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Background: Programmed death protein-1 (PD-1) inhibitors and liver transplantation (L'T) are alternative
treatments for hepatocellular carcinoma (HCC) patients. The application of PD-1 inhibitors for HCC
therapy increases T cell immune activity, while immunosuppression is required for patients receiving
transplantation. More clinical investigation is required to determine methods to balance these treatment
effects. In this article, we are the first to describe the clinical characteristics, imaging findings, and outcomes
of 5 LT patients who had a history of HCC and received anti-PD-1 therapy.

Methods: Data from 5 patients who were diagnosed with HCC and received LT after PD-1 inhibition were
analyzed. The doses and courses of PD-1 and preoperative and postoperative characteristics were compared
and analyzed.

Results: The mean interval between PD-1 inhibition and LT was 63.80+18.26 days. One patient
experienced recurrence in the liver, vertebrae and lungs after 7 months, and 1 patient experienced recurrence
in the lungs after 3 months. All patients displayed normal liver function at the latest follow-up visit. No acute
allograft rejections occurred in any patient.

Conclusions: PD-1 inhibitors may be safe for the treatment of HCC before L'T when the interval between

the two treatments is sufficient. Further investigations are needed for to validate these findings.
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hepatocellular carcinoma and case report

Submitted Apr 23, 2021. Accepted for publication Jul 15, 2021.
doi: 10.21037/apm-21-999
View this article at: https://dx.doi.org/10.21037/apm-21-999

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(9):9354-9361 | https://dx.doi.org/10.21037/apm-21-999


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-999

Annals of Palliative Medicine, Vol 10, No 9 September 2021

Introduction

Hepatocellular carcinoma (HCC) is a malignant disease
with high morbidity and mortality rates. HCC is the fifth
most common cancer worldwide and third most deadly
cancer in China (1). There have been tremendous efforts in
the development of therapeutic strategies in recent decades.
Hepatectomy was once the standard treatment for HCC
worldwide. Surgical removal of the tumor is associated
with better patient prognosis, but only a small number of
tumors are suitable for surgical resection at the patient’s
first clinical review (2). For more advanced tumors, the rate
of recurrence is high after surgery. In addition, patients
may not be candidates for surgery when the tumor is large
or when distant metastases are present. Molecular targeted
drugs and immunotherapy might be an effective option to
decrease symptoms of the disease and maximize the duration
of survival. The successful application of programmed
death protein-1 (PD-1) inhibitors such as nivolumab and
pembrolizumab for cancer therapy have led to the expansion
of the use of immunotherapy in oncology (3). The efficacy
of immunotherapy differs among individuals, and it may not
be effective for many patients (4).

Liver transplantation (LT) is considered the most
effective treatment for end-stage liver diseases (ESLD),
including HCC (5). However, the application of PD-1
inhibitors and LT for cancer patients is controversial. PD-1
and its ligand programmed death ligand-1 (PD-L1) were
proven to be essential components of both graft induction
and maintenance of immune tolerance (6,7). It has been
widely reported that patients with metastatic cancer with
a history of liver transplantation, the application of PD-1
inhibition leads to acute allograft rejection (8). For this
reason, all clinical trials evaluating PD-1 inhibitors have
excluded transplanted patients (9). In addition, prognosis
after LT in patients with a history of HCC treated with
PD-1 inhibition has not yet been reported. Here, we are
the first to describe the clinical characteristics, imaging
findings, and outcomes of 5 L'I" patients who had a history
of HCC treated with PD-1 inhibitors.

We present the following article in accordance with the
AME Case Series reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-999).

Methods
Ethical statement

The study was conducted in accordance with the tenets
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of the Declaration of Helsinki (as revised in 2013) and
approved by the Institutional Ethics Committee for Clinical
Research and Animal Trials of the First Affiliated Hospital
of Sun Yat-sen University {Approved ID: 2021[433]}. All
patients gave consent for their details and accompanying
images to be published.

General information of participants

From November 2018 to July 2020, 5 patients who
were diagnosed with HCC and received LT after having
previously received PD-1 inhibition therapy were
enrolled in this study. The PD-1 inhibitor used in this
study was nivolumab. Pretransplant data, including sex,
age at pretransplant treatment, course and dose of PD-1
treatment, the interval between the last PD-1 treatment and
the transplant date, the alpha fetoprotein level, cirrhosis
status, Child-Pugh score and model for end-stage liver
disease (MELD) score, were recorded and analyzed. In
addition, posttransplant conditions, including liver function
recovery, acute allograft rejection, recurrence, progression-
free survival (PFS), and overall survival (OS), were also
recorded.

Follow-up

Postoperative visits occurred on postoperative days (PODs)
1-7, POD 14 and each postoperative month (POM).
Routine Doppler ultrasound of the liver graft blood flow
and biliary tract was performed once every 2 days for
7 days. The immunosuppressive regimen was tacrolimus
(Tac)+mycophenolate mofetil (MMF). Corticosteroids were
not included in routine regimens due to their side effects.
For deceased patients and patients who experienced disease
recurrence, the date of death or recurrence was used as the
date of the last follow-up. Biomedical values, tacrolimus
concentration, imaging examinations and tumor markers
(AFPs) were documented. Afterward, imaging studies were
performed based on patients' clinical status or laboratory
findings.

Results

Pretransplant imaging descriptions of 5 recipients are
presented in Figure I, and the clinical characteristics
and outcomes of these patients are shown in Table 1.
The mean age of the patients was 53.20+5.42 years.
All patients received pretransplant transcatheter
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A D  Pretransplant imaging

1 MRI scans showed a massive HCC with diffuse foci in S4/5 and ischemic necrosis in the tumor focus of S4/8

2 MRl scans showed a multiple nodules and masses of different sizes in the right lobe of the liver

3  PET-CT showed S5 massive hypermetabolic lesions with tumor thrombus formation in the night hepatic duct.
CT scans after PTCD showed invasive hepatocellular carcinoma in the right lobe of the liver and mass in right
bile duct-hilar bile duct-common bile duct, considering tumor invading

4 CT scans revealed multiple space-occupying lesions in S4, 5, 6, and 8 of liver, which were about 3 cm x 4 cm

5  Preoperative CT scans showed multiple recurrent tumor foci in the remnant liver, with a maximum diameter of
33 cm, a small amount of ascites, inflammation in both upper and lower lobes of the left lung with segmental

atelectasis and pericardial effusion

Figure 1 Pretransplant imaging descriptions of 5 patients. (A) The descriptions of all 5 patients’ images; (B) images of patient 1 and patient 3.

arterial chemoembolization (TACE), patient 3 received
radiofrequency ablation (RFA), and patient 5 received
resection. The mean Child-Pugh score and MELD
score were 8.60+1.08 and 14.00+3.07, respectively. The
average interval was 63.80+18.26 days. The peak alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
international normalized ratio (INR) and TBil within
PODs 1-7 were 426.00+183.92, 1018.2+534.64 U/L,
1.73+0.17 and 111.06+39.51 mmol/L, respectively. The
postoperative pathological diagnoses of 5 patients are
presented in Figure 2, and in patient 3, no clear surviving
cancer cells were found. None of the patients experienced
acute allograft rejection. Posttransplant AFP monitoring
showed that patient 1 and patient 2 presented with elevated
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AFP at POM 13 and POM 7, respectively (Figure 3).
FK level plots showed that concentrations fluctuated
considerably in the early postoperative period in all patients
but ultimately leveled off by 12 weeks postoperatively
(Figure 4). Two patients developed recurrence after
transplantation. Patient 1 experienced relapse with
metastatic disease of the liver, vertebrae, and lungs on POM
7, as confirmed by imaging. He received lenvatinib at a dose
of 16 mg every day and 3 courses of radiotherapy to the
thoracic vertebrae 12 (T'12) at a dose of 24 Gy. Patient 2
experienced relapse with metastatic disease of the lungs on
POM 3, as confirmed by imaging. She received lenvatinib
at a dose of 16 mg every day. No acute allograft rejections
occurred in any patient during the follow-up period. In
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Table 1 Clinical characteristics and outcomes of 5 patients involved in this report

Clinical characteristics © Mean
1 2 3 4 5
Sex/age (y) M/64 F/47 M/50 M/38 M/67 53.20+5.42
Pretransplant treatment
TACE J J J J
Resection - - - -
RFA - - J - -
PD-1 course 1 1 1 6 6
Dose (mg/kg) 3 3 3 3 3
Interval (days) 7 122 62 59 67 63.80+18.26
AFP (ug/L) 12.85 180.81 17.43 11.73 3.6 45.28+33.95
Cirrhosis J V) N J
Child-Pugh score 11 10 10 6 6 8.60+1.08
MELD 15 13 25 10 7 14+3.07
Milan criteria - - - - -
UCSF criteria - - - - -
Donor type DBD DBD DBD DBD DBD
TNM stage T4NOMO T4NOMO T4NOMO T4NOMO T4NOMO
Edmonson stage Il Il N/A Il 1]
Cold ischemia time 5h 20 mins 6 h 3 mins 8 h 8 mins 5 h 45 mins 7 h 34 mins
Peak ALT (U/L) 58 200 666 173 1,033 426.00+183.92
Peak AST (U/L) 58 308 1,359 401 2,696 1,018.2+534.64
Peak INR 1.29 1.9 2.24 1.47 1.73 1.73+0.17
Peak TBil (mmol/L) 33 71.9 209.8 203 37.6 111.06+39.51
Acute allograft rejection No No No No No
Recurrence J J - - -
PFS (months) 7.40 3.23 7.67 13.3 7.06 7.73+1.60
OS (months) 25.6 9.37 7.67 13.3 7.06 12.60+3.50

ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBD, donor after brain death; INR, international normalized ratio; MELD,
model for end-stage disease; OS, overall survival; PFS, progression-free survival; RFA, radiofrequency ablation; TACE, transcatheter
arterial chemoembolization.

addition, all patients displayed normal liver function at the the possibility of graft rejection after LT. Moreover, it is
last follow-up date after transplantation. unclear how long it is necessary to wait after the application
of PD-1 inhibitors to safely perform LT. In this article, we
have described the cases of 5 patients to provide preliminary
insight into the possible outcomes of LT in patients who
LT for patients with a history of PD-1 inhibitor therapy have received PD-1 inhibition therapy.

needs to be considered with a great deal of caution given Hepatectomy was once the standard treatment for HCC

Discussion
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Postoperative pathological diagnosis

1 A grade 2 HCC with partly trabecular and solid type and massive necrosis. No intravascular tumor thrombus

was found

2 A grade 2 HCC with large areas of cancer tissue necrosis and microvascular invasion (MVI) was found

3 Multiple necrosis, local hepatocytes were atypical and no clear survival cancer cells were found

4 A grade 2 HCC with partly trabecular and solid type and massive necrosis. No intravascular tumor thrombus

was found

5 A grade 3 HCC with partly trabecular and solid type and massive necrosis. No intravascular tumor thrombus

was found
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Figure 2 Posttransplant pathological diagnoses of 5 patients. (A) Descriptions of all 5 patients’ pathological reports; (B) pathological images

with hematoxylin-eosin staining of patients 1, 2, 3 and 4.

worldwide. However, in China, HCC is often diagnosed at
the advanced stage of the disease, and there are insufficient
highly effective therapies (10). Immunity plays a major
role in carcinogenesis, including in HCC. Checkpoint
inhibitors, which are novel drugs that enhance the immune
system's ability to attack cancer cells, have been successfully
introduced as therapies for several malignancies, including
HCC (11). Khemlina et al. showed in their review that PD-
L1 is expressed in 82% of HCC specimens and that PD-
L1 expression is higher in hepatitis B-positive patients
than in those negative for this virus (12). Several studies
have revealed that patients with positive PD-L1 expression
have significantly poorer DFS and OS rates than patients
who are PD-L1-negative. PD-1/PD-L1 inhibitors are the

© Annals of Palliative Medicine. All rights reserved.

backbone of HCC treatment. However, in our study, none
of the 5 patients obtained a clinical benefit from PD-1
inhibitor therapy. The immunohistochemistry results in
patient 1 indicated that the patient was PD-1 negative.
Moreover, there are several reasons why LT could be the
most beneficial option for the treatment of some patients.
In China, patients tend to undergo surgical resection or
conservative treatment due to economic or ideological
reasons, even if the tumors are detected early (13). LT
is typically considered only when other treatments are
ineffective or if the tumor progresses.

The relationship between PD-1 inhibitors and LT is
controversial. Biondani ez 4l. reported the first case of an
LT patient who had received PD-1 inhibitors (14). In that
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Figure 3 Dynamic changes in AFP levels in 5 patients during the follow-up period. (A) Dynamic changes in each patient; (B) dynamic

changes in total. AFP, alpha fetoprotein.
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Figure 4 Dynamic changes in FK506 concentrations in 5 patients during the follow-up period. (A) Dynamic changes in each patient; (B)

dynamic changes in total.

case, the patient did not respond to nivolumab and did not
experience acute allograft rejection. However, in another
case report, Friend ez al. reported that two LT patients
rapidly developed irreversible acute rejection shortly after
starting PD-1 therapy and ultimately died (15). DeLeon ez
al. reported the cases of 7 patients with metastatic cancer
with a history of LT who then received PD-1 inhibitor
therapy and found that 2 of the 7 patients experienced
allograft rejections (16). All these studies indicate that
PD-1 should be avoided or used with extreme caution for
LT patients. Furthermore, prognosis after LT in patients
with a history of HCC treated with PD-1 inhibition has
not yet been reported and remains unclear. This is the first
report of 5 patients who received LT after immunotherapy
with PD-1 inhibitors. No patients had experienced acute
allograft rejections in this study. We hypothesize that PD-1
inhibitors may be safe for the treatment of HCC before LT
when the interval between the two treatments is sufficient.
When the interval is beyond one week, the effect of PD-1
inhibition on the immune status will have dissipated there
will be no rejection after L'T; thus, we speculate that this

approach is safe. However, further investigations are needed

to verify this hypothesis.

Conclusions

In conclusion, PD-1 inhibitors may have the potential to be
used in the treatment of HCC before I'T" when the interval
between the two treatments is sufficient. Larger studies are
needed to establish the safety of this treatment and provide
more convincing results.
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