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Background:Growing evidence suggests that nutritional status and inflammation

are associated with survival in various cancers. This study aimed to evaluate the

prognostic value of the prognostic nutritional index (PNI), geriatric nutritional risk

index (GNRI), and systemic inflammatory indexes (neutrophil/lymphocyte ratio

[NLR], monocyte/lymphocyte ratio [MLR], and platelet/lymphocyte ratio [PLR]) in

patients with stage IIB–III cervical cancer receiving radiotherapy.

Results: The ideal cuto� values for the PNI, GNRI, NLR, MLR, and PLR were

48.3, 97.04, 2.8, 0.41, and 186.67, respectively. Low PNI and GNRI scores were

associated with poor OS and PFS. High NLR, MLR, and PLR also predicted inferior

5-year OS and PFS rates in patients with stage IIB–III cervical cancer. Multivariate

Cox regression analysis identified tumor size, histological type, stage, number of

metastatic lymph nodes, PNI, GNRI, NLR, PLR, and MLR as significant prognostic

factors for OS and PFS.

Conclusions: The current findings suggest that the PNI, GNRI, NLR, PLR, and

MLR are essential parameters for predicting prognosis in patients with stage IIB–III

cervical cancer receiving radiotherapy.

KEYWORDS

prognostic nutritional index, geriatric nutritional risk index, systemic inflammatory

indexes, cervical cancer, overall survival

1. Introduction

Although largely preventable, cervical cancer is the fourth most common cancer in

women in the USA and worldwide (1). In 2020, approximately 604,000 new cases and

341,000 deaths were reported due to cervical cancer (2). Unfortunately, more than two-thirds

of women with cervical cancer are diagnosed at advanced stages in developing countries

(3, 4). In patients with locally advanced cervical cancer, survival is worse, and the recurrence
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rate is higher than that in those with early-stage cancer. The 5-

year survival rate ranges from 31 to 55% in patients with locally

advanced cervical cancer undergoing optimal treatment such as

chemoradiotherapy (5). Staging, nodal involvement, and human

papillomavirus infection affect local control and survival and have

been used to predict treatment outcomes in patients with cervical

cancer (6–8). However, the existing staging systems and other

prognostic factors are not perfect to predict prognosis (9). For

example, although some patients have the same International

Federation of Gynecology and Obstetrics (FIGO) stage, their

prognosis is disparate because of their different pathological types

(10, 11). In addition, nutrition status is recognized as a critical

determinant of quality of life in patients with cancer (12). It

is inherently inaccurate to predict the prognosis using only the

existing system if the patient is malnourished. Accordingly, several

novel prognostic parameters, a model with the existing system, and

novel markers are required to predict life expectancy.

Nutritional status is recognized as a critical determinant of

quality of life in patients with cancer (12). Several studies have

verified that malnutrition, sarcopenia, and cancer cachexia are

associated with higher rates of post-treatment complications, lower

rates of clinical response, longer hospital stays, and shorter survival

times (13–17). In recent studies, several parameters, including

nutritional and inflammatory indicators, have been shown to

predict the prognosis of different tumors (18–20). PNI, an easily

obtained index for evaluating nutritional status by calculating

serum albumin levels and absolute lymphocyte counts, was first

introduced to predict operative risk in gastrointestinal surgery (21).

Several retrospective studies have indicated that the prognostic

nutritional index (PNI) is associated with clinical outcomes in

many types of cancer (22, 23). The geriatric nutritional risk index

(GNRI) is calculated using serum albumin levels and ideal body

weight. A low GNRI has also been verified as an independent

prognostic factor affecting overall survival (OS) in patients with

cancer (24).

Many studies have demonstrated the value of inflammatory

cells in the blood and systemic inflammatory responses in

the prognosis of patients with various types of tumors (25).

A series of systemic inflammatory indexes, such as the

neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio

(PLR), and monocyte/lymphocyte ratio (MLR), can be obtained in

an easily available and inexpensive manner. The prognostic roles of

NLR, PLR, and MLR have been verified in lung cancer, colorectal

cancer, and hepatocellular carcinoma (26–28). For patients with

operable cervical cancer, the prognostic value of NLR, PLR, and

MLR has been investigated after surgery (29–32). Some studies

have also reported the prognostic value of systemic inflammatory

indexes in patients with non-surgical cervical cancer. One study

reported that NLR and MLR predicted poor OS in patients with

cervical cancer; however, only patients with stage IIB cancer were

analyzed (33). A retrospective study found that pretreatment NLR

and PNI were significant predictors of prognosis in patients with

cervical cancer treated with concurrent chemoradiotherapy (34).

However, many patients with stage I and IV disease were also

included in the aforementioned study, and the prognosis of these

patients was significantly different from that of patients with stage

II–III disease. Moreover, survival curves and log-rank tests for

different PNI/NLR/PLR values were not performed in Haraga

et al.’s research. To date, there have been no reports on the impact

of PNI, GNRI, NLR, PLR, and MLR on predicting survival time in

patients with stage IIB–III disease undergoing radiotherapy (RT).

Therefore, this study aimed to retrospectively analyze whether

these factors are significantly associated with the prognosis of

patients with stage IIB–III disease treated with RT.

2. Methods and materials

2.1. Study population

Data from patients with cervical cancer who underwent

RT were collected at the Hubei Cancer Hospital of Huazhong

University of Science and Technology. A total of 178 patients

were enrolled in this retrospective study from September 2013

to September 2015. Patients with incomplete medical records

were excluded. As this was a retrospective study and the data

were anonymous, the requirement for informed consent was

waived. This study was approved by the Ethics Committee of

Hubei Cancer Hospital of Huazhong University of Science and

Technology (LLHBCH2021YN-049).

2.2. Data collection

The demographic characteristics, clinical characteristics, and

laboratory results of the 178 patients were obtained from

medical records. Data on age, body weight, tumor size, tumor

stage, serum levels of squamous cell carcinoma (SCC) antigen,

number of metastatic lymph nodes, serum albumin, and platelet,

neutrophil, lymphocyte, and monocyte counts were collected.

The International Federation of Gynecology and Obstetrics

(FIGO) 2009 clinical staging system was used for tumor staging.

Blood samples were collected before RT. Routine blood tests

were performed using the Sysmex XN-9000 Hematology System

(Sysmex Corporation, Shanghai, China). Biochemical tests were

performed using an ADVIA 2400 Clinical Chemistry System

(Siemens Healthineers, Erlangen, Germany). Serum SCC antigen

tests were performed using a Cobas e 801 analytical unit (Roche

Diagnostics International AG, Rotkreuz, Switzerland) and body

weight was measured before treatment. The PNI and GNRI

were calculated using the following formulas: PNI = serum

albumin (g/L) + 5 × absolute lymphocyte count (109/L) and

GNRI = [14.89 × serum albumin level (g/dL)] + [41.7 ×

actual body weight/ideal body weight]. NLR, PLR, and MLR

were calculated as neutrophil/lymphocyte, platelet/lymphocyte,

and monocyte/lymphocyte ratios, respectively.

2.3. RT procedures

Patients with cervical cancer (FIGO stages IIB–III) were treated

with RT. If possible, after the initiation of RT, cisplatin at a dose of

40 mg/m2 on the body surface was also administered. A total of 105

patients underwent intensity-modulated RT (IMRT). The gross,

clinical, and planned tumor volumes for patients who received

IMRT were defined according to the Radiation Therapy Oncology
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TABLE 1 The baseline characteristics of 178 patients with cervical cancer.

Patients
features

PNI ≤
48.3

PNI >

48.3
P-

value
GNRI
≤

97.04

GNRI
>

97.04

P-
value

NLR ≤
2.8

NLR>

2.8
P-

value
MLR ≤
0.41

MLR >

0.41
P-

value
PLR ≤
186.67

PLR>

186.67
P-

value

No. of patients 78 100 37 141 110 68 141 37 136 42

Age [mean (SD)] 52.46

(9.06)

54.93

(9.59)

52.57

(9.22)

54.18

(9.47)

54.81

(9.02)

52.29

(9.90)

54.52

(8.89)

51.27

(10.97)

55.55

(9.22)

48.33

(7.88)

≤55 [n, (%)] 54 (69.23) 47 (47.00) 0.005 26 (70.27) 75 (53.19) 0.093 58 (52.73) 43 (63.24) 0.223 76 (53.90) 25 (67.57) 0.191 66 (48.53) 35 (83.33) <0.001

>55 [n, (%)] 24 (30.77) 53 (53.00) 11 (29.73) 66 (46.81) 52 (47.27) 25 (36.76) 65 (46.10) 12 (32.43) 70 (51.47) 7 (16.67)

No. of metastatic lymph nodes

≤2 [n, (%)] 62 (79.49) 86 (86.00) 0.342 27 (72.97) 121

(85.82)

0.107 92 (83.64) 56 (82.35) 0.987 121

(85.82)

27 (72.97) 0.107 115

(84.56)

33 (78.57) 0.503

>2 [n, (%)] 16 (20.51) 14 (14.00) 10 (27.03) 20 (14.18) 18 (16.36) 12 (17.65) 20 (14.18) 10 (27.03) 21 (15.44) 9 (21.43)

Size of metastatic lymph nodes

≤1 cm [n, (%)] 10 (12.82) 11 (11.00) 0.411 2 (5.41) 19 (13.48) 0.024 11 (10.00) 10 (14.71) 0.409 14 (9.93) 7 (18.92) 0.072 13 (9.56) 8 (19.05) 0.035

>1 cm [n, (%)] 24 (30.77) 23 (23.00) 16 (43.24) 31 (21.99) 27 (24.55) 20 (29.41) 34 (24.11) 13 (35.14) 32 (23.53) 15 (35.71)

No metastatic

lymph nodes [n,

(%)]

44 (56.41) 66 (66.00) 19 (51.35) 91 (64.54) 72 (65.45) 38 (55.88) 93 (65.96) 17 (45.95) 91 (66.91) 19 (45.24)

Size of tumor

≤4 cm [n, (%)] 31 (39.74) 57 (57.00) 0.033 14 (37.84) 74 (52.48) 0.161 64 (58.18) 24 (35.29) 0.005 74 (52.48) 14 (37.84) 0.161 73 (53.68) 15 (35.71) 0.063

>4 cm [n, (%)] 47 (60.26) 43 (43.00) 23 (62.16) 67 (47.52) 46 (41.82) 44 (64.71) 67 (47.52) 23 (62.16) 63 (46.32) 27 (64.29)

Type to radiotherapy

IMRT [n, (%)] 42 (53.85) 63 (63.00) 0.281 19 (51.35) 86 (60.99) 0.382 70 (63.64) 35 (51.47) 0.148 80 (56.74) 25 (67.57) 0.315 78 (57.35) 27 (64.29) 0.536

RT [n, (%)] 36 (46.15) 37 (37.00) 18 (48.65) 55 (39.01) 40 (36.36) 33 (48.53) 61 (43.26) 12 (32.43) 58 (42.65) 15 (35.71)

Pathology

Squamous cell

carcinoma [n,

(%)]

69 (88.46) 93 (93.00) 0.432 35 (94.59) 127

(90.07)

0.594 101

(91.82)

61 (89.71) 0.834 128

(90.78)

34 (91.89) 1.000 123

(90.44)

39 (92.86) 0.865

Adenocarcinoma

[n, (%)]

9 (11.54) 7 (7.00) 2 (5.41) 14 (9.93) 9 (8.18) 7 (10.29) 13 (9.22) 3 (8.11) 13 (9.56) 3 (7.14)

FIGO stage

II [n, (%)] 36 (46.15) 58 (58.00) 0.156 15 (40.54) 79 (56.03) 0.135 63 (57.27) 31 (45.59) 0.173 81 (57.45) 13 (35.14) 0.025 76 (55.88) 18 (42.86) 0.193

III [n, (%)] 42 (53.85) 42 (42.00) 22 (59.46) 62 (43.97) 47 (42.73) 37 (54.41) 60 (42.55) 24 (64.86) 60 (44.12) 24 (57.14)

(Continued)
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Group guidelines. The prescribed dose was 45.0–50.4Gy. IMRT

was delivered at 1.8Gy per fraction once daily for 5 days per week.

A total of 73 patients underwent conventional RT (CRT). CRT

was planned using the Eclipse Planning System and was conducted

using a Varian 23EX. Conventional RT was delivered using anterior

and posterior opposing techniques at a dose of 45.0–50.4Gy (1.8Gy

per day, 5 days per week). All patients underwent a high dose of
192Ir brachytherapy after whole-pelvic irradiation at a dose of up to

36 Gy.

2.4. Follow-up strategy

Patients were followed up via outpatient examinations or

telephone calls. The deadline for follow up was December 2019. OS

was defined as the time from the start of RT to the date of death

or last follow up. Progression-free survival (PFS) was defined as the

initiation of RT, occurrence of tumor progression, death from any

cause, or the last follow up.

2.5. Statistical analysis

Receiver operating characteristic (ROC) curves were used

to determine the optimal PNI, GNRI, PLR, MLR, and NLR

cutoff points using MedCalc (MedCalc Software Ltd., Belgium).

R software version 4.1.3 (The R Foundation, Vienna, Austria)

was used for statistical analysis. For the baseline characteristics of

the patients, means and standard deviations are used to express

continuous variables. Numbers and percentages are used to express

categorical variables. Descriptive analysis using the chi-square test

or Fisher’s exact test was performed to compare differences between

the two groups. Survival curves were calculated using the Kaplan–

Meier method, and the log-rank test was used for comparison.

Univariate and multivariate analyses were performed for each

marker using the Cox proportional hazards model. Variables that

were significant in the univariate analysis with P-values< 0.20 were

included in multivariate analysis. We applied the nomogram in this

study and visualized the prognostic strengths of different factors in

predicting OS.

3. Results

3.1. Patient characteristics

The patient characteristics are presented in Table 1. A total of

178 patients with cervical cancer were enrolled in this retrospective

study. The mean age was 53.85. Thirty patients out of 178 (16.9%)

had more than two positive metastatic lymph nodes. Ninety-four

patients (52.8%) had stage II tumors and 84 (47.2%) had stage

III tumors, according to the FIGO 2009 clinical staging system.

The mean body mass index (BMI) was 23.19 ± 2.88 kg/m2 with

3.4% of patients being underweight. By setting survival status as

an endpoint, ROC curves were used to determine the cutoff values.

The cutoff values for the PNI, GNRI, NLR, MLR, and PLR were

48.3, 97.04, 2.8, 0.41, and 186.67, respectively (Figures 1, 2). The

mean PNI, GNRI, NLR, MLR, and PLR were 49.37, 102.74, 2.77,
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0.3, and 159.26, respectively. Low PNI and GNRI scores were

observed in 78 (43.8%) and 37 (20.8%) patients, respectively. Low

NLR, MLR, and PLR values were observed in 110 (61.8%), 141

(79.2%), and 136 (76.4%) patients, respectively (Table 1).

3.2. Prognostic value of PNI and GNRI

In this retrospective cohort study, the 5-year OS rate of the

entire population was 75.7%. The effect of nutritional status, as

determined using the PNI and GNRI, on the prognosis of patients

with cervical cancer was evaluated. Kaplan–Meier analysis showed

that patients with a low PNI had shorter OS and PFS (low PNI

vs. high PNI, 5-year OS, 64.1% vs. 84.9%, P < 0.001; 5-year PFS,

62.8% vs. 84.9%, P < 0.001) (Figures 3A, 4A). Similar results were

obtained for the relationship between a low GNRI and the survival

time of patients with cervical cancer (5-year OS, 48.5 vs. 82.2%,

P<0.001; 5-year PFS, 53.3 vs. 80.9%, P < 0.001) (Figures 3B, 4B).

Survival analysis stratified by chemoradiotherapy (CRT) showed

that patients with low PNI and GNRI values had shorter OS (low

PNI vs. high PNI, P < 0.01; low GNRI vs. high GNRI, P <

0.001) and PFS (low PNI vs. high PNI, P < 0.001; low GNRI

vs. high GNRI, P < 0.001) (Supplementary Figures 1, 2). Patients

with a low GNRI had shorter OS (P < 0.05) and PFS (P < 0.05)

than patients with a high GNRI in the survival analysis stratified

by RT alone. There was no significant association between low

PNI and OS/PFS in the survival analysis stratified by RT alone

(Supplementary Figures 3, 4).

3.3. Prognostic value of NLR, MLR, and PLR

The Kaplan–Meier results indicated that survival time differed

depending on the NLR, MLR, and PLR. Patients with low NLR,

MLR, and PLR had higher OS than patients in the other groups (5-

year OS, lowNLR vs. high NLR, 85.4 vs. 59.9%, P< 0.001; lowMLR

vs. highMLR, 82.9 vs. 49.9%, P < 0.001; low PLR vs. high PLR: 81.5

vs. 57.5%, P < 0.001) (Figure 5). We also analyzed the prognostic

relationship between the systemic inflammatory indexes and PFS.

Similar results were obtained (5-year PFS: low NLR vs. high NLR,

85.3 vs. 59.0%, P < 0.001; low MLR vs. high MLR, 82.8% vs.

47.4%, P < 0.001; low PLR vs. high PLR, 81.5 vs. 5.6%, P < 0.001)

(Figure 6). A significant association between low NLR/MLP/PLR

and higher OS/FPS was also found in the survival analysis stratified

by CRT (OS, P < 0.001; PFS P < 0.001) (Supplementary Figures 1,

2). In the survival analysis stratified by RT alone, there was no

significant association between low NLR/MLP/PLR and OS/PFS

(Supplementary Figures 3, 4).

3.4. Univariate and multivariate analyses for
patients with cervical cancer

Univariate and multivariate analyses of the baseline

characteristics of OS and PFS are shown in Tables 2, 3. In

univariate analysis, tumor size, histological type, stage, number

of metastatic lymph nodes, PNI, GNRI, NLR, PLR, and MLR

were significantly associated with poor OS and PFS. Other factors,

including age, type of RT, SCC antigen levels, and body weight,

had no effect on cervical cancer prognosis. In univariate Cox

regression analysis, the number of metastatic lymph nodes, tumor

size, histological type, stage, GNRI, NLR, and MLR were the most

significant predictors of OS and PFS, with hazards ratios (HR)

higher than 3 or <0.33.

In the multivariate Cox regression analysis, histological type

remained the most significant predictor of OS (HR = 3.33; 95%

confidence interval [CI], 1.59–7.00; P = 0.001) The multivariate

analysis identified that PNI (HR = 0.47; 95% CI, 0.25–0.88; P <

0.01), GNRI (HR = 0.35; 95% CI, 0.18–0.68; P = 0.002), NLR

(HR = 2.60; 95% CI, 1.36–4.97; P = 0.004), PLR (HR = 2.12;

95% CI, 1.09–4.13; P = 0.028), and MLR (HR = 3.21; 95% CI,

1.66–6.23, P < 0.001) were also significantly associated with OS.

When the follow-up period was changed to PFS, PNI (HR = 0.47;

95%CI, 0.28–0.87; P= 0.017), GNRI (HR= 0.34; 95%CI, 0.17–0.65;

P = 0.001), NLR (HR = 2.66; 95%CI, 1.42–4.97; P = 0.002), PLR

(HR = 2.05; 95%CI, 1.10–3.80; P = 0.023), and MLR (HR = 3.36;

95%CI, 1.76–6.41; P < 0.001) were prognostic indicators for

PFS, according to the multivariate analyses. In univariate and

multivariate Cox regression analyses stratified by CRT, the GNRI,

NLR, PLR, and MLR were also prognostic indicators for OS and

PFS (Supplementary Tables 1, 2).

3.5. Prognostic nomograms of PNI, GNRI,
and systemic inflammatory indexes

To predict the 3-year and 5-year OS of patients with

cervical cancer, nomograms were constructed. Based on the

results of the multivariate Cox analysis, the prognostic nomogram

included tumor size, histological type, stage, number of metastatic

lymph nodes, and PNI/GNRI/systemic inflammatory indexes

(Figures 7, 8).

4. Discussion

For patients with stage IIB–III cervical cancer, RT and a

combination of chemotherapy and RT are the suggested treatment

options. The present study demonstrated that a low PNI, lowGNRI,

high NLR, high MLR, and high PLR were negative prognostic

factors for survival in patients with stage IIB–III disease treated

with RT.

Similar to other types of cancers, there is a high prevalence

of malnutrition among patients with cervical cancer (35). The

incidence of malnutrition was reported as high as 38.79% in

patients undergoing cervical cancer surgery before treatment (36).

Additionally, a higher stage grade indicates a higher incidence

of malnutrition in cervical cancer (37). Poor nutritional status

at baseline is also associated with poor quality of life and

chemotherapy interruption in patients with cervical cancer (38). In

clinical practice, the GNRI and PNI are easily obtained, objective,

simple, efficient, and applicable tools to reflect nutritional status

compared with other methods, such as patient-generated subjective

global assessment and mini nutritional assessment. Our results also

showed that poor status, as determined by the PNI and GNRI, was
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FIGURE 1

Receiver operating characteristic curves for the use of nutritional indicators to predict life expectancy in patients with stage IIB–III cervical cancer

receiving radiotherapy based on: (A) prognostic nutritional index (PNI) and (B) geriatric nutritional risk index (GNRI). Cut-o� points with the highest

combined sensitivity and specificity were used.

FIGURE 2

Receiver operating characteristic curves for the use of inflammatory indicators to predict life expectancy in patients with stage IIB–III cervical cancer

receiving radiotherapy based on: (A) neutrophil/lymphocyte ratio (NLR), (B) monocyte/lymphocyte ratio (MLR), and (C) platelet/lymphocyte ratio

(PLR). Cut-o� points with the highest combined sensitivity and specificity were used.

associated with shorter OS and PFS. Robust and consistent evidence

has shown that cancer-related malnutrition plays a negative role

in the prognosis of patients (39–42). Studies have shown that the

prevalence of malnutrition in patients with cancer is as high as

80.4% before treatment, and that nutritional status worsens with

the progression of anticancer therapies (43, 44). Due to clinically

distinct causes, such as dysphagia, stomatitis, bowel obstruction

caused by the tumor, and gastrointestinal disorders induced by

anticancer therapies, the nutrient intake of patients with cancer

is generally reduced (45). In addition, altered metabolism-induced

by excess catabolism, anabolic resistance, inflammation caused

by tumors, and cancer therapy significantly affect nutritional

status (46). These factors lead to weight loss and skeletal muscle

depletion in patients with cancer, which are independent risk

factors for an unfavorable prognosis. Studies have demonstrated

that unintentional weight loss is associated with poor post-

operative survival and increased mortality risk in patients with

cancer (47–49). The patients with locally advanced cervical cancer

receiving primary chemoradiation who had unintentional weight

loss ≥10% also had a higher risk of death (HR = 2.37) (50).

Decreased skeletal muscle mass, widely known as sarcopenia, has

also been closely associated with a poor quality of life and short

life expectancy (51). Additionally, the common side effects of

cytotoxic chemotherapy and RT directly affect the nutritional status

of patients, and a poor nutritional status may aggravate these

side effects (52). Moreover, the decreased clearance of antitumor

drugs in the tissues of patients with malnutrition with a higher

drug concentration in the tissue may also lead to a higher rate

of treatment toxicity (53). The deterioration of nutritional status

can lead to decreased treatment completion (54). Furthermore, loss

of body weight with a specific loss of skeletal muscle combined

with systemic inflammation caused by tumors results in cancer

cachexia (55). Patients with cancer with cachexia have an impaired

quality of life, high mortality, and increased treatment costs (46)

and currently no effective medical intervention has been confirmed

to completely reverse cachexia (56).

An increasing number of studies have shown that cancer-

associated systemic inflammatory markers, such as NLR, PLR, and
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FIGURE 3

Kaplan–Meier curves of overall survival according to the nutritional indicators. (A) Low prognostic nutritional index (PNI) vs. high PNI (low PNI: ≤

48.3, high PNI: > 48.3) and (B) low geriatric nutritional risk index (GNRI) vs. high GNRI (low GNRI: ≤ 97.04, high GNRI: > 97.04). The Kaplan–Meier

method was used to calculate the survival rate, and the log-rank test was used to compare survival distributions between the groups.

MLR, can be useful in predicting tumor progression. Thesemarkers

are easily obtained, noninvasive, and inexpensive. Recently, three

studies have demonstrated that systemic inflammatory markers are

novel independent prognostic factors for predicting post-operative

survival in patients with cervical cancer. High NLR, PLR, and

MLR are closely related to poor prognosis (29–31). Similarly, our

results showed that patients with stage IIB–III cervical cancer

who underwent RT with high NLR, PLR, and MLR had shorter

OS times. The close relationship between NLR/MLR and tumor

prognosis involves tumor-induced inflammation and immune
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FIGURE 4

Kaplan–Meier curves of progression-free survival according to the nutritional indicators. (A) Low prognostic nutritional index (PNI) vs. high PNI (low

PNI: ≤ 48.3, high PNI: > 48.3) and (B) low geriatric nutritional risk index (GNRI) vs. high GNRI (low GNRI: ≤ 97.04, high GNRI: > 97.04). The

Kaplan–Meier method was used to calculate the survival rate, and the log-rank test was used to compare survival distributions between the groups.

function changes. The systemic inflammatory response in patients

with tumors is often accompanied by an increase in circulating

neutrophil counts (57). Recent studies have found that neutrophils

not only exert an anti-tumor effect, but also promote tumor

progression (58). Most studies suggest that elevated neutrophil

levels lead to tumor progression. The possible mechanisms by

which neutrophils promote tumor progression include changes in

the microenvironment shaped by cancer cells and release of some

growth factors, such as epidermal growth factor and hepatocyte

growth factor (59). Monocytes also have diverse functions in
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FIGURE 5

Kaplan–Meier curves of overall survival according to the inflammatory indicators. (A) Low neutrocyte/lymphocyte ratio (NLR) vs. high NLR (low NLR:

≤ 2.8, high NLR: > 2.8), (B) low monocyte/lymphocyte ratio (MLR) vs. high MLR (low MLR: ≤ 0.41, high MLR: > 0.41), and (C) low platelet lymphocyte

ratio (PLR) vs. high PLR (low PLR: ≤ 186.67, high PLR: > 186.67). The Kaplan–Meier method was used to calculate the survival rate, and the log-rank

test was used to compare survival distributions between the groups.
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FIGURE 6

Kaplan–Meier curves of progression-free survival according to the inflammatory indicators. (A) Low neutrocyte/lymphocyte ratio (NLR) vs. high NLR

(low NLR: ≤ 2.8, high NLR: > 2.8), (B) low monocyte/lymphocyte ratio (MLR) vs. high MLR (low MLR: ≤ 0.41, high MLR: > 0.41), and (C) low

platelet/lymphocyte ratio (PLR) vs. high PLR (low PLR: ≤ 186.67, high PLR: > 186.67). The Kaplan–Meier method was used to calculate the survival

rate, and the log-rank test was used to compare survival distributions between the groups.
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FIGURE 7

Prognostic nomograms for overall survival prediction according to the prognostic nutritional index (PNI) (A) and geriatric nutritional risk index (GNRI)

(B). Points were assigned for age before treatment, and for tumor size, histological type, stage, number of metastatic lymph nodes, and nutritional

indicators. The score of each predictor was determined by drawing a vertical line from the value to the score scale. The total score was summed up

by the scores of these predictors, which correspond to overall survival rate.

different types and stages of the tumor (60). The direct tumoricidal

functions of monocytes result from cytokine-mediated induction

of cell death and phagocytosis and effects on the components

of the tumor microenvironment (61). Interestingly, our study

also suggests that low PLR is associated with cervical cancer

prognosis. This result was inconsistent with Li’s finding that PLR

was not a significant independent prognostic factor in patients

with stage IIB cervical cancer (33). Another study also found

that PLR was not associated with OS in gynecological cancer

(62). The inconsistent results may be due to the different stages

of patients included in the different studies, which could affect

the prognosis of cervical cancer. As an essential component of

the blood, platelets play an important role in the inflammatory

response in patients with cancer with chronic inflammation (63).

Angiogenesis is facilitated by the release of pro-angiogenic proteins,

such as vascular epidermal growth factor and transforming growth
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FIGURE 8

Prognostic nomograms for overall survival prediction according to the neutrophil/lymphocyte ratio (NLR) (A), monocyte/lymphocyte ratio (MLR) (B),

and platelet/lymphocyte ratio (PLR) (C). Points were assigned for age before treatment, and for tumor size, histological type, stage, number of

metastatic lymph nodes, and inflammatory indicators. The score of each predictor was determined by drawing a vertical line from the value to the

score scale. The total score was summed up by the scores of these predictors, which correspond to overall survival rate.
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TABLE 2 Univariate and multivariate analysis for overall survival.

Variables Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Age

≤55 vs. >55 0.65 (0.35–1.23) 0.185 0.71 (0.37–1.37) 0.309

No. of metastatic lymph nodes

≤2 vs. >2 3.11 (1.66–5.83) <0.001 2.04 (1.04–3.98) 0.036

Size of tumor

≤4 cm vs. >4 cm 3.34 (1.68–6.63) 0.001 2.34 (1.15–4.74) 0.019

Type of radiotherapy

IMRT vs. RT 1.21 (0.66–2.21) 0.54 – –

Chemoradiotherapy

Yes vs. NO 0.51 (0.16–1.65) 0.26

Pathology

squamous cell carcinoma vs. adenocarcinoma 3.7 (1.82–7.52) <0.001 3.33 (1.59–7.00) 0.001

FIGO Stage

II vs. III 3.25 (1.67–6.33) 0.001 2.33 (1.17–4.64) 0.016

SCC

≤ 1.5 vs. > 1.5 1.24 (0.61–2.52) 0.547 – –

PNI

≤ 48.3 vs. > 48.3 0.35 (0.19–0.65) 0.001 0.47 (0.25∼0.88) 0.019

GNRI

≤ 97.04 vs. > 97.04 0.31 (0.17–0.57) <0.001 0.35 (0.18–0.68) 0.002

NLR

≤ 2.8 vs. > 2.8 3.26 (1.75–6.06) <0.001 2.60 (1.36–4.97) 0.004

MLR

≤ 0.41 vs. > 0.41 3.86 (2.11–7.05) <0.001 3.21 (1.66–6.23) <0.001

PLR

≤ 186.67 vs. > 186.67 2.69 (1.47–4.93) 0.001 2.12 (1.09–4.13) 0.028

IMRT, Intensity-modulated radiotherapy; SCC, Squamous cell carcinoma; PNI, Prognostic nutritional index; GNRI, Geriatric nutritional risk index; NLR, Neutrophil/lymphocyte ratio; MLR,

Monocyte/lymphocyte ratio; PLR, Platelet/lymphocyte ratio.

factor, in the tumor microenvironment. The cytokines released

by platelets can induce cancer-related inflammation and promote

tumor growth and invasion (57).

Many studies have demonstrated that concurrent

chemoradiotherapy provides therapeutic benefits over RT

alone (64). To explore the prognostic value of the PNI, GNRI,

and systemic inflammatory indexes in patients who underwent

CRT and RT alone, we performed survival analyses, univariate and

multivariate analyses stratified by RT or CRT. The results showed

that low GNRI, high NLR, high MLR, and high PLR predicted

worse prognosis in patients treated with CRT. However, similar

results were not observed in the patients who received RT alone.

These inconsistent results may be explained by the small number

of patients who underwent RT alone. Although there was an

association between low PNI and poor OS/PFS in the multivariate

cox analysis for all the patients, this association was not statistically

significant in the multivariate analyses stratified by CRT. The

possible reason is that patients who can only receive radiotherapy

alone have poorer nutritional status than those who can receive

concurrent chemotherapy.

Our study has several limitations. First, this was a retrospective

study, and all data were collected from a single center. Second,

the inflammatory state induced by infection before treatment

may have an impact on the outcome. Third, we were not able

to evaluate all covariates that might have affected prognosis,

even though we included all likely covariates. Moreover, the

sample size in this study was small. Additional prospective cohort

studies are needed to determine the effects of GNRI, PNI, and

systemic inflammatory indexes in patients with stage IIB–III

cervical cancer.
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TABLE 3 Univariate and multivariate analysis for progression-free survival.

Variables Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Age

≤55 vs. >55 0.66 (0.35–1.24) 0.201 – –

No. of metastatic lymph nodes

≤2 vs. >2 3.03 (1.62–5.67) 0.001 2.12 (1.10–4.09) 0.024

Size of tumor

≤4 cm vs. >4 cm 3.28 (1.65–6.51) 0.001 2.31 (1.14–4.69) 0.020

Type of radiotherapy

IMRT vs. RT 1.17 (0.64–2.14) 0.610 – –

Chemoradiotherapy

Yes vs. NO 0.46 (0.14–1.47) 0.20

Pathology

squamous cell carcinoma vs. adenocarcinoma 4.36 (2.14–8.88) <0.001 3.62 (1.75–7.49) <0.001

FIGO Stage

II vs. III 3.28 (1.68–6.39) <0.001 2.34 (1.18–4.64) 0.015

SCC antigen

≤ 1.5 vs. > 1.5 1.19 (0.59–2.41) 0.631 – –

PNI

≤ 48.3 vs. > 48.3 0.36 (0.19–0.67) 0.001 0.47 (0.28–0.87) 0.017

GNRI

≤ 97.04 vs. > 97.04 0.33 (0.18–0.6) <0.001 0.34 (0.17–0.65) 0.001

NLR

≤ 2.8 vs. > 2.8 3.15 (1.69–5.84) <0.001 2.66 (1.42–4.97) 0.002

MLR

≤ 0.41 vs. > 0.41 3.73 (2.04–6.81) <0.001 3.36 (1.76–6.41) <0.001

PLR

≤ 186.67 vs. > 186.67 2.55 (1.39–4.67) 0.002 2.05 (1.10–3.80) 0.023

IMRT, Intensity-modulated radiotherapy; SCC, Squamous cell carcinoma; PNI, Prognostic nutritional index; GNRI, Geriatric nutritional risk index; NLR, Neutrophil/lymphocyte ratio; MLR,

Monocyte/lymphocyte ratio; PLR, Platelet/lymphocyte ratio.

5. Conclusions

Pretreatment GNRI, PNI, and systemic inflammatory indexes

might be novel prognostic predictors for patients with stage II–

III cervical cancer treated with RT. Low PNI, low GNRI, high

NLR, high MLR, and high PLR predicted a worse prognosis. These

markers can be incorporated into pretreatment evaluations and

act as factors for decision-making in patients with cervical cancer

receiving radiotherapy.
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