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ABSTRACT
Renal transplantation is associated with an increased risk of cancers at multiple 

sites; however, the relationships between increased cancer risk and participant 
characteristics remain unclear. We searched PubMed, Embase, and the Cochrane 
Library to identify prospective observational studies performed up to July 2017. 
Totally 11 prospective studies reported data on 79,988 renal transplant recipients 
were included. Renal transplant recipients were found to display a higher risk of all 
cancers (standard incidence ratio [SIR]: 2.89; 95% CI: 2.13–3.91; P < 0.001), gastric 
cancer (SIR: 1.93; 95% CI: 1.60–2.34; P < 0.001), colon cancer (SIR: 1.85; 95% CI: 
1.53–2.23; P < 0.001), pancreatic cancer (SIR: 1.53; 95% CI: 1.23–1.91; P < 0.001), 
hepatocellular carcinoma (SIR: 2.45; 95% CI: 1.63–3.66; P < 0.001), lung cancer 
(SIR: 1.68; 95% CI: 1.29–2.19; P < 0.001), thyroid cancer (SIR: 5.04; 95% CI: 3.79–
6.71; P < 0.001), urinary bladder cancer (SIR: 3.52; 95% CI: 1.48–8.37; P = 0.004), 
renal cell cancer (SIR: 10.77; 95% CI: 6.40–18.12; P < 0.001), non-melanoma skin 
cancer (SIR: 12.14; 95% CI: 6.37–23.13; P < 0.001), melanoma (SIR: 2.48; 95% 
CI: 1.08–5.67; P = 0.032), Hodgkin’s lymphoma (SIR: 4.90; 95% CI: 3.09–7.78; 
P <  0.001), non-Hodgkin lymphoma (SIR: 10.66; 95% CI: 8.54–13.31; P < 0.001), 
lip cancer (SIR: 29.45; 95% CI: 17.85–48.59; P < 0.001), breast cancer (SIR: 1.11; 
95% CI: 1.00–1.24; P = 0.046), and ovarian cancer (SIR: 1.60; 95% CI: 1.23–2.07; 
P < 0.001). However, renal transplantation did not significantly influence the risks of 
uterine cancer (P = 0.171), and prostate cancers (P = 0.188). Our findings suggest 
that patients who receive renal transplantation have an increased risk of cancer at 
most sites, apart from uterine and prostate cancers patients.

INTRODUCTION

Renal transplantation is considered the best 
treatment of choice to improve the survival and quality 
of life of patients with end-stage renal disease (ESRD) 
[1–2]. Previous studies have demonstrated that solid 
organ transplant recipients are known to have a higher 
risk of a variety of malignancies, in comparison with 
the general population [3–6]. While numerous studies 
have proposed reasons for the greater risk of cancer 
observed in transplant recipients, several scholars 
have specifically suggested that the increased cancer 
risk might due to long-term immunosuppressive agent 
exposure [7]. The associated risks of various cancers 

across a spectrum of renal transplant recipients remains 
poorly understood.

Several prospective studies have suggested that 
renal transplant recipients display an increased risk 
of cancer at multiple sites, although the associated 
findings are generally not consistent, especially across 
recipients that display a variety of characteristics [8–
18]. It remains particularly important to determine the 
risk of cancer in renal transplant recipients, according 
to specific patient characteristics. Here, we performed a 
large-scale examination of available prospective cohort 
studies and determined relationships between patients 
who received renal transplantation and were diagnosed 
with cancer at different sites. We further compared these 
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associations across participants with different baseline 
characteristics. 

RESULTS

Literature search and study selection

The study selection process is presented in Figure 1. 
There was a total of 3,185 relevant articles under the 
search words (PubMed: 418, Embase: 2,738, and 
Cochrane library: 29), of which 326 were excluded as 
duplicates. A total of 2,859 articles were identified through 
literature searches and screenings of the title and/or 
abstract, of which 2,806 were not related to the topic and 
excluded. After assessment of full-text articles (n = 53), 
42 studies were excluded due to the absence of relevant 
data, other designs, or the presence of participants who 
received a non-renal solid organ transplant. Finally, 11 
articles met all inclusion criteria and were included in our 
meta-analysis [8–18]. A manual search of the reference 
lists contained within these studies did not yield additional 
eligible studies, and general characteristics and qualities of 
included studies are displayed in Table 1.

Study characteristics

Our study was performed on eleven prospective 
cohorts, which involved a total of 79,988 renal transplant 
recipients. The follow-up period for participants was 4.8–
9.8 years, and 1, 744–25, 104 patients were included in 
each study. 8 studies were conducted in Western countries 
[9–14, 17, 18], and the remaining 3 were conducted in 
Eastern countries [8, 15, 16]. The search terms all cancer 
were reported in 11 studies, gastric cancer in 8 studies, 
colon cancer in 8 studies, pancreatic cancer in 6 studies, 
hepatocellular carcinoma in 9 studies, lung cancer in 
7 studies, thyroid cancer in 11 studies, urinary bladder 
cancer in 11 studies, renal cell cancer in 11 studies, 
non-melanoma skin cancer in 7 studies, melanoma in 5 
studies, Hodgkin’s lymphoma in 5 studies, non-Hodgkin’s 
lymphoma in 6 studies, lip cancer in 7 studies, breast 
cancer in 11 studies, ovarian cancer in 6 studies, uterine 
cancer in 8 studies, and prostate cancer in 8 studies. All 
included studies showed moderate and high qualities 
with acceptable and moderate risks of bias (Table 1). Six 
cohorts had a score of 8, while the remaining 5 studies had 
a score of 7.

Cancer risk in renal transplant recipients

The summary of results for cancer at different sites 
is presented in Figure 2 and Supplementary Figure 1. We 
found that renal transplant recipients were associated with 
a higher risk of all cancer (SIR: 2.89; 95% CI: 2.13–3.91; 
P < 0.001), gastric cancer (SIR: 1.93; 95% CI: 1.60–2.34; 
P < 0.001), colon cancer (SIR: 1.85; 95% CI: 1.53–2.23;  

P < 0.001), pancreatic cancer (SIR: 1.53; 95% CI: 1.23–
1.91; P < 0.001), hepatocellular carcinoma (SIR: 2.45; 
95% CI: 1.63–3.66; P < 0.001), lung cancer (SIR: 1.68; 
95% CI: 1.29–2.19; P < 0.001), thyroid cancer (SIR: 
5.04; 95% CI: 3.79–6.71; P < 0.001), urinary bladder 
cancer (SIR: 3.52; 95% CI: 1.48–8.37; P = 0.004), 
renal cell cancer (SIR: 10.77; 95% CI: 6.40–18.12; 
P < 0.001), non-melanoma skin cancer (SIR: 12.14; 95% 
CI: 6.37–23.13; P < 0.001), melanoma (SIR: 2.48; 95% 
CI: 1.08–5.67; P = 0.032), Hodgkin’s lymphoma (SIR: 
4.90; 95% CI: 3.09–7.78; P  < 0.001), non-Hodgkin’s 
lymphoma (SIR: 10.66; 95% CI: 8.54–13.31; P < 0.001), 
lip cancer (SIR: 29.45; 95% CI: 17.85–48.59; P < 0.001), 
breast cancer (SIR: 1.11; 95% CI: 1.00–1.24; P = 0.046), 
and ovarian cancer (SIR: 1.60; 95% CI: 1.23–2.07;  
P < 0.001). However, there was no significant effect of 
renal transplants on the risk of uterine cancer (SIR: 1.22; 
95% CI: 0.92–1.63; P = 0.171) and prostate cancer (SIR: 
1.11; 95% CI: 0.95–1.31; P = 0.188). We identified that 
substantial heterogeneity existed among the results, with 
the exceptions of gastric cancer, pancreatic cancer, breast 
cancer, ovarian cancer, and uterine cancer.

The results of our sensitivity analyses are listed in 
Supplementary Figure 2 and indicate that our conclusions 
were not affected for all cancer, gastric cancer, colon cancer, 
pancreatic cancer, hepatocellular carcinoma, lung cancer, 
thyroid cancer, urinary bladder cancer, renal cell cancer, 
non-melanoma skin cancer, Hodgkin’s lymphoma, non-
Hodgkin’s lymphoma, lip cancer, ovarian cancer, uterine 
cancer, and prostate cancer, with respect to exclusion of 
any specific study. However, the variable findings observed 
for melanoma and breast cancer may be attributed to the 
smaller number of included cohorts or because renal 
transplantation effects, in these cases, were mild and require 
further verification across a large-scale study.

Cancer risk in men and women respectively

The findings of cancer risks in men and women 
are presented in Figure 3 and Supplementary Figure 3. 
The summary results for men who received renal 
transplantation reveal that this group has a greater risk 
of all cancer (SIR: 2.95; 95% CI: 2.54–3.42; P < 0.001), 
colon cancer (SIR: 1.83; 95% CI: 1.03–3.22; P = 0.038), 
hepatocellular carcinoma (SIR: 2.78; 95% CI: 1.47–5.27; 
P = 0.002), thyroid cancer (SIR: 6.75; 95% CI: 3.63–
12.52; P < 0.001), urinary bladder cancer (SIR: 5.19; 
95% CI: 1.27–21.17; P = 0.022), renal cell cancer (SIR: 
19.20; 95% CI: 7.13–51.68; P < 0.001), non-melanoma 
skin cancer (SIR: 7.67; 95% CI: 3.54–16.60; P < 0.001), 
melanoma (SIR: 4.73; 95% CI: 1.59–14.12; P = 0.005), 
Hodgkin’s lymphoma (SIR: 7.30; 95% CI: 1.29–41.38; 
P = 0.025), and non-Hodgkin’s lymphoma (SIR: 10.90; 
95% CI: 4.69–25.33; P < 0.001) compared with the 
general population. Furthermore, women who received 
renal transplants displayed elevated risks of all cancer 
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(SIR: 3.84; 95% CI: 3.03–4.86; P < 0.001), colon cancer 
(SIR: 2.16; 95% CI: 1.29–3.60; P = 0.003), hepatocellular 
carcinoma (SIR: 6.95; 95% CI: 3.96–12.20; P < 0.001), 
lung cancer (SIR: 1.68; 95% CI: 1.01–2.80; P = 0.048), 
thyroid cancer (SIR: 3.32; 95% CI: 1.07–10.33; P = 
0.038), urinary bladder cancer (SIR: 30.24; 95% CI: 7.34–
124.53; P < 0.001), renal cell cancer (SIR: 18.39; 95% CI: 
2.43–139.03; P = 0.005), non-melanoma skin cancer (SIR: 
8.79; 95% CI: 4.85–15.93; P < 0.001), and non-Hodgkin’s 
lymphoma (SIR: 10.31; 95% CI: 2.69–39.57; P = 0.001). 
Additionally, men who underwent renal transplants 
displayed lower risks of hepatocellular carcinoma than 
women who received renal transplants (ratio of SIR: 0.40; 
95% CI: 0.17–0.94; P = 0.035; Table 2).

Subgroup analyses

The summary of results from our subgroup analyses 
are shown in Table 2. First, we noted that the risk of 
all cancers persisted increased in pre-defined subsets, 
and we did not observe a significant SIR ratio between 
subgroups. Second, we found that renal transplants were 

not associated with a greater risk of gastric cancer in 
men and women, respectively. Third, renal transplant 
recipients have a greater risk of colon cancer than the 
general population across all subsets. Fourth, we observed 
an increased risk of pancreatic cancer in patients who 
received renal transplantation when the study published 
in 2010 or after, and in patients from study conducted 
in Western countries, and in patients with follow-up 
durations greater than 8.0 years. Fifth, we did not find a 
significant relationship between renal transplantation and 
risk of hepatocellular carcinoma if follow-up duration 
was less than 8.0 years, and women have greater risk of 
hepatocellular carcinomas than men, respectively, who 
received renal transplantation. Sixth, renal transplants 
were not associated with lung cancer risk in studies 
published before 2010, those conducted in Eastern 
countries, and the study that only included men. Seventh, 
the risk of thyroid cancer was observed to increased in all 
subsets.

Eighth, the risk of urinary bladder cancer was not 
statistically significant when follow-up duration was 
less than 8.0 years, and patients who received renal 

Figure 1: Flow diagram of the literature search and trials selection process.
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Table 1: Baseline characteristic of studies included in the systematic review and meta-analysis
Study Country Type of

transplant
Mean or 

median age (yr)
Sample 

size
Number of renal 
transplant cases

Number of 
all cancers Reported outcomes Follow-up 

duration (yr)
NOS 
score

Hoshida 1997 [8] Japan Renal 40.0 1744 1744 45 All cancers, GC, HCC, BC, UC, UBC, 
RCC, TC

7.4 8

Birkeland 2000 [9] Denmark Renal 38.9 1821 1821 209 All cancers, BC, UBC, RCC, Non-
melanoma SC, LC, melanoma, TC, 

Hodgkin’s lymphoma, Non-Hodgkin 
lymphoma

7.5 8

Kyllonen 2000 [10] Finland Renal 41.5 2890 3440 230 All cancers, BC, UBC, RCC, TC, CC, 
lymphoma, leukaemia, LC, Non-melanoma 

SC

7.2 7

Vajdic 2006 [11] Australia and
New Zealand

Renal 41.0 10180 10180 1236 All cancers, BC, CC, HCC, LC, OC, 
PC, RCC, UBC, TC, UC, Hodgkin’s 
lymphoma, Non-Hodgkin lymphoma

8.5 8

Vegso 2007 [12] Hungary Renal 53.1 2535 2852 193 All cancers, BC, lung cancer, Non-
melanoma SC, PC, UBC, GC, RCC, 

melanoma, HCC, Non-Hodgkin’s 
lymphoma, TC

9.8 7

Villeneuve 2007 [13] Canada Renal NA 11 155 11 391 778 All cancers, LC, GC, CC, HCC, pancreatic 
cancer, lung cancer, BC, OC, UC, PC, 

RCC, UBC, TC, Hodgkin’s lymphoma, 
Non-Hodgkin lymphoma

7.3 7

Collett 2010 [14] UK Multiorgan NA 25104 25104 4422 All cancers, LC, GC, CC, HCC, pancreatic 
cancer, lung cancer, Non-melanoma SC, 

BC, OC, PC, RCC, UBC, TC, UC

NA 8

Li 2012 [15] China Renal 44.1 4716 4716 320 All cancers, GC, CC, HCC, lung cancer, 
melanoma, Non-melanoma SC, OC, UBC, 

TC, UC

4.8 7

Cheung 2012 [16] China Renal 43.7 4674 4895 299 All cancers, GC, CC, HCC, pancreatic 
cancer, lung cancer, melanoma, BC, OC, 

PC, RCC, UBC, TC, UC

8.2 7

Krynitz 2013 [17] Sweden Multiorgan NA 7952 7952 2774 All cancers, LC, GC, CC, HCC, pancreatic 
cancer, lung cancer, Non-melanoma SC, 

BC, OC, PC, RCC, UBC, TC, UC

9.7 8

Piselli 2013 [18] Italy Renal NA 7217 7299 395 All cancers, LC, GC, HCC, pancreatic 
cancer, lung cancer, melanoma, BC, OC, 

PC, RCC, UBC, TC, UC, Hodgkin’s 
lymphoma, 

5.5 8

*GC: gastric cancer; HCC: hepatocellular carcinoma; BC: breast cancer; UC: uterine cancer; UBC: urinary bladder cancer; RCC: renal cell cancer; TC: thyroid cancer; SC: skin 
cancer; CC: colon cancer; LC: lip cancer; OC: ovarian cancer; PC: prostate cancer.

Figure 2: The summary results for cancer risk in recipients of renal transplants.
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Table 2: Subgroup analysis for cancer risks in recipients of renal transplants
Cancer Factor Groups Number of studies SIR and 95% CI P value Heterogeneity (%) P value for 

heterogeneity
Ratio between 

subgroups
P value between 

subgroups

All cancer Publication year 2010 or after 5 3.11 (1.79–5.43) < 0.001 99.7 < 0.001 1.12 (0.62–2.01) 0.707

Before 2010 6 2.78 (2.30–3.35) < 0.001 93.5 < 0.001

Country Eastern 3 3.19 (2.62–3.89) < 0.001 80.9 0.005 1.14 (0.75–1.74) 0.547

Western 8 2.80 (1.92–4.07) < 0.001 99.6 < 0.001

Gender Male 4 2.95 (2.54–3.42) < 0.001 56.1 0.077 0.77 (0.58–1.02) 0.064

Female 4 3.84 (3.03–4.86) < 0.001 78.9 0.003

Follow-up duration (yrs) 8 or greater 4 3.10 (1.91–5.04) < 0.001 99.4 < 0.001 1.09 (0.62–1.91) 0.759

< 8 6 2.84 (2.15–3.75) < 0.001 97.1 < 0.001

Gastric cancer Publication year 2010 or after 5 1.94 (1.57–2.40) < 0.001 0.0 0.497 1.02 (0.63–1.66) 0.933

Before 2010 3 1.90 (1.23–2.94) 0.004 0.0 0.742

Country Eastern 3 2.19 (1.45–3.29) < 0.001 0.0 0.371 1.17 (0.74–1.86) 0.503

Western 5 1.87 (1.51–2.32) < 0.001 0.0 0.817

Gender Male 3 1.69 (0.98–2.91) 0.060 0.0 0.635 0.66 (0.12–3.70) 0.639

Female 3 2.55 (0.50–13.09) 0.261 64.3 0.061

Follow-up duration (yrs) 8 or greater 3 2.22 (1.52–3.24) < 0.001 0.0 0.507 1.31 (0.80–2.15) 0.276

< 8 4 1.69 (1.24–2.32) 0.001 0.0 0.712

Colon cancer Publication year 2010 or after 4 1.92 (1.69–2.17) < 0.001 9.9 0.343 1.16 (0.71–1.90) 0.564

Before 2010 4 1.66 (1.03–2.68) 0.036 80.9 0.001

Country Eastern 2 1.83 (1.35–2.48) < 0.001 0.0 0.657 0.99 (0.68–1.46) 0.978

Western 6 1.84 (1.45–2.33) < 0.001 75.5 0.001

Gender Male 2 1.83 (1.03–3.22) 0.038 49.4 0.160 0.85 (0.39–1.82) 0.672

Female 2 2.16 (1.29–3.60) 0.003 4.1 0.307

Follow-up duration (yrs) 8 or greater 4 1.74 (1.27–2.40) 0.001 71.4 0.015 0.81 (0.40–1.61) 0.539

< 8 3 2.16 (1.17–3.98) 0.014 79.8 0.007

Pancreatic cancer Publication year 2010 or after 5 1.57 (1.25–1.97) < 0.001 0.0 0.454 1.43 (0.59–3.45) 0.429

Before 2010 1 1.10 (0.47–2.58) 0.827 - -

Country Eastern 2 1.33 (0.50–3.53) 0.569 0.0 0.560 0.87 (0.31–2.41) 0.788

Western 4 1.53 (1.14–2.07) 0.005 22.2 0.277

Gender Male 2 1.39 (0.45–4.30) 0.565 0.0 0.855 0.81 (0.08–7.81) 0.854

Female 1 1.72 (0.24–12.28) 0.589 - -

Follow-up duration (yrs) 8 or greater 2 2.08 (1.32–3.28) 0.002 0.0 0.591 2.12 (1.00–4.51) 0.051

< 8 3 0.98 (0.54–1.80) 0.959 0.0 0.931

Hepatocellular 
carcinoma

Publication year 2010 or after 5 2.44 (1.43–4.16) 0.001 85.1 < 0.001 0.99 (0.48–2.05) 0.974

Before 2010 4 2.47 (1.51–4.06) < 0.001 0.0 0.586

Country Eastern 3 3.11 (1.60–6.03) 0.001 80.2 0.006 1.45 (0.65–3.21) 0.365

Western 6 2.15 (1.38–3.35) 0.001 50.2 0.074

Gender Male 3 2.78 (1.47–5.27) 0.002 70.0 0.036 0.40 (0.17–0.94) 0.035

Female 3 6.95 (3.96–12.20) < 0.001 24.9 0.264

Follow-up duration (yrs) 8 or greater 4 2.73 (2.05–3.63) < 0.001 0.0 0.931 1.67 (0.50–5.66) 0.406

< 8 4 1.63 (0.50–5.33) 0.421 86.7 < 0.001

Lung cancer Publication year 2010 or after 5 1.71 (1.26–2.33) 0.001 81.3 < 0.001 1.35 (0.41–4.44) 0.625

Before 2010 2 1.27 (0.40–4.02) 0.682 83.0 0.015

Country Eastern 2 2.78 (0.99–7.78) 0.052 89.3 0.002 1.88 (0.65–5.44) 0.245

Western 5 1.48 (1.14–1.91) 0.003 79.0 0.001

Gender Male 2 4.92 (0.58–42.00) 0.146 96.7 < 0.001 2.93 (0.32–26.46) 0.339

Female 2 1.68 (1.01–2.80) 0.048 0.0 0.925

Follow-up duration (yrs) 8 or greater 3 1.52 (1.08–2.14) 0.016 48.9 0.141 0.71 (0.34–1.46) 0.349

< 8 3 2.15 (1.13–4.07) 0.019 90.4 < 0.001

Thyroid cancer Publication year 2010 or after 5 3.78 (2.30–6.19) < 0.001 71.9 0.007 0.58 (0.34–1.02) 0.057

Before 2010 6 6.48 (5.05–8.32) < 0.001 0.0 0.697

Country Eastern 3 4.37 (2.10–9.08) < 0.001 54.8 0.109 0.82 (0.37–1.82) 0.625

Western 8 5.33 (3.90–7.28) < 0.001 52.5 0.040

Gender Male 4 6.75 (3.63–12.52) < 0.001 0.0 0.954 2.03 (0.56–7.40) 0.282

Female 3 3.32 (1.07–10.33) 0.038 59.1 0.087

Follow-up duration (yrs) 8 or greater 4 5.59 (4.24–7.36) < 0.001 0.0 0.403 1.24 (0.66–2.33) 0.499

< 8 6 4.50 (2.56–7.92) < 0.001 65.1 0.014

Urinary bladder 
cancer

Publication year 2010 or after 5 4.51 (1.04–19.56) 0.044 99.1 < 0.001 1.60 (0.35–7.24) 0.542

Before 2010 6 2.82 (1.98–4.03) < 0.001 36.3 0.164

Country Eastern 3 14.74 (3.66–59.35) < 0.001 93.7 < 0.001 6.70 (1.62–27.73) 0.009

Western 8 2.20 (1.67–2.91) < 0.001 67.2 0.003

Gender Male 4 5.19 (1.27–21.17) 0.022 83.2 < 0.001 0.17 (0.02–1.26) 0.083

Female 3 30.24 (7.34–124.53) < 0.001 93.0 < 0.001

Follow-up duration (yrs) 8 or greater 4 3.10 (1.61–5.98) 0.001 86.7 < 0.001 0.69 (0.12–4.05) 0.677

< 8 6 4.52 (0.87–23.57) 0.074 98.4 < 0.001

Renal cell cancer Publication year 2010 or after 5 10.62 (4.56–24.73) < 0.001 98.3 < 0.001 0.97 (0.33–2.85) 0.957

Before 2010 6 10.94 (5.61–21.32) < 0.001 93.1 < 0.001

Country Eastern 3 35.03 (13.70–89.56) < 0.001 95.2 < 0.001 4.98 (1.93–12.80) 0.001

Western 8 7.04 (6.31–7.85) < 0.001 10.7 0.347

Gender Male 4 19.20 (7.13–51.68) < 0.001 92.1 < 0.001 1.04 (0.11–9.93) 0.970

Female 3 18.39 (2.43–139.03) 0.005 95.1 < 0.001

Follow-up duration (yrs) 8 or greater 4 7.98 (5.79–10.98) < 0.001 66.9 0.028 0.59 (0.22–1.63) 0.311

< 8 6 13.47 (5.15–35.22) < 0.001 97.9 < 0.001
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transplantation in Eastern countries had a greater risk of 
urinary bladder cancer than those in Western countries. 
Ninth, the risk of renal cell cancer increased in all pre-
defined subsets, and SIR ratios showed a significant 
increase between renal transplants and risk of renal cell 
cancer in Eastern countries compared with Western 
counties. Tenth, the risk of non-melanoma skin cancer 

increased in all subsets, and no significant differences were 
observed between subgroups. Eleventh, renal transplant 
recipients displayed greater risks of melanoma in studies 
conducted during or after 2010, the study conducted in 
Eastern countries, the study that only included men, and 
when the duration of follow-up was less than 8.0 years. 
Furthermore, the summary SIR ratio (Eastern countries to 

Non-melanoma 
skin cancer

Publication year 2010 or after 4 12.49 (5.27–29.63) < 0.001 99.8 < 0.001 1.08 (0.27–4.29) 0.909

Before 2010 3 11.53 (3.95–33.69) < 0.001 97.0 < 0.001

Country Eastern 2 4.50 (1.45–13.92) 0.009 78.2 0.032 0.26 (0.07–1.00) 0.051

Western 5 17.31 (8.26–36.27) < 0.001 99.8 < 0.001

Gender Male 3 7.67 (3.54–16.60) < 0.001 80.3 0.006 0.87 (0.33–2.31) 0.784

Female 3 8.79 (4.85–15.93) < 0.001 57.4 0.095

Follow-up duration (yrs) 8 or greater 3 10.25 (1.61–65.23) 0.014 98.7 < 0.001 0.86 (0.10–7.14) 0.887

< 8 3 11.96 (4.25–33.65) < 0.001 96.5 < 0.001

Melanoma Publication year 2010 or after 3 3.75 (1.20–11.73) 0.023 59.1 0.087 3.64 (0.65–20.25) 0.140

Before 2010 2 1.09 (0.30–3.90) 0.894 0.0 0.439

Country Eastern 2 7.64 (2.46–23.69) < 0.001 0.0 0.671 4.72 (1.32–16.83) 0.017

Western 3 1.62 (0.91–2.90) 0.101 0.0 0.586

Gender Male 3 4.73 (1.59–14.12) 0.005 1.8 0.361 1.14 (0.09–14.10) 0.919

Female 2 4.15 (0.43–39.94) 0.218 38.6 0.202

Follow-up duration (yrs) 8 or greater 2 2.51 (0.15–42.24) 0.524 76.9 0.037 1.30 (0.07–23.11) 0.858

< 8 3 1.93 (1.09–3.41) 0.024 0.0 0.547

Hodgkin’s 
lymphoma

Publication year 2010 or after 2 4.93 (1.66–14.67) 0.004 65.5 0.089 1.24 (0.37–4.11) 0.726

Before 2010 3 3.98 (2.41–6.56) < 0.001 0.0 0.650

Country Eastern 0 - - - - - -

Western 5 4.90 (3.09–7.78) < 0.001 43.5 0.132

Gender Male 1 7.30 (1.29–41.38) 0.025 - - 0.77 (0.02–25.60) 0.883

Female 1 9.49 (0.45–198.99) 0.147 - -

Follow-up duration (yrs) 8 or greater 1 3.74 (1.66–8.45) 0.002 - - 1.01 (0.37–2.74) 0.979

< 8 3 3.69 (2.08–6.53) < 0.001 0.0 0.484

Non-Hodgkin 
lymphoma

Publication year 2010 or after 2 13.52 (10.89–16.78) < 0.001 56.7 0.129 1.50 (1.13–2.00) 0.005

Before 2010 4 9.01 (7.47–10.86) < 0.001 36.9 0.191

Country Eastern 1 15.79 (11.90–20.95) < 0.001 - - 1.62 (1.12–2.33) 0.010

Western 5 9.77 (7.74–12.34) < 0.001 79.5 0.001

Gender Male 2 10.90 (4.69–25.33) < 0.001 69.3 0.071 1.06 (0.22–5.17) 0.945

Female 2 10.31 (2.69–39.57) 0.001 60.3 0.113

Follow-up duration (yrs) 8 or greater 3 11.42 (6.92–18.84) < 0.001 81.6 0.004 1.34 (0.77–2.32) 0.295

< 8 2 8.52 (6.82–10.64) < 0.001 6.6 0.301

Lip cancer Publication year 2010 or after 3 38.45 (21.03–70.32) < 0.001 87.1 < 0.001 1.49 (0.58–3.82) 0.410

Before 2010 4 25.86 (12.53–53.38) < 0.001 97.7 < 0.001

Country Eastern 0 - - - - - -

Western 7 29.45 (17.85–48.59) < 0.001 96.4 < 0.001

Follow-up duration (yrs) 8 or greater 2 46.83 (42.04–52.16) < 0.001 0.0 0.883 2.56 (1.42–4.62) 0.002

< 8 4 18.27 (10.23–32.63) < 0.001 89.7 < 0.001

Breast cancer Publication year 2010 or after 5 1.09 (0.91–1.32) 0.336 31.3 0.213 0.93 (0.73–1.20) 0.578

Before 2010 6 1.17 (0.99–1.38) 0.072 0.0 0.762

Country Eastern 3 1.40 (0.98–2.01) 0.068 0.0 0.607 1.28 (0.88–1.87) 0.191

Western 8 1.09 (0.98–1.22) 0.128 0.0 0.513

Follow-up duration (yrs) 8 or greater 4 1.16 (0.96–1.39) 0.123 9.2 0.347 0.99 (0.76–1.29) 0.949

< 8 6 1.17 (0.97–1.42) 0.092 0.0 0.543

Ovarian cancer Publication year 2010 or after 4 1.72 (1.22–2.42) 0.002 17.7 0.302 1.30 (0.67–2.55) 0.439

Before 2010 2 1.32 (0.74–2.34) 0.348 0.0 0.651

Country Eastern 1 3.29 (1.37–7.90) 0.008 - - 2.21 (0.88–5.53) 0.091

Western 5 1.49 (1.13–1.95) 0.004 0.0 0.825

Follow-up duration (yrs) 8 or greater 3 1.90 (1.15–3.13) 0.012 32.0 0.230 1.37 (0.58–3.22) 0.474

< 8 2 1.39 (0.69–2.77) 0.357 0.0 0.702

Uterine cancer Publication year 2010 or after 5 1.08 (0.77–1.51) 0.658 0.0 0.967 0.59 (0.24–1.44) 0.246

Before 2010 3 1.83 (0.80–4.17) 0.152 51.9 0.125

Country Eastern 3 1.97 (0.89–4.38) 0.094 24.7 0.265 1.79 (0.76–4.22) 0.183

Western 5 1.10 (0.80–1.51) 0.552 0.0 0.775

Follow-up duration (yrs) 8 or greater 3 1.25 (0.78–1.98) 0.352 0.0 0.525 0.84 (0.38–1.87) 0.678

< 8 4 1.48 (0.78–2.84) 0.232 33.9 0.209

Prostate cancer Publication year 2010 or after 5 1.22 (1.00–1.49) 0.052 42.8 0.136 1.34 (0.98–1.83) 0.065

Before 2010 3 0.91 (0.72–1.16) 0.459 0.0 0.787

Country Eastern 2 1.18 (0.60–2.35) 0.628 16.9 0.273 1.06 (0.53–2.15) 0.865

Western 6 1.11 (0.93–1.32) 0.251 48.0 0.087

Follow-up duration (yrs) 8 or greater 4 1.04 (0.89–1.22) 0.593 0.0 0.662 0.78 (0.46–1.32) 0.357

< 8 3 1.33 (0.81–2.20) 0.262 69.0 0.040
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Western countries) of renal transplant recipients suggested 
a greater risk for melanoma.

Twelfth, renal transplants were not observed to have 
a significant effect on Hodgkin’s lymphoma, in studies 
that only included women. Thirteenth, renal transplant 
recipients displayed an increased non-Hodgkin lymphoma 
risk in all pre-defined subsets, and patients in studies 
published in 2010 or after and those conducted in Eastern 
countries were found to have greater risk of non-Hodgkin 
lymphoma than those in other subsets. Fourteenth, the risk 
of lip cancer increased for renal transplant patients, and 
patients with longer follow-up durations had an elevated 
risk compared to those with shorter follow-up durations. 
Fifteenth, renal transplants were not observed to have 
a significant effect on breast cancer in all pre-defined 
subsets. Sixteenth, renal transplants were not associated 
with risk of ovarian cancer in studies published before 
2010 and those with shorter follow-up duration. Finally, 
there were no significant relationships between renal 
transplantation and the risk of uterine or prostate cancers.

Publication biases

Our review of funnel plots could not rule out the 
potential for publication bias for cancer at different sites 
(Supplementary Figure 4). The Egger and Begg test results 
showed no evidence of publication bias for all cancer, 
gastric cancer, colon cancer, pancreatic cancer, lung 
cancer, thyroid cancer, urinary bladder cancer, renal cell 
cancer, non-melanoma skin cancer, melanoma, Hodgkin’s 
lymphoma, non-Hodgkin’s lymphoma, lip cancer, breast 
cancer, ovarian cancer, uterine cancer, and prostate cancer. 
Interestingly, while the Begg test showed no evidence of 
publication bias for hepatocellular carcinoma (P = 0.917), 

the Egger test suggested potential evidence of publication 
bias (P = 0.027) for this cancer. Our conclusions remained 
unchanged after adjustment for publication bias using the 
trim and fill method [19]. 

DISCUSSION

Our current study was based on prospective 
cohort studies and explored all possible correlations 
between renal transplantation and the risk of cancer at 
different sites. This large quantitative study included 
79,988 patients from 11 prospective cohort studies 
that covered a broad range of individuals. The findings 
from our current meta-analysis suggest that renal 
transplant recipients, in comparison with the general 
population, do not have different incidences of uterine 
cancer and prostate cancer. However, renal transplant 
recipients displayed a significantly elevated risk of all 
cancer, gastric cancer, colon cancer, pancreatic cancer, 
hepatocellular carcinoma, lung cancer, thyroid cancer, 
urinary bladder cancer, renal cell cancer, non-melanoma 
skin cancer, melanoma, Hodgkin’s lymphoma, non-
Hodgkin’s lymphoma, lip cancer, breast cancer, and 
ovarian cancer. Furthermore, the findings of our stratified 
analyses indicate that the risk of cancer at specific sites is 
influenced by publication year, country, sex, and follow-
up duration. Finally, we found that renal transplant 
recipients in studies published in 2010 or after have a 
greater risk of non-Hodgkin lymphoma than in those 
published before 2010. Renal transplant recipients in 
Eastern countries were found to have a higher risk of 
urinary bladder cancer, renal cell cancer, melanoma, 
and non-Hodgkin’s lymphoma than those in Western 
countries. The pooled SIR ratio (female to male) was 

Figure 3: The summary results for cancer risk in men and women, respectively.
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significantly high for hepatocellular carcinoma risk, 
and renal transplant recipients with longer follow-up 
durations displayed an increased risk of lip cancer than 
recipients with shorter follow-up durations.

A previous meta-analysis suggested that renal 
transplantation is associated with a significantly increased 
risk of bladder cancer [5], and that the risk of bladder 
cancer is lower among Europeans (SIR: 2.00) and 
greater among Asian (SIR: 14.74) ethnicities. However, 
the inherent limitation of this previous review is that 
analyses of cancer risks, according to study or patient 
characteristics, were not conducted. Furthermore, the SIR 
ratio between subgroups was not calculated, and therefore 
we lack knowledge pertaining to the role of publication 
year, ethnicity, sex, and follow-up duration on the risk of 
cancer at different sites. In our case, all included studies 
reported the SIR ratio of renal transplant recipients 
compared with the general population. In previous 
studies that failed to report relative risks, the non-exposed 
cohort may introduce uncontrolled biases, due to the 
inclusion of renal transplant recipients with cancer in the 
general population cohort. Therefore, we conducted this 
comprehensive meta-analysis to evaluate any potential 
role of renal transplantation on the risk of cancer, and to 
compare associated relationships according to study or 
patient characteristics.

Several mechanisms may explain the increased 
cancer risk for renal transplant recipients, and both viral 
and nonviral factors are involved in cancer progression 
after renal transplantation. Previous studies have 
demonstrated patients with kidney transplantations 
have a 3- to 4-fold increase in cancer risk [9, 20], and 
infection might contribute to the cancer development. 
Infection with hepatitis C virus, hepatitis B virus, and 
liver flukes are considered risk factors for biliary 
tract cancer [21, 22], and additionally, long-term 
immunosuppressive therapy, which is used after renal 
transplantation, may promote cancer at multiple sites 
[23–27]. We hypothesize that the underlying mechanism 
is most likely immunosuppressive therapy, as this 
contributes a direct role on cellular damage and impairs 
the ability of the body to repair damage to cellular DNA 
or destroy damaged cells [28]. However, we noted a 
lack of correlation between renal transplant and prostate 
or uterine cancers, and we suspect that this could be 
attributed to the strength of surveillance for cancers, and 
these 2 cancers are commonly diagnosed by opportunistic 
screening. Furthermore, these conclusions may be 
variable and require large-scale prospective studies to 
verify our observed relationships. 

Our subgroup analyses suggest that renal transplant 
is associated with an increased risk of urinary bladder 
cancer, renal cell cancer, melanoma, and non-Hodgkin’s 
lymphoma in Eastern countries. Possible reason for this 
observation could include different genetic backgrounds 
and environmental factors. Furthermore, women who 

received renal transplantation have a greater risk of 
hepatocellular carcinoma than in men. Our study 
included patients with a mean age of approximately 40.0 
years, and hormone replacements and oophorectomies 
might affect the incidence of hepatocellular carcinoma 
[29]. Recipients with longer-follow-up durations have a 
higher risk of lip cancer than those with shorter follow-
up durations. This effect might be attributable to the 
long-term use of immunosuppressive therapies, which 
play important roles in the progression of cancer at 
multiple sites.

Renal transplantation correlates with a higher 
risk of various cancers, with the exception of uterine 
and prostate cancers, and our findings persist across 
most cancers in patients with specific characteristics. 
Furthermore, although potential heterogeneity exists 
among the included studies, our sensitivity analyses, 
through sequentially excluding each study from the 
overall analysis, revealed that our observations remain 
stable, except in melanoma and breast cancer cases. The 
variable findings of melanoma and breast cancers could 
be due to a small number of cohorts. Finally, the cancer 
risks in renal transplant recipients have stratified in our 
study across patients with specific characteristics, and 
we suggest that screening strategies for specific cancers 
should be modified for renal transplant recipients with the 
greatest cancer risk. 

Three strengths of our study should be highlighted. 
First, only prospective cohort studies were included, which 
eliminates the recall bias associated with retrospective 
studies. Second, the large sample size allowed us to 
quantitatively assess the impact of renal transplantation on 
the risk of cancer at multiple sites, and thus, our findings 
are more robust than those of any individual study. Third, 
the SIR ratio was calculated between subgroups, which 
allows evaluation of the impact of renal transplants within 
specific populations.

We acknowledge several limitations in regards 
to our meta-analysis. First, several important factors, 
including mean patient age, body mass index [30], 
immunosuppressive drugs [31], diabetes mellitus [32], 
alcohol use [33], smoking status [34], and renal source 
may correlate with cancer development at multiple sites, 
although these factors were not available in detail in 
most of the included studies. Second, publication bias is 
inevitable since the included studies were published, and 
third, summary results of the pooled and individual data 
were not available. 

In conclusion, renal transplant recipients display a 
greater risk of cancer at multiple sites with the exception 
of uterine and prostate cancers. Our observations may be 
influenced by publication year, country, sex, and follow-
up duration, and future studies are required to clarify 
the interactions of multiple confounding risk factors and 
investigate the interaction of renal transplantation with 
these factors and subsequent cancer risks.
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MATERIALS AND METHODS

Data sources, search strategy, and selection criteria

This study was conducted and reported according 
to the Meta-analysis of Observational Studies in 
Epidemiology protocol [35]. Relevant prospective cohort 
studies that evaluated cancer risks in renal transplant 
recipients were identified. Briefly, we searched PubMed, 
Embase, and the Cochrane library for studies published up 
to July 2, 2017 using the following search terms: “renal” 
OR “kidney” AND “transplantation” AND “cancer” 
AND “cohort”, without language and publication status 
restrictions. All analyses were based on previously 
published studies, and as such, no ethical approvals or 
patient consents were required. Manual searches were also 
conducted to identify additional studies.

Studies that we included in our meta-analysis met 
the following criteria: (1) The study had a prospective 
cohort design, (2) all participants ≥ 18 years old and 
received renal transplantation, (3) the study reported at 
least 1 of the following cancer risks in renal transplant 
recipients: all cancer, gastric cancer, colon cancer, 
pancreatic cancer, hepatocellular carcinoma, lung cancer, 
thyroid cancer, urinary bladder cancer, renal cell cancer, 
non-melanoma skin cancer, melanoma, Hodgkin’s 
lymphoma, non-Hodgkin’s lymphoma, lip cancer, breast 
cancer, ovarian cancer, uterine cancer, and prostate 
cancer. Studies were excluded for the following reasons: 
(1) Participants received another solid organ transplant 
without renal transplantation, (2) follow-up time of < 
3.0 years, and (3) lack of available data with appropriate 
statistics.

Data extraction and quality assessment

The following data was independently extracted 
from each study, by two authors, and inconsistencies were 
settled by group discussion. The following information 
was collected: first author’s name, year of publication, 
country, type of transplant, mean or median age, sample 
size, number of renal transplant cases, number of all 
cancers, reported outcomes, and follow-up durations. 
The quality of the trials was assessed according to the 
9-star system Newcastle-Ottawa Scale [36], which 
includes selection (4 items), comparability (1 item), and 
outcome (3 items). Quality assessments were conducted 
by 2 authors and adjudicated by a third author when 
disagreements occurred.

Statistical analysis

The meta-analysis was conducted using STATA 
Software (version 10.0; Stata Corporation, College 
Station, TX, USA). We examined cancer risk in renal 
transplant recipients on the basis of the standard incidence 

ratio (SIR) and its 95% confidence interval (CI) published 
in each study. We used the random-effects model to 
calculate SIRs and 95% CIs for renal transplant recipients 
versus the general population and to determine the risk 
of all cancer, gastric cancer, colon cancer, pancreatic 
cancer, hepatocellular carcinoma, lung cancer, thyroid 
cancer, urinary bladder cancer, renal cell cancer, non-
melanoma skin cancer, melanoma, Hodgkin’s lymphoma, 
non-Hodgkin’s lymphoma, lip cancer, breast cancer, 
ovarian cancer, uterine cancer, and prostate cancer [37, 
38]. Potential heterogeneity across studies was examined 
using the Cochran’s Q-statistic [39] and I2 statistic [40]. 
Heterogeneity P-values < 0.05 or I2 > 50% indicates 
significant heterogeneity across respective studies.

Sensitivity analyses were conducted for the risk 
of cancer at different sites, to investigate the influence 
of a single study in the meta-analysis on the overall risk 
[41]. To explore potential associations among studies 
with different characteristics, a subgroup analysis was 
conducted according to publication year (2010 or after, 
before 2010), country (Eastern, Western), sex (male, 
female), and follow-up duration (8.0 years or greater, < 
8.0 years) for each specific cancer, which allowed effect 
estimations in specific subpopulations. Furthermore, SIR 
ratios and corresponding 95% CIs between subgroups 
were also calculated. Publication bias was evaluated using 
funnel plots, Egger [42], and Begg’s test [43], and P < 
0.05 represents a statistically significant publication bias.
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