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Objectives: The present study aimed to identify the predictive value of inflammatory
indexes stratified according to human papillomavirus (HPV) infection status in women with
FIGO 2018 stage IB~IIA cervical cancer. We also explored the influences of HPV infection
status on the survival of cervical cancer patients.

Methods: We collected data for 583 women with stage IB~IIA cervical cancer in Sun Yat-
sen University Cancer Center between 2009 and 2017. The t-test, chi-squared (Xg) test
and Fisher’s exact test were applied to compare the differences of inflammatory indexes
and clinicopathological features between HPV-positive and HPV-negative groups.
Univariate and multivariate analyses were used to identify clinicopathological factors
that were associated with the prognosis of cervical cancer patients.

Results: There were no differences in overall survival (OS) and progression-free survival
(PFS) between HPV-positive and HPV-negative groups. In HPV-positive group, the
maximum tumor size, neoadjuvant chemotherapy and the body mass index (BMI)
correlated significantly with C-reactive protein/albumin ratio (CAR). The maximum
tumor size and the prognostic nutritional index (PNI) correlated significantly with the
platelet-lymphocyte ratio (PLR). The maximum tumor size, neoadjuvant chemotherapy
and PLR correlated significantly with PNI. Univariate and multivariate analyses showed that
the depth of tumor invasion (HR: 3.651, 95% ClI: 1.464-9.103, p = 0.005; HR: 2.478, 95%
Cl:1.218-5.043, p =0.012) and CAR (HR: 5.201, 95% CI: 2.080-13.004, p < 0.0001; HR:
2.769, 95% Cl: 1.406-5.455, p = 0.003) were independent predictors of poor OS and
PFS. PNI was an independent protective factor of OS (HR: 0.341, 95% CI: 0.156-0.745,
p = 0.007). PLR was an independent factor of PFS (HR: 1.991, 95% CI: 1.018-3.894, p =
0.044). In HPV-negative group, BMI correlated significantly with CAR. Only depth of
invasion (HR: 9.192, 95% Cl: 1.016-83.173, p = 0.048) was the independent predictor of
poor OS, and no inflammation indexes were independent predictors of prognosis.

Conclusion: In patients with HPV-positive cervical cancer, depth of invasion, PNI and
CAR are independent factors of OS, and depth of invasion, PLR and CAR are independent
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factors for PFS. For patients with HPV-negative disease, no inflammation indexes had
predictive value for prognosis. The predictive value of inflamsmation indexes on prognosis is
more significant in patients with HPV-positive cervical cancer. Stratification of HPV
infection status promotes a more precise clinical application of inflammation indexes,
thus improving their accuracy and feasibility.

Keywords: recurrence, survival, CAR, prognostic markers, UCC, HPV

INTRODUCTION

Globally, uterine cervical cancer (UCC) still ranks fourth for both
incidence and mortality among cancers, with about 570,000 new
cases and 311,000 deaths each year [1]. To the best of our
knowledge, high-risk human papillomavirus (HPV) infection
is one of the main risk factors for cervical cancer, and the
body inflammatory state influenced by HPV infection is
related closely to the progression of cervical cancer [2]. With
the popularization of cervical cancer screening and the
widespread use of anti-HPV vaccines, the incidence of cervical
cancer in developed countries has declined gradually [1-3].
However, because of a large population, uneven economic
development, and late application of anti-HPV vaccines, the
incidence of cervical cancer in China ranks second in the
world, and the proportion of young patients is rising rapidly.
Thus, predicting these patients’ life expectancy is vital for
clinicians and patients [4]. Pelvic lymph node metastasis is
acknowledged as one of the most important prognostic factors
[5]. With the update of the Federation of Gynecologists and
Obstetricians (FIGO) guidelines, cervical cancer patients with
pelvic or para-aortic lymph node involvement are classified as
stage ITIC [5, 6]. Therefore, for patients with stage IB~IIA cervical
cancer in the revised staging, the predictive factors that can be
used preoperatively remain limited.

Indexes of a systemic inflammatory response (SIR), such as the
C-reactive protein (CRP)-albumin (ALB) ratio (CAR), the
platelet-lymphocyte ratio (PLR), the prognostic nutritional
index (PNI), the neutrophil-lymphocyte ratio (NLR), and the
lymphocyte-monocyte ratio (LMR), have been used not only to
determine the nutritional status and complications but also to
predict prognosis of patients in various cancers [7-11]. As a novel
inflammation- and nutrition-based score, CAR has been reported
as an independent indicator of poor prognosis in different cancers
including lung cancer, colorectal cancer, pancreatic cancer and
hepatocellular cancer [12-15]. Platelets are an important
component of peripheral blood cells and have complex
relations with tumor cells. It's found that several
proinflammatory mediators (e.g., IL1 and IL6) could stimulate
and increase plateles counts. Therefore, platelet counts can reflect
the inflammatory status to some extent [16]. Besides, platelets
activate  signalling pathways to induce epithelial-to-
mesenchymal-like transition (EMT) and tumor metastasis
[17]. Increasing evidences have proven that NLR is a reliable
indicator of prognosis in solid tumors. In Zhang’s study with 460
Chinese cervical cancer patients treated with radical surgery, the
results showed that there was a significant value of NLR for

patients’ prognosis [18]. PLR is also demonstrated as an
independent factor for worse OS in ovarian cancer and
pancreatic cancer [16, 19]. PNI, which is calculated according
to ALB levels and peripheral lymphocyte numbers, reflects both
the nutritional and immunal status of patient. Several studies
have demonstrated that PNI is a preditive indicator of prognosis
in hepatocellular cancer, gastric cancer and pancreatic cancer
[20-22]. In recent years, these indexes have gradually attracted
attentions for their application as prognostic predictors in solid
tumors [23-25].

Although several studies on survival and recurrence outcomes
of patients with cervical cancer in various stages have been
published, to date, there is no report concerning the impact of
HPV infection status on the inflammatory indexes and the
prediction of prognosis in patients with cervical cancer. In this
study, we firstly divided the patients into HPV-positive group and
HPV-negative group, and compared the clinical parameters and
prognosis between two groups. We analyzed retrospectively the
predictive value of preoperative inflammation markers (PLR,
PNI, and CAR) on the prognosis of patients with FIGO 2018
stage IB~ITA cervical cancer with different HPV infection
statuses.

MATERIALS AND METHODS

Ethics Statement

This retrospective study was performed in accordance with the
Declaration of Helsinki and approved by the Ethics Committee of
the Sun Yat-sen University Cancer Center Institutional Review
Board (IRB-number B2020-345-01). Informed patient consent
was waived in this observational and noninterventional study, in
which the patient’s data were kept under strict control. The
authenticity of this article has been validated by uploading the
key raw data onto the Research Data Deposit public platform
(www.researchdata.org.cn), with the approval RDD number as
RDDA2021001939.

Patients

In this study, a total of 583 patients with FIGO stage IB~IIA
cervical cancer who had received radical resection at Sun Yat-sen
University Cancer Center between February 2009 and December
2017 were enrolled as a cohort. Every patient’s postoperative
histopathological type was reviewed according to the WHO
criteria by two experienced gynecological pathologists. Routine
blood examinations were performed before surgery. The study
excluded patients who had hematological malignancies, other
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TABLE 1 | Comparison of clinical characteristics between patients with HPV-positive and HPV-negative cervical cancer. The bold values mean that the difference is

considered statistically significant (o < 0.05).

Variables HPV-positive (n = 501)
Median follow-up, months 68.34 + 26.93
CAR 0.0642 + 0.135
PLR 132.0 + 50.75
PNI 53.47 + 4.409
Age 49.05 + 9.208

<45 years 173 (34.5)

>45 years 328 (65.5)
FIGO stage

B 327 (65.3)

A 174 (34.7)
Maximum tumor size

<4 cm 414 (82.6)

>4 cm 87 (17.4)
Pathological type

Squamous 423 (84.4)

Non-squamous 78 (15.6)
Neoadjuvant chemotherapy

No 392 (78.2)

Yes 109 (21.8)
Histological grade

G1 +G2 217 (43.3)

G3 284 (56.7)
Depth of invasion

<2/3 270 (53.9)

>2/3 231 (46.1)
BMI, kg/m?

<19 or >24 229 (45.7)

19-24 272 (54.3)

HPV-negative (n = 82) Statistics p-Value
66.23 + 22.29 t=0.6720 0.5019
0.0932 + 0.284 t=1.483 0.1386
131.0 + 51.55 t=0.1691 0.8658
53.34 + 4.681 t = 0.2464 0.8055
47.87 + 8.954 X2 = 0.131 0.717

30 (36.6)
52 (63.4)

X = 3.393 0.085
62 (75.6
20 (24.4

X2 = 1.004 0.316
64 (78.0
18 (22.0

x? = 35.962 <0.0001
46 (56.1)
36 (43.9

x? = 2.258 0.133
58 (70.7
24 (29.9)

X° = 3.050 0.081
44 (53.7
38 (46.3

X2 = 3.291 0.070
53 (64.6
29 (35.4

X2 =0.010 0.921
37 (45.1
45 (54.9

HPV, human papillomavirus; CAR, C-reactive protein/albumin ratio; PLR, platelet-lymphocyte ratio; PNI, prognostic nutritional index; FIGO, Federation of Gynecologists and Obstetricians;
Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; BMI, body mass index.

malignancies, autoimmune diseases, active infection, or
inflammatory ~disease within the month before blood
examinations, or who lost contact. The tumor stage of all
cases was defined according to the FIGO 2018 cervical cancer
criteria [6].

Data Collection

Clinical data, including clinicopathological parameters (such as
age at diagnosis, height, weight, histopathological type, tumor
grade, maximal tumor size, depth of invasion, preoperative
neoadjuvant chemotherapy, postoperative adjuvant therapy,
FIGO stage, and HPV infection status), survival time, and
preoperative routine blood examination results (including
absolute counts of leukocytes, lymphocytes and platelets, the
levels of CRP and ALB) were collected retrospectively from
the medical records. In addition, we also collected the
postoperative adjuvant treatment including radiotherapy and
chemotherapy.

Parameters Calculations

Venous blood was drawn from all patients within 1 week before
surgery. The CAR, PLR, PNI and body mass index (BMI) were
calculated using the following equations:

CRP (mg/L)

CAR =
ALB(g/L)

PLR = platelets counts (10°/L)
~ lymphocytes counts (10°/L)

PNI = ALB(g/L) + 5*lymphocytes counts (10°/L)

BMI = welghzt (kg)
height* (m?)
¢ . .
The depth of invasion = {MOT INVasion n mim

cervical wall thickness in mm

The depth of invasion was evaluated by two experienced
gynecological pathologists. The invasion of outer one-third
(=2/3) of the cervical stroma was considered as a risk factor
that increases the risk of pelvic recurrence [6].

Receiver operating characteristic (ROC) curves were generated
for pre-treatment CAR, PLR, and PNI to determine the cut-off
values that yielded optimal sensitivity and specificity. The upper
right point of the ROC curve was selected, and the Youden index
was calculated according to the sensitivity and specificity of each
possible point in the statistical results. Then, the largest point was
selected to determine the optimal cut-off value of the
hematological index, such that the numerical variable could be
transformed into a classified variable to analyze the
statistical data.

HPV Testing
Every patient accepted high-risk type HPV test before surgery.

Cervical cells sample was collected by the Digene Hybrid Capture
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TABLE 2| Comparison of clinical characteristics between preoperative CAR" and CAR™ groups in patients with HPV-positive cervical cancer. The bold values mean that the

difference is considered statistically significant (p < 0.05).

Variables Case CAR < 0.0396
(n = 501) (n = 305)

Age

<45 years 173 111 (36.4)

>45 years 328 194 (63.6)
FIGO stage

B 327 198 (64.9)

A 174 107 (35.1)
Maximum tumor size

<4 cm 414 264 (86.6)

>4 cm 87 41 (13.4)
Pathological type

Squamous 423 252 (82.6)

Non-squamous 78 53 (17.4)
Neoadjuvant
chemotherapy

No 392 250 (82.0)

Yes 109 55 (18.0)
Histological grade

G1 +G2 217 133 (43.6)

G3 284 172 (56.4)
Depth of invasion

<2/3 270 168 (55.1)

>2/3 231 137 (44.9)
PLR

<163.41 392 242 (79.3)

>163.41 109 63 (20.7)
PNI

<50.15 111 62 (20.9)

>50.15 390 243 (79.7)
BMI, kg/m?

<19 or >24 229 117 (38.4)

19-24 272 188 (61.6)

CAR > 0.0396 X p-Value

(n = 196)

1.196 0.274
62 (31.6)
134 (68.4)

0.042 0.837
129 (65.8)
67 (34.2)

8.360 0.004
150 (76.5)
46 (23.5)

1.939 0.164
171 (87.2)
25 (12.8)

6.350 0.012
142 (72.4)
54 (27.6)

0.027 0.869
84 (42.9)
112 (57.1)

0.444 0.505
102 (52.0)
94 (48.0)

0.555 0.456
150 (76.5)
46 (23.5)

1.510 0.219
49 (25.0)
147 (75.0)

16.962 <0.0001
112 (57.1)
84 (42.9)

FIGO, Federation of Gynecologists and Obstetricians, Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.

2 (HC2) HPV DNA Collection Device (QIAGEN, Germantown,
MD, United States), which consisted of a cervical brush and a
digene specimen transport medium. The DNA copy number of
the high-risk type HPV was calculated. If the copy number was
0-1 pg/ml, it indicated that there was no HPV infection. When
the copy number was greater than 1 pg/ml, it indicated a positive
HPYV infection.

Neoadjuvant and Adjuvant Therapy
Preoperative neoadjuvant chemotherapy was administered to
inhibit some micrometastasis and distant metastasis and to
improve the radical curability and safety of surgery. Patients
whose tumor could not be removed completely in the beginning
were given 2 cycles of cisplatin (70 mg/m®) and paclitaxel
(175 mg/m?), every 3 weeks before surgery.

According to the FIGO 2018 and NCCN guidelines, patients
with either positive surgical margins or lymph node metastases or
parametrial spread, were offered postoperative radiotherapy with
chemotherapy. For adenocarcinoma and adenosquamous
carcinoma patients with two of four risk factors (deep stromal
invasion, tumor size more than 3 cm, lymphovascular invasion,
adenocarcinoma), and for squamous cell carcinoma patients with
two of three risk factors (deep stromal invasion, tumor size more

than 4 cm, lymphovascular invasion), postoperative radiotherapy
was required. Among other patients, those with poorly
differentiated grade and tumor size more than 2 cm, or highly
maligant pathological type such as clear cell adenocarcinoma,
neuroendocrine carcinoma, were given chemotherapy without
radiotherapy. All other patients following radical hysterectomy
did not need any adjuvant therapy [6, 26].

Follow-Up

After the initial treatment, follow-up assessments were
performed once every 3 months for the first 2 years, once
every 6 months for the next 3years, and then once every
year after 5years. The main examinations included routine
blood tests, tumor markers measurement, gynecological
examinations,  chest  radiography, and  computed
tomography (CT) or magnetic resonance imaging (MRI)
scans. In cases with abnormal findings and suspected tumor
recurrence, lesion biopsy was performed to determine whether
recurrence had occurred. As study endpoints, OS was defined
as duration from the date of initial surgery to the date of death
for any causes or the last follow-up (December 31st, 2020), and
PFS was defined as the time interval from the date of surgery to
progression or relapse.

Pathology & Oncology Research

December 2021 | Volume 27 | Article 1609946



Jiang et al.

CAR Predicts Prognosis in UCC

TABLE 3 | Comparison of clinical characteristics between preoperative PLR" and PLR" groups in patients with HPV-positive cervical cancer. The bold values mean that the

difference is considered statistically significant (p < 0.05).

Variables Case (n = 501) PLR <163.41 (n =
Age

<45 years 173 135 (34.4)

>45 years 328 257 (65.6)
FIGO stage

B 327 258 (65.8)

IIA 174 134 (34.2)
Maximum tumor size

<4 cm 414 331 (84.4)

>4 cm 87 61 (15.6)
Pathological type

Squamous 423 334 (85.2)

Non-squamous 78 58 (14.8)
Neoadjuvant chemotherapy

No 392 311 (79.3)

Yes 109 81 (20.7)
Histological grade

G1 +G2 217 168 (42.9)

G3 284 224 (57.1)
Depth of invasion

<2/3 270 216 (65.1)

>2/3 231 176 (44.9)
CAR

<0.0396 305 242 (61.7)

>0.0396 196 150 (38.3)
PNI

<50.15 111 60 (15.3)

>50.15 390 332 (84.7)
BMI, kg/m?

<19 or >24 229 180 (45.9)

19-24 272 212 (54.1)

392) PLR > 163.41 (n = 109) X p-Value

0.007 0.934
38 (34.9
71 (65.1

0.238 0.626
69 (63.3
40 (36.7)

4.086 0.043
83 (76.1
26 (23.9

0.819 0.366
89 (81.7)
20 (18

1.265 0.261
81 (74.3
28 (25.7)

0.153 0.696
49 (45.0
60 (55.0

1,061 0.303
54 (49.5
55 (50.5)

0.555 0.456
63 (57.8
46 (42.2

49.013 <0.0001
51 (46.8
58 (53.2)

0.032 0.858
49 (45.0
60 (55.0)

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.

Statistical Analysis
Comparison  analyses of inflaimmatory indexes and

clinicopathological variables between HPV-positive and HPV-
negative groups were conducted using t-test, Pearson’s chi-
squared (x°) test and Fisher’s exact test. Comparison analyses
of clinicopathological variables between high- and low-
inflammatory index groups were performed as well.

The survival curves were plotted using the Kaplan-Meier
method, and log-rank tests were carried out to assess survival
differences between groups. Significant prognostic variables in
the univariate analysis were selected for the multivariate Cox
Regression model analysis to identify independent prognostic
variables using the forward stepwise method. Analyses were
performed using SPSS 23.0 software (IBM Corporation,
Armonk, NY, United States) and GraphPad Prism 8 software
(GraphPad Software, Inc., San Diego, CA, United States). A two
sided p < 0.05 indicated that the difference was considered
statistically significant.

RESULTS

Patients’ Characteristics
In total, 583 patients with stage IB~IIA cervical cancer were
recruited in this study, of which 501 (85.93%) cases were

HPV-positive and 82 (14.07%) cases were HPV-negative. The
associations of characteristics between two groups were shown
in Table 1. All patients had no lymph node metastasis. The
median age at the time of prognosis was 48.88 + 9.174 years, and
the median follow-up time was 68.04 + 26.32 months. The
HPV-positive group had a higher proportion of squamous
cell carcinoma type compared to HPV-negative group (x° =
35.962, p < 0.0001). The proportions of other characteristics
were relatively balanced. During the follow-up period, a total of
42 patients experienced recurrence or progression, and 31 of
them died.

In this study, 109 HPV-positive cases and 24 HPV-negative
cases received neoadjuvant chemotherapy before surgery.
Patients with risk factors were required to accept radiotherapy
or chemotherapy after surgery. In HPV-positive group, there
were 151 cases without postoperative adjuvant therapy, 96 cases
with chemotherapy, 111 cases with radiotherapy and 143 cases
with chemotherapy and radiotherapy. In HPV-negative group,
there were 28 cases without postoperative adjuvant therapy, 17
cases with chemotherapy, 12 cases with radiotherapy and 25 cases
with chemotherapy and radiotherapy. We compared the
prognosis of different subgroups and found that there was no
influence on prognosis of cervical cancer patients no matter what
kind of postoperative adjuvant therapy they received
(Supplementary Figure S1).
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TABLE 4 | Comparison of clinical characteristics between preoperative PNI® and PNIM groups in patients with HPV-positive cervical cancer. The bold values mean that the

difference is considered statistically significant (p < 0.05).

Variables

Age
<45 years
>45 years
FIGO stage
B
A
Maximum tumor size
<4 cm
>4 cm
Pathological type
Squamous
Non-squamous
Neoadjuvant chemotherapy
No
Yes
Histological grade
G1 + G2
G3
Depth of invasion
<2/3
>2/3
CAR
<0.0396
>0.0396
PLR
<163.41
>163.41
BMI, kg/m?
<19 or >24
19-24

Case (n = 501)

173

328

327
174

414
87

423
78

392
109

217
284

270
231

305
196

392
109

229
272

PNI<50.15 (n = 111)
39 (35.1)
72 (64.9)

73 (65.8)
38 (34.2)

83 (74.8)
28 (25.2)

93 (83.8)
18 (16.2)

59 (53.2)
52 (46.8)

62 (55.9)
49 (44.1)

60 (54.1)
51 (45.9)

49 (44.1)
62 (55.9)

PNI>50.15 (n = 390)
134 (34.4)
256 (65.6)

254 (65.1)
136 (34.9)

331 (84.9)
59 (15.1)

330 (84.6)
60 (15.4)

313 (80.9)
77 (19.7)

163 (41.8)
207 (58.2)

211 (54.1)
179 (45.9)

243 (62.3)
147 (37.7)

332 (85.1)
58 (14.9)

180 (46.2)
210 (53.8)

0.023

0.015

6.139

0.045

4.190

1.658

0.031

1.510

49.013

0.141

p-value

0.879

0.901

0.013

0.831

0.041

0.199

0.859

0.219

<0.0001

0.708

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.

TABLE 5| Comparison of clinical characteristics between preoperative CAR' and CAR™ groups in patients with HPV-negative cervical cancer. The bold values mean that the

difference is considered statistically significant (p < 0.05).

Variables

Age
<45 years
>45 years
FIGO stage
B
A
Maximum tumor size
<4 cm
>4 cm
Pathological type
Squamous
Non-sguamous
Neoadjuvant chemotherapy
No
Yes
Histological grade
G1 +G2
G3
Depth of invasion
<2/3
>2/3
PLR
<163.41
>163.41
PNI
<60.15
>50.15
BMI, kg/m?
<19 or >24
19-24

Case (n = 82)

30

52

62
20

64
18

46
36

58
24

44
38

53
29

63
19

18
64

37
45

CAR<0.0396 (n = 44)

19 (43.2)
25 (56.8)

35 (79.5)
9 (20.5)

32 (72.7)
12 (27.3)

6 (13.6)
38 (86.4)

14 (31.8)
30 (68.2)

CAR>0.0396 (n = 38)

9(23.7)

31(81.6)
7 (18.4)

1.781

0.142

0.124

0.003

0.183

0.03

1.276

0.897

3.831

6.786

p-Value

0.182

0.706

0.725

0.761

0.669

0.862

0.259

0.343

0.0503

0.009

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.
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TABLE 6 | Comparison of clinical characteristics between preoperative PLR and PLR™ groups in patients with HPV-negative cervical cancer.

Variables

Age
<45 years
>45 years
FIGO stage
B
IIA
Maximum tumor size
<4 cm
>4 cm
Pathological type
Squamous
Non-squamous
Neoadjuvant chemotherapy
No
Yes
Histological grade
G1 + G2
G3
Depth of invasion
<2/3
>2/3
PNI
<50.15
>50.15
CAR
<0.0396
>0.0396
BMI, kg/m?
<19 or >24
19-24

Case (n = 82)
30
52

62
20

64
18

46
36

58
24

44
38

53
29

18
64

44
38

37
45

PLR < 163.41 (n = 63)

PLR > 163.41 (n = 19)
421.9)
15 (78.9)

15 (78.9)
4 (21.1)

17 (89.5)
2 (10.5)

10 (52.6)
9 (47.4)

16 (84.2)
3 (15.8)

10 (52.6)
9 (47.4)

13 (68.4)
6 (31.6)

7 (36.8)
12 (83.2)

12 (63.2)
7 (36.8)

8 (42.1)
11 (57.9)

X2

2.572

0.007

1.116

0.121

2170

0.01

0.155

2.169

0.897

0.091

CAR Predicts Prognosis in UCC

p-Value

0.109

0.935

0.291

0.728

0.141

0.918

0.694

0.141

0.343

0.763

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-
lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.

TABLE 7 | Comparison of clinical characteristics between preoperative PNI® and PN

Variables

Age
<45 years
>45 years
FIGO stage
B
A
Maximum tumor size
<4 cm
>4 cm
Pathological type
Squamous
Non-sguamous
Neoadjuvant chemotherapy
No
Yes
Histological grade
G1+G2
G3
Depth of invasion
<2/3
>2/3
PLR
<163.41
>163.41
CAR
<0.0396
>0.0396
BMI, kg/m?
<19 or >24
19-24

Case (n =
82)

30

52

62
20

64
18

46
36

58
24

44
38

53
29

63
19

44
38

37
45

|h\

PNI < 50.15 (n = 18)

6(33.3)
12 (66.7)

13 (72.2)
5 (27.8)

13 (72.2)
5(27.8)

8 (44.4)
10 (55.6)

12 (66.7)
6(33.3)

8 (44.4)
10 (55.6)

10 (55.6)
8 (44.4)

11 (61.1)
7(88.9)

6(33.3)
12 (66.7)

8 (44.4)
10 (65.6)

PNI > 50.15 (n = 64)

groups in patients with HPV-negative cervical cancer.

xz

0.105

0.005

0.125

1.272

0.184

0.787

0.832

2.169

3.831

0.004

p-Value

0.746

0.946

0.724

0.259

0.668

0.375

0.362

0.141

0.0503

0.948

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-
lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.
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FIGURE 1 | The Kaplan-Meier curves of CAR for OS (A) and PFS (B), PLR for OS (C) and PFS (D), and PNI for OS (E) and PFS (F) in patients with HPV-positive
cervical cancer.

Cut-Off Values of Inflammatory Indexes
The cut-off values of CAR, PNI, and PLR were determined using

ROC curves (Supplementary Figure S2). The analyses identified
CAR < 0.0396 (area under the curve (AUC): 0.619, 66.7%
sensitivity, 61.9% specificity), PLR < 16341 (AUC: 0.509,
33.3% sensitivity, 78.9% specificity), PNI < 50.15 (AUC: 0.520,
66.7% sensitivity, 21.3% specificity), as the most accurate cut-off
values for patients with cervical cancer.

Comparison Between Inflammatory
Indexes and Clinicopathological Variables
Patients with different HPV infection statuses were divided into
two groups according to the cut-off values of CAR, PN, or PLR.
The associations of clinical characteristics between CAR™ and

CAR'", PLR™ and PLR', PNI™ and PNI' groups were analyzed
using t-test, chi-squared (x?) test and Fisher’s exact test in HPV-
positive group and HPV-negative group, respectively.

We found that although there were no differences in age,
FIGO stage, and pathological type among patients with HPV-
positive cervical cancer. A higher CAR level (>0.0396) correlated
significantly with larger tumor size (x* = 8.360, p = 0.004), higher
receipt rate of neoadjuvant chemotherapy (x> = 6.350, p = 0.012)
and nonstandard BMI (X2 = 16.962, p < 0.0001) (Table 2). A
higher level of PLR (>163.41) was associated with larger tumor
size (x> = 4.086, p = 0.043) and lower PNI (x> = 49.013, p <
0.0001) (Table 3). While a higher level of PNI (>50.15) was
associated with smaller tumor size (x> = 6.139, p = 0.013), lower
receipt rate of neoadjuvant chemotherapy (x> = 4.190, p = 0.041)
and lower PLR (x* = 49.013, p < 0.0001) (Table 4).
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TABLE 8 | Univariate and multivariate Cox proportional hazards analyses of overall survival in patients with HPV-positive cervical cancer. The bold values mean that the
difference is considered statistically significant (p < 0.05).

Variables

Age
<45 years
>45 years
FIGO stage
B
IIA
Maximum tumor size
<4 cm
>4 cm
Pathological type
Squamous
Non-squamous

Neoadjuvant chemotherapy

No
Yes
Histological grade
G1+G2
G3
Depth of invasion
<2/3
>2/3
PLR
<163.41
>163.41
PNI
<60.15
>50.15
CAR
<0.0396
>0.0396
BMI, kg/m?
<19 or >24
19-24

Univariable analyses HR (95% ClI)

|
1.218 (0.529-2.804)

1
1.750 (0.809-3.785)

1
0.974 (0.335-2.828)

4
0.458 (0.108-1.940)

4
0.522 (0.157-1.741)

4
1.408 (0.625-3.150)

1
3.820 (1.534-9.514)

1
3.162 (1.457-6.818)

1
0.301 (0.139-0.654)

;
5.620 (2.255-14.003)

1
0.832 (0.386-1.796)

p-Value

0.642

0.155

0.961

0.289

0.290

0.412

0.004

0.004

0.002

<0.0001

0.640

Multivariate analyses HR (95% ClI) p-Value

0.005
1
3.651 (1.464-9.103)
0.125

0.007
1
0.341 (0.156-0.745)
<0.0001
1
5.201 (2.080-13.004)

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.

TABLE 9 | Univariate and multivariate Cox proportional hazards analyses of progression free survival in patients with HPV-positive cervical cancer. The bold values mean that
the difference is considered statistically significant (p < 0.05).

Variables

Age
<45 years
>45 years
FIGO stage
B
IIA
Maximum tumor size
<4 cm
>4 cm
Pathological type
Squamous
Non-squamous

Neoadjuvant chemotherapy

No
Yes
Histological grade
G1+G2
G3
Depth of invasion
<2/3
>2/3
PLR
<1638.41
>163.41
PNI
<60.15
>50.15
CAR
<0.0396
>0.0396
BMI, kg/m?
<19 or >24
19-24

Univariable analyses HR (95% ClI)

;
0.972 (0.495-1.910)

1
1.332 (0.691-2.568)

;
1.414 (0.646-3.094)

1
0.852 (0.332-2.186)

|
0.899 (0.395-2.046)

:
1.105 (0.573-2.129)

1
2.744 (1.356-5.554)

1
2.314 (1.191-4.498)

;
0.500 (0.255-0.983)

1
2.976 (1.515-5.846)

1
0.890 (0.467-1.696)

p-Value

0.935

0.392

0.386

0.739

0.799

0.767

0.005

0.013

0.044

0.002

0.723

Multivariate analyses HR (95% ClI) p-Value

0.012
4
2.478 (1.218-5.043)
0.044
4
1.991 (1.018-3.894)
0.252

0.003
1
2.769 (1.406-5.455)

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.
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TABLE 10 | Univariate and multivariate Cox proportional hazards analyses of overall survival in patients with HPV-negative cervical cancer. The bold values mean that the
difference is considered statistically significant (p < 0.05).

Variables Univariable analyses HR
(95% ClI)

Age

<45 years 1

>45 years 46.845 (0.027-81020.538)
FIGO stage

B 1

A 2.541 (0.416-15.517)
Maximum tumor size

<4 cm 1

>4 cm 1.167 (0.121-11.223)
Pathological type

Squamous 1

Non-squamous

Neoadjuvant chemotherapy

No
Yes
Histological grade
G1 +G2
G3
Depth of invasion
<2/3
>2/3
PLR
<163.41
>163.41
PNI
<50.15
>50.15
CAR
<0.0396
>0.0396
BMI, kg/m?
<19 or >24
19-24

6.085 (0.660-56.127)

1
0.023 (0.000-49.671)

1
1.320 (0.212-8.233)

1
9.192 (1.016-83.173)

|
0.848 (0.095-7.591)

|
0.804 (0.088-7.347)

|
1.959 (0.324-11.850)

1
0.010 (0.000-16.576)

p-Value Multivariate analyses HR p-Value
(95% CI)

0.312

0.312

0.893

0.111

0.335

0.776

0.048 0.048

9.192 (1.016-83.173)

0.883

0.847

0.464

0.225

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.

For HPV-negative group, the results showed that a higher
CAR level was related to nonstandard BMI (X2 =6.786, p = 0.009)
(Table 5), and there was no difference of clinicopathological
variables between PLR™ and PLR® groups (Table 6) as well as
PNI" and PNI® groups (Table 7).

Prognostic Roles of CAR, PLR, PNI in
Patients With HPV-Positive and

HPV-Negative Cervical Cancer
Kaplan-Meier analyses showed that there was no difference of
prognosis between HPV-positive and HPV-negative groups
(Supplementary Figure S3). Among 501 patients with HPV-
positive cervical cancer, CAR™ (p < 0.0001; p = 0.0009), PLR™
(p = 0.0021; p = 0.0108) had worse OS and PES (Figures 1A-D),
while PNI™ (p = 0.0013; p = 0.0403) had favorable OS and PFS
(Figures 1E,F). For the HPV-negative group, none of the three
indexes were related to prognosis (all p > 0.05) (Supplementary
Figure S4).

For HPV-positive group, the multivariate analysis showed that
the depth of invasion (HR: 3.651, 95% CI: 1.464-9.103, p = 0.005),
the levels of PNI (HR: 0.341, 95% CI: 0.156-0.745, p = 0.007) and

CAR (HR: 5.201, 95% CI: 2.080-13.004, p < 0.0001) were
independent factors for OS (Table 8). In addition, the depth
of invasion (HR: 2.478, 95% CI: 1.218-5.043, p = 0.012), the levels
of PLR (HR: 1.991, 95% CI: 1.018-3.894, p = 0.044) and CAR
(HR: 2.769, 95% CI: 1.406-5.455, p = 0.003) were independent
predictors of PFS (Table 9). For the HPV-negative group, only
the depth of invasion (HR: 9.192, 95% CI: 1.016-83.173, p =
0.048) was an independent prognostic factor of OS (Table 10),
while none of clinicopathological parameters were independent
prognostic indicators of PFS (Table 11).

All the above data suggested that for patients with HPV-positive
FIGO stage IB~IIA cervical cancer, the depth of invasion, the levels
of PNI and CAR are independent predictors of OS, and the depth of
invasion, the levels of PLR and CAR are independent predictors of
poor PES. For patients with HPV-negative cervical cancer, none of
CAR, PNI and PLR is independent factor of prognosis.

DISCUSSION

The immune system, which resists pathogenic microorganisms,
repairs damage, and maintains stability of internal environment,
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TABLE 11 | Univariate and multivariate Cox proportional hazards analyses of progression free survival in patients with HPV-negative cervical cancer.

Variables Univariable analyses HR
(95% ClI)

Age

<45 years 1

>45 years 2.377 (0.265-21.297)
FIGO stage

B 1

A 2.680 (0.427-16.812)

Maximum tumor size
<4 cm
>4 cm
Pathological type
Squamous
Non-squamous
Neoadjuvant chemotherapy
No
Yes
Histological grade
G1 +G2
G3
Depth of invasion
<2/3
>2/3
PLR
<163.41
>163.41
PNI
<50.15
>50.15
CAR
<0.0396
>0.0396
BMI, kg/m?
<19 or >24
19-24

1
0.034 (0.000-904.981)

]
5.063 (0.566-45.314)

;
0.541 (0.060-4.861)

1
1.262 (0.196-8.139)

1
204.563 (0.043-966070.729)

1
0.034 (0.000-371.005)

1
0.887 (0.097-8.121)

1
4.850 (0.542-43.400)

1
0.538 (0.090-3.220)

p-Value Multivariate analyses HR

(95% CI)

p-Value

0.439

0.293

0.515

0.147

0.583

0.806

0.218

0.477

0.916

0.158

0.497

FIGO, Federation of Gynecologists and Obstetricians; Depth of invasion, tumor invasion in mm/cervical wall thickness in mm; CAR, C-reactive protein/albumin ratio; PLR, platelet-

lymphocyte ratio; PNI, prognostic nutritional index; BMI, body mass index.

mainly relies on normal autoimmunity reactions [27]. Some
pathogens have been proven to promote tumors, such as
cervical cancer (HPV), nasopharyngeal cancer (Epstein-Barr
virus), liver cancer (Hepatitis B virus), and gastrointestinal
cancer (Helicobacter pylori) [28, 29]. During the occurrence
and development of malignant tumors, the inflammatory
response plays an essential role [30, 31]. Inflammation is not
only involved in all processes of tumor progression, but also
affects treatment and prognosis [32, 33]. Crusz et al. believed that
immune-cell infiltration of tumors can have a dual role. Both
tumor and immune cells of solid tumors secrete tumor necrosis
factor-a (TNF-a) which stimulates tumor cell growth survival,
invasion, and metastasis, and inflammatory cell trafficking and
neoangiogenesis [33]. Besides, tumor-associated macrophages
(TAMs) degrade the extracellular matrix (ECM) and basement
membrane by releasing a number of proteolytic enzymes,
including matrix metalloproteinases (MMPs) and serine
proteases, thus facilitating tumor invasion and metastasis [34].
Research has clarified that HPV E6/E7 mRNA decreased the
expression of p53 and pRb, increased that of p16, activated the
mammalian target of rapamycin (mTOR) signaling pathway,
inhibited cell apoptosis, and induced cell proliferation [35, 36].

Studying tumors and the immune system as a whole is the current
trend and direction in tumor research.

Previous studies have indicated that inflammation is one of the
factors influencing the prognosis of patients with cancer [32, 37].
Our findings suggested that CAR, PLR and PNI levels have
predictive effects on the prognosis of patients with HPV-positive
early-stage cervical cancer. We noted that among women with FIGO
2018 IB~IIA cervical cancer, survival was improved in those with
lower levels of CAR or PLR, or higher level of PNI. There is an
interaction between platelets and tumor cells. Tumor cells stimulate
platelet activation through direct contact or the release of platelet-
inducing factors, such as adenosine diphosphate (ADP). Platelets
activate their surface receptors and secrete a variety of bioactivators
that play an important role in tumor cell growth, metastasis, and
angiogenesis [38]. An increased platelet counts was identified as an
independent prognostic factor of poor survival in lung cancer [39].
CRP is a widely used and important acute-phase serum protein for
monitoring infection in the clinic. Although an increased level of
CRP might be nonspecific, some studies have found that patients
with cancer have a higher CRP level than healthy people [40].
Malnutrition accounts for 20% of all cancer-related deaths [41].
Malnutrition and inflammation suppress the synthesis of serum
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ALB, which can reflect the nutritional status of patients, as well as the
severity, progression, and prognosis of disease [42]. In
gastrointestinal cancer, lymphocytes secrete cytokines, such as
interferon gamma (IFN-p) and TNF-q, thereby controlling tumor
growth and improving the prognosis. A decline in the number and
function of lymphocytes could weaken immunological surveillance
and defense [43]. In addition to prognosis, the alteration of systemic
inflammation and nutritional status may influence the response to
immune checkpoint inhibitors (ICIs). In non-small cell lung cancer
(NSCLC), CPR, ALB, PNI and NLR were reported to be associated
with the response to ICIs [44-46]. Therefore, based on the above
indicators, the balance between the immune status and tumor
progression in patients with cancer can be better displayed.

In the present study, we proposed to evaluate the prognostic
value of inflammatory indexes based on the patients HPV
infection status. The same results were not observed in both
HPV-positive and HPV-negative groups. Before our analyses,
there were many studies that explored the relationships between
inflammatory indexes and prognosis in cervical cancer, but none
of them paid attention to the HPV infection status of the patients
[47, 48]. The above results revealed that in patients with HPV-
negative cervical cancer, the inflammatory indexes were not
suitable as indicators of prognosis. In addition, our study
included cervical cancer patients with stage IB~IIA according
to the FIGO 2018 guidelines, except for those with lymph node
metastasis. These results identified low-cost, convenient, and
effective preoperative prognostic factors for patients with
early-stage cervical cancer.

There are some limitations of this study. First, this study is
retrospective. Therefore, there might have been selection bias and
analysis bias. However, a large sample size guarantees the
sufficient statistical power and reduces the risk of bias in
HPV-positive group. In this study, one of the weaknesses is
the low number of HPV-negative cases. It is vital to expand
the number of HPV-negative group to avoid bias in our future
studies. Second, in the present study, there were differences in the
pathological types between the HPV-positive and negative
groups. Thus, to avoid these problems, it is crucial to carry
out prospective researches.

In summary, we found that in patients with HPV-positive
cervical cancer, the depth of invasion, the levels of CAR and
PNI are independent predictors of OS, and the depth of
invasion, the levels of PLR and CAR are independent
predictors of PFS. In HPV-negative cases, three
inflammation  indexes had no  prognostic value.
Interestingly, when the analysis was limited to patients with
negative lymph node metastasis, CAR, PLR and PNI still had
significant prognostic value. Our research verified that
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