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Hepatectomy for Liver Metastases of Colorectal Cancer After
Adoptive Chemoimmunotherapy Using Activated aff T-cells
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Abstract. Background/Aim: Various types of chemo-
immunotherapies for malignant tumors have been reported.
However, there are few reports on hepatectomy after
chemoimmunotherapy. We evaluated the safety and efficacy of
hepatectomy for patients with stage IV colorectal liver
metastases (CLM) after chemoimmunotherapy using activated
afp T-cells. Patients and Methods: From June 2012 to
December 2016, five patients who underwent hepatectomy
after receiving capecitabine and oxaliplatin (XELOX) plus
bevacizumab and ex vivo-expanded af} T-lymphocytes as first-
line chemoimmunotherapy were included. Results: The median
age of the five patients (two men, three women) was 61.4
(range=56-75) years. The surgical procedure was partial
hepatectomy in two, laparoscopic partial hepatectomy in two,
and one case of partial hepatectomy with subsegmentectonty.
There was no postoperative complication of Clavien-Dindo
grade 3A or higher. One patient had multiple lung metastases.
Conclusion: Hepatectomy after chemoimmunotherapy using
activated aff T-cells for CLM can be performed safely.

Recently, immunotherapy has been recognized as an
anticancer treatment modality in addition to surgery,
chemotherapy, and radiotherapy (1-3). Various types of
immunotherapies such as afy T-cell, yd T-cell, natural
killer (NK) cell, and dendritic cell (DC) vaccine therapies
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for malignant tumors have been reported (4). Furthermore,
immune checkpoint blockade therapy has further increased
the focus on immunity in cancer treatment (5). Therefore,
we conducted a clinical trial called COMVI study to
evaluate immunotherapy with chemotherapy as a first-line
therapy aiming at improvement of the effect for advanced
colorectal cancer (CRC) (6). We treated patients with
capecitabine and oxaliplatin (XELOX) plus bevacizumab
and ex vivo-expanded aff T-lymphocytes in the COMVI
study.

aff T-Cell therapy is an application of adoptive
immunotherapy, which started as activated self-lymphocyte
therapy in the late 1980s (7). This method is called CD3-
activated T-cell therapy. Several studies have reported on the
utility of activated self-lymphocyte therapy in ovarian cancer,
lung cancer, and hepatocellular carcinoma (4, 8, 9). The data
from these studies suggest that chemoimmunotherapy for
liver metastases from CRC (CLM) would be effective and
safe. We reported that the combination of adoptive afy T-cell
immunotherapy and chemotherapy is safe and efficient (1).
However, because there are no reports on hepatectomy after
chemoimmunotherapy for CLM, as far as we are aware, we
aimed to evaluate the safety and efficacy of hepatectomy for
patients with stage IV colorectal cancer after chemo-
immunotherapy using activated off T-cells.

Patients and Methods

Patients. The medical records of patients diagnosed with CLM
between June 2012 and December 2016 were retrospectively
reviewed. Patients with imaging findings and histologically proven
CLM with no prior chemotherapy or hepatectomy were enrolled in
the study. Furthermore, we included patients with synchronous and
metachronous CLM. All patients provided their written informed
consent prior to chemoimmunotherapy.
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Eligibility criteria. Patients >20 years of age, with histologically
confirmed CRC without prior chemotherapy for metastatic disease
were included in the study.All eligible patients met the following
criteria: Eastern Cooperative Oncology Group performance status
(ECOG PS) 0-1, life expectancy >12 weeks, white blood cell count
>3000/mm3, neutrophil count >1500/mm3, platelet count
>75,000/mm3, hemoglobin >8.5 g/dl, total bilirubin <2.0 times the
upper limit of normal, asparate aminotransferase <3.0 times the
upper limit of normal, and serum creatinine level <2.0 mg/dl.
Patients with any of following conditions were excluded: interstitial
lung disease, autoimmune disease, clinically significant
cardiovascular disease, active infection, a history of serious
hypersensitivity to drugs, systemic steroid administration,
pregnancy, multiple primary cancers within the previous 5 years,
microbiologically positive for human immunodeficiency virus or
human T-cell lymphotropic virus type 1, or any other condition
making a patient unsuitable for this study.

Treatment. Patients received XELOX plus bevacizumab therapy (7.5
mg/kg of bevacizumab and 130 mg/m? of oxaliplatin on day 1 plus
1,000 mg/m? of capecitabine twice daily on days 1-14, every 3
weeks) for advanced or recurrent CRC (Figure 1) (10-12). Dose
reductions were required for all grade 3 or 4 toxicities attributed to
the study medications. The dose of bevacizumab was not reduced.
The treatment was continued until there was disease progression,
unacceptable toxicity, or withdrawal of consent. Study treatment was
delayed if any of the following criteria were applicable on the day
of scheduled administration or 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 (PSN), and
other grade 2 or worse non-hematological toxicity. The oxaliplatin
dose was reduced to 100 mg/m? if grade 3 or 4 neutropenia or
thrombocytopenia, persistent grade 2 or reversible grade 3 PSN, or
any grade 3 or 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.
Furthermore, it was terminated if the patient required longer than 4
weeks to recover from an adverse event.

Peripheral blood mononuclear cells were harvested by
centrifugation, and over 1x106 harvested cells were cultured with
an immobilized antibody to CD3, and interleukin (IL)-2 for 14 days.
Over 5x10% lymphocytes were obtained on average. The cultured
lymphocytes comprised 61+15% CD8+, 30+15% CD4+
(CD4+:CD8+ ratio=0.8, on average), and a small percentage of NK
cells and NK T-cells. This indicated that CD8* T-lymphocytes
proliferated more intensively than CD4+ T-lymphocytes during the
2-week culture period (13). Over 5x10° af T-lymphocytes cultured
ex vivo were injected intravenously into patients on day 17 or 18
once every 3 weeks.

Evaluation of toxicities and effect of chemoimmunotherapy. All
patients underwent physical examination, chest radiography and
computed tomographic (CT) scans of the abdomen, pelvis and chest
before treatment. All patients were included in the safety and
efficacy analyses. The severity of adverse effects was evaluated
according to the National Cancer Institute Common Terminology
Criteria, version 4.0 (14). Tumors were measured at 4-6-week
intervals by CT imaging, and the response was evaluated according
to the response evaluation criteria for solid tumors (RECIST),
version 1.1 (15). The evaluation of response was based on
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Table 1. Baseline patient characteristics.

Characteristic Value
Median age (range), years 61.4 (56-75)
Gender, n

Male 2

Female 3
Primary tumor location, n

Ascending colon 1

Transverse colon 1

Sigmoid colon 1

Rectum 2
Liver metastasis (chronology)

Synchronous 4

Metachronous 1
Number of liver metastases

Solitary 4

Multiple 1

247 (9.1-54.7)
117.5 (4.5-288.9)
118.4 (2-490)

Median size of largest metastases (range), mm
Median CEA (range), ng/ml
Median CA19-9 (range), U/ml

CEA: Carcinembryonic antigen; CA19-9: cancer antigen 19-9.

radiologist-reported measurements. Complete response (CR) and
partial response (PR) required subsequent confirmation of response
after an interval of at least 4 weeks.

Surgery and follow-up. Patients were considered suitable for
hepatectomy after four cycles of chemoimmunotherapy when they
showed no extrahepatic disease on imaging findings and had
adequate liver reserve function, Child—Pugh A or early Child—Pugh
B. The period from chemoimmunotherapy to surgery was
approximately 6 weeks. Patients with a preoperative indocyanine
green retention rate of 20% or above at 15 min were considered
poor candidates for major hepatectomy. The patient selection criteria
for laparoscopic hepatectomy were toleration of general anesthesia,
Child-Pugh A liver function, laparoscopically resectable tumor, and
tumor size <5 cm. Open and laparoscopic hepatectomies were
performed by the same surgeons. Intraoperative ultrasound
examination was performed to reconfirm the location and check for
additional lesions in the rest of the liver. A cavitron ultrasonic
surgical aspirator was used for liver parenchymal resection with a
margin of at least 1 cm. Postoperative morbidities were classified
according to the Clavien—Dindo classification (16).

Immunohistochemistry. All immunohistochemical analyses were
performed at Kyodo Byori Inc. (Kobe, Japan) (17). Formalin-fixed,
paraffin-embedded blocks were cut into 5-um sections and mounted
on glass slides. The slides were deparaffinized and incubated for 15
min with hydrogen peroxide and with Blocking I (#03953-95,
Nakaraitesuku, Kyoto, Japan) for 10 min at 20-25°C.
Immunohistochemistry was performed using mouse monoclonal
antibodies against human CD3 (NCL-CD3; Novocastra
Laboratories, Newcastle, UK), CD4 (NCL-CD4; Novocastra), CD8
(NCL-CD8; Novocastra), CD56 (NCL-L-CD56; Novocastra), and
forkhead box P3 (FOXP3) (eBioscience, San Diego, CA, USA).
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Figure 1. Pathological features of the resected liver. The well-demarcated yellowish-white nodule was composed of differentiated tubular
adenocarcinoma with massive necrosis and calcification. Viable carcinoma tissue was localized in the margins of the metastatic nodule.

Results

Baseline patient characteristics. Patient characteristics are
presented in Table I. The median age of the patients (two
men, three women) was 61.4 (range=56-75) years. The
ECOG PS was O in all patients. Elevation of
carcinoembryonic antigen was observed in all four patients
with synchronous liver metastases. One patient started
chemoimmunotherapy after primary tumor resection.

Treatment. In the administration of XELOX plus
bevacizumab with adoptive chemoimmunotherapy using
activated af3 T-cells, the median number of treatment cycles
was 10 (range=6-13). Four patients (80%) continued
treatment through eight cycles and the remaining patient
received six cycles.

Efficacy. The confirmed response rate was 100% [CR=20.0%
(n=1); PR=80.0% (n=4); stable disease=0% (n=0);
progressive disease=0%] (Table II); the achieved disease
control rate was 100%. One patient had recurrence of
multiple lung metastases. No other patients have yet
experienced recurrence. Disease-free survival and overall
survival are presented in Table II. Four patients were
censored.

Safety. Adverse events for five patients are summarized in
Table III. Grade 3 or higher hemotoxicity and grade 3 or
higher non-hematological toxicity were not noted. There
were no other severe treatment-related adverse events and
no deaths during the treatment. There was no prominent
hepatic disorder in the preoperative liver reserve test
(Table 1V).

3935



ANTICANCER RESEARCH 37: 3933-3939 (2017)

Table II. Efficacy of chemoimmunotherapy.

Case Chemoimmunotherapy Response by CEA (ng/ml) Preoperative DFS, 0OS, Outcome
(cycles) RECIST before treatment CEA (ng/ml) (months) (months)

1 10 PR 4.5 22 32% 32% Disease-free

2 13 CR 211.2 4.5 25% 25% Disease-free

3 8 PR 288.9 24 4 17 Lung metastases

4 10 PR 65.2 1 12% 12% Disease-free

5 6 PR 179 5.6 7* T* Disease-free

CR: Complete response, CEA: carcinoembryonic antigen, DFS: disease-free survival, PR: partial response, RECIST: response evaluation criteria

in solid tumours, OS: overall survival, *censored.

Surgery. Of the five patients, three underwent simultaneous
resection of CRC and CLM. Two patients underwent
laparoscopic hepatectomy and three patients underwent an
open hepatectomy. Partial hepatectomy and subsegmentectomy
were performed in one patient for multiple liver metastases
(Table IV). There was no postoperative complication of
Clavien—-Dindo grade 3A or higher. Paralytic bowel obstruction
was conservatively improved in one patient who underwent
concurrent hepatectomy with ileocecal resection.

Pathological findings. We evaluated the effect of
chemoimmunotherapy pathologically. Figure 1 shows that
chemoimmunotherapy was effective in one case, in which
coagulative necrosis with calcification was observed. All the
other cases showed the grade 2 or more effect of treatment.
The expression of CD3, CD4, CD8, CD56, and FOXP3 were
assessed in the patients who had received chemoimmu-
notherapy. We show the same patient effectively treated with
chemoimmunotherapy (Figure 2). The presence of tumor
cells could not be confirmed in one patient. Therefore, their
case was judged to be CR. Except for the one case of CR, in
the four cases that were available for immunostaining, viable
tumor cells remained near the margin of the tumor. A large
number of lymphocytes were present in the tumor stroma at
the boundary with liver tissue. Most were CD3* T-cells, and
there were more CD4% T-cells than CD8" T-cells (Table V).

Discussion

Various methods of immunotherapy have been reported, such
as afiT cell, yOT cell, NK cell, or DC vaccine therapy. We
treated our patients with chemotherapy and of T-cells because
we expected better outcomes through the interaction. Antibody
to vascular endothelial growth factor has been reported to
enhance the antitumor activity of adoptively transferred
antitumor T-cells by the augmentation of lymphocyte
infiltration into tumor (18). 5- Fluorouracil appears to up-
regulate tumor antigen expression on colorectal and breast
cancer cells (19); and oxaliplatin induces immunogenic death
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Table III. Adverse events during chemoimmunotherapy by
CommonTerminology Criteria for Adverse Events ver 4.0.

Adverse event

Hematological, n Non-hematological, n

Grade 3 or 4 0 0
Grade 2 Neutropenia: 1
Thrombocytopenia: 1 Hand-foot syndrome: 1
Grade 1 Diarrhea: 1
Nausea: 2
Hand—foot syndrome: 1
Neuropathy 3
Hypersensitivity: 3

Neutropenia: 1

of CRC cells by stimulating pre-apoptotic calreticulin and
triggering high-mobility group box 1 protein, with this effect
determining its therapeutic efficacy in patients with CRC (20).
Chemotherapeutics can induce several beneficial effects on the
immune system (21). We previously described the safety and
efficacy of chemoimmunotherapy (1). However, to our
knowledge there is no report on hepatectomy after
chemoimmunotherapy for CLM. Therefore, in the present
study we evaluated hepatectomy for patients with stage IV
CLM after chemoimmunotherapy using of} T-cells. Compared
with chemotheraphy alone, chemoimmunotherapy did not
seem to affect the preoperative residual liver function or
postoperative complications after hepatectomy. We were able
to perform hepatectomy safely without any postoperative
complications even after chemoimmunotherapy. Although the
number of patients was small, chemoimmunotherapy may be
more effective than chemotherapy alone. One out of five
patients showed CR by RECIST on CT findings and the others
showed PR. Because pathological evaluation was necessary
for the patient with CR, hepatectomy was performed. No
tumor was macroscopically confirmed. One patient had a
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Figure 2. Immunohistochemistry (same specimen as in Figure 1). Lymphocytic infiltration can also be seen in the viable carcinoma tissue. Most
infiltrating cells were CD3-positive T-cells, and there were more CD4-positive T-cells than CD8-positive T-cells. The CD4/CD8 ratio was
approximately 8:2 assessing 1000 lymphocytes at each site. FOXP3: Forkhead box P3.

Table IV. Liver reserve test and surgical procedure.

Case Child-Pugh Indocyanine Hyaluronic Surgery Duration Bleeding Complication
class  clearance (%) acid (ng/ml) (min) (ml)  (Clavien-Dindo)

1 A 8.3 63.0 Partial hepatectomy (S8) 215 130

2 A 15.7 445 Ileocecal resection, partial hepatectomy (S5) 396 290 2

3 A 129 239 Laparoscopic low anterior resection, partial hepatectomy (S5) 768 140 -

4 A 12.0 824 Partial hepatectomy (S6), subsegmentectomy (S8) 483 584 -

5 A 155 76.8 Laparoscopic sigmoidectomy, partial hepatectomy (S6) 430 40 -

prominent calcification, which was thought to be a type of
morphological change. There are many reports that the
calcification of CLMs is often observed with chemotherapy
(22). However, whether it contributes to prognosis extension
remains unclear.

To confirm the effect of immunotherapy, we attempted to
evaluate the same by immunostaining. We consider that it is
important to evaluate the immune response in the liver tissue
rather than in the peripheral blood. We measured T-cells of
the lymphoid tissues of tumor margins to make the points of
measurement of the resected specimens as consistent as
possible. Contrary to our expectation, CD4* T-cells were
more predominant than CD8% T-cells, particularly the
lymphocytes surrounding the tumor. In addition, CD56* T-
cells were hardly observed, and FOXP3* regulatory T-cells

Table V. Evaluation of Immunohistochemical staining.

Case CD3 CD4 CD8 CD56 FOXP3
1 92.4% 77.3% 64.6% 0.1% 6.1%
2 - - - - -

3 82.7% 71.2% 29.8% 0% 0%

4 68.7% 51.3% 41.4% 0% 4.9%
5 81.2% 73.8% 47.7% 0.1% 11.4%

FOXP3: Forkhead box P3.

varied from 0% to 10%. Because there was no preoperative
evaluation, the transition of the T-cell population is
unknown. However, it may change according to the degree
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of tumor necrosis. As the localization of T-cells may change
because of surgical timing and chemotherapy effects, further
study is necessary. There are reports that a decrease in
FOXP3" regulatory T-cells and increase in CD8* T-cells in
peripheral blood contributes to prognosis prolongation of
various cancer treatments (23-25). Furthermore, it is
necessary to investigate the difference between resected
tissue and peripheral blood regarding T-cell localization after
treatment.

We were unable to draw a definitive conclusion on the
usefulness of hepatectomy after adoptive chemoimmuno-
therapy because of the low number of patients included. Based
on this report, we would like to accumulate further data. In
recent years, the progress of chemotherapy for CRC has been
remarkable. We can expect further prognosis prolongation with
chemoimmunotherapy, and it may be useful as a conversion
therapy for patients with unresectable CLMs.
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