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Background: Abnormal changes in body composition and systemic inflammation response have been associated with poor survival
of cancer patients. Our study was to explore the prognostic value of the association between body composition indicators and systemic
inflammation markers among patients with locally advanced cervical cancer (LACC) who underwent concurrent chemoradiotherapy
(CCRT).

Methods: We retrospectively reviewed medical records of LACC patients treated between 2016 and 2019. Subcutaneous, visceral and
intra-muscular adipose index (SAI, VAI and IMAI) and skeletal muscle index (SMI) were derived from computed tomography (CT).
Kaplan-Meier analysis and Univariate and multivariate Cox analyses were used to evaluate the survival. A nomogram was constructed
to assess the prognostic value.

Results: The study included 196 patients treated with CCRT. According to multivariable Cox analyses, IIICIr (P = 0.045), high
systemic immune-inflammation index (SII) (P = 0.004), sarcopenia (P = 0.008), high SAI (P = 0.016) and high VAI (P = 0.001) were
significantly risk factors for overall survival (OS). Kaplan-Meier analysis showed that patients with low lymphocyte-to-monocyte ratio
(LMR) and sarcopenia had longer OS than those with high LMR and sarcopenia (P = 0.023). The high neutrophil-to-lymphocyte ratio
(NLR) in non-sarcopenic patients showed better survival (P = 0.022). Low VAI (P = 0.019) or low IMAI (P = 0.019) combined with
low SII had a favorable OS. Low LMR combined with low SAI was associated with longer OS (P = 0.022). The calibration plots of
nomogram predicting the 3-year and 5-year OS rates were close to the ideal models.

Conclusion: Inflammation factors were closely associated with abnormal muscle and fat distribution. The combined prognostic value
of body composition indicators and systemic inflammation markers was reliable in predicting survival for LACC patients.
Keywords: body composition, systemic inflammatory markers, cervical cancer, overall survival, nomogram

Introduction

Activation of the systemic inflammatory response is associated with tumorigenesis, progression, and metastasis.' The
systemic inflammatory state in cancer patients can be reflected by peripheral blood cells and inflammatory proteins.
Increasing evidence suggested that systemic inflammatory biomarkers were valid predictors of prognosis in multiple
cancers.” > Blood inflammation parameters such as neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), neutrophil-to-platelet ratio (NPR), platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR) and
index of systemic immune-inflammation (SII) have been associated with the prognosis of cervical cancer.®®
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Computed tomography (CT) - derived body composition measures have been widely studied as important prognostic
markers in patients with cancer.’ Body composition metrics mainly include measurements of skeletal muscle and adipose
tissue. Cancer patients routinely require CT examinations for baseline staging and assessment of treatment efficacy,
which provides the convenience of obtaining body composition parameters. The cross-sectional areas of skeletal muscle
and adipose tissue on a single CT slice at the third lumbar spine level have correlated with the total skeletal muscle and
fat masses.'” Most previous studies on the prognosis of cervical cancer focused on tumour or treatment-related
factors.'""'2 However, the prognostic implications of body composition remain unclear in patients with cervical cancer.

Cervical cancer is the fourth most common cause of cancer incidence and mortality in women.'* Concurrent chemo-
radiotherapy (CCRT) is the standard treatment for locally advanced cervical cancer (LACC). Although screening tests
and treatment methods have advanced in recent years, cervical cancer related mortality remains high. Therefore, survival
predictors must be identified to guide clinical treatment and improve prognosis. Both systemic inflammatory markers and
body composition are associated with clinical outcomes in patients with cervical cancer.®'*!> However, these indicators
were analyzed separately in most studies. The association and joint prognostic predictive effect of body composition and
systemic inflammation markers among LACC patients with CCRT have not been reported.

Therefore, this study intends to explore the association between body composition based on CT imaging and systemic
inflammation and assess their prognostic values. Considering a nomogram model was widely used to predict cancer
outcomes, we will further build a nomogram to evaluate their combined predictive effect.

Methods and Materials

Patient Selection

This retrospective study included 196 patients with cervical cancer between January 2016 and June 2019 at Shandong
cancer hospital and Institute. We screened 231 patients with LACC who underwent CCRT from 2016 to 2019 in the
electronic medical record. In these cases, 15 were excluded for unfinished radiotherapy, 6 for incomplete chemotherapy, 9
for having chronic diseases such as hematologic illness or autoimmune disease, and 5 for combining with other
malignant tumours. Thus, we finally included 196 eligible patients with LACC.

The inclusion criteria were as follows: (1) diagnosed with cervical cancer through biopsy; (2) stage IIB to IIIC disease
according to the 2018 International Federation of Gynecology and Obstetrics (FIGO) staging system; (3) treated with
CCRT; (4) complete medical records and follow-up records; (5) available CT scans taken before treatment; (6) include
controlled comorbidities. The exclusion criteria were as follows: (1) incomplete chemotherapy or radiotherapy; (2)
combined with hematologic illness, autoimmune disease, acute or chronic infection, and other diseases that may impact
hematologic indexes; (3) suffered from other malignant tumours. This study was approved by the Ethics Committee of
Shandong cancer hospital and Institute. All patients routinely followed treatment: every three months during the first two
years, every six months during the following three years and annually after that.

Treatment of Patients

All patients were treated with external beam radiation therapy (EBRT) and brachytherapy (BT). EBRT included intensity
modulated radiation therapy (IMRT) or tomotherapy (TOMO), with prescription doses ranging from 45 to 50 Gy
delivered in 25 to 28 fractions (5 fractions/week). All patients completed radiotherapy within 7-8 weeks. BT was
performed at 25-30 Gy doses in 4 to 5 fractions (1 fraction/week) before the EBRT course was complete or in the last
week of pelvic EBRT. Positive Lymph node regions were treated to a total dose of 50 to 60 Gy. All patients were treated
with four cycles of concurrent chemotherapy during the radiation therapy. The chemotherapy regimens included
paclitaxel (135 mg/m?) on day one and cisplatin (75 mg/m?) on day two every four weeks.

Measurement and Classification of Skeletal Muscle and Adipose Tissue

Before initial treatment, a single-enhanced CT image at the third lumbar vertebra was used to evaluate the cross-sectional
area of skeletal muscle and adipose tissue. A senior radiologist was employed to correctly identify L3 level on CT, which
both transverse processes were initially fully visualized.'® Two authors used SliceOmatic (version 5.0; TomoVision,
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Magog, Canada) to delineate and calculate skeletal muscle and adipose tissue area based on tissue-specific ranges
measured in Hounsfield units (HU).!” The skeletal muscle area includes the psoas, paraspinal, transversus abdominis,
rectus abdominis, and internal and external oblique muscles. Skeletal muscle was identified with a radiation density
between —29 and +150 HU. Subcutaneous and intermuscular adipose tissue was divided from extra-muscular tissue with
a radiation density between —190 and —30 HU. Visceral adipose tissue was calculated with a radiation density between
—150 and —50 HU. The cross-sectional areas (cm?) of skeletal muscle, subcutaneous adipose, visceral adipose, and intra-
muscular adipose tissue were normalized by dividing by height (m)* (SMI, VAI, SAI and IMAI, respectively).
Sarcopenia was defined as SMI of < 41.0 cm? /m? according to the definition of Martin et al.'® Because there were no
widely recognized cut-off values for SAI, VAI and IMAI, we set the optimal cut-off values by using X-tile software (Yale
University, New Haven, CT, USA).19

Systemic Inflammatory Biomarkers

Baseline platelets, neutrophils, monocytes, lymphocytes and red blood cell distribution width (RDW) were obtained from
the complete blood count within one week before treatment. NLR, NPR, PLR and LMR were then calculated. The
prognostic nutritional index (PNI) was calculated as serum albumin (g/L) + 5 x lymphocyte count (10°/L). The SII was
calculated as the neutrophil count x platelet count/lymphocyte count (10°/L). We set optimal cut-off points for the above
laboratory parameters by X-tile software, which was used to divide the patients into two subgroups for further analysis.

Statistical Analysis

Overall survival (OS) was defined as the period from the date of diagnosis to the date of death. Characteristics of baseline
data were presented with mean values, standard deviation (SD), and frequencies. The association between clinical factors
and body composition were analyzed by binary logistic regression. The Kaplan-Meier method was applied to estimate the
survival rates. The Log rank test was used to compare the differences between groups. Univariate and multivariate
analyses were performed using the Cox proportional hazards model to identify the potential risk factors. A nomogram
model was constructed to evaluate the combined prognostic predictive value. A two-sided P < 0.05 was defined as
statistically significant. Statistical analysis was performed using SPSS version 22 and R version 4.2.1.

Result

Patients’ Characteristics

Among these patients, the average age was 52 years. The most histological type was squamous cell carcinoma. 17.9%,
42.3% and 39.8% of patients were diagnosed with 2018 FIGO stage IIB, IIIB and IIICIr cervical cancer, respectively.
Most patients had tumour size > 4cm (81.1%) and tumour grade G3 (48%). The cut-off values of different body
composition and inflammatory parameters were defined as follows by the X-tile software: LMR (4.04), NLR (2.38), NPR
(0.014), PLR (178.61), RDW (10.83), PNI (54.34), SII (1377.37), SMI (41), VAI (91.77), SAI (34.89), and IMAI (5.85).
Other baseline characteristics are shown in Table 1.

Association Between Body Composition, Systemic Inflammatory Markers and

Clinicopathologic Parameters

Univariate and multivariate logistic analysis showed that body mass index (BMI) was lower in sarcopenic patients (P <
0.05) (Table 2). High BMI was significantly associated with high SAI (P < 0.05), VAI (P < 0.05) and IMAI (P < 0.05)
(Tables 3—5). Multivariate analysis showed that sarcopenia was associated with older age (OR = 3.49, 95% CI = 1.63—
7.8, P =0.002), advanced tumour size (OR = 2.46, 95% CI = 1.08-5.95, P = 0.038), and increased PLR (OR = 1.97, 95%
CI = 1.04-3.79, P = 0.039) (Table 2).

Multivariate analysis showed that SAI was significantly lower in patients with high tumour size (OR = 0.27, 95% CI =
0.08-0.87, P =0.028) and increased NPR (OR = 0.35, 95% CI = 0.13-0.91, P = 0.034) (Table 3). In univariate analysis, high
VAI was associated with older age (OR = 2.63, 95% CI = 1.34-5.36, P = 0.006), NLR (OR = 0.48, 95% CI = 0.26-0.86, P =
0.014) and PLR (OR = 0.46, 95% CI = 0.26-0.81, P = 0.008) (Table 4). In multivariate analysis, high VAI was associated with
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Table | Basic Clinicopathologic Characteristics of Cervical
Cancer

Characteristics Variables N (%)

Clinicopathologic

Age <60 147 (75)
260 49 (25)
Stage (Figo 2018) 1]:] 35 (17.9)
I]]:} 83 (42.3)
mcir 78 (39.8)
Histological type Adenocarcinoma 10 (5.1%)
Squamous cell carcinoma | 186 (94.9)
Tumor size <4cm 37 (18.9)
24cm 159 (81.1)
Tumor grade Gl 31 (15.8)
G2 71 (36.2)
G3 94 (48.0)
Systemic
inflammation
LMR < 4.04 104 (53.1)
2 4.04 92 (46.9)
NLR <238 76 (38.8)
2238 120 (61.2)
NPR <0014 75 (38.3)
20014 121 (61.7)
PLR < 1786l 109 (55.6)
2 178,61 87 (44.4)
RDW <10.83 66 (33.7)
> 10.83 130 (66.3)
PNI < 54.34 139 (70.9)
> 54.34 57 (29.1)
sl < 1377.37 167 (85.2)
> 1377.37 29 (14.8)
Body composition
BMI (kg/m?) <25 99 (50.5)
225 97 (49.5)
SMI (cm? /m?) < 4] 89 (45.4)
2 4] 107 (54.6)
SAI (cm? /m?) <91.77 166 (84.7)
291.77 30 (15.3)
VAI (cm? /m?) <3489 94 (48.0)
2 34.89 102 (52.0)
IMAI (cm? /m?) <585 164 (83.7)
2585 32 (16.3)

Abbreviations: NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to
monocyte ratio; NPR, neutrophil-to-platelet ratio; PLR, platelet-to-
lymphocyte ratio; RDW, red blood cell distribution width; PNI, prognostic
nutritional index; SlI, index of systemic immune-inflammation; BMI, body
mass index; SMI, skeletal muscle index; SAI, subcutaneous adipose index;
VA, visceral adipose index; IMAI, intra-muscular adipose index.

NPR (OR = 0.43, 95% CI = 0.21-0.86, P = 0.019) and PLR (OR = 0.3, 95% CI = 0.14-0.6, P = 0.001) (Table 4). Univariate
and multivariate logistic analysis showed that high IMAI was related to stage G3 (OR = 0.2, 95% CI = 0.07-0.55, P = 0.002;
OR =0.17, 95% CI=0.05-0.59, P = 0.006), age (OR =4.27, 95% CI = 1.92-9.61, P <0.001; OR = 3.28, 95% CI = 1.28-8.65,
P =0.014) and NLR (OR = 0.39, 95% CI = 0.18-0.85, P = 0.019; OR = 0.3, 95% CI = 0.11-0.8, P = 0.019) (Table 5).
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Table 2 Univariate and Multivariate Logistic Analysis Among Clinicopathologic Parameters, Systemic Inflammatory Markers, and

Sarcopenia
Variables Sarcopenia
Univariable Multivariable
OR 95% ClI P-value OR 95% CI P-value
Age (= 60 vs < 60) 1.88 0.98-3.65 0.059 3.49 1.63-7.8 0.002
Stage
1B Ref
B 0.89 0.4-1.98 0.782
lNClr 0.82 0.37-1.83 0.623
Histological type
Adenocarcinoma Ref
Squamous cell carcinoma 0.82 0.22-3.05 0.765
Tumor size (= 4 cm vs < 4 cm) 1.69 0.81-3.64 0.166 2.46 1.08-5.95 0.038
Tumor grade
Gl Ref
G2 1.27 0.55-3.03 0.579
G3 1.12 0.49-2.58 0.789
BMI (= 25 vs < 25) 0.36 0.2-0.64 0.001 0.29 0.15-0.54 <0.001
LMR (= 4.04 vs < 4.04) 0.67 0.38-1.18 0.171
NLR (= 2.38 vs < 2.38) 1.14 0.64-2.04 0.657
NPR (= 0.014 vs < 0.014) 0.84 0.47-1.51 0.566
PLR (= 178.61 vs < 178.61) 1.46 0.83-2.57 0.195 1.97 1.04-3.79 0.039
RDW (= 10.83 vs < 10.83) | 0.55-1.81 0.993
PNI (= 54.34 vs < 54.34) 0.75 0.4-1.39 0.363
SIl (= 1377.37 vs < 1377.37) 1.35 0.61-2.99 0.46

Abbreviations: NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; NPR, neutrophil-to-platelet ratio; PLR, platelet-to-lymphocyte ratio; RDVY, red
blood cell distribution width; PNI, prognostic nutritional index; Sll, index of systemic immune-inflammation; BMI, body mass index.

Table 3 Univariate and Multivariate Logistic Analysis Among Clinicopathologic Parameters, Systemic Inflammatory Markers, and SAI

Variables SAI
Univariable Multivariable
OR 95% ClI P-value OR 95% CI P-value
Age (= 60 vs < 60) 0.72 0.25-1.77 0.493 0.38 0.11-1.15 0.105
Stage
1B Ref
1B 2 0.67-7.38 0.247
ncir 1.01 0.3-3.96 0.986
Histological type
Adenocarcinoma Ref
Squamous cell carcinoma 0.71 0.17-4.86 0.674
Tumor size (2 4 cm vs < 4 cm) 0.58 0.24-1.51 0.24 0.27 0.08-0.87 0.028
Tumor grade
Gl Ref
G2 3.25 0.82-21.67 0.137 5.97 1.09-53.02 0.064
G3 2.75 0.72-18.15 0.196 3.63 0.71-29.91 0.163
BMI (= 25 vs < 25) 8.7 3.21-30.47 <0.001 .16 3.91-40.85 <0.001
LMR (= 4.04 vs < 4.04) 0.72 0.32-1.57 0.409 0.51 0.2-1.26 0.149
(Continued)
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Table 3 (Continued).

Variables SAI
Univariable Multivariable

OR 95% CI P-value OR 95% CI P-value
NLR (= 2.38 vs < 2.38) 0.8 0.37-1.79 0.578
NPR (= 0.014 vs < 0.014) 0.66 0.3-1.47 0.306 0.35 0.13-0.91 0.034
PLR (= 178.61 vs < 178.61) 0.8l 0.36-1.77 0.6 0.46 0.16-1.27 0.139
RDW (= 10.83 vs < 10.83) 1.48 0.64-3.72 0.38
PNI (= 54.34 vs < 54.34) 0.87 0.34-2.02 0.752
SIl (= 1377.37 vs < 1377.37) 0.87 0.24-2.47 0.806

Abbreviations: NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; NPR, neutrophil-to-platelet ratio; PLR, platelet-to-lymphocyte ratio; RDWY, red
blood cell distribution width; PNI, prognostic nutritional index; Sll, index of systemic immune-inflammation; BMI, body mass index; SMI, skeletal muscle index; SAI,
subcutaneous adipose index.

Table 4 Univariate and Multivariate Logistic Analysis Among Clinicopathologic Parameters, Systemic Inflammatory Markers, and VAI

Variables VAI
Univariable Multivariable

OR 95% ClI P-value OR 95% ClI P-value
Age (= 60 vs < 60) 2.63 1.34-5.36 0.006
Stage
1B Ref
1B 1.43 0.64-3.18 0.377
ncir 0.73 0.33-1.63 0.44
Histological type
Adenocarcinoma Ref Ref
Squamous cell carcinoma 0.26 0.04-1.05 0.09 0.23 0.03-1.12 0.094
Tumor size (2 4 cm vs < 4 cm) 0.52 0.24-1.08 0.086 0.42 0.17-0.98 0.05
Tumor grade
Gl Ref
G2 0.7 0.3-1.64 0.416
G3 0.79 0.34-1.78 0.566
BMI (= 25 vs < 25) 5.99 3.27-11.28 <0.001 7.98 4.07-16.47 <0.001
LMR (= 4.04 vs < 4.04) 1.66 0.94-2.93 0.08
NLR (= 2.38 vs < 2.38) 0.48 0.26-0.86 0.014
NPR (= 0.014 vs < 0.014) 0.77 0.43-1.38 0.383 0.43 0.21-0.86 0.019
PLR (= 17861 vs < 178.61) 0.46 0.26-0.81 0.008 0.3 0.14-0.6 0.001
RDW (= 10.83 vs < 10.83) 1.03 0.57-1.87 0916
PNI (= 54.34 vs < 54.34) 1.54 0.83-2.91 0.173
SIl (= 1377.37 vs < 1377.37) 0.51 0.22-1.13 0.103

Abbreviations: NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; NPR, neutrophil-to-platelet ratio; PLR, platelet-to-lymphocyte ratio; RDVY, red
blood cell distribution width; PNI, prognostic nutritional index; Sll, index of systemic immune-inflammation; BMI, body mass index; SMI, skeletal muscle index; VAI, visceral
adipose index.

Prognostic Impact of Body Composition and Inflammation Markers

Multivariable Cox analyses showed that IIIC1r (HR = 9.69; 95% CI = 1.05-89.22; P = 0.045), high SII (HR = 7.35; 95% CI
= 1.88-28.66; P = 0.004), sarcopenia (HR = 3.6; 95% CI = 1.4-9.23; P = 0.008), high SAI (HR =4.7; 95% CI = 1.33-16.66;
P = 0.016) and high VAI (HR = 7.53; 95% CI = 2.27-25.01; P = 0.001) were significantly risk factors for OS (Table 6).
However, the OS of patients with a high PNI (HR=0.24; 95% CI= 0.07-0.8; P = 0.02) and of those with a high BMI (HR =
0.23; 95% CI = 0.07-0.77; P = 0.017) were better than those of patients with a low PNI and those with a low BML.
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Table 5 Univariate and Multivariate Logistic Analysis Among Clinicopathologic Parameters, Systemic Inflammatory Markers, and IMAI

Variables IMAI
Univariable Multivariable

OR 95% CI P-value OR 95% CI P-value
Age (2 60 vs < 60) 4.27 1.92-9.61 <0.001 3.28 1.28-8.65 0.014
Stage
1B Ref
1B 0.92 0.3-3.11 0.881 0.97 0.26-4.07 0.968
ncir 1.43 0.5-4.72 0.526 3.04 0.79-13.87 0.125
Histological type
Adenocarcinoma Ref
Squamous cell carcinoma 0.74 0.17-5.06 0.711
Tumor size (= 4 cm vs < 4 cm) 0.6l 0.26—1.58 0.286
Tumor grade
Gl Ref
G2 0.47 0.18-1.25 0.125 0.43 0.13-1.37 0.153
G3 0.2 0.07-0.55 0.002 0.17 0.05-0.59 0.006
BMI (= 25 vs < 25) 293 1.31-7.07 0.011 3.9 1.57-10.65 0.005
LMR (= 4.04 vs < 4.04) 1.07 0.49-2.32 0.86
NLR (= 2.38 vs < 2.38) 0.39 0.18-0.85 0.019 0.3 0.11-0.8 0.019
NPR (= 0.014 vs < 0.014) 0.98 0.45-2.2 0.956
PLR (= 178.61 vs < 178.61) 0.54 0.23-1.2 0.142
RDW (= 10.83 vs < 10.83) 0.66 0.3-1.46 0.291
PNI (= 54.34 vs < 54.34) 0.54 0.19-1.31 0.199 0.32 0.1-0.95 0.051
SIl (= 1377.37 vs < 1377.37) 0.35 0.05-1.27 0.17

Abbreviations: NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio;

muscularadipose index.

NPR, neutrophil-to-platelet ratio; PLR, platelet-to-lymphocyte ratio; RDW, red
blood cell distribution width; PNI, prognostic nutritional index; Sll, index of systemic immune-inflammation; BMI, body mass index; SMI, skeletal muscle index; IMAI, intra-

Table 6 Univariable and Multivariable Cox Analyses Associated with Overall Survival

Variables Univariable Multivariable
HR 95% ClI P-value HR 95% CI P-value
Age (= 60 vs < 60) 2.12 0.92-4.9 0.08
Stage
1IB Ref
1B 4.64 0.6-35.94 0.142 6.03 0.7-51.85 0.102
ncir 5.02 0.65-38.86 0.123 9.69 1.05-89.22 0.045
Histological type
Adenocarcinoma Ref
Squamous cell carcinoma 1.19 0.16-8.85 0.863
Tumor size (< 4 cm vs 2 4 cm) 0.48 0.2-1.13 0.094
Tumor grade
Gl Ref
G2 1.15 0.3-4.43 0.844
G3 1.45 0.41-5.08 0.563
LMR (= 4.04 vs < 4.04) 2.4 1.02-5.68 0.046 435 0.99-19.13 0.052
NLR (= 2.38 vs < 2.38) 0.42 0.18-0.95 0.038 0.29 0.07-1.24 0.095
NPR (= 0.014 vs < 0.014) 1.67 0.66—4.23 0.282 3.23 1.12-9.26 0.03
(Continued)
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Table 6 (Continued).

Variables Univariable Multivariable

HR 95% CI P-value HR 95% ClI P-value
PLR (= 178.61 vs < 178.61) 0.53 0.22-1.28 0.158
RDW (= 10.83 vs < 10.83) 0.54 0.24-1.23 0.144 0.5 0.21-1.21 0.125
PNI (= 54.34 vs < 54.34) 0.66 0.25-1.79 0417 0.24 0.07-0.8 0.02
SIl (= 1377.37 vs < 1377.37) 2.34 0.92-5.93 0.075 7.35 1.88-28.66 0.004
BMI (= 25 vs < 25) 0.99 0.43-2.23 0.972 0.23 0.07-0.77 0.017
Sarcopenia (Yes vs No) 2.08 0.88—4.9 0.095 3.6 1.4-9.23 0.008
SAl (2 91.77 vs < 91.77) 1.82 0.67-4.9 0.237 4.7 1.33-16.66 0.016
VAI (= 34.89 vs < 34.89) 2.33 0.96-5.67 0.062 7.53 2.27-25.01 0.001
IMAI (= 5.85 vs < 5.85) 2.1 0.83-5.34 0.117

Abbreviations: NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; NPR, neutrophil-to-platelet ratio; PLR, platelet-to-lymphocyte ratio; RDW, red
blood cell distribution width; PNI, prognostic nutritional index; Sll, index of systemic immune-inflammation; BMI, body mass index; SMI,
skeletal muscle index; SAl, subcutaneous adipose index; VAI, visceral adipose index; IMAI, intra-muscular adipose index.

To explore the prognostic impact of body composition combined with inflammation markers, we used Kaplan-Meier
curves to display the differences between each group. The median follow-up duration was 5.4 years. Patients with low
LMR and sarcopenia had longer OS than those with high LMR and sarcopenia (p = 0.023) (Figure 1A). High NLR in
non-sarcopenic patients showed better survival (p = 0.022) (Figure 1B). Regarding fat indicators, low VAI (p = 0.019)
(Figure 1C) or low IMAI (p = 0.019) (Figure 1D) combined with low SII had a favourable OS. Patients with low LMR
and SAI were associated with longer OS (p = 0.022) (Figure 1E).
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Figure | Kaplan-Meier plot of association between body composition combined with inflammation markers and OS. (A) LMR + Sarcopenia. (B) NLR + Sarcopenia. (C) SII +

VAL (D) SII + IMAL (E) LMR + SAI.
Abbreviations: OS, overall survive; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; SAl, skeletal muscle index; VAI, visceral adipose index; SlI,
systemic immune-inflammation index; IMAI, intra-muscular adipose index.
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Nomogram for Predicting Survival

The multivariable Cox analysis was utilized to define the significant prognostic markers. The nomogram was then
constructed for OS prediction using these selected markers, including stage, BMI, NPR, PNI, SII, sarcopenia, SAI and
VAL (Figure 2A). From the nomogram, a larger total point score indicated a shorter OS. The calibration plots predicting
the 3-year and 5-year OS rates showed well with the ideal model (Figure 2B and C).

Discussion

This study was the first to demonstrate that body composition indexes and inflammation markers had a combined effect
on prognostic in LACC patients who underwent CCRT. Sarcopenia and body fat indicators (SAI, VAI and IMAI)
presented an apparent association with various inflammation markers. Survival analysis demonstrated that high SII,
sarcopenia, high SAI and high VAI were significant risk factors for OS. Furthermore, we developed a prognostic
nomogram to predict survival including body composition and inflammation markers with favourable identification.

Excessive or persistent systemic inflammatory response, which was accurately reflected by ratios of blood parameters,
played an important role in cancer progression.?’ SII based on peripheral lymphocyte, neutrophil and platelet counts has
been considered a better prognostic value in various cancers.*?' Previous meta-analysis indicated that SII was not
associated with statistically improved OS in cervical cancer.® However, Huang et al confirmed that SIIT was effective in
predicting the postoperative survival of patients with cervical cancer.** Our results concluded that a high pre-treatment
SII was significantly associated with increased OS for LACC. The PNI was applied to assess the nutritional status and
immune balance, which obviously predicted the survival of LACC patients treated with CCRT.>*** Our study demon-
strated that high PNI was a positive prognostic factor for survival in patients with LACC. These results provided
a significant association between SII, PNI and survival after chemo-radiation. In addition, it also implied that oncologists
should carefully evaluate the nutritional status of LACC patients and provide high-quality care.

The complex body composition was not well distinguished by BMI alone. Accumulating studies have used other
measures of body composition beyond BMI, such as bio-electrical impedance analysis (BIA), CT, and dual-energy X-ray
absorptiometry (DXA) imaging. Our study used a single-enhanced CT image at the third lumbar vertebra to evaluate the
cross-sectional area of skeletal muscle and adipose tissue. Multivariable Cox analyses presented that sarcopenia, high
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SAI and high VAI were significant risk factors for OS in LACC patients. These results are consistent with previous
research findings in breast and colorectal Cancer.?>° However, most studies chose different indicators and methods to
assess the association between body composition and cancer. Thus, body composition may exhibit different outcomes in
the same cancer. For example, when the cut-off value of SAI and VAI was 67.3 cm? /m” and 41.6 cm? /m?, respectively,
Lee et al found that the pre-treatment SAI and VAI of LACC patients were not associated with outcomes.'* Our study
determined the cut-off points for body parameters by X-tile software, which presented effective cut-points for the
assessment between markers and outcomes.'® Although there are many different outcomes, the importance of muscle and
adiposity on cancer survival was not ignored.

Most studies have shown that body composition and systemic inflammatory response parameters were predictive
factors for multiple cancers individually. However, the combined prognostic value was not common. A study of 223
patients with gastric cancer who underwent adjuvant chemo-radiotherapy after radical gastrectomy observed that
sarcopenic obesity combined with systemic inflammation (PLR, PNR) had a more accurate prognosis than the model
without systemic inflammation.?” The survival of sarcopenic patients with head and neck cancer was enhanced when
PLR was high.®® In small-cell lung cancer treated with chemotherapy or chemo-radiotherapy, they showed that
sarcopenia and high NLR were independently associated with shorter OS and progression free survival (PFS).?’ Our
study found that sarcopenia with low LMR in LACC was an available factor for longer OS. These clinical findings may
be explained by the interaction between skeletal muscle and immune cells. The immune system plays an important role in
the development of skeletal muscle. Lymphocytes, monocytes and other immune cells secrete cytokines and signalling
factors such as IL-6 and TNF-a, which regulate skeletal muscle metabolism.*° A previous study indicated that skeletal
muscle loss during CCRT was an independent poor prognostic factor for reduced 0S.'* Thus, the decreased muscle mass
may be connected with immune cells and poorer outcomes in cancer patients.

Excess adipose tissue was associated with low-grade chronic inflammation characterized by elevated levels of
circulating inflammatory mediators known to promote tumour progression.®' Inflammatory markers, such as C-reactive
protein (CRP), tumor necrosis factor-a (TNF-a)) and IL-6, have been associated with the development and progression of
tumours.*>*> However, the relationship between systemic hemato-immunological indices and body fat parameters in
cancer patients has not been elucidated. For the first time, our study found that low LMR was associated with better
survival in LACC patients with low SAI In addition, low SII combined with low VAI was positive prognostic indicator
for LACC patients. Currently, few researchers have examined the relationship between IMAI and survival. In our study,
IMATI alone was not associated with OS, but low SII patients with low IMAI owned higher OS than those with high
IMAI Thus, the combination of inflammatory factors and adipose-related indicators can improve the efficacy of
prognostic prediction for cancer patients.

Based on the above findings, we further investigated the predictive value of body composition combined systemic
inflammation factors in evaluating the prognosis of LACC patients who underwent CCRT. We constructed a reliable
nomogram model for predicting survival that combines body composition (sarcopenia, SAI and VAI) and systemic
inflammation factors (NPR, PNI, SII). This model showed excellent accuracy in predicting the survival probability of
LACC patients. Clinically, body composition and systemic inflammation factors were convenient and inexpensive to
assess. CT-based body composition analyses and pretreatment blood inflammation factors would be beneficial to the
improvement of individualized treatment strategies.

There were several limitations to our study. First, it was a single-centre retrospective observational study with
a relatively small sample size. Therefore, it is necessary to further confirm in a prospective study with a larger sample
size. Second, the present study failed to study the prognostic factors for PFS because data regarding PFS were not
sufficient. However, this study was the first time to explore the associations among body composition conditions,
systemic inflammatory markers, and OS in patients with cervical cancer who underwent CCRT.

Conclusion

In conclusion, we have demonstrated that poor body composition (sarcopenia, high SAI and VAI) measured by CT scans was
associated with the survival of LACC patients who underwent CCRT. Inflammation factors were closely associated with
abnormal muscle and fat distribution. The prognostic nomogram model developed from the combination of body
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composition and systemic inflammatory markers provided a reliable prediction method. The results presented in this study
were helpful to risk stratification for patients who are beginning treatment and guide clinical treatment strategy. Future
studies are needed to further elucidate the biological relationship between body composition and inflammation in patients
with cancer.
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