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Abstract. It has been reported that patients receiving renal 
replacement therapy (RRT), including dialysis and kidney 
transplantation, tend to have an increased risk of cancer; 
however, studies on the degree of this risk have remained incon-
clusive. The present meta‑analysis was therefore performed to 
quantify the cancer risk in patients with RRT. Cohort studies 
assessing overall cancer risk in RRT patients published 
before May  29, 2015 were included following systematic 
searches with of PubMed, EMBASE and the reference lists 
of the studies retrieved. Random‑effects meta‑analyses were 
used to pool standardized incidence rates (SIRs) with 95% 
confidence intervals (CIs). Heterogeneity tests, sensitivity 
analyses and publication bias assessment were performed. A 
total of 18 studies including 22 cohort studies were eventu-
ally identified, which comprised a total of 1,528,719 patients. 
In comparison with the general population, the pooled SIR 
for patients with dialysis including non‑melanoma skin 
cancer (NMSC), dialysis excluding NMSC, transplantation 
including NMSC, transplantation excluding NMSC and RRT 
were 1.40  (95%  CI,  1.36‑1.45), 1.35  (95%  CI,  1.23‑1.50), 
3.26  (95%  CI,  2.29‑4.63), 2.08  (95%  CI,  1.73‑2.50) and 
2.01 (95% CI, 1.70‑2.38), respectively. The cancer risk was 
particularly high in subgroups of large sample size trials, female 
patients, younger patients (age at first dialysis, 0-34 years; 
age at transplantation, 0-20 years), the first year of RRT and 
non‑Asian transplant patients. A significant association was 
also found between RRT and the majority of organ‑specific 
cancers. However, neither dialysis nor transplantation was 

associated with breast, body of uterus, colorectal or prostate 
cancer. Significant heterogeneity was found regarding the 
association between RRT and overall cancer as well as the 
majority of site‑specific cancer types. However, this heteroge-
neity had no substantial influence on the pooled SIR for overall 
cancer in RRT according to the sensitivity analysis. Compared 
with the general population, RRT patients have a significantly 
increased risk of overall cancer and the majority of specific 
cancer types, particularly Kaposi sarcoma (KS), lip cancer 
and NMSC in patients subjected to kidney transplantation and 
cancer of the thyroid gland and kidney as well as myeloma in 
dialysis patients. Considering the high heterogeneity encoun-
tered, further high-quality studies are required. 

Introduction

The prevalence of end‑stage renal disease (ESRD) is increasing, 
with the population of the affected individuals in the USA 
almost doubling every 10 years (1). ESRD has now become a 
major health problem worldwide. Dialysis is the most common 
treatment for ESRD, while kidney transplantation is the most 
ideal treatment. However, dialysis and transplantation have 
adverse effects, including cardiovascular disease, infection and 
cancer (2,3). In addition, cancer is increasingly recognized as 
a complication and a major cause of mortality in patients with 
ESRD receiving renal replacement therapy (RRT) (4). Since 
the association between chronic uremia and malignant disease 
was first reported in 1970 (5), it has been supported by an 
increasing number of studies. In 1993, the association between 
malignancy and dialysis was assessed by a meta-analysis of 
15 studies, whose results, however, were contradictory (6). 
The pooled data from 10 of the studies suggested an average 
relative risk of malignancy of 7.6 for dialysis patients, while 
it was 0.98 according to the 5 remaining studies showing an 
unchanged risk (6). The shortcomings of the above mentioned 
meta-analysis were that the sample size of the majority of the 
studies included was small and only a few types of cancer were 
assessed, rendering the risk estimates obtained unreliable. In 
addition, all the studies included were on Western populations, 
while the analysis lacked information on non‑Western patients. 
In 2007, a meta‑analysis of 5 studies on the cancer risk in 
renal transplant recipients (RTRs) showed that an extensive 
variety of cancer types occurred with an increased incidence 
in RTRs (7). However, the study did not specifically evaluate 
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the risk of overall cancer or risk factors, including age, gender, 
follow‑up time or country. Moreover, the number of studies 
included was small and all studies assessed were on Western 
populations.

In the past few years, several studies using registry data have 
provided convincing evidence for the increased incidence of 
certain cancer types in patients receiving RRT (4,8‑16). However, 
it remains to be determined whether meta-analysis of these 
studies and others may provide results that are different from 
those of previous meta‑analyses. Although certain reviews have 
reported on the association between RRT and the occurrence of 
cancer (2,17,18), meta‑analysis of data from previous studies can 
increase statistical power by pooling the results of individual 
studies. Therefore, the present meta‑analysis was performed to 
quantify the cancer risk in patients receiving RRT, which may 
provide a realistic perspective on the cancer risk associated with 
RRT in the clinical setting.

Materials and methods

Conducting the study. The analysis and data presentation of 
the study were performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta‑Analyses statement 
checklist (19).

Data sources and searches. Two of the investigators (W.S. 
and L.H.) searched the PubMed and EMBASE databases 
for studies published before May 29, 2015 using search term 
combinations of ‘transplant OR transplantation OR dialysis 
OR hemodialysis’, ‘neoplasia OR neoplasm OR neoplasms OR 
carcinoma OR cancer OR cancers OR malignancy OR malig-
nancies OR tumor OR tumors’, ‘standardized incidence rate 
(SIR) OR standardized incidence ratio’, and ‘RR OR relative 
risk’. All eligible studies were retrieved and their references 
were reviewed to identify additional relevant studies.

Inclusion criteria. Studies were included in the present 
meta-analysis when meeting the following criteria: 
i) Population‑based cohort studies on chronic dialysis patients 
or RTRs; ii) chronic dialysis or renal transplantation were 
defined as exposure interests and cancer as the outcome of 
interest; iii) SIR/standardized mortality rate or relative risk 
with their 95% confidence intervals (CIs) of overall cancer 
(or with data to calculate them) were provided; iv) the patient 
cohort mainly comprised adults.

Exclusion criteria. The following types of study were 
excluded: Case reports, reviews, conference reports, edito-
rials, studies not written in English, as well as studies on 
transplantation of organs other than kidneys. Studies were 
excluded when the cancer diagnosis had not been submitted 
to a cancer registry. If multiple studies on the same trial were 
encountered, only the most recent study was included in the 
present meta-analysis.

Data extraction and quality evaluation. Two investigators 
(W.S. and L.H.) independently extracted the following vari-
ables from the selected studies: Name of first author, publication 
year, country, cohort entry criteria, study period, sample size, 
mean age, percentage of males, patient‑years, mean follow‑up 

time, number of cancers observed in the cohort, as well as the 
SIRs and their 95% CIs of commonly known cancer types and 
overall cancer. If the overall-cancer SIR estimate including 
non‑melanoma skin cancer (NMSC) as well as that excluding 
NMSC were provided, both values were considered. The 
quality of the cohort studies was assessed by each investigator 
independently using the Newcastle‑Ottawa quality assessment 
scale (NOS) (20). The NOS reflects the quality of published 
non‑randomized studies with regard to selection, compara-
bility and outcome. Studies meeting ≥5 NOS criteria were 
considered to be of high quality. Discrepancies between the 
findings of the two investigators were resolved by discussion.

Data synthesis and analysis. SIRs with 95% CIs for overall 
cancer were pooled using a random‑effects model for possible 
heterogeneity among studies. Risks for specific cancer types 
were only combined in the same method if data from ≥2 studies 
were available for a given type of cancer. Heterogeneity was 
assessed by means of the χ2 test and quantified using I2 statistics. 
I2‑values of 25, 50 and 75% were considered to indicate low, 
moderate and severe statistical heterogeneity, respectively. To 
assess any potential confounding factors, including sample size, 
gender, age, follow‑up time and geographical region, subgroup 
analyses were performed if ≥1 study took the above factors into 
account; furthermore, combined cohort data were stratified into 
those including or excluding NMSC. In addition, a sensitivity 
analysis was performed to assess the influence of any individual 
study on the overall estimate. Publication bias was evaluated 
using Egger's test (21). All the analyses were performed using 
Stata 10.0 software (StataCorp LP, College Station, TX, USA) 
and all P‑values were calculated as two‑sided. Unless otherwise 
specified, P<0.05 was considered to indicate a statistically 
significant difference.

Results

Description of included studies. A total of 4,424 studies were 
identified via the search strategy applied, which is outlined 
in Fig. 1, and the full‑text version of 57 studies was retrieved. 
Of these, 39 were excluded, as they comprised 3 duplicate 
studies, 2 studies not written in English, 1 review, 21 from 
which the SIR and 95% CI could not be calculated, 10 studies 
on hospital‑based cohorts and 2 on irrelevant topics. Finally, 
22 cohort studies contained in 18 studies were included in the 
present meta‑analysis (8‑16,22‑30). The main characteristics 
of the studies included are presented in Table I. The earliest 
study began in 1989 (22) and the latest ended in 2015 (11). All 
the studies were population‑based. Of the patients included, 
1,443,684  received dialysis and 85,035  were RTRs. On 
average, dialysis patients were 15.8 years older than RTRs. 
The average duration of follow‑up was more than twice as 
long after transplantation (7.17 years) compared to patients 
on dialysis (2.60  years from first dialysis). The present 
meta‑analysis included 75,336 cases of cancer identified in 
a total of 1,528,719 individuals. According to the NOS, all 
cohort studies were of high quality (data not shown).

Overall cancer risk in RRT. As shown in Fig. 2, RRT was 
significantly associated with an increased risk for overall 
cancer. The pooled SIR of overall cancer for patients 
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receiving dialysis including NMSC, dialysis excluding 
NMSC, transplantation including NMSC and transplantation 
excluding NMSC and RRT were 1.40 (95% CI, 1.36‑1.45), 

1.35  (95%  CI,  1.23‑1.50), 3.26  (95%  CI,  2.29‑4.63), 
2.08 (95% CI, 1.73‑2.50), 2.01 (95% CI, 1.70‑2.38), respectively. 
Significant heterogeneity was observed in the pooled analysis 

Figure 1. Literature search flow diagram. SIR, standardized incidence rate; CI, confidence interval.

Figure 2. Standardized incidence rates for all cancers in renal replacement therapy. NMSC, non‑melanoma skin cancer; CI, confidence interval; ES, effect size.
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(I2=99.8%; P<0.001). To explore possible sources of the hetero-
geneity, subgroup analyses were performed with regard to 
sample size, gender, age, follow‑up time and geographical 
region. Subgroup analysis with regard to sample size showed 
that for dialysis, the pooled SIR was increased in studies with 
a sample size of ≥10,000 patients (excluding NMSC), and that 
for transplantation, the pooled SIR was increased in studies 
with a sample size of ≥5,000 patients. Subgroup analysis with 
regard to gender showed that female patients with RRT had a 
significantly higher risk for overall cancer compared with that 
of male patients. Furthermore, subgroup analysis regarding 
patient age indicated that the risk of cancer was particularly 
high in the lowest age group and progressively decreased with 
age. Among RTRs, the risk for cancer was highest in the first 
year after transplantation with inclusion of NMSC (SIR=24.75; 
95%  CI,  7.63‑80.21) and subsequently decreased in the 
following years. Furthermore, the risk for cancer excluding 
NMSC was highest in the first year after dialysis (SIR=2.16; 
95% CI, 1.53‑3.04) and progressively decreased with follow‑up 
duration compared with the general population. Stratification 
based on geographical region indicated that the pooled SIR in 
non-Asian populations of RTRs was higher than that in Asian 
RTRs. No significant change in the majority of subgroup 
analyses for heterogeneity was observed (Table II).

Risk of specific cancer types in patients with RRT. Subgroup 
analyses were performed for specific cancer types reported in 
≥1 study (Table III). The meta‑analyses showed that myeloma 
and melanoma as well as cancer of the thyroid gland, kidney, 
thyroid and other endocrine glands, tongue, bladder, cervix 
of the uterus, penis scrotum and liver were more frequently 
observed in dialysis patients compared to the entire popula-
tion. However, no increase in the risk of leukemia, Hodgkin's 
lymphoma (HL) and non-Hodgkin's lymphoma (NHL), as 
well as breast, colorectal, intestinal, stomach, lung, body of 
uterus or prostate cancer was observed in dialysis patients. 
Furthermore, the meta‑analyses demonstrated that transplan-
tation was associated with an increased risk of KS, NMSC, 
melanoma, leukemia, malignant lymphoma, myeloma, NHL 
and HL, as well as cancer of the lip, skin, kidney, anus, thyroid, 
bladder, liver, cervix, stomach, esophagus, pancreas and lung, 
whereas no increased risk of cancer of the larynx, ovary, 
uterus, prostate, breast, body of uterus, colon/rectum and brain 
was observed. As only 1 study reported on specific cancer 
types, formal meta‑analyses were not performed.

Sensitivity analysis. Sensitivity analyses were performed by 
excluding 1 study at a time. The SIRs were similar without 
significant fluctuation, ranging from 1.99 (95% CI, 1.78‑2.24) 
to 2.17 (95% CI, 1.81‑2.59) (data not shown).

Reporting bias. Egger's test indicated the presence of a 
publication bias regarding the primary outcome (P=0.05).

Discussion

The present meta-analysis demonstrated that dialysis and trans-
plantation were associated with an increased risk of overall 
cancer and the majority of specific cancer types. Compared 
with the general population, the risk of overall cancer 
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including NMSC was 1.4‑fold increased and that excluding 
NMSC was 1.35‑fold increased for patients receiving dialysis, 
while the risk of overall cancer including NMSC was 3.26‑fold 
increased and that excluding NMSC was 2.08‑fold increased 
for patients with transplantation. Therefore, the risk of cancer 
for patients receiving transplantation was higher than that for 
patients receiving dialysis.

Similar to other published meta‑analyses of this type (31,32), 
the present study had a high level of heterogeneity. Subgroup 
analyses were performed to explore the sources of this hetero-
geneity. Stratification of subjects by gender, in agreement with 
previous studies (9,10,13,14,23,30), showed that the SIR of all 
cancers in female patients with RRT was higher than that in 
male patients, suggesting that female RRT patients require a 
higher level of cancer surveillance. Stratification of subjects 
by age showed that the risk for all cancers was higher in 
younger patients and decreased with age in patients with RRT, 
whether those receiving dialysis or transplantation, similar 
to the findings of several large studies (9,10,13,14,24,28,30). 
These age-associated observations may have resulted from the 
following major aspects: First, the higher cancer risk in younger 
patients receiving RRT compared with that in older patients was 
likely to be due to the low incidence rate of cancer among young 
individuals in the general population. Second, the age phenom-
enon may be attributed to the fact that younger patients may have 
been affected by considerably more serious viral‑associated 
cancer, against which they tend to lack immunity compared to 
older patients. Therefore, the discrepancy in cancer risk may 
disappear with advancing age (33). Finally, the risk of cancer 
stands in competition with the risk of other chronic illnesses, 
such as cardiovascular diseases, in the older population. Thus, 
younger patients receiving RRT require more intensive cancer 
surveillance than older patients.

Grouping of studies by follow‑up time showed that the 
cancer risk was highest in the first year of receiving dialysis 
or after renal transplantation and decreased over subsequent 
years. This result was compatible with the findings of previous 
studies (9,10,13,14,24,28,30). Only 1 study reported that the SIR 
was highest at 10 years post-transplantation (4). The reason for 
this may be that ESRD is an important risk factor for cancer (34). 
A further explanation may be the increased amount of medical 
surveillance. In addition, the increased rate of cancer diagnosis 
may have been due to undetected cancers being already present 
prior to RRT. Furthermore, recent increases in the risk of cancer 
in RTRs may be associated with the effects of more potent 
immunosuppressive treatments, which are increasingly used 
for prevention and treatment of acute rejection. The mean dura-
tion from initiation of dialysis to the detection of cancer was 
2.8 years according to the study by Vajdic et al (4) and 3.6 years 
in the study by Loy et al (10). The mean time interval between 
renal transplantation and tumor development ranged from 4.9 to 
9.4 years (4,14,25,27), suggesting that RTRs have a risk of cancer 
occurring after a number of years. Therefore, regular follow‑up 
is warranted if cancer is not found during early screening.

Grouping of studies by region showed that the risk for 
overall cancer remained significantly elevated in the Asian 
and non-Asian populations receiving RRT, although no 
significant difference between them was observed. However, 
the distribution of cancer types in Asian RTRs differed from 
that in non-Asian RTRs. Numerous studies have shown that 

in Western countries, RTRs are at greater risk of developing 
NMSC  (16,25,26). By contrast, NHL as well as renal and 
bladder cancer had the highest SIRs in Hong Kong (14), and 
kidney cancer was the most common cancer type in Taiwan (13) 
and Japan (24). These results emphasize the requirement for 
vigilant cancer surveillance following transplantation.

The present study also observed a strongly increased risk of 
site‑specific cancer in RRT patients. For dialysis patients, the 
risk was highest for thyroid gland and kidney cancer as well as 
myeloma (ESRD‑associated cancer types) (8). For kidney trans-
plantation, the most common cancer types were KS, lip cancer 
and NMSC (immune deficiency‑associated cancer types) (8); 
this finding was in agreement with the study by Engels et al (35), 
who reported that the cancer risk was most pronounced for KS, 
lip cancer and NMSC among solid organ transplant recipients 
in the USA. Following kidney transplantation, there was an 
obvious increase in the incidence of a wide variety of cancer 
types, several of which were also increased in dialysis patients. 
The magnitude and breadth of the increased cancer risk 
following transplantation suggested that immune deficiency is 
the underlying cause. The results of the pooled analysis of the 
present study are similar to those of the previous meta‑analysis 
by Grulich et al (7) for transplantation, with the exception of 
laryngeal and colorectal cancer. Moreover, the present study 
further evaluated risk factors, including age, gender and 
follow‑up time, for the development of cancer in RRT recipi-
ents. However, the results of the present meta‑analysis showed 
no statistically significant association between RRT and breast, 
body of uterus, colorectal and prostate cancers. In addition, the 
present study reported an increased risk of HL, NHL, leukemia 
and lung cancer for transplantation but not for dialysis. Of note, 
there was significant heterogeneity among the majority of the 
studies on various organ‑specific cancers.

RRT is linked with cancer via the following potential mech-
anisms: i) Underlying renal disease is a possible explanation for 
the increased cancer risk, for example, acquired cystic kidney 
disease is associated with an increased occurrence of renal cell 
carcinoma (36). ii) Carcinogenesis is linked to medications 
administered for treatment of renal disease, such as azathioprine 
for skin cancers (37) and lymphomas (38). iii) It was reported 
that long‑term hemodialysis may suppress the DNA repair 
system of lymphocytes (39), and plasma glutathione peroxi-
dase deficiency caused by renal dysfunction may lead to DNA 
damage (40), which impairs the defense of the organism against 
oncogenic viral infections and a variety of nonviral tumor 
antigens. iv) Bioincompatibility of the dialysis membrane may 
lead to the release of cytokines, predisposing to tumor forma-
tion (41). v) Carcinogenesis is also associated with lifestyle and 
other cancer risk factors, including age, gender and smoking. 
vi) The correlation of cancer with dialysis may be attributable 
to a coincidental association due to detection bias. vii) As for 
RTRs, in addition to all the aforementioned risk factors asso-
ciated with dialysis, anti‑rejection drugs profoundly suppress 
immunity and may themselves be carcinogenic (42). Other than 
cancers occurring de novo following transplantation, recurrence 
of preexisting cancers and cancers from donor organs should 
also be taken into account.

Several limitations of the present meta‑analysis should be 
acknowledged. First, certain studies, which failed to provide 
data to calculate the SIR were not included in the meta‑analysis, 
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which may have reduced the power of the analysis. Furthermore, 
significant heterogeneity was observed among the studies. Thus, 
subgroup analysis was performed to determine the sources of 
heterogeneity. However, the variables examined did not fully 
constitute the source of heterogeneity, suggesting that other 
unknown confounding variables may be the source of heteroge-
neity. However, sensitivity analyses demonstrated that the results 
were robust. In addition, the observational nature of the studies 
included in the present meta‑analysis was likely to have caused 
bias. Specifically, risk factors of cancers, including lifestyle, 
smoking, alcohol use, immunosuppressive agents and ultra-
violet exposure were not taken into account by most studies. As 
a result, relevant confounding factors could not be considered. 
Therefore, well‑designed studies considering more covariates 
are required to investigate the association between RRT and the 
risk of cancer. Furthermore, as certain studies included NMSC, 
the cancer incidence may have been overestimated. Finally, the 
present meta‑analysis had the limitation of publication bias, as 
negative trials are less likely to be reported.

In conclusion, the present meta‑analysis demonstrated 
that patients with RRT (particularly transplantation) are at 
an increased risk of overall cancer as well as a wide range 
of cancer types, particularly of the thyroid gland, kidney and 
myeloma for dialysis and KS, lip and NMSC for transplanta-
tion. Screening for cancer should be individualized and based 
on a reasonable life expectancy. However, these conclusions 
should be drawn cautiously due to high heterogeneity and 
publication bias as well as the limited amount of data on 
certain types of cancer. To further assess the link between 
RRT and cancer, additional large and well‑designed prospec-
tive studies are required.
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