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Background
Renal cell carcinoma (RCC) is the thirteenth most common 
type of malignancy globally, accounting for 3.3% of all 
newly diagnosed cancers.1 Globally, 342 000 new kidney 
cancer cases are diagnosed annually.2 In the United States 
alone, the American Cancer Society’s most recent estimate 
for kidney cancer for 2018 was approximately 63 340 new 
cases of kidney cancer.3 The most recent available figures 
from South Africa (SA) show that 602 cases of RCC were 
diagnosed histologically in 2013.4

With the population aging and widespread availability of 
cross-sectional abdominal imaging techniques, the absolute 
incidence of renal cancer shows an increasing trend over the 
last few years.5 

For patients with surgically resectable disease, the standard 
of care for RCCs is a nephrectomy. Post nephrectomy, 
these patients are at risk for the development of new onset 
chronic kidney disease (CKD) or the progression of pre-
existing CKD. As a consequence, these patients are at risk 
of increased cardiovascular disease (CVD) and all-cause 
mortality. Renal dysfunction activates pathways which 

leads to endothelial dysfunction and atherosclerosis with 
subsequent increases in CVD. This increased risk of CVD 
was initially thought to be limited to patients with end stage 
renal disease (ESRD). However, it has now been shown that 
there is an increased risk of CVD across all stages of CKD. 
The United States Renal Data System 2014 annual report 
stated that the prevalence of any cardiovascular disease is 
double in patients with CKD (69.8% vs 34.8%).6 The risk 
of cardiovascular mortality has been shown to increase by 
5% for every 10 mL/min per 1.73 m2 reduction in estimated 
glomerular filtration rate (eGFR).7 Controversy exists 
about whether all patients are at risk for the development 
and progression of CKD, post nephrectomy, or if it is just 
patients with significant risk factors. 

We aimed to report the changes in renal function, based 
on the eGFR in patients who had a nephrectomy for RCC at 
Groote Schuur Hospital, over a nine-year period. 

Methods
This was a retrospective, descriptive, cross-sectional study 
performed at Groote Schuur Hospital (GSH), Cape Town, 
South Africa. During the study period (1 January 2009 to 
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31 December 2017), 137 patients who had a nephrectomy 
for RCC were identified through a departmental operative 
database. Due to incomplete data, twenty patients were 
excluded from the study (n = 117). Demographic data and 
the presence of hypertension and/or diabetes were recorded 
from the hospital folder records. The pre-nephrectomy and 
post-nephrectomy eGFR and the histological subtype of 
RCC on histopathological analysis of the resected specimen 
were recorded from the National Health Laboratory Services 
(NHLS) online results platform. The pre-nephrectomy renal 
function was defined as the eGFR immediately prior to 
surgery. The post-nephrectomy results were defined as the 
nadir eGFR at least 3 months post-nephrectomy. The eGFR 
was calculated using the abbreviated Modification in Diet 
and Renal Disease (MDRD) study equation, i.e. GFR = 186 
× (serum creatinine) −1.154 × (age) −0.203, from which the result 
is multiplied by 0.742 for female patients. Laboratories, 
including the NHLS, do not report the actual MDRD eGFR 
values > 60 ml/min/1.73 m2  range as there is a significant 
underestimation of eGFR (increased false positive diagnosis 
of CKD).8 As a result, the highest eGFR recorded was 60 
ml/min/1.73 m2. Hypertension was defined as self-reported 
hypertension with or without ongoing pharmacologic 
treatment. Diabetes mellitus was defined as a history of 
self-reported diabetes mellitus treated pharmacologically or 
controlled by diet. 

Statistical analysis
Descriptive statistics were explored and are presented as 
means and standard deviations for continuous variables, 
and proportions for categorical variables. An independent-
sample t-test was used to determine if there was a difference 
in the change in eGFR between those with hypertension and/
or diabetes and those without. Pearson correlations assessed 
the relationship between change in eGFR and predictor 
variables. Thereafter, a backwards linear regression analysis 
was used to determine which factors predicted change in 
eGFR function. All analyses were conducted using SPSS 
(Version 25) and the significance level was set at p < 0.05.

Results
The mean age of the population was 57 ± 12 years. Sixty-
seven (57%) were males. On histology, 74 patients (63%) 
had clear cell RCC (ccRCC), 27 (23%) had papillary 
RCC (pRCC), 9 (7.7%) had chromophobe RCC (crRCC), 
2 (2%) had an unclassified histology, and 5 (4%) had 
other rarer histology. The mean eGFR at baseline did not 
differ significantly between those with hypertension and/
or diabetes and those without (p = 0.061). After a mean 
follow-up period of 26.5  ±  22 months (median = 19 
months), the patients’ eGFR dropped by a mean of 4.82 ±  
8.67 ml/min/1.73 m2 (95% CI 3.23–6.41) post-nephrectomy. 

The median eGFR fall in patients who had hypertension 
and/or diabetes (n = 63) was significantly larger compared 
to patients who had neither of these comorbidities (n = 54;  
p < .001); median = -7 ml/min/1.73 m2 (IQR = -13–0) and 0 
ml/min/1.73 m2 (IQR = -0.25–0) respectively) – (Figure 1). 

Only the predictors age and the presence of hypertension 
and/or diabetes significantly correlated with change in eGFR 
(Table 1). These two variables were entered into a backwards 
linear regression. When entered into the regression and ac-
counting for hypertension and/or diabetes, age no longer 
predicted change in eGFR (p = .128). However, having 
hypertension and/or diabetes significantly predicted change 
in eGFR (p = .003) and explains 7% of the variance in 
change in eGFR. On average, having hypertension and/or 
diabetes predicated a 4.76 ml/min/1.73 m2 greater decline in 
eGFR than patients without hypertension and/or diabetes. 
Therefore, it appears that only the presence of hypertension 
and/or diabetes is a predictor of change in eGFR.

Discussion
The relationship between RCC and CKD has been described 
as bi-directional. Increasing age, hypertension, diabetes, 
smoking, obesity and analgesic abuse are common risk 
factors for the development of both RCC and CKD. The 
high prevalence of pre-nephrectomy CKD among those 
with RCCs reflects common risk factors in these patients.9 

CKD is a risk factor for the development of acquired renal 

Table 1: Correlations between outcome and predictor variables
Change eGFR Age Gender HPT/DM eGFR risk

Change eGFR 1.00 -.214* .015 -.280* -.076
Age 1.00 .184* .282* .348*
Gender 1.00 .039 .156
HPT/DM 1.00 .265*
eGFR risk 1.00
Note: Pearson’s r correlation coefficients are presented p < .05
HPT – hypertension; DM – diabetes mellitus; eGFR – estimated glomerular filtration rate

Figure 1: Distribution of the histological subtypes of renal 
cell carinoma 

Clear Cell RCC 63%
Papillary RCC 23%
Chromophobe RCC 8%
Unclassified RCC 2%
Other 4%
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cysts, which in itself is a risk factor for RCC. In addition, 
post-nephrectomy, the loss of functional renal tissue 
and ischaemia at time of nephrectomy and the chronic 
hyperfiltration driven partly by an increase in glomerular 
pressure compromises renal function post-surgery.10 

In the present study, we evaluated eGFR to determine 
postoperative changes in renal function in patients with 
and without hypertension and/or diabetes. The mean eGFR 
decline post-nephrectomy in patients who had hypertension 
and/or diabetes is significantly larger compared to patients 
who had neither of these comorbidities (Figure 2). Our 
findings were corroborated by other reports in the literature. 

Brandina et al. reported that hypertension (OR  = 3.7) 
and diabetes mellitus (OR  = 11.6), amongst others, were 
significant predictors of renal function loss after surgery.11 
After a multivariate logistic regression, glomerulosclerosis 
(p  =  0.039) and baseline eGFR (0.01) were independent 
predictors for new onset CKD. In addition, Charlson 
Comorbidity Index (0.011), which is a method of predicting 
mortality by grading comorbidities, was also an independent 
predictor for new onset CKD. The pre-nephrectomy 
eGFR was measured within 30 days before surgery, and 
the post-nephrectomy at last follow-up (at least 6 months 
after surgery). There are some limitations that need to be 
considered for this trial. They initially started with 222 
patients who underwent radical nephrectomy between 1999 
and 2006 at Sírio Libanes Hospital (São Paulo, Brazil). 
However, the final cohort consisted of only 65 patients. 
Only patients who had nephrectomy specimens available for 
histopathological analysis were included in the study.11 

A univariate analysis by Jeon et al. showed that the 
presence of both diabetes (p <  .006) and hypertension  
(p < .006) were associated with CKD after surgery. The 
median time to the development of CKD with and without 
diabetes was 13 and 21 months respectively.12 

Apart from hypertension and diabetes, other risk factors 
have been identified for new-onset CKD or acceleration of 
pre-existing CKD after radical nephrectomy. Acute kidney 
injury (AKI) in the immediate post-surgical setting is a 
significant risk factor for the development of CKD. Risk 
factors for the development of AKI in the postoperative 
setting include advanced age, male gender, increased body 
mass index and decreased pre-nephrectomy eGFR. Cho 

et al. reviewed the eGFR in patients a year post radical 
nephrectomy and reported the median eGFR to be lower 
in the group that developed AKI post-nephrectomy when 
compared to those without AKI, highlighting the need for 
clinicians to ensure AKI is prevented post-nephrectomy.13 
Other predisposing factors resulting in CKD post-
nephrectomy include advanced age, pre-nephrectomy renal 
dysfunction and the presence of adjacent non-neoplastic 
kidney parenchyma abnormalities including arteriosclerosis, 
interstitial fibrosis and glomerulosclerosis.12 The College of 
American Pathologists has recommended reporting of non-
neoplastic renal parenchyma of all tumour nephrectomy 
specimens.14 The basis of this recommendation is that studies 
have shown that arterionephrosclerosis and glomerular 
diseases frequently coexist with RCC.15 

The impact of worsening renal function and higher rates 
of CKD in patients post-nephrectomy cannot be overlooked. 
It has been associated with increased risk of metabolic and 
cardiovascular diseases and subsequent mortality. Weight 
et al. reported that the loss of renal function observed with 
radical nephrectomy was associated with a 25% increased 
risk of cardiovascular-related mortality and a 17% increased 
risk all-cause mortality on multivariate analysis.16 Renal 
function compromise causes activation of the renin-
angiotensin system, oxidative stress, inflammation with 
increased levels of cytokines, and dyslipidaemia. This 
leads to endothelial dysfunction and atherosclerosis with 
subsequent increases in risk of heart failure, coronary artery 
disease and cerebrovascular accidents.16,17

While this study shows a significant decline in eGFR in 
patients with hypertension and/or diabetes, it also highlights 
that the eGFR decline in patients with neither of these risk 
factors may not be as pronounced as previously thought. 
Preoperatively patients with increased risk of eGFR decline 
should be identified and referred to the nephrology unit, 
in order to assess and discuss the loss of renal function, 
the consequences thereof and potential risk of starting 
haemodialysis in future. Intraoperatively, nephron sparing 
surgery should be attempted where possible, without 
compromising oncological outcome, and ischaemia time 
must be kept to a minimum. In the immediate postoperative 
setting, it is imperative that measures be taken to prevent 
postoperative AKI. In the long term, all patients must be 
carefully followed up to detect reductions in eGFR sooner 
to facilitate early appropriate evaluation and intervention 
for CKD. Improved coordination of care among urologists, 
pathologists, and nephrologists will result in better outcomes 
for RCC patients. 

Some limitations of the present study should be con-
sidered. Ideally, a renal scan should be used to measure and 
quantify renal function.19 However, this technique is not 
routinely used in clinical practice. A common surrogate for 
renal function is the measurement of the creatinine clearance 
and estimation equations based upon serum creatinine. 
The use of serum creatinine as a marker of renal function 
is a limitation in itself as it is influenced substantially by 
muscle mass, hydration status, body habitus, and food 
contents.20 In addition, the NHLS and other laboratories, 
do not routinely report the actual MDRD eGFR values  
> 60 ml/min/1.73 m2 range due to a significant 
underestimation of eGFR.8 The highest eGFR we recorded 
was 60 ml/min/1.73 m2. We acknowledge changes in 
patients with a eGFR > 60 ml/min/1.73 m2 may have been 

Figure 2: Change in eGFR 
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missed. Secondly, even though the study is based in a single 
institution, it is a retrospective analysis of data, and biases 
of selection exist. In addition, we lacked data on recognised 
confounding factors, such as smoking, obesity and analgesic 
abuse. The present study lacked a specific, standardised 
post-nephrectomy time period for the evaluation of eGFR. 
Lastly, it is the nature of a retrospective record review that 
data captured was heavily reliant on hospital folder records. 
We lacked data on the grade of hypertension, type of diabetes 
and the duration that our patients had these diagnoses 
before surgery. Nevertheless, the present study is the first 
in a South African setting highlighting the concerns of 
deteriorating renal function post nephrectomy. More studies 
with larger sample sizes and longer follow-ups with serial 
determinations of renal functions are needed to validate the 
results of the present study. 

Conclusion
There are long standing concerns over the significant dete-
rioration of renal function, post nephrectomy and this was 
reaffirmed in our setting. The decline in renal function in 
patients with hypertension and/or diabetes mellitus is 
more pronounced than in patients with neither of these 
comorbidities. In these high-risk patients, measures must be 
taken to prevent the development and limit the progression 
of CKD.
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