

[image: Risk and Prognosis of Secondary Rectal Cancer After Radiation Therapy for Pelvic Cancer]
Risk and Prognosis of Secondary Rectal Cancer After Radiation Therapy for Pelvic Cancer





ORIGINAL RESEARCH

published: 29 October 2020

doi: 10.3389/fonc.2020.584072

[image: image2]


Risk and Prognosis of Secondary Rectal Cancer After Radiation Therapy for Pelvic Cancer


Runkun Yang 1, Xu Guan 2*, Enrui Liu 2, Ran Wei 2, Zhixun Zhao 2, Haipeng Chen 2, Zheng Liu 2, Ming Yang 2, Zheng Jiang 2 and Xishan Wang 1,2,3*


1 Department of Colorectal Surgery, The Second Affiliated Hospital of Harbin Medical University, Harbin, China, 2 Department of Colorectal Surgery, National Cancer Center/Cancer Hospital/National Clinical Research Center for Cancer, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 3 Colorectal Cancer Institute, Harbin Medical University, Harbin, China




Edited by:
 Lorenzo Manti, University of Naples Federico II, Italy

Reviewed by:
 Valentina Lancellotta, Catholic University of the Sacred Heart, Italy
 Uzoma Kevin Iheagwara, University of Pittsburgh Medical Center, United States

*Correspondence:
 Xishan Wang
 wxshan1208@126.com
 Xu Guan
 drguanxu@126.com

Specialty section: 
 This article was submitted to Radiation Oncology, a section of the journal Frontiers in Oncology


Received: 16 July 2020

Accepted: 05 October 2020

Published: 29 October 2020

Citation:
Yang R, Guan X, Liu E, Wei R, Zhao Z, Chen H, Liu Z, Yang M, Jiang Z and Wang X (2020) Risk and Prognosis of Secondary Rectal Cancer After Radiation Therapy for Pelvic Cancer. Front. Oncol. 10:584072. doi: 10.3389/fonc.2020.584072




Background

The relationship between pelvic radiation therapy (RT) and second primary rectal cancer (SPRC) is unclear. The aim of this study was to assess the risk and prognosis of SPRC after pelvic RT.



Materials and Methods

Data for patients who had primary pelvic cancer (PPC) between 1973 and 2016 were retrieved from the Surveillance, Epidemiology, and End Results (SEER) database. Multiple primary standardized incidence ratios (SIRs) were used to assess the risk of SPRC. Five-year overall survival (OS) and rectal cancer-specific survival (RCSS) were calculated using Kaplan–Meier curves.



Results

A total of 573,306 PPC patients were included, 141,225 of whom had been treated with RT. Primary cancers were located in the prostate (50.83%), bladder (24.18%), corpus uterus (16.26%), cervix (5.83%), and ovary (2.91%). A total of 1,491 patients developed SPRC. Overall, the patients who received RT were at increased risk of developing SPRC (SIR = 1.39, 95% confidence interval [CI]: 1.27–1.52). The risk of SPRC decreased in patients who did not undergo RT (SIR = 0.85, 95% CI: 0.80–0.91). The SIR for SPRC in patients who underwent external beam radiation therapy (EBRT) was 1.22 (95% CI: 1.09–1.36). The SIR for SPRC in patients who underwent a combination of EBRT and brachytherapy (EBRT–BRT) was 1.85 (95% CI: 1.60–2.14). For patients who received RT, the SIR for SPRC increased with time after a 5-year latency period from PPC diagnosis. The survival of RT-treated SPRC patients was significantly worse than that of patients with primary rectal cancer only (PRCO).



Conclusions

Patients receiving pelvic RT were at an increased risk of developing SPRC. Different pelvic RT treatment modalities had different effects on the risk of SPRC. We suggest that long-term surveillance of SPRC risk is required for patients who have undergone pelvic RT, especially young patients.
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Introduction

Radiation therapy (RT) has formed part of the treatment regimen for at least 50% of all cancer patients because of the associated reduction in recurrence and improved prognosis (1, 2). RT destroys cancer cells by depositing high-energy radiation on cancer tissues. High doses of ionizing radiation can directly or indirectly (through the production of free radicals) damage the genome of the cell (3). Nevertheless, acute and late toxicity due to RT cannot be ignored.

The risk of developing a second primary cancer (SPC) is one form of late toxicity (4). Nearly 1 in 12 patients diagnosed with a common cancer develop a SPC. More than 55% of patients with two incident cancers die as a result of a secondary cancer (5). During RT for pelvic cancer, the rectum is likely to receive more radiation than organs in the non-pelvic area (6–8), and it is important to understand how radiation affects SPC risk within the field of irradiation.

Studies have shown conflicting results for second primary rectal cancer (SPRC) risk after pelvic RT (9–11). A study based on a Dutch population demonstrated that patients receiving pelvic RT were at an increased risk of developing a SPRC (12), while other studies reported that the tumor incidence in patients receiving pelvic RT did not differ from that of the general population (13, 14). These observations indicate that the relationship between pelvic RT and SPRC requires further determination. Theoretically, different RT modalities may have different effects on SPRC risk; however, there is currently insufficient evidence to reach such a conclusion (15–17).

Compared with primary rectal cancer (PRC), the etiology of RT-related SPRC can be very different. Moreover, whether SPRCs and PRCs are equally sensitive to RT after pelvic RT treatment remains unclear (18). In addition, fibrosis resulting from pelvic RT might make complicate surgery and lead to an increase in surgery-related complications (19). Because of these differences, the survival outcomes between PRC and RT-related SPRC patients might be different.

The aims of the present study were to identify how pelvic RT affects the risk of developing SPRC and compare the survival outcome between PRC and RT-related SPRC patients.



Methods


Data Source

The processed, publicly available data on the SEER database was access between January 1, 1973, and December 31, 2016, from 9 registries (Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco–Oakland, Seattle–Puget Sound, and Utah). The demographic and incidence data collected by the SEER registries cover approximately 28% of the US population, and are considered representative of the US population as a whole. Because patients’ records in the SEER database were anonymized and de-identified before analysis, information on cancer cases can be retrieved from the database. The study design was approved by the Ethics Committee of the National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital; the Chinese Academy of Medical Sciences and Peking Union Medical College institutional review board; and the Second Affiliated Hospital of Harbin Medical University review board. All the methods performed in our study followed the latest guidelines stated in the SEER database.



Identification of First Primary Pelvic Cancer (PPC)

Solid pelvic cancers in five sites that are routinely treated with RT were included as first primary cancers in this cohort study, including cancers of the cervix uteri, corpus and uterus, ovary, prostate, and urinary bladder. The SEER database strictly adheres to the coding rules for the classification of topography or histology of the International Classification of Diseases for Oncology (ICD-O) guidelines to identify multiple primary malignancies and distinguish between primary and recurrent cancers. The exclusion criteria for a first pelvic primary cancer in this study were as follows: patients with distant cancers; patients under 20 years of age; and patients of unknown race, survival month, cause of death, or RT status.



Treatment for PPC

The SEER database contains information on the first course of treatment. In this study, patients with a first PPC were classified according to the type of RT received, including external beam radiation therapy (EBRT), a combination of EBRT with brachytherapy involving implants or isotopes (EBRT–BRT), and no radiation therapy (NRT). However, the dosages of radiation administered were not registered in the SEER database.



Identification of SPRC

Because it takes 5 years from radiation exposure to solid cancer induction (20), the primary outcome of interest was the development of SPRC or second primary rectosigmoid cancer, which was defined as a nonsynchronous malignancy occurring within 5 years after treatment of the first PPC. In addition, patients diagnosed with a third-order or higher multiple PRC were excluded from the study.



Identification of Primary Rectal Cancer Only (PRCO)

Patients with PRCO were defined as those presenting only with PRC, and without any other malignancy diagnosed during their lifetime.



Statistical Analysis

Baseline patient and tumor characteristics were compared using the χ2 test or Fisher’s exact test, in case of an expected cell count <5. Survival outcomes were calculated using Kaplan–Meier curves, and the log-rank test was applied to compare these curves. The definition of overall survival (OS) was the time from SPRC diagnosis to the date of all-cause death, and the definition of rectal cancer-specific survival (RCSS) was the time from SPRC diagnosis to the date of SPRC-cause death.

SPSS (version 22.0; IBM) was used for the analysis of characteristics and survival, and a p-value <0.05 was considered statistically significant. Multiple primary standardized incidence ratios (SIRs) were used as a key measure of the risk of developing a SPC. Here, SIR was defined as the ratio of SPRC incidence to the number of expected SPRC cases in the general US population according to the SEER ascertainment area. The SIR results were stratified by gender, age, and calendar time, and a p-value <0.05 (two-sided) was considered statistically significant. Exact Poisson methods were used to calculate 95% confidence intervals (CIs) for the ratio of observed events to expected events (21). All SIR analyses were conducted using SEER*Stat software, version 8.3.6.d.




Results


Patient Characteristics

We identified 573,306 patients meeting the selection criteria (average age, 65 years). Patient demographics are depicted in Table 1. A total of 141,225 patients (24.63%) were treated with RT for a PPC, 103,947 of which were treated with EBRT only, and 37,278 with EBRT–BRT. Meanwhile, 432,081 (75.37%) patients received no RT. Primary cancers were located in the prostate (50.83%), bladder (24.18%), corpus uteri (16.26%), cervix (5.83%), and ovary (2.91%).


Table 1 | Characteristics of the primary pelvic cancer (PPC) patients.



After a minimum latency of five years from PPC diagnosis, a total of 91,359 patients (15.94%) developed a SPC. Among patients who underwent RT, 15.65% went on to develop a SPC. In total, 16,366 (15.74%) patients in the EBRT group and 5,740 (15.40%) patients in the EBRT–BRT group developed a SPC. In the NRT group, 69,253 (16.03%) patients developed a SPC. The number of patients who developed a SPRC was 1,491 (0.23%), 325 (0.31%), and 187 (0.50%) for the NRT, EBRT, and EBRT–BRT groups, respectively. The above data showed that, compared with the NRT group, a greater proportion of patients who received EBRT and EBRT–BRT for their PPC developed a SPRC; no difference was found between the latter two groups.



Comparison of SPRC With and Without RT

The characteristics of the patients who developed a SPRC after a minimum latency of five years from PPC diagnosis are shown in Table 2. Patients who developed a SPRC after RT (RT-SPRC) were older than those who developed a SPRC without RT (NRT-SPRC) (76.20 ± 9.20 vs. 74.74 ± 10.29, p = 0.007). There was no significant difference between the NRT-SPRC group and the RT-SPRC group in terms of gender, race, tumor grade, and whether the patients underwent surgery or not. The proportion of SPRCs that were located in the rectum in the RT-SPRC group was significantly higher than that in the NRT-SPRC group (81.25 vs. 72.93%, p < 0.001). Patients in the RT- SPRC group had a greater proportion of mucinous adenocarcinomas (8.59%) than those in the NRT-SPRC group (4.80%) (p = 0.001). Compared with those in the NRT-SPRC group, patients in the RT-SPRC group had a smaller proportion of localized stages (50.75 vs. 48.13%, respectively; p = 0.045) and a greater proportion of regional stages (33.41 vs. 36.68%, respectively; p = 0.045). A significantly greater percentage of patients in the NRT-SPRC group received chemotherapy for their SPRC compared with those from the RT-SPRC group (32.89 vs. 26.17%, respectively; p = 0.009). Only 9.75% of the patients in the RT-SPRC group received RT again for their SPRC. However, 30.34% of the patients in the NRT-SPRC group received RT for their SPRC.


Table 2 | Comparison of the characteristics of second primary rectal cancer (SPRC) patients receiving radiotherapy (RT) or not.





SIR of SPRC

Compared with the general US population, patients who received RT for their PPC were at an increased risk of developing a SPRC (SIR = 1.39, 95% CI: 1.27–1.52). The SIR of SPRC was 1.22 (95% CI: 1.09–1.36) in the EBRT group and 1.85 (95% CI: 1.60–2.14) in the EBRT–BRT group (Table 3). The increased risk of developing a SPRC was due to RT, as evidenced by the SIR of 1.39 in the RT group compared with a SIR of 0.85 for the NRT group (95% CI: 0.80–0.91). The SIR of SPRC tended to be higher in patients who underwent EBRT and EBRT–BRT than in patients who had not received RT. This tendency was found for the cervix uteri, corpus and uterus, prostate, and bladder, but not the ovary. Among patients who did not receive RT, those with prostate cancer (SIR = 0.75, 95% CI: 0.67–0.8) and bladder cancer (SIR = 0.84, 95% CI: 0.75–0.94) were at a reduced risk of developing a SPRC.


Table 3 | Standardized incidence ratio (SIR) of second primary rectal cancer (SPRC).



We next calculated the SIRs of SPRC according to age range, gender, race, latency from PPC diagnosis, year of diagnosis, and PPC site, respectively. NRT and EBRT–BRT patients presented a tendency for a deceasing risk of developing SPRC with increasing age at diagnosis (Figure 1A). This showed that patients who were younger at PPC diagnosis were at an increased risk of developing SPRC. Furthermore, we found that the risk of developing SPRC increased with time after a 5-year latency from the diagnosis of PPC in the EBRT and EBRT–BRT groups, but not in the NRT group (Figure 1B). Additionally, we found that the risk of developing a SPRC increased with increasing calendar year of diagnosis (Figure 1C).




Figure 1 | The standardized incidence ratio (SIR) tendency for second primary rectal cancer (SPRC) in surviving pelvic cancer patients. (A) SIR tendency at different ages of diagnosis. (B) SIR tendency at different latency periods from diagnosis. (C) SIR tendency according to the calendar year of diagnosis.





Survival Outcomes for SPRC Patients

We separately matched NRT-SPRC and RT-SPRC patients with PRCO patients by age at diagnosis, gender, race, tumor stage, chemotherapy, radiotherapy, and surgery by propensity score matching (PSM) at a ratio of 1:5. Demographic data of patients after PSM were shown in Supplementary Data.

Significant differences in five-year OS were found between NRT-SPRC patients and matched PRCO patients (p = 0.002; Figure 2A). We also found that the 5-year OS for RT-SPRC patients was significantly shorter than that for matched PRCO patients (p < 0.001; Figure 2B). The hazard ratio (HR) was 1.18 (95% CI: 1.06–1.31) for the NRT-SPRC group vs. the matched PRCO group and 1.33 (95% CI: 1.14–1.55) for the RT-SPRC vs. the matched PRCO group. In addition, the survival analysis showed that there was a significant difference in RCSS between RT-SPRC patients and matched PRCO patients (p = 0.004, HR = 1.30, 95% CI: 1.07–1.58; Figure 2D). No significant difference in RCSS was observed between patients in the NRT-SPRC group and those in the PRCO group (p = 0.116; HR = 1.11, 95% CI: 0.97–1.28; Figure 2C). These results suggested that the prognosis  was worse for RT-receiving SPRC patients than for PRCO patients.




Figure 2 | Kaplan–Meier curves for the overall survival (OS) and rectal cancer-specific survival (RCSS) of primary rectal cancer only (PRCO) patients versus those with second primary rectal cancer (SPRC; with radiotherapy [RT] or without radiotherapy [NRT]). (A) OS of PRCO versus NRT-SPRC patients. (B) OS of PRCO versus RT-SPRC patients. (C) RCSS of PRCO versus NRT-SPRC patients. (D) RCSS of PRCO versus RT-SPRC patients.






Discussion

Our SEER-based study was the largest patient cohort in the literature and investigated the relationship between pelvic RT as a treatment for PPC and the risk of developing SPRC. Our data confirmed that patients who received pelvic RT for their PPC were at an increased risk of developing SPRC. Recent studies have reached similar conclusions (4, 16, 21). In addition, our data showed that while a greater proportion of patients who underwent RT also developed SPRC, the proportion of patients who developed SPC after pelvic RT was similar to that for patients who did not receive RT. This indicated that the increased incidence of SPC was associated only with the rectum, which is also the area most likely to be affected by pelvic RT.

Moreover, among patients who received RT for their PPC, the risk of developing a SPRC was higher for patients who received a combination of EBRT and BRT than for those who received EBRT only. Studies have reported that SPC rates were similar overall for high- or low-dose RT treatment for pelvic cancer (risk ratio (RR) = 0.97, 95% CI: 0.89–1.06), as were the rates for site-specific cancers. There was a significant reduction in colon cancer rates following BRT compared with those after EBRT (22). In our study, we did not compare different doses of RT. However, we confirmed that the EBRT–BRT combination increased the SPRC risk compared with EBRT alone, which may have been due to the higher doses of radiation associated with combination treatment. Our results showed that the RT-related SPRC risk was associated with the pelvic RT treatment modality, which may also be associated with the radiation dose. This difference resulting from the different RT modalities employed or different radiation doses cannot be ignored. We suggest that patients undergoing the EBRT–BRT combination treatment should be considered as having a higher SPRC risk.

The risk of SPRC appeared to be reduced among patients who did not receive pelvic RT after a PPC, and a similar observation was made for prostate cancer and bladder cancer. These results were consistent with those of other studies (12, 16).

We also observed that patients diagnosed with a PPC at a younger age were at the highest risk of developing a SPRC. A study based on a Swedish population showed that the SIRs for colorectal cancer were higher for men diagnosed with Hodgkin lymphoma before the age of 35 years than for those diagnosed later in life (23). Clearly, younger patients would have a longer lifespan after being cured, which also implies a greater cancer risk. We also concluded that the risk of developing SPRC increases with time after a 5 year latency period from PPC diagnosis. This tendency was not observed in the NRT group, indicating that the increased risk of developing SPRC was indeed due to the pelvic RT and not other factors. Considering the expanding effect, the latency period of SPRC could be very long indeed. This suggests that a long follow-up is needed for patients undergoing pelvic RT, especially for young patients. Interestingly, we found that the SPRC risk increased with increasing calendar year of diagnosis in RT-treated patients. This tendency did not exist in patients who did not receive RT, indicating that this effect was also due to the RT. With the advancement of RT technology, more cancer patients would have been cured, and an increasing number of pelvic cancer survivors would also result in an increased SPRC potential.

The OS and RCSS were worse for patients in the RT-SPRC group than for those in the PRCO group. For the NRT patients, no significant difference in RCSS was found between them and those in the PRCO group. This indicated that pelvic RT may affect the pathogenesis and biological characteristics of rectal cancer, and lead to differences in survival outcome. Combined with the observation that patients in the RT-SPRC group had a greater incidence of mucinous adenocarcinoma, we suggest that clinicians should consider these differences when treating RT-related SPRC patients and pay special attention to the treatment modality.

This study had several limitations. First, environmental factors that may have had a significant influence on cancer incidence, such as smoking, were not considered as no records were available in the SEER database. Because of the lack of precise RT information in the database, the time frame included in the study does not account for the change to favoring IMRT in many pelvic malignancies. The purpose of this study was to analyze the impact of pelvic RT on SPRC; however, no specific radiation doses were available as a reference, which made it difficult to analyze whether this risk was related to the radiation dose. Nonetheless, as a remedy, we distinguished between patients who underwent EBRT as the only form of RT and those who received a combination of EBRT and BRT. In theory, the EBRT–BRT group should have received higher radiation doses, allowing us to analyze the effect of different RT modalities and doses on the risk of developing SPRC. Also, this study is greatly limited by the number of confounders that might be minimized in a Metanalysis from prospective clinical trials.

In conclusion, compared with the U.S. general population, patients who received RT for PPC were at an increased risk of developing a SPRC. Moreover, this RT-related risk for SPRC was associated with the RT treatment modality they had received. We suggest that a long follow-up time is needed for patients undergoing pelvic RT, especially for young patients. Special consideration should be given to SPRC patients given the differences between this group and PRCO patients.
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