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Abstract
Background: Up-regulating the expression of PD-L1 and down-regulating the expression of HLA class I are
the two main means of tumor-induced immune tolerance. The purpose of this study is to explore whether
there is synergistic effect of up-regulation of PD-L1 and down-regulation of HLA-I on prognosis in
hepatocellular carcinoma (HCC).

Methods: A cohort of 185 consecutive HCC patients was included in this study. According to the
expression of PD-L1 and HLA class I, patients were divided into three subgroups: group A was PD-L1
negative + HLA class I high expression, group B was PD-L1 positive + HLA class I high expression or PD-
L1 negative + HLA class I low expression, group C was PD-L1 positive + HLA class I low expression.

Results: PD-L1 positive was signi�cantly associated with cirrhosis and tumor-in�ltrating lymphocytes (P
= 0.026; P= 0.000, respectively). Neither of PD-L1 positive and HLA class I low expression was
signi�cantly associated with shorter survival patients (P = 0.116; P = 0.171, respectively). The overall
survival time of group C was signi�cantly lower than that of group A and group B (31 months vs 58
months vs 49 months, P = 0.004), which was further con�rmed by multivariate Cox regression analysis
(group A/B vs group C, HR 3.652, 95%CI 1.627-8.200, P= 0.002).

Conclusions: The synergistic effect of PD-L1 positive and HLA class I low expression could result into a
signi�cant reduction in survival of patients with HCC, providing theoretical support for the combination of
immunotherapy in future.

Introduction
Cancer-immunity cycle indicates that to recognize tumors cells and kill tumor cells constitute tow
bolstering pillars in tumor-speci�c immune response[1]. Human leukocyte antigen (HLA) class I molecules
participate in providing tumor-speci�c antigens to CD8+ T cell and activating CD8+ T cells. CD8+ T cells
participate in killing target tumor cells. Dysfunction of HLA-I class molecules and CD8+ T cells can result
in immune toleranc[2]. The immune checkpoint, PD-1/PD-L1 (programmed cell death protein-1/
programmed death-ligand), plays an important role in inhibiting the function of CD8+ T cells in
hepatocellular carcinoma (HCC)[3].

Whether PD-L1 up-regulated by HCC can signi�cantly reduce survival remains controversial[4, 5]. The
results of phase I/II clinical trial (Checke040) showed that status of PD-L1 had no signi�cant impact on
objective response rate among patients with advanced HCC who received the treatment of Nivolumab[6],
an anti-PD-1 monoclonal antibody to blocke the immune checkpoint interaction between PD-1and PD-L1.
Phase III trial (KEYNOTE-240) did not yield a satisfactory result about pembrolizumab (anti-PD-1
monoclonal antibody) as second-line treatment in patients with advanced HCC[7]. It could be speculated
by these results of clinical trials that PD-L1 expressed by HCC has a limited impact on prognosis in
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patient with HCC. Rational underlying such speculation is multiple pathways involved in HCC-induced
immune tolerance.

Down-regulation of HLA class I molecules gives rise to failure of HCC-associated antigen presentation
and subsequent inability of immune system to recognize HCC[2]. Dysfunction of HLA class I molecules on
HCC cells may be indicative of a gloomy prognosis, although the results of previous studies were not
consistent in other tumors[8, 9]. There are sparse studies about mechanism of down-regulation of HLA I
antigen in HCC[10, 11]. Moreover, prognostic information about HLA class I molecules in HCC is very
limited.

Combination of PD-L1 up-regulation and HLA class I antigen down-regulation might bring out a
synergistic impact on prognosis in HCC. Therefore, we conducted a retrospective study to investigate the
value of PD-L1 and HLA class I antigen in HCC, and their synergistic impact on survival.

Materials And Methods
Study population

This study was approved by the review board of Peking University First Hospital. Written informed
consent before collecting tissue samples was obtained from all patients. We retrospectively reviewed the
medical registry at our institution and identi�ed all patients diagnosed with HCC between November 2011
and December 2017. The eligibility criteria for inclusion were as follows: (1) underwent surgical resection;
(2) de�nite pathologic diagnosis of HCC; (3) HCC treatment-naive before surgery. Patients who died
within one month after surgery were excluded.

There were 185 patients, 29 females and 156 males, with a mean age of 58 years (rang, 27 to 80 years),
who met the above criteria. Clinical characteristics, including age, gender, risk factors (HBV or HCV
infection), liver cirrhosis, preoperative serum alpha-fetoprotein (AFP) levels, tumor size, vascular invasion,
Child-Pugh classi�cation, were retrieved from patients’ medical records. Postoperative treatments and
surveillance followed a uniform guideline. Survival time was calculated from the date of surgery to the
date of death or last follow-up. During the follow-up, 109 patients were censored, and 76 were dead. The
median follow-up was 32 months (rang, 2 to 91 months).

Immunohistochemical staining

Immunohistochemical staining was performed on formalin-�xed, para�n-embedded tumor tissue
sections following a standard protocol [12]. PD-L1 expression was detected using rabbit monoclonal
antibody (ab205921, ABCAM, 1:400 dilution ratio). HLA class I expression was detected using mouse
monoclonal antibody (ab70328, ABCAM, 1:100 dilution ratio). Brie�y, 4-μm sections were depara�nized
in xylene and dehydrated in an ethanol series, followed by heat-mediated antigen retrieval with EDTA
buffer in an autoclave and deactivation of endogenous peroxidases with 3% H2O2. All sections were
incubated with anti-PD-L1 or anti-HLA class I monoclonal antibody overnight at 4℃. Subsequently, the
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sections were rinsed, incubated with second antibodies (horseradish peroxidase/Fab polymer conjugated;
PV-6000, ZSGB-BIO). Reaction products were visualized with 3,3'-Diaminobenzidine (ab64238, ABCAM)
and counterstained with hematoxylin. Human tonsil tissue was used as positive control. Negative
controls were treated identically but without the addition of primary antibodies.

A tumor cell was considered PD-L1 or HLA class I positive when the cell membrane is stained, regardless
of cytoplasmatic staining [13]. Samples with membranous expression of PD-L1 on ≥1% of the total cells
were de�ned as tumors PD-L1 positive[6] (Figure 1). Both staining intensity and percentage of positive
tumor cells were considered to assess the expression HLA class I antigen[8]. HLA class I expression was
consider as low when the score was less than 5. The scores were calculated based on staining intensity
grade (0: no staining;1: week; 2: moderate;3: strong) and staining percentage grade(0 for 0%; 1 for < 10%;
2 for < 30%; 3 for < 80%; 4 for ≥80%) (Figure 2). The number of tumor-in�ltrating lymphocytes (TILs) was
counted under a magni�cation of ×400, in�ltration with ≥100 lymphocytes was de�ned was TILs
positive[14] (Figure 3). The expression of PD-L1 and HLA class I was independently evaluated by two
experienced pathologists without knowledge of any clinical information on the samples, and any
discrepancy in expression level was resolved by a mutual discussion.

Statistical analysis

Categorical data were presented as number (n) or percentage, and any differences between the two
groups were analyzed by chi-squared test. Alternatively, Fish’s exact test or continuity correction was used
when the chi-square test was violated. Survival curves were assessed by Kaplan-Meier method and
compared by log-rank test. Univariate and multivariate regression analysis for hazard ratios (HR) was
performed using the Cox proportional hazards model. All of the statistical tests and p-value were two
tailed and p-values of <0.05 were considered statistically signi�cant. All analyses were performed using
the SPSS 16.0 (IL, USA).

Results
Of the 185 patients enrolled, PD-L1 positive was found in 41 (22.2%) patients, and HLA class I antigen
low expression was found in 60 (32.4%) patients. TILs positive was found in 12 patients (6.5%). Based on
the immunohistochemical results of PD-L1 and HLA class I antigen, the 185 patients were classi�ed into
three subgroups: A group (PD-L1 negative/HLA class I antigen high expression), B group (PD-L1
negative/HLA class I antigen low expression or PD-L1 positive/HLA class I antigen high expression) and
C group (PD-L1 positive/HLA class I antigen low expression).

Association of PD-L1 and HLA class I antigen with clinical characteristics

As is shown in Table 1, PD-L1 expression is signi�cantly associated with cirrhosis (P = 0.016) and TILs (P 
= 0.000). The remaining clinical characteristics, including gender, age, virus infection, AFP, tumor size and
vascular invasion, were not signi�cantly associated with PD-L1 expression (P > 0.05). None of clinical
characteristics, including gender, age, virus infection, cirrhosis, AFP, tumor size and vascular invasion
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were signi�cantly associated with HLA class I antigen expression (P > 0.05). Although low expression of
HLA class I antigen was more likely to exhibit low level of AFP and vascular invasion compared with high
expression of HLA class I antigen, difference did not reach statistical signi�cance (P = 0.095, P = 0.052).
In addition, there was no signi�cant difference among the three subgroups (A group, B group and C
group) in clinical characteristics (Table 2).
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Table 1
Association of PD-L1 and HLA class I with clinical chararateristics

Characteristics No. PD-L1 (%) P   HLA class I (%) P

Negative Positive   Low High

Gender       0.237       0.299

female 29 25 (17.4) 4 (9.8)     7 (11.7) 22 (17.6)  

male 156 119 (82.6) 37 (90.2)     53 (88.3) 103 (82.4)  

Age       0.262       0.321

<60 93 77 (53.6) 16 (39.0)     27 (45.0) 66 (52.8)  

≥60 92 67 (46.5) 25 (61.0)     33 (45.0) 59 (47.2)  

Cirrhosis       0.026       0.420

no 63 55 (38.2) 8 (19.5)     18 (30.0) 45 (36.0)  

yes 122 89 (61.8) 33(80.5)     42 (70.0) 80 (64.0)  

HBV/HCV       0.213       0.888

no 35 30 (20.8) 5 (12.2)     11 (18.3) 24 (19.2)  

yes 150 114 (79.2) 36 (87.8)     49 (81.7) 101 (80.8)  

AFP       0.277       0.095

<200 104 84 (58.3) 20 (48.8)     39 (65.0) 65 (52.0)  

≥200 81 60 (41.7) 21 (51.2)     21 (35.0) 60 (48.0)  

Tumor size       0.158       0.757

<5 cm 77 56 (38.9) 21 (51.2)     24 (40.0) 53 (42.4)  

≥5 cm 108 88 (61.1) 20 (48.8)     36 (60.0) 72 (57.6)  

Vascular invasion       0.797       0.052

no 137 106 (73.6) 31 (75.6)     39 (65.0) 98 (78.4)  

yes 48 38 (26.4) 10 (24.4)     21 (35.0) 27 (21.6)  

TILs       0.000       0.375

negative 173 142 (98.6) 31 (75.6)     58 (96.7) 115 (92.0)  

positive 12 2 (1.4) 10 (24.4)     2 (3.3) 10 (8.0)  
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Table 2
Clinical characteristics in subgroups

Characteristics No. Subgroups (%)   P

A B C

Gender         0.107

female 29 20 (20.8) 7 (9.1) 2 (16.7)  

male 156 76 (79.2) 70 (90.9) 10 (83.3)  

Age         0.177

<60 93 54 (56.2) 35 (45.5) 4 (33.3)  

≥60 92 42 (43.8) 42 (54.5) 8 (66.7)  

Cirrhosis         0.077

no 63 38 (39.6) 24 (31.2) 1 (8.3)  

yes 122 58 (60.4) 53 (68.8) 11 (91.7)  

HBV/HCV         0.567

no 35 20 (20.8) 14 (18.2) 1 (8.3)  

yes 150 76(79.2) 63 (81.8) 11 (91.7)  

AFP         0.750

<200 104 53 (55.2) 43 (55.8) 8 (66.7)  

≥200 81 43 (44.8) 34 (44.2) 4 (33.3)  

Tumor size         0.657

<5 cm 77 37 (38.5) 35 (45.5) 5 (41.7)  

≥5 cm 108 59 (61.5) 42 (54.5) 7 (58.3)  

Vascular invasion         0.409

no 137 75 (78.1) 54 (70.1) 8 (66.7)  

yes 48 21 (21.9) 23 (29.9) 4 (33.3)  

Association of PD-L1 and HLA class I antigen with survival

Although patients with positive PD-L1 had a shorter survival than those with negative PD-L1, difference
was not statistically signi�cant (P = 0.116) (Fig. 4a). There was also a trend that survival was shorter in
patients with low expression of HLA class I antigen than in those with high expression of HLA class I
antigen (P = 0.171) (Fig. 4b). However, coexistence of PD-L1 positive and HLA class I antigen low
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expression was signi�cantly associated with worse survival (Fig. 4c), C group had a shorter survival than
A group and B group (31 months vs 58 months vs 49 months, P = 0.004).

Hazard ratios were assessed by the Cox proportional hazards model are shown in Table 3. Variables with
p < 0.05 in the univariate analysis were entered into the multivariate Cox model to investigate their
independent contribution. In univariate analysis, tumor size ≥ 5 cm, vascular invasion and coexistence of
PD-L1 positive and HLA class I antigen low expression were signi�cantly associated with worse survival
(tumor size ≥ 5cm: HR 1.713, 95%CI 1.061–2.766, P = 0.028; vascular invasion: HR 3.414, 95%CI 2.130–
5.472, P = 0.000; coexistence of PD-L1 positive and HLA class I antigen low expression: HR 3.461, 95%CI
1.556-7.700, P = 0.002), respectively. In multivariate analysis, both of vascular invasion and coexistence
of PD-L1 positive and HLA class I antigen low expression were independent and signi�cant prognostic
factors (vascular invasion: HR 3.468, 95%CI 2.160–5.569, P = 0.000; coexistence of PD-L1 positive and
HLA class I antigen low expression: HR 3.652, 95%CI 1.627-8.200, P = 0.002). The mortality risk of
subgroup C was more than 3 times that of subgroup A/B.

Table 3. Univariate and multivariate analysis of prognostic factors
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Characteristics Univariate analysis Multivariate analysis

Hazard
Ratio

95%CI     P Hazard
Ratio

95%
CI

P

Gender     0.372     -

  female 1     -    

  male 1.354 0.696-2.637   - -  

Age     0.071     -

  <60 1     -    

  ≥60 1.523 0.965-2.404   - -  

Cirrhosis     0.660     -

  no 1     -    

  yes 1.113 0.690-1.797   - -  

Virus infection     0.460     -

  no 1     -    

  yes 1.253 0.689-2.278   - -  

AFP     0.631     -

  <200 1     -    

  ≥200 1.117 0.711-1.756   - -  

Tumor size     0.028     0.130

  <5cm 1     1    

  ≥5cm 1.713 1.061-2.766   1.457 0.896-2.371  

Vascular
invasion

    0.000     0.000

  no 1     1    

  yes 3.414 2.130-5.472   3.468 2.160-5.569  

HLA/PD-L1            

  A/B 1   0.002 1   0.002

  C 3.461 1.556-7.700   3.652 1.627-8.200  

TILs     0.142      
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Discussion
Hepatocellular carcinoma (HCC) is one of the most common cancers, which ranks as the second leading
cause of cancer-related death worldwide[15]. Is spite of recent advances in treatment options, prognosis
remains quite poor, especially in patients with advanced HCC. Patients with advanced HCC have a
median survival of less than one year[16]. In light of poor prognosis and resistance to chemotherapy and
radiotherapy, other treatment strategies have been investigated extensively. The multikinase inhibitor
(sorafenib) was the �rst systemic agent to show a signi�cant improvement in overall survival for patients
with advanced HCC[17]. However, anti-angiogenic agents (sorafenib and lenvatinib) only yield a modest
improvement of about 3 months in overall survival[18]. Therefore, immunotherapy, which aims to interrupt
immune checkpoint interaction and break immune tolerance, has come under in the spotlight.

Experimental evidence has demonstrated that PD-L1 on tumor cells can delivery inhibitory signals to PD-
1+CD8+ T cells, resulting in suppression of immune response by inducing apoptosis, anergy and
functional exhaustion of CD8+ T cells[19]. Further pathologic study showed that PD-L1 positive HCC was
signi�cantly associated with biological aggressiveness[20], including vascular invasion, poor
differentiation, satellite nodules and high AFP levels; nevertheless, whether PD-L1 expression can
in�uence prognosis in patients with HCC remains open to debate. Results from several studies
investigating prognostic signi�cance of PD-L1 in HCC are inconsistent[4, 5, 21]. A meta-analysis indicated
that PD-L1 positive was predictive for shorter overall survival and disease-free survival[22]. However, such
meta-analysis suffers several limitations[23]. First the meta-analysis did not screen our all studies in this
�eld. Second, one included study used serum rather than tumor samples to assess status of PD-L1. Third,
included patients received different treatment. All of these limitations increase heterogeneity and
undermine the reliability of the results.

Our present study showed that patients with positive PD-L1 had a shorter survival than those with
negative PD-L1. However, difference was not statistically signi�cant (P = 0.116). PD-L1 expression is
signi�cantly associated with cirrhosis (P = 0.016) and TILs (P = 0.000). The remaining clinical
characteristics, including gender, age, virus infection, AFP, tumor size and vascular invasion, were not
signi�cantly associated with PD-L1 expression (P > 0.05). Clinical trials of Checkmate 040 and KEYNOTE
240 indicated that anti-PD-1 monoclonal antibody could not signi�cantly increase survival and PD-L1
expression did not in�uence objective response rate in patients with advanced HCC[6, 7], which might
suggest that PD-L1 expression in HCC exert a modest impact on prognosis in patients with HCC. Previous
studies have showed that TILs can trigger PD-L1 up-regulation in tumor cells by secreting interferon-γ[24],
which is further con�rmed by the result that PD-L1 positive is signi�cantly with TILs in our present study.

  negative 1          

  positive 0.420 0.132-1.335       

Abbreviation: CI, con�dence interval.
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There has been reported that genetic variations of PD-1 predisposed patients with chronic HBV infection
to cirrhosis[25]. Whether an association of tumor PD-L1 positivity with cirrhosis is a causal relationship
needs to be further investigated.

The value of HLA class I molecules in HCC was rarely investigated. Down-regulation of HLA class I
antigen is one of strategies for HCC-induced immune tolerance[1]. A direct evidence of tumor escape from
T cell immunity cause by MHC-I down-regulation is the facial cancer in Tasmanian devil, which is
transmissible to histo-incompatible companions[26, 27]. The underlying mechanism is that this cancer
silenced the genes for antigen presentation at the epigenetic level. Nevertheless, our present study
showed that survival was shorter in patients with low expression of HLA class I antigen than in those with
high expression of HLA class I antigen, but the difference did not reach a statistical signi�cance (P = 
0.171). None of clinical characteristics, including gender, age, virus infection, cirrhosis, AFP, tumor size
and vascular invasion were signi�cantly associated with HLA class I antigen expression (P > 0.05).

Multiple pathways are involved in HCC-induced immune tolerance[1]. Logically, two immune pathways
may exert a synergistic impact on immune tolerance, which recommend combination immunotherapy in
cancers. Combination of immunotherapy (ipilimumab/nivolumab) also yields a better survival than
single immunotherapy (ipilimumab or nivolumab) in advanced melanoma[28]. Our present study showed
that coexistence of PD-L1 positive and HLA class I antigen low expression was signi�cantly associated
with worse survival (P = 0.004), which provide a rational for combination of immunotherapy in HCC. To
date, there are two star drugs against PD-1/PD-L1 checkpoint (nivolumab and pembrolizumab), which
have been applied clinically. Nevertheless, effective and safe drugs to recover HLA class I antigen
remains under investigation, which may be a major target for future studies[29].

In conclusion, PD-L1 positive and HLA class I antigen low expression have no signi�cant impact on
prognosis when they were analyzed alone, only when they are analyzed together can they yield a
signi�cant synergistic impact on prognosis in patients with HCC. Such conclusion provide a combining
immunotherapy strategy of inhibiting PD-1/PD-L1 and recovering HLA class I antigen for patients with
HCC.

Declarations
Availability of data and materials  The data generated during the current study are available to any
scientist wishing to use them for non-commercial purpose from the corresponding author on reasonable
request. However, the clinical data might be available without the privacy data of participates in the
current study.

Con�ict of interest statement: The authors declare that they have no con�ict of interest.

Funding: None



Page 12/18

Ethical approval and informed consent: This study was approved by Institutional Review Board of
Yijishan Hospital of Wannan Medical College. All patients signed an informed consent form.

Con�ict of Interest: none

References
1. Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity cycle. Immunity.

2013;39(1):1-10. doi:10.1016/j.immuni.2013.07.012 S1074-7613(13)00296-3 [pii].

2. Leone P, Shin EC, Perosa F, Vacca A, Dammacco F, Racanelli V. MHC class I antigen processing and
presenting machinery: organization, function, and defects in tumor cells. J Natl Cancer Inst.
2013;105(16):1172-87. doi:10.1093/jnci/djt184 djt184 [pii].

3. Gibbons Johnson RM, Dong H. Functional Expression of Programmed Death-Ligand 1 (B7-H1) by
Immune Cells and Tumor Cells. Front Immunol. 2017;8:961. doi:10.3389/�mmu.2017.00961.

4. Gao Q, Wang XY, Qiu SJ et al. Overexpression of PD-L1 signi�cantly associates with tumor
aggressiveness and postoperative recurrence in human hepatocellular carcinoma. Clin Cancer Res.
2009;15(3):971-9. doi:10.1158/1078-0432.CCR-08-1608 15/3/971 [pii].

5. Huang CY, Wang Y, Luo GY et al. Relationship Between PD-L1 Expression and CD8+ T-cell Immune
Responses in Hepatocellular Carcinoma. J Immunother. 2017;40(9):323-33.
doi:10.1097/CJI.0000000000000187 00002371-201711000-00002 [pii].

�. El-Khoueiry AB, Sangro B, Yau T et al. Nivolumab in patients with advanced hepatocellular carcinoma
(CheckMate 040): an open-label, non-comparative, phase 1/2 dose escalation and expansion trial.
Lancet. 2017;389(10088):2492-502. doi:S0140-6736(17)31046-2 [pii] 10.1016/S0140-
6736(17)31046-2.

7. Finn RS, Ryoo BY, Merle P et al. Pembrolizumab As Second-Line Therapy in Patients With Advanced
Hepatocellular Carcinoma in KEYNOTE-240: A Randomized, Double-Blind, Phase III Trial. J Clin
Oncol. 2020;38(3):193-202. doi:10.1200/JCO.19.01307.

�. Lee HW, Min SK, Ju YS et al. Prognostic signi�cance of HLA class I expressing in gastric carcinoma
de�ned by monoclonal anti-pan HLA class I antibody, EMR8-5. J Gastrointest Surg. 2011;15(8):1336-
43. doi:10.1007/s11605-011-1545-3.

9. Mizukami Y, Kono K, Maruyama T et al. Downregulation of HLA Class I molecules in the tumour is
associated with a poor prognosis in patients with oesophageal squamous cell carcinoma. Br J
Cancer. 2008;99(9):1462-7. doi:10.1038/sj.bjc.6604715 6604715 [pii].

10. Kurokohchi K, Carrington M, Mann DL et al. Expression of HLA class I molecules and the transporter
associated with antigen processing in hepatocellular carcinoma. Hepatology. 1996;23(5):1181-8.
doi:S0270913996001802 [pii] 10.1002/hep.510230537.



Page 13/18

11. Yoshida S, Hazama S, Tokuno K et al. Concomitant overexpression of heat-shock protein 70 and HLA
class-I in hepatitis C virus-related hepatocellular carcinoma. Anticancer Res. 2009;29(2):539-44.

12. Cree IA, Booton R, Cane P et al. PD-L1 testing for lung cancer in the UK: recognizing the challenges
for implementation. Histopathology. 2016;69(2):177-86. doi:10.1111/his.12996.

13. Scheel AH, Dietel M, Heukamp LC et al. Harmonized PD-L1 immunohistochemistry for pulmonary
squamous-cell and adenocarcinomas. Mod Pathol. 2016;29(10):1165-72.
doi:10.1038/modpathol.2016.117 modpathol2016117 [pii].

14. Wada Y, Nakashima O, Kutami R, Yamamoto O, Kojiro M. Clinicopathological study on hepatocellular
carcinoma with lymphocytic in�ltration. Hepatology. 1998;27(2):407-14. doi:S0270913998000615
[pii] 10.1002/hep.510270214.

15. Ferlay J, Soerjomataram I, Dikshit R et al. Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359-86.
doi:10.1002/ijc.29210.

1�. Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology.
2011;53(3):1020-2. doi:10.1002/hep.24199.

17. Cheng AL, Kang YK, Chen Z et al. E�cacy and safety of sorafenib in patients in the Asia-Paci�c
region with advanced hepatocellular carcinoma: a phase III randomised, double-blind, placebo-
controlled trial. Lancet Oncol. 2009;10(1):25-34. doi:10.1016/S1470-2045(08)70285-7 S1470-
2045(08)70285-7 [pii].

1�. Kudo M, Finn RS, Qin S et al. Lenvatinib versus sorafenib in �rst-line treatment of patients with
unresectable hepatocellular carcinoma: a randomised phase 3 non-inferiority trial. Lancet.
2018;391(10126):1163-73. doi:S0140-6736(18)30207-1 [pii] 10.1016/S0140-6736(18)30207-1.

19. Shi F, Shi M, Zeng Z et al. PD-1 and PD-L1 upregulation promotes CD8(+) T-cell apoptosis and
postoperative recurrence in hepatocellular carcinoma patients. Int J Cancer. 2011;128(4):887-96.
doi:10.1002/ijc.25397.

20. Calderaro J, Rousseau B, Amaddeo G et al. Programmed death ligand 1 expression in hepatocellular
carcinoma: Relationship With clinical and pathological features. Hepatology. 2016;64(6):2038-46.
doi:10.1002/hep.28710.

21. Pei R, Zhang W, Wang S, Huang X, Zou Y. Prognostic Value of PD-L1 in Patients with Hepatocellular
Carcinoma. Clin Lab. 2019;65(5). doi:10.7754/Clin.Lab.2018.180839.

22. Gu X, Gao XS, Xiong W et al. Increased programmed death ligand-1 expression predicts poor
prognosis in hepatocellular carcinoma patients. Onco Targets Ther. 2016;9:4805-13.
doi:10.2147/OTT.S110713 ott-9-4805 [pii].

23. Zhong JH, Luo CP, Zhang CY, Li LQ. Strengthening the case that elevated levels of programmed death
ligand 1 predict poor prognosis in hepatocellular carcinoma patients. J Hepatocell Carcinoma.



Page 14/18

2017;4:11-3. doi:10.2147/JHC.S122807 jhc-4-011 [pii].

24. Taube JM, Anders RA, Young GD et al. Colocalization of in�ammatory response with B7-h1
expression in human melanocytic lesions supports an adaptive resistance mechanism of immune
escape. Sci Transl Med. 2012;4(127):127ra37. doi:10.1126/scitranslmed.3003689 4/127/127ra37
[pii].

25. Li Z, Li N, Zhu Q et al. Genetic variations of PD1 and TIM3 are differentially and interactively
associated with the development of cirrhosis and HCC in patients with chronic HBV infection. Infect
Genet Evol. 2013;14:240-6. doi:10.1016/j.meegid.2012.12.008 S1567-1348(12)00390-5 [pii].

2�. Murchison EP, Schulz-Trieglaff OB, Ning Z et al. Genome sequencing and analysis of the Tasmanian
devil and its transmissible cancer. Cell. 2012;148(4):780-91. doi:10.1016/j.cell.2011.11.065 S0092-
8674(12)00081-5 [pii].

27. Woods GM, Howson LJ, Brown GK et al. Immunology of a Transmissible Cancer Spreading among
Tasmanian Devils. J Immunol. 2015;195(1):23-9. doi:10.4049/jimmunol.1500131 195/1/23 [pii].

2�. Larkin J, Hodi FS, Wolchok JD. Combined Nivolumab and Ipilimumab or Monotherapy in Untreated
Melanoma. N Engl J Med. 2015;373(13):1270-1. doi:10.1056/NEJMc1509660
10.1056/NEJMc1509660#SA2 [pii].

29. Garrido F, Aptsiauri N, Doorduijn EM, Garcia Lora AM, van Hall T. The urgent need to recover MHC
class I in cancers for effective immunotherapy. Curr Opin Immunol. 2016;39:44-51.
doi:10.1016/j.coi.2015.12.007 S0952-7915(15)00173-9 [pii].

Figures



Page 15/18

Figure 1

Immunohistochemical assessment of PD-L1 expression in HCC surgical specimen (a-c,
100×magni�cation; d-f, 400×magni�cation). PD-L1 expression was scored as 0% (a and d); PD-L1
expression was scored as <1%(b and e); PD-L1 expression was scored as ≥1%(c and f).
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Figure 2

Immunohistochemical staining intensity of HLA class I in HCC specimen (a for negative, b for weak, c for
moderate, d for strong).
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Figure 3

Tumor-in�ltrating lymphocytes (black arrows) in the presence of PD-L1 (a) and in the absence of HLA-
class I (b).
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Figure 4

Overall survival for subgroups analyzed by Kaplan–Meier method and Log-rank test.


