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RISHU TAKIMOTO, TAKASHI KAMIGAKI, SACHIKO OKADA, ERIKO MATSUDA,
HIROSHI IBE, ERI OGUMA, KEIKO NAITOH, KAORI MAKITA and SHIGENORI GOTO

Seta Clinic Group, Tokyo, Japan

Abstract. Background: Conventional therapy for
advanced gastric cancer (GC) has limited survival benefits.
In this retrospective study, we aimed to investigate the
efficacy of immune-cell therapy, using in vitro-activated T-
lymphocytes with and without dendritic cells (DCs), in
combination with standard therapies in terms of the
survival of patients with advanced GC. Patients and
Methods: A total of 242 patients who were diagnosed as
having stage-1V GC were enrolled in this study to receive
immune-cell therapy with or without standard therapies,
such as chemotherapy, surgery, or radiation therapy.
Overall survival was analyzed by the Kaplan—Meier with
log-rank test and Cox regression methods. Results:
Immune-cell therapy increased median survival time (21.5
months) in patients with advanced GC. The patients who
underwent surgery with or without chemotherapy as a prior
treatment showed better prognosis than those who received
other therapies (p<0.001). Patients who showed stable
disease or a partial response to immune-cell therapy had a
better prognosis than those with progressive disease
(p<0.001). Multivariate analysis revealed that performance
status, the type of immune-cell therapy, and prior treatment
were independent prognostic factors for patients with GC.
No serious adverse event was reported in immune-cell
therapy. Conclusion: Immune-cell therapy might extend the
survival of patients with advanced GC.

Gastric cancer (GC) remains one of the leading causes of
cancer-related deaths worldwide (1). Patients who are
diagnosed at stages unsuitable for curative surgery have
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extremely poor prognoses, with 5-year survival rates ranging
from 2 to 15% (2, 3). Adoptive immune-cell therapy, a type
of autologous activated lymphocyte therapy (ALT) (4), is
currently the predominant immune-cell therapy in Japan. In
this therapy, T-lymphocytes, mostly peripheral blood
mononuclear cells, are activated and proliferated through a
culture process involving stimulation with an immobilized
antibody to CD3, and interleukin-2 (IL2), and repeatedly
administered to patients without high-dose IL2
administration. This therapy has few severe adverse events.

Since the early 1990s, many university hospitals and
cancer centers have been actively investigating the
applicability of autologous ALT using lymphokine-activated
killer cells (LAKSs), tumor-infiltrating lymphocytes (TILs),
cytotoxic lymphocytes (CTLs), CD3-LAKs, and dendritic
cells (DCs) (4-7). Among them, the Seta Clinic Group,
which includes four private clinics providing specialized type
of immune-cell therapy in cooperation with cell-processing
facilities, has treated more than 20,000 patients with cancer
using immune-cell therapy over the past 17 years. Here, as
part of our ongoing studies to improve response and survival
rates in patients with progressive or advanced GC, we
retrospectively investigated the efficacy of immune-cell
therapy in the treatment of patients with advanced GC with
or without other standard therapies.

Patients and Methods

Patients. Of the 957 patients with GC treated from 1 April, 1999 to
30 September, 2016, 582 underwent at least six cycles of immune-
cell therapy. Among them, we extracted data for 242 patients with
clinical stage IV disease who were evaluated by diagnostic imaging
and had sufficient clinical information available (Figure 1). Clinical
stage was determined in accordance with the seventh edition of the
Union for International Cancer Control using the tumor node
metastasis (TNM) staging system for GC (8).

Treatment. Activated lymphocytes were generated as described
elsewhere (9). Briefly, about 22.5 ml of peripheral blood was
obtained, and mononuclear cells (MNCs) were separated using a
Vacutainer (Becton, Dickinson and Company, Franklin Lakes, NJ,
USA). Following activation with an immobilized monoclonal
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GC patients who visited our

clinics: n = 857
(1999-2016)

Records excluded for patients
with less than 1 course of
immune therapy:
n=375
GC patients evaluable for the

study: n = 582
Records excluded owing to
insufficient data:
n=40

542 GC patients analyzed
in this study

Extracted CS IV* patients with GC: n = 242

Figure 1. Selection procedure of clinical trials. CS: Clinical stage;
*diagnosed by primary physician.

antibody to CD3 (Janssen-Kyowa, Tokyo, Japan) in HyMedium 930
(Kohjin Bio, Saitama, Japan) containing 1% autologous serum, the
MNCs were cultured for 2 weeks with 700 IU/ml recombinant I1L2
(Proleukin®; Chiron, Amsterdam, the Netherlands). After culture, 3-
10x109 cells were harvested and suspended in 100 ml of saline for
intravenous injection. For DC generation, MNCs were collected by
leukoapheresis, and MNCs were separated and allowed to adhere to
a plastic culture flask in order to obtain adherent cells. After
removing nonadherent cells, adherent cells were cultured with 50
ng/ml granulocyte macrophage colony-stimulating factor (GM-CSF)
(Primmune Corp., Osaka, Japan) and 50 ng/ml IL4 (Primmune
Corp.) for 6 days to obtain immature DCs. The DCs were cultured
with antigens appropriate for the patient’s tumor and allowed to
mature for 24 hours prior to administration. Approximately 1-
10x10° mature DCs were then harvested and suspended in 1 ml of
saline for subcutaneous vaccination. Immune-cell therapy comprised
single administration of lymphocytes, DCs, or both, approximately
every 2 to 4 weeks.

Clinical response and assessment. Only patients with measureable
lesions were included in the analysis. Responses were assessed
according to the following definitions: a complete response (CR)
indicated no assessable tumor with normalization of levels of tumor
markers and laboratory values for at least 4 weeks; a partial
response (PR) indicated a decrease in the size of all measured
lesions by 30% or more of the initial diameter for at least 4 weeks,
with no lesions increasing in size and no new lesions appearing;
stable disease (SD) indicated a steady state or a response less than
PR, but without disease progression for at least 4 weeks, with no
new lesions appearing and no symptoms worsening; and progressive
disease (PD) indicated an increase of 20% in a single dimension or
in the sum of the products of perpendicular diameters of any
measurable lesion. The time to progression and overall survival time
were measured from time of initial diagnosis to the time of disease
progression and time of death, respectively. The Kaplan-Meier
method was used to calculate survival probabilities for all patients.
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Table 1. Patient characteristics.

Characteristic Value
Total, n 242
Male 137
Female 105
Median age (range), years 62 (26-91)
Performance status, n
0 144
1 63
2 8
3 12
4 1
Unknown 14
Histological differentiation, n
Well 25
Moderate 31
Poor 73
Signet cell 30
Other 4
Unknown 79
Prior treatment, n
Surgery 107
Radiation 21
Chemotherapy 213
Metastatic site, n
Liver T4
Lymph node 132
Lung 16
Peritoneum 125
Bone 19
Other 45

Statistical analyses. Overall survival (OS) was analyzed by the
Kaplan—-Meier with log-rank test for univariate analysis and Cox
regression methods for multivariate analysis. All statistical analyses
were two-sided and performed using JMP, version 11.2.0 for
Microsoft Windows 7 (SAS, Cary, NC, USA). Results were
considered statistically significant when p<0.05.

Results

Patients. Of the 957 patients with GC treated from 1 April,
1999 to 30 September, 2016, we extracted data for 242
patients in clinical stage IV who were evaluated by
diagnostic imaging and had sufficient information available
(375 patients were excluded because of insufficient cycles of
immune-cell therapy, and 40 were excluded owing to
insufficient clinical records) (Figure 1). A total of 242
patients, comprising 137 males and 105 females, with an
average age of 62 years (range=26-91 years) were studied.
There was no significant difference in the distribution of age,
sex, performance status (PS), pathological diagnosis, or prior
treatment among the patients (Table I). Characteristics of
immune-cell therapy are summarized in Table II. Two
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Figure 2. Cumulative survival rate of patients with gastric cancer. MST,
Median survival time (95% confidence interval).

hundred and thirty-six patients (97.5%) received af} T-cell
therapy. Regarding DC vaccination therapy, eight patients
received lysate-pulsed DCs and 31 received synthetic
peptide-loaded DCs.

Treatment efficacy. The overall survival of the patients with
GC in this study is shown in Figure 2. The median survival
time was 21.5 months (95% confidence interval=19.3-27.3
months). The 3- and 5-year survival rates of all patients with
clinical stage IV GC seemed to be higher than those of the
historical control group, as determined from the cancer
survival rate of the Japanese Association of Clinical Cancer
Center (https://kapweb.chiba-cancer-registry.org/) (3-year
survival rate: immune-cell therapy group, 29.9% vs.
historical control group, 10.8%; S5-year survival rate:
immune-cell therapy group, 11.8% vs. historical control
group, 7.3%). We first evaluated the effect of prior treatment
on the survival rate of patients with GC. It was found that
patients in the groups treated with surgery alone and surgery
with chemotherapy had a significantly better prognosis than
those in the chemotherapy-alone group in terms of median
OS (p<0.0001) (Table III, Figure 3). Note that we found
better prognosis for the surgically treated group than the
historical control group on the basis of the cancer survival
rates of the Japanese Association of Clinical Cancer Center,
although we cannot statistically compare these survival
rates. However, we did not find any benefits from
chemotherapy, radiation therapy, or chemoradiation therapy
in combination with immune-cell therapy at our clinics,

Table II. Types of adoptive immune-cell therapy.

Type Number of patients
ALT
aff T-Cells 236
vd T-Cells 12
NK 3
CTL 11
DC
Lysate-pulsed 8
Synthetic peptide-loaded 31
No antigen 0
ALT+DC 41

ALT: Activated lymphocyte therapy; NK: natural killer cells; CTL:
cytotoxicT-lymphocytes. DC: dendritic cell vaccination therapy.

probably owing to the small number of patients in each
group (Figure 4A). Furthermore, the efficacy of
chemotherapeutic agents for advanced GC in combination
with immune-cell therapy was not significantly different
from that of conventional chemotherapeutic agents such as
cisplatin, tegafur/gimeracil/oteracil (TS-1), and their
combinations (Figure 4B).

When the effect of Eastern Cooperative Oncology Group
(ECOG) PS on overall survival was assessed, we found that
patients with PS 0 benefited from immune-cell therapy,
showing a median survival of 24.5 months, which was longer
than those in the other PS groups (Figure 5A).

However, the pathological diagnosis of tumor tissue did
not have any effects on survival rate after immune-cell
therapy (Figure 5B).

The clinical response to immune-cell therapy also
significantly affected the prognosis of patients with advanced
GC (Figure 6).

Finally, we examined the effect of the type of immune-cell
therapy on the prognosis of patients with GC. As shown in
Figure 7, patients who were mainly treated with ALT had
better prognosis than those treated with other types, such as
DC or DC with ALT.

We performed multivariate analysis of age and sex of
patients, histological differentiation type, clinical stage,
surgery, and immunotherapy using the Cox regression
model to identify independent prognostic factors for
advanced GC. The results showed that prior treatment and
clinical response were independent prognostic factors
(Table IV). As shown in Table V, when we examined 12
patients who survived longer than 5 years after diagnosis,
11 out of the 12 had one of the prognostic factors and eight
out of the 12 had undergone surgery as a prior therapy,
which was one of the independent prognostic factors for
improved survival.
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Table III. Univariate and multivariate analyses of overall survival.

Characteristics Parameter p-Value
Univariate* Multivariate**

Sex Myvs. F 0.2742

Age, years <65 vs. =65 0.3762

Prior treatment Surgery vs. chemotherapy vs. both <0.0001 0.0307
Combination therapy Chemotherapy vs. no therapy 0.3782

PS 0vs. =1 0.0329 0.1139
Histological differentiation Poor vs. moderate vs. well 0.7703

Immune-cell therapy DC vs. DC + ALT vs. ALT 0.0302 0.0590
Clinical response PR+SD vs. PD 0.0095 0.0419

M, Male; F, female; Poorly, poorly differentiated adenocarcinoma; Moderate, moderately differentiated adenocarcinoma; Well, well-differentiated
adenocarcinoma; DC, dendritic cell vaccination therapy; ALT, activated lymphocyte therapy; PR, partial response; SD, stable disease; PD, progressive

disease. By *log-rank analysis, **Cox regression analysis.

Discussion

GC is a common form of cancer and one of the most
frequent causes of cancer-related deaths worldwide (1, 10).
Although the efficacy of GC treatment has been improved
by the multiple disciplinary team approach, many patients
with GC have a poor prognosis owing to relapse or
metastasis, especially for those with advanced stage disease.
Conventional treatments, including surgery, chemotherapy,
and radiation therapy, may induce a variety of adverse effects
and impair antitumor immunity, resulting in tumor cells
remaining and relapse of disease (11).

It has been proposed that adoptive immune-cell therapy
can stimulate and restore antitumor immunity because
immune cells have the ability to recognize and kill tumor
cells (12). Several types of adoptive immune-cell therapy
have been used in the treatment of solid tumors, including
GC, with increased efficacy, particularly in malignancies
with poor response to traditional therapies (13-18).
Furthermore, Shen et al. performed a systemic review and
meta-analysis of nine eligible trials of GC and recently
reported that adoptive immune-cell therapy in combination
with adjuvant therapy resulted in significantly higher OS
rates and progression-free survival, suggesting that immune-
cell therapy is indeed beneficial for those with advanced GC
(19). In our study, immune-cell therapy plus surgery, both
with and without chemotherapy, extended the median
survival of patients with advanced GC by 32.6 and 31.4
months, respectively, compared with the chemotherapy-alone
group (15.1 months), indicating that immune-cell therapy is
beneficial for advanced GC.

However, it has been reported that various factors
determine the clinical outcome of immune-cell therapy for
patients with GC. Firstly, the immunogenicity of tumor
antigens and effective presentation of antigens are important
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Figure 3. Cumulative survival rate in relation to treatment strategy.
CTx, Chemotherapy; Surg, surgery;, MST, median survival time (95%
confidence interval).

factors for antitumor immunity. Secondly, the quantity and
quality of immune cells are also important factors affecting
the efficacy of immune-cell therapy (20). Finally, solid
tumors have a complex and inflamed microenvironment. The
inflammation is induced via pro-inflammatory mediators
secreted from tumors, TILs, cancer-associated fibroblasts, and
myeloid-derived suppressor cells (MDSCs) (21). These cells
have been shown to cross-talk with each other, resulting in
the release of pro-inflammatory cytokines, chemokines, and
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Figure 4. Cumulative survival rate in relation to combination therapy (A) and chemotherapy protocol (B). CTx, Chemotherapy; Surg, surgery; Rx,
radiation; CDDP, cisplatin; TSI, tegafur/gimeracil/oteracil; MST, median survival time (95% confidence interval).

growth factors that induce immune suppression (21-23). It
has been demonstrated that inhibition of the interaction
between tumor cells and MDSCs might improve immune
system function (24). Regarding this point, removal of tumor
by surgical resection might result in the recovery from
immune system dysfunction induced by MDSCs, leading to
better prognosis. Moreover, surgery can markedly reduce the
tumor burden, thus promoting survival (25). Treatment with
immune cells can lead to the recovery of immunosuppressive
status after surgery and provide survival benefits for patients
who have undergone radical surgery.

Depending on the modality of chemotherapy, certain
benefits were observed during immune-cell therapy. Since
the patients enrolled in this study received a variety of
anticancer drugs such as TS-1, cisplatin, and others, each
group classified according to the drug administered consisted
of a small number of patients. Thus, it might be difficult to
obtain statistically significant differences or benefits from
chemotherapy.

It has been reported in recent studies that immune
checkpoint inhibitors such as ipilimumab and tremelimumab
[antibodies to cytotoxic T-lymphocyte-associated protein 4

Table IV. Hazard risk analysis of independent prognostic factors for
overall survival.

Factor HR 95% CI p-Value
Prior treatment
Surgery 0.358 0.086-0.998 0.0496
Surgery + chemotherapy 0.593 0.372-0.936 0.0248
Clinical response 0.616 0.391-0.982 0.0419

CI: Confidence interval; HR: hazard ratio.

(CTLA-4)], and antibodies to programmed cell death 1
(PD1) or programmed cell death 1 ligand 1 (PDL1) (e.g.
nivolumab and pembrolizumab) enhance local immune
responses, resulting in tumor reduction by immune cells
(26). Recently, Muro et al. showed that pembrolizumab is
active in pretreated patients with GC with PDL1-expressing
tumors (27). In order to improve the efficacy of immune-
cell therapy, its use in combination with these immune
check-point inhibitors should be a promising strategy for
advanced GC.
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Figure 7. Cumulative survival rate in relation to type of immune-cell
therapy (ICT). ALT, Activated lymphocyte therapy; DC, dendritic cell
vaccination therapy; MST, median survival time (95% confidence
interval).
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Table V. Characteristics of patients who survived longer than 5 years.

Case no. Sex Age, PS No. of Immune-cell Prior Clinical OS Outcome
years treatments therapy treatment response (months)
1 M 59 ND 6 ALT Surg/CTx NE 749 Survived
2 F 26 ND 6 DC+ALT None NE 65.0 Dead
3 F 74 0 17 ALT CTx PR 81.2 Dead
4 M 69 0 24 ALT Surg/CTx SD 723 Survived
5 M 55 1 7 ALT CTx PD 733 Dead
6 F 56 3 6 ALT Surg/CTx SD 79.7 Dead
7 F 66 0 17 ALT Surg/CTx NE 1555 Survived
8 M 83 0 12 ALT CTx PD 85.5 Survived
9 M 52 0 10 ALT Surg/CTx NE 102.2 Survived
10 M 55 0 10 ALT Surg/CTx NE 85.2 Survived
11 F 57 0 6 ALT Surg/CTx NE 91.0 Survived
12 F 43 0 18 ALT Surg/CTx SD 65.5 Dead

ALT, Activated lymphocyte therapy; CTx, chemotherapy; DC, dendritic cell vaccination therapy; ND, not determined; NE, not evaluable; PD,
progressive disease; PR, partial response; PS: performance status at first visit; SD, stable disease; Surg, surgery.

Finally, there are several limitations to this study. Firstly,
the patients were enrolled from a single center; therefore, a
multicenter prospective study is required for confirming the
general effects of immune-cell therapy. A randomized trial
should be conducted to further evaluate the benefits of
immune-cell therapy. Lastly, the number of patients also limits
the quality of results for further evaluation of the significance
of immune-cell therapy in patients with stage IV GC.
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