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Abstract

Objective The aim of this study was to examine the prog-
nostic significance of preoperative inflammatory-based
indices, platelet-lymphocyte ratio (PLR), neutrophil-lym-
phocyte ratio (NLR), and carcinoembryonic antigen (CEA)
in predicting overall survival (OS) in patients with colorec-
tal peritoneal carcinomatosis (CPC) treated with cytoreduc-
tive surgery (CRS) and hyperthermic intraperitoneal chem-
otherapy (HIPEC).

Methods Sixty patients with pathologically confirmed CPC
treated with CRS and HIPEC between 2003 and 2015 were
included. Levels of preoperative PLR, NLR, and CEA were
recorded. Univariate and multivariate analyses were con-
ducted to identify prognostic factors associated with OS.
Results Median OS was 36 months (95% CI, 26.6-45.4)
and 5-year OS was 40.5% (95% CI, 27.3-51.6%). Preop-
erative PLR (p = 0.034) and CEA (p = 0.036) were found
to be significant prognostic markers of OS, whereas NLR
did not affect OS. PLR remained significant on multivari-
ate analysis (hazard ratio, 1.035; 95% CI, 1.027-1.043;
p <0.001).

Conclusion Our study indicates that preoperative PLR may
be used as a prognostic marker in CPC patients undergoing
CRS and HIPEC and could be useful in the preoperative
setting when selecting patients for surgery. The subset of
patients with PLR > 300 have a median OS of 5 months
(95% CI, 0-24.6 months), indicating that CRS and HIPEC
may not be superior to systemic chemotherapy in this sub-
set of patients.
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Introduction

The peritoneum is the second most common site of metas-
tasis from colorectal cancer, after the liver [1, 2]. There
have been significant advances in overall survival (OS) for
metastatic colorectal cancer with liver and lung metasta-
ses, in light of modern chemotherapy and usage of targeted
agents [3]. However, patients with colorectal peritoneal
carcinomatosis (CPC) treated with systemic chemotherapy
continue to have poor survival outcomes [4, 5]. CPC is ide-
ally considered a regional rather than a systemic disease,
which explains the rationale for regional therapy with opti-
mal cytoreductive surgery (CRS) and instillation of hyper-
thermic intraperitoneal chemotherapy (HIPEC) [5].

The randomized controlled trial comparing CRS and
HIPEC with systemic chemotherapy (fluorouracil-leuco-
vorin), with or without palliative surgery, reported sig-
nificant increase in survival with CRS and HIPEC, with
median overall survival ranging from 22.3 months in the
former to 12.6 months in the latter [6]. The benefits of
CRS and HIPEC may be questioned now that oxaliplatin,
irinotecan, and molecular agents are available. However,
Franko et al. demonstrated that when modern systemic
chemotherapy was combined with CRS/HIPEC, the median
survival was improved (34.7 vs. 16.8 months; p < 0.001)
[7]. The authors concluded that (1) contemporary chemo-
therapy was associated with prolonged survival among
patients with carcinomatosis as compared with historical
controls, and (2) addition of CRS and HIPEC to modern
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chemotherapy regimens may significantly prolong survival.
CRS and HIPEC, however, are associated with high mor-
bidity and mortality, i.e., 16-64% and 0-8%, respectively
[8, 9], which underscores the importance of identifying
preoperative prognostic factors that can be used in selecting
patients for optimal benefit.

Many clinicopathological variables have been investi-
gated as prognostic markers for overall survival (OS). Well-
established factors include number of lymph node metasta-
ses at the time of CRS/HIPEC [10, 11], Eastern Cooperative
Oncology Group (ECOG) score [10], tumor histology [10],
grade of tumor differentiation [10], completeness of cytore-
duction (CC) score [12], peritoneal cancer index (PCI) [12,
13], and angiogenesis-related markers [14, 15], such as vas-
cular endothelial growth factor. The main drawback of these
markers is that they can only be determined intraoperatively
or postoperatively, negating their relevance in selecting
patients for the procedure. One feared scenario encountered
during laparotomy for planned CRS and HIPEC is “open-
and-close” surgery when surgeons find the tumor too exten-
sive and unresectable. Consequently, there is a need for
preoperative parameters that can aid with selecting patients
who will benefit from CRS and HIPEC.

The inflammatory-based markers platelet-lymphocyte
ratio (PLR) and neutrophil-lymphocyte ratio (NLR) are
affordable and easily obtained in the preoperative setting
in most hospital laboratories. Previous studies have evalu-
ated their use in various groups of oncological patients,
including colorectal cancer patients. However, these studies
have focused on their prognostic significance in colorectal
cancer patients with local disease [16—-20] or nonperitoneal
metastasis [21]. To our knowledge, no study reported in the
literature has evaluated the use of PLR and NLR as can-
didate prognostic factors in CPC patients undergoing CRS
and HIPEC. The current study aimed to delineate the abil-
ity of PLR and NLR to prognosticate OS for these patients.

Methods

The study was carried out with the approval of the Sing-
health Centralized Institutional Review Board. Retrospective
analysis of a prospectively maintained database of consecu-
tive patients who underwent CRS and HIPEC in a single
institution was performed. All CPC patients who underwent
CRS and HIPEC between February 2003 and October 2015
were included. Appendiceal cancers were not included.

CRS and HIPEC
CRS and HIPEC were performed as described by Sugarbaker

[22]. The goal of CRS is to remove all visible tumor by dia-
phragmatic, parietal, and pelvic peritonectomy with greater
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and lesser omentectomy. Resection of viscera, for example,
gastrectomy, colectomy, splenectomy, cholecystectomy, and
hysterectomy with or without salpingooophrectomy, is per-
formed if necessary to achieve a complete cytoreduction.
HIPEC was conducted with a closed-abdomen tech-
nique that utilized an extracorporeal device for intraperi-
toneal administration of heated (41-42 °C) chemotherapy
for 60 min. The chemotherapy regimen used for the CPC
patients was mitomycin-C at 10 mg/body surface area (m?).

Peritoneal cancer index

The peritoneal cancer index (PCI) reflects the extent of
intraperitoneal tumor determined at the time of surgical
exploration of the abdomen and pelvis (Fig. 1) [23]. The
PCI is a combined numerical score of tumor distribution
throughout 13 abdominopelvic regions and lesion size. It
serves as an estimate of probability of complete cytoreduc-
tion and has been found to predict survival in CPC patients
undergoing CRS and HIPEC [23].

Completeness of cytoreduction score

Residual disease after CRS is classified by the complete-
ness of cytoreduction (CC) score [23]: CC-0 indicates
no visible residual tumor, CC-1 indicates residual tumor
nodules <2.5 mm, CC-2 indicates residual tumor nodules
between 2.5 mm and 2.5 cm, and CC-3 indicate residual
tumor nodules >2.5 cm. Complete (CC-0 or CC-1) or
incomplete (CC-2 or CC-3) cytoreduction is typically
recorded by this score.

Study parameters

The PLR and NLR were retrospectively calculated for all
patients from neutrophil, lymphocyte, and platelet counts
obtained within 1 week before surgery. NLR was defined as
the absolute neutrophil count divided by the absolute lym-
phocyte count; similarly, PLR was defined as the absolute
platelet count divided by the absolute lymphocyte count.
Carcinoembryonic antigen (CEA) level was similarly docu-
mented preoperatively for all patients.

Previous studies have dichotomized patients based on
NLR values of <5 and >5 [19-21]. We defined the ideal
NLR cutoff value for use as a predictor of OS by con-
structing a receiver-operating characteristics (ROC) curve;
the area under the ROC curve was 0.756. The sensitivity
and the specificity of each NLR value were determined,
and the value of 4.95 gave the combined highest sensitiv-
ity and specificity. A modified ROC curve was generated
that indicated that the ideal cutoff NLR value to predict dis-
ease recurrence was 4.95 (Fig. 2), congruent with the cutoff
value of 5 used in previous studies. The PLR was classified
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Fig. 1 Peritoneal cancer index
(PCI) score. (From [51])
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Fig. 2 Modified receiver-operating characteristics curve used to con-
firm the optimal neutrophil-lymphocyte ratio (NLR) value for overall
survival (OS). The optimal cutoff value is determined from the peak
of the curve (indicated by arrow)

into three groups (<150, 150-300, >300) as per previous
validated cutoff values [24].

Statistical analysis

The associations between PLR, NLR, CEA, and clinico-
pathological variables were assessed via Fisher’s exact test.
OS was calculated from the date of CRS and HIPEC to
date of death or the date of last follow-up, whichever came

Peritoneal Cancer Index

Regions Lesion Size Lesion Size Score

0 Central S LS 0 No tumor seen

1 Right Upper o LS 1 Tumorup to 0.5 cm
2 Epigastrium o LS 2 Tumorup to 5.0 cm
3 Left Upper o LS 3 Tumor> 5.0 cm

4 Left Flank _ or confluence

5 Left Lower _

6 Pelvis o

7 Right Lower o

8 Right Flank —

9 Upper Jegjunum o

10 Lower Jejunum
11 Upper Ileum
12 Lower Ileum

PCI

first. Postoperative deaths were not excluded from the sur-
vival analysis. Survival analysis was performed using the
Kaplan—-Meier method and compared using the log-rank
test. To identify independent factors related significantly to
patient prognosis, Cox’s proportional hazard analysis with
a stepwise procedure was used.

All tests were two sided, and p values <0.05 were con-
sidered statistically significant. Analyses were conducted
using SPSS version 14.0 (SPSS, Chicago, IL, USA).

Results

Sixty CPC patients underwent CRS and HIPEC between
February 2003 and October 2015.

Patient characteristics

Patient characteristics are listed in Table 1. The median
age of patients was 56 years; there were 22 (36.1%) male
patients and 38 (63.9%) female patients. The primary tumor
histology was adenocarcinoma (66.7%), followed by muci-
nous carcinoma (30.0%) and signet-ring carcinoma (3.3%).

Treatment

Of the 60 patients, 52 (86.7%) achieved a CC-0 and 8
(13.3%) had a CC-1. During CRS, the median number of
visceral resections was 2 £ 1.2 (range, 0-5). The median
operative time was 462 min (range, 200-960 min). A
median of 2 units (range, 0-9) of packed cells was trans-
fused intraoperatively.
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Table 1 Clinicopathological characteristics of 60 patients with colorectal peritoneal carcinomatosis who underwent cytoreductive surgery

(CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC)

Characteristic Median (SD) No. of cases Percent (%) Missing data
Age (years) 56 (12.6)
Gender
Male 22 36.1
Female 38 63.9
ECOG performance status
0 0 0
1 55 91.7
2 5 8.33
Primary tumor histological type
Adenocarcinoma 40 90.6
Mucinous carcinoma 17 8.60
Signet-ring cell carcinoma 2 0.54
Adenosquamous carcinoma 0.27
Carcinoembryonic antigen (CEA) (ng/ml) (SD, range) 5.90 (108, 501) 5
Platelet-lymphocyte ratio (PLR) (SD, range) 148 (80.1, 402)
Neutrophil-lymphocyte (NLR) (SD, range) 2.28 (3.23, 22.5)
Peritoneal cancer index (range) 9(27)
Completeness of cytoreduction (CC) score
0 52 86.7
1 7 11.7
2 0 0
3 1 1.6

Inflammatory markers and CEA

The median (SD, range) of NLR, PLR, and CEA were
2.28 (3.23, 22.5), 148 (80.1, 402), and 5.9 (108, 500.5),
respectively.

Overall survival

On univariate analyses, CEA (p = 0.036) and PLR
(p = 0.034) were found to have significant prognostic
impact on OS (Table 2).

Patients with PLR > 300 had significantly poorer 5-year
OS (19%; 95% CI, 0-45.0%) compared to patients with
a PLR of 151-300 (32.1%; 95% CI, 4.86-59.3%) or a
PLR < 150 (38.6%; 95% CI, 8.03-69.1%) (p = 0.034)
(Fig. 3).

An elevated CEA level was also found to have a sig-
nificant impact on OS on univariate analysis. Patients
with CEA > 5 had a significantly poorer 5-year OS (18%;
95% CI, 0-46.8%) as compared to patients with CEA < 5
(31.4%; 95% CI, 0-65.8%) (Fig. 4).

The median OS for patients with PLR > 300, PLR
= 151-300, and PLR < 150 were 5 months (95% CI,
0-24.6 months), 36 months (95% CI, 15.8-56.2 months),
and 47 months (95% CI, 25.5-68.5 months), respectively.
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Table 2 Univariate analysis of overall survival in patients with colo-
rectal peritoneal carcinomatosis after CRS and HIPEC

Characteristic No. of cases Log-rank p Missing data
CEA 0.036 5
<5 27
>5 28
PLR 0.034
<150 30
150-300 26
>300 4
NLR 0.839
<4.95 55
>4.95 5
PCI 0.015
CC score 0.025
0 52
1 7
2 0
3

The median OS for patients with CEA < 5 was 37 months
(95% CI, 33.6-40.4 months) and that of CEA > 5 was
29 months (95% CI, 16.4-41.6 months).
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Fig. 3 Five-year overall sur-
vival (OS) curve stratified by
preoperative platelet—lympho-
cyte ratio (PLR)
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Multivariate analysis with Cox regression modeling
was performed to identify independent prognostic factors
of overall survival (Table 3). Only PLR remained an inde-
pendent prognostic marker (HR 1.035; p < 0.001).

Discussion

CPC has traditionally been regarded as distant metasta-
ses, portending a terminal state of colorectal cancer for

Table 3 Multivariate analysis of prognostic factors for overall sur-
vival of 60 patients treated with CRS and HIPEC

Variable Multivariate analysis

P Hazard ratio 95% CI
PLR <0.001 1.035 1.027-1.043
CEA 0.125 1.022 1.014-1.030
PCI <0.001 1.052 1.043-1.061
CC score <0.001 1.041 1.033-1.049
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which only palliative surgery or systemic chemotherapy
was recommended. The development of CRS and HIPEC
has changed the course of the condition, with reported
median survival ranging from 13 to 63 months [25-29]. In
this study, the median OS was 36 months (95% CI, 26.6—
45.4) with 5-year overall survival of 40.5% (27.3-51.6%).
Our 60-day postoperative mortality (0%) and morbid-
ity (17.5%) were low and comparable to those from other
institutions [12].

Several scoring systems are available for prognosticat-
ing CPC patients undergoing CRS and HIPEC, including
scores reflecting extent of disease (PCI [30], peritoneal
surface disease severity score (PSDSS) [31], Verwaal’s N
score [29], Gilly score [32]), or degree of cytoreduction
(CC score) [25]. In a paper recently published by our group,
we reported that PCI scoring remained a better prognostic
tool when compared to the PSDSS score in our patients
[33]. However, these scores all require intra- or postopera-
tive findings, negating their use as preoperative selection
tools to identify patients who will benefit from CRS and
HIPEC. Furthermore, well-established clinical factors, i.e.,
TNM staging, appear to be insufficiently discriminatory for
selecting patients for CRS and HIPEC.

The combined index of platelets and lymphocytes (PLR)
has been investigated as a prognostic marker in various
cancers. A meta-analysis that included 12,754 patients
investigated the relationship of PLR and overall survival
in solid tumors, concluding that PLR was independently
associated with OS in various solid tumors [34]. In colorec-
tal cancer patients, NLR was validated as an independent
predictor in metastatic colorectal cancer [35], whereas PLR
was identified as an independent risk factor for resectable
colorectal cancer [36, 37]. These inflammatory-based indi-
ces, however, have not been investigated in colorectal peri-
toneal carcinomatosis patients.

There have been several postulations behind the mech-
anisms for the establishment and progression of CPC.
Through spontaneous or iatrogenic causes, loose cancer
cells from the primary mass penetrate the colorectal wall,
which is facilitated by downregulation of cell—cell adhe-
sion molecules such as E-cadherin [38—40]. Once in the
abdominal cavity, the cancer cells are transported to vari-
ous anatomical regions by the forces of gravity, peristalsis,
or negative pressure generated by diaphragmatic movement
[41]. In establishing peritoneal carcinomatosis, inflam-
mation has a key function by enhancing the expression of
adhesion molecules including vascular cell adhesion mol-
ecule 1 [VCAM-1 (CD106)], intercellular adhesion mol-
ecule 1 [ICAM-1 (CD54)], and platelet endothelial cell
adhesion molecule [PECAM-1 (CD31)] to allow the free-
floating cancer cells to adhere to the peritoneum [42, 43].
Therefore, the association between a relative thrombocyto-
sis and adverse OS in PC patients might be explained on
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the basis that the platelet count reflects an additional index
of systemic inflammation that enhances peritoneal adhesion
of cancer cells and, consequently, the extent of peritoneal
carcinomatosis.

In predicting 5-year OS, PLR and CEA were found to be
significant prognosticators on univariate analysis. However,
on multivariate analysis, only PLR retained its significance.
NLR was not found to be significant on either univariate
or multivariate analysis. Increasing evidence has suggested
platelets facilitate multiple steps of tumor development and
progression by promoting tumor cell proliferation, angio-
genesis, and metastasis. Platelets have been shown in vitro
to inhibit apoptosis and reverse cell-cycle arrest caused by
chemotherapy regimens such as 5-fluorouracil and pacli-
taxel and to enhance DNA repair in cancer cells [44]. In
addition, platelets contain many pro-angiogenic factors that
initiate tumor angiogenesis [45] and have been associated
with tumor metastasis [46, 47]; the underlying mechanism
is thought to be protection of circulating tumor cells against
immune surveillance by attenuation of natural killer cells
[48]. Tumor cells also induce release of vascular endothe-
lial growth factor from platelets [45]. Similar to platelets,
lymphocytes are associated with immune surveillance,
which explains why high lymphocytic count translates to
better survival [49] whereas low counts are related to poor
tumor prognoses [50].

NLR and PLR are easily obtained from full blood counts
routinely ordered preoperatively. Such markers, if proven
to have prognostic significance, could potentially allow for
improved patient selection for CRS and HIPEC.

As demonstrated in this article, patients with PLR > 300
have a median OS of 5 months (95% CI, 0-24.6 months),
indicating that CRS and HIPEC may not be superior to sys-
temic chemotherapy in this subset of patients. On the other
hand, the median OS of patients with PLR 150-300 and
PLR < 150 were 36 months (95% CI, 15.8-56.2 months)
and 47 months (95% CI, 25.5-68.5 months), respectively.
This finding implies that PLR > 300 may be used as a tool
to define a subset of patients wherein CRS and HIPEC
might be contraindicated.

There are several limitations to this study. As a retro-
spective review, there are inherent biases associated with
the data, including missing data, which might have reduced
the power of our study. In addition, as this is a single-center
review, the characteristics of our patient population may not
make our findings applicable to other populations. Also, the
sample size is relatively small. In spite of these limitations,
we believe that this study convincingly demonstrates the
prognostic influence of PLR in predicting overall survival
in colorectal patients with peritoneal metastases undergo-
ing CRS and HIPEC and, at present, remains the only addi-
tional tool apart from clinical and radiologic factors to aid
in the preoperative selection of patients for this procedure.
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Conclusion

Preoperative PLR is an independent prognostic marker for
OS in colorectal peritoneal carcinomatosis patients under-
going CRS and HIPEC and may be used when selecting
patients for the procedure. We hope to be able to verify this
prospectively in a larger cohort of patients.
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