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Background

Rectal squamous cell carcinoma (rSCC) is a rare pathological subtype of rectal cancer. There is no consensus on the treatment paradigm for patients with rSCC. This study aimed to provide a paradigm for clinical treatment and develop a prognostic nomogram.





Methods

Patients diagnosed with rSCC between 2010 and 2019 were identified in the Surveillance, Epidemiology, and End Results (SEER) database. According to the TNM staging system, Kaplan−Meier (K-M) survival analysis was used to identify the survival benefits of different treatments in patients with rSCC. The Cox regression method was used to identify independent prognostic risk factors. Nomograms were evaluated by Harrell’s concordance index (C-index), calibration curves, decision curve analysis (DCA) and K-M curves.





Results

Data for 463 patients with rSCC were extracted from the SEER database. Survival analysis showed that there was no significant difference in median cancer-specific survival (CSS) among patients with TNM stage 1 rSCC treated with radiotherapy (RT), chemoradiotherapy (CRT) or surgery (P = 0.285). In TNM stage 2 patients, there was a significant difference in median CSS among those treated with surgery (49.5 months), RT (24 months), and CRT (63 months) (P = 0.003). In TNM stage 3 patients, there was a significant difference in median CSS among those treated with CRT (58 months), CRT plus surgery (56 months) and no treatment (9.5 months) (P < 0.001). In TNM stage 4 patients, there was no significant difference in median CSS among those treated with CRT, chemotherapy (CT), CRT plus surgery and no treatment (P = 0.122). Cox regression analysis showed that age, marital status, T stage, N stage, M stage, PNI, tumor size, RT, CT, and surgery were independent risk factors for CSS. The 1-, 3-, and 5-year C-indexes were 0.877, 0.781, and 0.767, respectively. The calibration curve showed that the model had excellent calibration. The DCA curve showed that the model had excellent clinical application value.





Conclusion

RT or surgery is recommended for patients with stage 1 rSCC, and CRT is recommended for patients with stage 2, and stage 3 rSCC. Age, marital status, T stage, N stage, M stage, PNI, tumor size, RT, CT, and surgery are independent risk factors for CSS in patients with rSCC. The model based on the above independent risk factors has excellent prediction efficiency.





Keywords: rectal cancer (RC), squamous cell carcinoma, prognosis, chemoradiotherapy (CRT), SEER (surveillance epidemiology and end results) database





Introduction

Colorectal cancer (CRC) is the third most common cancer and second leading cause of cancer death in the world (1). The morbidity of rectal cancer (RC) accounts for 29% of the morbidity of CRC (2). Adenocarcinoma (AC) is the primary histological type of RC. In addition, squamous cell carcinoma (SCC) is a rare histological subtype of RC, accounting for up to 0.1-0.3% of all cases (3). Studies support differences between rectal AC (rAC) and rectal squamous cell carcinoma (rSCC) with respect to epidemiology, pathogenesis, treatment, and prognosis (4).

Compared to the more common rAC, rSCC has a worse prognosis (5, 6). rSCC and anal SCC (aSCC) have similar molecular features and are quite different from rAC (7). The pathogenesis of rSCC is currently unclear and may be related to smoking, previous exposure to radiation, chronic proctitis, squamous metaplasia, human immunodeficiency virus (HIV) infection, and human papillomavirus (HPV) infection (3).

Since the first discovery of rSCC in 1933, it has remained very rare, so some researchers have long questioned whether rSCC in fact exists (8). The following four William’s diagnostic criteria must be met for patients with rSCC (9). First, there is no continuity between the tumor and the anal squamous epithelium or the gynecological tract. Second, there is an absence of SCC at another primary site. Third, there is an absence of squamous-lined fistula in the context of inflammatory bowel disease. Fourth, there is histological confirmation.

There are presently no clinical guidelines (NCCN, ESMO, ASCO, etc.) or expert consensus on the treatment regimens for rSCC. Current regimen options have been derived based on rAC and aSCC. Most treatments are similar to those used for aSCC. In the past, surgery was the standard treatment (10). In recent years, chemoradiotherapy (CRT) has become the preferred treatment (11, 12). Most studies indicate that radiotherapy (RT) can significantly improve the overall survival (OS), local recurrence and distant metastasis of patients with rSCC (13, 14). The results of chemotherapy (CT) (5-FU plus carboplatin or mitomycin) plus radiotherapy have been shown to be satisfactory (15–20).

Nevertheless, the study of rSCC is limited by its rarity. The Surveillance, Epidemiology, and End Results (SEER) database covers approximately 28% of the United States population and provides an adequate sample for the study of rare diseases. Thus, the aim of this study was to explore the survival benefits of different treatment options for patients with rSCC through the SEER database to provide a paradigm for clinical treatment. Additionally, the independent risk factors for cancer-specific survival (CSS) in patients with rSCC were analyzed to accurately predict survival prognosis.





Methods




Selection of patients

Patient data were obtained with SEER∗Stat software (version: 8.4.0.1). Patients with RC diagnosed by pathology from 2010 to 2019 were included. Individual data included age, sex, race, marital status, differentiation, AJCC T stage, AJCC N stage, AJCC M stage, carcinoembryonic antigen (CEA) level, perineural invasion (PNI), tumor size, CT, RT, surgery, survival status, and survival time. The inclusion criteria were as follows (1): age at diagnosis ≥18 years old (2); patients with primary RC; and (3) rSCC identified using the International Classification of Oncology, third Revision, histological coding (8070–8077). The exclusion criteria were as follows (1): age < 18 years or survival time < 1 month (2); patients with more than one primary cancer (3); patients with missing or incomplete survival data (4); lack of TNM stage and degree of differentiation data; and (5) patients with carcinoma in situ. The flow chart is shown in Figure 1.




Figure 1 | Flow chart for screening patients with rSCC from the SEER database.







Selection of variables

The variables included in this study were age, sex, race, marital status, differentiation, TNM staging, CEA level, PNI, tumor size, CT, RT, surgery, survival status, and survival time. Unclear subvariables among marital status, CEA level, PNI and tumor size were classified as “Unknown”. The age at diagnosis was grouped as <70 years and ≥70 years. Ethnicity included White, Black, and other (American Indian/AK Native, Asian/Pacific Islander). Marital status included three subtypes: have partner, no partner and unknown. Unmarried or domestic partner and married were classified as have partner. Divorced, widowed, single (never married), and separated were classified as no partner. Tumor sizes included <73 mm, ≥73 mm, and unknown. Age and tumor size were resegmented using X-tile software, as shown in Figure 2. The outcome variable was CSS. CSS was defined as the time alive from diagnosis to death from cancer.




Figure 2 | X-tile analysis of the best cutoff points for age, tumor size and risk score. (A) X-tile plot of age; (B) the cutoff point of age was highlighted using a histogram; (C) the distinct prognosis determined by the cutoff point was shown using a Kaplan−Meier plot of age; (D) X-tile plot of tumor size; (E) the cutoff point of tumor size was highlighted using a histogram; (F) the distinct prognosis determined by the cutoff point was shown using a Kaplan−Meier plot of tumor size. (G) X-tile plot of the risk score; (H) the cutoff point of the risk score was highlighted using a histogram; (I) the distinct prognosis determined by the cutoff point was shown using a Kaplan−Meier plot of the risk score.







Statistical analysis

All statistical analyses were performed with R software (version 4.2.1) on January 20th, 2023. In all statistical analyses, p < 0.05 was considered statistically significant. First, according to the TNM staging system, all patients were divided into four subtypes: TNM stage 1, TNM stage 2, TNM stage 3, and TNM stage 4. The treatment models were divided into eight subtypes: surgery, CT, RT, CRT, surgery plus RT, surgery plus CT, surgery plus CRT, and no treatment (NO). In different TNM stage subgroups, the Kaplan−Meier (K-M) method was used to analyze the efficacy of different treatment modalities. Second, to identify independent risk factors related to CSS, covariates such as age, sex, race, marital status, CEA level, T stage, N stage, M stage, differentiation, PNI, tumor size, surgery, CT, and RT were included in univariate Cox analysis. Then, the variables with statistically significant differences in univariate Cox regression analysis were included in multivariate Cox regression analysis. Third, a prognostic model for CSS was developed based on independent prognostic factors. The model was visualized as a nomogram. Fourth, receiver operating characteristic (ROC) curves of CSS at 1, 3, and 5 years were plotted, and the corresponding area under the curve (AUC) values were used to evaluate the discrimination of the model. The corresponding calibration curve was drawn to show the calibration degree of the model. Decision curve analysis (DCA) was performed to show the clinical benefit of the model. Furthermore, subgroup analysis was performed for age<70 and ≥70, have partner and no partner, N0, N1 and N2, M0 and M1, PNI negative and positive, tumor size<73 mm and ≥73 mm, RT yes and no, CT yes and no, and surgery yes and no subgroups. The K-M survival curves for each subgroup were generated.






Results




Clinicopathological features

According to the inclusion and exclusion criteria, 463 patients, namely, 331 female patients and 132 male patients, from the SEER database were finally included in this study. The median CSS follow-up was 59 months for females and 54 months for males (P=0.572). The female mortality rate was 26.6%, and the male mortality rate was 36.4% (P=0.037). Among females, 6 percent had well-differentiated rSCC, 44.4 percent had moderately differentiated, 47.1 percent had poorly differentiated, and 2.4 percent had undifferentiated. Among males, 9.1% had well-differentiated rSCC, 40.9% had moderately differentiated, 46.2% had poorly differentiated, and 3.8% had undifferentiated (P=0.535). Among females, 33.8% had stage T1 rSCC, 19.3% had T2, 31.7% had T3, and 15.1% had T4. Among males, 35.6% had stage T1 rSCC, 15.9% had T2, 34.8% had T3, and 13.6% had T4 (P=0.774). Among females, 66.2% had stage N0 rSCC, 29.9% had N1, and 3.9% had N2. In males, 57.6% had stage N0 rSCC, 33.3% had N1 and 9.1% had N2 (P=0.047). Among females, stage M0 rSCC was identified in 93.1% of patients, and M1 in 6.9%. Among males, stages M0 and M1 rSCC were identified in 88.6% and 11.4% of patients, respectively (P=0.118). Other information on clinicopathological features is shown in Table 1.


Table 1 | Clinicopathologic features of patients with rSCC.







Assessment of efficacy

The treatment options in this study for patients with rSCC at different TNM stages are shown in Table 2. For patients with TNM stage 1, there was no significant difference in median CSS among those treated with surgery, surgery plus RT, surgery plus CT, and surgery plus CRT (Figure 3A, P= 0.588), a significant difference among those treated with CT (10 months), RT (62.5 months), CRT (64.5 months) and NO (11.5 months) (Figure 3B, P< 0.001), and no significant difference among those treated with surgery (68 months), RT, and CRT (Figure 3C, P= 0.285). For patients with TNM stage 2, there was no significant difference in median CSS among those treated with surgery and surgery plus CRT (Figure 3D, P = 0.099), a significant difference among those treated with RT (24 months), CRT (63 months) and NO (21 months) (Figure 3E, P < 0.001), and a significant difference among those treated with surgery (49.5 months), RT (24 months), and CRT (63 months) (Figure 3F, P = 0.003). For patients with TNM stage 3, there was no significant difference in median CSS among those treated with CT, RT, and NO (Figure 3G, P = 0.382) and a significant difference among those treated with CRT (58 months), surgery plus CRT (56 months) and NO (9.5 months) (Figure 3H, P < 0.001). For patients with TNM stage 4, there was no significant difference in median CSS among those treated with CT, CRT, surgery plus CRT and NO (Figure 3I, P = 0.122).




Figure 3 | K-M survival analysis of different treatment methods for different TNM stages. (A) surgery vs. surgery plus CT vs. surgery plus RT vs. surgery plus CRT for stage 1, P= 0.588. (B) RT vs. CT vs. CRT vs. NO for stage 1, P < 0.001. (C) surgery vs. RT vs. CRT for stage 1, P = 0.285. (D) surgery vs. surgery plus CRT for stage 2, P = 0.099. (E) RT vs. CRT vs. NO for stage 2, P < 0.001. (F) surgery vs. RT vs. CRT for stage 2, P = 0.003. (G) RT vs. CT vs. NO for stage 3, P = 0.382. (H) CRT vs. surgery plus CRT vs. NO for stage 3, P < 0.001. (I) CT vs. CRT vs. surgery plus CRT vs. NO for stage 4, P = 0.122.




Table 2 | Treatment methods for different TNM stages.







Identifying independent prognostic factors

The results of multivariate Cox regression analysis showed that age, marital status, T stage, N stage, M stage, PNI, size, RT, CT, and surgery were independent prognostic factors for CSS. The results of univariate and multivariate Cox regression analyses are shown in Table 3.


Table 3 | Univariate and multivariate analyses of CSS in patients with rSCC.







Model development and validation

As shown in Figure 4, to predict CSS in patients with rSCC, all independent prognostic factors were used to develop a prognostic model, which was visualized as a nomogram. As shown in Figures 5A–C, the ROC curve was drawn, and the results showed that the AUC values of CSS at 1, 3, and 5 years were 0.877, 0.781, and 0.767, respectively, indicating that the model had good discrimination. As shown in Figures 5D–F, the 1-, 3-, and 5-year calibration curves for CSS in patients with rSCC indicate a strong calibration of the model. As shown in Figures 5G–I, DCA at 1, 3, and 5 years for CSS of patients with rSCC shows that the model has high clinical benefit.




Figure 4 | Nomogram to predict the 1-, 3-, and 5-year CSS of rSCC patients.






Figure 5 | The model performance was evaluated by ROC curve, calibration curve and DCA curve. (A-C) ROC curves for predicting 1-, 3-, and 5-year CSS; (D-F) Calibration curves for predicting 1-, 3-, and 5-year CSS; (G–I) DCA curves for predicting 1-, 3-, and 5-year CSS.







Risk stratification

According to the prognostic model established in this study, rSCC patients can be divided into two groups: low risk and high risk. X-tile was used to determine the optimal cutoff value of the risk score, as shown in Figures 2G–I. Risk scores less than or equal to 2.48 were classified as the low-risk subgroup, while risk scores greater than or equal to 2.49 were classified as the high-risk subgroup. As shown in Figures 6A–I, 6K, and 6M-T, the results of Kaplan−Meier survival curves suggested that there were significant differences in survival patterns among the subgroups. In the M1 (Figure 6J) and PNI-positive subgroups (Figure 6L), the P values were 0.094 and 0.084, respectively, which may be related to the small sample size of the subgroup. With the increase in risk score, the prognosis of patients was worse. The above results suggest that the model can be used to classify rSCC patients into two groups with significantly different prognoses.




Figure 6 | K-M survival analysis of different risk subgroups in all patients (A) and in the age<70 and ≥70 (B, C), have partner and no partner (D, E), NO, N1 and N2 (F-H), M0 and M1 (I, J), PNI-negative and PNI-positive z (K, L), tumor size<73 mm and ≥73 mm (M, N), radiation yes and no (O, P), chemotherapy yes and no (Q, R), and surgery yes and no (S, T) subgroups.








Discussion

rSCC was first discovered in 1933 and is a rare pathological type. The occurrence of rSCC may be related to several factors. Pluripotent stem cells of mucosal endodermal origin have the ability to differentiate in multiple directions, which may lead to squamous epithelium development and malignant transformation (21). Damage to the mucosa may result in the proliferation of basal cells into squamous cells (22). HPV can induce rSCC by disrupting local cell proliferation (23). rSCC is different from AC in terms of treatment and prognosis (3, 5). rSCC tends to occur in elderly individuals and women (13).

In clinical guidelines, there is a lack of consensus on the treatment of patients with rSCC. The principles of treatment for different stages are discussed in this study. For patients with TNM stage 1, the difference between surgery and RT was not statistically significant. Adding CT or RT based on surgery had no survival benefit. Adding CT based on RT did not benefit patients. Compared with monotherapy, combination therapy was more likely to reduce tolerance and increase adverse reactions in patients. For patients with TNM stage 2, the curative effect of CRT was superior to surgery. Notably, surgery plus CRT did not increase survival benefits. For patients with TNM stage 3, CT or RT alone did not increase survival benefits compared with no treatment. The curative effect of CRT was superior to that of surgery plus CRT. For TNM stage 4 patients, CT, CRT, and Surgery plus CRT did not increase the survival benefit of patients compared to untreated patients. Schizas D and D. C. Steinemann et al. suggested that surgery is the standard treatment regimen (8, 24). In our study, surgery was significant, but only for stage 1 patients. For stage 2 and 3 patients, the survival benefit from surgery was not as good as that from CRT, which is similar to the conclusion of Kommalapati A et al. (12) Surgery in addition to CRT did not increase survival benefits, consistent with previous studies (25). The survival benefit of only surgery in stage 4 patients was not analyzed due to the limited sample size. Considering the poor quality of life of surgical patients, surgery is not recommended as a standard treatment. We recommend RT-based multimodality treatment as a paradigm for patients with rSCC, which is consistent with the findings of previous studies (19, 20, 26, 27). Surgery can be used as salvage treatment after CRT failure (18). However, salvage surgery does not seem to increase survival benefits (25). Immunotherapy has remarkable efficacy in rAC and aSCC patients with MSI-H/MSS (28–30). Neoadjuvant immunotherapy has exhibited promising results in rSCC (31). Patients may experience prolonged remission. Surgical exemption can significantly improve the quality of life of patients. In the future, multicenter phase 3 clinical trials are worth looking forward to.

In this study, univariate and multivariate Cox regression analyses were performed, and the results showed that age, marital status, T stage, N stage, M stage, PNI, tumor size, RT, CT, and surgery were independent prognostic factors for CSS. This is similar to the independent risk factor for OS (32). The 1-, 3-, and 5-year AUC values of the model were 0.877, 0.781, and 0.767, respectively, which indicated that the model had excellent discrimination. The calibration curve showed that the model had successful calibration. DCA showed that the model had outstanding clinical utility. The model constructed based on the independent prognostic factors can successfully predict the 1-, 3- and 5-year CSS of patients with rSCC. In our study, age ≥70 years was an independent risk factor, which is consistent with previous studies (12, 33). This may be because patients are more likely to not receive the full recommended treatment as they age (34). Wang et al. suggested that RC patients with partners have a better survival prognosis, which is consistent with our study (35). Distant metastasis is an important factor affecting patients’ CSS. In our study, the median CSS of stage 4 patients was only 16 months, far less than that of non-stage 4 patients. Regular cancer screening is important, and colonoscopy can be effective in the early detection of RC (36). This study found that similar to aSCC, tumor size was an independent prognostic factor in patients with rSCC. Our results agree with the study by P. Goffredo et al., which may be explained by the fact that the larger the tumor is, the more advanced the patient stage (27). However, there is no consensus on the cutoff value of tumor size.

The current study has several strengths. First, the data were obtained from the SEER database and are therefore highly reproducible. Second, more treatment options for patients with different TNM stages were explored for the first time using a large sample size, which provides valuable guidance for clinical treatment. Third, the established model has strong predictive performance and can accurately predict the survival mode of patients. Fourth, the predictors are common clinical variables, which makes the model more broadly applicable.

There are also certain limitations of this study. First, this study was based on retrospective information from the SEER database, which may have led to an inherent selection bias. Second, the clinicopathological variables included in the study were limited, such as the inability to analyze the effect of specific treatment regimens on CSS, and there was also a lack of information on immunotherapy and other treatments. Common prognostic factors such as gene expression, microsatellite status, vascular invasion, and tumor deposition were lacking, which makes the prognostic model less comprehensive. Third, this study only included information from online databases and lacked prospective data to verify the findings. It should be noted that due to the rarity of rSCC, later analyses are more likely to be based on retrospective public databases. At the same time, joint research from multiple countries and medical centers is very important for understanding rSCC.





Conclusion

RT or surgery is recommended for patients with stage 1 rSCC, and CRT is recommended for patients with stage 2, and stage 3 rSCC. Age, marital status, T stage, N stage, M stage, PNI, tumor size, RT, CT, and surgery are independent risk factors for CSS in patients with rSCC. The model based on the above independent risk factors has excellent prediction efficiency.
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