
Abstract. Background/Aim: Adoptive immunotherapy (AIT)
using autologous zoledronate-activated killer (ZAK) cells has
been performed for developing a novel modality of cancer
treatment. In this study, data series from incurable pancreatic
cancer were analyzed. Patients and Methods: Patients were
treated with AIT using intravenous administration of ZAK
cells every 3 to 4 weeks in combination with standard
chemotherapy and possible clinical benefits were examined.
Results: Seventy-five patients were treated. A median overall
survival (OS) time of 6.7 months was achieved for all patients
and 13.1 months for those treated 5 times or more, that
increased to 14.6 and 18.3 months, respectively, when the
previous treatment period of chemotherapy alone was
included in the analysis. The disease control rate was 58.5
%. Multivariate regression analysis showed a significant
positive correlation between the survival and baseline value
of lymphocyte percentage in white blood cell counts
(p=0.031). Conclusion: The data suggest that AIT using ZAK
cells in combination with chemotherapy is safe and feasible
and may be effective in prolonging survival for patients with

incurable pancreatic cancer. The lymphocyte percentage at
baseline may be a good biomarker for predicting the survival
benefit of ZAK cell AIT.

In order to develop a novel modality of cancer treatment, we
have been engaged in adoptive immunotherapy (AIT) trials
using ex vivo-activated autologous lymphocytes, including
lymphokine-activated killer (LAK) cells, tumor-infiltrating
lymphocytes (TILs) and in vitro tumor-sensitized
lymphocytes, since 1987 (1). Tumor responses have been
limited with regard to quality of life (QOL) in locoregional
administration for malignant effusion from gastrointestinal
cancers (1), although other researchers have demonstrated
survival benefits in hepatocellular carcinoma patients using
postoperative LAK cell transfer (2) and in lung cancer
patients using LAK cell transfer in combination with
chemoradiotherapy (3). Thereafter, we introduced the use of
dendritic cells (DCs) and tumor antigens into the effector cell
generation system, although tumor responses were still
limited (4).

Zoledronate, a bisphosphonate widely used to treat bone
diseases, has been reported to stimulate anti-tumor effector
lymphocytes with γδ-type T cell receptors in the presence of
DCs (5). γδT cells have been found to contain properties
associated with the innate immune system, human leukocyte
antigen (HLA)-unrestricted tumor recognition and high
cytotoxic and proliferative potentials (6). Moreover, γδT
cells have been shown to possess an antigen-presenting
function (7). We previously established a generation system
for zoledronate-activated killer (ZAK) cells (8). Other
researchers have reported trials of AIT using ZAK cells for
patients with cancer and described its safety and feasible
profiles (9, 10). Since 2009, we also have conducted a
prospective observational study of AIT using ZAK cells for
patients with various types of incurable cancers. 

In this study, we analyzed the cumulative data series from
patients with advanced or metastatic pancreatic cancer and
demonstrate the possible survival benefit of ZAK cell AIT in
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combination with standard chemotherapy. Furthermore, we
identified a candidate biomarker to predict better prognosis
in treating patients with incurable pancreatic cancer by ZAK
cell AIT. 

Patients and Methods
Study design. This treatment is a prospective observational study
conducted at the Kawasaki Medical School Hospital between May
2009 and July 2014. All participating patient had a diagnosis of
incurable pancreatic cancer with a performance status capable of
visiting our outpatient clinic and provided informed consent.
Patients with the following criteria were excluded: consecutive use
of steroids or immunosuppressants, presence of autoimmune
diseases, a case too difficult to manage at an outpatient clinic and/or
uncontrolled complications. Participants were considered for study
until deceased, withdrawal of consent or follow-up contact was lost.
There were no protocol-specified treatments or assessments. All
aspects of patients’ treatments over time, including specific
chemotherapy agents and/or combinations, as well as the dose,
schedule and duration of AIT, were determined by a physician on a
case-by-case basis. This prospective analysis was reviewed and
approved by the central Institutional Review Board of Kawasaki
Medical School (No. 1395, UMIN000021797).

ZAK cell generation and transfer. Heparinized venous blood (10 ml)
was obtained from patients and the buffy coat and plasma were
immediately separated by centrifugation (2,000 rpm, 30 min). The
buffy coat was re-suspended in RPMI-1640 medium and the
suspension was layered on Lymphoprep (Muto Pure Chemicals,
Tokyo, Japan). Peripheral blood mononuclear cells (PBMCs) were
isolated by gradient centrifugation (2,000 rpm, 25 min) and washed
twice. ZAK cell generation has been mentioned in detail elsewhere
(8). Briefly, PBMCs were re-suspended in the medium containing
2% heat-inactivated autologous plasma, 100 U/ml interleukin-2 (IL-
2) (Sionogi, Osaka, Japan) and 1 μM zoledronate (Novartis, Tokyo,
Japan) at a density of 1×107/ml. After incubation in a humidified
atmosphere of 5% CO2 for 24 h at 37˚C, cells (2×106/ml) were
transferred into new medium containing plasma and IL-2 but not
zoledronate (complete medium (CM)), followed by further
incubation for 10 to 14 days. CM was changed every 3 or 4 days.
Cells were harvested by centrifugation, washed twice, re-suspended
in 100 ml saline after filtering through a 200-μm mesh (Becton
Dickinson Japan, Tokyo, Japan) and administered intravenously for
30 min every 3-4 weeks at a chemotherapy-off period. At each
infusion, patients had blood drawn to prepare ZAK cells for the next
transfer. Bacterial and endotoxin examinations were completed
before each administration to make sure there was no contamination.

Clinical efficacy. Survival data of the patients were collected from
patient records. If unknown, prognosis was requested by mail to the
doctor-in-charge. Objective tumor response was evaluated by
computed tomographic examinations. Data were collected at
baseline (before ZAK cell AIT) and every 2 to 3 months. Complete
response (CR), partial response (PR), stable disease (SD) and
progressive disease (PD) were determined by the investigator
according to the RECIST criteria (11). 

Statistics. Statistical analysis was conducted using SPSS software
(IBM Japan, Tokyo, Japan). Survival curves were drawn by Kaplan-

Meyer analysis to estimate the median survival time (MST).
Relationships between survival and hemato-chemical blood
examination data were calculated with univariate and multivariate
regression analysis. Values are presented as means±standard
deviations and p<0.05 was defined as statistically significant.

Results

Characteristics of enrolled patients. Eighty-six patients with
pancreatic cancer were enrolled in this AIT trial using ZAK
cells but 3 patients in the postoperative adjuvant setting were
excluded from the analysis. The rest of the eighty-three

ANTICANCER RESEARCH 36: 2307-2314 (2016)

2308

Table I. Patients enrolled in the AIT trial.

Total No. 83
Male/Female 54/29
Age (median, range) 64, 35-83
Target and metastatic organs

Liver 43 (52)
Pancreas 21 (25)
Lymph node 18 (22)
lung 15 (18)
Peritoneum 11 (13)
Bone 2 (2)
1 organ 54 (65)
≥2 19 (23)

Concurrent treatments
Chemotherapy 64 (77)
GEM 28 (34)
S-1 16 (19)
GEM+S-1 14 (17)
Others 6 (7)
None 19 (23)

Table II. Feasibility of AIT.

Total culture No. 551
Success of culture 523 (95.0 %)

Phenotype (mean, range)(%)
CD3 86, 69-97
γδT 45, 4-83

Administration No.
0 11*
1 to 4 31
5 to 9 24
10 to 19 12
20 to 29 2
≥30 3
Median (range) 4 (0-32)

Total cell No. administered (mean)
All Pts treated 5.5×109

Pts treated ≥5 times 9.7×109

Contamination detected 0
Endotoxin >4.0 0

*9, disease progression; 2, no lymphocyte growth.



patients included 54 males and 29 females with a mean age
was 64, ranging from 35 to 83 years. Metastatic organs
included the liver, lymph nodes, lung, peritoneum and bone;
fifty-four patients had at least one metastatic site and 19 had
2 or more metastatic organs. Sixty-four patients received
concurrent anti-cancer chemotherapy, the majority of which
included gemcitabine (GEM), S-1 or their combination, as
shown in Table I. 

Feasibility of ZAK cell generation and transfer. Generation
of ZAK cells was carried out 551 times in total and 523
cultures (95.0%) were uneventful (Table II). ZAK cells
contained γδT cells in a mean value of 45 % ranging from 4
to 83 %. Transfer of ZAK cells was completed once to 4
times for 31 patients, 5 to 9 times for 24, 10 to 19 times for
12, 20 to 29 times for 2 and >30 times for 3 patients; the
median value was 4 times, including 11 patients who never
received ZAK cell administration because of disease
progression in 9 and no lymphocyte growth in 2 (Table II).
The mean number of total cells transferred was 5.5×109 cells
among all the treated patients and 9.7×109 cells among those
treated more than 5 times. No detection of bacteria or
endotoxin was evidenced in any of the cultures.

Survival analysis. Overall survival (OS) of all the patients
treated is displayed in Figure 1, while survival analysis is
summarized in Table III. With a median follow-up time of
5.6 months (range=0.2-43.6), the median OS was 6.7 months
(95% confidence interval (CI)=5.2-8.1) for all patients
treated; this value increased to 13.1 months (95% CI=7.7-
18.5) when limited to patients receiving more than 5 ZAK

cell AITs. Moreover, OS was prolonged to 14.6 months (95%
CI=12.4-16.7) for all treated patients and 18.3 months (95%
CI=17.0-19.6) for patients with 5 or more administrations of
ZAK cell AIT, when previous treatment periods of
chemotherapy alone were added to the AIT period. 

Tumor response. Tumor response is shown in Table IV. Of
all the patients treated, 41 were evaluable for objective tumor
responses. One CR and 1 PR were recognized in 2 liver
metastases, in whom S-1 was concomitantly administered
with ZAK cells, resulting in a response rate of 4.8%.
Twenty-two patients (53.7%) showed SD status, so that the
disease control rate was estimated as 58.5 %.

Adverse events. Of 83 patients treated, 4 showed a temporary
low-grade fever after ZAK cell administration. No other
adverse events higher than grade 2 relevant to ZAK cell
transfer were observed in any of the patients treated.

Analysis for patients with longer survival. The relationships
between the survival and baseline (before ZAK cell AIT)
clinical measurements were analyzed in an attempt to identify
biomarkers for ZAK cell AIT benefit in patients with incurable
pancreatic cancer. First, patients were divided into 2 groups,
a longer-survival group and a shorter-survival group, and the
clinical measures were compared between the two groups. A
significantly higher lymphocyte percentage in white blood
cells (26.5±12.1% vs. 18.9±9.3%; p=0.004) and lower level of
C-reactive protein (CRP) (0.6±0.9 vs. 2.0±2.8; p=0.0304)
were observed in the longer-survival group compared to the
shorter-survival group (Table V). The serum albumin level
tended to be higher (3.7±0.6 vs. 3.4±0.6) in the longer- than
the shorter-survival group; however, the difference was not
significant (p=0.0958). Univariate regression analysis revealed
that the survival was significantly correlated with the value of
lymphocyte percentage (cc=0.353, 95%CI=0.129-0.543,
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Figure 1. Overall survival of all patients enrolled. Survival curve was
drawn by Kaplan-Meyer analysis to estimate median survival time
(MST). OS, Overall survival; CI, confidence interval.

Table III. Overall survival.

Pts MST 95% CI 
No. (months) (months)

AIT trial period
All Pts   83 6.7 5.2-8.1
Pts≥5 times  41 13.1 7.7-18.5

Considering previous 
treatment period

All Pts 83 14.6 12.4-16.7
Pts≥5 times 41 18.3 17.0-19.6

Median follow-up time=16.6 months (range=0.7-43.5). AIT, Adoptive
immunotherapy; MST, median survival time, CI, confidence interval;
Pts, patients.



p=0.0025) (Figure 2) but not with that of lymphocyte number,
serum albumin, CRP or tumor marker levels. Multivariate
regression analysis was performed and showed a significant
positive correlation between OS and lymphocyte percentage
at baseline (rc=0.283, 95%CI=0.028-0.538, p<0.05, cc=0.490)
(Table VI).

Discussion

We have been conducting an observational study of AIT
using ZAK cells in treating patients with incurable cancer
since 2009. In this series, we rapidly accumulated more than
50 patients with pancreatic cancer, indicating that, among
cancer patients, pancreatic cancer patients have been
particularly pressed for treatment modalities, although novel
chemotherapeutic regimens have been introduced more
recently. Through the experience of more than 500 ZAK cell
generations for pancreatic cancer patients, 95% cultures were
uneventful with no contamination, indicating the safety and
feasibility profile of our system in preparing ZAK cells. The
finding that more transfers of ZAK cells may be more

effective in treating pancreatic cancer patients suggests the
need for a large-scale cell processing center at our hospital. 

In this prospective observational study, the survival analysis
implied the possible benefits of ZAK cell transfer in
combination with conventional chemotherapy for incurable
pancreatic cancer patients. Since 1997, GEM therapy has been
the standard first-line treatment for patients with unresectable
locally advanced or metastatic pancreatic cancer (12). In
Japan, clinical trials of S-1, an oral fluoropyrimidine derivative
(Taiho Pharmaceutical, Tokyo, Japan), have been conducted
since the early 2000s for patients with advanced and
metastatic pancreatic cancer and S-1 has been approved for
pancreatic cancer treatment. The present study was conducted
under the above condition, where the chemotherapy regimens
most commonly combined with ZAK cell AIT were GEM, S-
1 and their combination. The GEST study (13), which was
designed as phase III study on the relative benefits of GEM-
alone, S-1 alone and GEM + S-1 with respect to OS,
demonstrated median overall survivals of 8.8, 9.7 and 10.1
months, respectively, indicating that monotherapy with S-1
was not inferior to GEM in OS with good tolerability and
presented a convenient oral alternative for locally advanced
and metastatic pancreatic cancer and that GEM + S-1 was not
statistically superior to gemcitabine alone. Our study showed
a median overall survival time of 6.7 months for all pancreatic
cancer patients treated and 13.1 months for those treated with
5 or more administrations of ZAK cell AIT, which increased
to 14.6 and 18.3 months, respectively, when the previous
treatment period of chemotherapy of GEM, S-1 or their
combination was included in the calculation. These results
imply a possible survival benefit of ZAK cell AIT over
standard chemotherapy with GEM and/or S-1.
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Table IV. Objective responses after treatment with AIT. 

Response No. of Pts %

CR 1 2.4
PR 1 2.4
SD 22 53.7
PD 17 41.5
Total 41 100

DCR (CR+PR+SD) 24 58.5

AIT, Adoptive immunotherapy; Pts, patients; DCR, disease control rate;
Not evaluated, 42 pts.

Figure 2. Univariate regression analysis between survival and the
percentage of peripheral blood lymphocytes at the beginning of ZAK
cell AIT. CC, Correlation coefficient; CI, confidence interval.

Table V. Comparison of baseline biochemical measures between
pancreatic cancer patients with shorter (≤6.7 months) and longer (>
6.7 months) survival times in ZAK cell AIT.

Measures Shorter Longer p-Value
(n=36) (n=36)

Cell No. at 1st administration 9068±6852 9145±6247 0.9608
Lymphocyte (%) 18.9±9.3 26.5±12.1 0.004
Lymphocyte count (/per μl) 1118±590 1283±714 0.297
Albumin (g/dl) 3.4±0.6 3.7±0.6 0.0958
CRP (mg/dl) 2.0±2.8 0.6±0.9 0.0304
CEA (ng/ml) 30.5±52.9 15.8±26.5 0.1487
CA19-9 (U/ml) 23192±77398 3597±8073 0.1468

CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA,
carbohydrate antigen.



Recently, fluorouracil/leucovorin + irinotecan + oxaliplatin
(FOLFIRINOX), a GEM-free combination regimen,
demonstrated a clear survival benefit of 11.1 months
compared with GEM (6.8 months) for patients with
metastatic pancreatic cancer who had a performance status
of 0 to 1 (14). More recently, nab-paclitaxel + gemcitabine
significantly improved OS, PFS, and the response rate in
patients with metastatic pancreatic cancer. It was reported
that the median OS, the median PFS and the response rate
were 8.5, 5.5 and 23% months, respectively, for nab-
paclitaxel + gemcitabine treatment as compared with those
of 6.7, 3.7 and 7% months, respectively, for GEM alone; all
these data showed significant differences of p<0.001 (15).
Considering these findings together, our survival data in this
study may be of value for patients with pancreatic cancer.
Kawaoka et al. reported that AIT using activated autologous
lymphocytes stimulated by the MUC1-expressing human
pancreatic cancer cell line prolonged survival with reduced
liver metastases after surgery (16), consistent with our
results. Taken together, novel trials using ZAK cell AIT, in
combination with recent standard chemotherapies, may also
be warranted to address the efficacy of ZAK cell transfer for
patients with unresectable or metastatic pancreatic cancer.

In contrast to the possible survival benefits, an objective
tumor response was evident in only a few patients (4.8 %)
treated with ZAK cells and chemotherapy. One possible
explanation is that most patients (77%) enrolled in our trial
had already been treated with at least one or more
chemotherapy regiments before ZAK cell transfer, making
this observational study de facto a second-line setting.
Another explanation may be an inherent property of
immunotherapy. It has been reported that an objective tumor
response was shown in only one of more than 300 prostatic
cancer patients enrolled in a vaccine trial of sipuleucel-T
(17), suggesting that immunotherapy may prolong survival
without tumor shrinkage. Researchers in this field should pay
more attention to the survival benefit of cancer
immunotherapy.

We also sought adequate biomarkers to identify pancreatic
cancer patients suitable for ZAK cell transfers. It was found,
in our study, that patients with lymphocyte percentage more
than 25% in white blood cells prior to ZAK cell AIT had
longer survival than those with less than 25%. Recently, the
neutrophil-to-lymphocyte ratio (NLR) has been highlighted to
be important as a prognostic biomarker in patients with many
types of cancer. A lymphocyte percentage more than 25% in
white blood cells means an NLR less than 3. Templeton et al.
(18) reported that a high NLR (cut-off, 3 to 5) was associated
with an adverse OS in many solid tumors and that the NLR
was a readily available and inexpensive biomarker. In the
recent nab-paclitaxel + gemcitabine study, NLR >5 at baseline
was shown to be a marker of poor prognosis (19). One
potential mechanism underlying the prognostic impact of NLR
may be the association of high NLR with the chronic
inflammatory condition of the host. It has been shown that
neutrophilia, as an inflammatory response that may inhibit the
immune system by suppressing the cytolytic activity of host
immune cells, such as lymphocytes, activated T cells and
natural killer cells (18), may also inhibit that of transferred
ZAK cells. In relation to inflammation-based markers, it has
been demonstrated that Glasgow prognostic score (GPS),
consisting of serum albumin and CRP levels, can divide
patients into three groups: patients with normal albumin 
(≥3.5 g/dl) and normal CRP (≤1.0 mg/dl) as GPS 0, those with
low albumin (<3.5 g/dl) or elevated CRP (>1.0 mg/dl) as GPS
1 and those with low albumin (<3.5 g/dl) and elevated CRP
(>1.0 mg/dl) as GPS 2, and that GPS 1 and 2 are independent
predictors of poor patient outcome in treating gallbladder
cancer (20). It has also been reported from data of 124 patients
that NLR and GPS derived from routine blood tests can be
used as clinically meaningful biomarkers to stratify advanced
pancreatic cancer patients into different prognostic groups
(21). In our study, patients with longer survival had a
somewhat higher mean value of albumin (3.7 g/dl) and a
significantly lower mean CRP 0.6 mg/dl when compared to
the values of those with shorter survival (3.4 g/dl and 
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Table VI. Multivariate regression analysis between survival and baseline (before ZAK cell AIT) biochemical measurements.

RC 95% CI p-Value CC

Cell No. at 1st administration <0.001 - 0.305 0.028
Lymphocyte (%) 0.283 0.028-0.538 0.031 0.49
Lymphocyte count (/μl) <0.001 –0.004-0.003 0.74 0.182
Albumin (mg/dl) 2.922 –1.311-7.155 0.169 0.327
CRP (mg/dl) –0.262 –1.774-1.249 0.725 –0.394
CEA (ng/ml) –0.031 –0.113-0.051 0.447 –0.261
CA19-9 (lU/m) <0.001 - 0.582 –0.26

RC, Regression coefficient; CI, confidence interval; CC, correlation coefficient; CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA,
carbohydrate antigen.



2.0 mg/dl, respectively). Taken together, these data suggest
that lymphocyte percentage in white blood cells or NLR,
albumin and CRP levels at baseline may be good biomarkers
not only for chemotherapy but also for immunotherapy in
patients with incurable pancreatic cancer. 

In conclusion, AIT using ZAK cells in combination with
chemotherapy is safe and feasible and may be effective in
prolonging survival for patients with incurable pancreatic
cancer. The baseline lymphocyte percentage in white blood
cells may be a good biomarker for survival benefit of this
immunotherapy. Further prospective and comparative studies
of ZAK cell AIT with standard chemotherapies are highly
warranted to establish a more effective therapeutic regimen
for patients with incurable pancreatic cancer.
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