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The Importance of C-Reactive Protein for Preoperative Evaluation, Inoperability
and Survival in Patients with Peritoneal Metastasis
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ABSTRACT
Objective: C-reactive protein (CRP) is an inflammatory marker that has predictive value for survival in many types of cancer.
The aim of this study is to examine the preoperative CRP level as a predictive biomarker for surgery due to peritoneal
carcinomatosis whether the disease is resectable or not.
Method: A total of 126 patients who underwent laparotomy for cytoreductive surgery and HIPEC between 2014- 2019 were
included in this study.
Results: In the comparative analysis, for operated and unresectable patients, CRP values measured in the same week
preoperatively were found to be statistically significant markers for operability. The CRP values were found 4.3 and 18 g/L,
respectively. This difference was found to be statistically significant (p = 0.03) In the subsequent subgroup analysis, in patient
group with PCI ≥9, the CRP value was found to be significantly higher than the PCI <9 group (p = 0.006).
Conclusion: We suggest that CRP can give us an idea as a simple and cheap biomarker in these group of patients. We suggest
that CRP can give us an idea as a simple and cheap biomarker in these group of patients. It should be kept in mind that if th e
preoperative CRP value is high in patients who are planned to have CRS + HIPEC, patient could be unresectable. In patients
undergoing cytoreductive surgery and HIPEC, high CRP levels were found to be associated with higher PCI and lower survival.
Keywords: : C-reactive protein, biomarker, peritoneal carcinomatosis, cytoreductive surgery, intraperitoneal hyperthermic chemotherapy

ÖZ
Giriş: C-reaktif protein (CRP), birçok kanser türünde sağkalım için prediktif değere sahip inflamatuar bir belirteçtir.
Bu çalışmanın amacı, hastalığın rezektabl olup olmadığına peritoneal karsinomatozise bağlı cerrahide prediktif biyo-belirteç
olarak preoperatif CRP düzeyini incelemektir.
Yöntem: 2014- 2019 yılları arasında sitoredüktif cerrahi ve HİPEK için laparotomi yapılan 126 hasta çalışmaya dahil edildi.
Bulgular: Karşılaştırmalı analizde ameliyatlı ve rezeke edilemeyen hastalarda ameliyat öncesi aynı hafta ölçülen CRP değerlerinin
ameliyat için istatistiksel olarak anlamlı belirteçler olduğu görüldü. CRP değerleri sırasıyla 4.3 ve 18 g / L bulundu. Bu fark
istatistiksel olarak anlamlı bulundu (p = 0.03). Sonraki alt grup analizinde PCI ≥9 olan hasta grubunda CRP değeri PCI <9
grubuna göre anlamlı olarak yüksek bulundu (p = 0.006).
Sonuç: CRP’nin bu hasta grubunda basit ve ucuz bir biyobelirteç olarak bize fikir verebileceğini öne sürüyoruz. CRP’nin
bu hasta grubunda basit ve ucuz bir biyobelirteç olarak bize fikir verebileceğini öne sürüyoruz. KRS + HİPEK planlanan
hastalarda preoperatif CRP değeri yüksek ise hastanın rezeke edilemeyebileceği unutulmamalıdır. Sitoredüktif cerrahi ve
HİPEK geçiren hastalarda, yüksek CRP düzeylerinin daha yüksek PCI ve daha düşük sağkalım ile ilişkili olduğu bulunmuştur.
Anahtar Kelimeler: C-reaktif protein, biyo-belirteç, peritoneal karsinomatoz, sitoredüktif cerrahi, hipertermik intraperitoneal kemoterapi
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INTRODUCTION
Until recently, peritoneal carcinomatosis (PC)
was considered as terminal stage disease for
many cancer types, and palliative treatments and
chemotherapy regimens were the only options. In
the treatment of peritoneal carcinomatosis, even
with the most appropriate chemotherapy protocols,
the median survival was known to be between 7-15
months (1,2). Today, the perception of peritoneal
carcinomatosis has changed and it has started to
be accepted as a locoregional disease limited to
the abdomen, and this perception has gained
importance especially in the treatment of colorectal,
ovarian and stomach cancers, pseudomyxoma
peritonei and mesothelioma (3). With advances
in the surgical treatment of peritoneal cancers
in the last three decades, positive results have
been obtained with cytoreductive surgery (CRS)
with intraperitoneal hyperthermic chemotherapy
(HIPEC), and publications emerged showing that
the mean survival time is longer than standard
chemotherapy regimens (4,5). Cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy
which defined by Sugarbaker et al. and used in
the treatment of peritoneal cancers, is consisted
of multiple organ resections and peritonectomy
procedures (6). The most important factors for
long survival in this procedure are peritoneal cancer
index (PCI) and complete cytoreduction (7,8).
Even today, it is not easy to prepare patients with
such peritoneal metastasis for the operation. In the
management of peritoneal surface malignancies,
preoperative evaluation, determination of the
extent of the disease and accurate patient selection
are very important (9,10).
C-reactive protein (CRP) is an inflammatory marker
that has predictive value for survival in many types
of cancer (11-13). Although its importance has
been shown mostly for solid tumors (renal cell
carcinoma, pancreas, hepatocellular, lung, ovary
cancer) in the literature, its importance is also
significant for gastrointestinal tumors (8,12-15).
CRP has been shown in some studies as an
important marker of gastrointestinal system
cancers, especially for stage IV gastric and
colorectal cancers (16,17). It is also used by medical
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oncologists to evaluate response to tumor and to
detect recurrence (16).
In this study, we retrospectively examined patients
who underwent laparotomy with a diagnosis of
peritoneal carcinomatosis that were considered
operable in preoperative evaluations. The aim of
this study is to examine the effects of the preoperative CRP level in patients scheduled for
surgery due to peritoneal carcinomatosis, whether
the disease is resectable or not, and in patients who
can be resected, in terms of PCI and survival. We
investigated whether the CRP level is a predictive
marker that can be used in preoperative staging or
not.
MATERIAL AND METHOD
Patients who underwent laparotomy for
cytoreductive surgery and HIPEC due to
gastrointestinal malignancies, peritoneal metastases
of ovarian cancer and malignant mesothelioma
between 2014 and 2019 were included in the study.
All patients included in the study were those who
were discussed and decided to be operated in
oncology councils including radiologists, medical
oncologists, and gastrointestinal surgeons. Data
of all patients scheduled for cytoreductive surgery
were prospectively collected. The demographic
characteristics of these patients and all information
about previous primary tumor resections and
pathologies, were recorded. Preoperative
evaluations were performed according to patient,
by abdominal and thorax computed tomography
(CT), PET-CT or magnetic resonance (MRI) and
upper/lower endoscopic examinations performed
for gastrointestinal malignancies. Solid organ
metastases, especially the peritoneal cancer index
(PCI), and their resectability were evaluated with
these imaging methods. Carcinoembryonic antigen
(CEA), CRP values and other hematological
and biochemical parameters of the patients
preoperatively checked and recorded in the same
week of surgery and analyzed retrospectively.
Patients who were considered operative in the
preoperative evaluation underwent laparotomy and
all patients diagnosed with malignancy by frozen
examination were included in the study.
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Inclusion and Exclusion Criteria
Primary pathologies of the patients included in the
study were stomach, colorectal, small intestine and
ovary carcinomas, and malignant mesothelioma.
Patients with primary or recurrent peritoneal
metastases were included in the study. Patients with
extraabdominal metastasis, paraaortic lymph node
metastasis, pleural malignant effusion, and multiple
small bowel obstructions and patients with high
PCI on CT were considered inappropriate for
CRS + HIPEC and considered as unresectable
patients. Patients with more than 3 liver metastases
and patients with major hepatectomies were also
not included in the study. Patients with ECOG
performance status ≤3, patienrs with PCI<20 for
colorectal cancers and PCI<13 for gastric cancer
and no signs of biliary obstruction were included
in the study. Except for patients requiring total
cystectomy, patients with ureter involvement were
considered operable and were included in the study.
Surgical Procedure and Histopathological
Examination
The SRC procedure was performed as described by
Sugarbaker (18). All patients underwent laparotomy
with a median incision between xiphoid process and
symphysis pubis. First, after removing all adhesions,
the abdomen was explored for liver and peritoneal
metastases. PCI was calculated and recorded. Biopsy
obtained from all patients and frozen examination
was performed. PCI was calculated as described by
Sugarbaker by dividing the abdomen into 9 regions
and 4 separate sections in the small intestine. Lesion
size (LS) recorded as LS0 for no visible implants,
LS1 for implants under 0,5 cm, LS2 between 0,5
cm and 5 cm, and LS3 over 5 cm. PCI was scored
between 0 and 39 according to the distribution of the
tumor and the size of the tumor (19). If necessary,
palliative surgical procedures were performed for
unresectable patients. Operation time and number
of organ resections of operable patients were
recorded. Primary tumor and related lymph node
dissection was performed in operable patients.
After cytoreduction was completed, four catheters
were placed in the abdomen and the abdomen was
closed. Hyperthermic intraperitoneal chemotherapy
regimens; Cisplatin (90 mg/m2) or Oxaliplatin
(300-460 mg/m2) was performed at 42oC for
approximately one hour. Histopathological staging
of all patients was re-evaluated in order to provide
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standardization in retrospective cases according to
AJCC 8th edition (2017) (20). The mean survival
times of all patients and operable patients were
evaluated separately. Unresectable patients were
discharged after laparotomy or palliative surgery
and referred to medical oncologist. All followup records of the patients after the surgery were
checked from the digital data system and the death
data obtained from the death information system.
Statistical Analysis
The data were transferred to IBM SPSS Statistics
program v. 21 IBM Corp: Armonk, NY, USA) for
analysis. We used SPSS software, version 17 (SPSS
Inc., Chicago, IL, USA) in this study for statistical
analysis. Descriptive data were given as mean or
median (range). Categorical variables were described
using frequency distributions. Independent sample
t-test was used to show differences in the means
of continuous variables and the Chi-square test was
used in cases with categorical variables. A p-value
< 0.05 was considered significant. Survival was
calculated using the Kaplan–Meier method and
compared between groups using the log-rank test.
Length of survival was calculated as the period
from the date of initial operation to the date of
death or last follow-up.
RESULTS
A total of 126 patients who were considered
operable for peritoneal carcinomatosis were
scheduled for CRS + HIPEC and operated.
Consecutively collected data of these patients were
analyzed retrospectively. While 74 (58.7%) of these
patients were operated, 52 (41.3%) were evaluated
as unresectable with the findings of laparotomy
and the operation was terminated or palliative
procedures were performed. The mean age of the
patients included in the study was 56.27. The rate of
patients with ECOG scores of 0-2 were 92.1%. Sixty
(47.6%) of the patients were female and 66 (52.4%)
were male. The postoperative hospitalization
period of the patients ranged from 3-109 days and
the median length of stay was 14 days. When the
primary pathology was examined, the operation was
performed mostly due to colorectal and stomach
cancers. Afterwards, the most common tumor
operated were ovarian cancers, pseudomyxoma
peritonei (PMP), malignant mesothelioma and
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small bowel cancers, respectively. Fifty-four
(42.9%) of these were primary malignancies and
72 (57.1%) were recurrent malignancies. The mean
CEA and CRP values of all patients preoperatively
measured in the same week of surgery were found
to be 2.5 ng/ml and 7 g/L, respectively. Patients
with a PCI value of more than 20 in colon and
ovarian malignancies and peritoneal metastases
due to malignant mesothelioma and over 13 in
peritoneal metastases due to gastric carcinoma were
considered unresectable. The median peritoneal
cancer index of the patients who could underwent
CRS + HIPEC was 8.86 ± 6.71. Of the 3 patients
with PCI = 0, two were patients with positive
peritoneal cytology and one had been operated
in an external center for perforated appendix
mucocele and had completion HIPEC in our clinic.
The mean white blood cell (WBC) and neutrophil
percentages of all patients were 6.68 x109 /L and
61.2 x109 /L, respectively. (Table-1)
In the comparative analysis, for operated (CRS +
HIPEC) and unresectable patients, CEA and CRP
values measured in the same week preoperatively
were found to be statistically significant markers for
operability. Considering the CRP values between
the CRS + HIPEC group and the group that could
not be operated, the CRP values of the groups that
could and could not be operated were 4.3 and 18
g/L, respectively. This difference was found to be
statistically significant (p = 0.03) (reference normal
level is 0-5 gr/L).
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77.02%) (Figure-1). In our study, we detected that
the rate of inoperability increased in patients with a
CRP value above this value.
Table 1: Characteristics of all Patients Undergoing
Laparotomy for Cytoreductive Surgery and HIPEC
Number of
patients
Variables
n
%
Female
Male
Age (Mean± SD)
0
1
ECOG score
2
3
Gastric
Small bowel
Colon
Primary Tumor
Overy
PMP
Gender

When CRP was compared between the operated
and non-operated groups, the cut-off value for
CRP was found to be 7.92 (The reference range
for C-reactive protein is 0-5mg/dl) (sensitivity:
73.3%, specificity: 73.5%, positive predictive value
(PV): 57,69% and negative predictive value (NPV):

44
10
45
4
43
14
13

34.9
7.9
35.7
3.2
34.1
11.1
10.3

7

5.6

Tumor

M.Mesotelioma
Primary
Recurrence
Normal value

CEA (ng/ml)

Median

2.5

Range

0.4- 309

Mean±SD

11.7 ± 27.1

Normal value

<30.9

Median

15.2

Range

0.6- 2000

Normal value

0-5

Median

7

CA19-9 (U/ml)

CRP (gr/L)

In the subsequent subgroup analysis, the patient
group to whom CRS + HIPEC was performed
was also evaluated within itself. The mean PCI of
this group was found to be 8.86 ± 6.71. Therefore,
two groups were formed as PCI≥9 and PCI <9. In
the patient group with PCI ≥9, the CRP value was
found to be significantly higher than the group with
less than nine (p = 0.006).

60
47.6
66
52.4
56.27 ± 12.9
12
9.5
60
47.6

Albumin (gr/L)
Wbc (x109/L)
Neutrophil
percentage (x109/L)

Range

0.3- 158

Normal value

3.2-4.8

Median

4.12 ± 0.51

Normal value

3.6-10.5

Median

6.68 ± 2.55

Normal value

1.5-7.7

Median
Patients Undergoing Cytoreduction
Inoperable Patients

Length of stay (Day)
Survival
Total

54
42.9
72
57.1
0 - 2.5

61.2 ± 11
74
58.7
52
41.3

Median

14

Range
Alive
Ex

3-109
68
54.0
58
46.0
126
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Among the factors that may affect the CRP value;
there was no statistically significant difference when
we are looking at age, gender, WBC value,
ostomy status and patient performance status. (p
= 0.68, p= 0.32, p = 0.09 p = 0.39, p = 0.24,
respectively).
In multivariate analysis of these two groups
(operated (CRS + HIPEC) and unresectable
patients group); age,gender and CRP value were
found statistically significant (Table-3)(p=0.03,
p=0.043, p=0.046).

Figure 1 : Roc curve analysis of the sensitivity of
the CRP cut-off value.

The median survival of the resectable patients was
22.4 (range 1-73) months and the unresectable
patients were 7.7 (range 1-28) months. When the
survival analysis between the group in which CRS
+ HIPEC was performed and the group that could
not performed, it was observed that mean survival
time is significantly higher in the CRS + HIPEC
group (p <0.001) (Table-2).

Table 2 : Comparison of Operable and Inoperable Patients
CRS+HİPEC

Variables

Gender

n

%

n

%

74

58.7

74

58.7

54.28 ± 11.8

Age (mean±SD)

Inoperabl

59.11 ± 14.0

Female

41

55.4

19

36.5

Male

33

44.6

33

63.5

p value

0.55
0.03

CEA

2 (0.6-187)

2.5 (0.4-309)

<0.01

CRP (mean±SD)

4.3 (0.30- 117)

18 (0.4-158)

0.03

WBC (mean±SD)

6.56 ± 2.52

6.88 ± 2.63

0.67

Neutrophil percentage (mean±SD)

59.9 ± 9.09

63.36 ± 13.47

0.58

Albumin (mean±SD)

4.23 ± 0.4

3.94 ± 0.56

0.45

Overall survival

Alive

59

79.7

9

17.3

Ex

15

20.3

43

82.7

<0.001

WBC: White blood cell. CRP: C- Reaktif Protein. PCI score: Peritoneal Cancer Index.
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Table 3: Multivariate Analysis of Operable and Inoperable Group of Patients
CRS+HİPEC

Variables

Age (mean±SD)
Gender

Inoperabl

n

%

n

%

74

58.7

52

41.3

54.28 ± 11.8

59.11 ± 14.0

Female

41

55.4

19

36.5

Male

33

44.6

33

63.5

p value

0.03
0.043

CEA

2 (0.6-187)

2.5 (0.4-309)

0.20

CRP (mean±SD)

4.3 (0.30- 117)

18 (0.4-158)

0.046

WBC (mean±SD)

6.56 ± 2.52

6.88 ± 2.63

0.55

Neutrophil percentage (mean±SD)

59.9 ± 9.09

63.36 ± 13.47

0.41

WBC: White blood cell, CRP: C- Reaktif Protein, PCI score: Peritoneal Cancer Index.
DISCUSSION
In our study, we investigated the importance
of CRP in terms of operability and survival in
patients scheduled for cytoreductive surgery
and HIPEC due to peritonitis carcinomatosis.
Although 41.3% of the patients with peritoneal
metastasis that we operated with the CRS +
HIPEC plan were evaluated as preoperatively
operable, we found that they were unresectable
when laparotomy was performed. Preoperative
same week CRP levels were significantly higher
in unresectable patients. When we evaluate at the
patients who were operable, we found that the
PCI values were higher and the survival was lower
in patients with high CRP values. According to
these results, we suggest that CRP is a predictive
biomarker for operability and also it can predict
high PCI and low survival in operable group of
patients scheduled for cytoreductive surgery.
Peritoneal surface malignancies (PSM) include
peritoneal metastases of gastrointestinal tract
and gynecological malignancies, as well as rare
primary malignancies of the peritoneum such
as mesothelioma and serous papillary peritoneal
carcinoma. While PSM’s are historically accepted
as end-stage disease and only palliative procedures
could be performed, in the last two decades,
many studies have shown that this disease is

locoregional and that increased survival and cure
can be achieved with CRS + HIPEC (21-23). In
this combined treatment strategy, peritonectomy
procedures and visceral organ resections are
performed, and visible tumors in the abdomen
and pelvis are completely removed, and HIPEC
is added for microscopic tumors (24). Studies
show that CRS + HIPEC treatment in peritoneal
carcinomatosis provides better survival in selected
patients compared to standard chemotherapy
regimens (5,25,26). For colorectal cancers, Elias
et al. compared patients who underwent CRS
+ HIPEC and those who received standard
chemotherapy and found a mean survival
difference of 62.7 months and 23.9 months,
respectively (27) Chua et al. reported that 5 and 10year survival rates were 73% and 68%, respectively,
with cytoreductive surgery and HIPEC in patients
with high index pseudomyxoma peritonei (28).
Spiliotis et al. revealed that cytorective surgery and
HIPEC treatment in recurrent ovarian carcinomas
provided a statistically significant longer survival
even for platinum resistance tumors compared
to the chemotherapy group (29). The patient
group in our study consisted of patients who
were considered to be resectable by preoperative
imaging methods and diagnosed with colon,
stomach, small intestine and ovarian cancers and
mesothelioma without extra-abdominal metastasis.
In this treatment modality, appropriate patient
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selection and preoperative evaluation, complete
resection and perioperative intraperitoneal
chemotherapy and postoperative care and adjuvant
chemotherapy are important steps to achieve
successful results (26,30). Before such a radical
surgery, patients should be evaluated in all aspects
and resectability should be determined correctly
(31). Unnecessary laparotomies add additional
morbidity and mortality to patients and delay the
time to initiate chemotherapy (32). Various scoring
systems are used to rate the dissemination of
peritoneal metastasis, and peritoneal cancer index is
the most widely used method (21). Accordingly, the
abdomen is divided into 13 different regions and the
index calculated with a value between 0-3 according
to the tumor size is between 0-39 and gives us an
idea about the extent, resectability and survival
of the disease (19,33). According to consensus
results used in preoperative evaluation to select
the appropriate patient preoperatively; patient’s
performance status should be good, there should
be no extra-abdominal disease, biliary obstruction,
massive retroperitoneal invasion, mesenteric root
involvement, pancreatic head involvement and
unresectable metastasis in the liver in preoperative
imaging and massive small bowel resection should
not be required (34,35).
Preoperative staging CT or MRI is performed in all
patients scheduled for CRS + HIPEC. PET-CT is
required for non-mucinous cancers. First of all, it
is necessary to determine whether the disease has
extraabdominal involvement. The second purpose
is whether peritoneal metastases are operable or not
and their anatomical location. Meanwhile, visceral
organ involvement and liver metastases are evaluated
(36). Detection sensitivity of nodules smaller than
0.5 cm with CT is 11-28%. The probability of
detecting nodules between 0.5-5 cm is 72%, and the
detection rate for nodules larger than 5 cm is 90%
(36,37). Koh et al. showed in their prospective study
that preoperative CT underestimates the prevalence
of peritoneal carcinomatosis (37). With the addition
of laparoscopy to evaluaiton, the accuracy can be
increased from 56% to 70% (32). In our patient
group, surgery was performed in 74 (58.7%) of
126 patients who were considered operable in
the preoperative evaluation. This made us think
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that operability could be evaluated better by using
different parameters in preoperative evaluation. In
our practice, we realize that CRP values were high
in patients who were considered to be unresectable
after laparotomy, and we analyzed the preoperative
CRP values of all patients during the week of
operation. When we compared the CRP values
of patients who were considered inoperable with
those who could be operated and found that value
of inoperabl patients were significantly higher (p
= 0.03). To our knowledge, our study is the first
study showing that preoperative CRP can be used
to demonstrate operability in patients scheduled
for CRS + HIPEC for peritonitis carcinomatosis
treatment.
It was reported by Shibutani et al. that high CRP
levels in stage IV colorectal cancers is associated
with poor prognosis, low survival, and advanced
disease (38). In their meta-analysis, Shrotriya et al.
showed that CRP is a poor prognostic predictor in
renal cell carcinoma, gastric, esophageal, colorectal
cancers and solid tumors such as lung, pancreas and
hepatocellular carcinoma (39). Baba et al. published
the first study in the literature to prove that CRP
affects the prognosis negatively in stage IV gastric
cancers and that high CRP values can be a potential
marker showing the progression of the disease
and low life expectancy (40). In gastric cancers,
the relationship between CRP elevation has been
shown in patients with serosa involvement, lymph
node metastasis, or distant metastasis (40,41). In
our study, the life expectancy of the patients who
had statistically lower CRP values and who could
undergo CRS + HIPEC was significantly higher
than the patients who could not be operated (p
<0.001). According to these results, high CRP level
in patients with peritoneal metastasis can be used as
a marker showing low survival.
CRP is an acute phase reactant with a half-life of
19 hours, produced in hepatocytes, and its release is
regulated by interleukin 6 (IL-6) and tumor necrosis
factor (TNF) (42). In chronic inflammatory diseases
such as rheumatoid arthritis, CRP is used to
evaluate the severity of the disease and its response
to treatment (43,44). Studies have shown that the
serum level of CRP increases in chronic conditions
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such as malignancy, cardiovascular diseases, and
metabolic syndrome (42,44). The only study we
can find in the literature about patients undergoing
CRS and HIPEC is the study of Marcel et al. In
this article, they found the cut off value of CRP
to be 35 mg/dl for peritoneal carcinomatosis due
to colorectal cancer treated with chemotherapy.
While survival is 22.4 months in patients with CRP
<35 mg/dl, it decreases to 7.9 months in patients
with CRP> 35 mg/dl (45). When we look at the
subgroup analysis of 74 patients who underwent
CRS + HIPEC in our series, we found the mean
PCI value as 8.86 (0-30). In this group, we found
that CRP values were statistically higher in patients
with PCI over nine (p = 0.006). These results
showed us that preoperative high CRP values have
prognostic importance in terms of high PCI and
low survival in patients who can underwent CRS
+ HIPEC.
It has been emphasized in several publications
that the tumor markers are showing advanced
stage disease, distant metastases and peritoneal
carcinomatosis in preoperative evaluation, and they
are indicators that can be used for postoperative
survival and disease-free survival (46,47,48). All of
the patients in our series consisted of advanced
stage patients with positive peritoneal implants
or cytology, and even when they were separated
as operable and inoperable groups, preoperative
serum CEA values were statistically significantly
higher in advanced disease.
There are some limitations in our study. First
of all, although the data of the patients were
recorded prospectively, the study was designed
retrospectively. Although the single-center nature
of the study makes the volume of the study weak,
there is no data in the literature regarding the effect
of CRP on operability. In addition, the primary
cancer focus of the patients we included in our
study were heterogeneous, but we think that this
may be ignored since the main purpose of our
study is the relationship between resectability and
CRP level. Finally, since the disease-free survival of
patients cannot be given due to data loss in followup, only overall survival can be evaluated.
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Conclusion
We see that preoperative staging in patients
requiring cytoreductive surgery is still insufficient
even with improved imaging techniques. We suggest
that CRP can give us an idea as a simple and cheap
biomarker in these group of patients. It should be
kept in mind that if the preoperative CRP value is
high in patients who are planned to have CRS +
HIPEC, patient could be unresectable. In patients
undergoing cytoreductive surgery and HIPEC,
high CRP levels were found to be associated with
higher PCI and lower survival. This study shows
the prognostic value of CRP in patients scheduled
for CRS and HIPEC.
Conflict of Interest: The authors declare that they
have no conflict of interest.
Authors contributions: All authors contributed to the
study. They read and approved the final manuscript.
Funding: Fund resources were not used
Ethics Committee Approval: Ethical approval was
obtained the Local Ethics Committee (Protocol No:
2020-2896) and the Ministry of Health for this study.
Informed Consent: This is a retrospective study
REFERENCES
1. Nassour I, Polanco PM. Current Management
of Peritoneal Carcinomatosis From Colorectal
Cancer: The Role of Cytoreductive Surgery
and Hyperthermic Peritoneal Chemoperfusion.
Curr Colorectal Cancer Rep. 2017;13(2):144153. Epub 2017 Apr 8. PMID: 28890671;
PMCID: PMC5586145.
https://doi.org/10.1007/s11888-017-0361-x
2. Lemoine L, Sugarbaker P, Van der Speeten
K. Pathophysiology of colorectal peritoneal
carcinomatosis: Role of the peritoneum. World
J Gastroenterol. 2016 14;22(34):7692-707.
PMID: 27678351; PMCID: PMC5016368.
https://doi.org/10.3748/wjg.v22.i34.7692.
3. Valle M, Federici O, Garofalo A. Patient
selection for cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy,
and role of laparoscopy in diagnosis, staging,
and treatment. Surg Oncol Clin N Am. 2012
;21(4):515-31. PMID: 23021713.
https://doi.org/10.1016/j.soc.2012.07.005

107-118

Yiğit MÖ, et al.

Kocaeli Med J. 2022;11(1):107-118

4. Chua TC, Esquivel J, Pelz JO, Morris DL.
Summary of current therapeutic options for
peritoneal metastases from colorectal cancer.
J Surg Oncol. 2013;107(6):566-73. Epub 2012
Jun 11. PMID: 22688776.
https://doi.org/10.1002/jso.23189
5. Verwaal VJ, Bruin S, Boot H, van Slooten G, van
Tinteren H. 8-year follow-up of randomized
trial: cytoreduction and hyperthermic
intraperitoneal chemotherapy versus systemic
chemotherapy in patients with peritoneal
carcinomatosis of colorectal cancer. Ann Surg
Oncol. 2008;15(9):2426-32. Epub 2008 Jun 3.
PMID: 18521686.
https://doi.org/10.1245/s10434-008-9966-2
6. Sugarbaker PH, Editor. Cytoreductive surgery
& perioperative chemotherapy for peritoneal
surface malignancy. Textbook and video atlas.
Woodbury: CineMed Publishing; 2012.
7. Deraco M, Kusamura S, Corbellini C, Guaglio
M, Paviglianiti C, Baratti D. Treatment
principles for peritoneal surface malignancies.
Minerva Chir. 2016;71(2):124-45. Epub 2016
Feb 5. PMID: 26847729.
8. Sugarbaker PH. Cytoreductive surgery plus
hyperthermic perioperative chemotherapy for
selected patients with peritoneal metastases
from colorectal cancer: a new standard
of care or an experimental approach?
Gastroenterol Res Pract. 2012;2012:309417.
Epub 2012 Jul 19. PMID: 22888335; PMCID:
PMC3408708.
https://doi.org/10.1155/2012/309417
9. Baratti D, Kusamura S, Guaglio M, Deraco
M. Peritoneal metastases: challenges for the
surgeon. Minerva Chir. 2015 ;70(3):195-215.
Epub 2015 Mar 10. PMID: 25752673.
10. Dohan A, Hobeika C, Najah H, Pocard M,
Rousset P, Eveno C. Preoperative assessment
of peritoneal carcinomatosis of colorectal
origin. J Visc Surg. 2018;155(4):293-303. Epub
2018 Mar 27. PMID: 29602696.
https://doi.org/10.1016/j.jviscsurg.2018.01.002

11. Woo HD, Kim K, Kim J. Association between
preoperative C-reactive protein level and
colorectal cancer survival: a meta-analysis.
Cancer Causes Control. 2015;26(11):1661-70.
Epub 2015 Sep 16. PMID: 26376895.
https://doi.org/10.1007/s10552-015-0663-8

12. Hang J, Xue P, Yang H et al. Pretreatment
C-reactive protein to albumin ratio for predicting
overall survival in advanced pancreatic cancer
patients. Sci Rep 7, 2993 (2017).
https://doi.org/10.1038/s41598-017-03153-6
13. Xiao X, Wang S, Long G. C-reactive protein
is a significant predictor of improved
survival in patients with advanced nonsmall cell lung cancer. Medicine (Baltimore).
2019;98(26):e16238.
PMID:
31261584;
PMCID: PMC6616372.
https://doi.org/10.1097/MD.0000000000016238

14. Ishizuka M, Nagata H, Takagi K, Iwasaki Y,
Kubota K. Inflammation-based prognostic
system predicts survival after surgery for stage
IV colorectal cancer. Am J Surg. 2013;205(1):228. Epub 2012 Oct 29. PMID: 23116639.
https://doi.org/10.1016/j.amjsurg.2012.04.012

15. Hefler LA, Concin N, Hofstetter G, Marth C,
Mustea A, Sehouli J et al. Serum C-reactive
protein as independent prognostic variable
in patients with ovarian cancer. Clin Cancer
Res. 2008;14(3):710-4. CCR-07-1044. PMID:
18245530.
https://doi.org/10.1158/1078-0432
16. Dicken BJ, Bigam DL, Cass C, Mackey JR, Joy
AA, Hamilton SM. Gastric adenocarcinoma:
review and considerations for future directions.
Ann Surg. 2005;241(1):27-39. PMID:
15621988; PMCID: PMC1356843.
https://doi.org/10.1097/01.sla.0000149300.28588.23

17. Pathak S, Nunes QM, Daniels IR, Smart NJ.
Is C-reactive protein useful in prognostication
for colorectal cancer? A systematic review.
Colorectal Dis. 2014;16(10):769-76. PMID:
25039573.
https://doi.org/10.1111/codi.12700
18. Sugarbaker PH. Peritonectomy procedures.
Ann Surg. 1995;221(1):29-42. PMID: 7826158;
PMCID: PMC1234492.
https://doi.org/10.1097/00000658-199501000-00004

19. Harmon RL, Sugarbaker PH. Prognostic
indicators in peritoneal carcinomatosis from
gastrointestinal cancer. Int Semin Surg Oncol.
2005;2(1):3. PMID: 15701175; PMCID:
PMC549516.
https://doi.org/10.1186/1477-7800-2-3.

107-118

Yiğit MÖ, et al.

20. Amin MB, Edge SB, Frederick L, Byrd DR,
Brookland RK; AJCC cancer staging manual.
8th ed. ISBN 978-3-319-40617-6 ISBN 978-3
319-40618-3 (eBook) 2017.
https://doi.org/10.1007/978-3-319-40618-3
21. Baratti D, Kusamura S, Guaglio M, Deraco
M. Peritoneal metastases: challenges for the
surgeon. Minerva Chir 2015;70(3):195-215.
22. Chia CS, You B, Decullier E, Vaudoyer
D, Lorimier G, Abboud K et al; BIG
RENAPE Group. Patients with Peritoneal
Carcinomatosis from Gastric Cancer Treated
with Cytoreductive Surgery and Hyperthermic
Intraperitoneal Chemotherapy: Is Cure a
Possibility? Ann Surg Oncol. 2016;23(6):19719. Epub 2016 Jan 11. PMID: 26753751.
https://doi.org/10.1245/s10434-015-5081-3
23. Spiliotis J, Halkia E, de Bree E. Treatment
of peritoneal surface malignancies with
hyperthermic intraperitoneal chemotherapycurrent
perspectives.
Curr
Oncol.
2016;23(3):e266-75. Epub 2016 Jun 9. PMID:
27330364; PMCID: PMC4900847.
https://doi.org/ 10.3747/co.23.2831
24. Sugarbaker PH. Management of peritoneal
metastases - Basic concepts. J BUON. 2015;20
Suppl 1:S2-11. PMID: 26051329.
25. Franko J, Shi Q, Goldman CD, Pockaj BA,
Nelson GD, Goldberg RM, et al. Treatment
of colorectal peritoneal carcinomatosis with
systemic chemotherapy: a pooled analysis of
north central cancer treatment group phase
III trials N9741 and N9841. J Clin Oncol.
2012;30(3):263-7. Epub 2011 Dec 12. PMID:
22162570; PMCID: PMC3269953.
https://doi.org/10.1200/JCO.2011.37.1039
26. Vallicelli C, Cavaliere D, Catena F, Coccolini
F, Ansaloni L, Poiasina E et al. Management
of peritoneal carcinomatosis from colorectal
cancer: review of the literature. Int J Colorectal
Dis. 2014;29(8):895-8. Epub 2014 Jun 11.
PMID: 24915844.
https://doi.org/10.1007/s00384-014-1907-x

Kocaeli Med J. 2022;11(1):107-118

27. Elias D, Lefevre JH, Chevalier J, Brouquet
A, Marchal F, Classe JM et al. Complete
cytoreductive surgery plus intraperitoneal
chemohyperthermia with oxaliplatin for
peritoneal carcinomatosis of colorectal origin.
J Clin Oncol. 2009;27(5):681-5. Epub 2008
Dec 22. PMID: 19103728.
https://doi.org/10.1200/JCO.2008.19.7160
28. Chua TC, Moran BJ, Sugarbaker PH, Levine
EA, Glehen O, Gilly FN,et al. Early- and
long-term outcome data of patients with
pseudomyxoma peritonei from appendiceal
origin treated by a strategy of cytoreductive
surgery and hyperthermic intraperitoneal
chemotherapy. J Clin Oncol. 2012;30(20):244956. Epub 2012 May 21. PMID: 22614976.
https://doi.org/10.1200/JCO.2011.39.7166
29. Spiliotis J, Halkia E, Lianos E, Kalantzi N,
Grivas A, Efstathiou E, Giassas S. Cytoreductive
surgery and HIPEC in recurrent epithelial
ovarian cancer: a prospective randomized phase
III study. Ann Surg Oncol. 2015;22(5):1570-5.
Epub 2014 Nov 13. PMID: 25391263.
https://doi.org/10.1245/s10434-014-4157-9
30. Desiderio J, Chao J, Melstrom L, Warner S,
Tozzi F, Fong Yet al. The 30-year experience-A
meta-analysis of randomised and high-quality
non-randomised studies of hyperthermic
intraperitoneal chemotherapy in the treatment
of gastric cancer. Eur J Cancer. 2017;79:1-14.
Epub 2017 Apr 26. PMID: 28456089; PMCID:
PMC5568419.
https://doi.org/10.1016/j.ejca.2017.03.030
31. Cotte E, Passot G, Gilly FN, Glehen O.
Selection of patients and staging of peritoneal
surface malignancies. World J Gastrointest
Oncol. 2010;2(1):31-5. PMID: 21160814;
PMCID: PMC2999158.
https://doi.org/10.4251/wjgo.v2.i1.31
32. Iversen LH, Rasmussen PC, Laurberg S.
Value of laparoscopy before cytoreductive
surgery and hyperthermic intraperitoneal
chemotherapy for peritoneal carcinomatosis.
Br J Surg. 2013;100(2):285-92. Epub 2012 Nov
2. PMID: 23124619.
https://doi.org/10.1002/bjs.8908

107-118

Yiğit MÖ, et al.

Kocaeli Med J. 2022;11(1):107-118

33. Padmanabhan N, Kumar BR, Pookunju
AP, Srinivasan A, Mahajan V. Preliminary
Experience and Morbidity Analysis of
Cytoreductive Surgery with Hyperthermic
Intraperitoneal Chemotherapy (CRS/HIPEC)
from a Tertiary Cancer Center in India. J Clin
Diagn Res. 2015;9(6):XC09-XC13. Epub
2015 Jun 1. PMID: 26266201; PMCID:
PMC4525591.
https://doi.org/10.7860/JCDR/2015/14216.6075

34. Terzi C, Arslan NC, Canda AE. Peritoneal
carcinomatosis of gastrointestinal tumors:
where are we now? World J Gastroenterol.
2014;20(39):14371-80. PMID: 25339824;
PMCID: PMC4202366.
https://doi.org/10.3748/wjg.v20.i39.14371
35. Esquivel J, Elias D, Baratti D, Kusamura
S, Deraco M. Consensus statement on the
loco regional treatment of colorectal cancer
with peritoneal dissemination. J Surg Oncol.
2008;98(4):263-7. PMID: 18726889.
https://doi.org/10.1002/jso.21053
36. Sugarbaker PH. Preoperative Assessment of
Cancer Patients with Peritoneal Metastases
for Complete Cytoreduction. Indian J Surg
Oncol. 2016;7(3):295-302. Epub 2016 Mar
11. PMID: 27651688; PMCID: PMC5016333.
https://doi.org/10.1007/s13193-016-0518-0
37. Koh JL, Yan TD, Glenn D, Morris DL.
Evaluation of preoperative computed
tomography in estimating peritoneal cancer
index in colorectal peritoneal carcinomatosis.
Ann Surg Oncol. 2009;16(2):327-33. Epub
2008 Dec 3. PMID: 19050972.
https://doi.org/10.1245/s10434-008-0234-2
38. Shibutani M, Maeda K, Nagahara H, Noda
E, Ohtani H, Nishiguchi Y, Hirakawa K.
Prognostic significance of the preoperative
serum C-reactive protein level in patients
with stage IV colorectal cancer. Surg Today.
2015;45(3):315-21. Epub 2014 May 10. PMID:
24817059.
https://doi.org/10.1007/s00595-014-0909-1

39. Shrotriya S, Walsh D, Bennani-Baiti N,
Thomas S, Lorton C. C-Reactive Protein
Is an Important Biomarker for Prognosis
Tumor Recurrence and Treatment Response
in Adult Solid Tumors: A Systematic Review.
PLoS One. 2015;10(12):e0143080. PMID:
26717416; PMCID: PMC4705106.
https://doi.org/10.1371/journal.pone.0143080

40. Baba H, Kuwabara K, Ishiguro T, Hatano
S, Matsuzawa T, Fukuchi M et al. C-reactive
protein as a significant prognostic factor for
stage IV gastric cancer patients. Anticancer
Res. 2013;33(12):5591-5. PMID: 24324103.
41. Shimura T, Kitagawa M, Yamada T, Ebi
M, Mizoshita T, Tanida S, Kataoka H et al.
C-reactive protein is a potential prognostic
factor for metastatic gastric cancer. Anticancer
Res. 2012;32(2):491-6. PMID: 22287736.
42. Black, Steven & Kushner, Irving & Samols,
David. (2004). C-reactive Protein. The Journal
of biological chemistry. 279. 48487-90.
https://doi.org/10.1074/jbc.R400025200
43. Emery P, Gabay C, Kraan M, Gomez-Reino
J. Evidence-based review of biologic markers
as indicators of disease progression and
remission in rheumatoid arthritis. Rheumatol
Int. 2007;27(9):793-806. Epub 2007 May 16.
PMID: 17505829.
https://doi.org/10.1007/s00296-007-0357-y
44. Badovinac S, Korsic M, Mursic D, Samarzija
M, Cucevic B, Roglic M, Jakopovic M. Cancerrelated inflammation as predicting tool for
treatment outcome in locally advanced and
metastatic non-small cell lung cancer. J Thorac
Dis. 2016;8(7):1497-503. PMID: 27499936;
PMCID: PMC4958788.
https://doi.org/10.21037/jtd.2016.05.56
45. van de Poll MC, Klaver YL, Lemmens VE,
Leenders BJ, Nienhuijs SW, de Hingh IH.
C-reactive protein concentration is associated
with prognosis in patients suffering from
peritoneal carcinomatosis of colorectal origin.
Int J Colorectal Dis. 2011;26(8):1067-73.
Epub 2011 Apr 8. PMID: 21476028.
https://doi.org/ 10.1007/s00384-011-1187-7

107-118

Yiğit MÖ, et al.

Kocaeli Med J. 2022;11(1):107-118

46. Hall C, Clarke L, Pal A, Buchwald P, Eglinton
T, Wakeman C, Frizelle F. A Review of the
Role of Carcinoembryonic Antigen in Clinical
Practice. Ann Coloproctol. 2019;35(6):294305. Epub 2019 Dec 31. PMID: 31937069;
PMCID: PMC6968721.
https://doi.org/ 10.3393/ac.2019.11.13
47. Polat E, Duman U, Duman M, Derya Peker
K, Akyuz C, Fatih Yasar N et al. Preoperative
serum tumor marker levels in gastric cancer.
Pak J Med Sci. 2014;30(1):145-9. PMID:
24639849; PMCID: PMC3955560.
https://doi.org/10.12669/pjms.301.3968
48. Li Destri G, Rubino AS, Latino R, Giannone
F, Lanteri R, Scilletta B, Di Cataldo A.
Preoperative carcinoembryonic antigen
and prognosis of colorectal cancer. An
independent prognostic factor still reliable. Int
Surg. 2015;100(4):617-25. PMID: 25875542;
PMCID: PMC4400928.
https://doi.org/10.9738/INTSURG-D-14-00100.1

107-118

