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Objective

Renal collecting duct carcinoma (CDC) is an extremely rare disease with few studies, and the current understanding of its prognosis is limited. We used the Surveillance, Epidemiology, and End Results (SEER) registry data to explore the prognostic factors and effect of treatment modalities on the overall survival (OS) and cancer-specific survival (CSS) in patients with CDC.



Methods

Patients’ information of CDCs diagnosed by pathological examination between 2000 and 2018 was extracted from the SEER database. The Kaplan–Meier method was used to calculate OS and CSS and log-rank tests to evaluate the differences in OS and CSS. The associations between clinicopathological variables and survival outcomes were assessed with the Cox proportional hazard model. A directed acyclic graph (DAG) was drawn to recognize confounding factors and to obtain the multivariable regression model, and the impact of surgery, radiotherapy, and chemotherapy on OS and CSS was analyzed, respectively.



Results

A total of 242 patients with CDC were enrolled. The median OS and CSS time were 17 and 21 months, respectively. The OS rates at 1, 2, and 5 years were 56.9%, 41.9%, and 30.0%, respectively, while the CSS rates at 1, 2, and 5 years were 60.1%, 47.5%, and 34.8%, respectively. Patients who had a large tumor size, poor pathological grade, and advanced TNM classification exhibited worse survival outcomes. Univariable and multivariable Cox regression analyses revealed that surgery, chemotherapy, T stage, N stage, and M stage were independent prognostic factors for OS and CSS. The DAG-guided multivariate Cox regression model revealed that surgery and chemotherapy improved OS and CSS.



Conclusions

CDC is an exceedingly rare disease and has malignant behavior. Most patients have a high pathological grade and advanced TNM stage at diagnosis and exhibited poor survival. Resection of all visible tumors including metastatic lesions or chemotherapy can be beneficial to prognosis, while healthier benefits are less likely to receive radiotherapy. More relevant studies with larger samples are needed to verify the value of surgery and adjuvant therapy in the treatment of CDCs.
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Introduction

Collecting duct carcinoma (CDC) is a rare subtype of renal cell carcinoma (RCC), which is a malignant renal epithelial tumor, originating from the principal cells of the distal segment of the renal medullary collecting duct (1, 2). CDCs account for less than 2% of RCC and display aggressive features and poor prognosis (3–6). At the early stages of CDCs, the typical clinical symptoms and specific biomarkers are lacking and the majority of patients are found and diagnosed at the advanced TNM stage (6–8), which may result in a worse survival. Owing to the aggressive behavior of CDCs—a high incidence of distant metastasis and high pathological grade—early and accurate preoperative or postoperative diagnosis of CDCs is of importance for treatment strategies to improve the outcome of the patients with CDCs.

Robust studies about surgical treatment and prognostic factors of CDCs are lacking. Although some studies based on public databases have verified relevant prognostic factors affecting survival (4, 9, 10), the effect of different treatment modalities on outcomes of CDC was not clarified. Recently, Tang et al. reported the clinical characteristics and survival of patients with CDC. However, they failed to report oncologic outcomes for overall survival (OS) and explore the effect of different treatment methods on outcomes in detail. Therefore, we used data derived from the Surveillance, Epidemiology, and End Results (SEER) database to investigate the impact of surgery, radiotherapy, or chemotherapy, on OS and CSS respectively, using the DAG-guided multivariate Cox regression model. The clinical feature, survival outcomes, and independent prognostic factors of OS and CSS were also revealed.



Materials and Methods


Data Extraction

Much information on cancer incidence and survival outcomes was collected in the SEER database, and about 35% of the US population was covered (11). By running the SEER*Stat 8.3.9.2 software (https://seer.cancer.gov/seerstat/), the “Incidence-SEER Research Plus Data, 18 Registries, Nov 2020 Sub (2000-2018)” database was linked and the clinical and follow-up data of patients diagnosed with CDCs by postoperative pathology from 2000 to 2018 were retrieved and exported. According to the code of ICD-0-3: 8319/3: Collecting duct carcinoma, the patients were recruited into this study. The inclusion/exclusion criteria for patients were as follows: (1) survival data of patients were complete and available; (2) diagnosis was confirmed by histology; (3) the year of diagnosis was between 2000 and 2018; (4) laterality only contained left or right; (5) patient information came from the medical institution; (6) in terms of surgery, patients only receiving tumor destruction were not considered; and (7) cases with incomplete clinical information related to the study were excluded. Finally, a total of 242 patients with CDCs who met the criteria were recruited in this study.



Patient Information

Information of demographic characteristics including age, sex, and race was obtained. The data of tumor features containing tumor size, TNM stage, pathological grade, and laterality of tumor were also chosen. Next, the treatment strategies of CDCs which consisted of surgery, chemotherapy, or radiotherapy were extracted. Radiotherapy and chemotherapy were categorized into “no/unknown” or “yes.” Notably, the intent of radiotherapy for these cases is unclear and a significant proportion of patients were probably given radiotherapy for palliation. Additionally, OS was calculated from the date of diagnosis confirmed to any cause of death, regarded as the primary survival outcome. Additionally, CSS was defined as the time from the date of diagnosis to the date of death caused by CDCs.



Statistical Analysis

All statistical analyses were performed, using R 3.6.3 software (The R Foundation for Statistical Computing, Vienna, Austria). Continuous variables with a normal distribution were described as mean ± standard deviation (SD) while clinical characteristics conforming to the skewed distribution were exhibited by the median and interquartile range (IQR). Categorical variables were recorded in numbers and percentages during descriptive statistics. The Kaplan–Meier method was used to conduct survival curves, and log-rank tests were applied to compare differences between survival curves. The univariable and multivariable Cox proportional hazards regression model was used to analyze independent prognostic factors affecting OS and CSS. Moreover, under the guidance of DAG, three different multivariable regression models were constructed to explore the impact of surgery, chemotherapy, and radiotherapy on OS and CSS, respectively. p < 0.05 (two-sided) was considered to be statistically significant.




Results


Clinical Characteristics of CDCs

A total of 242 patients diagnosed with CDCs were enrolled in this study, and their baseline clinicopathological features are shown in Supplementary Table S1. Of the total patients, there were 71 (29.3%) females and 171 (70.7%) males. In terms of age, 161 (66.5%) of patients were less than 68 years old and 81 (33.5%) were more than 68 years old. The included population mainly consisted of 60 (24.8%) black, 166 (68.6%) white, and other races accounting for only 16 (6.6%).

The maximum tumor diameter ranged from 4.1 to 8.5 cm, and the median tumor size was 6.3 cm. According to the TNM stage system, 77 (31.8%) cases were in T1, 16 (6.6%) in T2, 121 (50.0%) in T3, and 21 (8.7%) in T4. Respectively, 94 (38.9%) and 86 (35.5%) patients had clinical lymph node metastasis and/or distant metastases at presentation. Based on the AJCC 6th edition staging system for renal carcinoma, there were 57 (23.6%) stage I, 11 (4.6%) stage II, 57 (23.6%) stage III, and 111 (45.9%) stage IV tumors, while pathological grade revealed that 3.72%, 10.7%, 38.0%, and 26.4% of the patients were in stages I, II, III, and IV disease, respectively. During the treatment, most patients (85.1%) with CDCs underwent surgical resection and the remaining patients (14.9%) received conservative treatment. However, only a few patients received radiotherapy or chemotherapy, accounting for 25 (10.3%) and 64 (26.4%), respectively.



Influence of Clinical Factors and Treatment Methods on Survival

To investigate the impact of clinical factors and treatment methods on OS and CSS, the Kaplan–Meier method and log-rank test were used. The median follow-up time of all patients was 17.0 months (IQR: 5.0–68.0 months). The overall 1-, 2-, and 5-year survival rates were 56.9%, 41.9%, and 30.0%, respectively, and for CSS, its 1-, 2-, and 5-year survival rates were 60.1%, 47.5%, and 34.8%, respectively. Patients with larger tumor sizes had shorter survival (median OS: 11 vs. 25 months, p < 0.001, and median CSS: 11 vs. 32 months, p < 0.001) than those with smaller tumor sizes (Supplementary Figures S1A and S2A). The survival rates were also affected by pathological grade. The median survival times of grades I, II, III, and IV for OS were 134, 97, 13.5, and 17.5 months, respectively (the total p < 0.001; I vs. IV, p = 0.017; II vs. III, p = 0.016; II vs. IV, p < 0.001) (Supplementary Figure S1B), for CSS not reached, not reached, 15 months, and 18 months (the total p < 0.001; I vs. III, p = 0.013; I vs. IV, p = 0.002; II vs. III, p = 0.002; II vs. IV, p < 0.001) (Supplementary Figure S2B). Similarly, tumors with a high AJCC stage were not good for the survival time of CDCs. The findings demonstrated that the median survival times of stages I, II, III, and IV for OS were 115, 91, 22, and 7 months, respectively (the total p < 0.001; I vs. III, p < 0.001; I vs. IV, p < 0.001; II vs. IV, p < 0.001; III vs. IV, p < 0.001) (Supplementary Figure S1C), for CSS not reached, not reached, 26 months, and 7 months (the total p < 0.001; I vs. III, p < 0.001; I vs. IV, p < 0.001; II vs. III, p = 0.041; II vs. IV, p < 0.001; III vs. IV, p < 0.001) (Supplementary Figure S2C). Besides, patients with the late T stage had a lower survival rate than those with the early T stage. For OS, 81, 56, 11, and 10 months were respectively matched to the median survival times of T1, T2, T3, and T4 (the total p < 0.001; T1 vs. T3, p < 0.001; T1 vs. T4, p < 0.001; T2 vs. T3, p = 0.030; T2 vs. T4, p = 0.007) (Supplementary Figure S1D). For CSS, the median survival times of T1, T2, T3, and T4 were 115, 91, 15, and 10 months, respectively (the total p < 0.001; T1 vs. T3, p < 0.001; T1 vs. T4, p < 0.001; T2 vs. T3, p = 0.013; T2 vs. T4, p = 0.003) (Supplementary Figure S2D).

Lymph node metastasis can result in worse survival. The median survival times of N0, N1, and N2 for OS were 42, 7, and 9 months, respectively (the total p < 0.001; N0 vs. N1 p < 0.001; N0 vs. N2, p < 0.001) (Supplementary Figure S1E), and 95, 9, and 9 months corresponded to the median survival times of N0, N1, and N2 for CSS (the total p < 0.001; N0 vs. N1 p < 0.001; N0 vs. N2, p = 0.001) (Supplementary Figure S2E). Compared with tumors with distant metastasis, patients without distant metastasis displayed better OS (median OS:41 vs. 5 months, p < 0.001) (Supplementary Figure S1F) and CSS (median CSS: 95 vs. 6 months, p < 0.001) (Supplementary Figure S2F). Patients who underwent surgery had longer survival than those who did not (median OS: 22 vs. 4 months, p < 0.001, and median CSS: 27 vs. 4 months, p < 0.001) (Supplementary Figures S1G and S2G). Interestingly, patients who underwent radiotherapy had a worse survival than those who did not (median OS: 7 vs. 20 months, p < 0.001, and median CSS: 10 vs. 25 months, p = 0.001) (Supplementary Figures S1H and S2H). Furthermore, patients who received chemotherapy had shorter survival than those who did not (median OS: 12.5 vs. 21 months, p < 0.001, and median CSS: 14 vs. 32 months, p < 0.001) (Supplementary Figures S1I and S2I).

Since most patients receiving chemotherapy and radiotherapy were in stage IV, we included these patients for subgroup analysis. Patients who underwent surgery had better survival than those who did not (median OS: 9 vs. 4 months, p < 0.001, and median CSS: 10 vs. 4 months, p < 0.001) (Figures 1A, D). However, compared with a patient who did not receive chemotherapy, patients receiving chemotherapy had a longer survival (median OS: 9 vs. 5 months, p = 0.008, and median CSS: 11 vs. 5 months, p = 0.02) (Figures 1B, E). Meanwhile, patients who underwent radiotherapy had the same survival as those who did not undergo radiotherapy  (median OS: 7 vs. 7 months, p = 0.95, and median CSS: 10 vs. 7 months, p = 0.51) (Figures 1C, F).




Figure 1 | Kaplan–Meier estimate of overall survival (OS) and cancer-specific survival (CSS) stage IV patients by (A) surgery, (B) chemotherapy, (C) radiotherapy, (D) surgery, (E) chemotherapy, and (F) radiotherapy.





Risk Factors for OS and CSS In Patients With CDCs

The Cox regression models were used to recognize the independent predictors of OS and CSS. By univariate analysis, the result showed that tumor size, pathological grade, AJCC stage, T stage, N stage, M stage, surgery, radiotherapy, and chemotherapy were closely related to OS and CSS (p < 0.05). All factors with statistical significance (p < 0.05) in univariate analysis were selected and submitted to multivariable Cox regression model analysis. Next, we detected multicollinearity between these variables and found that the variance inflation factors of the AJCC stage which was included in the model were more than 5. Therefore, the factor of the AJCC stage was not enrolled in the multivariable Cox regression model. In multivariate analysis, advanced T stage (T3 vs. T1 OS: HR: 1.896, 95% CI: 1.128–3.178; p = 0.016; CSS: HR: 2.105, 95% CI: 1.181–3.752; p = 0.012), N stage (N1 vs. N0: OS: HR: 2.105, 95% CI: 1.279–3.464; p = 0.003; CSS: HR: 2.093, 95% CI: 1.233–3.551; p = 0.006), M stage (OS: HR: 4.726, 95% CI: 2.843–7.856; p < 0.001; CSS: HR: 4.864, 95% CI: 2.850–8.299; p < 0.001), surgery (OS: HR: 4.526, 95% CI: 2.070–9.897; p < 0.001; CSS: HR: 4.844, 95% CI: 2.113–11.104; p < 0.001), chemotherapy (OS: HR: 3.154, 95% CI: 1.896–5.248; p < 0.001; CSS: HR: 2.871, 95% CI: 1.682–4.899; p < 0.001) remained significant prognostic factors for OS and CSS. The above findings of the Cox regression analysis of prognostic factors for OS and CSS are presented in Tables 1, 2, respectively.


Table 1 | Univariate and multivariate Cox regression analysis of the associations between clinicopathological features and OS in patients with CDCs.




Table 2 | Univariate and multivariate Cox regression analysis of the associations between clinicopathological features and CSS in patients with CDCs.





Effect of Surgery, Chemotherapy, and Radiotherapy on OS and CSS

In an attempt to explore the influence of surgery, radiotherapy, and chemotherapy on OS and CSS, DAG was drawn to elucidate that the structure of the causal relation between surgery and survival outcomes (OS and CSS), chemotherapy and survival outcomes, or radiotherapy and survival outcomes, respectively, and the confounding factor in the Cox regression model were identified correctly. In the light of the relationship between each exposure factor and outcomes, a total of three DAGs were produced to direct the multivariable regression analysis model. When surgery was deemed as the main exposure factor, chemotherapy and radiotherapy as intermediate variables should be excluded from the Cox regression model (Supplementary Figure S3). The result of the multivariable analysis directed by DAGs showed that surgery was associated with OS (HR: 3.300, 95% CI: 1.568–6.946; p = 0.004) and CSS (HR: 3.398, 95% CI: 1.555–7.425; p = 0.002) (Table 3). However, chemotherapy as a confounding factor was chosen as an exposure factor, surgery was not excluded, and radiotherapy as an ancestor of outcome was excluded (Supplementary Figure S4). The DAGs which guided the multivariate regression model demonstrated that chemotherapy was associated with OS (HR: 2.918, 95% CI: 1.750–4.868; p < 0.001) and CSS (HR: 2.747: 95% CI: 1.604–4.703; p < 0.001) (Table 4). Additionally, if the exposure factor was radiotherapy, surgery seen as a confounding variable factor was also not excluded and chemotherapy as an ancestor of outcome was not included (Supplementary Figure S5). Finally, the findings presented that radiotherapy was not associated with OS (HR: 1.139, 95% CI: 0.613–12.115; p = 0.680) and CSS (HR: 1.292, 95% CI: 0.667–2.501; p = 0.448) (Table 5).


Table 3 | DAG-guided multivariable Cox regression model analysis of causal effect of surgery on OS and CSS.




Table 4 | DAG-guided multivariable Cox regression model analysis of causal effect of chemotherapy on OS and CSS.




Table 5 | DAG-guided multivariable Cox regression model analysis of causal effect of radiotherapy on OS and CSS.






Discussion

CDC, also called Bellini duct carcinoma, is a very rare subtype of renal malignancies and presents an aggressive clinical course, with low incidence and worse outcomes (6, 10). Currently, most of the works mainly focus on a case report and case series reports and systematic studies with large sample cases are lacking. How to recognize CDC early, make the correct diagnosis, and make appropriate treatment strategies is extremely important to improve the prognosis of CDCs. Additionally, standard treatment strategies are still not available. Most patients with CDC received adjuvant radiotherapy, chemotherapy, and immunotherapy after surgery including partial nephrectomy (PN), radical nephrectomy (RN), and cytoreductive nephrectomy (CNx). There exist several questions that need to be addressed during the treatment. As we know, patients with cT1−2/N0M0 clear cell RCC receiving PN or RN can obtain equivalent oncologic outcomes (12). Doubtfully, whether patients with T1−2/N0M0 CDC receiving surgery can get similar oncologic outcomes needs to be resolved. For metastatic CDC, whether CNx benefits the patient is urgent to be illuminated. Moreover, whether all patients with CDC should receive adjuvant therapy is questioned. Here, we obtained the data from the SEER database to describe the clinical characteristics of the CDC and demonstrated its independent risk factors. Moreover, we verified the impact of different treatment methods on the survival of patients with CDC. Our findings suggested that CDCs have malignant behavior and that resection of all visible tumors or chemotherapy is significantly associated with outcomes. For patients with advanced CDC, no correlation between radiotherapy and outcomes is seen.

In the present study, we reconfirmed that CDCs showed some aggressive behavioral characteristics, and patients with CDCs had a poor prognosis. Many studies have reported that the majority of patients had high pathological grade, advanced T stage, positive lymph node, and distant metastasis at diagnosis and these factors were the independent predictor of CDCs. In our previous study (6), most patients had obvious invasive pathologic features and half of the patients had distant metastasis. They all had short survival times. Similar results can also be seen in previous studies. In a study published by Karakiewicz and his colleagues, T3 or higher accounted for 80.5%, positive node for 48.8%, and metastatic disease for 19.5% at diagnosis. In 78.0% of patients, their Fuhrman grades were grade III or higher, and the 5-year CSS for CDCs was 48% (3). Another large multi-institutional cohort from Japan revealed that more than 50% of patients had a late T stage and 97.8% of patients had a poor Fuhrman grade and that disease-specific survival was 34.3% (8). Similarly, the OS rate reduced to 26.8% in the recent work based on the SEER database (9). The authors discovered that CDC presented more often with T3 (52.8%), node-positive (40.6%), and metastatic (42.0%) diseases. An early study from 16 European and American institutions also reported that the 5-year CSS rate for CDCs was 40.3% (13). Compared to these works, our findings demonstrate the same incidence of late T stage, lymph node positive, or metastatic disease. Furthermore, the OS and CSS at 5 years were 30.0% and 34.8%, respectively, which were inferior to the survival time of RCC (14). Moreover, more than 50% of the patients with CDC died within 5 years after diagnosis and treatment and a poor prognosis was discovered. Additionally, older age, larger tumor size, late T stage, positive node, distant metastasis, poorly Fuhrman grade, and lymphovascular invasion were closely associated with worse survival outcomes (4, 10, 13), which was similar to our results. In our study, larger tumor size, advanced TNM stage, late AJCC stage, and poor pathological grade exhibited an extremely detrimental prognosis. Finally, the above factors remained independent prognosis factors for OS and CSS in the multivariable regression analysis model.

For the treatment of CDC, patients with CDC could benefit from surgical treatment and chemotherapy. When we included patients in all stages for the survival analysis, patients who received chemotherapy and radiotherapy displayed shorter survival than those who did not. However, in the next subgroup analysis, we found that patients with advanced CDC who underwent chemotherapy had longer survival than those who did not, while patients with advanced CDC who received radiotherapy had the same survival time as those who did not. The reason for this phenomenon is that for most patients receiving chemotherapy or radiotherapy, their intent of chemotherapy or radiotherapy was likely palliative and these patients themselves had a poorer prognosis than those in the earlier stages. Although no explicit treatment strategy is established, there is no doubt that surgery is still the primary treatment. Generally, patients with CDCs after surgery can obtain a longer survival (4, 10, 15). Consistent results were presented in our study. Additionally, our study revealed that advanced CDC patients benefited from surgery. In terms of surgical methods, at present, RN is suggested if tumors are suspected to be CDC before surgery for their malignant biological behavior. A minority of patients with low-stage and low-grade receiving RN did not show signs of tumor progression, suggesting that RN during the treatment of CDCs can be effective and curative (6, 16). Certainly, a few patients with early TNM stage achieved better outcomes after nephron-sparing surgery (17). In clinical practice, the surgical strategies often depend upon complicating factors such as preoperative patient status, surgical risks, survival outcomes, and distant metastasis (18). Thus, for the patient with node or distant metastasis or unable to receive CNx, adjuvant therapy may play an important role in improving the survival of CDCs. Wilson and colleagues reported that CNx combined with chemo/radiotherapy or chemo/radiotherapy alone was associated with a survival benefit over a single CNx in patients with CDCs, indicating the potential benefit for combination treatment (4). A partial response or complete remission acquired in patients receiving the therapy of chemotherapeutic agents (gemcitabine and either cisplatin or carboplatin) was discovered in previous studies (8, 18–21). Nevertheless, the only slight improvement in OS has been revealed, and progression of tumor and failure of first-line therapy was often observed in CDCs (22). Different from chemotherapy, although radiotherapy was found to play a certain role in delaying tumor progression reported in Wilson and colleagues’ study (4), the benefit from radiotherapy in the treatment of CDCs has not been unfolded in other relevant works (8, 10). In this study, most of the patients in stage IV received radiotherapy and the effect of radiotherapy on the survival of patients was not seen. Furthermore, we used DAG that can explicitly exclude irrelevant variables to enroll the real confounding factors into the Cox regression model to analyze the impact of surgery, chemotherapy, and radiotherapy, respectively, on the survival of CDCs. Finally, we found that surgery and chemotherapy were beneficial to prognosis, while healthier benefits are less likely to receive radiotherapy.

Undoubtedly, there exist several limitations in the present study. First, despite the data we used in this study from the SEER database, the number of cases included is still small. Second, this study belongs to a retrospective study and potential selection bias is inevitable. Third, chemotherapy schedule and administration time are unclear and the effect of specific chemotherapeutic drugs on the survival of CDCs remains to be studied. Fourth, the type of surgery is unknown and the role of NSS and RN in the treatment of patients with early CDCs is also folded. Equally importantly, the intent of radiotherapy—palliative or curative—is not known and the value of radiotherapy is not clear. Additionally, because pathological sections are not centrally re-confirmed by professional pathologists, CDC is easily misdiagnosed as others, including medullary carcinoma and FH-deficient RCC. These defects are unavoidable. However, this study is of tremendous value to help clinicians comprehend the prognosis of CDCs and make the right treatment strategies for this tumor.



Conclusion

CDC is an extremely rare renal carcinoma, with an invasive biological behavior. Most patients have a high pathological grade and advanced TNM stage at diagnosis and exhibited poor survival. Larger tumor size, advanced TNM stage, later AJCC stage, and higher pathological grade may indicate an extremely detrimental prognosis. Healthier benefits are more likely to undergo surgery or chemotherapy than more comorbid ones. Certainly, to make systemic therapeutic options for this tumor, long-term large-scale prospective trials are necessary.
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