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Background: Programmed death receptor-1 (PD-1) immune checkpoint inhibitors (ICIs)
have produced encouraging results in hepatocellular carcinoma (HCC) patients. Cytokine-
induced killer (CIK) cells treatment can specifically identify tumor-associated antigens and
has encouraging preliminary efficacy for HCC. This study reported two cases of HCC
patients achieved complete response (CR) by anti-PD-1 antibody therapy post-progression
on bi-specific antibody conjugated CIK immunotherapy.

Case Presentation: Case one, a 75-year-old male, was diagnosed with the intrahepatic
cholangiocarcinoma (ICC) in October 2017. After interventional, CIK, ablation and other
comprehensive therapy, ICC was gradually cured. When new occurrence of HCC, he was treated
with anti-PD-1 antibody therapy and achieved CR. Case two, a 65-year-old female, was
diagnosed with HCC in July 2016. After progression on several ablation treatments, she received
8 cycles of CIK treatment and achieved stable disease (SD). After disease progressed on CIK
treatment, she received 4 cycles of anti-PD-1 antibody therapy, finally achieved CR.
Conclusion: Anti-PD-1 antibody therapy after prior progression on bi-specific antibody
conjugated CIK immunotherapy may be efficacy and safety for HCC patients.

Keywords: cytokine-induced killer, programmed cell death-1, hepatocellular carcinoma,
complete response, liver

Introduction

Recently, the emergence of immune checkpoint inhibitors (ICIs) has greatly
improved the prognosis of patients with hepatocellular carcinoma (HCC),' such
as atezolizumab combined with bevacizumab,” pembrolizumab combined with
lenvatinib,®> and ipilimumab (a fully human monoclonal antibody cytotoxic
T-lymphocyte antigen 4 (CTLA-4)) combined with nivolumab (an anti-
programmed cell death-1, anti-PD-1).* Tislelizumab and Sintilimab, as anti-PD-1
monoclonal antibodies, are being evaluated as an immunotherapeutic for patients
with advanced HCC.>® Cytokine-induced killer cells (CIK), as the most commonly
used cell-based immunotherapy, display cytolytic activity against a wide range of
cancer cells and have encouraging preliminary efficacy for HCC.”* Recently, some
studies have reported that CIK combined with anti-PD-1 antibody therapy could
offer a pragmatic treatment option for patients with metastatic renal carcinoma and

non-small cell lung cancer.”'”
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However, anti-PD-1 antibody therapy after progres-
sion on CIK in HCC patients has not been reported. It
may be the idea of future clinical research to explore
new therapeutic methods and realize the individualiza-
tion and precision of HCC treatment. Here, the present
study reported two cases of HCC patients achieved
complete response (CR) by anti-PD-1 antibody therapy
after bi-specific antibody conjugated CIK immunother-
apy failure.

Case Presentation

Clinical Case One

A 75-year-old male, who had medical history of hepatitis
B, coronary heart disease and atrial fibrillation (AF), was
admitted to our hospital due to abdominal distension in
October 2017. The contrast-enhanced abdominal magnetic
resonance imaging (MRI) showed multiple hepatic masses
with partial fusion, which was considered to be HCC,
Child-Pugh grade A (5 points). The result of HBV-DNA
test was 6.25x10"5 IU/mL, serum o-fetoprotein (AFP)
level was normal and serum CA199 was 52.26 ng/mL.
The pathological results of liver biopsy showed intrahepa-
tic cholangiocarcinoma (ICC), poorly differentiated,
MUC-1 positive (+) (Figure 1A). Finally, he was histolo-
gically confirmed with T2NOMO stage II primary HCC,
compensated hepatitis B virus (HBV) cirrhosis, arrhyth-
mia/AF.

In November 2017 and January 2018, he received trans-
arterial chemoembolization (TACE) treatment, during that
time he was induced severe AF after 2 cycles (6 weeks) of
regorafenib therapy and discontinued it. In March 2018, the
abdominal CT showed he had increased residual activity of
lesion in liver S6 and new active lesions in liver S5, and little
change of remaining lesions, and the efficacy was assessed as

progressive disease (PD, Supplementary Figure 1). Then, this

case was enrolled in the clinical trial “Phase II Randomized,
Controlled Clinical Study of Activated CIK Armed with
Bispecific Antibody for Advanced Liver Cancer”
(NTCO03146637), and was treated with bi-specific antibody
conjugated CIK cells (MUC-1) for 4 cycles (Supplementary
Figure 2). On August 19, 2018, the CA199 reexamination
was normal, the efficacy was assessed as stable disease (SD)
or partial response (PR) according to response evaluation
criteria in solid tumors (RECIST) or modified RECIST, and
tumor activity was significantly reduced.

In October 2018, abdominal MRI showed liver S5 and
S6 lesions were than  before

significantly  larger

(Supplementary Figure 3A), and non-target lesions contin-

ued to necrotic absorption. AFP level increased to 245.3 ng/
mL (Supplementary Figure 3B). Liver S5 and S6 lesions

were performed with ultrasound-guided microwave ablation

and liver biopsy. Postoperative pathology showed the com-
bined HCC and ICC (cHCC-ICC), moderately differentiated

(Figure 1B). Immunohistochemical results showed that

Figure | Three times of liver biopsy and the main immunohistochemical indexes. (A) On November 01, 2017, the patient presented with intrahepatic cholangiocarcinoma
with low differentiation; the immunohistochemical results showed muc-1 (+), GPC-3 (-), Hepa (-), CK7 (+), CKI9 (+), AFP (-), Kié7 (70%+). (B) Postoperative pathology
showed the combined HCC and ICC (cHCC-ICC), moderately differentiated; the immunohistochemical results showed muc-1 (scattered+), GPC-3 (oven +), CK7 (+),
CKI19 (+), AFP (-), Ki67 (30%+). (C) Postoperative pathology showed HCC, moderately differentiated; the immunohistochemical results showed GPC-3 (part weak+), muc-
I (-), CK7 (part +), CKI9 (-), CD34 + (blood vessels+), CD10 (+), Kié7 (< 5% +), AFP (-).
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GPC-3 (+), tumor mutation load (TML) was 20.1 Muts/Mb
(TMB-H) with no other significant mutations. After opera-
the ablated
(Supplementary Figure 4A), but the patient developed liver

tion, liver lesions were completely

abscess, which was recovered after more than 2 months of
treatment including anti-inflammatory and drainage, the
tumor was completely necrotic, and AFP was 177.1 ng/mL.

In February 2019, the abdominal enhancement MRI
showed the primary ICC nodules was disappeared
(Supplementary Figure 4B), and 2 nodules were found in

right lobe of liver and considered as active focus
(Figure 2A), AFP level increased to 203 ng/mL again,
and the patient was continue given 5 cycles of bi-specific
antibody conjugated CIK (GPC-3) treatment (Figure 2C).
In December 2019, liver lesions were significantly
enlarged, new lesions appeared, AFP was 4553 ng/mL,
and the efficacy was assessed as PD (Figure 2A).

On December 19, 2019, the patient was performed with
liver biopsy again, postoperative pathology showed HCC,
moderately differentiated (Figure 1C). Genetic testing showed
no significant mutations. The patient received TACE on
December 2, 2019, and was subsequently not re-examined
and treated due to COVID-19. In April 2020, abdominal
MRI showed that the progress of intrahepatic tumor was
obvious, AFP level was 20,550 ng/mL. From April 26,
2020, the patient received anti-PD-1 antibody therapy
(Tislelizumab intravenous injection 200 mg, once every 3
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weeks) for 10 cycles. On July 16, 2020 (4 cycles), the efficacy
was assessed as PR, AFP level decreased to 8.7 ng/mL. In
October 2020, the efficacy was assessed as CR (Figure 2B and
D). At present, patients still receive Tislelizumab immunother-
apy and with good tolerance. The case treatment summary is
shown in Supplementary Figure 5.

Clinical Case Two
A 65-year-old female, who had medical history of hyperten-
sion and type 2 diabetes, was diagnosed with HCC in local
hospital in July 2016 and underwent radiofrequency abla-
tion. In September 2017, she visited our hospital, the
enhanced abdominal MRI showed multiple active liver
lesions. On September 12, 2017, the patient was performed
with microwave ablation, until lesions completely. In
September 2018, the enhanced abdominal MRI showed
multiple new active lesions in the liver, AFP was 806.2 ng/
mL, Child-Pugh grade was 5 points. On September 11,
2018, she underwent microwave ablation and liver biopsy,
the postoperative pathological results showed that moder-
ately differentiated of HCC. Immunohistochemistry showed
GPC-3 (+), CK7 (), CK19 (-), CD34 (vascular+) and MUC-
1 (-) (Figure 3A). Finally, she was confirmed with primary
HCC, Hepatitis B cirrhosis, hypertension, type 2 diabetes.
From October 2018 to March 2020, she was enrolled in the
clinical trial “A Randomized, Controlled Phase II Clinical
Study of Activated CIK Armed with Bispecific Antibody for
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Figure 2 Changes of (A) right lobe lesions and (C) tumor markers during bi-specific antibody conjugated CIK treatment from February to December 2019. (B) The efficacy
was assessed as CR after the patient injected with PD-1 and (D) Biomarker curve from April to October 2020.

OncoTargets and Therapy 2021:14

https:

5449

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=333604.docx
https://www.dovepress.com/get_supplementary_file.php?f=333604.docx
https://www.dovepress.com/get_supplementary_file.php?f=333604.docx
https://www.dovepress.com
https://www.dovepress.com

Wu et al

Dove

2018-10
Baseline

2019-09
SD

—eo—AFP ng/ml

Bio-marker curve 1195

643.4

2018-10 2018-12 2019-03 2019-07 2020-03

2020-03
PD

Figure 3 (A) The pathological results showed that moderately differentiated of HCC. (B) Changes of AFP and (C) imaging before and after bi-specific antibody conjugated
CIK treatment from October 2018 to March 2020. Red arrows pointed to target lesions and red circles marked non-target lesions.

Advanced Liver Cancer” (NTC03146637), and were treated
with bi-specific antibody conjugated CIK Cells (GPC-3) for 4
+4 cycles (Supplementary Figure 2). During this period,
according to RECIST or modified RECIST, the efficacy was
SD. In March 2020, the patient discontinued CIK therapy due
to the disease progressed (Figure 3B and C), and was respec-

tively performed with interventional therapy in March and
June 2020. In August 2020, the enhanced abdominal MRI
showed multiple active liver lesions, some of which were
slightly larger than before, and some of which were new.
AFP level was 911.4 ng/mL. The efficacy was assessed as

B
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PD. From August 18, 2020, she received anti-PD-1 antibody
therapy (Sintilimab intravenous injection 200 mg, once every 3
weeks).

In September 2020, the second cycle of PD-1 was
suspended due to the occurrence of immune mumps,
which improved after hormone shock therapy. On
October 13, 2020 (After using 1 cycle of PD-1), the
efficacy was assessed as PR, AFP level was reduced to
13.88 ng/mL. On December 26, 2020 (After using 4 cycle
of PD-1), the efficacy was assessed as CR, AFP level was
3.38 ng/mL (Figure 4A and B). At present, the patient is
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Figure 4 (A) Changes of imaging and (B) AFP before and after PD-I treatment from August to December 2020.
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still receiving sintilimab immunotherapy and with good
tolerance.

Discussion
Recently, one meta-analysis has demonstrated the feasibil-
ity and effectiveness of CIK adoptive cell immunotherapy
in HCC adjuvant, advanced or second-line therapy.® CIK
therapy could improve the progression-free survival of
HCC patients, but did not significantly improve the overall
survival of patients, indicating CIK treatment could not
benefit all HCC patients due to its non-specificity.
Moreover, the specific recognition ability of CIK cells is
limited, when CIK cells are diluted in vivo, they cannot be
efficiently recruited to the tumor site. In this study, anti-
bodies targeting the cancer-associated antigen Mucin 1
(MUC-1) or Glypican 3 (GPC-3) were chemically conju-
gated with CD3 antibodies that recognize T cells to form
bi-specific antibody conjugated CIK cell to assist T cells in
killing cancer cells."!

Two patients achieved CR with anti-PD-1 antibody
therapy post-progression on bi-specific antibody conju-
gated CIK immunotherapy, indicating this therapeutic
regime could get

good and long-lasting clinical

responses. The exact mechanism of the antitumor
response to this treatment regimen is still unknown, we
hypothesize the following several underlying factors
may play important roles. Firstly, CIK therapy not
only increases the number of T lymphocytes in tumor
microenvironment but also provides cytokines for exist-
ing tumor-infiltrating T cells, enhances the anti-tumor
function of T cells, which is conducive to anti-tumor
response.'? Secondly, CIK cells may have synergistic
effect with anti-PD-1 antibodies. It has reported redu-
cing the expression of PD-1 in HCC cells could improve
the sensitivity of CIK to HCC cells in nude mice and
increase its anti-tumor activity.'> After co-culture of
CIK cells with gastrointestinal tumor cells, the expres-
sion of PD-L1 on the surface of tumor cells or CIK cells
were both up-regulated; blocking PD-1/PD-L1 pathway
could not only block the immunosuppressive pathway,
but also increase the expression of NKG2D, so improv-
ing the antitumor activity of CIK cells."* Thirdly, CIK
therapy may increase the number of some important
anti-tumor immune cells in the body, improving the

efficacy of anti-PD-1 therapy and reversing its
resistance.
In these two patients, the percentage of

T lymphocytes and CD8" T cells increased, and the

percentage of CD4" T cells and the ratio of CD4"/
CD8" T cells decreased during CIK treatment
(Supplementary Tables 1 and 2). CD8" T cells are the
direct effector cells to kill tumors, which can release

granzyme and activate the Fas/FasL pathway to pro-
mote tumor cell apoptosis through the recognition of
T lymphocyte antigen receptor and tumor antigen. In
terms of killing cancer cells, the function of CD8"
T cells is more important than that of CD4" T cells."”
One study focused on CIK combined with PD-1 for
treatment of NSCLC have shown the combination ther-
apy could increase CD3'CD16'CD56" T cells, which
play central roles in innate anti-tumor immune regula-
tion, thus to reverse the drug resistance of anti-PD-1
treatment and enhance the clinical response of tumor
patients.'! After CIK treatment, the proportion of CD8"
T cells increased. On this basis, PD-1 antibody was
used to block the inhibition signal of T cells, which
may be one of the reasons for CIK sequential PD-1
treatment to achieve better curative effect.

In case two, the percentage of CD8 T cells
decreased to the baseline value after CIK treatment,
while increased during the subsequent PD-1 treatment,
this change suggested that it may be related to the
efficacy. Data from the Cancer Genome Atlas (TCGA)
HCC cohort suggested that intratumoral CD8" T cell
infiltration was associated with better prognosis.'®
Macek Jilkova et al found that a lower baseline intratu-
moral CD4"/CD8" T cell ratio was associated with bet-
ter survival and prognosis of HCC patients.!” Higher
baseline intratumoral PD-1 CD8 T cells were associated
with better efficacy of PD-1/PD-L1 inhibitors. Further,
Kamphorst et al found among non-small cell lung can-
cer (NSCLC) patients who received first and second
courses of treatment PD-1 inhibitors, Ki67 PD-1"CD8
T cells increased in approximately 70% patients, PD-
1"CD8 T cell response was delayed or disappeared in
70% disease progression patients, and PD-1"CD8 T cell
response occurred in 80% clinical benefit patients within
4 weeks of treatment.'® In summary, it could speculate
that in HCC patients, CIK therapy may increase the
proportion of certain immune cells, such as
CDS8'T cells, thus enhance the efficacy of anti-PD-1
therapy. Due to the small number of cases, the exact
mechanism of these aspects needs to be further studied.

In addition, liver biopsy was performed in case one at
three different stages of the disease course, and the patho-
logical results were ICC, cHCC-ICC and primary HCC,
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respectively. When HCC was diagnosed in October 2017,
pathological, imaging and laboratory results all supported
ICC. In October 2018, AFP was significantly elevated
when the disease was progressing, and CA199 was within
the normal range. Moreover, two tissues were taken from
the tumor at different sites during the second liver biopsy,
one indicating HCC and the other indicating ICC, rather
than cHCC-ICC, indicating that HCC was new lesion. In
December 2019, the APF level increased to 20,550 ng/mL,
combined with the third pathological and imaging find-
ings, it was consistent with HCC, indicating that ICC had
been cured at this time. That was to say, the subtypes of
HCC dynamically changed in patients during treatment.

Conclusion

In summary, anti-PD-1 antibody therapy after prior pro-
gression on bi-specific antibody conjugated CIK immu-
notherapy may be efficacy and safety for HCC patients.
This may provide a new idea for treatment of HCC in the
future.
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