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Abstract

:

Simple Summary


This study addressed the under-investigated issue of second primary cancer occurring in colorectal cancer survivors. Our aim was to explore whether patients recovered from a first colorectal cancer were at higher risk of developing a subsequent primary cancer. The hypothesis was that exposure to cancer treatment, enhanced health surveillance and shared risk factors may lead to an excess risk of second primary cancer in this population. The number of cases of second primary cancer exceeded the expected in this population, mainly driven by female genital cancers, and especially observed in the first years after colorectal cancer diagnosis. Our findings are overall consistent with previous studies, providing valuable information to better characterize and predict mortality from second primary cancer in subjects who suffered from first colorectal cancer.




Abstract


Background: Cancer survivors are at risk of developing second primary cancers (SPC). We investigated the risk of SPC in colorectal cancer (CRC) survivors in Sicily, Southern Italy. Methods: We analyzed data from the Eastern Sicily cancer registry covering 2.5 million people diagnosed and followed up between 2003 and 2017. We calculated the standardized incidence ratio (SIR) and 95% confidence interval (CI) of SPC overall and by cancer type, using the general Sicily population rates as reference. Results: A total of 19,040 cases of CRC and 1453 cases of SPC were included in the analysis. Mean age of occurrence of SPC was 68.1. The SIR for any SPC was 1.11 (95% CI 1.05–1.17); it was higher in women (1.18; 95% CI 1.08–1.29) than in men (1.07; 95% CI 0.97–1.14, p-value of difference 0.07). The SIR was increased for SPC from the ovary (SIR 2.01; 95% CI 1.33–2.95), kidney (SIR 2.00; 95% CI 1.54–2.56), endometrium (SIR 1.94; 95% CI 1.45–2.54), bladder (SIR 1.22, 95% CI 1.04–1.43) and stomach (1.29; 95% CI 0.98–1.66). The SIR for CRC as SPC was 0.84 (95% CI 0.70–1.01). No increased incidence was found for lung, prostate, breast, thyroid and liver cancer. The SIR for SPC overall and several cancers decreased with time of follow-up. Conclusions: In this population, CRC survivors have an 11% higher risk of developing a SPC than the general population, particularly cancers of the ovary, kidney, endometrium, bladder and stomach. Follow-up for SPC is required, especially during the first 5 years from CRC diagnosis.
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1. Introduction


Cancer patients are at higher risk of death [1], both because of their specific disease and because of the increased prevalence of comorbidities, including second primary cancers (SPC). The higher occurrence of a new cancer in patients affected by a neoplastic disease has been assessed in multiple studies. Based on their onset before or after 6 months from the first neoplasm, synchronous and metachronous SPC can be distinguished [2]. Possible explanations of the occurrence of SPC are (i) exposure to treatment [3,4], which can enhance the risk of cancer in other organs; (ii) exposure to ionizing radiation due to the tests performed during diagnosis and follow-up [5,6]; and (iii) enhanced surveillance due to the first disease (iv) shared risk factors, both hereditary and acquired, and mechanisms of carcinogenesis underlying both first and SPC (e.g., inflammatory microenvironment, alteration of microbiota, hormonal milieu or immune system) [7,8,9,10,11].



A long duration of survival increases the cumulative risk of developing SPC. Thus, long-term surviving cancer patients are those with the highest risk of SPC [3], and the increase in survival from a cancer diagnosis stresses the need to monitor the occurrence of SPC in these patients. Colorectal cancer (CRC) is becoming one of the health issues of the century, being a predominant neoplasm and given that the age of its occurrence is decreasing dramatically, with increasing incidence in subjects younger than 50 [12]. There is evidence of increased risk of SPC in patients diagnosed with CRC [13]. Kidney and pelvis cancer appears to be the most frequent SPC among colon cancer patients in men, and ovarian and endometrial cancers appear the most in women [13].



The study of the relationship between primary and SPC is important to improving the knowledge of cancer mechanisms and pathways of cancer development [13,14,15], also allowing us to better address the follow-up and monitoring measures of cancer patients [15]. Our aim was to assess the risk of SPC following CRC in a population from Southern Italy, including the identification of the most common types of cancer occurring after primary CRC diagnosis and the quantification of the risk by time after the first CRC, by sex and by anatomical subsites of the first cancer.




2. Methods


We analyzed data from the Eastern Sicily cancer registry covering 2.5 million people from four provinces (Catania, Enna, Messina and Siracusa) [16]. The registry is considered to be complete and is included in the Cancer Incidence in Five Continents, the collection of high-quality registries maintained by the International Agency for Research on Cancer [17]. We selected cases of CRC diagnosed between 2003 and 2017 and identified cases of SPC occurring among these patients during the same time period using the unique identification number assigned to all Italian residents [18]. The cancer registry collects data on cancer diagnosed mostly through histology confirmation on the primary tumor, and a minority of cases based on clinical data or imaging. In this population, 91% of cancer cases were defined based on histopathological examination. The remaining cases were defined based on imaging (6%), or a combination of other methods. When focusing on SPC, 98% of the cases included in this analysis had histopathological confirmation. We calculated the number of expected cases of cancer in the cohort of CRC cases based on the incidence rates in the population covered by the registry after adjusting for sex, age group and calendar year. In order to exclude metachronous cancers, we excluded tumors diagnosed during the first six months of follow-up.



We calculated the standardized incidence ratio (SIR) and 95% confidence interval (CI) of SPC overall and by cancer type as the ratio of observed over expected SPC; we also stratified the analyses by site of the first cancer (colon, rectum, and subsites within the colon), sex and time since diagnosis of first neoplasm (<1, 1–4, 4–9 and 10 or more years). We tested heterogeneity and trends in SIR using the chi-square tests proposed by Breslow and Day [19].



In addition to this, we ran two multivariate logistic regression models using SPC as the dependent variable; in the first model, the independent variables included sex, age, chemotherapy (no/yes) and radiotherapy (no/yes); in the second model, a categorical variable was used to combine different possible treatment schemes (neither chemo- or radiotherapy/one among chemo- or radiotherapy/both chemo- and radiotherapy).




3. Results


Between 2003 and 2017, 19,040 CRC cases occurred in the study population. Their distribution by selected characteristics is reported in Table 1. Among them, we identified a total of 1453 cases of SPC, including 937 occurring in men and 516 occurring in women. A total of 968 SPC occurred after a primary colon cancer, whereas 485 SPC occurred after a rectal cancer. The mean age at occurrence of SPC was 68.1 years (67.3 years for SPC after colon cancer and 68.9 years after rectal cancer).



The SIR of any SPC was 1.11 (95% CI 1.05–1.17, Table 2). The following SPC were at increased incidence among CRC survivors: ovarian cancer (SIR 2.01; 95% CI 1.33–2.95, 25 cases), kidney cancer (SIR 2.00; 95% CI 1.54–2.56; 60 cases), endometrial cancer (SIR 1.94; 95% CI 1.45–2.54, 49 cases), bladder cancer (SIR 1.22; 95% CI 1.04–1.43, 147 cases), and stomach cancer (SIR 1.29; 95% CI 0.98–1.66, 56 cases). The only cancer with reduced incidence among CRC survivors was prostate cancer (SIR 0.82; 95% CI 0.68–0.96). The SIR for CRC as SPC was 0.84 (95% CI 0.70–1.01; 120 cases).



The SIR for any SPC after colon cancer was 1.10 (95% CI 1.03–1.17) and that after rectal cancer was 1.13 (95% CI 1.03–1.23; p-heterogeneity 0.6, Table 2). CRC was the only SPC with significantly different SIR according to the site of the first primary cancer (p-heterogeneity < 0.001).



The SIR for any SPC in men was 1.07 (95% CI 0.97–1.14), that in women was 1.18 (95% CI 1.08–1.29, p-heterogeneity 0.07, Table 3). CRC and thyroid cancer were the only SPC with a significantly different SIR according to sex (p-heterogeneity 0.005 and 0.01, respectively).



Results of the analysis by time since first primary are reported in Table 4. Results within the first year of follow-up were based on a small number of SPC; an increased SIR was found for liver cancer (3.85; 95% CI 1.68–7.61), kidney cancer (3.29; 95% CI 1.21–7.29) and stomach cancer (95% CI 0.99–4.49). After excluding the first year of follow-up, a decreasing trend in SIR with increasing time since first primary CRC was found for all cancers (SIR 1,18; 95% CI 1.07–1.30; SIR 0.88; 95% CI 0.80–0.95; SIR 0.82; 95% CI 0.75–0.89 for 1–4, 5–9 and 10 or more years since first primary, respectively; p-trend < 0.001), A decreasing trend in SIR was also found for lung cancer (p < 0.001), stomach cancer (p = 0.001), ovarian cancer (p = 0.003), CRC (p = 0.003), liver cancer (p = 0.004), kidney cancer (p = 0.01) and bladder cancer (p = 0.04). Notably, no trend was detected for ovarian cancer (p = 0.9), which was the only SPC with an increased SIR after 10 or more years of follow-up.



Excluding CRC as SPC, the SIR was 1.14 (95% CI 1.08–1.21) in the whole population, 1.16 (95% CI 1.09–1.24) among colon cancer patients, and 1.10 (95% CI 1.00–1.22) among rectal cancer patients (p-heterogeneity 0.4; results not shown in detail).



The results of the multivariate logistic regression models (Table 5) showed a significantly increased risk of SPC in CRC survivors who received chemotherapy (OR = 1.52, 95% CI = 1.35–1.72) but not radiotherapy. A small difference was observed when considering the combination of chemo- and radiotherapy.




4. Discussion


Our analysis showed an excess risk of SPC following CRC in an Italian population from four provinces of Sicily. The number of SPC in CRC survivors almost reached 1000 cases, with higher numbers in men in all the provinces despite overall increased risk of SPC in women when pooling the cases of the different cancer types, mainly driven by the high incidence of female genital cancers. Most of the cases occurred in people aged 60 or older, with mean age 67.3. We also observed an association between SPC and chemotherapy but not radiotherapy. The overall higher SIR was, nevertheless, due to few specific cancer types, including ovary, kidney, endometrial and bladder cancer, and stomach cancer with borderline significant increase. On the contrary, prostate cancer resulted in reduced in CRC survivors. No statistically significant risk was found for lung, breast, thyroid and liver cancer. We observed a 10% increased risk of any SPC after colon cancer, and 13% after rectal cancer, with CRC being the only SPC with significantly different SIR based on the site of the FPC. We found a significant 18% increased risk of SPC in the first 5 years from CRC diagnosis, and an overall significant decreasing trend in the risk of SPC with time. Endometrial cancer was an exception, showing a persistent higher risk of occurrence up to 10+ years from FPC.



The overall SIR we found is consistent with that calculated in recent articles. For example, another population-based study based on 189,890 colon and 83,802 rectal cancer cases from the Surveillance, Epidemiology and End Results Program (SEER) database reported a 13% increased SIR (1.12–1.15) overall, similar to our findings [20]. A monography focused on the incidence of new malignancies in cancer survivors has been built based on data collected between 1973 and 2000 in the SEER Cancer Registries [7]. The authors reported a significant 14% increased risk of SPC in all ages, with the younger the age the higher the proportion of excess observed cases than the expected, 6 folded in the pediatric age up to a 2% increased risk in 70–79 years old people [7]. Consistent with our findings, they reported a higher risk of cancer in the first 5 years after initial diagnosis, and explained this as the consequence of more strict monitoring in the very first period compared to the following, and possibly also as a result of a change in behavioral patterns [7].



Age at the onset of the FPC was implied in the following risk, as the likelihood of cancer in survivors was not higher than in the general population in individuals diagnosed with CRC when older than 70 years. The RR of all new cancers combined was slightly higher in females and in Blacks. Also, the follow-up period showed different range of risk, as 10% of the excess risk was found in the first 5 years, while it became close to normal levels for later follow-up intervals, which is consistent with our findings [7]. The risks of subsequent malignancies were significantly increased for cancers of the tongue, oropharynx, stomach, small intestine, colon, rectum, anus, bile ducts, uterine corpus, kidney, and ureter. In contrast, lower risks were seen for cancers of the lip, larynx, lung, liver, and gallbladder, as well as for chronic lymphocytic leukemia. Despite some discrepancies, the direction of these results is somewhat consistent with what we observed in our study population, where for example no excess risk or even a decreased number of cases than the expected were found for lung and liver cancers [7].



A large population-based cohort study from Taiwan including almost 100,000 CRC patients over 16 years showed a significantly higher risk of ovary (SIR = 2.00, 05% ci = 1.52–2.57), uterus (SIR = 3.20, 95% CI = 2.62–3.87), thyroid (SIR = 1.71, 95% CI = 1.34–2.1), kidney (SI = 1.45, 95% CI = 1.25–1.67), bones and soft tissues (SIR = 1.38, 95% CI = 1.01–1.85), bladder (SIR = 1.31, 95% CI = 1.16–1.48), breasts (SIR = 1.20, 95% CI = 1.06–1.35), prostate (SIR = 1.19, 95% CI = 1.09–1.31), and lungs and mediastinum (SIR = 1.18, 95% CI = 1.10–1.26) compared to the general population [21]. While the association found with ovary, uterus, bladder and kidney agree with our results, those for breast and lung are discrepant, and the results for prostate cancer are in contrast with our findings. The median age at diagnosis of SPC was 67, which is approximately the same that we found. The authors calculated an overall 13% excess risk of occurrence of SPC after CRC diagnosis and a median time of development of 4.7 years. Interestingly, the younger the age, the higher the cumulative risk, which became not significantly different from the general population among women aged ≥ 80 [21].



When comparing our cancer-specific results with the SEER database [20], few differences can be demonstrated: higher risk was reported for stomach, endometrium and kidney cancers, with similar magnitude to that which we described; regardless, contrarily to our results, an increased risk was also found for lung, prostate and thyroid cancers, while bladder cancer did not significantly increase. The main discrepancy between our analysis and the SEER analysis concerns ovary cancer, which was shown to be less likely to occur in CRC survivors while being one of the strongest associations we found. The SEER database also showed that patients in the youngest range age (20–39) had the highest risk of any SPC [20].



Some types of SPC are known to occur more frequently in CRC survivors than in the general population. The strong association between CRC and ovarian cancer is explained by the evidence of common genetic factors such as hereditary non-polyposis colorectal cancer (HNPCC) [22].



Our findings agree with a large study conducted on the Thames Cancer Registry in England between 1961 and 1995, where a 2.56 SIR and a 1.59 SIR were reported for ovary cancer in women with a previous diagnosis of CRC before 65 years old and ≥65 years old, respectively [23]. Also, the study specified that this increased proportion was limited to the first five years after CRC [23]. This study also pointed out that HNPCC alone could not explain the excess number of ovary cancer cases in subjects with previous CRC, suggesting the implication of additional factors. The short latency period among the two cancer diagnoses may be related to the misclassification of ovary cancer as primary instead of a metastasis from CRC [23]. Indeed, 3–5% of CRC patients develop ovarian metastases [24]. Noticeably, recent surgeons’ classification of metastases distinguishes early (≤12 months of diagnosis from primary disease) and late (>12 months from diagnosis) metachronous metastases [25]. Thus, based on the criteria for the assessment and definition of synchronous and metachronous metastases, the SIR of SPC deeply varies. Besides this, as the SIR for ovarian cancer after CRC primary cancer remains high in the following calendar years periods, an overall increased risk of developing ovarian cancer in women with primary CRC is suggested. The heritable syndrome HNPCC predisposes not only to multicentric cancers of the colon and rectum, but also to early-onset cancers of the small intestine, stomach, bile ducts, uterine corpus, ovary, renal pelvis/ureter, and brain [26]. Similarly, the extra- colonic tumors associated with FAP syndrome include the stomach and small intestine (duodenal and periampullary) in addition to thyroid and brain tumors [27]. These syndromes and their variants may be implicated in the notably high risks for subsequent tumors of diverse sites among younger patients (ages < 40 years) with colon cancer, although excess risks were also seen to a limited extent among older persons. The role of genetic susceptibility suggesting HNPCC is also evident in the reciprocally increased risks for colon cancer following cancers of the uterine corpus, ovary, and renal pelvis/ureter diagnosed at young ages. It should be noted that hereditary syndromes can be only partially expressed at the phenotypic level [28].



Our analysis found an overall increase of the risk of stomach cancer occurring after CRC diagnosis. This is consistent with other studies. Robertson and coworkers assessed a pooled SIR of 1.22 for stomach cancer (95% CI = 1.07–1.39; p = 0.003) in their review [29]. We found a higher magnitude of this association, despite the small sample size prevent us from a full comparison with Robertson’s data. Indeed, when considering the single provinces, a significant higher SIR was found only for one province (Siracusa). A hypothesis is that in this area there are shared risk factors, such as genetics, which enhance the odds of occurrence of gastric cancer in CRC patients. Indeed, if on the one hand gastric cancer is not largely due to genetics, on the other the cases we described are second primary, then possibly subjected of higher genetic pressure. Next, a higher prevalence in Hp, which is known to vary by geographical area and populations, may play a role in the pattern of distribution of second primary gastric cases in Sicily [30].



We found higher kidney and bladder cancer cases numbers than expected. This is consistent with Robertson’s review, published in early 2022, which showed a pooled SIR equal to 1.19 (95% CI 1.06–1.33; p = 0.003) for bladder and to 1.50 (95% CI = 1.19–1.89; p = 0.0007) for kidney cancer [29]. Our results are close to these values, and the limited significance probably reflect the small sample size we observed. Indeed, we may have caught the positive direction of second primary bladder cancers following CRC which have been identified by the review in a very large population (7,716,750) based on seven studies. While a common exposure to environmental risk factors may be hypothesized, we would have observed a higher risk of other endodermal-derived epithelial cancers such as lung cancer, according to the idea that similar susceptibility and response to environmental factors and subsequent mutations. In the same way, smoke is unlikely to be related to this pattern of increase [21]. As noticed by Robertson et al., a possibility is that neoplasms such as ovary, stomach and bladder ones may be detected during the chest and abdominal computer tomography (CT) scan, contributing to a higher detection rate [29].



Our analysis showed a decreasing trend in the risk of SPC occurrence in the years from FPC of colorectum. This suggests that the excess risk of SPC is not due to common risk factors but rather to the effect of cancer therapies. When looking at Table 4, however, some exceptions can be noticed: breast and prostate cancer showed no trend, consistent with the fact that they did not turn out to be associated to CRC as FPC; thyroid cancer also lacks a significant trend, likely due to the small number of cases included in the study; endometrial cancer was the only cancer type which showed to be at an increased risk with a constant trend in time. This last case could be explained by the presence of common risk factors between CRC and endometrial cancer (e.g., body max index (BMI), Lynch syndrome). Moreover, the consistent evidence of increased number of SPC diagnosed within the first year after FPC which can be found in literature and which we also observed may be due to a higher attention to cancer surveillance at the time and shortly after the diagnosis of FPC in the first period, which was progressively reduced during follow-up. If indeed there is increased surveillance in the first period, cancers that would normally be diagnosed later would have their diagnosis anticipated, and the apparent excess in the first period of follow-up would be (at least in part) the result of this phenomenon.



Time of occurrence is an important aspect to take into consideration when analyzing SPC epidemiologic and clinical characteristics. For example, a worse profile was described in endometrial SPC that occurred 10+ years from the first cancer diagnosis [31]. Based on the time-definitions, different conclusions can be obtained around the calendar-year analyses currently available. For cancers which have medium-long survival time, such as CRC, six months are considered reasonable to distinguish metachronous from synchronous SPC [32]. Such results highlight the importance that CRC survivors should be monitored to detect SPC development within 1 year. To this regard, machine learning can help in the prediction of SPC [33] and also in distinguishing it from recurrence [34]. Moreover, SPC themselves can promote the recurrence of the FPC [35].



When focusing on the different anatomical sites of FPC, no significant difference can be observed in the occurrence of SPC after colon and rectum cancer, except for colorectum SPC; as illustrated in Table 2, rectal cancer is significantly associated with a risk of following CRC, while colon cancer is not. This may be due to the different therapeutic approach to the two cancer sites, where rectal cancer requires surgical resection of the rectum, preventing the following development of the cancer in the same site, while colon cancer usually implies partial resection or radio/chemotherapies [36]. Indeed, tumor progression after partial resection has been described as a consequence of the phenomenon of the “compensatory hyperplasia” [36], and more recently the hypothesis of surgery-induced tumor growth based on hypoxia and inflammation of the resected tissues has been discussed [37].



Small differences were observed in SPC occurrence in men and women CRC survivors. As presented in Table 3, the only significant difference regards the proportion of second primary CRC, which occurs more often in men than in women, despite the fact that the risk is not significantly increased in men per se. Similarly, a gender difference can be seen in thyroid cancer, which, however, is impaired by a small number of subjects, as previously mentioned. Overall, women turned out to be more likely to develop a SPC of any type compared to men. This is explained by the number of endometrial and ovary cancers, which are important female genital cancers. On the contrary, cancers of the male genitals (such as prostate cancer) are not increased in CRC survivors.



The investigation of SPC asks for attention and effort. An interesting question is the determination of the risk of the same cancer in individuals with a family history of a certain SPC [38]. Indeed, the multiple primary tumors found in CRC may be associated with hereditary CRC and could be explained by genetic profiling [39]. For example, the occurrence of first CRC followed by second CRC have been commonly identified with BRCA1/BRCA2, and MMR genes [40].



The combination of certain cancer sites can be linked to a specific syndrome. In these cases, the pattern of multiple primary tumors is highly specific, indicating that they are almost certainly of genetic origin, like colon and endometrial cancer in Lynch syndrome [39]. Besides this, some multiple primary cancers are known to be statistically associated but the genetic basis is unknown (such as in the case of stomach and kidney cancers).



Cigarette smoking and alcohol use were indicated as common risk factors explaining the occurrence of multiple cancers, corresponding to the cause of >35% of the total excess found by the SEER survey [7]. It seems that the same strategies aimed at reducing the risk of first primary cancers may be useful to reduce the risk of new malignancies in survivors (e.g., diet, physical activity, no smoking, reducing alcohol consumption). As noted by the authors, the challenge is in identifying low-penetrant gene polymorphisms involved in modifying the carcinogenic risks of lifestyle, environmental and treatment-related exposures [7].



With regard to cancer treatment as a risk factor for subsequent SPC development, we observed a role of chemotherapy as an independent risk factor for SPC, which is consistent with several studies on different cancer types [2,3], despite the fact that no significant relationship was found between overall SPC in CRC survivors and radiotherapy. The lack of an independent effect of radiotherapy on the risk of SPC in this population is possibly due to the relatively short follow-up.



Based on SEER data, the overall risk of developing an SPC after colon cancer was 7%, vanishing when excluding subsequent cancers of the colon, rectum, and anus [7]. Conversely, the excess SIR we found for total SPC was even higher when excluding these cancer types from our analysis. This may reflect a different pattern of risk in this study population. This study has several strengths. First, we addressed a relevant medical issue, namely SPC, which is emerging in the daily practice of oncology. This is one of the few studies on SPC from Italy, and the first on SPC occurrence in CRC survivors on a population from Southern Italy. The population-based design is a point of strength; indeed we analyzed a large population from Sicily Cancer Register, collecting accurate sociodemographic and cancer-related data. We performed a number of analyses and were able to show stratified results. Furthermore, we included in our analysis a high number of types of SPC. Moreover, given the single source of data for this study, the cut-off for the definition of metachronous and synchronous cancer is standardized. Our results are for the most part consistent with the previous literature, and therefore are likely to be solid.



This study also has some limitations. First, the analysis lacks adjustment for confounding factors which may have influenced the results (e.g., cigarette smoking, BMI, diet and alcohol). With regard to dietary factors, this population is likely to follow a Mediterranean diet, rich in fish and vegetables and fruit and with small amount of meat intake [41,42]. Family history of cancer was missing, preventing additional insight on the possible clustering of cancer cases within family groups. Regardless, this is common for analyses based on cancer registries, given that the information does not include individual characteristics which may be cancer risk factors. Also, while on the one hand we were able to perform several stratified analyses, on the other their statistical power was low because of the small sample size. For the same reason, the statistical significance of some results may be impaired by the multiple comparison issue. In addition, the relatively short follow-up could have limited the observation of SPC in this population. Indeed, we cannot distinguish whether the increased number of SPC observed in this population was due to the enhanced monitoring of CRC survivors, leading to an anticipation of cancer diagnoses which would have been identified later, to a genuine increase in risk, or to both. Thus, many results should be read with caution. Furthermore, the results we obtained are likely not to be fully generalizable. Despite this, given the specificity of the topic we addressed, it is reasonable that the associations we found are suggestive of a pattern of risk which can indeed be found in other populations. The consistency of our results with the previous literature supports this possibility.




5. Conclusions


In conclusion, this study provided data on the prevalence and the characteristics of SPC following CRC in a population from Southern Italy. The increased risk of SPC in CRC survivors is mainly due to the higher number of certain types of cancer, including ovary, kidney, endometrium, bladder and stomach, compared to the general population. These increased risks mainly referred to the first 5 years of follow-up. Liver, prostate and lung cancer showed to be less likely to occur in CRC survivors in the long-term compared than the general population. Our results suggest that the occurrence of SPC, other than for the colon and rectum, should be considered in CRC patients, who therefore need specific checks. In particular, the monitoring of CRC survivors should cover the first 5 years of follow-up. Further studies considering additional epidemiological data such as lifestyle risk factors and family history of cancer would be needed to better interpret these findings.







Author Contributions


Conceptualization, G.C., P.B. and S.S. (Salvatore Sciacca); methodology, G.C. and P.B.; formal analysis, A.I. and A.D.P.; resources, M.F., C.C., S.S. (Salvatore Scarpulla) and S.S. (Salvatore Sciacca); data curation, MF, C.C., S.S. (Salvatore Scarpulla) and S.S. (Salvatore Sciacca); writing—original draft preparation, G.C. and P.B.; writing—review and editing, A.I. and A.D.P.; supervision, M.F., P.B. and S.S. (Salvatore Sciacca); project administration, M.F. and S.S. (Salvatore Sciacca). All authors have read and agreed to the published version of the manuscript.




Funding


The project was conducted with internal resources of the Institutions involved.




Institutional Review Board Statement


No IRB approval was obtained since the study was based on de-identified data collected within the Cancer Registry.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data can be provided to external investigators upon reasonable request and agreement of the Institutions involved.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bray, F.; Laversanne, M.; Weiderpass, E.; Soerjomataram, I. The ever-increasing importance of cancer as a leading cause of premature death worldwide. Cancer 2021, 127, 3029–3030. [Google Scholar] [CrossRef] [PubMed]

	



Vogt, A.; Schmid, S.; Heinimann, K.; Frick, H.; Herrmann, C.; Cerny, T.; Omlin, A. Multiple primary tumours: Challenges and approaches, a review. ESMO Open 2017, 2, e000172. [Google Scholar] [CrossRef] [PubMed]

	



Copur, M.S.; Manapuram, S. Multiple Primary Tumors Over a Lifetime. Oncology 2019, 33, 629384. [Google Scholar] [PubMed]

	



Rombouts, A.J.M.; Hugen, N.; Elferink, M.A.G.; Poortmans, P.M.P.; Nagtegaal, I.D.; de Wilt, J.H.W. Increased risk for second primary rectal cancer after pelvic radiation therapy. Eur. J. Cancer 2020, 124, 142–151. [Google Scholar] [CrossRef]

	



Grantzau, T.; Overgaard, J. Risk of second non-breast cancer among patients treated with and without postoperative radiotherapy for primary breast cancer: A systematic review and meta-analysis of population-based studies including 522,739 patients. Radiother. Oncol. 2016, 121, 402–413. [Google Scholar] [CrossRef]

	



Levi, F.; Randimbison, L.; Te, V.C.; La Vecchia, C. Cancer risk after radiotherapy for breast cancer. Br. J. Cancer 2006, 95, 390–392. [Google Scholar] [CrossRef]

	



Curtis, R.E.; Freedman, D.M.; Ron, E.; Ries, L.A.G.; Hacker, D.G.; Edwards, B.K.; Tucker, M.A.; Fraumeni, J.F., Jr. New Malignancies Among Cancer Survivors: SEER Cancer Registries, 1973–2000; NIH Publ. No. 05-5302; National Cancer Institute: Bethesda, MD, USA, 2006.

	



Chuang, S.C.; Hashibe, M.; Scelo, G.; Brewster, D.H.; Pukkala, E.; Friis, S.; Tracey, E.; Weiderpass, E.; Hemminki, K.; Tamaro, S.; et al. Risk of second primary cancer among esophageal cancer patients: A pooled analysis of 13 cancer registries. Cancer Epidemiol. Biomark. Prev. 2008, 17, 1543–1549. [Google Scholar] [CrossRef]

	



Bolf, E.L.; Sprague, B.L.; Carr, F.E. A Linkage Between Thyroid and Breast Cancer: A Common Etiology? Cancer Epidemiol. Biomark. Prev. 2019, 28, 643–649. [Google Scholar] [CrossRef]

	



Srinivasan, R.; Yang, Y.X.; Rubin, S.C.; Morgan, M.A.; Lewis, J.D. Risk of colorectal cancer in women with a prior diagnosis of gynecologic malignancy. J. Clin. Gastroenterol. 2007, 41, 291–296. [Google Scholar] [CrossRef]

	



Nandy, N.; Dasanu, C.A. Incidence of second primary malignancies in patients with esophageal cancer: A comprehensive review. Curr. Med. Res. Opin. 2013, 29, 1055–1065. [Google Scholar] [CrossRef]

	



Akimoto, N.; Ugai, T.; Zhong, R.; Hamada, T.; Fujiyoshi, K.; Giannakis, M.; Wu, K.; Cao, Y.; Ng, K.; Ogino, S. Rising incidence of early-onset colorectal cancer—A call to action. Nat. Rev. Clin. Oncol. 2021, 18, 230–243. [Google Scholar] [CrossRef]

	



AIRTUM Working Group. Italian Cancer Figures, Report 2013: Multiple Tumours. Epidemiol. Prev. 2013, 37 (Suppl. 1), 1–152. [Google Scholar]

	



Jayasekara, H.; Reece, J.C.; Buchanan, D.D.; Rosty, C.; Dashti, S.G.; Ouakrim, D.A.; Winship, I.M.; Macrae, F.A.; Boussioutas, A.; Giles, G.G.; et al. Risk factors for metachronous colorectal cancer following a primary colorectal cancer: A prospective cohort study. Int. J. Cancer 2016, 139, 1081–1090. [Google Scholar] [CrossRef]

	



Halamkova, J.; Kazda, T.; Pehalova, L.; Gonec, R.; Kozakova, S.; Bohovicova, L.; Krakorova, D.A.; Slaby, O.; Demlova, R.; Svoboda, M.; et al. Second primary malignancies in colorectal cancer patients. Sci. Rep. 2021, 11, 2759. [Google Scholar] [CrossRef]

	



Benedetto, G.; Prima, A.D.; Sciacca, S.; Grosso, G. Design, functionality, and validity of the SWInCaRe, a web-based application used to administer cancer registry records. Health Inform. J. 2019, 25, 149–160. [Google Scholar] [CrossRef]

	



Available online: https://ci5.iarc.fr/Default.aspx (accessed on 1 July 2022).

	



Available online: https://taxing.it/italian-fiscal-code-number-tax-code-tin/ (accessed on 1 July 2022).

	



Breslow, N.E.; Day, N.E. Statistical methods in cancer research. Volume II--The design and analysis of cohort studies. IARC Sci. Publ. 1987, 82, 1–406. [Google Scholar]

	



Guan, X.; Jin, Y.; Chen, Y.; Jiang, Z.; Liu, Z.; Zhao, Z.; Yan, P.; Wang, G.; Wang, X. The Incidence Characteristics of Second Primary Malignancy after Diagnosis of Primary Colon and Rectal Cancer: A Population Based Study. PLoS ONE 2015, 10, e0143067. [Google Scholar] [CrossRef]

	



Lee, Y.T.; Liu, C.J.; Hu, Y.W.; Teng, C.J.; Tzeng, C.H.; Yeh, C.M.; Chen, T.J.; Lin, J.K.; Lin, C.C.; Lan, Y.T.; et al. Incidence of Second Primary Malignancies Following Colorectal Cancer: A Distinct Pattern of Occurrence Between Colon and Rectal Cancers and Association of Co-Morbidity with Second Primary Malignancies in a Population-Based Cohort of 98,876 Patients in Taiwan. Medicine 2015, 94, e1079. [Google Scholar]

	



Roh, S.J.; Hong, Y.H.; Kim, B.C.; Chang, H.J.; Han, K.S.; Hong, C.W.; Sohn, D.K.; Park, S.C.; Lee, D.W.; Kim, B.; et al. Analysis of metachronous colorectal neoplasms and survival following segmental or extended resection in patients with hereditary non-polyposis colorectal cancer. Int. J. Colorectal. Dis. 2020, 35, 1273–1282. [Google Scholar] [CrossRef]

	



Evans, H.S.; Møller, H.; Robinson, D.; Lewis, C.M.; Bell, C.M.; Hodgson, S.V. The risk of subsequent primary cancers after colorectal cancer in southeast England. Gut 2002, 50, 647–652. [Google Scholar] [CrossRef]

	



Thornblade, L.W.; Han, E.; Fong, Y. Colorectal cancer ovarian metastases. Int. J. Gynecol. Cancer 2021, 31, 1137–1144. [Google Scholar] [CrossRef]

	



Väyrynen, V.; Wirta, E.V.; Seppälä, T.; Sihvo, E.; Mecklin, J.P.; Vasala, K.; Kellokumpu, I. Incidence and management of patients with colorectal cancer and synchronous and metachronous colorectal metastases: A population-based study. BJS Open 2020, 4, 685–692. [Google Scholar] [CrossRef]

	



Watson, P.; Lynch, H.T. Extracolonic cancer in hereditary nonpolyposis colorectal cancer. Cancer 1993, 71, 677–685. [Google Scholar] [CrossRef]

	



Burt, R.W. Colon cancer screening. Gastroenterology 2000, 119, 837–853. [Google Scholar] [CrossRef] [PubMed]

	



de Jong, M.M.; Nolte, I.M.; te Meerman, G.J.; van der Graaf, W.T.; de Vries, E.G.; Sijmons, R.H.; Hofstra, R.M.; Kleibeuker, J.H. Low-penetrance genes and their involvement in colorectal cancer susceptibility. Cancer Epidemiol. Biomarkers Prev. 2002, 11, 1332–1352. [Google Scholar] [PubMed]

	



Robertson, D.; Ng, S.K.; Baade, P.D.; Lam, A.K. Risk of extracolonic second primary cancers following a primary colorectal cancer: A systematic review and meta-analysis. Int. J. Colorectal. Dis. 2022, 37, 541–551. [Google Scholar] [CrossRef] [PubMed]

	



Chiarini, A.; Calà, C.; Bonura, C.; Gullo, A.; Giuliana, G.; Peralta, S.; D’Arpa, F.; Giammanco, A. Prevalence of virulence-associated genotypes of Helicobacter pylori and correlation with severity of gastric pathology in patients from western Sicily, Italy. Eur. J. Clin. Microbiol. Infect. Dis. 2009, 28, 437–446. [Google Scholar] [CrossRef]

	



Haraga, J.; Nakamura, K.; Haruma, T.; Nyuya, A.; Nagasaka, T.; Masuyama, H. Molecular Characterization of Second Primary Endometrial Cancer. Anticancer. Res. 2020, 40, 3811–3818. [Google Scholar] [CrossRef]

	



Coyte, A.; Morrison, D.S.; McLoone, P. Second primary cancer risk—The impact of applying different definitions of multiple primaries: Results from a retrospective population-based cancer registry study. BMC Cancer 2014, 14, 272. [Google Scholar] [CrossRef]

	



Chang, C.C.; Chen, Y.C. Advanced Machine Learning in Prediction of Second Primary Cancer in Colorectal Cancer. Stud. Health Technol. Inform. 2020, 270, 1191–1192. [Google Scholar]

	



Ting, W.C.; Lu, Y.A.; Ho, W.C.; Cheewakriangkrai, C.; Chang, H.R.; Lin, C.L. Machine Learning in Prediction of Second Primary Cancer and Recurrence in Colorectal Cancer. Int. J. Med. Sci. 2020, 17, 280–291. [Google Scholar] [CrossRef]

	



Kang, M.; Jung, J.W.; Oh, J.J.; Lee, S.; Hong, S.K.; Lee, S.E.; Byun, S.-S. Do Second Primary Cancers Affect the Risk of Biochemical Recurrence in Prostate Cancer Patients Undergoing Radical Prostatectomy? A Propensity Score-Matched Analysis. Clin. Genitourin. Cancer 2016, 14, e363–e369. [Google Scholar] [CrossRef]

	



Mármol, I.; Sánchez-de-Diego, C.; Pradilla Dieste, A.; Cerrada, E.; Rodriguez Yoldi, M.J. Colorectal Carcinoma: A General Overview and Future Perspectives in Colorectal Cancer. Int. J. Mol. Sci. 2017, 18, 197. [Google Scholar] [CrossRef]

	



Govaert, K.M.; Jongen, J.M.J.; Kranenburg, O.; Borel Rinkes, I.H.M. Surgery-induced tumor growth in (metastatic) colorectal cancer. Surg. Oncol. 2017, 26, 535–543. [Google Scholar] [CrossRef]

	



Zheng, G.; Sundquist, J.; Sundquist, K.; Ji, J. Family history of breast cancer as a second primary malignancy in relatives: A nationwide cohort study. BMC Cancer 2021, 21, 1210. [Google Scholar] [CrossRef]

	



Cybulski, C.; Nazarali, S.; Narod, S.A. Multiple primary cancers as a guide to heritability. Int. J. Cancer 2014, 135, 1756–1763. [Google Scholar] [CrossRef]

	



Tanjak, P.; Suktitipat, B.; Vorasan, N.; Juengwiwattanakitti, P.; Thiengtrong, B.; Songjang, C.; Therasakvichya, S.; Laiteerapong, S.; Chinswangwatanakul, V. Risks and cancer associations of metachronous and synchronous multiple primary cancers: A 25-year retrospective study. BMC Cancer 2021, 21, 1045. [Google Scholar] [CrossRef]

	



Vasto, S.; Barera, A.; Rizzo, C.; Di Carlo, M.; Caruso, C.; Panotopoulos, G. Mediterranean diet and longevity: An example of nutraceuticals? Curr. Vasc. Pharmacol. 2014, 12, 735–738. [Google Scholar] [CrossRef]

	



Vasto, S.; Buscemi, S.; Barera, A.; Di Carlo, M.; Accardi, G.; Caruso, C. Mediterranean diet and healthy ageing: A Sicilian perspective. Gerontology 2014, 60, 508–518. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Distribution of cases of CRC and of SPC, by selected characteristics.






Table 1. Distribution of cases of CRC and of SPC, by selected characteristics.





	

	
CRC Primary Cancer

	
SPC

	




	

	
N

	
%

	
N

	
%

	
Chi2






	
Total

	
19,040

	
100.0

	
1453

	
100.0

	




	
Sex

	

	

	

	

	
p < 0.001




	
Male

	
10,039

	
52.7

	
937

	
64.5




	
Female

	
9001

	
47.3

	
516

	
35.5




	
Age (years)

	

	

	

	

	
p < 0.001




	
<50

	
1182

	
6.2

	
71

	
4.9




	
50–59

	
2548

	
13.4

	
160

	
11.0




	
60–69

	
4547

	
23.9

	
446

	
30.7




	
70–79

	
6127

	
32.2

	
562

	
38.7




	
≥80

	
4636

	
24.3

	
214

	
14.7




	
Calendar year

	

	

	

	

	
p < 0.001




	
2003–2007

	
5960

	
31.3

	
700

	
48.2




	
2008–2012

	
6475

	
34.0

	
504

	
34.7




	
2013–2017

	
6605

	
34.7

	
249

	
17.1




	
Anatomical site *

	

	

	

	

	
p = 0.3




	
Colon

	
12,937

	
67.9

	
968

	
66.6




	
Rectum

	
6103

	
32.1

	
485

	
33.4




	
Treatment

	

	

	

	

	
p < 0.001




	
No CT/RT

	
10,712

	
60.9

	
731

	
50.3




	
CT/RT

	
6,343

	
36.1

	
662

	
45.6




	
CT&RT

	
532

	
3.02

	
60

	
4.13








CRC, colorectal cancer; SPC, second primary cancer; CT = chemotherapy; RT = radiotherapy; CT/RT = chemotherapy or radiotherapy; CT&RT = chemotherapy and radiotherapy. * The anatomical site refers to the specific organ from which the first primary cancer occurred, and that from which SPC occurred.
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Table 2. SIR of selected SPC following CRC, 2003–2017.






Table 2. SIR of selected SPC following CRC, 2003–2017.





	
SPC

	
Colon

	
Rectum

	
CRC

	
p het




	
Obs

	
SIR

	
95% CI

	
Obs

	
SIR

	
95% CI

	
Obs

	
SIR

	
95% CI

	






	
All cancers

	
968

	
1.10

	
1.03–1.17

	
485

	
1.13

	
1.03–1.23

	
1453

	
1.11

	
1.05–1.17

	
0.6




	
Stomach

	
42

	
1.42

	
1.04–1.90

	
14

	
1.02

	
0.57–1.66

	
56

	
1.29

	
0.98–1.66

	
0.3




	
CRC

	
43

	
0.35

	
0.26–0.47

	
76

	
1.29

	
1.02–1.60

	
120

	
0.84

	
0.70–1.01

	
<0.001




	
Liver

	
33

	
1.20

	
0.84–1.67

	
8

	
0.64

	
0.29–1.21

	
41

	
1.02

	
0.74–1.37

	
0.1




	
Lung

	
85

	
0.87

	
0.70–1.07

	
45

	
0.98

	
0.72–1.30

	
130

	
0.91

	
0.75–1.07

	
0.5




	
Breast

	
74

	
0.89

	
0.72–1.13

	
32

	
0.94

	
0.65–1.32

	
106

	
0.92

	
0.75–1.11

	
0.8




	
Endometrium

	
35

	
1.96

	
1.38–2.69

	
14

	
1.87

	
1.06–3.06

	
49

	
1.94

	
1.45–2.54

	
0.9




	
Ovary

	
20

	
2.34

	
1.58–2.57

	
5

	
1.28

	
0.46–2.84

	
25

	
2.01

	
1.33–2.95

	
0.2




	
Kidney

	
43

	
2.12

	
1.55–2.83

	
17

	
1.75

	
1.05–2.74

	
60

	
2.00

	
1.54–2.56

	
0.5




	
Bladder

	
99

	
1.21

	
0.99–1.46

	
48

	
1.25

	
0.93–1.64

	
147

	
1.22

	
1.04–1.43

	
0.2




	
Prostate

	
96

	
0.84

	
0.69–1.03

	
42

	
0.74

	
0.54–1.00

	
138

	
0.82

	
0.68–0.96

	
0.5




	
Thyroid

	
15

	
0.98

	
0.57–1.57

	
7

	
0.86

	
0.37–1.72

	
22

	
0.94

	
0.60–1.39

	
0.8








SIR, standardized incidence ratio; SPC, second primary cancer; CRC, colorectal cancer; Obs, observed; CI, confidence interval; p het, p-value of test of heterogeneity of SIR between colon and rectum.
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Table 3. SIR of selected SPC following CRC, by gender (only CRC as first primary).






Table 3. SIR of selected SPC following CRC, by gender (only CRC as first primary).





	
SPC

	
Men

	
Women

	
p het




	
Obs

	
SIR

	
95% CI

	
Obs

	
SIR

	
95% CI






	
All cancers

	
937

	
1.07

	
0.97–1.14

	
516

	
1.18

	
1.08–1.29

	
0.07




	
Stomach

	
36

	
1.11

	
0.79–1.52

	
20

	
1.42

	
0.89–2.15

	
0.4




	
CRC

	
78

	
1.05

	
0.83–1.30

	
42

	
0.62

	
0.45–0.83

	
0.005




	
Liver

	
27

	
0.84

	
0.56–1.21

	
14

	
1.22

	
0.69–2.00

	
0.3




	
Lung

	
107

	
0.76

	
0.62–0.91

	
22

	
0.90

	
0.57–1.34

	
0.5




	
Breast

	
1

	
-

	
-

	
105

	
1.52

	
1.25–1.83

	
-




	
Endometrium

	
-

	
-

	
-

	
49

	
1.94

	
1.45–2.54

	
-




	
Ovary

	
-

	
-

	
-

	
25

	
2.01

	
1.33–2.95

	
-




	
Kidney

	
42

	
1.75

	
1.28–2.34

	
18

	
2.12

	
1.29–3.28

	
0.5




	
Bladder

	
127

	
1.02

	
0.85–1.21

	
21

	
1.30

	
0.82–1.95

	
0.3




	
Prostate

	
138

	
0.82

	
0.68–0.96

	
-

	
-

	
-

	
-




	
Thyroid

	
13

	
1.77

	
0.98–2.95

	
9

	
0.62

	
0.30–1.13

	
0.01








SIR, standardized incidence ratio; SPC, second primary cancer; CRC, colorectal cancer; Obs, observed; CI, confidence interval; p het, p-value of test for heterogeneity of SIR between men and women.
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Table 4. SIR of selected SPC following CRC, by time since first primary CRC.
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SPC

	
<1 year

	
1–4 years

	
5–9 years

	
10+ years

	
Trend




	
Obs

	
SIR

	
95% CI

	
Obs

	
SIR

	
95% CI

	
Obs

	
SIR

	
95% CI

	
Obs

	
SIR

	
95% CI

	






	
All cancers

	
91

	
0.91

	
0.73–1.11

	
399

	
1.18

	
1.07–1.30

	
481

	
0.88

	
0.80–0.95

	
482

	
0.82

	
0.75–0.89

	
<0.001




	
Stomach

	
7

	
2.27

	
0.99–4.49

	
24

	
2.34

	
1.53–3.42

	
15

	
1.06

	
0.62–1.72

	
10

	
0.71

	
0.36–1.26

	
0.001




	
CRC

	
15

	
0.7

	
0.27–0.76

	
37

	
0.46

	
0.33–0.63

	
40

	
0.28

	
1.20–0.38

	
28

	
0.22

	
0.15–0.32

	
0.003




	
Liver

	
7

	
3.85

	
1.68–7.61

	
13

	
1.46

	
0.81–2.44

	
16

	
1.19

	
0.70–1.88

	
5

	
0.35

	
0.11–0.67

	
0.004




	
Lung

	
9

	
1.15

	
0.55–2.10

	
50

	
1.63

	
1.22–2.13

	
26

	
0.54

	
0.35–0.77

	
28

	
0.49

	
0.33–0.70

	
<0.001




	
Breast

	
2

	
0.30

	
0.05–1.01

	
19

	
0.87

	
0.54–1.33

	
32

	
0.94

	
0.65–1.30

	
53

	
1.03

	
0.77–1.33

	
0.5




	
Endometrium

	
2

	
1.71

	
0.28–5.64

	
11

	
2.39

	
1.25–4.14

	
12

	
1.55

	
0.83–2.63

	
24

	
2.05

	
1.34–3.01

	
0.9




	
Ovary

	
2

	
2.89

	
0.50–9.86

	
10

	
3.95

	
2.01–7.04

	
8

	
1.93

	
0.89–3.67

	
5

	
0.85

	
0.31–1.90

	
0.003




	
Kidney

	
5

	
3.29

	
1.21–7.29

	
18

	
2.93

	
1.79–4.54

	
22

	
2.19

	
1.41–3.26

	
15

	
1.22

	
0.71–1.97

	
0.01




	
Bladder

	
8

	
1.11

	
0.51–2.10

	
48

	
1.75

	
1.30–2.31

	
42

	
1.03

	
0.75–1.38

	
51

	
1.12

	
0.84–1.45

	
0.04




	
Prostate

	
3

	
0.36

	
0.09–0.98

	
28

	
0.90

	
0.61–1.28

	
48

	
0.97

	
0.72–1.28

	
59

	
1.15

	
0.88–1.47

	
0.3




	
Thyroid

	
0

	
0

	
0–6.37

	
4

	
1.02

	
0.32–2.46

	
5

	
0.71

	
0.26–1.57

	
10

	
0.75

	
0.38–1.34

	
0.7








SIR, standardized incidence ratio; SPC, second primary cancer; CRC, colorectal cancer; Obs, observed; CI, confidence interval. Trend, p-value of test for linear trend, excluding the category < 1 year.
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Table 5. Risk of SPC in CRC survivors by type of treatment of CRC—results of the multivariate analysis.
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	Treatment
	OR, 95% CI
	p Value





	Chemotherapy
	
	



	-  No
	Ref
	



	-  Yes
	1.52, 1.35–1.72
	<0.001



	Radiotherapy
	
	



	-  No
	Ref
	



	-  Yes
	1.12, 0.86–1.47
	0.412



	Therapy scheme
	
	



	-  No CT/RT
	Ref
	



	-  CT/RT
	1.54, 1.37–1.75
	<0.001



	-  CT&RT
	1.63, 1.23–2.16
	0.001







Notes: OR = odds ratio, adjusted for sex and age; CI = confidence interval; CT = chemotherapy; RT = radiotherapy; CT/RT = chemotherapy or radiotherapy; CT&RT = chemotherapy and radiotherapy.
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