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Purpose

Synchronous peritoneal metastasis (S-PM) is considered a poor prognostic factor for colorectal cancer (CRC) and there is no nomogram to predict the survival of these patients. In this study, we aimed to use a multicenter data to identify the factors associated with S-PM of CRC to construct a nomogram for predicting the overall survival (OS) of these patients.



Methods

CRC patients with S-PM from two medical centers were enrolled between September 2007 and June 2017. Multivariate analysis was used to identify independent factors associated with OS for the nomogram to predict the 1-, 2-, and 3-year OS rates in the development group. The concordance index (C-index), calibration plot, relative operating characteristic (ROC) curve with area under the curve (AUC) were calculated to evaluate the performance of the nomogram in both the development and an external validation group.



Results

277 CRC patients with S-PM in the development group and 68 patients in the validation group were eligible for this study. In multivariate analysis of development group, age, carbohydrate antigen 19-9 (CA19-9), carbohydrate antigen 125 (CA125), cytoreductive surgery (CRS), hyperthermic intraperitoneal chemotherapy (HIPEC), and chemotherapy were independent variables for OS, based on which the nomogram was built. The C-index of the nomogram in the development and validation group was 0.701 (95% Cl, 0.666–0.736) and 0.716 (95% Cl, 0.622–0.810); demonstrating good discriminative ability. The calibration plots showed satisfactory consistency between actual observation and nomogram-predicted OS probabilities in the development and external validation group. The nomogram showed good predictive accuracy for 1-, 2-, and 3-year OS rates in both groups with AUC >0.70. An online dynamic webserver was also developed for increasing the ease of the nomogram.



Conclusions

We developed and validated a predictive nomogram with good discriminative and high accuracy to predict the OS in CRC patients with S-PM.
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Introduction

Colorectal cancer (CRC) is the third most common malignant tumor worldwide, with 1.8 million cases and 881,000 deaths registered globally, in 2018 (1). It is ranked third in morbidity and fifth in mortality in China (2, 3). Currently, radical resection combined with neo-/adjuvant chemotherapy, radiotherapy, or targeted therapy has been shown to be associated with a promising 5-year OS rate of >70% in non-metastatic CRC, and >90% for early CRC (4).

The peritoneum is the third most frequent site for metastasis in CRC, secondary to the liver and lung (5, 6). In regard to synchronous metastatic CRC, the peritoneum is the second most common metastatic site, secondary to the liver (7). Peritoneal metastasis (PM) is associated with poorer progression-free survival and OS, as compared to other CRC metastatic sites (8–10). In the 8th edition of the American Joint Committee on Cancer (AJCC) TNM Classification for CRC, patients with PM are separately classified into an M1c group since they were found to have the worst prognosis compared to patients in the M1a (metastases to one organ) and M1b (metastases to more than one organ) groups (11, 12). At initial diagnosis, 1–13% of CRC patients often present with synchronous peritoneal metastasis (S-PM) (12–14). The prognosis of S-PM has been found to be poorer than metachronous PM (15–17). Once S-PM develops, without active treatment, the patients’ median OS can range between 4 and 7 months (18–21).

According to the Japanese Society for Cancer of the Colon and Rectum (JSCCR) (22) and the National Comprehensive Cancer Network (NCCN) guidelines (23) for the treatment of CRC patients with PM, if complete cytoreduction can be achieved, resection of the isolated peritoneal lesion could be recommended but is advisable to be performed in an experienced cancer center. For incomplete cytoreductive surgery (CRS), the combination of HIPEC with systematic chemotherapy could improve the patient’s survival (24, 25).

Clinically, clinicians need to comprehensively evaluate the imaging findings of PM, tumor marker levels, surgical skill level, development of treatment platform, patient’s symptoms, nutrition condition, patient’s willingness and financial situation, and multiple disciplinary team (MDT) advices, then decide whether to recommend CRS, HIPEC, or palliative chemotherapy. As there is no standard tools to weigh the benefits of these factors for an individualized treatment approach, oncologists can only rely on their clinical experience and judgment; possibly leading to a certain level of bias in selecting treatment methods. Thus, in this study, we aimed to develop and validate a nomogram able to predict the survival of S-PM CRC patients as a tool to help oncologists to make better treatment selection decisions.



Materials and Methods


Patients and Study Criteria

S-PM was defined as PM which was concurrently identified at the time of initial primary CRC diagnosis (23). The inclusion criteria for patient selection were: (1) a pathological diagnosis of CRC with S-PM between September 2007 and June 2017; (2) no history of other primary malignant tumors; (3) had complete clinical and follow-up data. Patients were excluded if the clinicopathological information was incomplete or died from other diseases. Clinicopathological parameters included sex, age, body mass index (BMI), carcinoembryonic antigen (CEA), CA19-9, CA125, computed tomography (CT) findings of PM, other organ-invasion, other metastasis, tumor location, digestive obstruction, fistulation or bypass, CRS, HIPEC, chemotherapy, and differentiation grade. The patients were classified in a development group, comprising of patients from The Sixth Affiliated Hospital of Sun Yat-sen University (Guangzhou, China), and a validation group, which comprised of patients from the Guangdong Provincial People’s Hospital (Guangzhou, China).



Treatment Approaches: CRS, HIPEC, and Chemotherapy

In case that the tumor burden was deemed resectable or caused severe perforation, bleeding or obstruction, CRS was performed using primary tumor removal, invaded-organ resection, and/or peritonectomy techniques. The degree of CRS was evaluated by the completeness of cytoreduction score (CCR score) after surgery. CCR0 was assigned for no remaining visible cancer lesion after the CRS. CCR1, 2, and 3 were assigned if the remaining lesions were less than 2.5 mm, 2.5 to 2.5 cm, and greater than 2.5 cm, respectively.

HIPEC was conducted using the closed abdomen technique after surgery. Briefly, four tubes (two for the inflow of chemotherapy reagents and saline solution at 42 °C and two for outflow liquid) were inserted into the abdomen. Several HIPEC chemotherapy regimens (i.e. 5-fluorouracil, Cisplatin, 5-fluorouracil plus Cisplatin, Paclitaxel, Oxaliplatin, 5-fluorouracil plus Lobaplatin) were used. The duration of each HIPEC treatment was at least 1 h. In addition, all cases underwent at least two courses of HIPEC during the first 24–72 h after CRS.

Chemotherapy included perioperative chemotherapy (neo- and adjuvant chemotherapy) or palliative chemotherapy. In some cases, targeted therapy was added. The chemotherapy regimens were 5-fluorouracil based chemotherapy (i.e. FOLFOX, FOLFIRI, or XELOX). Targeted therapy contained Cetuximab or Bevacizumab. All patients with chemotherapy received at least four courses of continuous therapy.



Follow-Up, Univariate and Multivariate Analysis

The last follow-up time of all the patients was on May 2019 or the date of registered death prior to May 2019. The endpoint of this study was OS, calculated from the date of initial biopsy diagnosis to death. Survival curves were drawn using the Kaplan–Meier plots. Univariate analyses were conducted to identify prognostic factors associated with OS in the development group. Factors with a P <0.05 in the univariate analysis were selected for multivariate Cox regression analysis.



Development and Validation of the Nomogram

Independent variables from multivariate analyses with a P <0.05 were used to develop a nomogram able to predict the 1-, 2-and 3-year OS rate of CRC patients with S-PM. To decrease the risk of bias, an internal validation using the development group and an external validation using the validation group were performed. The interpretation of the probability of C-index between predicted and actual outcome was used to evaluate the predictive ability and discriminative ability of the nomogram model of the development and validation groups. The value of the C-index should be 0.5–1.0. 0.5 of C-index to indicate random chance, and 1.0 indicated a perfect discriminative ability. The fitting degree of the nomogram was assessed in the development and validation groups using calibration plots. The Relative Operating Characteristic (ROC) curve with the area under the curve (AUC) was used to evaluate the discriminative and predictive ability in both groups. A user-friendly webserver was then built based on the validated nomogram to facilitate the use of the nomogram.



Statistical Analysis

Statistical analyses were performed using the R (www.R-project.org, version 3.6.3), SPSS (version 22.0 for Windows; SPSS, Chicago, IL, USA), and GraphPad Prism (version 8.2.1) software. The R statistical packages “rms”, “survival”, “foreign”, “survivalROC”, “DynNom”, “shiny”, and “rsconnect” were used to calculate the C-index, plot the calibration and ROC curve, construct the nomogram and build the webserver. Chi-squared test, Kaplan–Meier plot, univariate, and multivariate Cox regression analysis were calculated by using SPSS software. The Forest plot was drawn by GraphPad Prism software. A p value <0.05 was considered statistically significant.




Results


Patients and OS

A total of 345 patients, 277 patients from the development group and 68 from the validation group, with pathologically diagnosed CRC with S-PM were included in the study (Figure 1). The clinicopathological factors and the therapeutic details of the patients are shown in Table 1 and Table S1. Among the 277 patients from the development group, 198 patients (71.5%) received CRS. Of them, 54 (19.5%) patients were classified as CCR0-1 and 144 (52.0%) as CCR2-3. Further, 61 patients (22.0%) received HIPEC and 149 patients (53.8%) received chemotherapy.




Figure 1 | Flow chart of patient selection in two medical centers.




Table 1 | A part of characteristics of CRC patients with S-PM in the development and validation groups.



In the validation group, 48 patients (70.6%) received CRS, of whom 12 (17.6%) and 36 (53.0%) patients were classified as CCR0-1 and CCR2-3, respectively. Also, 38 patients (55.9%) received HIPEC and 49 patients (72.1%) received chemotherapy.

Significant differences in terms of CT findings (p = 0.001), other organ-invasion (p <0.001), digestive obstruction (p <0.001), HIPEC (p = 0.001) and chemotherapy (p = 0.006) were observed between the development and validation groups (Table 1 and Table S1). The mean OS for all patients was 16 (1–119) months and the 1-, 2-, and 3-year OS rates were 59.8, 37.7, and 27.0%, respectively. In the development group, the 1-, 2-, and 3-year OS rates were 54.9, 33.2, and 23.1%, respectively, and in the validation group, they were 66.7, 44.5, and 33.3%, respectively.



Univariate and Multivariate Cox Regression Analyses in the Development Group

For the development group, univariate analyses identified age ≤65 years (p <0.001), CA19-9 ≤37 u/ml (p <0.001), CA125 ≤35 U/ml (p <0.001), absence of fistulation or bypass (p <0.001), absence of distant metastasis (p = 0.015), CRS (p <0.001), HIPEC (p = 0.001) and chemotherapy (p = 0.004) as factors that were associated with better prognosis in CRC patients with S-PM (Table 2). Of them, age, CA19-9, CA125, CRS, HIPEC, and chemotherapy were found to be independent prognostic factors for OS in multivariate analyses (Table 2) and were therefore used for building the nomogram.


Table 2 | Univariate and multivariate analyses of the 277 CRC patients with S-PM in the development group.





Construction and Validation of the Nomogram

The forest plot and survival curves of six independent factors were shown in Figure S1. The 1-, 2-, 3-year survival-predicting nomograms in the development group were presented in Figure 2.




Figure 2 | Nomogram for predicting the OS of CRC patients with S-PM. The C-index of this nomogram is 0.701 (95% Cl, 0.666–0.736).



As shown in Figure 3A, in the internal validation cohort (development group), the C-index for the nomogram to predict the OS of CRC patients with S-PM was 0.701 (95% Cl, 0.666–0.736). For the calibration plot, the dotted line represents the predicted values of the nomogram, while the colorful line represents the actual values of the 1-, 2-, and 3-year OS rates. The less discrepant they are, the more precise the predictive capability of the nomogram was. In the external validation cohort (validation group), the C-index was 0.716 (95% Cl, 0.622–0.810). This was higher than the development group, which indicated the nomogram model obtained an ideal predictive accuracy. The external calibration plot for the nomogram showed good agreement between the predicted and actual survival rates (Figure 3B).




Figure 3 | Internal calibration curve to validate nomogram model for 1-, 2-, and 3-year survival and its C-index was 0.701 (95% Cl, 0.666–0.736) (A). External calibration curve to validate nomogram model for 1-, 2-, and 3-year survival and its C-index was 0.716 (95% Cl, 0.622–0.810) (B). ROC curve of 1-, 2-, and 3-year survival prediction in the development group (C). ROC curve of 1-, 2-, and 3-year survival prediction in the validation group (D).



For the internal calibration, the colorful lines fluctuated above and below the dotted line, to identify a reliable predictive capability of the nomogram. The AUC of 1-, 2-, and 3-year OS predictions of the development group were 0.793, 0.775, and 0.766, respectively. These results indicated favorable discrimination of this proposed nomogram (Figure 3C). The AUC of 1-, 2-, and 3-year survival predictions of the validation group were 0.754, 0.765, and 0.714 (Figure 3D). Favorable discrimination was shown and the results were very close to that of the development group.



Implementation of the Webserver

An online dynamic platform (https://younghone.shinyapps.io/NomogramCRCSPM/) was developed to increase the applicability of the proposed nomogram (Figure 4). It can assist researchers and clinicians to more easily obtain the survival probability of their patients by inputting their corresponding clinical factors, after which the webserver will generate the output read in the forms of figures and tables.




Figure 4 | Webserver display of the online dynamic nomogram.






Discussion

In this study, the incidence of CRC with S-PM was found to be 4.1% (277/6,756) in the development group and 2.7% in the validation group; within the range of 1–13% in previous studies (14, 19, 26). The primary tumor was mainly located in the right side of the colon (44.3%, 153/345). Left-sided (34.2%, 118/345) and rectal tumors accounted for only 21.4% (74/345), which was similar to some previous studies (13, 19, 27). The rate of S-PM with distant metastases (liver or lung are the most common site) was 36.2–74.1% in previous studies (11, 13, 26, 27), while it was 35.9% (124/345) in our study. The diagnosis of CRC with S-PM was often made at an advanced stage due to the lack of specific symptoms of peritoneal involvement and the low sensitivity of current imaging techniques in detecting PM (14, 27). In this study, only 41.4% (143/345) could be diagnosed by contrast-enhanced CT scans, so the diagnostic technology still needs to be improved.

Laparoscopic exploration or laparotomy is considered the gold standard for the diagnosis of PM (28). In this study, there were significant differences in imaging diagnosis, other organ-invasion, digestive obstruction, HIPEC, and chemotherapy between the development group and the validation group (p <0.05). This might be related to the degree of peritoneal invasion, the local invasion of the primary tumor, the differences in diagnostic criteria, therapeutic level, and the treatment concept of the MDT in different medical centers (14, 17). The 1-, 2-, and 3-year OS rates were different in the two groups, possibly due to more cases in the validation group who underwent HIPEC and chemotherapy, as HIPEC and chemotherapy were identified as independent factors for good survival. Then, we performed univariate analysis in the development group and identified prognostic factors of survival including age, the levels of CA19-9 and CA125, fistulation or bypass, distant metastasis, CRS, chemotherapy, and HIPEC. The elderly patients were usually presented with a poor prognosis with poor physical function, lower immune function, and lack of sufficient treatment (29–31). Furthermore, we built a nomogram to predict prognosis for CRC patients with S-PM, which may be used to guide clinical practice.

Previous studies have shown that CA19-9 and CA125 were independent factors of prognosis in CRC patients with PM (32, 33). In this study, the overall positive rate (>37 u/ml) of CA19-9 was 49.5%, compared to 45.6–62.7% in previous studies (27). Meanwhile, CA19-9 was an independent prognostic factor and could be used during surveillance for early detection of disease recurrence or aggravation (24, 31, 33, 34). CA125 was identified as a sensitive tumor marker for ovarian tumors. However, a recent study on 853 patients demonstrated that CA125 could be more significant in predicting the prognosis of PM in CRC in both males and females than CEA (35). Huo (33) and Chuk (21) also found that CA125 was an independent risk factor of prognosis and could be used as a prognostic predictor.

Current guidelines and related studies confirm that CRS, HIPEC, and systematic chemotherapy in selected CRC with S-PM cases could significantly improve the long-term survival of these patients (17, 22, 36). However, to comprehensively evaluate and consider the patients’ physical function, nutrition level, willingness, economic situation, tumor marker value, surgical skill level, development of treatment platform, and multiple disciplinary team (MDT) discussion results in the busy daily clinical practice is quite laborious and could vary from clinicians to clinicians (14). Therefore, not all CRC patients with S-PM have the opportunity to simultaneously undergo CRS, HIPEC, and systematic chemotherapy. In our study, 62.8% (199/317) of CRC patients with S-PM underwent CRS (CCR0-3), while in Wang (27) and Tanaka’s (12) study, the proportion of CRS was 45.6 and 88.4%. Previous literature reports showed that the HIPEC treatment rates of CRC patients with S-PM were 21% (27) and 73% (37), while only 38.2% (121/317) CRC patients with S-PM received HIPEC treatment in our study. Further, in this study, a total of 54.9% (174/317) of the patients underwent perioperative chemotherapy, compared to 53.3–70.1% in other studies (10, 11, 16, 27). Meanwhile, as a relatively mature and effective treatment, previous studies have shown that high-quality CRS, standard HIPEC treatment and systematic perioperative chemotherapy could improve the prognosis of CRC patients with PM (14, 23). It is important to note that, for selective PM cases, on the basis of CRS combined with HIPEC, standard perioperative chemotherapy could better improve the prognosis (22, 23).

Complete CRS plus HIPEC, and systematic perioperative chemotherapy can improve the prognosis of CRC with S-PM (13, 22, 25). HIPEC comprises of intraperitoneal perfusion of chemotherapy reagents, heated to 42 °C to eliminate microscopic disease. The HIPEC technique is currently controversial for drug regimens, volume of infusion, duration, and concentrations in S-PM (38). A study from Australia showed that oxaliplatin offers a survival advantage when used for HIPEC in CRC with PM (39). As for stage IV CRC patients, whether or not it requires CRS, the NCCN guidelines (22) and relevant studies (40, 41) recommend 5-fluorouracil or capecitabine-based systemic chemotherapy to improve the prognosis. In this study, the HIPEC and chemotherapy were independent factors affecting the prognosis.

Although several nomograms had been developed to predict the OS for PM or stage IV CRC (8, 29, 42), no nomogram for predicting the OS of CRC with S-PM has yet been reported. In this study, an OS-predicting nomogram for S-PM was established and had a promising C-index of 0.701, signifying decent discriminatory ability of the nomogram. We used an independent cohort from other medical center for external validation and similarly observed a promising C-index of 0.716, further validating the good predictive performance of this proposed nomogram. Further, the calibration plot for 1-, 2-, and 3-year survival showed a first-rank consistency between the predicted and actual observation in both the development and validation group; indicating the reproducibility and reliability of this nomogram. Next, to make this nomogram easy to use in clinical practice, we developed an online time-saving dynamic nomogram, https://younghone.shinyapps.io/NomogramCRCSPM/, which can output a prognostic predictive value by inputting corresponding indicators.

Despite the interesting findings showed in this study, there were several potential limitations worth mentioning. First, this was a retrospective study and the cohort size could be considered limited; thus, potential selection bias might have existed. Second, the details of the peritoneal cancer index (PCI), the most widely used index to predict the survival of patients with PM (16, 17, 43), was unavailable due to the retrospective nature or incomplete data, and was thereby not calculated in this study. Third, the developed and validated data came from different medical centers and might differ in treatment concepts and details, and the number of cases in the external verification group is small. Therefore, we plan to conduct a prospective trial to validate our nomogram and its applicability in the clinic in the future.



Conclusions

We constructed and validated a nomogram able to predict the 1-, 2-, and 3-year OS for CRC patients with S-PM with good discriminative and high accuracy. The proposed nomogram could be used as a tool for more accurate prediction of individual prognosis and improve oncologists’ clinical decision-making when formulating personalized treatments of CRC patients with S-PM.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by The Ethics Committees of The Sixth Affiliated Hospital (No. 2020ZSLYEC-109). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. Written informed consent was not obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author Contributions

ZfY, DqW, YL, and HW contributed to the idea and design. ZfY, XsQ, ZxY, HmW, and ZjL contributed to the data acquisition and analysis. ZfY, DyW, XsQ, and ZxY contributed to the manuscript writing and revision. All authors contributed to the article and approved the submitted version.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.615321/full#supplementary-material

Supplementary Figure 1 | Forest plot showed multivariate analyses of OS in the development group (A). OS curve of age, CA19-9, CA125, CRS, HIPEC and chemotherapy in the development group (B).



References

1. Arnold, M, Abnet, CC, Neale, RE, Vignat, J, Giovannucci, EL, McGlynn, KA, et al. Global Burden of 5 Major Types of Gastrointestinal Cancer. Gastroenterology (2020) 159(1):335–49. doi: 10.1053/j.gastro.2020.02.068

2. Liu, M, Liu, T, Chen, X, Yang, J, Deng, J, He, W, et al. Nano-Silver-Incorporated Biomimetic Polydopamine Coating on a Thermoplastic Polyurethane Porous Nanocomposite as an Efficient Antibacterial Wound Dressing. J Nanobiotechnol (2018) 16(1):89. doi: 10.1186/s12951-018-0416-4

3. Feng, RM, Zong, YN, Cao, SM, and Xu, RH. Current Cancer Situation in China: Good or Bad News From the 2018 Global Cancer Statistics? Cancer Commun (2019) 39(1):22. doi: 10.1186/s40880-019-0368-6

4. Siegel, RL, Miller, KD, Goding Sauer, A, Fedewa, SA, Butterly, LF, Anderson, JC, et al. Colorectal Cancer Statistics, 2020. CA Cancer J Clin (2020) 70(3):145–64. doi: 10.3322/caac.21601

5. 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. doi: 10.1007/s00384-014-1907-x

6. Abdel-Rahman, O. A Real-World, Population-Based Study of the Outcomes of Patients With Metastatic Colorectal Cancer to the Peritoneum Treated With or Without Cytoreductive Surgery. Int J Colorectal Dis (2020) 35(4):719–25. doi: 10.1007/s00384-020-03525-x

7. Brouwer, NPM, van der Kruijssen, DEW, Hugen, N, de Hingh, I, Nagtegaal, ID, Verhoeven, RHA, et al. The Impact of Primary Tumor Location in Synchronous Metastatic Colorectal Cancer: Differences in Metastatic Sites and Survival. Ann Surg Oncol (2020) 27(5):1580–8. doi: 10.1245/s10434-019-08100-5

8. Kawai, K, Ishihara, S, Yamaguchi, H, Sunami, E, Kitayama, J, Miyata, H, et al. Nomograms for Predicting the Prognosis of Stage IV Colorectal Cancer After Curative Resection: A Multicenter Retrospective Study. Eur J Surg Oncol (2015) 41(4):457–65. doi: 10.1016/j.ejso.2015.01.026

9. Lau, JW, Chang, HS, Lee, KY, Gwee, YX, Lee, WQ, and Chong, CS. Survival Outcomes Following Primary Tumor Resection for Patients With Incurable Metastatic Colorectal Carcinoma: Experience From a Single Institution. J Dig Dis (2018) 19(9):550–60. doi: 10.1111/1751-2980.12657

10. Arakawa, K, Kawai, K, Ishihara, S, Hata, K, Nozawa, H, Oba, K, et al. Prognostic Significance of Peritoneal Metastasis in Stage IV Colorectal Cancer Patients With R0 Resection: A Multicenter, Retrospective Study. Dis Colon Rectum (2017) 60(10):1041–9. doi: 10.1097/DCR.0000000000000858

11. Furuhata, T, Okita, K, Nishidate, T, Hirata, K, Ohnishi, H, Kobayashi, H, et al. Oncological Benefit of Primary Tumor Resection With High Tie Lymph Node Dissection in Unresectable Colorectal Cancer With Synchronous Peritoneal Metastasis: A Propensity Score Analysis of Data From a Multi-Institute Database. Int J Clin Oncol (2015) 20(5):922–7. doi: 10.1007/s10147-015-0815-6

12. Tanaka, T, Ozawa, H, Nakagawa, Y, Hirata, A, Fujita, S, and Sugihara, K. Verifying the M1c Category of CRC: Analysis of the Data From a Japanese Multi-Institutional Database. Int J Colorectal Dis (2020) 35(1):125–31. doi: 10.1007/s00384-019-03408-w

13. Kobayashi, H, Kotake, K, Funahashi, K, Hase, K, Hirata, K, Iiai, T, et al. Clinical Benefit of Surgery for Stage IV Colorectal Cancer With Synchronous Peritoneal Metastasis. J Gastroenterol (2014) 49(4):646–54. doi: 10.1007/s00535-013-0820-3

14. Narasimhan, V, Ooi, G, Michael, M, Ramsay, R, Lynch, C, and Heriot, A. Colorectal Peritoneal Metastases: Pathogenesis, Diagnosis and Treatment Options - an Evidence-Based Update. ANZ J Surg (2020) 90(9):1592–7. doi: 10.1111/ans.15796

15. Veld, JV, Wisselink, DD, Amelung, FJ, Consten, ECJ, de Wilt, JHW, de Hingh, I, et al. Synchronous and Metachronous Peritoneal Metastases in Patients With Left-Sided Obstructive Colon Cancer. Ann Surg Oncol (2020) 27(8):2762–73. doi: 10.1245/s10434-020-08327-7

16. Hentzen, J, Rovers, KP, Kuipers, H, van der Plas, WY, Been, LB, Hoogwater, FJH, et al. Impact of Synchronous Versus Metachronous Onset of Colorectal Peritoneal Metastases on Survival Outcomes After Cytoreductive Surgery (CRS) With Hyperthermic Intraperitoneal Chemotherapy (HIPEC): A Multicenter, Retrospective, Observational Study. Ann Surg Oncol (2019) 26(7):2210–21. doi: 10.1245/s10434-019-07294-y

17. Sanchez-Hidalgo, JM, Rodriguez-Ortiz, L, Arjona-Sanchez, A, Rufian-Pena, S, Casado-Adam, A, Cosano-Alvarez, A, et al. Colorectal Peritoneal Metastases: Optimal Management Review. World J Gastroenterol (2019) 25(27):3484–502. doi: 10.3748/wjg.v25.i27.3484

18. Spiliotis, J, Kalles, V, Kyriazanos, I, Terra, A, Prodromidou, A, Raptis, A, et al. CRS and HIPEC in Patients With Peritoneal Metastasis Secondary to Colorectal Cancer: The Small-Bowel PCI Score as a Predictor of Survival. Pleura Peritoneum (2019) 4(4):20190018. doi: 10.1515/pp-2019-0018

19. Sato, H, Toyama, K, Koide, Y, Ozeki, S, Hatta, K, and Maeda, K. Prognoses and Treatment Strategies for Synchronous Peritoneal Dissemination of Colorectal Carcinoma. Surg Today (2016) 46(7):860–71. doi: 10.1007/s00595-015-1254-8

20. Huang, CQ, Yang, XJ, Yu, Y, Wu, HT, Liu, Y, Yonemura, Y, et al. Cytoreductive Surgery Plus Hyperthermic Intraperitoneal Chemotherapy Improves Survival for Patients With Peritoneal Carcinomatosis From Colorectal Cancer: A Phase II Study From a Chinese Center. PloS One (2014) 9(9):e108509. doi: 10.1371/journal.pone.0108509

21. Ihemelandu, C, and Sugarbaker, PH. Management for Peritoneal Metastasis of Colonic Origin: Role of Cytoreductive Surgery and Perioperative Intraperitoneal Chemotherapy: A Single Institution’s Experience During Two Decades. Ann Surg Oncol (2017) 24(4):898–905. doi: 10.1245/s10434-016-5698-x

22. Hashiguchi, Y, Muro, K, Saito, Y, Ito, Y, Ajioka, Y, Hamaguchi, T, et al. Japanese Society for Cancer of the Colon and Rectum (JSCCR) Guidelines 2019 for the Treatment of Colorectal Cancer. Int J Clin Oncol (2020) 25(1):1–42. doi: 10.1007/s10147-019-01485-z

23. Messersmith, WA. NCCN Guidelines Updates: Management of Metastatic Colorectal Cancer. J Natl Compr Cancer Netw: JNCCN (2019) 17(5.5):599–601. doi: 10.6004/jnccn.2019.5014

24. Nozawa, H, Sonoda, H, Ishii, H, Emoto, S, Murono, K, Kaneko, M, et al. Postoperative Chemotherapy is Associated With Prognosis of Stage IV Colorectal Cancer Treated With Preoperative Chemotherapy/Chemoradiotherapy and Curative Resection. Int J Colorectal Dis (2020) 35(1):177–80. doi: 10.1007/s00384-019-03461-5

25. Lau, JWL, Chang, HSY, Lee, KY, Gwee, YX, Lee, WQ, and Chong, CS. Modern-Day Palliative Chemotherapy for Metastatic Colorectal Cancer: Does Colonic Resection Affect Survival? ANZ J Surg (2018) 88(11):E772–E7. doi: 10.1111/ans.14726

26. Ravn, S, Christiansen, CF, Hagemann-Madsen, RH, Verwaal, VJ, and Iversen, LH. The Validity of Registered Synchronous Peritoneal Metastases From Colorectal Cancer in the Danish Medical Registries. Clin Epidemiol (2020) 12:333–43. doi: 10.2147/CLEP.S238193

27. Wang, HM, Wang, GY, Huang, Y, Ren, L, Zhang, H, Wu, AW, et al. [The Status Analysis of Diagnosis and Treatment of Synchronous Peritoneal Carcinomatosis From Colorectal Cancer in China: A Report of 1 003 Cases in 16 Domestic Medical Centers]. Zhonghua Wai Ke Za Zhi (2019) 57(9):666–72. doi: 10.3760/cma.j.issn.0529-5815.2019.09.005

28. Hentzen, J, van der Plas, WY, Constansia, RDN, Been, LB, Hoogwater, FJH, van Ginkel, RJ, et al. Role of Diagnostic Laparoscopy in Patients With Suspicion of Colorectal Peritoneal Metastases to Evaluate Suitability for Cytoreductive Surgery With Hyperthermic Intraperitoneal Chemotherapy. BJS Open (2019) 3(6):812–21. doi: 10.1002/bjs5.50193

29. Simkens, GA, van Oudheusden, TR, Nieboer, D, Steyerberg, EW, Rutten, HJ, Luyer, MD, et al. Development of a Prognostic Nomogram for Patients With Peritoneally Metastasized Colorectal Cancer Treated With Cytoreductive Surgery and HIPEC. Ann Surg Oncol (2016) 23(13):4214–21. doi: 10.1245/s10434-016-5211-6

30. Jiang, TJ, Wang, F, Wang, YN, Hu, JJ, Ding, PR, Lin, JZ, et al. Germline Mutational Profile of Chinese Patients Under 70 Years Old With Colorectal Cancer. Cancer Commun (2020) 40(11):620–32. doi: 10.1002/cac2.12093

31. Yang, SH, Lin, JK, Lai, CR, Chen, CC, Li, AF, Liang, WY, et al. Risk Factors for Peritoneal Dissemination of Colorectal Cancer. J Surg Oncol (2004) 87(4):167–73. doi: 10.1002/jso.20109

32. Gao, Y, Wang, J, Zhou, Y, Sheng, S, Qian, SY, and Huo, X. Evaluation of Serum CEA, CA19-9, CA72-4, CA125 and Ferritin as Diagnostic Markers and Factors of Clinical Parameters for Colorectal Cancer. Sci Rep (2018) 8(1):2732. doi: 10.1038/s41598-018-21048-y

33. Huo, YR, Huang, Y, Liauw, W, Zhao, J, and Morris, DL. Prognostic Value of Carcinoembryonic Antigen (CEA), AFP, CA19-9 and CA125 for Patients With Colorectal Cancer With Peritoneal Carcinomatosis Treated by Cytoreductive Surgery and Intraperitoneal Chemotherapy. Anticancer Res (2016) 36(3):1041–9.

34. Sato, H, Kotake, K, Sugihara, K, Takahashi, H, Maeda, K, Uyama, I, et al. Clinicopathological Factors Associated With Recurrence and Prognosis After R0 Resection for Stage IV Colorectal Cancer With Peritoneal Metastasis. Dig Surg (2016) 33(5):382–91. doi: 10.1159/000444097

35. Huang, CJ, Jiang, JK, Chang, SC, Lin, JK, and Yang, SH. Serum CA125 Concentration as a Predictor of Peritoneal Dissemination of Colorectal Cancer in Men and Women. Med (Baltimore) (2016) 95(47):e5177. doi: 10.1097/MD.0000000000005177

36. Baratti, D, Kusamura, S, Azmi, N, Guaglio, M, Montenovo, M, and Deraco, M. Colorectal Peritoneal Metastases Treated by Perioperative Systemic Chemotherapy and Cytoreductive Surgery With or Without Mitomycin C-Based HIPEC: A Comparative Study Using the Peritoneal Surface Disease Severity Score (PSDSS). Ann Surg Oncol (2020) 27(1):98–106. doi: 10.1245/s10434-019-07935-2

37. Narasimhan, V, Britto, M, Pham, T, Warrier, S, Naik, A, Lynch, AC, et al. Evolution of Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy for Colorectal Peritoneal Metastases: 8-Year Single-Institutional Experience. Dis Colon Rectum (2019) 62(10):1195–203. doi: 10.1097/DCR.0000000000001456

38. Johnson, B, and Eng, C. More Questions Regarding HIPEC in Colorectal Carcinomatosis. Lancet Gastroenterol Hepatol (2019) 4(10):744–5. doi: 10.1016/s2468-1253(19)30254-7

39. Leung, V, Huo, YR, Liauw, W, and Morris, DL. Oxaliplatin Versus Mitomycin C for HIPEC in Colorectal Cancer Peritoneal Carcinomatosis. Eur J Surg Oncol (EJSO) (2017) 43(1):144–9. doi: 10.1016/j.ejso.2016.09.015

40. Shin, SJ, Ahn, JB, Choi, HJ, Cho, BC, Jeung, HC, Rha, SY, et al. The Combination of Capecitabine and Irinotecan in Treating 5-Fluorouracil- and Oxaliplatin-Pretreated Metastatic Colorectal Cancer. Cancer Chemother Pharmacol (2008) 61(1):75–81. doi: 10.1007/s00280-007-0447-2

41. Schmiegel, W, Reinacher-Schick, A, Arnold, D, Kubicka, S, Freier, W, Dietrich, G, et al. Capecitabine/Irinotecan or Capecitabine/Oxaliplatin in Combination With Bevacizumab Is Effective and Safe as First-Line Therapy for Metastatic Colorectal Cancer: A Randomized Phase II Study of the AIO Colorectal Study Group. Ann Oncol (2013) 24(6):1580–7. doi: 10.1093/annonc/mdt028

42. Demey, K, Wolthuis, A, de Buck van Overstraeten, A, Fieuws, S, Vandecaveye, V, Van Cutsem, E, et al. External Validation of the Prognostic Nomogram (COMPASS) for Patients With Peritoneal Carcinomatosis of Colorectal Cancer. Ann Surg Oncol (2017) 24(12):3604–8. doi: 10.1245/s10434-017-6042-9

43. Shida, D, Kobayashi, H, Kameyama, M, Hase, K, Maeda, K, Suto, T, et al. Factors Affecting R0 Resection of Colorectal Cancer With Synchronous Peritoneal Metastases: A Multicenter Prospective Observational Study by the Japanese Society for Cancer of the Colon and Rectum. Int J Clin Oncol (2020) 25(2):330–7. doi: 10.1007/s10147-019-01562-3



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Yang, Li, Qin, Lv, Wang, Wu, Yuan and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-615321-g004.jpg
Dynamic Nomogram

Ao
arom -
oxs

Cremomeny

e
preot

o

P R ——
T

[

P
Nomogra‘“(“('s
ol
one SHEPP
psiiyonn?






OEBPS/Images/fonc.2021.615321_cover.jpg
’ frontiers
in Oncology

Development and Validation of a
Prognostic Nomogram for Colorectal
Cancer Patients With Synchronous
Peritoneal Metastasis





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Development and Validation of a Prognostic Nomogram for Colorectal Cancer Patients With Synchronous Peritoneal Metastasis

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients and Study Criteria

          



          		

            Treatment Approaches: CRS, HIPEC, and Chemotherapy

          



          		

            Follow-Up, Univariate and Multivariate Analysis

          



          		

            Development and Validation of the Nomogram

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patients and OS

          



          		

            Univariate and Multivariate Cox Regression Analyses in the Development Group

          



          		

            Construction and Validation of the Nomogram

          



          		

            Implementation of the Webserver

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variables Univariate analysis Multivariate analysis

HR (95%Cl) P-value HR (95%C) P-value
Age (<65 years) 1.766 (1.326-2.352) <0.001 1.445 (1.070-1.951) 0016
CA19-9 (u/ml) (<37) 1.663 (1.279-2.163) <0.001 1.447 (1.085-1.929) 0.012
CA125 (U/ml) (<35) 1.658 (1.268-2.168) <0.001 1.375 (1.040-1.819) 0.026
Fistulation or bypass (No) 2.269 (1.673-3.077) <0.001 1.206 (0.794-1.898) 0.394
Other metastasis (Absent) 1.397 (1.067-1.749) 0.015 1.098 (0.851-1.518) 0.529
CCRO-1 0.277 (0.184-0.419) <0.001 0.407 (0.241-0.685) 0.001
CCR2-3 0.486 (0.362-0.653) <0.001 0.613 (0.422-0.934) 0.023
HIPEC (No) 0561 (0.398-0.790) 0.001 0659 (0.464-0.935) 0.020
Chemotherapy (No) 0.680 (0.523-0.883) 0.004 0.702 (0.537-0.919) 0010

CA19-9, carbohydrate antigen 19-9; CA125, carbohydrate antigen 125; PM, peritoneal metastasis; CRS, primary tumor resection; HIPEC, hyperthermic intraperitoneal chemotherapy.
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No 99 (28.7%)
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Development
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62 (22.4%)

182 (65.7%)
95 (34.3%)

79 (28.5%)
54 (19.5%)
144 (52.0%)

216 (78.0%)
61 (22.0%)

128 (46.2%)
149 (53.8%)

Validation

group
N =68

49 (72.1%)
19 (27.9%)

36 (52.9%)
32 (47.1%)

25 (36.8%)
43 (63.2%)

55 (80.9%)
13 (19.1%)

39 (57.4%)
29 (42.6%)

20 (29.4%)
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CA19-9, carbohydrate antigen 19-9; CA125, carbohydrate antigen 125; CRS,
cytoreductive surgery; CCR, completeness of cytoreduction; HIPEC, hyperthermic

intraperitoneal chemotherapy.
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