancer cell reduction. Similarly, IFN-y positive Elispot score
was measured the same way with pre- and post-treatment
count differences being assigned scores ranging from 1 (<0)
to 37 (>350). A mean Elispot score was then computed for
each patient corresponding to the number of stimulatory
tumor cell lines used in separate PBMC co-cultures. Spear-
man correlation analysis was carried out to investigate this
relationship between survivability (categorical and dura-
tion in months) and the treatment associated independent
factors (IFN-y/IL-10 score, Typy_/T,., score, Elispot score,
and cytotoxicity score). The level of significance was set at
a p value of <0.05. All statistical tests were run on Graph
Pad Prism 6™ (GraphPad Software, Inc., San Diego, CA).

Results
Study group demographics
Thirty-one patients met inclusion criteria and consented for

protocol administration, consisting of 19 male and 12 female
patients with median age of 52 (IQR 21). Eighty-seven point
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one percent (n=27) of patients in the study had stage IV
cancer at the point of presentation with the remainder being
stage III. The distribution of the types of malignancies
and associated TNM stages were reflected in Table 1. All
patients had undergone at least one conventional therapy
modality, with surgery being the most common at 80.6%
(n=25). Seventeen patients had at least three different pro-
cedures performed prior to commencement of our protocol
(Supplementary Table 2).

Our protocol was found to be feasible, safe, and well tol-
erated. There were no significant adverse events with regards
to the treatment according to the Common Toxicity Crite-
ria of the National Cancer Institute. Survival of our patient
population in months ranged from 4 to 39 after therapy at the
time of data collection, attaining a median of 10 (IQR 13)
months. The 10-20 and above 20 month survival rates were
32.3 and 19.3% respectively (Table 2). Minor complications

Table 1 Patient demographics

Characteristics n % Median (IQR)
Age 52 (21)
<40 2 6.5
40-49 8 25.8
50-59 11 355
60-69 6 19.4
70-79 3 9.7
>80 1 32
Gender N/A
Male 19 61.3
Female 12 38.7
Malignancy N/A
Gastroesophageal cancer 3 9.7
Colorectal cancer 2 6.5
Lung cancer 7 22.6
Liver cancer 8 25.8
Breast cancer 5 16.1
Others 6 19.4
Malignancy stage N/A
111 4 12.9
v 27 87.1
Conventional therapies N/A
Surgery 25 80.6
Radiotherapy 17 54.8
Chemotherapy 18 58.1
Target therapy 10 323
Interventional radiology 10 323
Therapy modalities undergone 3(2)
One therapy 6 19.4
Two therapies 8 25.8
Three therapies 8 25.8
Four therapies 9 29.0

Table 2 Patient survival

Survival measures n % Median (IQR)

Survival (categorical)

Alive 13 41.9
Deceased 18 58.1
Survival duration (months) 10 (13)
<10 15 48.4
10-20 10 323
20-30 5 16.1
>30 1 3.2

IQOR interquartile range

were observed in a small number of subjects. Two patients
with non-small cell lung cancer developed induration and
erythema at the site of the intradermal injections. Skin erup-
tion over the torso was also observed in one of the patients,
which self-resolved over 1 month (Supplementary Fig. 1).
Both patients were alive and well at the point of data collec-
tion, having survived 41 and 30 months respectively.

Serum IFN-y/IL-10 and peripheral Ty _,/T,eq
measurement

Post-treatment serum IFN-y (p=0.17), IL-10 (p=0.92),
and counts of CTL (p=0.48) and Treg (p=0.44) did not
significantly change following our protocol (Table 3). Sta-
tistical tests for post-procedure differences in IFN-y/IL-10
(»p=0.093) and Typy_/T;e, (p=0.088) ratios also failed to
attain significance.

reg

Antigen-specificimmune response and cytotoxic
assays

The median IFN-y Elispot score obtained per individual
was 4.5 (IQR 8) with a range of 1-20, suggesting a median
increase in raw cell count post-treatment of between 21,000
and 40,000 per tumor cell line. This IFN-y Elispot score
bore no significant association with categorical survival
(p=0.089) (Table 4a), but was found to be positively

Table 3 Pre- and post-treatment serum cytokine and cell count

Serum cytokine/  Pre-treatment Post-treatment )4
cell count median (IQR) median (IQR)

IFN-y 1(19.78) 1 (19.78) 0.17
IL-10 6.01 (17.75) 1(20.5) 0.92
Tirn—y 1.85 (4.16) 2.3 (4.75) 0.48
T 0.18 (1.92) 0.83 (2.04) 0.44

reg

IQR interquartile range
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Table 4 Spearman correlation analysis for (a) categorical survival
(alive/ deceased); (b) survival duration (months)

Spearman r P

(a) Factors correlating with survival status (alive)

IFN-r/IL-10 score 0.14 0.46
Tipn-,/Treg score -0.25 0.18
IFN-y Elispot score 0.31 0.089
PBMC cytotoxicity score 0.52 0.0028
(b) Factors correlating with longer survival duration

IFN-1/IL-10 score -0.011 0.95
Tipy -/ Treg score -0.25 0.17
IFN-y Elispot score 0.37 0.04
PBMC cytotoxicity score 0.59 0.005

Significant values are in bold (p < 0.05)

associated with survival duration in months (R=0.37,
p=0.04) on Spearman correlation analysis (Table 4b).

The antigen-specific cytotoxicity of ex vivo expanded
T cells and PBMC from the patients after the therapy was
confirmed by both morphological observation and RTCA
(Fig. 2). The number of cancer cell lines used in the analy-
sis of cytotoxic response in each patient ranged from 2 to
5, with its median being 4 (IQR 3). The median cytotoxic
score achieved per patient is 1.75 (IQR 2.1) with a range of
1-6, reflecting an approximate increase in post-procedure
cytotoxicity by 0-20% (p=0.037) per patient, attaining sig-
nificance on Wilcoxon test. Running Spearman correlation
analysis revealed a strong positive correlation between the
PBMC cytotoxicity score with categorical survivability of
the patient being deceased or alive (R=0.52, p=0.0028)
as well as survival duration in months (R=0.59, p=0.005)
(Table 4a, b). Therefore, the higher the PBMC cytotoxicity
score, the more likely the patient is alive and has a longer
duration of survival.

Discussion

Despite both concepts of in vivo cancer antigen priming and
adoptive T -cell therapy having been evaluated before, our
study presents the first clinical series of sequential in vivo
vaccination using allogeneic whole-cell antigens followed by
adoptive T-cell therapy after ex vivo antigen-specific T-cell
expansion. Furthermore, efficacy in control of actively pro-
gressing end-stage diseases measured by survival rate from a
wide spectrum of malignant primaries has never been previ-
ously demonstrated.

Our protocol aptly presented the feasibility of tumor-spe-
cific CTL response that can be achieved with active immuni-
zation as shown in the existing literature [14—17]. Although
not demonstrable in our model, it has been suggested that
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Fig.2 Morphological cytotoxicity and RTCA assay of pre- and post-
immunotherapy in a representative patient with NSCLC. Antigen-
associated SPC-A-1 and SK-MES-1 cancer cells were allowed to
attach and grow for 24 h before primed peripheral lymphocytes or
ex vivo expanded lymphocytes were added to the culture. Cancer cell
viability was recorded for 24 h with RTCA and morphology observed
24 h subsequent to that. Each panel shows cytotoxicity 48 h after can-
cer cell growth (left); 24 h after lymphocyte addition (middle); cell
index curves recorded by RTCA (right). a Cytotoxicity of PBMC
before immunotherapy; b cytotoxicity of PBMC 8 weeks after immu-
notherapy; ¢ cytotoxicity of 12-day ex vivo expanded PBMC after
immunotherapy. M marker; arrow: addition of T/PBMC; micropho-
tography at 200 X

active immunization can even prevent subsequent recurrence
of diseases [18]. Lysate-based vaccines are adept at captur-
ing the breadth of the tumor antigen repertoire regardless of
the HLA type or prior host exposure to other specific anti-
gen targets. It is particularly advantageous in cancers such
as non-small cell lung carcinoma (NSCLC), where patients
often have extensive mutanomes encoding neoantigens not
amenable to host immune tolerance, thereby facilitating
rapid immune response to vaccination [19, 20].

We have shown that the mixture of cancer cell lysate with
GM-CSF is highly immunogenic in patients of a variety of
advanced cancer not only by increasing the frequency of
antigen-specific effector seen in IFN-y ELISPOT, but also
through enhanced cytotoxicity against lysate-associated
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cancer cells detected by RTCA. Enhancement of lysate
antigenicity may be due in large part to GM-CSF used as
adjuvant with our lysate mixture, as well as our technique
of intradermal, instead of subcutaneous injection. This phe-
nomenon has been previously demonstrated where immu-
nization with whole tumor cells genetically engineered
to express GM-CSF enhances activation of anti-tumor
immunity and inhibits production of immunosuppressive
cytokines, such as TGF-p [21]. Vaccination with autolo-
gous ascites-derived exosomes (Aex) also mirrored this
observation, where patients who received Aex with GM-
CSF but not Aex alone showed a beneficial tumor-specific
CTL response [22]. In addition, clinical data have shown
that the intradermal route of vaccination is more effective
than the conventional subcutaneous and intramuscular routes
in inducing protective immunity against various infectious
diseases [23-25]. The justification being that a larger DC
population present in the dermis compared to the subcuta-
neous fat and muscles would facilitate the antigen uptake,
processing, and migration to the draining lymph nodes to
elicit a potent antigen-specific T-cell response. Therefore,
in the clinical setting, intradermal injection should be con-
scientiously performed to maximize immune response to
the cancer antigens. Intradermal injection in the inguinal
region chosen in our practice aimed to reduce pain caused
by the tension generated by 3 mL volume of lysate mixture
containing GM-CSF.

Taking into consideration the above, it is counterintuitive
that our data did not show significant positive shift of immu-
nosuppressive cytokines measured, such as IL-10. This may
be attributed to the different method of lysate preparation,
which is deemed an important determinant of lysate immu-
nogenicity. Chiang et al. [6] compared whole tumor lysate
preparations subjected to either ultraviolet B (UVB) ray-irra-
diation, repeat cycles of freezing and thawing, or hypochlor-
ous acid (HOCI) treatment. They demonstrated, in both mice
and humans, that immunization with autologous DCs loaded
with whole tumor cell lysate prepared with HOCI oxidation
elicited the strongest anti-tumor T-cell responses and the
greatest reduction of IL-10 production in sera compared to
DCs loaded with UVB-irradiated or freeze-thawed whole
tumor cell lysate [26—28]. Further clinical trial is needed
to determine if the use of HOCI prepared whole tumor cell
lysate will enhance tumor-specific CTL response through
our protocol.

The conceptual justification for T-cell expansion came
about through the observation that clinical response can be
stimulated in cancer patients refractory to the conventional
therapies by the infusion of tumor-specific T cells derived
from tumor tissues [29, 30]. Clinical application of this
therapeutic strategy is limited by the difficulty in acquiring
a large enough number of tumor-specific T cells sufficient
to attain therapeutic significance [31, 32]. The previous

protocols employed in vitro stimulation, dilution cloning,
screening, and expansion, taking in excess of 12 weeks to
process. Subsequent use of clinical-grade cell sorter man-
aged to reduce the time from leukapheresis to infusion by
approximately 50%. Current systems pursue the integra-
tion of cell selection with expansion in a closed-path man-
ner, minimizing human involvement in the maintenance of
steps such as pH maintenance and nutrient replacement,
further reducing the expansion process to 2—4 weeks [33].
Our protocol is comparable in the level of sophistication
and detail, and is advantageous in requiring a relatively
shorter amount of time (14 days) to complete the prepara-
tions of CTL for infusion. This has positive implications
in terms of cost-effectiveness and the efficiency of service
delivery.

Overall, our use of whole-cell antigens proved effective
in its task of in vivo priming, thereby greatly facilitating the
ex vivo cell expansion as previously noted by Dang et al.
[12] The unique PBMC culture system used in this study
achieved over 84% CD8* lymphocyte concentration post-
expansion (Fig. 1b). Our data showed a clear increase in
tumor-specific cytotoxicity post-treatment (p =0.037), which
directly translated to an improved survival rate both categor-
ically (p=0.0028) as well as duration in months (p =0.005).
This same trend was backed up by the IFN-y Elispot count
which demonstrated a positive association of the IFN-y Elis-
pot score with survival duration (p=0.04). The above is a
good reflection of successful vaccine-induced tumor-specific
T-cell expansion achieved by our culture system which con-
ceptually favored alteration of the tumor microenvironment
to promote tumor destruction [34].

Finally, our study was constructed more in keeping with
that of a pilot model without rigid mechanisms of blinding
or control. The limitations of our study stem from the con-
tinued use of conventional therapy with the implementation
of our protocol, which may confound our results discussed
above, since synergistic effects of chemotherapy and radio-
therapy with immunotherapy have been previously discussed
in the literature [35]. The study subject with NSCLC was
one of our patients who voluntarily curtailed all the con-
ventional therapies on commencement of our protocol, and
his clinical results post-treatment were very encouraging as
exemplified in Fig. 2. The broad range of malignancies cov-
ered by our study attributed strength in variety but weakened
consistency through the use of multiple tumor cell lines,
necessitating the employment of our scoring system in the
calculation of association. In the future, dedicated studies
in the recruitment of sufficient patients of specific cancers
will streamline this process and allow more in-depth analy-
sis of post-treatment changes segregated by each defined
tumor cell line chosen. Conduction of formal randomized-
controlled trials will definitely be the direction to take in
future studies.
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Conclusion

Immunotherapy is a highly promising modality of treatment
in end-stage malignancies with many mechanisms of interest
under intense study. Our treatment protocol of in vivo whole
cancer cell antigen priming and adoptive T-cell therapy has
demonstrated a highly feasibility clinical model which can
be easily replicated, with efficacy observable on molecular
and cellular levels as well as in the direct prolongation of
survival. Our protocol has set the stage for the conduction
of future randomized-controlled trials to further substantiate
our positive clinical findings.
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