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Abstract 

Background  The neutrophil-to-lymphocyte ratio and other inflammatory factors have been used as prognostic indi-
cators in several cancers. This study aims to evaluate the prognostic value of inflammatory factors and tumor markers 
in patients with peritoneal metastasis of colorectal cancer (CRC) after undergoing cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy.

Methods  We collected data from 116 patients who underwent CRS and HIPEC for peritoneal carcinomatosis of colo-
rectal origin between August 2015 and December 2018 at Hubei Cancer Hospital. Kaplan–Meier analysis was used 
to calculate overall survival (OS) and Progression-Free-Survival (PFS). Univariate and multivariate Cox regression analy-
ses were conducted to evaluate the influence of inflammatory factors and tumor markers on OS and PFS.

Results  The median OS was 52.63 months (95% CI 46.02–59.25), and the median PFS was 27.03 months(95% CI 
23.35–30.72). Significant differences in OS and PFS were observed between patients with NLR < 2.33 and those 
with NLR ≥ 2.33(65.38 vs. 44.20, p = 0.005, 35.49 vs. 21.90, p < 0.001). Patients with CA 19–9 > 36.65 also showed 
significantly poorer OS and PFS compared to patients with CA 19–9 ≤ 36.65(34.86 vs. 65.68, p < 0.001, 17.80 vs. 34.00, 
p < 0.001). Multivariate analyses suggested that NLR < 2.33, PCI < 10, and CA 19–9 ≤ 36.65 were independent predictive 
factors for better OS and PFS.

Conclusions  Preoperative NLR and CA 19–9 may serve as prognostic markers in patients with peritoneal metasta-
sis of CRC undergoing CRS and HIPEC. These markers may have potential value as selection tools for determining 
the suitability for CRS + HIPEC in these patients.
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Introduction
The peritoneum is a common site of metastasis in 
patients with colorectal carcinoma (CRC) and appen-
diceal adenocarcinoma (AC). Traditionally, peritoneal 
carcinomatosis (PC) is associated with a relatively poor 
prognosis among all metastatic sites, with a median sur-
vival of less than six months [1]. Metachronous peri-
toneal metastases are observed in 4% to 19% of cases, 
with synchronous disease occurring in 5% to 7% of CRC 
cases [2, 3]. In recent years, with advances in chemother-
apy drugs and biological agents, the median survival of 
patients with PC has improved to 16 months [1]. How-
ever, this outcome is still the worst among all sites of 
metastases.

Cytoreductive surgery (CRS) and hyperthermic intra-
peritoneal chemotherapy (HIPEC) have recently pro-
vided the highest chance of long-term survival for 
carefully selected patients with peritoneal metastatic dis-
ease of appendiceal and colorectal origin, with acceptable 
morbidity and mortality [4, 5]. Numerous studies have 
suggested that CRS and HIPEC can be effective thera-
pies for PC of appendiceal and colorectal origin, result-
ing in a median overall survival of 22–63 months and a 
19% to 51% rate of 5-year survival in selected patients 
[6–11]. Thus, it is necessary to optimize patient selec-
tion for those most likely to benefit from CRS and HIPEC 
treatments.

Previous studies have indicated that many factors 
may affect the prognosis of patients with PC of appen-
diceal and colorectal origin, such as tumor size, grade, 
and lymph node (LN)involvement [12, 13]. The perito-
neal cancer index (PCI) and completeness of cytoreduc-
tion (CC) score have also been shown to be important 
factors for predicting treatment outcomes and disease 
progression for patients with PC of CRC [14, 15]. How-
ever, solely relying on PCI to decide whether to undergo 
CRS ± HIPEC treatment may not be the most accurate 
approach. Therefore, there is a need to explore new prog-
nostic factors that can guide personalized treatment 
decisions, considering the risk–benefit ratio for patients 
with CRC-related PC.

In recent years, an increasing number of studies have 
reported the prognostic significance of inflammatory 
markers such as neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), and monocyte-to-
lymphocyte ratio (MLR) in solid tumors [16–18]. These 
inflammation-related markers are simple yet effec-
tive laboratory parameters that can be easily obtained 
through routine blood tests. This idea has led many 
researchers to explore the most cost-effective prognostic 
biomarkers. While some studies have examined the prog-
nostic value of these inflammatory markers in patients 
with CRC after surgery, few studies have focused on 

metastatic CRC [19, 20]. Notably, previous reports have 
confirmed that the NLR and PLR serve as independent 
prognostic markers for postoperative patients with CRC 
and those with advanced CRC undergoing chemotherapy 
[21]. Regrettably, research on these indicators in perito-
neal metastasis of CRC remains scarce. Inflammatory 
markers were regarded as host-related factors owing to 
their association with delayed wound healing, immune-
related dysfunction, infection, and postoperative compli-
cations, all of which can subsequently affect the survival 
time of patients with cancer. In addition, inflammation 
has been linked to tumorigenesis, with some studies 
identifying the molecular pathways connecting inflam-
mation and tumor development. The PCI is used to 
assess abdominal tumor burden in patients with perito-
neal metastasis. We hypothesize that the inflammatory 
immune status of patients might affect their tumor bur-
den, thereby affecting their prognosis.

To test this hypothesis, we investigated the prognos-
tic impact of inflammatory markers. In addition, we 
attempted to integrate the PCI with an inflammation bio-
marker-based immunoscore to investigate its predictive 
ability for clinical outcomes in patients with PC of CRC.

Materials and methods
Study design and patients
This was a single-center retrospective study. Data 
were prospectively collected from the peritoneal dis-
ease database and analyzed retrospectively. A waiver 
of the Health Insurance Portability and Accountability 
Act was obtained for the study. All methods were per-
formed in accordance with the relevant guidelines and 
regulations. The informed consent of this study has been 
obtained from patients or their legal guardians. Specifi-
cally, we clarify that this study included a patient under 
the age of 16, and we had obtained informed consent 
from the patient’s parents before conducting the retro-
spective analysis. The study cohort comprised patients 
who underwent cytoreductive surgery and HIPEC for 
PC originating from appendiceal cancer and CRC at the 
Department of Gastrointestinal Surgery of Hubei Cancer 
Hospital from August 2015 to December 2018. Inclu-
sion criteria were the following: (1) histopathologic or 
cytologic confirmation of PC; (2) Patients who under-
went CRS + HIPEC; (3) Availability of complete preop-
erative hematological and follow-up data; (4) absence of 
hematogenous metastasis except liver metastasis of less 
than 3 and absence of remote lymph node metastasis. 
Exclusion criteria included: (1) extra-abdominal disease, 
involvement of retroperitoneal lymph nodes,; (2) multi-
ple hepatic metastasis; (3) Patients with other concurrent 
malignancies; (4) Missing follow-up data. Clinical vari-
ables were recorded, including patient age, sex, primary 
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tumor location, histopathological details, tumor differen-
tiation, PCI, CC score, number of HIPEC sessions, and 
number of positive lymph nodes.

The extent of PC was assessed in accordance with the 
PCI, adhering to the established guidelines [22] during 
the surgery. After cytoreduction, the CC score was used, 
with the following classifications: CC-0, no visible resid-
ual disease; CC-1, residual tumor nodules up to 2.5 mm; 
CC-2, residual nodules up to 2.5 cm; and CC-3, residual 
nodules > 2.5 cm [23]. Typically, HIPEC was adminis-
tered 1–3 times. All visible disease was removed through 
resection of affected organs, resection of carcinomatosis 
deposits, fulguration of smaller carcinomatosis nodules, 
and omentectomy to achieve a complete cytoreduction 
score of 0 (CCR0) or 1 (CCR1, all remaining disease is 
less than 2.5 mm in size). The choice of intraperito-
neal chemotherapy involved either a single instance of 

oxaliplatin (400 mg/m2) or multiple administrations of 
oxaliplatin (200 mg/m2), based on the clinician’s prefer-
ence, at 42–43 °C for 90 min. The details of schematic 
of study design are presented in Fig. 1. The survival out-
comes were defined as follows. Overall survival (OS) was 
defined as the duration from the date of the operation to 
the date of death for many cause, whereas PFS was deter-
mined as the time interval from the date of diagnosis to 
the date of clinically proven disease progression.

Data collection
Inflammatory factors and tumor markers before the 
surgery were collected, including neutrophils (N), lym-
phocytes (L), platelets(P), and monocytes (M), as well 
as CEA and CA 19–9. From these data, various ratios 
were calculated, namely the neutrophil-to-lympho-
cyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), 

Fig. 1  Schematic of study design
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monocyte-to-lymphocyte ratio (MLR), and (lymphocyte-
to-monocyte ratio (LMR).

Statistics
Continuous variables were expressed as median and 
range, and categorical variables were summarized as total 
number and percentage relative to the entire group. The 
association between continuous variables and primary 
tumor sidedness was assessed using non-parametric 
tests (Wilcoxon rank–sum), whereas categorical vari-
ables were analyzed using the chi-square or Fisher’s exact 
test, as appropriate. The cut-off value for each indicator 
was determined through ROC curve analysis. OS and 
PFS were estimated using the Kaplan–Meier method 
and compared using the log-rank test. Univariate Cox 
proportional hazards regression was utilized to evaluate 
associations between individual factors and OS. A mul-
tivariate analysis was performed to identify predictors 
of survival by constructing stepwise Cox proportional 
hazard regression models incorporating the variables 
selected based on the results of the univariate analysis. 
P-values less than 0.05 were considered statistically sig-
nificant. Statistical analyses were conducted using R soft-
ware and SPSS software version 24.0 (IBM Corporation, 
Armonk, NY, USA).

Results
Patient characteristics
A total of 116 patients who underwent CRS or HIPEC 
for CRC were enrolled in the study. The patient flow dia-
gram is shown in Fig.  1. Of these patients, 35 (30.17%) 
had primary tumors on the right side, 42 (36.21%) had 
left-sided primary tumors, and 39 (33.62%) had primary 
tumors originating from the appendix. The median age 
was 51 (range, 13–74) years for patients with right-sided 
tumors, 51 (range, 28–80) years for patients with left-
sided tumors, and 54 (range, 33–75) years for patients 
with primary tumors originating from the appendix, with 
no significant differences observed between the groups 
in terms of age. A total of 32 (82.05%) patients with pri-
mary tumors originating from the appendix had muci-
nous adenocarcinoma histology, whereas most of the 
patients with right and left primary tumors were more 
likely to have non-mucinous adenocarcinoma histology. 
This difference was statistically significant (p < 0.05). In 
addition, among patients with primary tumors originat-
ing from the appendix, 21 (53.84%) had poorly differen-
tiated tumors, while more than half of the patients with 
right and left primary tumors had well to moderately dif-
ferentiated tumors. This difference was also statistically 
significant (p < 0.05). The majority (> 50%) of patients 
had synchronous peritoneal metastasis among the three 
groups. CC-0 was achieved in 78.45% of all patients, and 

CC-1 cytoreduction was achieved in 19.83% of patients. 
Only two (1.72%) patients had residual gross disease (CC-
2). With regard to HIPEC, a total of 73 (62.93%) patients 
underwent it once, with only a few undergoing multiple 
HIPEC sessions. The majority (92.24%) of the patients 
did not receive chemotherapy before surgery. A total of 
49 (42.24%) patients underwent more than three rounds 
of postoperative chemotherapy. A total of 14 (12.06%) 
patients developed postoperative severe complications. 
There was one case of postoperative massive hemor-
rhage, one case of septic shock, four cases of enteric fis-
tula, three cases of intra-abdominal infection, two cases 
of urinary leakage, and two cases of wound infection. The 
two patients who suffered from postoperative massive 
hemorrhage and septic shock both died as a result, while 
the remaining patients with complications achieved com-
plete recovery following secondary surgical intervention 
or appropriate symptomatic management. The baseline 
clinical data are shown in Table 1.

ROC curve analysis of inflammatory indices
Optimal cut-off values for NLR, PLR, MLR, CEA, and 
CA 19–9 were determined using an ROC curve analysis 
with the Youden index. The results showed that patients 
with NLR ≥ 2.33, PLR > 156, MLR > 0.38, CEA > 9.5, and 
CA199 > 36.65 were considered high-risk groups based 
on the derived cut-off values (Fig. 2A).

Overall survival
The median OS for all patients was 52.63 months (95% 
CI 46.02–59.25), and the median PFS was 27.03 months 
(95% CI 23.35–30.72). Among all the clinicopathologi-
cal factors analyzed, NLR, MLR, PCI, CA 19–9, and CC 
score were found to have a significant prognostic impact 
on both OS and PFS. Patients with a PCI < 10 showed sig-
nificantly longer median survival compared to patients 
with PCI ≥ 10. In addition, significant differences in both 
OS and PFS were observed between patients with NLR 
< 2.33 and those with NLR ≥ 2.33 (OS: 65.38 vs. 44.20, 
p = 0.005, PFS: 35.49 vs. 21.90, p < 0.001; Fig. 3A and C). 
The median OS for patients with MLR > 0.38 was 41.74 
months and that for patients with MLR ≤ 0.38 was 58.14 
months. There was a statistically significant difference 
in OS between these two groups (p = 0.024), although 
no difference in PFS was observed. Elevated CEA and 
CA 19 9 levels were also linked to a significant impact 
on OS, but CEA levels had no impact on PFS. Patients 
with CEA level > 9.5 had a significantly poorer OS com-
pared to patients with CEA level ≤ 9.5 (43.40 vs 58.56, 
p = 0.031). Patients with CA 19–9 > 36.65 also had sig-
nificantly poorer OS and PFS compared to patients with 
CA 19–9 ≤ 36.65 (OS: 34.86 vs.65.68, p < 0.001, PFS: 
17.80 vs. 34.00, p < 0.001; Fig. 3B and D). Except for the 
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Table 1  Characteristics of patients (n = 116)

Variable N Non-appendix (77) Appendix(39) P-value

Age, years [median (range)] 116 51(13–80) 54(33–75) 0.196

Gender 0.476

  Female sex 62 43 19(48%)

  Male 54 34 20

Histopathology  < 0.001
  Mucinous adenocarcinoma 52 20 32

  Non- mucinous adenocarcinoma 64 57 7

Differentiation 0.002
  Well 49 36 13

  moderate 37 32 5

  poor 30 9 21

Synchronous diagnosis of PC 76 47 29 0.142

Lymph node status 0.004
  N0 60 36 24

  N1 18 15 3

  N2 27 23 4

  Nx 11 3 8

NLR 0.002
  < 2.33 43 25 18

  ≥ 2.33 73 52 21

PLR 0.162

  > 156 76 53 23

  ≤ 156 40 24 16

MLR 0.216

  > 0.38 40 29 11

  ≤ 0.38 76 48 28

CEA 0.135

  > 9.5 50 31 19

  ≤ 9.5 66 46 20

CA 19–9 0.312

  > 36.65 51 30 21

  ≤ 36.65 65 47 18

PCI in surgery 0.232

  < 10 65 46 19

  ≥ 10 51 31 20

CC score 0.873

  0 91 61 30

  ≥ 1 25 16 9

HIPEC times 0.317

  1 73 46 27

  > 1 43 31 12

Preoperative chemotherapy 0.037

  Yes 9 9 0

  No 107 68 39

Post-CRS/HIPEC chemotherapy  < 0.001
  0 35 14 21

  1–3 times 14 11 3

  ≥ 3 56 46 10

  Missing data 11 6 5
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above indicators, the remaining indicators had no impact 
on survival. For patients with primary tumors originat-
ing from the appendix, the median OS was 42.66 months 
(95% CI 33.19–52.14), whereas those with primary 
tumors not originating from the appendix had a median 
OS of 57.17 months (95% CI 48.87–65.49). The difference 
between the groups was not statistically significant (p = 
0.062). Moreover, there were no differences in survival 
based on the presence of mucinous adenocarcinoma and 
non-mucinous adenocarcinoma (57.09 vs. 47.68 months, 
p = 0.225). Patients undergoing CC-0 surgery showed 
better survival compared to those undergoing CC-1 or 
CC-2 procedures (55.83 vs. 34.58 months, p = 0.001). 
Interestingly, no significant difference in survival was 
found between patients undergoing one HIPEC session 
versus multiple sessions (56.00 vs. 45.80, p = 0.214). Fur-
ther details are shown in Table 2.

To further predict the survival of patients with PC of 
CRC undergoing CRS ± HIPEC treatment, all the sig-
nificant independent risk prognostic factors were inte-
grated into anomogram. The nomogram was developed 
based on the current cohort without external validation. 
Its clinical applicability should be interpreted with cau-
tion until further validated in independent populations. 
This nomogram was developed to predict the 2-, 5-, and 
10-year survival probabilities based on a multivariate Cox 
regression model analysis (Fig. 2B).

Univariate and multivariate analysis for OS and PFS by Cox 
regression model
In univariate analyses, age, gender, and PLR did not 
show a significant correlation with OS and PFS. How-
ever, a more favorable trend in terms of OS and PFS was 
observed for patients with primary tumors originat-
ing from the appendix. Factors such as CC0 status, PCI 
< 10, low NLR, low MLR, low CEA, and low CA 19–9 
were associated with improved OS; however, there was 
no observed relationship between MLR, CEA, and PFS 
(Table  3). When significant factors in the univariate 

analysis were included in an adjusted analysis using a 
multivariate Cox regression model, we found that low 
NLR, low CA199 and PCI < 10 were independent factors 
associated with better OS and PFS. (Table 4).

Discussion
PC originating from CRC was once considered a stage IV 
condition with limited survival prospects, often associ-
ated with a very poor prognosis compared to metasta-
ses at other sites. In recent years, CRS with or without 
HIPEC has emerged as a promising approach for achiev-
ing long-term survival among patients with peritoneal 
metastatic disease. Nonetheless, the outcomes of recent 
randomized trials, such as Prodige-7, have failed to dem-
onstrate survival benefits from CRS with or without 
HIPEC [5], necessitating a careful selection of the patient 
population that will benefit from these treatments [24]. 
Identifying prognostic factors is important for refining 
patient selection. For example, primary tumor location 
is now considered a stratification factor for survival [25]. 
In addition, PC arising from appendiceal cancer is known 
to differ from CRC in terms of distinct clinical and bio-
logical behavior [26]. However, there is a controversy in 
the literature regarding the impact of tumor location on 
prognosis.

Both PCI and CC scores have been shown to influ-
ence survival following CRS and HIPEC in multiple 
studies [27, 28]. Among them, PCI is by far the most 
important prognostic factor [28]. Researchers often use 
the PCI score to decide whether CRS and HIPEC are 
appropriate treatment options. However, these scores 
require intraoperative exploration or preoperative imag-
ing examinations, and sometimes, the scores obtained 
through preoperative imaging examinations may not be 
consistent with intraoperative scores, thus negating the 
potential benefits of PCI score as a preoperative basis for 
selecting CRS + HIPEC treatment.

Serological markers possess the advantages of conveni-
ence and cost-effectiveness. However, many uncertainties 

Table 1  (continued)

Variable N Non-appendix (77) Appendix(39) P-value

Complications

  Postoperative massive hemorrhage 1 1 0

  Septic shock 1 1 0

  Intestinal fistula 4 4 0

  Intra-abdominal infection 3 3 0

  Urinary leakage 2 2 0

  Wound infection 3 3 0



Page 7 of 12Nie et al. World Journal of Surgical Oncology          (2025) 23:220 	

persist regarding their use in predicting the prognosis 
of patients with PC of CRC. In this study, we evaluated 
the prognostic impact of serological markers based on 
our center’s experience. Furthermore, we compared the 
impact of serological markers with PCI scores on the 
prognosis of patients with PC of colorectal cancer.

The relationship between inflammation and tumors 
has always been a captivating research area, and previous 

studies have shown that systemic inflammatory response 
plays a crucial role in the development and metasta-
sis of tumors [29]. Owing to the crucial role of neutro-
phils, lymphocytes, monocytes, and platelets in tumor 
induced systemic inflammatory response, these markers 
have the potential to reflect the broader systemic inflam-
matory response in patients with cancer [30]. NLR, PLR, 
and MLR are the most commonly used predictors of all 

Fig. 2  A ROC curves of the probability of neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio, peritoneal cancer index, 
carcinoembryonic antigen, and CA 19–9 on overall survival and progression-free survival; B Nomogram to predict 1-, 3-, and 5-year overall survival 
and using the training set
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systemic inflammatory indicators. These indicators have 
been reported in many tumors, including lung cancer, 
cervical cancer, breast cancer, and CRC [31–34]. Previ-
ous studies have identified correlations between NLR, 
PLR, and factors such as tumor size, staging, and lymph 
node metastasis, establishing their utility for early diag-
nosis and prognosis evaluation of patients with CRC 
[35]. Additionally, MLR levels in postoperative peripheral 
blood have emerged as independent prognostic factors 
in conditions such as colon cancer [36] and other tumor 

types. These indicators reflect the inflammatory response 
during the cancer process and the interaction between 
cancer cells and immune system components [29]. How-
ever, there has been little research on the role of these 
inflammatory factors in patients with peritoneal metas-
tasis of CRC.

For many years, PC was synonymous with an incurable 
disease. However, advances in CRS and HIPEC changed 
the prognosis of PC, with the median survival extending 
from 13 to 63 months [37]. Our study contributes to this 

Fig. 3  Overall survival and progression-free survival stratified by neutrophil-to-lymphocyte ratio (NLR) and CA 19–9 (A) overall survival curve 
stratified by NLR; (B) overall survival curve stratified by CA 19–9; (C) progression-free survival stratified by NLR; and (D) progression-free survival 
stratified by CA 19–9
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improvement by showing a median OS of 52.63 months 
and a median PFS of 27.03 months. Importantly, both the 
PCI score and CC score continue to be prognostic indi-
cators for patients with peritoneal metastasis of CRC, 
which is consistent with previous studies.

In addition to these traditional discoveries, our study 
found that some inflammatory markers and tumor mark-
ers are also associated with the prognosis of patients with 
peritoneal metastatic cancer. Notably, Kaplan–Meier sur-
vival analysis underscored the significance of NLR, PCI, 
and CA 19–9 for both OS and PFS. Meanwhile, MLR 
and CEA only showed an association with OS. However, 
PLR did not show any significant association with sur-
vival. The results of univariate Cox regression analysis 
were consistent with these findings. In the multivariate 
analysis, NLR, PCI, and CA 19–9 emerged as significant 
prognostic markers in terms of both OS and PFS. Simi-
lar observations have been reported by Ihemelandu et al., 
where PLR and CA 19–9 were identified as significant 
prognostic indicators of survival [38]. Rangarajan et  al. 
found that patients with high NLR have poorer survival 
and proposed NLR as a reliable tool for predicting the 
outcomes of CRS and HIPEC for pseudomxyoma peri-
tonei of appendiceal origin [36]. Another study indicated 
that preoperative PLR and CEA are associated with OS 
in patients with PC or CRC undergoing CRS and HIPEC 

[39]. Zager et al. reported that patients with higher NLR 
and lower LMR have worse overall survival after CRS 
+ HIPEC, highlighting the potential of LMR in select-
ing patients who can benefit from this treatment [20]. 
A recent study focusing on patients undergoing CRS for 
CRC peritoneal metastases suggests that a higher NLR 
is associated with poorer OS, whereas a higher PLR pre-
dicts favorable DFS [40].

The exact mechanism by which these inflammatory 
factors exert their predictive effect on the prognosis of 
certain tumors is still unclear. Currently, it is widely rec-
ognized that inflammation plays a crucial role in the for-
mation and development of tumors [41]. Nonetheless, 
there is still disagreement on which inflammatory indica-
tors can provide the most effective prediction for clinical 
practice. Further exploration is needed to determine how 
these biomarkers should be synergistically employed for 
prognostication and to identify their optimal cutoff val-
ues [29].

In addition, this study included traditional predic-
tive factors, revealing that, in multivariate analysis, PCI, 
CA 19–9, and CC0 status were independent prognostic 
factors. However, the prognostic role of CEA appeared 
relatively weak. There have been some reports on the pre-
dictive value of CEA and CA 19–9 in early-stage perito-
neal metastatic cancer. For instance, Aziz et al. found that 

Table 2  Analysis of overall survival in patients by kaplan–Meier method

Variables Median value OS PFS

Median OS
(months)

Log-rank p Median PFS
(months)

Log-rank p

Appendix primary Yes 42.66 0.062 22.43 0.058

No 57.17 29.29

CC score 0 55.83 0.001 29.12 0.023
 ≥ 1 34.58 19.40

Mucinous histology Yes 57.09 0.225 27.58 0.908

No 47.68 26.76

HIPEC times 1 56.00 0.214 28.34 0.482

 > 1 45.80 24.87

PCI  < 10 62.97  < 0.001 33.08  < 0.001
 ≥ 10 38.87 19.85

NLR  < 2.33 65.38 0.005 35.49  < 0.001
 ≥ 2.33 44.20 21.90

PLR  > 156 50.04 0.634 26.10 0.424

 ≤ 156 54.96 28.64

MLR  > 0.38 41.74 0.024 23.11 0.148

 ≤ 0.38 58.144 29.08

CEA  > 9.5 43.40 0.031 23.83 0.154

 ≤ 9.5 58.56 29.2

CA 19–9  > 36.65 34.86  < 0.001 17.80  < 0.001
 ≤ 36.65 65.68 34.00
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CEA < 6 is associated with significantly higher OS and 
DFS in patients with peritoneal metastasis originating 
from the appendix undergoing CRS and HIPEC, whereas 
CA 19–9 < 38 is not associated with OS or DFS [42]. 
Another study reported that CA 19–9 > 500 is associated 
with a poorer OS in patients with peritoneal metastasis 
originating from colonic sites [38]. In our study, patients 
with CA 19–9 > 36.65 had significantly poorer OS and 
PFS. The results of ROC curve analysis showed that the 
PCI continues to be the most robust prognostic indica-
tor. Meanwhile, CA 19–9 is also a valuable prognostic 
factor for both OS and PFS, with NLR showing certain 
advantages in predicting PFS. There are different reports 
on the predictive value of CEA and CA 19–9, along with 

different cut-off values of these biomarkers, which accen-
tuates the need for further clarity. In addition, whether 
patients with appendiceal origin should be studied as a 
separate subgroup warrants further exploration.

This study has several limitations that should be 
acknowledged. Firstly, this was a retrospective single-
center study with a small sample size, which may have 
resulted in insufficient statistical power. Secondly, 
some patients underwent chemotherapy or targeted 
drug therapy in other centers after undergoing CRS 
+ HIPEC, and we do not have complete data in this 
regard. Thirdly, owing to the small sample size, this 
study did not separate patients based on whether the 
peritoneal metastasis originated from the appendix or 

Table 3  Univariate Cox-regression analysis for OS and PFS of PCI and serological biomarkers for all the patients

Variables OS PFS

N HR(95%CI) HR P value HR(95%CI) HR P-value

Appendix primary 0.067 0.066

  Yes 39 1 1

  No 77 1.559 0.970–2.506 1.489 0.974–2.275

PCI  < 0.001  < 0.001
  < 10 65 1 1
  ≥ 10 51 1.425–3.677 2.829 1.533–3.577 2.335

NLR 0.007
  < 2.33 43 1 1  < 0.001
  ≥ 2.33 73 1.224–3.508 2.072 1.465–3.617 2.302

MLR 0.027 0.165

  > 0.38 40 1 1

  ≤ 0.38 76 1.063–2.729 1.703 0.885–2.046 1.346

CEA 0.035 0.169

  > 9.5 50 1.037–2.640 1.654 0.885–2.009 1.334

  ≤ 9.5 66 1 1

CA 19–9  < 0.001  < 0.001
  > 36.65 51 1.891–4.697 2.900 1.743–4.153 2.690

  ≤ 36.65 65 1

CC score 0.002 0.031
  0 71 1 1

  ≥ 1 45 1.332–3.663 2.209 1.049–2.676 1.675

Table 4  Multivariate analysis of factors associated with OS by COX model

Variables 0S PFS

HR 95%CI p-value HR 95%CI p-value

NLR < 2.33 0.578 0.338–0.987 0.045 0.445 0.685–1.765 0.002
MLR ≤ 0.38 1.058 0.615–1.818 0.839 1.430 0.890–2.298 0.139

CEA ≤ 9.5 0.996 0.583–1.703 0.989 1.099 0.685–1.765 0.695

CA 19–9 ≤ 36.65 0.345 0.213–0.558 0.005 0.489 0.293–0.816 0.006
PCI ≥ 10 1.633 0.980–2.723 0.006 1.922 1.211–3.051 0.006
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non-appendix sources for analysis. Tumors of appen-
diceal origin and non-appendiceal origin exhibit differ-
ences in prognosis. However, due to the limited sample 
size in this study, we were unable to perform separate 
analyses for these two groups, which may introduce 
potential bias to the conclusions. We are continuing to 
collect cases of peritoneal metastatic carcinomas and 
plan to conduct subgroup analyses based on tumor ori-
gin in future studies. Fourth, although all procedures 
were performed by the same specialized surgical team 
to minimize variability, differences in individual patient 
conditions (e.g., disease burden) may still influence out-
comes. In summary, our research findings underscore 
the independent prognostic significance of NLR, PCI, 
and CA 19–9 in patients undergoing CRS + HIPEC for 
peritoneal metastasis of CRC. However, these findings 
should be further validated through large multicenter 
studies to strengthen their clinical implications.

Conclusions
In conclusion, identifying patients with PC originat-
ing from CRC who will benefit from CRS and HIPEC, 
as well as those who may require additional treat-
ments, is essential for the management of this disease. 
Our study found that NLR and CA 19–9 could poten-
tially be valuable prognostic markers in patients with 
peritoneal metastasis of CRC undergoing CRS and 
HIPEC, though their utility needs to be further veri-
fied in larger prospective cohort studies. The potential 
integration of these two markers with other traditional 
indicators might enhance the screening of patients 
who could optimally benefit from CRS and HIPEC 
treatment. These findings provide a theoretical basis 
for more individualized treatment and patient screen-
ing, offering a promising avenue for improved clinical 
decision-making.

Acknowledgements
Not applicable.

Disclosure statement
We declare that this paper is being submitted for consideration for publica-
tion. The contents in this manuscript have not been published or submitted 
for publication elsewhere.

Statements and declarations
The authors declare that there are no financial interests that are directly or 
indirectly related to the work submitted for publication.

Authors’ contributions
Y.N. and S.Y. conceived and designed the study. S.L. and H.Y. collected the 
patient data, Y.N., F. G. and X. J. analyzed the data, Y. N. wrote the paper, S.Y. 
reviewed and edited the manuscript. All authors read and approved the final 
manuscript.

Funding
This work was supported by funding from the Natural Science Foundation of 
Hubei Province (grant no. 2020 CFB873). The funding is owned by Yanli Nie.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study has been approved by the ethics committee of Hubei cancer 
hospital.

Consent for publication
The informed consent of this study has been obtained from patients.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Gastrointestinal Medical Oncology, Hubei Cancer Hospital, 
Tongji Medical College, Huazhong University of Science and Technology, 
Wuhan 430079, China. 2 Department of Gastrointestinal Surgical Oncology, 
Hubei Cancer Hospital, Tongji Medical College, Huazhong University of Sci-
ence and Technology, Wuhan 430079, China. 3 Hubei University of Science 
and Technology, Wuhan 430079, China. 4 Department of Pathology, Hubei Can-
cer Hospital, Tongji Medical College, Huazhong University of Science and Tech-
nology, Wuhan 430079, China. 5 Department of Clinical Nutrition, Hubei 
Cancer Hospital, Tongji Medical College, Huazhong University of Science 
and Technology, Wuhan 430079, China. 6 Hubei Provincial Clinical Research 
Center for Colorectal Cancer, Wuhan, China. 7 Wuhan Clinical Research Center 
for Colorectal Cancer, Wuhan, China. 

Received: 3 May 2025   Accepted: 27 May 2025

References
	1.	 Franko J, Shi Q, Meyers JP, Maughan TS, Adams RA, Seymour MT, Saltz L, 

Punt CJA, Koopman M, Tournigand C, et al. Prognosis of patients with 
peritoneal metastatic colorectal cancer given systemic therapy: an analy-
sis of individual patient data from prospective randomised trials from 
the Analysis and Research in Cancers of the Digestive system (ARCAD) 
database. Lancet Oncol. 2016;17(12):1709–19.

	2.	 Klaver CE, Groenen H, Morton DG, Laurberg S, Bemelman WA, Tanis PJ, 
research committee of the European Society of C. Recommendations 
and consensus on the treatment of peritoneal metastases of colorectal 
origin: a systematic review of national and international guidelines. 
Colorectal Dis. 2017;19(3):224–36.

	3.	 Elferink MA, de Jong KP, Klaase JM, Siemerink EJ, de Wilt JH. Metachro-
nous metastases from colorectal cancer: a population-based study in 
North-East Netherlands. Int J Colorectal Dis. 2015;30(2):205–12.

	4.	 Cashin PH, Mahteme H, Spang N, Syk I, Frodin JE, Torkzad M, Glimelius 
B, Graf W. Cytoreductive surgery and intraperitoneal chemotherapy 
versus systemic chemotherapy for colorectal peritoneal metastases: a 
randomised trial. Eur J Cancer. 2016;53:155–62.

	5.	 Quenet F, Elias D, Roca L, Goere D, Ghouti L, Pocard M, Facy O, Arvieux 
C, Lorimier G, Pezet D, et al. Cytoreductive surgery plus hyperthermic 
intraperitoneal chemotherapy versus cytoreductive surgery alone for 
colorectal peritoneal metastases (PRODIGE 7): a multicentre, randomised, 
open-label, phase 3 trial. Lancet Oncol. 2021;22(2):256–66.

	6.	 Narasimhan V, Britto M, Pham T, Warrier S, Naik A, Lynch AC, Michael M, Tie 
J, Ramsay R, Heriot A. Evolution of cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy for colorectal peritoneal metastases: 8-year 
single-institutional experience. Dis Colon Rectum.  2019;62(10):1195–1203.

	7.	 Franko J, Shi Q, Goldman CD, Pockaj BA, Nelson GD, Goldberg RM, Pitot 
HC, Grothey A, Alberts SR, Sargent DJ. 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.

	8.	 Ihemelandu C, Sugarbaker PH. Management for peritoneal metasta-
sis of colonic origin: role of cytoreductive surgery and perioperative 



Page 12 of 12Nie et al. World Journal of Surgical Oncology          (2025) 23:220 

intraperitoneal chemotherapy: a single institution’s experience during 
two decades. Ann Surg Oncol. 2017;24(4):898–905.

	9.	 Alzahrani N, Ferguson JS, Valle SJ, Liauw W, Chua T, Morris DL. Cytoreduc-
tive surgery and hyperthermic intraperitoneal chemotherapy: long-term 
results at St George Hospital, Australia. ANZ J Surg. 2016;86(11):937–41.

	10.	 Esquivel J. Cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy for colorectal cancer: survival outcomes and patient 
selection. J Gastrointest Oncol. 2016;7(1):72–8.

	11.	 Parikh MS, Johnson P, Romanes JP, Freitag HE, Spring ME, Garcia-Henriquez 
N, Monson JRT. Cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy for colorectal peritoneal metastases: a systematic review. Dis 
Colon Rectum. 2022;65(1):16–26.

	12.	 Solomon D, Leigh N, Bekhor E, Feferman Y, Dhorajiya P, Feingold D, Hofstedt 
M, Aycart SN, Golas BJ, Sarpel U, et al. The role of molecular biomarkers in 
outcomes and patient selection for cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy for peritoneal metastases of colorectal 
origin. Surgeon. 2021;19(6):e379–85.

	13.	 Baumgartner JM, Tobin L, Heavey SF, Kelly KJ, Roeland EJ, Lowy AM. Predic-
tors of progression in high-grade appendiceal or colorectal peritoneal 
carcinomatosis after cytoreductive surgery and hyperthermic intraperito-
neal chemotherapy. Ann Surg Oncol. 2015;22(5):1716–21.

	14.	 Ng JL, Ong WS, Chia CS, Tan GH, Soo KC, Teo MC. Prognostic relevance of 
the peritoneal surface disease severity score compared to the peritoneal 
cancer index for colorectal peritoneal carcinomatosis. Int J Surg Oncol. 
2016;2016:2495131.

	15.	 Solaini L, D’Acapito F, Passardi A, Framarini M, Tauceri F, Di Pietrantonio D, 
Frassineti GL, Casadei Gardini A, Cucchetti A, Cavaliere D, et al. Cytoreduc-
tion plus hyperthermic intraperitoneal chemotherapy for peritoneal 
carcinomatosis in colorectal cancer patients: a single-center cohort study. 
World J Surg Oncology. 2019;17(1):58.

	16.	 Grenader T, Waddell T, Peckitt C, Oates J, Starling N, Cunningham D, Bridgewater 
J. Prognostic value of neutrophil-to-lymphocyte ratio in advanced oesophago-
gastric cancer: exploratory analysis of the REAL-2 trial. Annals of oncology : offi-
cial journal of the European Society for Medical Oncology. 2016;27(4):687–92.

	17.	 Sung M, Jang WS, Kim HR, Park JA, Lim SM, Kim HR, Cho BC, Park YR, 
Hong MH. Prognostic value of baseline and early treatment response of 
neutrophil-lymphocyte ratio, C-reactive protein, and lactate dehydrogenase 
in non-small cell lung cancer patients undergoing immunotherapy. Transla-
tional lung cancer research. 2023;12(7):1506–16.

	18.	 Dell’Aquila E, Cremolini C, Zeppola T, Lonardi S, Bergamo F, Masi G, Stellato 
M, Marmorino F, Schirripa M, Urbano F, et al. Prognostic and predictive role 
of neutrophil/lymphocytes ratio in metastatic colorectal cancer: a retro-
spective analysis of the TRIBE study by GONO. Annals of oncology : official 
journal of the European Society for Medical Oncology. 2018;29(4):924–30.

	19.	 Yan Q, Ertao Z, Zhimei Z, Weigang D, Jianjun P, Jianhui C, Chuangqi C. Sys-
temic immune-inflammation index (SII): a more promising inflammation-
based prognostic marker for patients with synchronic colorectal peritoneal 
carcinomatosis. J Cancer. 2020;11(18):5264–72.

	20.	 Zager Y, Hoffman A, Dreznik Y, Jacoby H, Cordoba M, Horesh N, Nevler A, Gut-
man M, Berger Y. Cytoreductive surgery plus hyperthermic intraperitoneal 
chemotherapy in patients with peritoneal carcinomatosis from colorectal 
cancer: the prognostic impact of baseline neutrophil-lymphocyte, platelet-
lymphocyte and lymphocyte-monocyte ratios. Surg Oncol. 2020;35:321–7.

	21.	 Chan JC, Chan DL, Diakos CI, Engel A, Pavlakis N, Gill A, Clarke SJ. The 
lymphocyte-to-monocyte ratio is a superior predictor of overall survival in 
comparison to established biomarkers of resectable colorectal cancer. Ann 
Surg. 2017;265(3):539–46.

	22.	 Portilla AG, Shigeki K, Dario B, Marcello D. The intraoperative staging systems in the 
management of peritoneal surface malignancy. J Surg Oncol. 2008;98(4):228–31.

	23.	 Glehen O, Mohamed F, Gilly FN. Peritoneal carcinomatosis from digestive 
tract cancer: new management by cytoreductive surgery and intraperito-
neal chemohyperthermia. Lancet Oncol. 2004;5(4):219–28.

	24.	 Jastrzebski T, Goscinski M. HIPEC in complementary treatment to cytoreduc-
tive procedures: an unexplained issue after the PRODIGE 7 trial. Ann Surg 
Oncol. 2021;28(Suppl 3):803–5.

	25.	 Kelly KJ, Alsayadnasser M, Vaida F, Veerapong J, Baumgartner JM, Patel S, 
Ahmad S, Barone R, Lowy AM. Does primary tumor side matter in patients 
with metastatic colon cancer treated with cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy? Ann Surg Oncol. 2019;26(5):1421–7.

	26.	 Munoz-Zuluaga C, King MC, Sardi A, Ledakis P, Sittig M, Nieroda C, MacDon-
ald R, Gushchin V. Selection and characteristics of patients with peritoneal 

dissemination from appendiceal cancer with exceptional/poor survival after 
CRS/HIPEC. Ann Surg Oncol. 2019;26(7):2268–75.

	27.	 Froysnes IS, Larsen SG, Spasojevic M, Dueland S, Flatmark K. Complete 
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for 
colorectal peritoneal metastasis in Norway: prognostic factors and onco-
logic outcome in a national patient cohort. J Surg Oncol. 2016;114(2):222–7.

	28.	 Faron M, Macovei R, Goere D, Honore C, Benhaim L, Elias D. Linear relation-
ship of peritoneal cancer index and survival in patients with peritoneal 
metastases from colorectal cancer. Ann Surg Oncol. 2016;23(1):114–9.

	29.	 Misiewicz A, Dymicka-Piekarska V. Fashionable, but what is their real clinical 
usefulness? NLR, LMR, and PLR as a promising indicator in colorectal cancer 
prognosis: a systematic review. J Inflamm Res. 2023;16:69–81.

	30.	 Zhang LX, Wei ZJ, Xu AM, Zang JH. Can the neutrophil-lymphocyte ratio and 
platelet-lymphocyte ratio be beneficial in predicting lymph node metastasis 
and promising prognostic markers of gastric cancer patients? Tumor maker 
retrospective study. Int J Surg. 2018;56:320–7.

	31.	 Shi Z, Zheng D, Tang X, Du Y. Correlation of immune inflammatory indices 
and nutritional risk index with prognosis in patients with non-small cell lung 
cancer. American journal of translational research. 2023;15(6):4100–9.

	32.	 Sim JH, Lee JS, Jang DM, Kim HJ, Lee SW, Cho HS, Choi WJ. Effects of periop-
erative inflammatory response in cervical cancer: laparoscopic versus open 
surgery. Journal of clinical medicine. 2021;10(18):4198.

	33.	 Rottier P, Emile G, Johnson A, Levy C, Allouache D, Hrab I, Segura C, Morel A, 
Villemin M, Dubot-Poitelon C, et al. Pretreatment neutrophil to lymphocyte 
ratio as prognostic factor in metastatic breast cancer treated with cyclin 
dependent kinase 4/6 inhibitors. Front Oncol. 2022;12:1105587.

	34.	 Chen Q, Li GL, Zhu HQ, Yu JD, Chen ZP, Wu JY, Lin ZY, Wan YL. The neutrophil-
to-lymphocyte ratio and lactate dehydrogenase combined in predicting liver 
metastasis and prognosis of colorectal cancer. Front Med. 2023;10: 1205897.

	35.	 Li X, Guo D, Chu L, Huang Y, Zhang F, Li W, Chen J. Potential diagnostic value 
of combining inflammatory cell ratios with carcinoembryonic antigen for 
colorectal cancer. Cancer management and research. 2019;11:9631–40.

	36.	 Rangarajan K, Chandrakumaran K, Dayal S, Mohamed F, Moran BJ, Cecil 
TD. The pre-operative neutrophil-lymphocyte ratio predicts overall and 
disease-free survival following cytoreductive surgery (CRS) and hyperther-
mic intraperitoneal chemotherapy (HIPEC) in patients with pseudomxyoma 
peritonei of appendiceal origin. International journal of hyperthermia : 
the official journal of European Society for Hyperthermic Oncology, North 
American Hyperthermia Group. 2018;34(5):559–63.

	37.	 Yang SY, Kang JH, Kim HS, Han YD, Min BS, Lee KY. Status of cytoreductive 
surgery and hyperthermic intraperitoneal chemotherapy in patients with 
peritoneal carcinomatosis from colorectal cancer. Journal of gastrointestinal 
oncology. 2019;10(6):1251–65.

	38.	 Ihemelandu C. Inflammation-based prognostic scores: utility in prognostica-
tion and patient selection for cytoreduction and perioperative intraperito-
neal chemotherapy in patients with peritoneal metastasis of colonic origin. 
Ann Surg Oncol. 2017;24(4):884–9.

	39.	 Bong TSH, Tan GHC, Chia C, Soo KC, Teo MCC. Preoperative platelet-lympho-
cyte ratio is an independent prognostic marker and superior to carcinoem-
bryonic antigen in colorectal peritoneal carcinomatosis patients undergo-
ing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. 
Int J Clin Oncol. 2017;22(3):511–8.

	40.	 El Asmar A, Delcourt M, Kamden L, Khaled C, Bohlok A, Moreau M, Sclafani 
F, Donckier V, Liberale G. Prognostic value of preoperative serological 
biomarkers in patients undergoing curative-intent cytoreductive surgery for 
colorectal cancer peritoneal metastases. Ann Surg Oncol. 2023;30(3):1863–9.

	41.	 Zhang Z, Li X, Wang Y, Wei Y, Wei X. Involvement of inflammasomes in tumor 
microenvironment and tumor therapies. J Hematol Oncol. 2023;16(1):24.

	42.	 Aziz O, Jaradat I, Chakrabarty B, Selvasekar CR, Fulford PE, Saunders MP, 
Renehan AG, Wilson MS, O’Dwyer ST. Predicting survival after cytoreduc-
tive surgery and hyperthermic intraperitoneal chemotherapy for appendix 
adenocarcinoma. Dis Colon Rectum. 2018;61(7):795–802.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Prognostic value of neutrophil-to-lymphocyte ratio and CA 19–9 in overall survival of patients with peritoneal carcinomatosis of colorectal cancer undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and patients
	Data collection
	Statistics

	Results
	Patient characteristics
	ROC curve analysis of inflammatory indices
	Overall survival
	Univariate and multivariate analysis for OS and PFS by Cox regression model

	Discussion
	Conclusions
	Acknowledgements
	References


