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Introduction
Cervical cancer is one of the most common can-
cers in women with human immunodeficiency 
virus (HIV).1

A previous study demonstrated that HIV-positive 
patients have greater tendency to develop precur-
sor lesions in the cervix and cancer. HIV-positive 
individuals had DNA microsatellite alterations 

that could result in genetic instability, and, 
 ultimately, cervical cancer.2 Other reports also 
stated that low CD4-positive T cell counts were 
not associated with the incidence of cervical 
 cancer.3 Only a few studies have examined the 
development of such tumors at the molecular 
level. Therefore, the molecular pathogenesis of 
cervical cancer in HIV patients remains poorly 
understood.
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number gains in HIV-positive locally 
advanced cervical cancer
Kongsak Loharamtaweethong, Napaporn Puripat, Niphon Praditphol,  
Jidapa Thammasiri and Siriwan Tangitgamol

Abstract
Background: The programmed death-1/programmed death-ligand-1 (PD-1/PD-L1) axis 
may represent a target for cervical cancer; however, it is poorly understood in human 
immunodeficiency virus (HIV)-infected patients.
Methods: We evaluated HIV-positive (n = 42) and HIV-negative (n = 110) women with locally 
advanced cervical cancer regarding their PD-L1 expression, determined by combined positive 
score (CPS) ⩾ 1 and tumor proportion score (TPS) ⩾ 25%, and PD-L1 copy number alterations, 
assessed by fluorescence in situ hybridization.
Results: Regardless of HIV status, 84.9% and 44.8% of cases were PD-L1-positive according 
to CPS ⩾ 1 and TPS ⩾ 25%. Per CPS ⩾ 1, PD-L1 positive rate was similar between HIV-positive 
and HIV-negative women, whereas a significant difference was seen per TPS ⩾ 25%. Tumor 
size and parametrial invasion were correlated with PD-L1 positivity in HIV-negative women, 
whereas anti-retroviral therapy (ART) was correlated with TPS < 25%. Low CD4-positive 
cell counts were associated with CPS < 1 in HIV-positive women. No significant difference 
was observed in PD-L1 copy number status between HIV-positive and HIV-negative women. 
PD-L1 amplification and polysomy were independently associated with TPS ⩾ 25%, whereas 
the presence of parametrial invasion was independently associated with CPS ⩾ 1. Cancer 
stage and PD-L1 amplification were identified as independent predictors of recurrence-free 
survival [hazard ratio (HR) = 2.40 (1.32–4.36) and HR = 5.33 (1.94–14.61)] and cancer-specific 
survival [HR = 13.62 (5.1–36.38) and HR = 3.53 (1.43–8.69)]. PD-L1 polysomy was an independent 
predictor of locoregional recurrence-free survival [HR = 3.27 (1.27–8.41)]. HIV status and PD-
L1 expression (CPS ⩾ 1 or TPS ⩾ 25%) were not associated with poor patient outcomes.
Conclusion: PD-L1 amplification and polysomy are the strongest drivers of PD-L1 expression in 
cervical cancer, and could represent prognostic biomarkers for anti-PD-1/PD-L1 therapy. Cervical 
cancer biology may be modulated by HIV infection, CD4-positive cells, and HIV treatments.
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Overexpression of PD-L1 has been observed in 
several cancers, such as melanoma, lung cancer, 
and colorectal cancer.4–7 Moreover, PD-L1 over-
expression has been associated with poorer patient 
prognosis and worse overall survival in gastric car-
cinoma, transitional cell carcinoma, hepatocellu-
lar carcinoma, and oesophageal carcinoma.4

Immune checkpoint blockade therapy using mon-
oclonal antibodies targeting immune co-inhibitory 
molecules is an emerging technology of cancer 
treatment. The therapeutic antibody inhibits the 
interaction between PD-1 on immune effector 
cells and PD-L1 on tumor cells, preventing anti-
tumor immunity suppression by cancer cells.

Currently, few immune checkpoint blockade 
agents are available for treating cervical cancer. 
Pembrolizumab (marketed as Keytruda) was 
approved by the United States Food and Drug 
Administration (FDA) for the treatment of 
PD-L1-positive cervical cancer and nivolumab 
(marketed as Opdivo) is still under development 
for clinical use in cervical cancer.

Clinical studies have shown that expression of PD-L1 
could reflect a response of tumors to anti-PD-1/
PD-L1 therapy in patients with cervical cancer. The 
recent KEYNOTE-158 and KEYNOTE-358 trials 
demonstrated the clinical activity of PD-1 targeted 
therapies in cervical cancer patients.8,9 The response 
to therapy was directly associated with PD-L1 
expression, with a higher response rate in tumors 
with combined positive score (CPS) ⩾ 1 compared 
with tumors with CPS < 1.

A large number of companies and academic labo-
ratories have been attempting to develop an effi-
cient primary antibody to detect PD-L1 protein on 
the surface of tumor cells by immunohistochemis-
try. Although many products are commercially 
available, each uses different staining protocols, 
scoring algorithms, and threshold criteria. Hence, 
the best PD-L1 antibody and the appropriate cut-
off expression level for determining PD-L1 expres-
sion remain controversial as it is based on different 
detection systems and testing platforms.

Apart from the above-mentioned problems, the 
optimal criteria to select patients who may benefit 
the most from immune checkpoint inhibitors also 
represent a problem because the expression of 
PD-L1 could be heterogeneous and inconsistent. 
Therefore, a process to overcome these limita-
tions is necessary. For example, some studies 

have reported that 9p24.1 gene locus amplifica-
tion is a vital mechanism for PD-L1 overexpres-
sion in many cancers, including nodular sclerosing 
Hodgkin lymphoma, primary mediastinal large 
B-cell lymphoma, subsets of colorectal adenocar-
cinoma, gastric cancer, triple-negative breast can-
cer, and glioblastoma.10–12 Using fluorescence in 
situ hybridization (FISH), researchers haves 
found that 67% of cervical and 43% of vulvar 
squamous cell carcinomas positive for PD-L1 and 
PD-L2 had multiple copies of CD274 and 
PDCD1LG2 in the same chromosome.13 
Therefore, it could be assumed that 9p24.1 gene 
amplification is an underlying mechanism of 
enhanced PD-L1 expression in cervical squa-
mous cell carcinomas.

Most studies assessing PD-L1 expression have 
included only healthy subjects, and excluded 
HIV-positive patients from their analysis. Data on 
PD-L1 expression in HIV-infected cervical  cancer 
patients and on the efficacy of immune checkpoint 
blockade therapy with anti-PD-1  monoclonal 
antibodies against cervical cancer in HIV-infected 
patients are limited.

Our previous study showed that tumors of HIV-
infected cervical cancer patients who had under-
gone antiretroviral therapy (ART) had lower 
prevalence of PD-L1 immunopositivity, PD-L1 
amplification, and polysomy compared with 
patients who did not receive ART and those that 
were HIV-negative.14 Having additional expres-
sion data on PD-L1 and its encoding gene in HIV-
positive patients would be useful for clinical 
management.

This study aimed to retrospectively evaluate  
the relationship between pre-treatment PD-L1 
expression and copy number gains of CD274, as 
well as its association with clinical outcomes, in 
HIV-positive and HIV-negative cervical cancer 
patients.

Materials and methods

Patients
The study cohort consisted of 152 patients 
 diagnosed with cervical cancer (42 HIV-infected 
subjects and 110 HIV-uninfected controls) 
between December 2008 and December 2016 at 
the Faculty of Medicine of Navamindradhiraj 
University, the Rajavithi Hospital, and the 
National Cancer Institute of Thailand.
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These patients were selected and considered eli-
gible for our study based on the following inclu-
sion criteria: (i) diagnosis of IB2-IVA cervical 
cancer according to the International Federation 
of Gynecology and Obstetrics (FIGO) staging 
system, and (ii) histologically confirmed diagno-
sis of squamous cell carcinoma. Patients who had 
non-squamous malignancies of the cervix had 
been exposed to chemoradiation therapy, or had 
synchronous or metachronous malignancy, were 
excluded from the study.

This study complied with the Declaration of 
Helsinki and was approved by the Institutional 
Review Boards of Navamindradhiraj University 
(No. 137-2017), Rajavithi Hospital (No. 157-
2017), and the National Cancer Institute (No. 
33-2017). All patients provided informed con-
sent, and their clinical information was recorded 
and coded anonymously. Hematoxylin and eosin 
(HE) stained tissue sections were reviewed by two 
clinical pathologists (KL and NP). Complete 
clinicopathologic data were reviewed and availa-
ble for all patients.

Immunohistochemistry
All immunohistochemical studies were prepared from 
formalin-fixed paraffin-embedded tissues (FFPE). 
Immunohistochemistry was performed using 4 µm 
whole-tissue sections that were cut and stained with 
monoclonal antibodies recognising PD-L1 (clone 
SP263, Ventana Medical Systems, Tucson, AZ, 
USA) and performed on an automated staining plat-
form (BenchMark ULTRA, Ventana Medical 
Systems). The OptiView DAB IHC Detection Kit 
(Ventana Medical Systems) was used according to 
the manufacturer’s guidelines for the visualization of 
the primary anti-PD-L1 antibody. For all immuno-
histochemical staining reactions, human placental tis-
sue was used as a positive control.

PD-L1 immunohistochemical expression in cancer 
cells was assessed using CPS and tumor proportion 
score (TPS) methods. All slides were independently 
assessed by two experienced clinical pathologists 
(KL and NP). In case of disagreement, the slides 
were reviewed together to achieve consensus.

Scoring methods
The CPS is given by summing the number of 
PD-L1 positive cells, including tumor cells, lym-
phocytes, and macrophages, divided by the total 
number of viable tumor cells × 100. Specimens 
with CPS ⩾ 1 were considered to be ‘positive’ 
(Figure 1a–b). This cut-off value was used accord-
ing to the KEYNOTE-158 and CHECKMATE-358 
studies.

The TPS is the percentage of viable tumor cells 
showing partial or complete membrane staining 
at any intensity above background, relative to all 
viable tumor cells present in the sample. PD-L1 
status was considered ‘positive’ when TPS ⩾ 25% 
of tumor cells exhibiting membrane staining 
(Figure 1c–d), according to data from the same 
antibody clone used in clinical studies of dur-
valumab in urothelial carcinoma, non-small-cell 
lung cancer, and head and neck squamous cell 
carcinoma (HNSCC).15–19

PD-L1 fluorescence in situ hybridization
Tissue microarrays (TMAs) with 3 mm core 
diameter were obtained from representative cervi-
cal cancer tissue samples. A minimum of two, and 
up to four, tumor cores from the tumor invasion 
front and/or tumor center were taken in areas pre-
viously marked by two clinical pathologists (KL 
and NP). All TMA cores were validated as con-
taining sufficient number of tumor cells through 
HE staining. FFPE samples were deparaffinized, 

Figure 1. Cervical cancer specimens stained with a monoclonal anti-PD-L1 antibody. (a) Specimen with CPS < 1, (b) Specimen with 
CPS > 1, (c) Specimen with TPS < 25%, and (d) Specimen with TPS > 25% (original magnification × 20).
CPS, combined positive score; PD-L1, programmed death-ligand-1; TPS, tumor proportion score.
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dehydrated in 100% ethanol, and air-dried. The 
ZytoLight SPEC CD274, PDCD1LG2/CEN9 
dual-color probe, containing a mixture of fluoro-
chrome-labelled probes specific for CD274/
PDCD1LG2 cluster, and an orange fluorochrome-
labelled CEN 9 probe specific for the classical sat-
ellite III region of chromosome 9 (D9Z3) at 9q12 
(ZytoVision, Bremerhaven, Germany), was used 
according to the manufacturer’s guidelines.

After screening the entire area of individual cores, 
the probe signals for a monolayer of at least 50 
tumor cell nuclei were counted at ×100 magnifi-
cation in at least five representative images per 
patient. As previously described,20 PD-L1 ampli-
fication was expressed as PD-L1/CEP9 ratio ⩾ 2.0 
(Figure 2a), while polysomy was expressed as the 
median copy number of PD-L1 indications ⩾ 3.0, 
and the proportion to CEP9 signals was < 2.0 
(Figure 2b). All other tumors were deemed to dis-
play disomy (Figure 2c).

Statistical analysis
Statistical analysis was performed using Stata 
software (version 13, StataCorp LP, College 
Station, TX, USA). The distribution of qualita-
tive data was compared between groups using the 
χ2-test or Fisher’s exact test, depending on the 
cell counts of the corresponding contingency 
table. Logistic regression was used to compute 
the relationship between PD-L1 expression and 
its copy number gains with adjustment for poten-
tial confounding factors, including HIV status 
(HIV versus non-HIV), ART use, age, tumor 
size, FIGO stage, the presence of parametrial 
invasion, metastatic lymph node, and type of 
treatment.

From clinical data, we evaluated recurrence-free 
survival (RFS), which was calculated as the period 
from the first day of treatment to the date of 

confirmed recurrence or disease progression, or 
to the last noted date of disease-free status on the 
medical records. Cancer-specific survival (CSS) 
was also calculated as the time of the initial diag-
nosis of cervical cancer until the date of disease-
related death or last follow up, as well as 
locoregional recurrence-free survival (LRR) as 
the interval after achieving complete response to 
the first biopsy proven, clinically, or radiologically 
detected relapse within the pelvis. The Kaplan–
Meier method was used to compute RFS, CSS, 
and LRR. Univariate and multivariate analyses 
were performed through the Cox proportional 
hazards model, and the differences between 
groups were computed with the log-rank test. For 
all statistical analyses, p < 0.05 was considered 
statistically significant.

Results

Demographic and clinical characteristics of the 
patients
HIV status and different clinical cut-offs for 
PD-L1 expression for the patients included in 
the study are shown in Table 1. For the entire 
cohort (n = 152), the median follow-up time was 
40 months (range: 1–120 months) for the HIV 
cohort (n = 42) and 28 months (2–82 months) for 
the non-HIV cohort (n = 110). HIV-positive 
patients were more likely to be younger (median 
age 41.52 ± 10.05 versus 55.34 ± 12.61 years, 
p < 0.001). Overall, 58 patients (38%) had FIGO 
stage III–IV tumors, and 40 patients (26%) had 
node-positive disease. For the entire cohort, the 
FIGO stage was as follows: I, 16 (11%); II, 78 
(51%); III, 45 (29%); and IV, 13 (9%).

Among HIV-positive patients, 19 (45%) were 
on ART at the time of treatment (defined  
as the reported use of three or more anti-r 
etroviral medications, a protease inhibitor, a 

Figure 2. Representative pictures of PD-L1 FISH, showing (a) PD-L1 amplification, (b) PD-L1 polysomy, and (c) 
PD-L1 disomy (original magnification × 100). The PD-L1 gene is labelled in green, centromere 9 in red.
FISH, fluorescence in situ hybridization; PD-L1, programmed cell death ligand-1.

https://journals.sagepub.com/home/tam


K Loharamtaweethong, N Puripat et al.

journals.sagepub.com/home/tam 5

Ta
bl

e 
1.

 C
lin

ic
op

at
ho

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s 
of

 H
IV

 a
nd

 n
on

-H
IV

 p
at

ie
nt

s 
w

ith
 c

er
vi

ca
l c

an
ce

r 
re

la
te

d 
to

 d
iff

er
en

t c
lin

ic
al

 c
ut

of
fs

 fo
r 

P
D

-L
1 

ex
pr

es
si

on
.

Va
ri

ab
le

s
H

IV
 (n

 =
 4

2)
N

on
-H

IV
 (n

 =
 1

10
)

 
C

P
S 
⩾

 1
C

P
S 
<

 1
p-

va
lu

e
TP

S 
⩾

 2
5%

TP
S 
<

 2
5%

p-
va

lu
e

C
P

S 
⩾

 1
C

P
S 
<

 1
p-

va
lu

e
TP

S 
⩾

 2
5%

TP
S 
<

 2
5%

p-
va

lu
e

A
ge

 (y
ea

rs
)

 
<

60
30

 (9
0.

9)
9 

(1
00

)
1.

00
0

12
 (9

2.
3)

27
 (9

3.
1)

1.
00

0
61

 (6
3.

5)
9 

(6
4.

3)
0.

95
7

35
 (6

3.
6)

35
 (6

3.
6)

1.
00

0

 
⩾

60
3 

(9
.1

)
0 

(0
.0

)
1 

(7
.7

)
2 

(6
.9

)
35

 (3
6.

5)
5 

(3
5.

7)
20

 (3
6.

4)
20

 (3
6.

4)
 

Tu
m

or
 s

iz
e 

(c
m

)

 
<

4
4 

(1
2.

1)
2 

(2
2.

2)
0.

59
3

1 
(7

.7
)

5 
(1

7.
2)

0.
64

7
21

 (2
1.

9)
7 

(5
0.

0)
0.

04
4*

9 
(1

6.
4)

19
 (3

4.
5)

0.
02

9*

 
⩾

4
29

 (8
7.

9)
7 

(7
7.

8)
12

 (9
2.

3)
24

 (8
2.

8)
75

 (7
8.

1)
7 

(5
0.

0)
46

 (8
3.

6)
36

 (6
5.

5)
 

FI
G

O
 s

ta
ge

 
St

ag
e 

I
5 

(1
5.

2)
4 

(4
4.

4)
0.

14
2

1 
(7

.7
)

8 
(2

7.
6)

0.
33

4
6 

(6
.3

)
1 

(7
.1

)
0.

17
3

4 
(7

.3
)

3 
(5

.5
)

0.
48

0

 
St

ag
e 

II
16

 (4
8.

5)
2 

(2
2.

2)
6 

(4
6.

2)
12

 (4
1.

4)
50

 (5
2.

1)
10

 (7
1.

4)
26

 (4
7.

3)
34

 (6
1.

8)
 

 
St

ag
e 

III
11

 (3
3.

3)
2 

(2
2.

2)
6 

(4
6.

2)
7 

(2
4.

1)
31

 (3
2.

3)
1 

(7
.1

)
18

 (3
2.

7)
14

 (2
5.

5)
 

 
St

ag
e 

IV
1 

(3
.0

)
1 

(1
1.

1)
0 

(0
.0

)
2 

(6
.9

)
9 

(9
.4

)
2 

(1
4.

3)
7 

(1
2.

7)
4 

(7
.3

)
 

P
ar

am
et

ri
al

 in
va

si
on

 
N

o
5 

(1
5.

2)
5 

(5
5.

6)
0.

02
3*

1 
(7

.7
)

9 
(3

1.
0)

0.
31

0
13

 (1
3.

5)
7 

(5
0.

0)
0.

00
4*

6 
(1

0.
9)

14
 (2

5.
5)

0.
04

8*

 
Ye

s
28

 (8
4.

8)
4 

(4
4.

4)
12

 (9
2.

3)
20

 (6
9.

0)
83

 (8
6.

5)
7 

(5
0.

0)
49

 (8
9.

1)
41

 (7
4.

5)
 

Ly
m

ph
 n

od
e 

po
si

tiv
e

 
N

o
21

 (6
3.

6)
8 

(8
8.

9)
0.

23
2

10
 (7

6.
9)

19
 (6

5.
5)

0.
71

9
72

 (7
5.

0)
11

 (7
8.

6)
1.

00
0

40
 (7

2.
7)

43
 (7

8.
2)

0.
50

6

 
Ye

s
12

 (3
6.

4)
1 

(1
1.

1)
3 

(2
3.

1)
10

 (3
4.

5)
24

 (2
5.

0)
3 

(2
1.

4)
15

 (2
7.

3)
12

 (2
1.

8)
 

Tr
ea

tm
en

t

 
C

TR
T

32
 (9

7)
9 

(1
00

)
1.

00
0

12
 (9

2.
3)

29
 (1

00
)

0.
31

0
92

 (9
5.

8)
14

 (1
00

)
1.

00
0

54
 (9

8.
2)

52
 (9

4.
5)

0.
61

8

 
R

ad
ic

al
 R

T
1 

(3
.0

)
0 

(0
)

1 
(7

.7
)

0 
(0

.0
)

4 
(4

.2
)

0 
(0

.0
)

1 
(1

.8
)

3 
(5

.5
)

 

A
R

T

 
A

bs
en

t
21

 (6
3.

6)
2 

(2
2.

2)
0.

05
5

11
 (8

4.
6)

12
 (4

1.
4)

0.
01

7*
 

 
P

re
se

nt
12

 (3
6.

4)
7 

(7
7.

8)
2 

(1
5.

4)
17

 (5
8.

6)
 

H
IV

 v
ir

al
 lo

ad
 (c

op
ie

s/
μl

)

 
⩾

50
16

 (4
8.

5)
2 

(2
2.

2)
0.

25
8

7 
(5

3.
8)

11
 (3

7.
9)

0.
50

1
 

 
U

nd
et

ec
ta

bl
e

17
 (5

1.
5)

7 
(7

7.
8)

6 
(4

6.
2)

18
 (6

2.
1)

 

C
D

4 
co

un
t

 
⩽

35
0

15
 (4

5.
5)

8 
(8

8.
9)

0.
02

7*
6 

(4
6.

2)
17

 (5
8.

6)
0.

51
6

 

 
>

35
0

18
 (5

4.
5)

1 
(1

1.
1)

7 
(5

3.
8)

12
 (4

1.
4)

 

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s 

nu
m

be
r 

(%
).

p-
va

lu
es

 w
er

e 
ob

ta
in

ed
 u

si
ng

 C
hi

-s
qu

ar
e 

te
st

 o
r 

Fi
sh

er
’s

 e
xa

ct
 te

st
.

*p
-v

al
ue

 <
 0

.0
5,

 S
ta

tis
tic

al
ly

 s
ig

ni
fic

an
t.

A
R

T,
 a

nt
ir

et
ro

vi
ra

l t
he

ra
py

; C
P

S,
 c

om
bi

ne
d 

po
si

tiv
e 

sc
or

e;
 C

TR
T,

 c
on

cu
rr

en
t c

he
m

or
ad

io
th

er
ap

y;
 F

IG
O

, I
nt

er
na

tio
na

l F
ed

er
at

io
n 

of
 G

yn
ec

ol
og

y 
an

d 
O

bs
te

tr
ic

s;
 H

IV
, h

um
an

 
im

m
un

od
ef

ic
ie

nc
y 

vi
ru

s;
 P

D
-L

1,
 p

ro
gr

am
m

ed
 d

ea
th

 li
ga

nd
-1

; R
T,

 r
ad

ia
tio

n 
th

er
ap

y;
 T

P
S,

 tu
m

or
 p

ro
po

rt
io

n 
sc

or
e.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 12

6 journals.sagepub.com/home/tam

non-nucleoside reverse transcriptase inhibitor, or 
a nucleoside reverse transcriptase inhibitor). In 
total, 57% of patients had an undetectable HIV 
viral load, with a mean CD4-positive count of 
316.83 ± 181.5 cells/μl.

Overall, 129/152 patients (84.9%) had tumors with 
CPS ⩾ 1, of whom 33/42 (78.6%) were HIV-
positive and 96/110 (87.3%) were HIV-negative 
(p = 0.181). On the other hand, 68/152 (44.8%) had 
tumors with TPS ⩾ 25%, of whom 13/42 (31%) 
were HIV-positive and 55/110 (50%) were HIV-
negative (p = 0.035). The distribution of PD-L1 
protein expression with CPS ⩾ 1 and TPS ⩾ 25% in 
each group of patients is shown in Figure 3.

Among HIV-positive patients (n = 42), those with 
CPS ⩾ 1 had significantly higher CD4 counts 
(54.5% versus 11.1%; p = 0.027) and higher risk 
for parametrial invasion (84.8% versus 44.4%; 
p = 0.023) than those with CPS < 1. No significant 
correlations were observed between CPS ⩾ 1 and 
<1 groups regarding patient age, tumor size, 
FIGO stage, nodal metastasis, radio/chemother-
apy, ART use, or undetectable viral loads.

HIV-negative patients with CPS ⩾ 1 had bigger 
tumors (78.1% versus 50%; p = 0.044) and had a 
significantly higher risk for parametrial invasion 
(86.5% versus 50.0%; p = 0.004) compared with 
patients with CPS < 1. No significant correlations 
were found between CPS ⩾ 1 and <1 groups 
regarding patient age, FIGO stage, nodal metas-
tasis, or radio/chemotherapy.

In the HIV-positive cohort with TPS ⩾ 25%, a 
significant difference in PD-L1 expression was 

observed between ART-treated (n = 19) and 
untreated (n = 23) patients (15.4% versus 84.6%; 
p = 0.017). However, no significant correlation 
was seen between patients with TPS ⩾ 25% or 
less regarding patient age, tumor size, FIGO 
stage, the presence of parametrial invasion, 
nodal metastasis, radio/chemotherapy, increased 
CD4 counts, or undetectable viral loads.

HIV-negative patients with TPS ⩾ 25% were 
found to have significantly bigger tumors (83.6% 
versus 65.5%; p = 0.029) and parametrial invasion 
at diagnosis (89.1% versus 74.5%; p = 0.048) 
compared with patients with TPS < 25%. No sig-
nificant correlation was observed between TPS 
level and patient age, FIGO stage, nodal metasta-
sis, or radio/chemotherapy.

Clinicopathological and molecular factors 
predicting PD-L1 positivity with CPS ⩾ 1
Based on CPS ⩾ 1, univariate analyses revealed 
that the features that associated with PD-L1 
positivity were bigger tumor size [odds ratio 
(OR) = 2.67 (95% CI: 1.04–6.88), p = 0.041], 
parametrial invasion [OR = 6.73 (2.58–17.53), 
p < 0.001], and ART non-exposure or HIV neg-
ative [OR = 0.16 (0.03–0.92), p = 0.039 and 
OR = 0.25 (0.08–0.74), p = 0.012, respectively] 
(Table 2). However, only parametrial invasion 
was associated with CPS ⩾ 1 in the multivariate 
analyses [OR = 4.99 (1.78–13.95), p = 0.002].

Clinicopathological and molecular factors 
predicting PD-L1 positivity with TPS ⩾ 25%
Based on TPS ⩾ 25%, features that could signifi-
cantly predict PD-L1 positivity were HIV-positive 

Figure 3. PD-L1 immunoreactivity and PD-L1 copy number alterations in HIV-positive and HIV-negative cervical cancer patients. (a) 
Percentage of PD-L1 immunoreactivity with CPS ⩾ 1 versus CPS < 1 across patient groups. (b) Percentage of PD-L1 immunoreactivity with 
TPS ⩾ 25% versus TPS < 25% across patient groups. (c) Percentage of PD-L1 copy number alterations (disomy, polysomy, and amplification) 
across patient groups. The analysis was conducted using the χ2-test and the data are presented as mean ± standard error of the mean.
CPS, combined positive score; HIV, human immunodeficiency virus; PD-L1, programmed death ligand-1; TPS, tumor proportion score.
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[OR = 0.45 (0.21–0.95), p = 0.037], increased tumor 
size [OR = 2.67 (1.04–6.88), p = 0.041], parametrial 
invasion [OR = 6.73 (2.58–17.53), p<0.001], 
PD-L1 amplification [OR = 16.84 (3.39–83.6), 
p = 0.001], and PD-L1 polysomy [OR = 7.3 (3.42–
15.57), p<0.001]. In subgroup analyses, ART expo-
sure was inversely correlated with TPS ⩾ 25% 
compared with ART-untreated patients [OR = 0.13 

(0.02–0.69); p = 0.016] and HIV-negative patients 
[OR = 0.12 (0.03–0.53), p = 0.006]. The analyses 
also revealed that only PD-L1 amplification and 
PD-L1 polysomy were significant predictors of 
TPS ⩾ 25% [OR = 13.09 (2.43–70.61), p = 0.003; 
and OR = 6.41 (2.87–14.33), p < 0.001; respec-
tively]. The ability of each parameter to predict 
PD-L1 positivity is summarised in Table 3.

Table 2. Univariate and multivariate analyses for factors predict CPS ⩾ 1 (n = 152).

Variables Number (n) Univariate analyses Multivariate analyses

 OR 95% CI p-value ORadj 95% CI p-value

Patient’s subgroups

 HIV versus Non-HIV 42 versus 110 0.54 (0.21–1.35) 0.185  

ART status

 HIV ART-treated versus Non-HIV 19 versus 110 0.25 (0.08–0.74) 0.012* 0.40 (0.06–2.63) 0.343

 HIV ART-untreated versus Non-HIV 23 versus 110 1.53 (0.32–7.25) 0.591 1.11 (0.22–5.67) 0.903

 HIV ART-treated versus HIV ART-untreated 19 versus 23 0.16 (0.03–0.92) 0.039* 0.37 (0.11–1.23) 0.104

Age (years)

 ⩾60 versus <60 43 versus 109 1.50 (0.52–4.34) 0.451  

Tumor size (cm)

 ⩾4 versus <4 118 versus 34 2.67 (1.04–6.88) 0.041* 2.11 (0.73–6.09) 0.165

FIGO stage

 Stage IIIA-IVA versus Stage IB2-IIB 58 versus 94 1.91 (0.71–5.18) 0.201  

Parametrial invasion

 Present versus Absent 122 versus 30 6.73 (2.58–17.53) <0.001* 4.99 (1.78–13.95) 0.002*

Metastatic lymph node

 Present versus Absent 40 versus 112 1.84 (0.59–5.78) 0.297  

Treatment

 CTRT versus Radical RT 147 versus 5  

PD-L1 copy number alterations

 Amplification versus Disomy 12 versus 83  

 Polysomy versus Disomy 57 versus 83 2.19 (0.81–5.95) 0.125  

ART, antiretroviral therapy; CI, confidence interval; CPS, combined positive score; CTRT, concurrent chemoradiotherapy; FIGO, International 
Federation of Gynecology and Obstetrics; HIV, human immunodeficiency virus; OR, odds ratio; ORadj, adjusted odds ratio; PD-L1, programmed cell 
death ligand-1; RT, radiation therapy.
*p-value < 0.05, Statistically significant.
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PD-L1 gene copy number alterations
Figure 3c shows the proportion of PD-L1 copy 
number alterations in each patient group. Among 
all patients included in the study 12 (7%) had 
tumor cells positive for gene amplification, of 
whom 4/42 (8%) were HIV-positive and 8/110 
(7%) were HIV-negative patients. Polysomy was 
seen in 57 (38%) cases, among whom 14/42 
(33%) were HIV-positive and 43/110 (39%) were 
HIV-negative patients, whereas PD-L1 disomy 
was seen in 83/152 (55%) cases, of whom 24/42 
(57%) were HIV-positive patients and 59/110 

(54%) were HIV-negative patients. Gene copy 
number gain was restricted to tumor cells and was 
not present in the inflammatory cell component. 
No significant differences in PD-L1 amplification, 
polysomy, and disomy between HIV-positive and 
HIV-negative patients were found.

Survival outcomes
Survival of HIV-positive and HIV-negative 
patients according to immunohistochemistry- 
and FISH-based expression status of PD-L1 are 

Table 3. Univariate and multivariate analyses for factors predict TPS ⩾ 25% (n = 152).

Variables Number (n) Univariate analyses Multivariate analyses

 OR 95% CI p-value ORadj 95% CI p-value

Patient’s subgroups

 HIV versus Non-HIV 42 versus 110 0.45 (0.21–0.95) 0.037* 0.47 (0.16–1.34) 0.157

ART status

 HIV ART-treated versus Non-HIV 19 versus 110 0.12 (0.03–0.53) 0.006* 0.36 (0.06–2.30) 0.281

 HIV ART-untreated versus Non-HIV 23 versus 110 0.92 (0.37–2.25) 0.850  

 HIV ART-treated versus HIV ART-untreated 19 versus 23 0.13 (0.02–0.69) 0.016* 0.36 (0.06–2.30) 0.281

Age (years)

 ⩾60 versus <60 43 versus 109 1.26 (0.62–2.56) 0.523  

Tumor size (cm)

 ⩾4 versus <4 118 versus 34 2.32 (1.02–5.27) 0.045* 1.86 (0.71–4.83) 0.205

FIGO stage

 Stage IIIA-IVA versus Stage IB2-IIB 58 versus 94 1.77 (0.91–3.43) 0.091  

Parametrial invasion

 Present versus Absent 122 versus 30 3.29 (1.31–8.22) 0.011* 1.47 (0.51–4.20) 0.473

Metastatic lymph node

 Present versus Absent 40 versus 112 1.02 (0.49–2.1) 0.969  

Treatment

 CTRT versus Radical RT 147 versus 5 0.82 (0.13–5.04) 0.829  

PD-L1 copy number alterations

 Amplification versus Disomy 12 versus 83 16.84 (3.39–83.6) 0.001* 13.09 (2.43–70.61) 0.003*

 Polysomy versus Disomy 57 versus 83 7.30 (3.42–15.57) <0.001* 6.41 (2.87–14.33) <0.001*

ART, antiretroviral therapy; CI, confidence interval; CTRT, concurrent chemoradiotherapy; FIGO, International Federation of Gynecology and 
Obstetrics; HIV, human immunodeficiency virus; OR, odds ratio; ORadj, adjusted odds ratio; PD-L1, programmed cell death ligand-1; RT, radiation 
therapy; TPS, tumor proportion score.
*p-value < 0.05, Statistically significant.
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shown in Figures 4–5. For PD-L1 status deter-
mined by TPS ⩾ 25, only poor RFS was observed 
in HIV-negative patients positive for PD-L1. No 
significant survival differences between HIV-
positive or negative patients with PD-L1 status 
determined by CPS ⩾ 1 criteria were observed. Of 
note, PD-L1 amplification was significantly cor-
related with unfavorable patient survival (RFS 
and CSS), regardless of HIV status.

Moreover, significant poor prognostic factors for 
patient survival were advanced FIGO stage (LRR, 
RFS, and CSS), large tumor size (RFS and CSS), 
parametrial invasion (RFS), positive nodal status 
(RFS and CSS), ART-untreated HIV-positive, 
PD-L1 positive (with TPS ⩾ 25%) (RFS), posi-
tive PD-L1 amplification (RFS and CSS), and 

polysomy (LRR and RFS). Multivariate analyses 
showed that only FIGO stage (RFS and CSS), 
polysomy (LRR), and PD-L1 amplification (RFS 
and CSS) remained significant poor prognostic 
factors. Of note, HIV status was not associated 
with worse survival outcomes. Univariate and 
multivariate analyses evaluating the impact of 
these prognostic factors are shown in Table 4.

Discussion
Comparison of PD-L1 expression and copy num-
ber alterations in cervical cancer tissue specimens 
of patients with and without HIV infection, we 
found that HIV-positive women had significantly 
lower protein levels by using the clinical cut-off 
TPS ⩾ 25% but not by CPS ⩾ 1. However, there 

Figure 4. Kaplan–Meier survival curves for HIV patients in relation to PD-L1 immunoreactivity and genetic category. (a) LRR, (b) 
RFS, and (c) CSS based on PD-L1 expression with CPS ⩾ 1 versus CPS < 1. (d) LRR, (e) RFS, and (f) CSS based on PD-L1 expression 
with TPS ⩾ 25% versus TPS < 25%. (g) LRR, (h) RFS, and (i) CSS based on PD-L1 amplification versus disomy and PD-L1 polysomy 
versus disomy.
CPS, combined positive score; CSS, cancer-specific survival; HIV, human immunodeficiency virus; LRR, locoregional recurrence-free survival; PD-L1, 
programmed death ligand-1; RFS, recurrence-free survival; TPS, tumor proportion score.
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was no significant difference in PD-L1 copy num-
ber categories (amplification, polysomy, and dis-
omy) between women positive and negative for 
HIV. Our findings suggest that HIV status was 
associated with cervical cancer cell biology; 
 nevertheless, HIV effect was not associated with 
differences in genomic alterations between HIV-
positive and HIV-negative women. In addition, 
we found that the CPS was related to the CD4-
positive cell count in HIV-positive women, whereas 
TPS was associated with ART use, suggesting 
that the tumor microenvironment in cervical 
 cancer may be influenced by CD4 cell count and 
HIV treatment.

In HIV-positive patients, the infection promotes 
PD-L1 expression in dendritic cells, B cells, and 

neutrophils, leading to an inhibitory environment 
for T cell-mediated anti-tumor immune activ-
ity.21,22 In addition, the use of anti-retroviral ther-
apy may modulate the immune status of these 
patients, further promoting a tumor-promoting 
immune environment.21 Nevertheless, while these 
explanations are theoretically meaningful, the 
underlying mechanism contributing for the poor 
outcomes of HIV patients with cervical cancer 
remains unclear.

An in vitro study in HNSCC cell lines revealed 
that PD-L1 expression is significantly upregu-
lated in response to interferon gamma (IFN-γ), 
which is an important cytokine triggering de novo 
PD-L1 induction in tumor cells.23 Multiple 
downstream signalling pathways, including 

Figure 5. Kaplan–Meier survival curves for non-HIV patients in relation to PD-L1 immunoreactivity and genetic category. (a) LRR, (b) 
RFS, and (c) CSS based on PD-L1 expression with CPS ⩾ 1 versus CPS < 1. (d) LRR, (e) RFS, and (f) CSS based on PD-L1 expression 
with TPS ⩾ 25% versus TPS < 25%. (g) LRR, (h) RFS, and (i) CSS based on PD-L1 amplification versus disomy and PD-L1 polysomy 
versus disomy.
CPS, combined positive score; CSS, cancer-specific survival; HIV, human immunodeficiency virus; LRR, locoregional recurrence-free survival; PD-L1, 
programmed death ligand-1; RFS, recurrence-free survival; TPS, tumor proportion score.
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NF-kB, MAPK, mTOR, PI3K, and JAK/STAT, 
are expressed and activated under extrinsic stim-
uli that act through the IFN-γ receptor. These 
pathways play an important role in cell prolifera-
tion, cell cycle progression, transcription factor 
regulation or activation, and regulation of the 
nuclear translocation of transcription factors to 
the PD-L1 promoter.24

T helper cells (Th1), which can express CD4 
receptors, act as regulators of the immune 
response. The CD4-positive Th1 subset produces 
cytokines, such as interleukin (IL-2) and IFN-γ, 
that stimulate macrophages to eliminate intracel-
lular pathogens.25 In the setting of HIV infection, 
the innate and adaptive immune responses are 
affected. Fewer CD4-positive cells may prevent 
IL-2 and IFN-γ secretion,26 even after a lengthy 
period of antiretroviral therapy.27 Hence, it is pos-
sible that lower levels of pro-inflammatory 
cytokines, particularly IFN-γ, can affect the tumor 
microenvironment and lead to a decrease in 
PD-L1 expression in tumor cells or immune cells 
of HIV patients. In addition, some studies have 
demonstrated that several signalling genes, such 
as NF-κB, MAPK, and JAK/STAT, are also 
down-regulated after ART.28,29 Nevertheless, the 
exact molecular mechanism for these findings 
remains unknown. Further studies are warranted 
on these novel observations regarding cervical 
cancer cell biology, as well as on the impact of 
ART and CD4-positive T cells on PD-L1 expres-
sion in HIV-positive patients.

Based on immunohistochemistry data and the 
cut-off value of CPS ⩾ 1, we found that 79% and 
87% of cervical carcinomas were positive for 
PD-L1 in HIV-positive and negative patients, 
respectively, which was in accordance with previ-
ous reports.8,9 When using the cut-off value of 
TPS ⩾ 25%, only 31% and 50% of HIV-positive 
and HIV-negative cervical carcinoma, respec-
tively, were determined as PD-L1 positive. 
Nevertheless, these frequencies were within the 
30–70% range previously reported.30–33 Several 
factors may contribute for the different rates of 
PD-L1 expression seen, including different scor-
ing techniques used between studies or the 
defined positive cut-off points. The heterogeneity 
of PD-L1 staining in tumors, along with the tis-
sue fixation conditions and epitope stability, may 
further contribute to these differences.

It is also important to note that the different scor-
ing algorithms and cut-off values for PD-L1 

staining are specific to tumor entities and certain 
clinical decisions. The TPS only considers mem-
branous staining of tumor cells, while the CPS 
comprises PD-L1 expression in both tumor and 
immune cells into a single score, providing a 
broader view of the cancer immune status. 
However, these scoring methods, as well as cut-off 
values, might differ between HIV-positive and 
HIV-negative patients. Our results indicated that 
there are differences in cervical cancer cell biology 
between these patients. Moreover, HIV-associated 
factors, including CD4-positive cell counts and 
ART may also impact on PD-L1 expression and 
promote inconsistent results among studies. 
Altogether, we believe that use of PD-L1 immu-
nohistochemistry should be reassessed and exer-
cised with caution in patients with HIV.

Owing to the limitations of immunohistochemical 
studies, determination of aberrant amplification 
of the 9p24.1 locus by FISH may represent an 
alternative option to evaluate PD-L1 status. An 
increase in 9p24.1 locus copy number represents 
a somatic change that results in the gain of a frac-
tion of the DNA region and amplification of a 
number of significant genes, a process that has 
been associated with tumor progression and car-
cinogenesis. These genes can act as triggers and/
or supporting factors of the underlying mecha-
nism involved in drug resistance. Therefore, they 
may serve as prognostic markers and potential 
therapeutic targets.34 For example, in the case of 
9p24.1 locus amplification, its encoded genes 
PDCD1LG2, CD274, and JAK2 can promote 
PD-L1 expression in many cancers, such as nod-
ular sclerosing Hodgkin lymphoma, mediastinal 
large B-cell lymphoma, glioblastomas, and carci-
nomas of colon, gastric, and triple-negative breast 
cancers, as well as of cervix and vulva.10–13

Our study showed that copy number gains from 
the amplification of PD-L1 occurred in a small 
number of cases (8% in HIV patients and 6.5% in 
non-HIV patients), which was a much lower inci-
dence than the 67% PD-L1 amplification among 
HIV-negative cervical cancer patients reported by 
Howitt et al.13 This difference may be due to dif-
ferences in sample sizes, stage of the disease, or 
health conditions of the participants in each study.

Our study also demonstrated that evaluation of 
copy number gains for PD-L1 (amplification and 
polysomy) was more efficient to predict survival 
outcomes than immunohistochemical PD-L1 
expression assessment. PD-L1 copy gain could 
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serve as a reliable prognostic marker in cervical 
carcinoma patients in both HIV and non-HIV 
patients. Therefore, treatment of cervical cancer 
with anti-PD-1/PD-L1 therapy may be tailored 
according to PD-L1 copy number alterations. 
Further studies are warranted to evaluate the rela-
tionship between anti-PD-1/PD-L1 therapy and 
clinical outcomes of cervical cancer patients with 
CD274 amplification.

Although this study added useful information to 
the current knowledge of cervical cancer, it had 
some limitations. The main limitation was the 
small sample size of HIV patients who had or had 
not received ART, which may have led to low sta-
tistical power. Since this was a retrospective study, 
various treatments were administered to the 
patients; therefore, the prognostic factors influenc-
ing survival outcomes may have not been thor-
oughly assessed. Another limitation was the use of 
tissue microarray techniques for pathological pro-
cedures and assessment. The limited area of tumor 
sampling may not represent the genuine PD-L1 
copy number status, which might be heterogene-
ous. Nevertheless, we endeavored to overcome 
these limitations by increasing the case:control 
ratio in order to improve the statistical power of 
our study and by assessing 3–4 core tissue punch-
ing for each case in the TMA procedure.

Locally advanced cervical cancer generally has 
poor prognosis and frequently fails after primary 
treatment. Therefore, the stability and prognostic 
significance of PD-L1 copy number status and 
protein expression in tumor tissue from meta-
static or recurrent settings would be clinically 
useful and should be explored in future studies.

In summary, PD-L1 amplification and polysomy 
are the most potent drivers of PD-L1 expression 
in cervical cancer cells, whereas use of PD-L1 
immunohistochemistry should be re-assessed and 
exercised with caution in patients with HIV due 
to differences in cancer cell biology and HIV-
associated influential factors. An increase in the 
PD-L1 gene copy number is more reliable and 
could be an alternative prognostic and possible 
predictive biomarker for anti-PD-1/PD-L1 ther-
apy, regardless of HIV status.
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