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Pretreatment prognostic nutritional index is a significant
predictor of prognosis in patients with cervical cancer
treated with concurrent chemoradiotherapy
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Abstract. This study investigated whether pretreatment
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR) and prognostic nutritional index (PNI) are prog-
nostic factors in patients with cervical cancer who undergo
concurrent chemoradiotherapy (CCRT) and radiotherapy
(RT). A total of 131 patients who underwent CCRT and RT
for cervical cancer were retrospectively investigated and the
correlations of NLR, PLR and PNI with clinical parameters
and prognosis were assessed in CCRT and RT. The CCRT and
RT groups had a median progression-free survival (PFS) of
41.82 and 24.72 months, respectively, and an overall survival
of 49.70 and 29.56 months, respectively. At a cut-off value of
NLR=2.85,the PFS and OS in patients with higher NLR under-
going RT were significantly shorter compared with those in
patients with lower NLR (P=0.029 and P=0.017, respectively).
At a cut-off value for PNT of <48.55 in patients undergoing
CCRT and =45.80 in patients undergoing RT, the PFS and OS
in patients with lower PNI were significantly shorter compared
with those in patients with higher PNI (PFS and OS with
CCRT, P<0.001 and P<0.001, respectively; PFS and OS with
RT, P=0.002 and P=0.008, respectively). Multivariate analyses
also identified low PNI as an independent prognostic factor for
PFS and OS in patients receiving CCRT. Therefore, low PNI
was shown to predict poor prognosis in patients with cervical
cancer.
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Introduction

Cervical cancer is the fourth most common malignancy
among women worldwide (1), with a 5-year recurrence rate of
28% according to the International Federation of Gynecology
and Obstetrics (FIGO) (2). Poor prognostic factors for cervical
cancer include stage, tumor size, histology and lymph node
(LN) metastasis (3,4). However, these parameters are not suffi-
cient to accurately predict prognosis.

Systemic inflammatory response (SIR) is an important
prognostic factor for survival in various types of cancer (5,6).
Neutrophils, platelets, lymphocytes and albumin play a promi-
nent role in cancer-related inflammation. Recent evidence has
indicated that relative differences in neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR) and prognostic
nutritional index (PNI) (PNI=10 x albumin concentration
+0.005 x total lymphocyte count) affect SIR and, consequently,
cancer survival (7-10). Hypoalbuminemia is often observed in
patients with advanced cancer and is usually considered to be a
marker of malnutrition and cachexia. It has also been reported
that albumin is involved in SIR and survival in various types
of cancer (11,12). Although pretreatment NLR and PLR have
been shown to predict outcome in gynecological cancers,
such as endometrial (13,14), cervical (15,16) and ovarian
cancer (17,18), PNI has not been shown to be a predictive
factor in patients with cervical cancer. The aim of this study
was to investigate the correlation between pretreatment NLR,
PLR, PNI and prognosis in patients who had been treated with
concurrent chemoradiotherapy (CCRT) or radiotherapy (RT)
for cervical cancer.

Patients and methods

Patients. The study population consisted of 131 patients with
primary cervical cancer who underwent CCRT or RT at
the Department of Obstetrics and Gynecology of Okayama
University Hospital (Okayama, Japan) between April, 2007
and March, 2013. The study protocol was approved by the
Institutional Review Board of Okayama University Hospital.
The patients' clinical data, including medical history, physical
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examination and clinical staging, were reviewed. Computed
tomography (CT) and positron emission tomography-CT
are widely accepted modalities for assessing the extent of
LN metastasis; according to traditional criteria, LNs with
short-axis length of >10.0 mm are defined as metastatic (19).
The baseline pretreatment characteristics (stage, histology,
LN metastasis, parametrial involvement, vaginal invasion and
maximum tumor size) of the patients are listed in Table I.

Laboratory analysis. All the patients had their white blood
cell (WBC) count and albumin levels recorded within 1 week
prior to treatment. Differential WBC counts and albumin levels
were measured prior to treatment with RT or CCRT; WBC,
neutrophil, lymphocyte and platelet counts were measured
using automated blood cell counters (Bayer HealthCare,
Diagnostics Division, Tarrytown, NY, USA). The levels of
serum albumin were measured by latex nephelometry (LT
Auto Wako, Osaka, Japan). NLR was defined as the absolute
neutrophil count (u1) divided by the absolute lymphocyte count
(pl), and PLR was defined as the absolute platelet count (pl)
divided by the lymphocyte count (u1). The PNI was calculated
as previously described (20). Briefly, PNI was defined as 10 x
albumin concentration (g/dl)+0.005 x total lymphocyte count
(p1). During RT or CCRT, the WBC, neutrophil, lymphocyte
and platelet counts, albumin levels and weight were measured
weekly. Acute toxicities were evaluated and graded using the
Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0 (21). Seven toxicities, including leukopenia,
neutropenia, lymphocytopenia, thrombocytopenia, weight
loss, diarrhea and hyponatremia, were recorded based on
CTCAE v4.0.

Treatment. The patients were treated with a combination of
external irradiation and intracavitary brachytherapy (ICBT)
with curative intent. RT was delivered at 2.0 Gy per fraction
once daily, 5 days per week, over 5 weeks. The median dose to
the whole pelvis was 50.0 Gy and ICBT as the high dose rate was
24 Gy/4 times. For CCRT, the patients were treated with either
cisplatin (CDDP; 40 mg/m? infusion weekly for six cycles),
nedaplatin (NED; 30 mg/m? infusion weekly for eight cycles),
or ifosfamide plus NED (IN) [ifosfamide (1 g/m?) infusion on
days 1-5 and NED (80 mg/m?) infusion on day 1 of a 3-week
cycle, for three cycles], as previously described (22,23). A total
of 52 patients treated with CDDP, 28 treated with NED and 15
treated with IN chemotherapy were evaluated. The remaining
36 patients did not receive concurrent chemotherapy due to the
presence of comorbidities or advanced age (=75 years). CCRT
was interrupted for up to 1 week in patients with WBC counts
<2,000/ul, neutrophil counts <1,000/u1, or platelet counts
<75,000/ul. If these side effects persisted for >1 week, no
additional chemotherapy was administered. RT was suspended
indefinitely in patients who exhibited a WBC count <1,000/ul,
neutrophil count <500/ul, or platelet count <25,000/ul. Since
the prognosis of patients with cervical cancer is associated
with their hemoglobin (Hb) level during RT or CCRT (24), our
treatment policy is to administer red blood cell transfusions
prior to and during CCRT if the Hb level is <10.0 g/dl, until
it exceeds 10 g/dl. Patients underwent follow-up examinations
approximately every 1-2 months for the first 6 months, every
3 months for the next 2 years, and every 6 months thereafter.
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Statistical analysis. Statistical analyses were performed using
the % test and the Mann-Whitney U test for comparisons with
the controls and the one-factor analysis of variance, followed
by Fisher's protected least-significant difference test for all
pairwise comparisons. The survival curves were calculated
by the Kaplan-Meier method; differences in the recurrence or
survival curves were examined using the log-rank test. The
analyses were performed using the SPSS software, version 20.0
(IBM SPSS, Armonk, NY, USA). P<0.05 was considered to
indicate statistically significant differences.

Results

Patient characteristics. The clinicopathological charac-
teristics, including patient age, tumor stage, histology, LN
metastasis, parametrial involvement, vaginal invasion,
maximum tumor size and therapy, are listed in Table I.
The mean values in the CCRT group (n=95) were as
follows: NLR=3.17 (range, 0.89-9.52); PLR=188.29 (range,
40.61-466.49); and PN1=49.83 (range, 39.15-62.80). The mean
values in the RT group (n=36) were as follows: NLR=3.05
(range, 1.15-8.05); PLR=183.40 (range, 74.88-533.22); and
PNI=4741 (range, 30.34-56.10).

The distribution of these three values according to the
patients' clinical characteristics is shown in Table II. In the
CCRT group, PLR was found to be significantly associated
with LN metastasis (P<0.001) and vaginal invasion (P=0.005),
whereas PNI was significantly associated with stage
(P=0.004), LN metastasis (P=0.031), parametrial involve-
ment (P=0.011) and vaginal invasion (P=0.027). In the RT
group, NLR was significantly associated with stage (P=0.041),
histology (P=0.012), maximum tumor size (P=0.013), parame-
trial involvement (P<0.001) and vaginal invasion (P=0.044);
PLR was associated with FIGO stage (P=0.030), histology
(P=0.008), maximum tumor size (P=0.005) and parame-
trial involvement (P=0.016); and PNI was associated with
histology (P=0.018), LN metastasis (P=0.010), maximum
tumor size (P=0.001) and parametrial involvement (P<0.001;
Mann-Whitney U test, P<0.05).

Overall, the CCRT group had a median progression-free
survival (PFS) of 41.82 months and an overall survival (OS)
of 49.70 months; at the last follow-up, 59 patients in the CCRT
group remained alive with no evidence of disease, 28 had
succumbed to the disease and 8 were alive with disease. In the
RT group, the median PFS was 24.72 months and the OS was
29.56 months; at the last follow-up, 22 patients remained alive
with no evidence of disease, 13 had succumbed to the disease
and 1 was alive with disease.

Receiver operating characteristic curve analyses were used
to determine the optimal cut-off values of NLR, PLR and PNI
to predict recurrence (PFS) and survival (OS). The analyses
identified NLR>2.78 [area under the curve (AUC)=0.635,
sensitivity: 63.9%, specificity: 49.2%], PLR=172.50
(AUC=0.597, sensitivity: 58.3%, specificity: 55.9%) and
PNI=<48.55 (AUC=0.720, sensitivity: 72.9%, specificity:
58.3%) as the most accurate cut-off values for predicting
recurrence (PES) in the CCRT group. The analyses identified
NLR=2.85 (AUC=0.679, sensitivity: 66.7%, specificity: 66.7%),
PLR=128.00 (AUC=0.829, sensitivity: 80.0%, specificity:
52.4%) and PNI=<45.80 (AUC=0. 876, sensitivity: 85.7%,
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Table I. Patient and tumor characteristics.

All patients,

Baseline characteristics no. (%)
Age at diagnosis, years
[mean (range)]
Stage 61.5 (25-88)
Ibl 7 5.8
b2 10 8.3
Mal 7 5.8
[Ta2 4 33
IIb 51 42.1
IIa 3 2.5
1Ib 33 273
IVa 6 49
Histology
SCC 104 859
AD 14 11.6
ADSQ 3 25
Lymph node metastasis
Negative 83 68.6
Positive 38 314
Parametrial invasion
Negative 30 248
Positive 91 752
Vaginal invasion
Negative 63 52.1
Positive 58 479
Maximum tumor size, cm
<40 41 339
>4.0 80 66.1
Treatment
CCRT 95 78.5
RT 36 21.5
Chemotherapy regimen (N=95)
Weekly CDDP 52 54.7
Weekly NED 28 294
Ifosfamide + NED 15 159

CDDP, cisplatin; NED, nedaplatin; CCRT, concurrent chemora-
diotherapy; RT, radiotherapy; SCC, squamous cell carcinoma; AD,
adenocarcinoma; ADSQ, adenosquamous carcinoma.

specificity: 60.0%) as the most accurate cut-off values for
predicting recurrence (PFS) in the RT group.

The analyses identified NLR>2.78 (AUC=0.616, sensitivity:
60.7%, specificity: 47.8%), PLR=171.00 (AUC=0.609, sensi-
tivity: 60.7%, specificity: 50.7%), and PNI<48.55 (AUC=0.736,
sensitivity: 73.1%, specificity: 64.3%) as the most accurate
cut-off values for predicting survival (OS) in the CCRT
group. The analyses identified NLR=2.85 (AUC=0.724, sensi-
tivity: 71.4%, specificity: 68.2%), PLR=130.00 (AUC=0.792,
sensitivity: 78.6%, specificity: 50.0%) and PNI<45.80
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(AUC=0.851, sensitivity: 86.4%, specificity: 57.1%), as the
most accurate cut-off values for predicting survival (OS) in the
RT group (Fig. 1).

The correlations between clinical factors and recurrence
(PES) or survival (OS) were assessed in univariate and multi-
variate analyses (Tables III and IV). In the univariate analysis,
LN metastasis (P=0.032), histology (P=0.006), maximum
tumor size (P=0.013), PNI (P=0.002) and extended radiation
duration (>6 weeks; P=0.036) were significantly associated
with recurrence (PFS) in the CCRT group. Moreover, histology
(P=0.016), maximum tumor size (P=0.045) and PNI (P=0.012)
were independent predictors of recurrence (PFS) in the CCRT
group on multivariate analysis. Univariate analysis suggested
that LN metastasis (P=0.013), histology (P=0.012), PNI
(P=0.001) and extended radiation duration (P=0.016) were
significantly associated with OS in the CCRT group. Moreover,
histology (P=0.010) and PNI (P=0.003) were independent
predictors of OS in the CCRT group.

In the RT group, univariate analysis suggested that stage
(P=0.014), LN metastasis (P=0.007), maximum tumor size
(P=0.005), NLR (P=0.029), PNI (P=0.002) and extended
radiation duration (P<0.001) were significantly associated with
recurrence (PFS). Moreover, maximum tumor size (P=0.030)
and extended radiation duration (P=0.019) were independent
predictors of recurrence (PFS) in the RT group. Univariate
analysis suggested that stage (P=0.015), LN metastasis
(P=0.009), maximum tumor size (P=0.008), NLR (P=0.017),
PNI (P=0.008) and extended radiation duration (P<0.001) were
significantly associated with OS in the RT group. Moreover,
extended radiation duration (P<0.001) were independent
predictors of OS in the RT group.

Discussion

In cervical cancer, stage, tumor size, histological type,
presence of lymphovascular invasion and metastasis to the
regional LNs at the time of diagnosis are significant prognostic
factors (3,4). However, the prognostic value of SIR in cervical
cancer remains unknown. To the best of our knowledge, this
is the first study to evaluate whether NLR, PLR and PNI are
predictors of poor prognosis for patients with cervical cancer
treated with CCRT or RT.

Neutrophils release inflammatory cytokines, leukocyte
chemotactic factors and other phagocytic mediators that
may damage cellular DNA, inhibit apoptosis and promote
angiogenesis (25-28). Platelets release potent mitogens or
adhesive glycoproteins, such as platelet-derived growth factor,
transforming growth factor-} and vascular endothelial growth
factor (29-31). The albumin levels decrease with increased
levels of pro-inflammatory cytokines, such as interleukin
(IL)-1, IL-6 and tumor necrosis factor, which modulate
albumin production (32). Lymphocytes, such as CD3* T cells
and natural killer cells may affect tumor growth and metas-
tasis (33). Recent evidence has shown that relative differences
in neutrophil, platelet and lymphocyte counts, albumin levels,
NLR, PLR, and PNI, are systemic indicators of prognosis. PNI
is based on albumin and absolute lymphocyte count, which
are measured routinely in clinical practice, and it is designed
to assess nutritional and immunological status, which may
predict prognosis (34). Mizunuma et al reported that NLR was
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Table II. Associations of NLR, PLR and PNI with clinical factors in cervical cancer.

A, CCRT

Variables N NLR P-value PLR P-value PNI P-value

Stage 0.216 0.158 0.004*
I-1I 67 3.05+1.46 179.29+70.98 50.65+4.50
III-1V 28 3.49+1 .81 209.81x102.60 47.86+3.73

Histology 0.089 0.208 0471
SCC 86 3.23+1.63 191.73+83.88 49.67+4 .40
Non-SCC 9 2.67+0.77 155.37£57.34 48.54+5.02

LNM 0.056 <0.001* 0.031*
Negative 57 2.92+1.43 162.82+62.51 50.63%+4.25
Positive 38 3.55+1.73 226.48+93.58 48.63+4 .54

MTS, cm 0.154 0.233 0.089
<40 24 2.78+1.42 170.95+72.65 51.17+4 48
>4.0 71 3.31x1.61 194.15+84.86 49.38+4.39

PI 0.506 0.155 0.011*
Negative 20 3.00+1.19 169.06+60.55 52.04+3.69
Positive 75 3.22+1.67 193.41+86.69 492444 48

VI 0.229 0.005* 0.027*
Negative 48 2.98+1.34 165.19+68.46 50.82+4.28
Positive 47 337+1.77 211.88+88.84 48.81+4 .44

B,RT

Variables N NLR P-value PLR P-value PNI P-value

Stage 0.041* 0.030* 0.018*
I-11 21 2.58+1.55 151.11+53.27 49.38+5.61
II-1vV 15 3.70+1.59 228.61+119.62 44.65+5.76

Histology 0.012* 0.008* 0.109
SCC 28 331x1.74 198.00+£100.48 46.77+6.55
Non-SCC 8 2.1620.79 132.29+38.12 49.65+3.42

LNM 0.114 0.078 0.010*
Negative 26 2.78+1.66 158.49+54.16 48.97+5.36
Positive 10 3.75+1.46 248.16+140.72 43.37+6.20

MTS, cm 0.013* 0.005* 0.001*
<40 17 2.35+0.84 139.37+£36.57 50.62+4.67
>4.0 19 3.68+1.94 222.79+112.00 44 544581

PI <0.001* 0.016* <0.001*
Negative 10 1.96+0.72 140.77+36.30 51.83£3.26
Positive 26 347+1.71 199.79+104 42 45.71+6.08

VI 0.044* 0.076 0.249
Negative 15 2.40%1.70 153.01+62.18 48.81+6.18
Positive 21 3.51+1.48 205.11+107.64 46.42+5.94

‘P<0.0. CCRT, concurrent chemoradiotherapy; RT, radiotherapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
PNI, prognostic nutritional index; LNM, lymph node metastasis; MTS, maximum tumor size; PI, parametrial involvement; VI, vaginal inva-
sion; SCC, squamous cell carcinoma.

a significant prognostic factor for PFS and OS in patients with We investigated whether pretreatment clinicopathological
cervical cancer treated with CCRT or RT (15). parameters were correlated with NLR, PLR and PNI, which
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Figure 1. Receiver operating characteristic curve analysis determining the optimal cut-off values for NLR, PLR and PNI to predict recurrence (PFS) and
survival (OS) in patients with cervical cancer treated with CCRT (n=95) or with RT (n=36). The optimal cut-off values for predicting recurrence (PFS)
in the CCRT group were as follows: NLR=2.78 (AUC=0.635; 95% CI: 0.522-0.748; P=0.028); PLR=172.50 (AUC=0.597; 95% CI: 0.481-0.713; P=0.114);
and PNI=48.55 (AUC=0.720; 95% CI: 0.618-0.823; P<0.001). The optimal cut-off values for predicting recurrence (PFS) in the RT group were as follows:
NLR=2.85 (AUC=0.679; 95% CI: 0.490-0.869; P=0.070); PLR=128.00 (AUC=0.829; 95% CI: 0.686-0.971; P=0.001); and PNI=45.80 (AUC=0.876; 95% CI:
0.766-0987; P<0.001). The optimal cut-off values for predicting survival (OS) in the CCRT group were as follows: NLR=2.78 (AUC=0.616; 95% CI: 0.493-0.738;
P=0.077); PLR=171.00 (AUC=0.609; 95% CI: 0.484-0.734; P=0.096); and PNI=48.55 (AUC=0.736; 95% CI: 0.629-0.842; P<0.001). The optimal cut-off
values for predicting survival (OS) in the RT group were as follows: NLR=2.85 (AUC=0.724; 95% CI: 0.541-0.907; P=0.025); PLR=130.00 (AUC=0.792;
95% CI: 0.636-0.948; P=0.003); and PNI1=45.80 (AUC=0.851; 95% CI: 0.729-0.972; P<0.001). PFS, progression-free survival; OS, overall survival; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; CCRT, concurrent chemoradiotherapy; RT, radiotherapy;

AUC, area under the curve; CI, confidence interval.

reflect SIR. In the CCRT group, PLR was significantly associ-  was associated with stage, histology, maximum tumor size
ated with LN metastasis and vaginal invasion; and PNI was  and parametrial involvement; and PNI was associated with
significantly associated with stage, LN metastasis, parametrial ~ stage, LN metastasis, maximum tumor size and parametrial
involvement and vaginal invasion. In the RT group, NLR was  involvement.
significantly associated with stage, histology, maximum tumor The present study mainly aimed to evaluate the correla-
size, parametrial involvement and vaginal invasion; PLR  tion of certain parameters, such as NLR, PLR and PNI,
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with recurrence and survival in cervical cancer patients who
underwent CCRT or RT. In the CCRT group, the PFS and OS
of patients with lower PNI were significantly worse compared
with those of patients with higher PNI. Multivariate analysis
identified PNI as an independent prognostic factor for both
PFS and OS. In the RT group, the PFS and OS of patients with
higher NLR were significantly shorter compared with those
of patients with lower NLR; and the PFS and OS of patients
with lower PNI were significantly shorter compared with those
of patients with higher PNI. Furthermore, PNI was found to
be superior to NLR and PLR as a predictor of survival in the
CCRT group.

There were certain limitations to our study, including the
limited number of patients and the relatively short duration of
follow-up. Further prospective studies with more patients and
longer follow-up periods would provide more definitive data to
elucidate the significance of our findings.

In conclusion, our results demonstrated that the determina-
tion of PNI may serve as a useful indicator of prognosis in
cervical cancer patients who undergo CCRT.
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