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Purpose: To explore the impact of family history (FH) on renal cell carcinoma (RCC) and its pathological subtype clear cell RCC 
(ccRCC) in a Chinese population; a significant association has previously been determined not only in familial cancer syndrome but 
also in sporadic cases in western populations.
Methods: Consecutive patients with kidney tumors from October 2017 to May 2021 at a tertiary hospital in Shanghai were enrolled in 
the study. Demographic and clinical information was collected, including age, gender, FH (positive or negative, types of cancers, 
degree of relatives, etc.), pathological diagnosis, and Fuhrman grades.
Results: A positive FH of any cancer was observed in 26.5% of the RCC patients, while only 16.8% patients with benign kidney 
tumor were found to have a positive FH. A strong correlation was observed between FH of any cancers in first-degree relatives and 
RCC (odds ratio [OR]=4.60, 95% confidence interval [CI]: 1.95–10.85, P=5.50×10−5) or ccRCC (OR=4.63, 95% CI: 1.95–11.02, 
P=9.63×10−5). In subgroup analysis, FH of digestive cancers was significantly associated with RCC (OR=4.42, 95% CI: 1.35–14.51, 
P=0.005) or ccRCC (OR=4.14, 95% CI: 1.25–13.75, P=6.84×10−4). Similar results were found in multivariate analyses. However, no 
significant association was observed between FH and age at onset.
Conclusion: FH was an independent risk factor for RCC and ccRCC in this Chinese population. FH of any cancer in first-degree 
relatives and FH of digestive cancers were found to be the most significant risk factors for kidney cancers.
Keywords: Chinese population, family history, renal cell carcinoma, risk factor, multivariate regression analysis

Introduction
As the seventh most common malignant carcinoma worldwide, the incidence of kidney cancer has been increasing 
rapidly over the past few years.1 Among the different pathological types, renal cell carcinoma (RCC) may account for 
over 80% of kidney cancers.2 In contrast to the increased exploration of innovative treatment targets and prognostic 
models, knowledge on the risk factors for and predisposition to the disease has barely evolved.

Risk factors including age, gender, smoking, and alcohol intake have been found to be correlated with RCC.3–6 An excess 
accumulation of adipose tissue, particularly visceral adipose tissue, has also been observed in the development of RCC,7–9 which 
makes obesity another general risk factor. Although most cases are sporadically diagnosed, a family history (FH) of cancer should 
also be considered as a valuable factor, especially since certain genetic mutations in genes such as Von Hippel–Lindau (VHL), 
fumarate hydratase, and succinate dehydrogenase B have established associations with RCC.10–12

In addition, a positive FH in relatives of RCC patients may be associated with disease onset and outcome. For 
example, sequential research from the Swedish public health service found that patients with a positive FH had 
a 4.58-fold higher risk (95% confidence interval [CI]: 2.87–6.94) of RCC and could also suffer from subsequent 
cancer after the onset of RCC.13,14 Studies regarding the association between FH and RCC risk have mostly focused 
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on western populations.4,13 Unfortunately, related research based on an eastern population, such as Japanese15 or 
Korean,16 focused on genotyping and genetic mutations and did not provide explicit data on patients’ epidemiological 
features.

To our knowledge, no similar study has been published based on a Chinese population to date. This prompted us to 
explore the association between FH and the clinical onset of RCC and provide evidence for risk evaluation in affected 
individuals. In the present study, we evaluated the association between FH of different types of kidney cancers at 
different levels of relatives and the risk of RCC, using a consecutive surgical cohort, in Chinese patients.

Patients and Methods
Study Population and Study Design
This is a retrospective study based on a group of consecutive patients with kidney tumors undergoing partial or radical 
surgery from October 2017 to May 2021 at Ruijin Hospital, a tertiary hospital in Shanghai, China. The study was approved 
by the institutional review board of Shanghai Ruijin Hospital (central IRB no. KY2016-343, 24 Nov 2016, version 03), and 
written informed consent was obtained from each participant. Patients were excluded from the present study if they were 
uncertain about either the type of cancer of a positive FH or the overall situation of the FH of cancer.

A total of 484 cases were finally included in the present study. To ensure data integrity and legitimacy, FH of cancers 
was collected by investigators through a structured questionnaire (positive or negative, types of cancers, degree of 
relatives, etc.).

A first-degree FH was defined as having direct blood relatives with a cancer history. FH of digestive cancers was 
defined as positive FH of gastric and colonic cancers. Other detailed demographic and clinical information was collected 
before and after surgery, including age, gender, pathological diagnosis, and Fuhrman grades.

All surgical specimens were independently examined and graded by two experienced pathologists. Carcinoma of 
Fuhrman grade 1–2 was defined as the low-grade group, while that of Fuhrman grade 3–4 was defined as the high-grade 
group.17,18

Statistical Analyses
The chi-squared test or Fisher’s exact test was used in univariable analysis for categorical variables. Multivariable 
logistic regression analysis was conducted to further evaluate the associations. Survival analysis for disease-free survival 
(age at onset) was evaluated by the log-rank test (Kaplan–Meier). A two-tailed P<0.05 was considered statistically 
significant. All statistical analyses were performed using GraphPad Prism (version 6.00 for Windows, GraphPad 
Software) and SPSS Statistics (IBM Corp., IBM SPSS Statistics for Windows, version 24.0, released 2016).

Results
Demographic Observation Revealed a Higher Co-Morbidity of Positive FH with RCC
Demographic characteristics and baseline information of the study cohort are shown in Table 1. Among 484 cases, 389 
(80.4%) were pathologically diagnosed as RCC, and the rest were diagnosed as benign tumors, such as complicated renal 
cyst, angiomyolipoma, or oncocytoma. Of the patients with RCC, 311 were diagnosed as clear cell renal cell carcinoma 
(ccRCC), which accounted for 79.9% of all RCC. Detailed information on the subtypes of RCC is presented in Table 2. 
The median age of the patients was 57 years (interquartile range [IQR]: 14–89 years).

A positive FH of any cancer was observed in 26.5% of the RCC patients (26.0% of ccRCC), while only 16.8% 
patients with a benign kidney tumor were found to have a positive FH (Table 1). Further stratification analyses 
discovered that most of the positive FHs presented in a first-degree relative (98 out of 119, 82.4%). Regarding types 
of cancers, seven cases of RCC (1.8% positive rate) had a positive FH of RCC, six of whom were ccRCC patients (1.9% 
positive rate), while none of the patients with a benign kidney tumor had a positive FH of RCC (Table 3). Digestive 
cancers were established as the most frequent co-morbidity.
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FH Could Be Considered as an Independent Risk Factor for RCC
We then set out to evaluate the influence of FH on RCC incidence, and notably the most common pathological type, 
ccRCC.

FH of any cancers increased the risk of RCC (odds ratio [OR]=1.78, 95% CI: 0.99–3.19, P=0.062) and ccRCC 
(OR=1.74, 95% CI: 0.96–3.15, P=0.074) (Table 3) at marginally significant levels. The percentages of RCC patients and 
ccRCC patients with a positive FH of any cancer in first-degree relatives were 23.7% (OR=4.60, 95% CI: 1.95–10.85, 
P=5.50×10−5) and 23.8% (OR=4.63, 95% CI: 1.95–11.02, P=9.63×10−5), respectively, which were significantly higher 
than those in patients with benign tumors (6.3%) (Table 3). These results indicate that a positive FH in first-degree 
relatives may be a risk factor for RCC and ccRCC.

Table 1 Demographic Characteristics and Baseline Information of the Study Cohort

Variables Total RCC Non-Carcinoma*

All RCC ccRCC

Total 484 389 311 95

Gender

Male, n (%) 299 262 (67.4%) 213 (68.5%) 37 (38.9%)

Female, n (%) 189 127 (32.6%) 98 (31.5%) 58 (61.1%)
Age (years), median (IQR) 57 (14–89) 58 (25–84) 59 (30–84) 53 (14–89)

≥50, n (%) 360 301 (77.4%) 246 (79.1%) 59 (62.1%)

<50, n (%) 124 88 (22.6%) 65 (20.9%) 36 (37.9%)
FH of any cancer

Yes, n (%) 119 103 (26.5%) 81 (26.0%) 16 (16.8%)

No, n (%) 365 286 (73.5%) 230 (74.0%) 79 (83.2%)
Grade (Fuhrman)

1 31 31 28 –

2 240 240 212 –
3 65 65 53 –

4 19 19 17 –

Note: *Non-carcinoma: benign pathological diagnosis. 
Abbreviations: RCC, renal cell carcinoma; ccRCC, clear cell renal cell carcinoma; FH, family history.

Table 2 Subtype Information of RCC and Benign Pathological Diagnosis

RCC Benign Pathological Diagnosis

Diagnosis Cases Diagnosis Cases

ccRCC 311 Angiomyolipoma 47

Papillary RCC (pRCC) 40 Complicated cyst 35
Unclassifiable RCC 18 Oncocytoma 10

ccRCC combined with pRCC 6 Lipoma 2

Chromophobe RCC 5 Metanephric adenoma 1
RCC associated with Xp11.2 translocations/TFE3 gene fusions 4

Mucinous tubular and spindle cell renal carcinoma 1

Leiomyosarcoma 1
Sarcomatoid carcinoma 1

Biphasic squamoid alveolar RCC 1
RCC with leiomyomatous stroma 1

Total 389 Total 95

Abbreviations: RCC, renal cell carcinoma; ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal cell carcinoma.
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We then evaluated whether a positive FH of specific types of cancers could be associated with the risk of RCC or 
ccRCC. We observed that 12.6% of the RCC patients (OR=4.42, 95% CI: 1.35–14.51, P=0.005) and 11.9% of the ccRCC 
patients (OR=4.14, 95% CI: 1.25–13.75, P=6.84×10−4) had a positive FH of digestive cancers, which was significantly 
higher than in patients with benign tumors (3.2%) (Table 3). No association was observed between FH of other specific 
cancer types and RCC or ccRCC.

To further examine whether FH could be an independent risk factor for RCC, we performed multivariate logistic 
regression analyses adjusting for gender and age (Table 4). The results suggested that FH of any cancer was indepen-
dently and significantly associated with RCC (OR=1.85, 95% CI: 1.01–3.37, P=0.045). This association was even 
stronger in patients with a positive FH in first-degree relatives (OR=4.36, 95% CI: 1.83–10.42, P=0.001). In addition, 
a positive FH of digestive cancers was an independent risk factor for RCC (OR=4.02, 95% CI: 1.21–13.36, P=0.023). We 
discovered that their influence was also significant in the sole pathological type ccRCC (Table 4).

FH Did Not Share an Association with Age at Onset or Pathological Grading
Next, we investigated whether FH could also serve as a prognostic indicator. We employed the following two common 
factors for assessment: pathological grading and age at onset of the disease.

We performed multivariate logistic regression analysis to evaluate the influence of FH on prediction of pathological 
grades. However, after adjustment for gender and age, no significant association was observed between FH and high 
Fuhrman grade (grade 3–4) of RCC (Table 4).

We then analyzed the association between FH and age at onset. No significant association was found between early 
age at onset (<50 years), a potential indicator of poorer prognosis, and FH (all P>0.05) (Table 5) through Kaplan–Meier 

Table 3 Association Between Family History and RCC

Variables Total RCC Non-Carcinoma 
(n=95)

All RCC vs  
Non-Carcinoma

ccRCC vs Non-Carcinoma

All RCC 
(n=389)

ccRCC 
(n=311)

OR (95% CI) P-Value OR (95% CI) P-Value

FH of any cancers 119 103 (26.5%) 81 (26.1%) 16 (16.9%) 1.78 (0.99–3.19) 0.062 1.74 (0.96–3.15) 0.074

FH of any cancers in first-degree 

relatives, n (%)

98 92 (23.7%) 74 (23.8%) 6 (6.3%) 4.60 (1.95–10.85) 5.50×10−5 4.63 (1.95–11.02) 9.63×10−5

FH of cancers in different systems

FH of digestive cancers 52 49 (12.6%) 37 (11.9%) 3 (3.2%) 4.42 (1.35–14.51) 0.005 4.14 (1.25–13.75) 6.84×10−4

FH of pulmonary cancers 29 26 (6.7%) 21 (6.8%) 3 (3.2%) 2.20 (0.65–7.42) 0.24 2.22 (0.65–7.62) 0.32

FH of RCC 7 7 (1.8%) 6 (1.9%) 0 (0.0%) 2.62 (0.14–48.1) 0.59 2.84 (0.15–53.00) 0.59

FH of other cancers 31 21 (5.4%) 17 (5.5%) 10 (10.5%) 0.15 (0.05–0.47) 0.001 0.16 (0.05–0.50) 0.002

Abbreviations: RCC, renal cell carcinoma; ccRCC, clear cell renal cell carcinoma; FH, family history.

Table 4 Multivariate Logistic Regression Analyses Evaluating the Association Between FH and RCC

Variables RCC vs  
Non-Carcinoma

ccRCC vs  
Non-Carcinoma

Low Grade (1–2) vs High 
Grade (3–4)

OR (95% CI) P-Value OR (95% CI) P-Value OR (95% CI) P-value

Gender 3.34 (2.09–5.32) <0.001 3.48 (2.14–5.66) <0.001 2.25 (1.23–4.13) 0.009

Age (≥50 years) 2.08 (1.27–3.40) 0.003 2.38 (1.41–4.00) 0.001 3.72 (1.63–8.50) 0.002

FH of any cancers* 1.85 (1.01–3.37) 0.045 1.90 (1.03–3.53) 0.041 0.73 (0.40–1.35) 0.314
FH of any cancers in first-degree relatives* 4.36 (1.83–10.42) 0.001 4.76 (1.96–11.52) 0.001 0.79 (0.42–1.45) 0.441

FH of digestive cancers* 4.02 (1.21–13.36) 0.023 3.69 (1.10–12.43) 0.035 0.77 (0.35–1.71) 0.522

Note: *Adjusted for gender and age category. 
Abbreviations: FH, family history; RCC, renal cell carcinoma.
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analyses. Moreover, survival analyses did not find any significant link between FH and age at onset (all P>0.05) 
(Figure 1A–F).

Discussion
This is the first time that the association between FH and RCC has been evaluated in a Chinese population. We found 
that:1 FH of any cancers was a risk factor for RCC and ccRCC;2 FH of any cancers in first-degree relatives and FH of 
digestive cancers were stronger risk factors for RCC and ccRCC;3 and FH was not associated with pathological grade 
(Fuhrman grade) or age at onset (early onset). Significant correlations are summarized and visualized in Figure 2.

Our findings are consistent with those of previously published results from other countries in people of other 
ethnicities.4,13,16 However, the importance of positive FH in patients with renal tumors has not yet been discussed 
thoroughly. Most of the related literature focused on hereditary patterns of RCC types, such as VHL disease,19 hereditary 
papillary RCC,11 and hereditary leiomyomatosis.16,20 In our study, we did not come across many familial cases of RCC, 

Table 5 Association Between FH and Age at Onset

Age (Years) Total FH FH in First-Degree Relatives FH of Digestive Cancers

Positive Negative Positive Negative Positive Negative

RCC patients

≥50, n (%) 301 73 (70.9%) 228 (79.7%) 72 (78.3%) 229 (77.1%) 36 (76.6%) 263 (77.4%)
<50, n (%) 88 30 (29.1%) 58 (20.3%) 20 (21.7%) 68 (22.9%) 11 (23.4%) 77 (22.6%)

P-value 0.075 0.89 0.86

ccRCC patients

≥50, n (%) 246 58 (71.6%) 188 (81.7%) 57 (77.0%) 189 (79.7%) 29 (78.4%) 217 (79.2%)
<50, n (%) 65 23 (28.4%) 42 (18.3%) 17 (23.0%) 48 (20.3%) 8 (21.6%) 57 (20.8%)

P-value 0.058 0.63 1.00

Abbreviations: FH, family history; RCC, renal cell carcinoma, ccRCC, clear cell renal cell carcinoma.

Figure 1 Results of Kaplan–Meier survival analyses: (A) association between FH of all cancer and age at onset of RCC; (B) association between FH in first-degree relatives 
and age at onset of RCC; (C) association between FH of digestive cancer and age at onset of RCC; (D) association between FH of all cancer and age at onset of ccRCC; (E) 
association between FH in first-degree relatives and age at onset of ccRCC; (F) association between FH of digestive cancer and age at onset of ccRCC. P-values obtained by 
log-rank test. HR obtained by log-rank test, with 95% CI in parentheses. 
Abbreviations: FH, family history; RCC, renal cell carcinoma; ccRCC, clear cell renal cell carcinoma; HR, hazard ratio; CI, confidence interval.
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although all positive FHs of RCC were found in patients with malignant renal tumors. Instead, we established that FH is 
an independent risk factor for RCC.

Unlike for other cancers, a positive FH did not have an influence on age at onset. For example, a positive FH of 
prostate cancer (PCa) or BRCA-related cancers was related to an earlier age at onset of PCa.21 Besides, FH of colorectal 
cancer (CRC) was also considered to be associated with early-onset CRC (age <50 years).22 The unusual discovery in 
this study of RCC has not been reported in any other epidemiological research, to our knowledge.

The positive association of first-grade-relative FH with RCC was easy to interpret considering that genetic or epigenetic 
modifications are more likely to be passed on to the patient. We also observed that most of the FH (~90%) was in first- 
degree relatives. This could be due to the family planning (one-child) policy in China in the past decades that limited the 
size of the family.23 This could lead to a lack of second-degree relatives. Another possible reason could be the poor medical 
infrastructure, absence of disease registration, and insufficient vital statistics before the 2000s,24 which made it difficult for 
people and medical workers to capture information on FH (people died without the exact reason being known).

Our results also showed FH of digestive cancers to be a significant risk factor for RCC in this Chinese population. 
Several reviews mentioned an observational link between gastrointestinal stromal tumor and onset of RCC, indicating the 
potential predisposition syndromes and advocating clinical phenotyping and characterization of genotypic features.25,26 

Familial digestive cancers are likely to be related to Lynch syndrome, sharing a close link with malfunction of mismatch 
repair (MMR) genes in the DNA repair process.27–29 Evidence also showed that expression of MMR genes was 
downregulated in RCC30 and specific gene expression was related only in ccRCC.31 However, whether MMR gene 
mutations are associated with RCC in the Chinese population is still unknown, and is worthy of further investigation 
given the relatively high incidence of digestive cancers in China. Another speculation could arise from the fact that 
obesity, and specifically the accumulation of adipose tissue in individuals, is considered a risk factor for both RCC and 
CRC,9,32 and investigations at a molecular level may be required to confirm this.

Our study has several limitations. First, as this was a single-center retrospective study, our results may not represent the 
entire Chinese population. However, as this center is a tertiary hospital in Shanghai, people from all over the country come 
here to seek its services. Secondly, the number of cases was relatively small in the present study, because we only included 

Figure 2 Graphic presenting significant correlations between FH and RCC. FH of any cancers in first-degree relatives and FH of digestive cancers are considered as risk 
factors for RCC. 
Abbreviations: FH, family history; RCC, renal cell carcinoma; OR, odds ratio; CI, confidence interval.
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cases with a concrete demographic FH, which was collected through clinical interview. This may have introduced an 
inevitable bias of omission and also resulted in a limited statistical power to observe some potential differences, for instance, 
the relationship between FH and age at onset. Nevertheless, our study provides the first evidence on this topic based on 
a Chinese population. Further research in a larger population and necessary improvement of the study design, such as 
confirmation of the FH by histopathological examination, may help to advance and augment the findings of our study.

Abbreviations
FH, family history; RCC, renal cell carcinoma; ccRCC, clear cell renal cell carcinoma; OR, odds ratio; CI, confidence 
interval; IQR, interquartile rage; MMR, mismatch repair; IRB, institutional review board.
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