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Abstract 

Objective: Second primary renal cell carcinoma (2nd RCC) refers to renal cell carcinoma (RCC) diagnosed after 
another unrelated malignancy. This study aims to compare the clinical manifestation, pathology, treatment, and prog-
nostic features of patients with 2nd RCC and first primary renal cell carcinoma (1st RCC).

Materials and methods: Data of the patients with localized RCC were retrospectively collected. They were classified 
as 2nd RCC or 1st RCC according to a previously diagnosed cancer, including 113 cases of 2nd RCC and 749 cases of 
1st RCC.

Results: The most common types of extrarenal malignancies in patients with 2nd RCC include lung, colorectal, 
breast, gynecological, and gastric cancers. The age and smoking rate of 2nd RCC patients were significantly higher 
than in those of 1st RCC patients. For 2nd RCC patients, fewer had clinical symptoms and renal masses tend to be 
smaller. One hundred and eight (95.6%) patients with 2nd RCC received surgical interventions. All patients with 1st 
RCC underwent renal surgery. More patients with 2nd RCC underwent a partial nephrectomy. Pathologically, there 
was no significant difference in postoperative pathological types between the 2nd and 1st RCCs. However, the 2nd 
RCCs were commonly identified in the early stages. The median overall survival (OS) of 2nd RCC patients was 117 
months, which was shorter than that of 1st RCC patients.

Conclusions: Second RCC is not uncommon. More attention should be paid to screening for 2nd RCC in cancer 
survivors. There are some differences between patients with 2nd and 1st RCCs that should be viewed separately.
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Introduction
A second primary malignancy (SPM) refers to a malig-
nant tumor found at the same time as or after a primary 
malignancy, excluding metastasis and recurrence [1]. 
The advances in cancer diagnosis and treatment have 
not only prolonged the life of cancer survivors but also 
increased the diagnosis of SPM [2]. SPM is estimated to 
be the sixth most common malignancy in the world [3, 

4]. Its occurrence reflects potential immune deficiency, 
gene mutation, carcinogen exposure (drinking, smoking), 
or the sequelae of cancer and its treatment (radiotherapy 
and chemotherapy) [5]. Therefore, improving the diagno-
sis and treatment of SPM is important for the long-term 
management of cancer. We also need to pay attention to 
identify the environmental, behavioral, and genetic fac-
tors affecting SPM. In so doing, the risk of SPM may be 
reduced by controlling the related factors [6].

Renal cell carcinoma (RCC) is one of the most common 
malignancies of the urinary system, with an increasing 
incidence in recent years, but the overall mortality rate 
has stabilized [7]. Non-invasive imaging examinations, 
such as B-ultrasound and computer tomography (CT), 
have been widely used to increase the detection of renal 
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cancers in the early stages [8]. RCC may be a first primary 
cancer (first primary RCC, 1st RCC), or it can occur as a 
second primary RCC (2nd RCC) in patients with a previ-
ous history of malignancy. 2nd RCC is one of the most 
common SPM, with an incidence of 10.9–28.9% [1, 9, 10].

Other types of primary malignancies associated with 
RCC include bladder, prostate, colorectal, lung, cutane-
ous malignant melanoma (MM), and non-Hodgkin’s lym-
phoma (NHL) [10]. Although it is not uncommon, there 
are few studies on the clinical features, diagnosis, treat-
ment, and prognosis of the 2nd RCC. Furthermore, there 
is also a lack of comparative studies between 2nd RCC 
and 1st RCC.

By collecting the data of patients with 2nd RCC, we 
systematically analyzed the clinical features, diagnosis, 
treatment, and prognosis and compared them with those 
of the 1st RCC patients treated in the same period.

Materials and methods
Studies involving human participants were reviewed 
and approved by the Medical Ethics Committee of Zhe-
jiang Cancer Hospital. The database records of patients 
diagnosed with RCC at Zhejiang Cancer Hospital from 
January 2009 to June 2019 were reviewed. Patients with 
distant metastases were excluded. The patients in the 
cohort were classified as having 2nd or 1st RCC accord-
ing to their cancer history. Non-renal primary malig-
nancies were recorded and classified as antecedent and 
synchronous, and the patients who were diagnosed after 
RCC were excluded. Synchronous malignancies were 
defined as those diagnosed concurrently or within 6 
months of the initial diagnosis.

We retrospectively collected 113 cases of 2nd RCC and 
749 cases of 1st RCC. The clinical data of these patients 
were analyzed, including demographic data, pathology 
and treatment of non-renal malignancies, symptoms, 
imaging features, pathology, and treatment of the RCC 
(2nd RCC and 1st RCC). The symptoms included flank 
pain, visible hematuria, palpable abdominal, paraneo-
plastic syndromes, and symptoms caused by metastatic 
disease, such as bone pain or persistent cough. The punc-
ture or surgical specimens were evaluated by specialized 
pathologists. Patient follow-up ensured collection of data 
pertaining to recurrence rate, metastasis, and survival 
status. The overall survival (OS) was defined as the time 
from the diagnosis of RCC to the last follow-up or death. 
Progression-free survival (PFS) was defined as the time 
from diagnosis to the first documentation of progres-
sive disease or death, whichever occurred first. Cancer-
specific survival (CSS) was defined as the time from the 
date of diagnosis to the date of death caused by RCC. The 
pathological stage and histological grade were defined 

according to the International Union Against Cancer 
TNM classification [11].

Categorical variables and continuous variables were 
tested using the χ2 test and t-test, respectively. OS, 
PFS, and CSS were calculated using the Kaplan-Meier 
method for the study population. Multivariate Cox 
regression analysis was used to explore factors influenc-
ing prognosis. All statistical analyses were performed 
using IBM SPSS Statistics for Windows, version 19 (IBM 
Corp., Armonk, NY, USA). Statistical significance was 
set at p < 0.05.

Results
Demographics and clinical presentations of 2nd RCC 
and 1st RCC 
The demographic details of the 2nd RCC and 1st RCC 
groups are shown in Table 1. Patients with 2nd RCC were 
older in age at diagnosis (58.2 vs. 55.0 years, p = 0.008) 
and had a higher rate of smoking (54.1% vs. 35.0%, p = 
0.036). The rate of family cancer history was slightly 
higher in patients with 2nd RCC, but the difference was 
not significant (31.9% vs. 23.9%, p = 0.068). There was 
no significant difference in sex distribution or body mass 
index (BMI) between the two groups. Of the patients 
with 1st RCC, 29.2% had symptoms such as lower back 
pain and hematuria. The vast majority (94.9%) of the 2nd 
RCC were detected incidentally with no symptoms and 
there was a significant difference between the two groups 
(p < 0.001).

Origin, staging, and primary treatment of non‑renal 
malignancies
The most common primary non-renal malignancies of 
2nd RCC were lung cancer (20.4%), followed by colorec-
tal (14.2%), breast (10.6%), gynecological (9.7%), thyroid 
(8.8%), gastric (8.0%), nasopharyngeal (8.0%), and esoph-
ageal (4.4%) cancers. Patients with stage I–II non-renal 
malignant tumors accounted for 76.7%, and 45.1% of the 
patients had a history of radiotherapy or chemotherapy 
(Supplemental Table  1). Synchronous 2nd RCC was 
found in 71 patients (62.8%), and antecedent 2nd RCC 
accounted for 37.2%, with a mean interval between the 
two cancer sets of 33.9 months.

Diagnosis, treatment, and pathology of 2nd RCC and 1st 
RCC 
Comparing patients with 2nd RCC to patients with 1st 
RCC, the former had significantly smaller tumor size (3.6 
cm vs. 4.7 cm, p < 0.001). Five patients (4.4%) with sus-
pected 2nd RCC underwent renal puncture biopsy, and 
all the pathological results indicated RCC. None of the 
patients with 1st RCC had a renal biopsy.
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Table 1 Demographics and clinical characteristics of patients with second primary renal cell carcinoma (2nd RCC) and first primary 
renal cell carcinoma (1st RCC)

RCC  renal cell carcinoma, BMI body mass index

Characteristic 2nd RCC 1st RCC p value

Patients

 Number of patients 113 749

 Gender Male 67 (59.3%) 452 (60.3%) 0.83

Female 46 (40.7%) 297 (39.7%)

 Mean age, years (±SD) 58.2 (±10.2) 55.0 (±12.1) 0.008

 Smoking history Yes 51 (45.1%) 262 (35.0%) 0.036

No 62 (54.9%) 487 (65.0%)

 Family history of tumor Yes 36 (31.9%) 179 (23.9%) 0.068

No 77 (68.1%) 570 (76.1%)

 Mean BMI, kg/m2 (±SD) 23.9 (±3.2) 23.9 (±3.4) 1.00

Disease

 Symptom Yes 2 (1.8%) 219 (29.2%) <0.001

No 111 (98.2%) 530 (70.8%)

 Synchronous 71 (62.8%) – –

 Metachronous 42 (37.2%) –

 Mean interval between first extrarenal malignancies and renal cell carcinoma, months 
(range)

33.9 (0–540) – –

 Mean diameter of renal mass, cm (±SD ) 3.6 (±1.6) 4.7 (±2.5) <0.001

 Renal surgery Radical nephrectomy 43 (39.8%) 394 (52.6%) 0.013

Partial nephrectomy 65 (60.2%) 355 (47.4%)

Table 2 Pathological characteristics of patients with second primary renal cell carcinoma (2nd RCC) and first primary renal cell 
carcinoma (1st RCC)

RCC  renal cell carcinoma

2nd RCC 1st RCC p value

Pathological type Clear cell RCC 98 (86.7%) 630 (84.1%) 0.98

Papillary RCC 6 (5.3%) 44 (5.9%)

Chromophobe RCC 5 (4.4%) 51 (6.8%)

Translocation RCC 1 (0.88%) 4 (0.53%)

Sarcomatoid variants of RCC 1 (0.88%) 3 (0.4%)

Renal medullary carcinoma 0 1 (0.13%)

Renal collecting duct carcinoma 0 1 (0.13%)

Mucinous tubular and spindle cell carcinoma 0 1 (0.13%)

Unclassified RCC 2 (1.8%) 14 (1.9%)

Single/multiple 113/0 744/5 0.38

Pathological grade I 16 (22.9%) 104 (24.9%) 0.45

II 44 (62.9%) 236 (56.6%)

III 10 (14.3%) 69 (16.5%)

IV 0 8 (1.9%)

Pathological stage T1 97 (91.5%) 595 (79.4%) <0.001

T2 2 (1.9%) 86 (11.5%)

T3 7 (6.6%) 50 (6.7%)

T4 0 7 (0.9%)

TxN1 0 11 (1.5%)
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Of the 113 patients with 2nd RCC, 108 (95.6%) 
nephrectomies were performed including 65 partial 
(60.2%) and 43 radical nephrectomies (39.8%), 4 (3.5%) 
patients received observation, and 1 (0.9%) patient 
underwent ablation. The reasons for non-surgical treat-
ment for these patients included advanced stage (4 cases) 
and postoperative complications (1 case) of the non-
renal malignancies. All patients with 1st RCC under-
went nephrectomy, including partial nephrectomy (n = 
355, 47.4%) and radical nephrectomy (n = 394, 52.6%). 
There was a significant difference in the treatment mode 
between the two groups (Table 1).

When comparing synchronous 2nd RCC with 
metachronous 2nd RCC, there was no significant 

difference in age, sex ratio, smoking history, family his-
tory of tumor, BMI, and diameter of renal mass. How-
ever, in terms of the type of surgery, more patients with 
metachronous 2nd RCC received partial nephrectomy 
than patients with synchronous 2nd RCC (p = 0.01).

The postoperative pathological categories of patients 
with 2nd and 1st RCCs are shown in Table 2. There was 
no significant difference in the distribution of pathologi-
cal types between the two groups (p = 0.982). In terms of 
pathological stages of the RCC, more patients with 2nd 
RCC had T1 RCC compared with patients with 1st RCC 
(91.5% vs. 79.4%, p < 0.001). However, there was no sig-
nificant difference between the two groups in terms of 
nuclear grade and single/multiple lesions.
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Fig. 1 Kaplan-Meier curves for progression-free survival (PFS) (A), cancer-specific survival (CSS) (B), and overall survival (OS) (C) in patients with 
second primary renal cell carcinoma (2nd RCC) and first primary renal cell carcinoma (1st RCC)
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Outcomes of 2nd RCC and 1st RCC 
One hundred and two patients with 2nd RCC and 720 
patients with 1st RCC were followed up for a median 
period of 52 months (range,1–216 months). For patients 
with 2nd RCC, metastasis occurred in 8 patients with a 
median progression time of 32 months (4–54 months), 
and the diagnosis was confirmed by puncture biopsy in 
six patients and by combining imaging and clinical fea-
tures in the other two patients. At the last follow-up, 78 
(76.5%) patients were still living and 24 (23.5%) patients 
had died. Among those who had died, non-renal malig-
nancies were the cause in 18 patients (75%). The median 
OS was 117 months (95% confidence interval [CI] = 
97.16–136.84) for patients with 2nd RCC. For patients 
with 1st RCC, metastasis occurred in 61 patients, with 
a median progression time of 18 months (range, 3–126 
months). At the last follow-up, 680 patients (94.4%) 
had survived and 40 patients (5.6%) had died. Of those 
who had died, 35 patients died of RCC and 5 patients 
died of other causes. The OS of the 1st RCC was sig-
nificantly longer than that of the 2nd RCC (p < 0.001). 
However, there was no significant difference in PFS and 
CSS between the two groups (p = 0.0.557 and p = 0.209, 
respectively) (Fig. 1).

Univariate analysis showed that sex, symptoms, stage 
of RCC, and renal surgery were independent prognos-
tic factors of OS in patients with 2nd RCC (Table  3). 
In contrast, age, symptoms, and the stage of RCC were 
independent prognostic factors of OS in patients with 1st 
RCC (Table 4). Results of the multivariable analysis indi-
cated that OS was improved among female patients with 
2nd RCC (Table  3). Young patients with no symptoms 
and an early stage of RCC had better OS in patients with 
1st RCC (Table 4).

Discussion
RCC has been frequently described as a second cancer 
event following the diagnosis of other primary cancers 
[12]. Although there have been reports relating to the 
increased risk of 2nd RCC in cancer survivors, there have 
been few studies that investigated how 2nd RCC was dif-
ferent from 1st RCC. Thus, our study compared the clini-
cal features, diagnosis, treatment, and prognosis of 2nd 
and 1st RCCs. To our knowledge, this study is the largest 
and most comprehensive profile of this clinical scenario.

Sato et  al. reported that RCC patients with other pri-
mary malignancies were approximately 5 years older than 
those without [9]. Other SPM studies have also shown 

Table 3 Univariate survival analysis and multivariable analysis of patients with second primary renal cell carcinoma (2nd RCC)

RCC  renal cell carcinoma

Overall survival Univariate analysis Multivariable analysis

HR 95% CI p value HR 95% CI p value

Age (≥ 60) 1.044 0.488–2.234 0.912 0.599 0.246–1.459 0.259

Gender (male) 3.897 1.462–10.388 0.007 5.065 1.400–18.332 0.013

Smoking history (yes) 1.653 0.763–3.580 0.202 0.721 0.244–2.133 0.555

Family history of tumor (yes) 0.972 0.420–2.245 0.946 0.531 0.201–1.405 0.202

Primary non-renal malignancy (lung cancer) 0.961 0.385–2.394 0.931 1.000 0.349–2.859 0.999

Symptoms (yes) 7.073 2.354–21.251 <0.001 5.217 0.726–37.501 0.101

Interval between first extrarenal malignancies and 
renal cell carcinoma (metachronous)

0.685 0.297–1.582 0.376 0.719 0.278–1.862 0.497

Renal surgery (yes) 0.151 0.05–0.457 0.001 0.329 0.069–1.578 0.165

Stage of RCC (≥T2) 7.577 2.156–26.627 0.002 1.211 0.154–9.493 0.856

Table 4 Univariate survival analysis and multivariable analysis of patients with first primary renal cell carcinoma (1st RCC)

Overall survival Univariate analysis Multivariable analysis

HR 95% CI p value HR 95% CI p value

Age (≥ge years) 2.923 1.550–5.511 0.001 2.839 1.486–5.422 0.002

Gender (male) 1.100 0.587–2.059 0.766 1.684 0.691–4.101 0.252

Smoking history (yes) 1.451 0.775–2.716 0.245 2.034 0.836–4.948 0.118

Family history of tumor (yes) 0.869 0.400–1.889 0.723 .870 0.398–1.903 0.728

Symptoms (yes) 2.667 1.432–4.967 0.002 1.894 0.988–3.630 0.054

Stage of RCC (≥T2) 5.742 3.064–10.759 <0.001 4.561 2.368–8.783 <0.001
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similar results. Jo et al. reported that the age at diagnosis 
of 2nd pancreatic cancers was older than that of 1st pan-
creatic cancers [2]. Our study shared similar results. It is 
well known that the incidence of epithelial cancers gener-
ally increased with age [13]. The age at diagnosis may dif-
fer because patients with first primary cancers have lived 
long enough to develop another primary cancer.

Previous studies have confirmed that smoking is a 
high-risk factor for RCC and multiple malignancies [8, 
14]. In our study, it was found that the smoking rate of 
patients with 2nd RCC was higher than that of patients 
with 1st RCC. Previous studies have also found that con-
tinued smoking is considered the strongest adverse pre-
dictor among cancer survivors [15]. Conversely, smoking 
cessation after the first cancer diagnosis prolongs the 
time before a new malignancy develops, as well as the 
total survival time [15, 16]. Therefore, it provides the evi-
dence for clinicians in supporting patients to stop smok-
ing, especially for cancer survivors.

Obesity is also a risk factor for many malignancies [17, 
18]. Unlike smoking, this study found that there was no 
significant difference in the BMI of patients with 2nd 
RCC versus 1st RCC. This finding suggests that smoking 
is a higher risk factor for the development of 2nd RCC 
than obesity. More studies are needed to explore whether 
weight loss can reduce the risk of SPM.

Abdel-Rahman et  al. found that the diagnosis of 2nd 
RCC usually occurs within 5 years after the first primary 
malignancy [12]. In our study, 81.4% of 2nd RCC cases 
occurred within 5 years of the primary tumor diagnosis, 
which is consistent with previous studies. It is worth not-
ing that synchronous 2nd RCC accounted for 61.9% in 
our study. The rate is higher than the 34.6% reported by 
Beisland but similar to the 59.4% reported by Sato [9, 10]. 
This result suggests that we need to carry out a system-
atic examination before the treatment of patients with 
RCC to prevent the risk of missing malignant tumors in 
other parts of the body. However, our study also found 
that 18.6% of 2nd RCC cases occurred 5 years after the 
first primary malignancies, which revealed that there 
may be two peaks in the incidence of 2nd RCC, namely, 
within 6 months and 5 years after the initial diagnosis. 
This is similar to the timeframe reported by Czene and 
Hemminki [19]. Long-term follow-up may therefore be 
needed after the treatment of malignancies to detect not 
only the recurrence and metastasis of primary malignan-
cies but also the 2nd RCC.

With greater access to imaging examinations, more 
than 60% of patients are diagnosed incidentally [11]. 
In our study, it was found that patients with 2nd RCC 
presented fewer symptoms, and the tumor size and 
postoperative pathological stage in patients with 
2nd RCC were also significantly lower than those in 

patients with 1st RCC. Previous studies reported that 
76.3% of patients with 2nd RCC had no obvious symp-
toms. In contrast, only 39.0% of patients with 1st RCC 
had no obvious symptoms. Moreover, the tumor size 
was smaller than 4 cm in 60.5% of patients with 2nd 
RCC, compared to 28.1% of patients with 1st RCC. 
These results are consistent with the findings in our 
study [9]. Patients with other non-renal malignancies 
tend to receive more frequent imaging examinations 
to increase surveillance of primary cancer, which con-
tributes to the early detection of RCC. The fact that 
the proportion of partial nephrectomy in the patients 
with 2nd RCC was significantly higher than that in the 
patients with 1st RCC was also related to the smaller 
tumor size of the 2nd RCC.

Current guidelines recommend that renal surgery be 
performed in patients with localized RCC [11]. How-
ever, when choosing the treatment method for renal 
tumors in patients with 2nd RCC, the condition of 
the extrarenal malignancies needs to be considered, 
including tumor stage, life expectancy, and treatment 
complications. The European Association of Urology 
Guidelines on RCC indicates that elderly and comorbid 
patients with incidentally detected small renal masses 
can be managed by active surveillance (AS) [11]. How-
ever, considering that the sporadic RCC has a high 
risk of metastasis, AS of sporadic RCC should only be 
adopted in patients who cannot tolerate surgery [20]. 
A population-based study using the Surveillance, Epi-
demiology, and End Results (SEER)-9 database showed 
that local treatment modalities utilized with 2nd RCC 
were partial nephrectomy in 16% of patients, radical 
nephrectomy in 33% of patients, and ablation in 5.5% of 
patients, while 18% of patients received no local treat-
ment [12]. In our results, the proportion of patients 
with 2nd RCC who received surgical treatment was 
95.6%, which was higher than that reported in previous 
studies. This may be due to most patients with extrare-
nal malignancies in our study being stage I/II, which led 
to more patients with 2nd RCC choosing curable surgi-
cal treatment for the renal tumors.

Beisland et al. found that the OS of patients with 2nd 
RCC was worse than that of patients with 1st RCC [10]. 
Sato et al. showed that for patients with T1-2N0M0, the 
OS of patients with 2nd RCC was significantly worse 
than that of patients with 1st RCC [9]. These results are 
consistent with those of the present study. However, if 
extrarenal malignancies are excluded, Sato et al. showed 
that the CSS of patients with 2nd RCC was significantly 
longer than that of patients with 1st RCC [9]. In contrast, 
our study indicated that there was no significant differ-
ence in PFS and CSS between 2nd RCC and 1st RCC. A 
possible reason may be that 40.1% of patients with 1st 
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RCC reported by Sato et al. were staged as T3/4, N1, or 
M1, while only 9.1% of patients with 1st RCC were staged 
as T3/4 or N1 in our study. These differences may have 
influenced the results of the two studies.

The prognostic factors of simple RCC include tumor 
stage, histopathological factors (such as nuclear grade, 
pathological type, sarcomatoid differentiation), and 
molecular markers [11]. In our study, univariate and mul-
tivariate analyses showed that for patients with 1st RCC, 
the influencing factors of OS included symptoms and 
stage, which was consistent with previous studies. How-
ever, the prognostic factors for 2nd RCC are more com-
plex. Previous studies of multiple primary malignancies 
showed relationships between OS and the type of first 
primary malignancies or the interval between the two 
primary cancers [21]. In our study, univariate analysis 
showed that for 2nd RCC patients, OS was significantly 
correlated with the type of extrarenal malignancies and 
renal surgery, but there was no significant difference 
between OS and tumor interval, symptom, and stage. 
The prognosis of patients receiving renal surgery is better 
than that of patients without, and this may be related to 
the late-stage and poor prognosis of extrarenal malignan-
cies, which leads to non-surgical treatment, resulting in a 
selection bias.

The present study has several limitations. Firstly, this 
study is retrospective. Hence, recall errors are possible 
and may affect the results. Secondly, this study excluded 
metastatic RCC patients both in the 2nd RCC group 
and the 1st RCC group; thus, there may be a certain 
selection bias. Thirdly, the follow-up time was relatively 
short, which may have affected the survival-related data 
analyses.

Conclusion
In conclusion, there are some differences in the progno-
sis of 2nd and 1st RCCs which should be distinguished. 
Smoking is a high-risk factor for 2nd RCC. In the pro-
cess of diagnosis, treatment, and follow-up of extrare-
nal malignancies, the occurrence of 2nd RCC should be 
monitored. The choice of treatment should be based on 
the conditions of the extrarenal malignancies and the 
RCC. Renal surgery should be performed when there are 
no obvious contraindications.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12957- 022- 02493-6.

Additional file 1: Supplementary Table 1. The origins of first primary 
malignancies in patients with second primary renal cell carcinoma (2nd 
RCC).

Acknowledgements
The authors thank Yongbo Yang, Department of Radiology in the Cancer 
Hospital of the University of Chinese Academy of Sciences, for his technical 
assistance.

Authors’ contributions
Jinchao Chen and Jianmin Lou contributed equally. Shaoxing Zhu was 
responsible for the concept and design of the study. Jinchao Chen, Jianmin 
Lou, Yedie He, and Zhenjie Zhu dealt with the clinical data. Jinchao Chen per-
formed the statistical work and drafted the manuscript. Jianmin Lou provided 
the figures and tables. All authors revised the manuscript. The authors read 
and approved the final manuscript.

Funding
None.

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

Declarations

Ethics approval and consent to participate
Our study was approved by the Medical Ethics Committee of Zhejiang Cancer 
Hospital (approval no. IRB-2021-69). All patients provided written informed 
consent prior to enrollment in the study.

Consent for publication
Written informed consent was obtained from the patients for publication of 
this article and any accompanying images.

Competing interests
The authors declare that they have no competing interests.

Received: 8 November 2021   Accepted: 15 January 2022

References
 1. Rabbani F, Grimaldi G, Russo P. Multiple primary malignancies in renal cell 

carcinoma. J Urol. 1998;160(4):1255–9.
 2. Jo JH, Cho IR, Jung JH, Lee HS, Chung MJ, Bang S, et al. Clinical 

characteristics of second primary pancreatic cancer. PLoS One. 
2017;12(6):e0179784.

 3. Liu H, Hemminki K, Sundquist J, Holleczek B, Katalinic A, Emrich K, et al. 
GEKID Cancer Survival Working Group. A population-based comparison of 
second primary cancers in Germany and Sweden between 1997 and 2006: 
clinical implications and etiologic aspects. Cancer Med. 2013;2(5):718–24.

 4. Donin N, Filson C, Drakaki A, Tan HJ, Castillo A, Kwan L, et al. Risk of sec-
ond primary malignancies among cancer survivors in the United States, 
1992 through 2008. Cancer. 2016;122(19):3075–86.

 5. Dong C, Hemminki K. Second primary neoplasms in 633,964 cancer 
patients in Sweden, 1958-1996. Int J Cancer. 2001;93(2):155–61.

 6. Travis LB, Rabkin CS, Brown LM, Allan JM, Alter BP, Ambrosone CB, 
et al. Cancer survivorship--genetic susceptibility and second primary 
cancers: research strategies and recommendations. J Natl Cancer Inst. 
2006;98(1):15–25.

 7. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer 
J Clin. 2021;71(1):7–33.

 8. Escudier B, Porta C, Schmidinger M, Rioux-Leclercq N, Bex A, Khoo V, et al. 
ESMO Guidelines Committee. Electronic address: clinicalguidelines@
esmo.org. Renal cell carcinoma: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol. 2019;30(5):706–20.

 9. Sato S, Shinohara N, Suzuki S, Harabayashi T, Koyanagi T. Multiple primary 
malignancies in Japanese patients with renal cell carcinoma. Int J Urol. 
2004;11(5):269–75.

 10. Beisland C, Talleraas O, Bakke A, Norstein J. Multiple primary malignancies 
in patients with renal cell carcinoma: a national population-based cohort 
study. BJU Int. 2006;97(4):698–702.

https://doi.org/10.1186/s12957-022-02493-6
https://doi.org/10.1186/s12957-022-02493-6


Page 8 of 8Chen et al. World Journal of Surgical Oncology           (2022) 20:57 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 11. Ljungberg B, Albiges L, Abu-Ghanem Y, Bensalah K, Dabestani S, 
Fernández-Pello S, et al. European Association of Urology Guidelines on 
Renal Cell Carcinoma: the 2019 update. Eur Urol. 2019;75(5):799–810.

 12. Abdel-Rahman O. Risk of subsequent primary kidney cancer after 
another malignancy: a population-based study. Clin Genitourin Cancer. 
2017;15(5):e747–54. https:// doi. org/ 10. 1016/j. clgc. 2017. 02. 004.

 13. Fidler MM, Gupta S, Soerjomataram I, Ferlay J, Steliarova-Foucher E, Bray 
F. Cancer incidence and mortality among young adults aged 20-39 
years worldwide in 2012: a population-based study. Lancet Oncol. 
2017;18(12):1579–89.

 14. Chang CC, Chung YH, Liou CB, Lee YC, Weng WL, Yu YC, et al. Influence of 
residential environment and lifestyle on multiple primary malignancies in 
Taiwan. Asian Pac J Cancer Prev. 2015;16(8):3533–8.

 15. Jassem J. Tobacco smoking after diagnosis of cancer: clinical aspects. 
Transl Lung Cancer Res. 2019;8(Suppl 1):S50–8.

 16. Romaszko-Wojtowicz A, Buciński A, Doboszyńska A. Impact of smoking 
on multiple primary cancers survival: a retrospective analysis. Clin Exp 
Med. 2018;18(3):391–7.

 17. Avgerinos KI, Spyrou N, Mantzoros CS, Dalamaga M. Obesity and cancer 
risk: emerging biological mechanisms and perspectives. Metabolism. 
2019;92:121–35.

 18. Aurilio G, Piva F, Santoni M, Cimadamore A, Sorgentoni G, Lopez-Beltran 
A, et al. The role of obesity in renal cell carcinoma patients: clinical-patho-
logical implications. Int J Mol Sci. 2019;20(22):5683.

 19. Czene K, Hemminki K. Kidney cancer in the Swedish Family Cancer 
Database: familial risks and second primary malignancies. Kidney Int. 
2002;61:1806–13.

 20. Abou Youssif T, Tanguay S. Natural history and management of small 
renal masses. Curr Oncol. 2009;16(Suppl 1):S2–7.

 21. Jin P, Ji X, Ren H, Tang Y, Hao J. Resection or cryosurgery relates with 
pancreatic tumor type: primary pancreatic cancer with previous non-
pancreatic cancer or secondary metastatic cancer within the pancreas. 
Pancreatology. 2014;14(1):64–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.clgc.2017.02.004

	A comprehensive analysis of renal cell carcinoma as first and second primary cancers
	Abstract 
	Objective: 
	Materials and methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Results
	Demographics and clinical presentations of 2nd RCC and 1st RCC
	Origin, staging, and primary treatment of non-renal malignancies
	Diagnosis, treatment, and pathology of 2nd RCC and 1st RCC
	Outcomes of 2nd RCC and 1st RCC

	Discussion
	Conclusion
	Acknowledgements
	References


