
Abstract. Background: Adoptive immunotherapy for cancer
has evolved through development of novel technologies for
generating a large number of activated killer cells, such as αβ
T-cells, γδ T-cells, and natural killer cells. There has been no
prospective trial of combination therapy involving adoptive
immunotherapy and first-line chemotherapy for stage IV
colorectal cancer. The present pilot study aimed to evaluate the
safety and feasibility of combination therapy involving adoptive
immunotherapy and chemotherapy for stage IV colorectal
cancer (COMVI study). Patients and Methods: The COMVI
study was a prospective, single-arm pilot trial. Therapy in each
21-day treatment cycle involved XELOX (130 mg/m2 of
oxaliplatin on day 1 plus 1,000 mg/m2 of capecitabine twice
daily on days 1-14), bevacizumab (7.5 mg/kg on day 1), and
αβ T-lymphocytes (over 5×109 on day 18) cultured ex vivo with
an immobilized antibody to CD3 and interleukin-2. Results:
The study included six patients (two men and four women)
between June 2013 and September 2014. The median patient
age was 68 years (range=55-75 years). The overall response
rate was 83.3% [complete response in two (33.3%); partial
response in three (50.0%); stable disease in one (16.7%); no
cases of progressive disease]. The tumor volume reduction rate
was 53% (range=38.0-100%). The median progression-free
and overall survival durations were 567 and 966 days,
respectively. Most adverse events were mild-to-moderate in

intensity, and no grade 4 adverse events occurred in the six
patients. Only one patient experienced grade 3 hypertension
and ileus. Immunotherapy-associated toxicity was minimal in
this study. Conclusion: Combination therapy involving
adoptive immunotherapy and chemotherapy for stage IV
colorectal cancer is feasible and safe. Phase II prospective
studies are needed to confirm the safety and efficacy of such
chemoimmunotherapy.

Until recently, it has been commonly believed that
chemotherapy and immunotherapy should not be combined
because of the myelosuppressive effect of most cytotoxic
agents. However, it was recently shown that chemo -
therapeutics can exhibit several beneficial effects on the
immune system (1). A previous study showed that 5-
fluorouracil (5-FU) can up-regulate tumor antigen expression
in colorectal and breast cancer cells (2). Furthermore,
suppressive regulatory T-cells were found to be depleted by
several chemotherapeutics, resulting in enhanced T-cell
reactivity (3, 4). Oxaliplatin induces the immunogenic death
of colorectal cancer (CRC) cells, and this effect determines
its therapeutic efficacy in patients with CRC (5).
Additionally, antibodies to vascular endothelial growth factor
(VEGF) can enhance the antitumor activity of adoptively
transferred antitumor T-cells (6).

Immunotherapy represents a major breakthrough in cancer
therapy in recent years. Programmed death 1 (PD1) is a key
immune-checkpoint receptor expressed by activated T-cells.
The use of antibodies to PD1 and programmed death-ligand
1 (PDL1) appears to be one of the most promising
immunotherapy approaches (7, 8). PD1 is an inhibitory
receptor and plays an important role in the regulation of T-
cells. Therefore, T-cells were reconfirmed to play an
important role in cancer treatment.
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Improvement of outcomes in primary treatment may
require a novel therapeutic strategy. The clinical
development of cancer immunotherapy historically avoided
front-line combination with chemotherapy based on the
assumption that cytotoxic agents and corticosteroids might
affect induced immunity (9). However, the findings of
previous studies provide a rationale for the combination of
chemotherapy and immunotherapy. To our knowledge, there
has been no prospective trial of combination therapy
involving adoptive immunotherapy and first-line
chemotherapy for stage IV CRC. Therefore, this pilot study
aimed to evaluate the safety and feasibility of combination
therapy involving αβ T-cell therapy with capecitabine and
oxaliplatin (XELOX) and bevacizumab for stage IV CRC
(COMVI study).

Patients and Methods

Study design. The COMVI study was designed as a prospective,
open-label, nonrandomized, and single-arm clinical trial in Japan.
This study was performed in accordance with the ethical guidelines
for clinical studies. The Institutional Review Board at Fukuoka
University approved the protocol, and the study has been registered
with the University Hospital Medical Information Network Clinical
Trials Registry (ID: UMIN000010908).

The study evaluated the safety and feasibility of combination
therapy involving adoptive immunotherapy and chemotherapy for
advanced or recurrent stage IV CRC. The primary endpoint was
safety. The secondary endpoints were the objective tumor response
rate and progression-free survival. The target sample size was six
patients. Because this was a feasibility study, the sample size was
not calculated.

Eligibility criteria. Six patients were enrolled in this study between
June 2013 and September 2014. Eligible patients were ≥20 years of
age, had histologically confirmed CRC without prior chemotherapy
for metastatic disease, and had completed any adjuvant therapy at
least 6 months previously. Additionally, they met the following
criteria: Eastern Cooperative Oncology Group performance status
(ECOG PS), 0-2; life expectancy, ≥12 weeks; white blood cell
count, ≥3,000/mm3; neutrophil count, ≥1,500/mm3; platelet count,
≥75,000/mm3; hemoglobin, ≥8.5 g/dl; total bilirubin, ≤2.0 times the
upper limit of normal; aspartate aminotransferase and alanine
aminotransferase, ≤3.0 times the upper limit of normal; serum
creatinine, ≤2.0 mg/dl. The Institutional Review Boards of all
participating institutions approved the clinical study, and written
informed consent was obtained from each patient.

Patients who met the following criteria were excluded: interstitial
lung disease, autoimmune disease, clinically significant cardiovascular
disease, active infection, history of serious hypersensitivity to drugs,
systemic steroid administration, pregnant women, multiple primary
cancers within the previous 5 years, positive human immunodeficiency
virus test result or human T-cell lymphotropic virus type I test result,
and any other conditions that made the patient unsuitable for this
study.

Treatment. The patients received XELOX plus bevacizumab therapy
(7.5 mg/kg of bevacizumab and 130 mg/m2 of oxaliplatin on day 1

plus 1,000 mg/m2 of capecitabine twice daily on days 1-14, every 3
weeks) for advanced or recurrent CRC (Figure 1) (10, 11). Dose
reductions of capecitabine and oxaliplatin were required for all grade
3 or 4 toxicities attributable to the study medications. The dose of
bevacizumab was not reduced. The treatment was continued until
disease progression, unacceptable toxicity, or withdrawal of consent.
Treatment was delayed if any of the following criteria were noted on
the day when administration was scheduled or on the previous day:
neutrophil count <1,000/mm3, platelet count <75,000/mm3, active
infection with fever ≥38.0˚C, grade 2 or worse peripheral sensory
neuropathy, and other grade 2 or worse non-hematological toxicitty.
The oxaliplatin dose was reduced to 100 mg/m2 if grade 3-4
neutropenia or thrombocytopenia, persistent grade 2 or reversible
grade 3 PSN, or any grade 3-4 non-hematological toxicity occurred.
The study was terminated if grade 3 toxicity persisted after a 21-day
washout period or if grade 4 PSN or a grade 2-4 allergic reaction
occurred. Additionally, the study was terminated if the patient
required more than 3 weeks to recover from any adverse event.

Peripheral blood mononuclear cells were harvested using
centrifugation. Over 1×106 harvested cells were cultured with an
immobilized antibody to CD3 and interleukin (IL)-2 for 14 days, and
over 5×109 lymphocytes were obtained on average. The cultured
lymphocytes included 61±15% of CD8+ T-cells, 30±15% of CD4+
T-cells (CD4+:CD8+ ratio, 0.8 on average), and a small percentage of
natural killer (NK) cells and NK T-cells, indicating that the
proliferation of CD8+ T-lymphocytes was much greater than that of
CD4+ T-lymphocytes during the 2-week culture period (12, 13). Over
5×109 αβ T-lymphocytes cultured ex vivo with an immobilized
antibody to CD3 and IL2 were injected intravenously into patients
once every 3 weeks for 4.5 months (six cycles) or longer.

Evaluation of chemotherapy. All patients underwent a physical
examination, chest radiography, and computed tomographic scans
of the abdomen, pelvis, and chest before starting treatment
(baseline). All patients were included in the safety and efficacy
analyses. The severity of adverse effects was evaluated according
to the National Cancer Institute Common Toxicity Criteria (NCI-
CTC), version 4.0 (14). Tumors were measured at 6- to 8-week
intervals, and responses were evaluated according to the response
evaluation criteria for solid tumors (RECIST), version 1.1 (15). The
evaluation of responses was based on radiologist-reported
measurements. Complete and partial responses required subsequent
confirmation of the responses after an interval of at least 4 weeks.

Results

Baseline patient characteristics. Six patients were enrolled in
this study between June 2013 and September 2014. The
characteristics of the study patients are shown in Table I. The
median patient age was 68 (range=55-75) years, and four out
of the six patients were female. ECOG PS was 0 for all
patients. 

Treatment. XELOX plus bevacizumab: The median number
of treatment cycles was 14.5 (range=4-23). Of the six
patients, five (83.3%) continued treatment through six
cycles, while one (16.7%) discontinued treatment because of
an adverse event (malaise, grade 1).
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αβ T-Lymphocytes: The median number of treatment
cycles was 11.5 (range=6-21). The mean number of cells for
each infusion was 5.98×109 (range= 4.5-7.9×109) (Table II).
All patients continued treatment for at least six cycles. 

Treatment was delayed at four cycles in one patient
because of ileus. However, the patient resumed chemotherapy
because ileus was cured with conservative treatment. No
patient required dose reduction before six cycles. 

Efficacy. The confirmed response rate was 83.3% [complete
response=2/6 (33.3%); partial response=3/6 (50.0%); stable

disease=1/6 (16.7%); progressive disease=0%), for a disease
control rate of 100%. The median progression-free and
overall survival durations were 567 and 966 days,
respectively (Figure 2).

Safety. Adverse events in the six patients are summarized in
Table III. Grade 3 or higher hemotoxicity did not occur in
any patient, and only one patient (16.7%) developed a grade
3 non-hematological toxicity (hypertension). There were no
other severe treatment-related adverse events and no
treatment-related death.
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Figure 1. Chemoimmunotherapy approach. Patients received capecitabine and oxaliplatin plus bevacizumab and αβ T-lymphocyte therapy.

Table I. Baseline patient characteristics.

Case        Age, years              Gender                       Primary site                                              Metastatic site                                         KRAS status

1                      70                          F                          Sigmoid colon                                  Peritoneum (synchronous)                                 Wild-type
2                      70                          F                                Cecum                                              Liver (synchronous)                                          G13D
3                      56                          F                        Transverse colon                                    Liver (metachronous)                                     Wild-type
4                      66                          F                                Cecum                                         Peritoneum (synchronous)                                     G13D
5                      55                         M                               Rectum                           Bone marrow, lymph node (synchronous)                     Wild-type
6                      75                         M                       Ascending colon                                     Liver (synchronous)                                      Wild-type

F: Female, M: male, KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog.



Discussion

Adoptive immunotherapy of cancer has evolved through the
development of novel techniques for generating large
numbers of activated killer cells, such as αβ T-cells, γδ T-
cells, and NK cells. Due to advances in technology, these
killer cells have become available for adoptive
immunotherapy as ex vivo-expanded killer cells. Ex vivo-
expanded αβ T-cells have been studied since the 1980s (16)
and have been used to treat cancer such as hepatocellular
carcinoma (17) and lung cancer (18).

The relation between chemotherapy and immunity has
been reported. Maeda et al. reported that FOLFOX not only
induced direct cytotoxicity against cancer cells, but also
enhanced antitumor immunity owing to regulatory T-cell
(Treg) depletion (19). Previous clinical reports have shown
that subcutaneous granulocyte macrophage colony-
stimulating factor and IL2 induced potent immunological and
antitumor activity in patients with metastatic colon cancer
when combined with chemotherapy (20). Increased
lymphocyte and eosinophil counts, amplification in central
memory, significant depletion of immunosuppressive Tregs,
and activation of colon cancer-specific cytotoxic T-cells were
observed. Thus, it may be appropriate to combine FOLFOX
chemotherapy with immunotherapy. However, grade 3/4
neutropenia and febrile neutropenia were shown to be greater
with FOLFOX than with XELOX (21). If treatment cannot
be performed as planned, it will be impossible to combine
chemotherapy and immunotherapy (11, 21). Therefore, we
used XELOX, which might be as effective as FOLFOX. As
expected, it was possible to safely perform the treatment
without grade 3 or higher hematological toxicity in this
study.

Tumor-infiltrating T-cells in CRC have been reported to
inhibit tumor growth and be associated with improved
prognosis (22, 23). Although adoptive activated T-
lymphocyte immunotherapy is mainly a non-specific therapy
without in vitro sensitization by cancer-specific antigen
peptides, the possibility of specific killer T-cells existing and

their population expanding during the 2-week culture process
cannot be excluded.

Although CRC can appear to be eradicated with
chemotherapy and radiotherapy, small cancer stem cell
fractions capable of self-propagating and sustaining tumor
growth frequently persist and lead to recurrence and
treatment failure. Such cells are often resistant to various
treatments, including chemotherapy and radiotherapy,
immunotherapy may, however, still be effective (24-26). One
patient with disseminated carcinomatosis of the bone marrow
(DCBM) was included in this study. DCBM is often also
associated with disseminated intravascular coagulation, and
both are associated with extremely poor prognosis (27).
Although the patients with DCBM affected the results, good
outcomes were obtained even with consideration of the
influence. Furthermore, synchronous metastases have been
reported to confer a poor prognosis (28-30), and five out of
the six patients in this study had synchronous metastases.
The results might have been biased because of the small
number of patients in this clinical trial.

The limits of surgery and chemotherapy for treating patients
with CRC support the development of novel treatment
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Table II. αβ T-Lymphocyte infusion (cell number×109).

                                                 Cycle

Case         1             2             3             4             5             6          Average

1             5.2          6.4          7.0          5.1          5.0          6.4           5.85
2             7.6          5.4          4.5          6.1          4.7          6.2           5.75
3             6.5          5.6          5.4          6.3          7.7          7.9           6.57
4             5.0          6.1          5.2          5.6          5.6          6.6           5.68
5             5.8          6.1          6.3          5.1          6.4          5.2           5.81
6             5.1          6.8          5.4          5.4          7.6          6.9           6.20

Figure 2. Kaplan–Meier survival curve showing progression-free (A)
and overall (B) survival.



approaches. Immunotherapy alone is insufficient for treating
metastatic CRC. The results of this trial may lead to the
development of combination therapies involving chemotherapy
and other immunotherapies that enhance T-cell immune
responses, including antibody to cytotoxic T-lymphocyte antigen
4, ipilimumab (31), anti-PD1 (32) and anti-PDL1 (33). Further
basic and clinical studies will provide additional clues to the
development and establishment of successful immunotherapy
approaches with αβ T-cells.

This study found that chemoimmunotherapy is a safe and
feasible treatment option for patients with CRC. However, the
low number of patients included restricts the presentation of
well-defined conclusions. The results strongly support further
studies on the combined use of adoptive immunotherapy and
chemotherapy.
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