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Abstract

Background: Inflammation has an important role in the initiation and progression of carcinoma cervix.
The measurement of inflammatory biomarkers is a cost-effective method of identifying patients at high risk of
recurrence after treatment. This study was done to identify the influence of pre-treatment inflammatory biomarkers
on survival in patients treated with radical chemo-radiation or radiation. Methods: Patients with biopsy proven
carcinoma cervix treated with Radiotherapy or Chemo-radiation from January 1%, 2016 to September 30, 2017
were included. Pre-treatment complete blood counts, differential counts, serum albumin and C-reactive protein
(CRP) were obtained. Neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio (PLR) and CRP Albumin
ratio (CAR) were calculated. The best cut off values for NLR, PLR, serum albumin, CRP and CAR were found
out from receiver operating characteristic (ROC) curves. OS (Overall Survival) and DFS (Disease Free Survival)
were estimated using Kaplan -Meier method. The prognostic value of inflammatory biomarkers on survival was
assessed by cox regression model. Results: Sixty-three patients were included. The median follow up was 42.5
months. The best cut off values for NLR, PLR, albumin, CRP and CAR from the ROC curve were 2.36, 122.725,
3.95, 0.65 and 0.8 respectively. The three-year OS and DFS probability were 68.3% and 63.5% respectively.
Patients with CAR >0.8 had 5.7 times more risk of death and 6.01 times risk of relapse or progression compared
to patients with CAR <0.8. Conclusion: Patients with a CRP-Albumin ratio of more than 0.8 are at significant
risk of relapse and death after chemoradiation or radiation.

Keywords: Carcinoma cervix- inflammatory markers- overall survival- disease free survival

Asian Pac J Cancer Care, 6 (4), 417-423

Introduction

Cervical cancer is the second most common cancer
in women in India and it constitutes the most common
cause of death due to cancer [1]. Almost one third of
the patients develops relapse or disease progression and
eventually dies due to the disease. The treatment options
are limited for relapsed disease and hence identifying the
poor prognostic group is crucial. The well- established
prognostic factors for recurrence include clinical stage,
depth of invasion, lymph node involvement and lympho-
vascular invasion. But in advanced cases, patients are
treated by radical chemo-radiation and hence these adverse
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pathological features cannot be determined. Hence it is
relevant to find out other prognostic biomarkers.
Inflammation has an important role in the initiation and
progression of many cancers [2,3].Various inflammatory
mediators promote tumour growth, invasion, metastasis
and angiogenesis [4]. Inflammatory blood parameters like
neutrophil- lymphocyte ratio and platelet lymphocyte ratio
have been extensively studied in various cancers [5,6].
C-Reactive Protein (CRP) is an acute phase reactant and
the prognostic significance of pre-treatment CRP has been
evaluated in many cancers [7-9]. Another inflammatory
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biomarker that has been extensively evaluated is serum
albumin. Decreased levels of serum albumin was
associated with poorer outcome in many cancers [10-12].
CRP to albumin ratio is considered to be a more reliable
prognostic marker in some malignancies [13,14].

The inflammation based prognostic markers namely
platelet lymphocyte ratio (PLR), neutrophil lymphocyte
ratio (NLR), serum albumin, CRP, CRP albumin ratio
(CAR) have been studied in cervical cancer patients also
[4,15-17]. Some complex nutrition and inflammation
based scores like Cervical Cancer Systemic Inflammation
Score, Prognostic Nutritional Index, modified Glasgow
Prognostic Score, Systemic Immune Inflammation Index
have been evaluated in cervical cancer patients [4,18-20].
The identification of these inflammatory biomarkers is a
cost-effective method of identifying patients at high risk
of recurrence after radical treatment for carcinoma cervix,
especially in a developing country like India. Hence, we
conducted this prospective observational study to identify
the effect of pre-treatment inflammatory biomarkers on
survival in cervical cancer patients treated by radical
radiotherapy or chemo-radiation.

Materials and Methods

Patients and Methods

This prospective observational study was conducted
after getting approval from the Institutional Review Board.
Patients with a histopathological diagnosis of carcinoma
cervix who were planned to be treated with radical
Radiotherapy or Chemo-radiation from January1*, 2016
to September 30", 2017 were included after getting written
informed consent. Patients aged more than 75 years were
excluded from the study. Patient demographics and tumour
characteristics including FIGO stage, histological type,
lymph node status was documented. Magnetic Resonance
Imaging of the pelvis and Computed Tomography scan of
thorax and abdomen were used for staging.

Measurement of inflammatory parameters

Complete blood counts including platelet count,
differential counts, serum albumin and CRP were obtained
before starting radical treatment. Neutrophil lymphocyte
ratio was calculated as the ratio of absolute neutrophil
count to absolute lymphocyte count. The ratio of platelet
count to absolute lymphocyte count was taken as platelet
lymphocyte ratio. CRP Albumin ratio was calculated as
the ratio of CRP to serum albumin values. The best cut
off values for NLR, PLR, serum albumin, CRP and CRP
albumin ratios were found out from ROC curves.

Treatment and follow up

Patients with stage IB1 disease were treated with
pelvic radiotherapy, 46Gy in 23 fractions using four field
technique followed by brachytherapy, 7Gy prescribed to
point A for 3 sittings. Patients from stage IB2 onwards
received external beam radiotherapy to pelvis 46Gy in 23
fractions with 15MV photons using four field technique.
A boost dose of 10Gy in 5 fractions was given to grossly
enlarged nodes using opposed anterior-posterior fields

with midline shielding. Patients with enlarged Para-aortic
nodes were treated with IMRT. This was followed by
intra-cavitary brachytherapy, 7Gy prescribed to point
A for three sittings using Iridium- 192 after-loading
technique. Chemotherapy consisted of concurrent
cisplatin 40mg/m? weekly for 4-5 cycles. Patients were
followed up three-monthly for first two years and six
monthly thereafter. Loco-regional control was assessed
at six months of completion of treatment using clinical
examination. MRI or PET-CT was done in patients with
clinical residual disease. Follow up information till August
312020 was updated.

Statistical analysis

Statistical analysis was done using SPSS software
version 11.0. Categorical variables were summarized using
counts and percentages. OS was taken from the date of
registration to date of death or last follow up. DFS was
calculated from date of registration to date of recurrence
or death. Most of the patients with carcinoma cervix will
have residual disease at the end of brachytherapy. The time
point at which these patients become disease free is highly
variable, usually ranges from 3 to 6 months. Hence DFS
was calculated from the date of registration similar to
OS. OS and DFS were estimated using Kaplan -Meier
method and were compared using log rank test. The best
cut off points of NLR, PLR, CRP, albumin and CAR were
determined using receiver operating characteristic (ROC)
curve analysis. Cox proportional hazard regression models
were done to assess the prognostic value of inflammatory
biomarkers on survival outcomes. A two-sided p value
<0.05 was considered statistically significant.

Results

Sixty-three patients with carcinoma cervix who
underwent radical radiotherapy or chemo-radiotherapy
were included. Median age at diagnosis was 56 years
(43-79). Median follow up was 42.5 months. The best
cut off values for NLR, PLR, albumin, CRP and CAR
from ROC curve were 2.36, 122.725, 3.95, 0.65 and 0.8
respectively corresponding to maximum joint sensitivity
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Figure 1. Kaplan-Meier Curve Showing Overall Survival
Probability
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Table 1. Baseline Patient Characteristics

Patient characteristic Number (%)
Age

<50 years 11 (17.46)

>50 years 52 (82.53)
Histological type

SCC 49 (77.77)

Adenocarcinoma 9 (14.28)

Others 5(7.93)
Stage

Stage 1 2(3.17)

Stage 1T 24 (38.09)

Stage III 33 (52.38)

Stage IV 4(6.34)

Pelvic nodes 16 (25.39)

Paraaortic nodes+ pelvic nodes 6(9.52)
NLR

<2.36 37 (58.73)

>2.36 26 (41.26)
PLR

<122.72 32 (50.79)

>122.72 31 (49.20)
CRP

<0.65 24 (38.09)

>0.65 39 (61.90)
Albumin

<3.95 14 (22.22)

>3.95 49 (77.77)
CAR

<0.8 59 (93.65)

>0.8 4(6.34)

and specificity. Table 1 show the baseline patient and
tumour characteristics.

Two patients with stage IBI disease received radical
radiotherapy. All other patients received radical chemo-
radiation with concurrent weekly cisplatin. No significant
association was noticed between the inflammatory
markers (NLR, PLR, CRP, Albumin, CAR) and FIGO
stage or presence of lymph node metastasis. The three-
year overall survival probability was 68.3% with a
standard error of 5.9% (Figure 1). Overall survival was
80.8% for early stages (I and II) and 59.5% for locally
advanced cases (stage Il and IV). There was no difference
in OS according to age, NLR, PLR, albumin and CRP.
But there was significant survival difference with respect
to CAR. The difference in survival according to various
groups is summarised in Table 2.

The DFS probability at 3 years was 63.5% (Figure 2).
The 3 year DFS probability was 69.2% for early stages
and 59.5% for locally advanced stages. Table 3 show
the differences in DFS probability according to various
groups. There was no significant difference in DFS
according to age, histological type, stage, NLR, PLR,

CRP and albumin. A significant difference in DFS was
noted in patients with CAR <0.8 compared to patients
with CAR >0.8. Out of the 63 patients, 6 patients had
died before two years due to distant metastasis and
hence their locoregional control could not be assessed.
Of the remaining 57 patients, 14 patients had developed
loco-regional failure at the time of assessment. Hence only
the 43 patients who were loco-regionally controlled were
assessed for association between pre-treatment factors and
loco-regional control. There was no significant difference
in loco-regional control at 2 years with respect to age,
stage, histology, NLR, PLR, CRP, albumin or CAR. Table
4 shows the relationship between pre-treatment factors
and locoregional control at 2 years.

Pre-treatment NLR, PLR, CRP and albumin were
not significant predictors of OS or DFS in univariate cox
regression model. Patients with CAR >0.8 had 5.7 times
more risk of death and 6.01 times more risk of recurrence
or progression compared to patients with CAR<0.8. Table
5 shows the univariate cox regression analysis for OS
and DFS.

Discussion

The established prognostic factors in carcinoma cervix
include tumour size, FIGO stage, depth of invasion,
lympho-vascular space involvement and lymph node
involvement. But these factors are insufficient to explain
all the patterns of failure or progression. Inflammation
plays an important role in the pathogenesis of carcinoma
cervix and the role of serum biomarkers of inflammation in
the prognosis of carcinoma cervix are under investigation.
Here we evaluated the prognostic significance of
biomarkers of inflammation namely PLR, NLR, CRP,
albumin and CAR.

Raised inflammatory markers were associated with
advanced stage and presence of lymph node metastasis in
some studies [4,21]. But we could not find any significant
association between raised inflammatory markers and
stage or lymph node metastasis. The non-significant
association may be due to the small patient population.
Advanced stage was reported to be associated with inferior
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Figure 2. Kaplan-Meier Curve Showing Disease Free
Survival Probability
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Groups Survival probability (%) Standard error (%) P value

Age in years
<50 71.4 12.1 0.988
>50 67.3 6.7

Histology
SCC 71.4 6.5 0.248
Non squamous 57.1 13.2

Stage
I+I1 80.8 7.7 0.16
HI+1v 59.5 8.1

NLR
<2.36 73 7.3 0.387
>2.36 61.5 9.5

PLR
<122.72 68.8 8.2 0.899
>122.72 67.7 8.4

CRP
<0.65 75 8.8 0.177
>0.65 64.1 7.7

Albumin
<3.95 71.4 12.1 0.595
>3.95 67.3 6.7

CAR
<0.8 72.9 5.8 0.001
>0.8 0 0

Table 3. Three-year DFS Probability According to Various Groups

Groups Disease Free Survival probability (%) Standard error (%) P value

Age in years
<50 57.1 13.2 0.725
>50 65.3 6.8

Histology
SCC 69.4 6.6 0.12
Non squamous 429 13.2

Stage
I+I1 69.2 9.1 0.243
I+1vV 59.5 8.1

NLR
<2.36 67.6 7.7 0.655
>2.36 57.7 9.7

PLR
<122.72 65.6 8.4 0.988
>122.72 61.3 8.7

CRP
<0.65 70.8 9.3 0.291
>0.65 59 7.9

Albumin
<3.95 71.4 12.1 0.526
>3.95 61.2 7

CAR
<0.8 67.8 6.1 0.001
>0.8 0 0
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Table 4. Pre-treatment Factors and Loco-regional
Control

favours the same finding. But the difference did not reach
statistical significance. The mechanism by which increased

Parameters Loco-regional control P value neutrophil count and reduced lymphocyte count produces
at 2years (%) tumour progression is not clear. The proposed explanation
Age is that neutrophils release angiogenic factors like vascular
<50 10 (90.9) | endothelial growth factor and matrix metalloproteinase-9
[25]. Lymphocytes secrete interleukin-2 which stimulate
=30 33 (63:46) the proliferation of cytotoxic lymphocytes and inhibits
FIGO stage tumour cell proliferation [26]. Low NLR was associated
I+I1 22 (84.61) 0.067 with complete response after chemo-radiation in a study
I+1V 21 (56.75) [27]. But this study did not show any difference in loco-
Histology regional contr01.w1th regard to NLR.
Many studies have reported elevated platelet
scc 35(71.42) . )
lymphocyte ratio as a poor prognostic factor for
non squamous 8(57.14) 1 survival [15,24,28]. Platelet activation causes release of
NLR angiogenic and anti-angiogenic factors, the overall effect
<236 26 (70.27) 1 of platelet endothelial interaction is stimulation of tumour
=236 17 (65.38) angiogenesis [29]. PLR was not related to survival or
loco-regional control in the present study
PLR . . .
CRPis an acute phase protein secreted by hepatocytes in
£122.72 21 (65.6) 1 response to inflammatory mediators such as IL-1, IL-6 and
>122.72 22 (70.96) TNF [30]. CRP is known to promote metastatic potential
CRP by stimulation of angiogenesis and increasing vascular
<0.65 18 (75) 0.714 permeability [31]. It is a cheap and widely available
~0.65 25 (64.10) laboratgry test which can be gsed in prognostication
) of cervical cancer patients. Higher CRP levels were
Albumin associated with disease recurrence and decreased survival
=3.95 9 (64.28) 0.057 [31,32]. But we could not find any significant association
>3.95 34 (69.38) between serum CRP levels and survival or loco-regional
CAR control.
<0.8 43 (72.88) 0.056 Serum albumin is used as an indicator of nutrit.ion'al
0.8 0 status. The reasons for decreased serum albumin in

OS and DFS in many studies [22,23]. There was an
absolute difference of 21% in 3year OS between early and
advanced stages in this study also, but the difference did
not reach statistical significance due to the small patient
population. Similarly, the absolute difference in 3year
DEFS between early and advanced stages was 9.7%, but
not statistically significant.

High NLR was reported to be associated with decreased
survival after surgical and non-surgical treatment for
carcinoma cervix in many studies [16, 24].This study also

Table 5. Cox Regression Analysis for OS and DFS

malignancy are inflammation, cachexia and malnutrition
[11]. Serum albumin was an independent prognostic factor
in operable cancer of cervix in the study by Zheng et al
[4]. Survival was not related to serum albumin levels in
the present study.

Another inflammation- nutrition score, CRP to
albumin ratio (CAR) was evaluated in some recent
studies and was found to be a negative prognostic factor
in carcinoma cervix [17,33]. This was confirmed in our
study and appeared the most significant factor. Patients
with CAR >0.8 were found to have 5.7 times increased
risk of death and 6.01 times increased risk of recurrence

(0N DFS
Factors Hazard ratio  95% confidence interval P value HR 95% CI P value
(HR)
Lower Upper Lower Upper
Age(<50 vs >50) 0.993 0.368 2.674 0.988 0.849 0.337 2.139 0.728
Squamous vs non squamous 0.598 0.245 1.456 0.257 0.519 0.222 1.215 0.131
Stage II+IV vs [+I1 1.864 0.765 4.542 0.171 1.643 0.702 3.847 0.252
NLR >2.36 vs <2.36 1.428 0.629 3.242 0.394 1.199 0.537 2.676 0.658
PLR >122.25 vs <122.25 0.949 0.418 2.152 0.9 1.006 0.452 2.240 0.988
CRP >0.65 vs <0.65 1.869 0.736 4.742 0.188 1.592 0.660 3.841 0.301
Albumin <3.95 vs >3.95 1.336 0.454 3.932 0.599 1.409 0.481 4.125 0.532
CAR>0.8 vs <0.8 5.703 1.852 17.562 0.002 6.01 1.969 18.343 0.002
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and this was statistically significant. But only four patients
had CAR>0.8 which accounts for only 6.34% of the
total population. Hence this data should be interpreted
with caution. All the four patients developed disease
recurrence (three patients developed distant metastasis and
one patient had locoregional recurrence) and eventually
died due to disease. This data could not be extrapolated
to real-world scenario due to the small number of cases.
More-over all the four patients had stage III disease at
presentation, two patients had pelvic or paraaortic nodes.
The histopathological subtype was adenocarcinoma in two
patients. All these factors could have contributed to the
decreased DFS and OS in this group of patients.

There are ongoing trials examining value of adjuvant
systemic therapy in locally advanced carcinoma cervix
[34]. Patients with these raised inflammatory markers
may be evaluated in these adjuvant trials.

The study is limited by small sample size and hence
the results of the study should be interpreted with caution.
The role of inflammatory markers was not separately
analysed for early and advanced stages due to the small
patient population in this study.

In conclusion, cervical cancer patients treated by
radiotherapy or chemo-radiation with raised CRP-Albumin
ratio are at significant risk of relapse and death. These
patients are potential candidates for trials of adjuvant
systemic therapy.
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