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ABSTRACT

Background: Inflammation seems to play a very crucial role in the growth and progression of many cancers. It has
been reported that a peripheral blood count has been used as a cost-effective and simple parameter of systemic
inflammation in critically ill patients. The aim of this study is to investigate whether components of WBC counts can
predict the prognosis of patients with cervical cancer.

Methods: Medical records of 549 cervical cancer patients diagnosed between 1 January 2008 to 31 December 2008
were retrospectively analyzed. Receiver operating characteristic curve analysis and Cox proportional hazards model
were applied to evaluate the effect of white blood cell (WBC) counts on overall survival.

Results: The 5-year overall survival of the cohort was found to be 67.7%. On the basis of univariate analysis elevated
monocyte count (>0.515 10%L) and lower lymphocyte count (<2.075 10%/L) were associated with poor overall
survival (OS) (p=0.016 and 0.002 respectively). Multivariate Cox proportional hazard analysis showed that higher
monocyte and lower lymphocyte levels were a significant independent predictors for worse OS (HR = 1.555, 95% ClI
= 1.125-2.149; P=0.008) and (HR = 1.712, 95% CI = 1.232-2.379; P= 0.001) respectively. The advanced overall stage
and treatment were also found to be independent indicators for poor OS.

Conclusions: Pretreatment monocyte and lymphocyte count is an independent predictor of prognosis in cervical
cancer patients. Thus it may be a cost effective marker to predict the outcome of cervical cancer patients.
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INTRODUCTION Therefore, study of prognostic factors related to cervical
cancer incidence and prognosis is of great significance.
Cervical cancer is an important health issue in developing

countries. In India, there were 1,22,844 new cases of

cancer of cervix uteri in the year 2012 with age specific
incidence rate of 22 per 100,000 and age specific
mortality rate of 12.4 per 100,000." Although incidence
and mortality rates have reduced but cervical cancer is
still the second leading site of cancer incidence and
mortality among women in India as well as in developing
world." In India in spite of the improvement in cancer
care, prognosis of cervical cancer remains poor as
compared to other Asian countries such as China,
Thailand, South Korea and Singapore.?

Parametrial infiltration, lymph node involvement, depth
of invasion, surgical margin, number of positive lymph
node and lymphovascular space involvement (LVSI)
were found to be independent predictors of overall
survival and recurrence in cervical cancer patients.** But
unfortunately these factors can be accessed only after
surgery and in cervical cancer main treatment modality is
radiotherapy or radiotherapy with chemotherapy.
Therefore, a low-cost, standardized and reliable marker is
required to be evaluated for its possible prognostic role in
cervical cancer patients. In cervical cancer, it has been
suggested that host immunological factors have an impact
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on treatment response and prognosis.® Increased release
of pro-inflammatory cytokines produces a systemic
inflammatory response reflected in changes in circulating
markers of inflammation, such as C-reactive protein and
white blood cells.®’

There are several studies to date suggesting that the total
white blood cell count as well as its components, such as
neutrophils, lymphocytes and monocytes can predict
survival in many cancers, including cervical cancer, oral
cavity, breast cancer, gastric cancer, hepatocellular
carcinoma, Hodgkin’s lymphoma and lung cancer.>®*°
However, in cervical cancer, information regarding the
prognostic implications of tumor related leukocytosis is
limited.'®

Keeping this in view, we carried out a retrospective
cohort study to understand the role of total and
differential WBC counts in overall survival of cervical
cancer patients. The study had the approval of the
research ethics committee of the hospital.

METHODS

The medical records of 549 cervical cancer patients,
diagnosed at Tata Memorial Hospital between 1 January
2008-31 December 2008 and who had received treatment,
were analyzed retrospectively. Data on pre-treatment
routine laboratory measurements of white blood cells
(WBC), including neutrophil counts, lymphocyte counts
and monocyte counts were retrospectively collected from
medical records. In addition, data on age at diagnosis,
tumor histology, types of treatment received and status of
the patient (alive/dead) at the time of analysis was also
retrieved from the hospital medical records.

The most appropriate cut-off points for the counts of total
WBC, neutrophil, lymphocyte and monocyte was chosen
by receiver operating characteristic (ROC) curves to
stratify patients at a high risk death. The score at the point
with both maximum sensitivity and specificity was
selected as the best cut-off value. Comparison between
the two stratums was done by using Mann-Whitney test
for continuous data such as age and summary measures
was reported as median with range. Frequency counts and
proportions were calculated for categorical data such as
stage, histology and treatment modality, and comparison
was done by using chi-square test.

In survival analysis, overall survival time was defined as
time from diagnosis until death; the follow-up of patients
still alive has been censored at their latest date of follow-
up. Survival curves were made by the Kaplan-Meier
method and compared by the log-rank test. The Cox
proportional hazards model was applied for univariate
and multivariate (backward method) analysis to identify
prognostic factors. Statistical analyses were performed
using SPSS software v17.0. A p-value of less than or
equal to 0.05 was considered as statistically significant.
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RESULTS

The patients’ characteristics are summarized in Table 1.
As shown, the median age was 50 years (range from 23-
82 years). Out of the total 549 patients, 275 (50.09%)
were diagnosed at late stages (Il and 1V), and 274
patients (49.91%) were at early stages (I and II). 496
(90.3%) patients had squamous cell carcinoma (SCC)
while the rest 53 (9.7%) had histology other than SCC.
The 3 year and 5 year overall survival of the cohort was
72.3% and 67.7% respectively.

The cut-off value of total WBC, neutrophil, lymphocyte
and monocyte counts for survival outcomes were
determined by ROC curves. The total WBC cut-off point
of 8.82 was selected for the survival analyses and all
patients were divided into either high (WBC>8.82x10%/L)
or low WBC (WBC<8.82x10%L) groups. Similarly
neutrophil count of 5.345x10%L, lymphocyte count of
2.075x10%/L and monocyte count of 0.515x10%L were
taken as the optimal cut-off points for survival analysis.

Table 1: Patient’s characteristics.

Number of patients 549

Median age, years (range) 50 23-82
Median white cell count, x10°/L  8.80  2.78-34.7
Median neutrophil count, x10°L  5.35  1.12-25.00
Median lymphocyte count, x10%/L 2.08  0.46-5.95
Median monocyte count, x10°/L  0.52  0.05-2.07
FIGO stage

| 57 10.4

| 217 39.5

1l 241 43.9

v 34 6.2

Cell type

Sguamous 496 90.3

Non squamous 53 9.7
Treatment

Others (S/S+RT/S+RT+CT) 61 11.1

RT only 213 38.8
RT+CT 275 50.1

Abbreviations: S-surgery, RT-radio therapy, CT-chemo
therapy.

Age, stage, histology, treatment modality, total WBC
count, neutrophil count, lymphocyte count and monocyte
count were analysed for identification of factors
associated with cervical cancer prognosis. Univariate
analysis revealed that age (>50 years; p= 0.031),
lymphocyte (<2.075; p= 0.002), monocyte (>0.515; p=
0.016), late stage at diagnosis (p<0.001) and treatment
modality (p<0.001) were associated with poor prognosis.
All the characteristics which were found to be significant
in univariate analysis such as age, stage, treatment
modality, lymphocyte count and monocyte count were
included in the multivariate analysis. The results showed
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that higher monocyte (HR = 1.555, 95% CI = 1.125-
2.149; p= 0.008) and lower lymphocyte counts (HR =
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1.712, 95% CI = 1.232-2.379; p= 0.001) retained their
prognostic effect after adjusting for other co-variates.

Table 2: Comparison of patients’ characteristics according to monocyte cut off of 0.515 (x10%/L) and lymphocyte
cut off of 2.075 (x10%/L).

Median age, years (range)

FIGO stage, n (%)
I-11

n-1v

Cell type, n (%)
Squamous
Non-squamous
Treatment

Others (S/S+R+S+R+C)

RT only
RT+CT

<0.515 >0.515
(n=273)  (n=276)
50 51 0.260
0.135
145(53.1) 129 (46.7)
128 (46.9) 147 (53.3)
0.103
241(88.3) 255 (92.4)
32(11.7) 21(7.6)
0.092
38(13.9) 23(8.3)
136 (49.8) 114 (41.3)
99 (36.3) 139 (50.4)

<2.075 (n=274)

50 51 0.084
121 (44.2) 153 (55.6)

153 (55.8) 122 (44.4)

249 (90.9) 247 (89.8)

25 (9.1) 28 (10.2)

34(12.4) 27 (9.8)

117(42.7) 96 (34.9)

123 (44.9) 152 (55.3)

>2.075 (n=275)

0.007**

0.675

0.052

**5% level of significance. Abbreviations: S-Surgery, RT-Radio therapy, CT-Chemo therapy.

Table 3: Bi-variate and multivariate analysis for identifying prognostic factors for overall survival (OS).

Parameter
Age

<50 years
>50 years
Neutrophil
<5.345
>5.345
Lymphocyte
>2.075
<2.075
Monocyte
<0.515
>0.515
WBC count
<8.82

>8.82

Stage

Early stage
Late Stage
Cell type
Squamous
Non-Squamous
Treatment

Others (S/S+R/S+R+C)

RT only
RT+CT

HR (95% CI)

1
1.412 (1.033-1.930)

1
1.315 (0.962-1.799)

1
1.658 (1.206-2.281)

1
1.472 (1.075-2.016)

1
1.299 (0.950-2.225)

1
1.857 (1.352-2.550)

1
1.015 (0.596-1.728)

1
4.641 (2.147-10.033)
1.902 (0.873-4.146)

p value

0.031**

0.086

0.002**

0.016**

0.101

<0.001**

0.958

<0.001**

<0.001**
0.106

HR (95% CI)

1
1.712 (1.232-2.379)

1
1.555 (1.125-2.149)

1
1.493 (1.075-2.075)

1
3.348 (1.506-7.441)
1.484 (0.666-3.308)

p value

0.080

0.001**

0.008**

0.017**

0.003**
0.335

**5% level of significance. Abbreviations: S-Surgery, RT-Radio therapy, CT-Chemo therapy, HR-Hazard ratio, Cl-Confidence

interval.
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Thus monocyte and lymphocyte counts were found to be
independent predictors for overall survival of cervical
cancer patients (Table 3).

Overall Survival

Low Monocyte Count

671 High Monocyte Count

Cumulative Survival

0.0

T T T T
20 40 60 80

o

Survival Time (Months)

Figure 1: Kaplan-Meir curve for overall survival in
cervical cancer patients classified into two groups
according to monocyte counts.
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Figure 2: Kaplan-Meir curve for overall survival in
cervical cancer patients classified into two groups
according to lymphocyte counts.

The 5 year survival rate of patients with high monocyte
count (>0.515x10%L) was found to be 61.6% and which
was significantly (p= 0.016) less than survival rate of
73.5% for patients with lower monocyte count (Figure 1).
Similarly, 5 year survival rate for patients with higher
(>2.075) and lower lymphocyte counts was 73.44% and
62.0% respectively (p=0.002) (Figure 2).

Patient characteristics were categorized as per high/low
monocyte and lymphocyte counts (Table 2). None of the
characteristic was found to be associated among low
monocyte (<0.515x10%L) group and high monocyte
(>0.515x10°/L) groups. When comparison was made for
high (>2.075x10%L) and low lymphocyte counts
(<2.075x10%L), stage (p=0.007) was found to be
significantly different.
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DISCUSSION

Prognostic factors of clinical outcomes in patients with
cancer are a useful tool in the practice of medicine,
especially in the fields of oncology. Thus, availability of
an universal prognostic factor will help to simplify the
management of cancer patients.)’ There is ample
evidence suggesting that outcome in cancer patients is
greatly affected by immune response and pre-treatment
measure of inflammatory immune response can be used
to independently predict survival of cancer patients.*®?%%
Total and differential WBC count is one of the most
easily accessible markers of inflammation and many
recent studies in cancers provide evidence that there is an
interconnection between pre-treatment WBC counts and
overall (OS) and disease free cancer survival (DFS)."0*°
In this study, we have made an attempt to study the
prognostic role of WBC counts and its differentials with
other clinical factors. Our results confirmed the previous
findings that factors such as stage and treatment were
associated with prognosis for cervical cancer patients.®%

The major findings of our study was that a higher
absolute monocyte and lower lymphocyte pretreatment
counts were significantly associated with poor overall
survival and were independent of other variables to
predict the prognosis for cervical cancer patients. These
results were in accordance with other published literature
probing the role of monocyte count and lymphocyte
count in prognostication of cervical cancer patients.>®?
Recently, Sajadieh et al reported that a higher number of
circulating monocytes can independently predict
mortality (hazard ratio [HR], 1.13; 95% CI, 1.06-1.19) as
well as incident cancer (HR, 1.12; 95% CI, 1.05-1.19) in
a healthy population.* Matsuo K et al found that elevated
monocyte counts when compared to lower counts were
significantly associated with an increased risk of >50%
myometrial tumor invasion, pelvic lymph node metastasis
and advanced-stage. They also found that elevated
monocyte counts were associated with decreased disease
free survival (5 year rates, 71.0% versus 84.5%, p=0.001)
and overall survival (77.2% versus 89.3%, p<0.001) and
in multivariate analysis, elevated monocyte counts
remained an independent prognostic factor for decreased
disease-free (HR 1.74, 95% CI 1.02-2.96, p=0.041) and
overall (HR 2.63, 95% CI 1.37-5.05, p=0.004) survival.”®
Similarly absolute monocyte count has been reported to
be independent prognostic indicator for breast cancer,
stomach cancer, Hodgkin’s lymphoma, colorectal cancer
and ovarian cancer.’"**'%27 These studies provide
evidence that monocytes are immunologically relevant
host factors that can be routinely assessed through the
CBC count to monitor patients’ response to treatment and
identify high-risk patients who are more likely to have
adverse outcomes.

The exact underlying mechanism explaining the
association between elevated number of monocyte and
unfavorable cancer prognosis has not been elucidated.
However, a possible explanation can be that monocytes

Volume 5 - Issue 7 Page 2246



Jain A et al. Int J Reprod Contracept Obstet Gynecol. 2016 Jul;5(7):2243-2249

secrete various pro-inflammatory cytokines, such as
interleukin (IL)-1, IL-6, IL-10 and tumor necrosis factor
(TNF-a), which have been associated with shorter
survival and worse prognosis in malignances.?®?
Moreover, monocytes upon stimulation are known to
release monocyte chemo-attractant protein (MCP-1)-1
and mediate tumor associated macrophage infiltration in
solid tumors, which could produce a variety of
chemokines such as transforming growth factor (TGF-a) ,
IL-1 and IL-6 to promote tumorigenesis, angiogenesis
and distant metastasis of malignant tumors.”** Further,
studies have linked monocyte with an increased number
of bone marrow-derived myelomonocytic cells, these
cells infiltrate the tumor and differentiate into tumor-
associated macrophages, which in turn release many
angiogenic factors and have been shown to be associated
with poor prognosis in cancers.?3!

In this study, it was found that pretreatment lower
absolute lymphocyte count (ALC) was associated with
poor prognosis. This finding is in agreement with
previous studies conducted to assess the role of
lymphocyte counts as a prognostic factor in cervical
cancer patients.>® Similarly, ALC has been associated
with prognosis of number of cancer such as lymphoma,
breast cancer, lung cancer, and ovarian cancer.**** Hence
over the years, ALC is proven to be an independent
prognostic factor for survival, independent of cancer
type, and it is included in several validated prognostic
scores.'™3* Although the actual mechanisms of the
association between low lymphocyte count and poor
prognosis is unclear, a possible explanation can be that
circulating lymphocyte secrete cytokines, which prevent
proliferation and metastasis of tumor cells and have an
important function in cytotoxicity.* An increased number
of tumor-infiltrating lymphocytes (TILs) is correlated
with a favorable prognosis in cancer.*® Cluster-of-
differentiation (CD8+) T cells have a pivotal role in
tumor growth control by cytotoxic T-cell killing and
apoptosis and (CD4+) T cells play a central role in
orchestrating the immune response to cancers.”> Thus
these roles of lymphocyte is substantiated by the fact that
subsets of lymphocytes, such as CD4+, CD8+ , CD3-,
and CD56+ T cells, were found to be reduced in patients
with advanced disease, despite the increased white blood
cells in advanced stages.”® Thus, a decreased number of
lymphocytes may result in an inadequate cell-mediated
immunologic response towards the tumor.

There were certain limitations of our study which need to
be acknowledged. The study was conducted at a single
institution, was of retrospective nature and relies on
clinical data not primarily meant for research. These
drawbacks emphasize the need for conducting
multicenter prospective studies to completely understand
the role of white blood cell count in cervical cancer
survival.
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CONCLUSION

In conclusion, we have demonstrated that pre-treatment
higher monocyte and lower lymphocyte counts may be an
indicator of poor prognosis in patients with cervical
cancer. Since, complete blood count test is cost effective,
easily accessible and reproducible, the pre-treatment
circulating monocyte and lymphocyte count can be used
as a prognostic factor in clinical practices.
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