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Abstract 

 

Chronic kidney disease (CKD) and cancer are connected in a number of ways in both 

directions: cancer can cause CKD either directly or indirectly through the adverse effects of 

therapies, CKD may conversely be a risk factor for cancer, and both may be associated 

because they share common risk factors, often toxins. In this review, we briefly address the 

issue of paraneoplastic nephropathies as well as that of toxin-related cancers and CKD, 

including analgesic and aristolochic acid nephropathies. We then focus on the links between 

the various stages of CKD and cancer incidence, and critically examine major epidemiologic 

surveys in the field. Compared with the general population, kidney transplant recipients have 

a three- to four-fold increase in overall cancer risk, and relative risks higher than three for 

about 20 specific tumors, most, but not all, of which known or suspected to be caused by viral 

agents. After dialysis, cancer risk increases 10 to 80% according to studies, with relative risks 

significantly higher than the general population for about ten cancer sites. There is emerging 

evidence for an excess risk of cancer in patients at early CKD stages.  

 

Key words : cancer, chronic kidney disease, dialysis, paraneoplastic glomerulopathy, toxin, 

transplantation 
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Since the publication of the definition and classification of chronic kidney disease (CKD) by 

the National Kidney Foundation Kidney Disease Outcome Quality Initiative (K/DOQI) in 

2002,(1) its association with other diseases including cancer is increasingly recognized.(2) 

CKD and cancer are connected in a number of ways in both directions: cancer can cause CKD 

either directly or indirectly through the adverse effects of therapies, CKD may conversely be 

a risk factor for cancer, and both may be associated because they share common risk factors, 

most often toxins. (Figure) Paraneoplastic nephropathies are well-known complications of 

cancer,(3, 4) as well as CKD occuring after chemo- or radiotherapy, or after nephrectomy for 

kidney cancer.(5) It is also well-established that patients on renal replacement therapy for 

end-stage CKD, either dialysis or transplantation, (6, 7) are at high risk for cancer, but reliable 

quantification of the risk by cancer site is based on a few studies.(8-14) More recently, 

concern arose about the risk for cancer in patients at early CKD stages.(13, 15-17) In this 

review, we will briefly address the issue of cancer as a cause or a risk factor for CKD as well 

as that of toxin-related CKD and cancers, and will then focus on the links between the various 

CKD stages and cancer incidence.  

 

Cancer as a cause or a risk factor for chronic kidney disease  

 

The most frequent situation in which nephrologists have to face CKD in patients with cancer 

is that following the assessment of kidney function for dosage adjustment before 

chemotherapy. Because CKD, defined by an estimated glomerular filtration rate (eGFR) < 60 

ml.min/1.73 m
2
, is common, with a prevalence of about 4% in the adult population aged 20 

years and older, reaching 30% or more in the elderly, it is expected to be also common in 

patients with any type of cancer.(18) In the Renal Insufficiency and Anticancer Medications 

(IRMA) Study, Launay-Vacher at al showed that among 4,684 participants with cancer, aged 
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an average of 58 yrs, 12% had an eGFR < 60 ml.min/1.73 m
2 

using the abbreviated MDRD 

equation, and 20% with the Cockcroft-Gault formula.(19) Association, however, does not 

mean causation, and the cure of most cancers is unlikely to improve the course of CKD. The 

issue here is that of the prevention of adverse drug effect from overdosage due to renal 

impairment. 

 In contrast, cancer-associated glomerulopathies are scarce, but more likely causally-

related events. (3, 4, 20, 21) In a comprehensive review of paraneoplastic glomerulopathies, 

Ronco (3)pointed the heterogeneity of this entity and the diversity of both glomerular injuries 

and cancers that have been reported. Most often, associations are described as case reports or 

case series making risk assessment difficult. Clinical remission of the glomerulopathy after 

cancer removal or chemotherapy in many of the reported cases, however, provides indirect 

evidence for a causal link between these diseases. (3, 4, 21) Membranous nephropathy (MN) 

is by far the most frequent type of glomerulopathy associated with solid tumors, but minimal 

change disease, membranoproliferative glomerulonephritis, extracapillary glomerulonephritis 

and IgA nephropathy were also reported.(3, 20) Lefaucheur et al (21) showed that 24 patients 

out of a cohort of 240 with MN (10%) were diagnosed with cancer at the time of renal biopsy 

or within a year. The age-adjusted incidence of cancer in this cohort was about ten times 

higher than in the general population. Lung, prostate, and stomach cancers accounted for 13 

out of 17 cases in men. Clinical presentation of the patients with cancer–associated MN did 

not differ from that of those with idiopathic MN, except that they were more often smokers. 

Interestingly, renal biopsies revealed 92% of patients with cancer-associated MN had more 

than eight inflammatory cells infiltrating the glomeruli as compared with only 25% of those 

with idiopathic MN. The determination of leukocyte number was proposed as a mean to 

identify MN patients who may need cancer screening. Among hemopathy-induced 

glomerulopathies, the association of Hodgkin’s disease with minimal change disease is the 



  5 

best known, followed by those of chronic lymphocytic leukemia and related B-cell 

lymphomas with MN and membranoproliferative glomerulonephritis.(3, 4) Regarding the 

pathophysiology of these paraneoplastic nephropathies, Ronco (3) clearly displayed that 

whereas it remains obscure for solid tumor-associated glomerulopathies, a molecular link, and 

even specific molecular abnormalities, can be demonstrated for lymphoplasmacytic disorders.  

Finkel and Foringer recently reviewed several other nephropathies secondary to cancer 

including those occuring after chemo- or radiotherapy and multiple myeloma.(22) Based on a 

cohort of 1,027 patients with multiple myeloma, Kyle et al
21

 showed that half of them had 

serum creatinine > 1.3 mg/dL and 20% > 2 mg/dL at diagnosis. Ten percent of these patients 

would progress to end-stage renal disease (ESRD).(22-24) Although one of the most common 

hematological malignancies and despite a relative risk for cancer higher than 30 (13), multiple 

myeloma accounts for only 1,1% of incident ESRD patients starting renal replacement 

therapy in the USRDS registry and from 1.0 to 2.5% of those from the European countries 

contributing to the ERA-EDTA registry. (25, 26) 

 

Toxin-related CKD and cancers  

 

Toxins, such as analgesics and aristolochic acid, can induce both chronic interstitial nephritis 

and urothelial cancers. The association of analgesic nephropathy with the occurrence of 

urothelial carcinoma was first described in Sweden in 1965, and subsequently confirmed in 

several other countries. (27-32) Tumors were mainly transitional cell carcinomas located in 

the renal pelvis, the upper urinary tract and the bladder, but renal cell carcinomas were also 

described. (33) Phenacetin was recognized as the main culprit in both diseases and withdrawn 

from the market during the 1970s. In Australia, further evaluation of the effect of withdrawal 

of phenacetin-containing analgesics showed a significant decline in ESRD incidence due to 
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analgesic nephropathy and a trend toward less renal pelvis and bladder cancers. (34, 35) 

Although the role of acetaminophen or other nonphenacetin analgesics in the occurrence of 

analgesic nephropathy is still debated, (36) neither of them has been convincingly linked with 

cancer. (37, 38)  

Two other chronic interstitial nephritis are strongly correlated with the occurrence of 

urinary tract cancer : the aristolochic acid nephropathy (AAN) and the Balkan-endemic 

nephropathy (BEN). (39) AAN, initially called Chinese herb nephropathy, is a rapidly 

progressive interstitial nephritis leading to ESRD and urothelial cancer, which was first 

reported in Belgium in a hundred women treated with slimming pills containing Chinese 

herbs. (39, 40) The substitution of Stephania Tetandra by Aristolochia Fangji rich in 

aristolochic acid (AA), a toxic compound with nephrotoxic and carcinogenic properties, was 

established as the cause of this case cluster. Other cases were further reported in several 

countries. (41, 42) Sytematic removal of the native kidneys and ureters showed that 40-45% 

of the AAN patients on dialysis or transplanted displayed multifocal high-grade transitional 

carcinomas, mainly in the upper urinary tract. (43) Follow-up of those who received a kidney 

transplant showed a 40% cumulative incidence of bladder urothelial carcinoma. (44) 

BEN is a chronic tubulointerstitial nephritis with slow progression to ESRD and an 

increased incidence of upper urinary tract urothelial carcinoma. (45-47) It is endemic in 

several rural areas of the Balkans. BEN and acid aristolochic nephropathy are very similar 

with respect to both clinical and morphological aspects. That exposure to AA through 

consumption of flour contaminated with seeds of Aristolochia clematitis may be responsible 

for BEN in endemic areas is an old hypothesis. (46) The detection of AA-specific DNA 

adducts in renal tissue of a number of BEN patients and individuals living in endemic areas 

recently provided new evidence for a causal association. (48, 49)  
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Chronic kidney disease as a risk factor for cancer  

 

Cancers occurring after dialysis or transplantion have long been described, but risk 

assessment by cancer site has been available only recently. In contrast, little is known about 

the risk of cancer associated with CKD before end-stage.  

 

Cancer risk after kidney transplantion  

From the beginning of transplantation, a high incidence of lymphoma and skin cancers, was 

observed in graft recipients. (7) The skin is by far the most frequent site of malignancies after 

transplantation. Nonmelanoma skin tumors, including squamous cell and basal cell 

carcinomas, account for 95% of these skin cancers, whereas rare tumors such as melanoma 

and Kaposi’s sarcoma account for the other 5%.(50, 51) However, as graft and patient 

survival have improved due to better immunosuppressive agents, the risk for various other 

types of cancer has also increased. Because the incidence of most cancers is low, it is difficult 

to assess from a single center. Moreover, reporting of cancers to transplant registries is often 

incomplete and may lead to underestimate the risk. In the past five years, nevertheless, a few 

large studies have examined site-specific cancer risk for a wide spectrum of tumors by linking 

national transplant registry database with those of either national cancer registry (10, 11, 13, 

14) or Medicare billing claims. (12) Four of them which identified at least 500 cancer cases 

are described in Table 1. (14) Two studies (13, 14) did not include nonmelanoma skin 

cancers, and tended to show lower overall risk than the others. (10-12) In US kidney 

transplant patients, the risk (cumulative incidence) of skin cancer (excluding melanoma) was 

7.4 % at three years and that of any nonskin cancer (but including melanoma), 7.5%.(12) 

Cancer risk (excluding nonmelanoma skin cancer) has been estimated at 20% after 10 yrs of 
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immunosuppression in Australia and New Zealand, (7) but lower in Canada, 12% after 17 yrs. 

(14) 

All four studies showed that, compared with the general population, transplant 

recipients have a three- to four-fold overall increased risk of cancer. (Table 2) Standardized 

incidence ratios (SIR) or hazard ratios (HR) for common digestive cancers and lung cancer 

ranged from 1.4 to 3.6, and those for leukemia and liver cancers, from 1.8 to 7.9. SIR for 

cervix cancers ranged from 1.6 to 5.7, but those for vulvovaginal cancers were much higher, 

ranging from 5.5 to 24.5, as for penis cancer, higher than 15, in one study. (13) Cancers of the 

oral cavity, including the mouth, the lip and the tongue, were increased more than 10-fold 

compared with the general population. The risk for bladder cancer was increased about two- 

to fourfold, while kidney cancer was 5- to 15-fold more frequent. Thyroid cancer was also 

highly increased, about four- to 15-fold. Karposi’s sarcoma, non-Hodgkin’s lymphomas, and 

nonmelanoma skin cancers were 30- to more than a 100-fold increased compared to the 

general population. In contrast, the risks for prostate, breast and ovary cancers were not 

increased in three out of four studies. Vajdic et al (13) pointed that most of post-transplant 

cancers, including non-Hodgkin lymphoma, Kaposi sarcoma, and nonmelanoma skin, liver, 

genital and oral cavity cancers, were  known or suspected to be caused by viral agents, such 

as Epstein-Barr virus, human T-cell lymphotrophic virus type I, human papillomavirus and 

herpes virus, hepatitis B and C viruses. Although the increased cancer risk in transplant 

recipients is primarily due to impaired immunity resulting from immunosuppressive drugs, 

other risk factors may also play a role : older age, male gender, White and non-Hispanic 

ethnicity, diabetes-related ESRD. (12, 52) More than five years of dialysis before 

transplantation was also associated with an increase in cancer risk. (13) These findings raise 

concern about cancer prevention, screening strategies and cost-effectiveness, and 

management in this high risk population. (53-55) Several guidelines, as reviewed by Webster 
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et al, (53) strongly recommend cancer screening in the transplant population despite the lack 

of randomized clinical trials establishing benefits in this setting.  

 

Cancer risk after dialysis  

Two major studies examined site-specific cancer risk associated with dialysis. (Table 1)  (9, 

13) Although the largest of the two, that of Maisonneuve et al (9) should be interpreted with 

cautious, particularly regarding data from Europe, where both coverage of dialysis patients 

and cancer follow-up are likely to be incomplete, and from the US, where cancer follow-up 

may not be complete as well. Cancer risk may therefore be underestimated for these two 

populations, in contrast with Australia and New Zealand where both coverage and follow-up 

are the most complete. Compared to the general population, and after adjusting for age and 

gender, cancer risk of end-stage CKD patients was indeed increased 10% and 20% in Europe 

and the US, respectively, whereas, in Australia and New Zealand, it was 40% (9) to 80%. 

(Table 2) (13) Cancers most strongly associated with dialysis included Kaposi sarcoma and 

tumors of the oral cavity, kidney, bladder, stomach, liver, lung, cervix and thyroid. Relative 

risk for Kaposi sarcoma was higher than 50, that for kidney ranged from three to ten and for 

thyroid from two to nine, whereas increases for the other sites were about two-fold. As for 

transplantation, more than half of these cancers have viral etiology and may have been 

enhanced either by dialysis-induced immune dysfunction or by immunosuppressive or 

cytotoxic therapy for various glomerulonephritis or vasculitides. (6) Other mechanisms of 

carcinogenesis in uremia, as reviewed by Mandayam et al, (6) are related to the underlying 

kidney disease, such as acquired cystic kidney disease for renal cell carcinoma, as well as to 

increased DNA damage as a result of impaired DNA repair or reduced antioxidant capacity. 
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Cancer risk in patients with early stage CKD  

In contrast with cancer risk associated with dialysis and transplantation, the potential of early 

stage CKD as a risk factor for cancer is not established. Concern arose recently, however, 

from a few large cohorts which studied cancer mortality or incidence in individuals with and 

without CKD, defined by their baseline estimated glomerular filtration rate (eGFR) or 

albuminuria level. (15-17) Fried et al (15) were the first to display an increase in cancer 

mortality associated with decreasing renal function in the elderly population from the 

Cardiovascular Health Study. Excess in mortality risk was limited to the highest vs lowest 

quartile for cystatin C (>1.22 vs <0.93 mg/L) as well as to the lowest vs highest quartile for 

MDRD eGFR (<60 vs > 81 ml/min/1.73 m
2
) with adjusted hazard ratio (HR) of 1.79 (95% 

confidence interval: 1.33;2.42) and 1.30 (0.97;1.74), respectively. Because of the relatively 

small number of events, however, the authors were unable to adjust for other factors than age, 

gender, and race. These findings were confirmed and further investigated by Wong et al in the 

Blue Mountains Eye Study. (Table 1) (17) In this cohort, the authors observed an excess risk 

of cancer associated with moderate CKD, although it was limited to men.(Table 2) The excess 

risk began at an eGFR of 55 mL/min/1.73 m
2
, consistent with Fried et al’s findings, (15) and 

increased linearly as eGFR declined. Every 10 mL mL/min/1.73 m
2
 was associated with a 

29% increase of cancer risk independent of age and smoking, with the greatest risk at an 

eGFR < 40 mL/min/1.73 m
2
. The association seemed to be site specific for lung and urinary 

tract cancers. With a larger but younger cohort, Jorgensen also observed a 20% higher risk of 

all cancer with each standard deviation increase of albuminuria (log of albumin to creatinine 

ratio), and significant higher risks for lung, colon, kidney, and bladder cancers. (Tables 1 and 

2) Vajdic et al (13) examined the risk of cancer up to five years before starting renal 

replacement therapy in a cohort  end-stage CKD patients. (Table 1) As expected, these 

patients were at higher risk for cancers known to cause ESRD such as kidney and bladder 
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cancers and multiple myeloma, but they also showed excess risk for Kaposi sarcoma, non-

Hodgkin lymphoma, and for cancers of the oral cavity, colon and thyroid. (Table 2)  

Immunologic alterations associated with CKD would be a likely cause for the excess of virus-

related cancers, but explanations are lacking for the excess of thyroid cancer.  

 

Conclusion 

Whereas paraneoplastic nephropathies and toxin-related cancers and CKD are both scarce and 

specific, a wide variety of cancers can occur at many sites in patients with CKD before or 

after renal replacement therapy. Kidney transplant recipients are at very high risk of cancers, 

most, but not all, of which with likely viral etiology. Patients on dialysis and individuals with 

early stage CKD also experience, but to a lower extent, an excess risk for a number of tumors.  

These epidemiologic findings should prompt clinicians and health authorities to assess 

strategies for cancer screening in the  high risk population of CKD patients, particularly after 

transplantation. 
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Figure – Various pathways linking CKD and cancer 

 

Table 1 – Description of main cohort studies investigating cancer incidence in patients with 

CKD before and after dialysis or transplantation for end-stage CKD 

 

Table 2 - Relative risk of cancer in patients with non end-stage CKD and in those on dialysis 

or with a kidney transplant for end-stage CKD 
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