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Abstract

Introduction: 
Renal insufficiency is prevalent among 

cancer patients and it poses a hindrance in 
using cisplatin.  We sought to describe the 
baseline renal function of our patients who 
were considered “fit” for cisplatin, along with 
saline hydration and mannitol diuresis, and 
determine occurrence of nephrotoxicity during 
chemotherapy.  

Methods: 
A retrospective study from 2008 to 2012 

of 100 patients who were given cisplatin was 
done. Demographic and clinical variables were 
recorded. Creatinine Clearance was calculated 
using Cockcroft-Gault formula.  Nephrotoxicity 
was defined as an increase of 0.5mg/dL or more 
after cisplatin infusion. Descriptive statistics, 
ANOVA, logistic regression analysis were 
done.

Results: 
A total of 100 patients were “fit” for 

cisplatin, with a mean age of 52 years, mean 

creatinine of 0.83mg/dL, CrCl of 94.14ml/
min, and ECOG performance status of 0-2. 12 
patients have Chronic Kidney Disease (CKD) 
stage of 3, 42 patients with stage 2, 46 patients 
with stage 1.  After cisplatin treatment, mean 
creatinine increased to 0.95mg/dL, and mean 
CrCl decreased to 83.7ml/min.  Nine patients 
developed nephrotoxicity; all resolved with 
hydration. Patients with nephrotoxicity were 
significantly different from those without, in 
terms of weight p 0.012.  None of the variables 
were predictors of nephrotoxicity.

Conclusion: 
With hydration and mannitol diuresis, 

patients with ECOG 2, normal creatinine, CKD 
stage 3 or better, CrCl of 50ml/min and above 
are “fit” for cisplatin.  During the study period, 
9% of the patients “fit” for cisplatin developed 
nephrotoxicity, all resolved with conservative 
management.  There was an increase in mean 
creatinine and a decrease in the mean CrCl after 
cisplatin.
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Introduction
Cis-diammine-dichloroplatinum (II), or better 

known as cisplatin is a perfect example of a 
classic cytotoxic chemotherapy drug.  Introduced 
since the 1970’s, cisplatin is a broad spectrum 
cell-cycle non phase specific antineoplastic drug, 
known to be active in most important tumor 
types (1).  To date, cisplatin forms the backbone 
of treatment and is part of the standard of care 

of common malignancies such as lung cancer, 
non small cell and small cell type, ovarian 
malignancies, head and neck tumors, and triple 
negative breast cancers(2,3,4,5).  Interestingly, for 
germ cell tumor, only a cisplatin combination 
protocol can result to cure (6).  Cisplatin is also 
used as a radiosensitizer, improving outcomes of 
radiotherapy, in a variety of solid tumors(7). As 
such, in spite of the advent of newer platinum 
analogues, cisplatin will still be part of various 
chemotherapy protocols due to its time-tested 
efficacy, widespread availability, and its 
affordability.
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While it is inherent for cisplatin to induce 
renal damage, various protocols have been 
formulated to prevent the nephrotoxicity.  The 
more common regimens are hydration for at 
least 1-2 liters of normal saline prior to cisplatin 
administration, and administration of mannitol, 
to hasten urine output (8, 9).  However, recent 
literature by Morgan et al, showed that mannitol 
with hydration was not superior compared to 
hydration alone in reducing renal nephrotoxicity 
in cisplatin therapy (10).  In our center, it has been 
a practice that all patients on cisplatin therapy 
be given at least 1 liter of normal saline prior 
to chemotherapy, with 20g of mannitol before 
and after cisplatin therapy.  Another strategy is 
to check the molecular profile of patient where 
Excision Repair Cross Complement 1 (ERCC1), 
in particular, is of great value in the choice of 
management.

Renal insufficiency, whether recognized or 
unrecognized, is prevalent in cancer patients, 
with about 50-60% of patients having estimated 
creatinine clearance of less than 90ml/min 
prior to initiation of chemotherapy(11,12,13). This 
could be a hindrance in utilizing cisplatin to 
its full potential. In this regard, we sought to 
describe the baseline renal function of our 
cancer patients who were considered “fit” from 
physician’s perspective, and received cisplatin 
chemotherapy, and determine occurrence of 
nephrotoxicity during chemotherapy with 
cisplatin.  To our knowledge, this is the first 
study in our country dealing with an in-depth 
analysis of the renal profile of our cancer patients 
receiving a potentially nephrotoxic drug.

Methodology

Study Population
A retrospective study from January 2008 to 

March  2012, involving chart review of solid organ 
cancer patients given cytotoxic chemotherapy 
with cisplatin, at the National Kidney and 
Transplant Institute (NKTI) was done. Patients 
treated with cisplatin, or its combination, were 
included regardless of the disease pathology, or 
line/regimen of chemotherapy.  Patients with age 
less than 18, those with a pre-existing kidney 
disease that required renal replacement therapy, 

(whether hemodialysis or peritoneal dialysis), 
those who underwent kidney transplantation, and 
those with an acute renal failure from any cause, 
were excluded from the study.  As per hospital 
protocol, all patients treated with cisplatin 
were hydrated intravenously with at least 1L 
of normal saline fluid and given forced dieresis 
with 20g mannitol before cisplatin and another 
20g mannitol after cisplatin.

Study design
Data were obtained from the patient charts 

from the NKTI medical records section, 
cross referenced with the Section of Medical 
Oncology Census logbooks, and records of 
the NKTI – Chemotherapy and Transfusion 
Unit.  Demographic profile such as age, sex, 
diagnosis, stage, history of renal disease, 
presence of diabetes mellitus and hypertension, 
weight, height, Body Mass Index (BMI), 
Body Surface Are (BSA), ECOG Performance 
Status (Appendix 1) were recorded.  Baseline 
creatinine prior to start of chemotherapy was 
obtained, and estimated creatinine clearance 
(CrCl)/ Glomerular Filtration Rate (GFR) was 
computed using the Cockcroft-Gault formula.  
The computed creatinine clearance was then 
compared with National Kidney Foundation 
KDOQI Clinical Practice Guideline as follows 
(14).

• GFR >/= 90ml per minute: Chronic Kidney 
Disease (CKD) Stage 1

• GFR from 60 to 89 ml per minute: CKD 
Stage 2

• GFR from 30 to 59 ml per minute: CKD 
Stage 3

• GFR from 15 to 29 ml per minute:  CKD 
Stage 4

• GFR <15ml per minute:  CKD Stage 5
Research protocol was approved by the 

Technical Review Board of the NKTI.

Nephrotoxicity was defined as an increase 
of 0.5mg/dL or more above baseline creatinine 
level during or immediately after cisplatin 
infusion; and after all other possible causes of 
renal failure were excluded(15).  Total cisplatin 
dose in mg/m2, (which was computed as a 
sum of all cisplatin doses from initiation of 
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treatment up to completion of protocol, or up 
to onset of nephrotoxicity, or up to change of 
cisplatin to less nephrotoxic carboplatin), post 
treatment creatinine and GFR, and outcome 
of those who developed nephrotoxicity were 
likewise recorded.  For those who developed 
nephrotoxicity, clinical course and outcome of 
nephrotoxicity were noted.

Categorical variables were expressed using 
descriptive statistics and continuous variables 
were expressed as mean +/- standard deviation, 
median and range.  To identify the degree of 
association between each variable against 
the outcome variable – cisplatin induced 
nephrotoxicity – logistic regression analysis was 
performed.  Analysis of Variance (ANOVA) was 
used to identify whether there are significant 
differences in the means of independent variables 
used (demographic characteristics, baseline 
CrCl/GFR, total cisplatin dose) for patients 
with nephrotoxicity from those without.  All 
statistical analyses were carried out using SAS 
software ver. 9 (SAS Institute, Cary, NC, USA) 
at 95% confidence level.  P<0.05 was considered 
significant.  

Appendix 1

oken, M.M., Creech, R.H., Tormey, D.C., Horton, J., Davis, T.E., Mcfadden, E.T., Carbone, P.P.: Toxicity And 
Response Criteria of The Eastern Cooperative oncology Group. Am J Clin oncol 5:649-655, 1982

Results

Demographic Profile
During the study period, a total of 100 patients 

were considered “fit” for cisplatin, with a mean 
age of 52.43 years, and a range of 19-86 years. 
Based on ECOG performance status, 77% had 
ECOG 1, with a range of ECOG 0 to 2.  Sixty 
nine of the patients were males.  Among the co-
morbidities, there were 28 hypertensive patients, 
and 18 diabetic patients.  Majority of the patients 
had a metastatic disease, with 74% of patients 
having stage IV disease.  The most frequent 
cancer was lung, with 39 non-small cell, and 5 
small cell, followed by head and neck with 36 
patients, and germ cell tumors with 9 patients.  
The most frequently used chemotherapy protocol 
was Cisplatin-Fluorouracil 26 patients, followed 
by Gemcitabine-Cisplatin 15 patients.   See 
Table 1.
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Table 1. Demographic Profile
BEP – (Bleomycin, Etoposide, Cisplatin), Cis – (Cisplatin), DC- 
( Cisplatin, Docetaxel), PAC (doxorubicin, cyclophosphamide, 
cisplatin), ADOC (Doxorubicin, Doxorubicin, Vincristine, 
Cisplatin), Cis-Etop – (Cisplatin, Etoposide), Cis-FU – 
(Cisplatin, Fluorouracil), Cis-Pac- (Cisplatin, Paclitaxel), 
Cis-Pem – (Cisplatin, Pemetrexed), Cis-Vino – (Cisplatin, 
Vinorelbine), DCF – (Cisplatin, Docetaxel, Fluororuacil), Gem-
Cis – (Gemcitabine, Cisplatin), VIP (ifosfamide, Cisplatin, 
Etoposide) 

Baseline renal function of Patients “fit” for 
Cisplatin

All patients who received cisplatin have a 
normal creatinine level, with a mean creatinine 
level of 0.83mg/dL.  However, looking at the 
creatinine clearance, there were 46 patients with 
CKD stage 1 with a mean creatinine clearance 
of 121.37ml/min, 42 patients with CKD stage 
2 with a mean creatinine clearance of 76.52 ml/
min, and 12 patients with CKD stage 3 with a 
mean creatinine clearance of 51.47ml/min, who 
received cisplatin.   There were no patients with 
CKD stage 4 or 5 who received cisplatin.  For the 
entire study group, mean creatinine clearance was 
94.14 ml/min.  During the course of treatment, 
patients received a mean cumulative cisplatin 
dose of 278.1 +/- 124.5 mg/m2.  See Table 2.

Change in renal function/nephrotoxicity 
after Cisplatin treatment

Mean creatinine after cisplatin treatment was 
0.95mg/dL, and mean creatinine clearance was 
83.7ml/min.  After cisplatin treatment, there 
were 20 patients (20%) who have a decrease 
in creatinine, with a mean decrease of 0.12mg/
dL in the creatinine level, 22 patients (22%) 
with no change in creatinine value, and 49 
patients (49%) with an increase in creatinine, 
with a mean increase of 0.19mg/dL in the 
creatinine level.  There were 9 patients (9%), 
who developed cisplatin nephrotoxicity, and 
had a mean increase of 0.73 mg/dL from the 
baseline creatinine level.  This gives a 9% 
incidence of cisplatin nephrotoxicity during 
the study period.  Computing for the creatinine 
clearance after treatment, there were 21 patients 
with an improvement in creatinine clearance 
by 15.38ml/min, 19 patients (19%) with same 
creatinine clearance, 43 patients (43%) with a 
mean drop in creatinine clearance by 13.58ml/
min, 19 patients (19%) with a mean decrease of 
38.93 ml/min in creatinine clearance, and 3 (3%) 
patients who had a mean decrease of 79.33ml/
min in creatinine clearance.  See Table 3.  
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Table 2. Creatinine Clearance According to Cockcroft- Gault of patients “fit” for cisplatin chemotherapy

Table 3.  Creatinine/Creatinine Clearance Change, nephrotoxicity after Cisplatin Treatment

outcome of Patients who developed 
nephrotoxicity

Table 4 shows the case characteristics of those 
who developed nephrotoxicity.  Among the nine 
patients who had nephrotoxicity, 6 of them had 
baseline CKD of stage 1, 2 patients with CKD 
stage 2, and one patient with CKD stage 3. All 
patients who developed nephrotoxicity stayed in 
the hospital and given IV saline hydration, and 
were advised to increase oral fluid intake, and 
underwent serial creatinine determinations.  All 
of the 9 patients responded with hydration, and 

recovered without the need for renal replacement 
therapy.  However, all of the patient’s creatinine 
did not return to pre-cisplatin levels on 
subsequent repeat creatinine determination after 
resolution of nephrotoxicity.

analysis of variance and regression analysis
Comparing those who developed 

nephrotoxicity n=9, from those that did not n=91, 
no significant difference was seen in the mean 
age, height, BMI, BSA, or total cisplatin dose 
given.  In terms of the baseline creatinine and 
creatinine clearance, no significant difference 
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Table 4.  Case Characteristics of Patients who developed nephrotoxicity

Table 5.  Renal Profile and nephrotoxicity

Table 6.  Logistic Regression Table
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was noted from those with nephrotoxicity, and 
those without.  There was a significant difference 
in the mean weight of those with nephrotoxicity 
from those without with p 0.012. See Table 5.  

Logistic regression analysis showed that there 
are no significant predictors of nephrotoxicity 
after cisplatin was given. See Table 6.

Discussion
Cisplatin exerts its cytotoxic effect by 

platination; cell kill by the process of covalent 
bifunctional DNA adduction; for cisplatin, N7-
d(GpG)-intrastrand platinum-DNA adducts is 
responsible for 60% of the platinum compound 
binding with the DNA.  Once beyond physiologic 
repair, DNA damage forces the cell to go into 
cell cycle arrest, and subsequently apoptosis(1).  
Alongside with this excellent tumor cell-
kill are toxicities in which cisplatin is known 
for:  nephrotoxicity, ototoxicity, bone marrow 
suppression, and severe nausea and vomiting to 
name a few.  Among the toxicities, nephrotoxicity 
appears to be most known, and most dreaded, 
and seems to limits its use.  Although no local 
studies have been done with regards to the 
incidence of cisplatin nephrotoxicity, Marceau 
et. al. in their study of 118 patients with 
cisplatin therapy reported 36.4% of patients 
developed nephrotoxicity, while Tiseo et. al. 
reported a lower nephrotoxicity with cisplatin 
with only 5 out of 107 patients developing 
nephrotoxicity(16,17).  Ries et. al. reported that a 
cisplatin dose from 50-75mg/m2/day is associated 
with reversible renal failure, while a dose of 
100mg/m2/day is associated with renal failure 
with tubular necrosis(18, 19).  This may be due to 
cisplatin’s inherent accumulation in the kidney 
more than any other organ systems(20).  Cisplatin 
nephrotoxicity is defined clinically as temporary 
or permanent reduction of creatinine clearance, 
and/or azotemia (increased creatinine), and/or 
alteration in magnesium and potassium levels 
after cisplatin administration(21).  In short, cisplatin 
appears to induce kidney tubular damage, via 
direct toxicity, activation of an inflammatory 
response by the TNF alpha pathway, by vascular 
changes including reduction in renal blood 
flow and increased in renal-vascular resistance 
brought about by alteration in the kidney’s 

alpha adrenergic receptors(20,22, 23). The above 
statements could explain our findings of an 
increase in the mean creatinine of our patients, 
from a baseline creatinine level of 0.83mg/dL, 
and creatinine clearance of 94ml/min to a post 
treatment creatinine level of 0.95mg/dL, and 
creatinine clearance of 83ml/min, and 9 patients 
even developing overt nephrotoxicity.

In a study by Galsky et. al, those considered 
“unfit” for cisplatin chemotherapy include 
Eastern Cooperative Oncology Group (ECOG) 
performance status of 2, kidney function with 
estimated creatinine clearance of less than 60ml/
min24.  In our study, patients we considered 
fit for chemotherapy have an age range of 19-
86 years, ECOG performance status of at least 
2, a mean creatinine of 0.83mg/dL, and a mean 
creatinine clearance of 94.14 ml/min.  However, 
looking at the CKD stage, cisplatin was likewise 
given to our patients with CKD Stage 3, with a 
mean creatinine clearance of 51.47 ml/min.  Our 
overall occurrence of cisplatin nephrotoxicity 
during the study is 9 out of 100 (9%), and this 
is in congruence with the previously mentioned 
studies.  Adequate preparation with hydration, 
with forced diuresis with mannitol, which is 
part of our Center’s protocol prior to cisplatin, 
seemed to reduce nephrotoxicity, as seen in 
literature (25, 26).  While no specific guidelines exist 
in managing cisplatin induced nephrotoxicity, 
extrapolating management for acute renal failure 
– judicious hydration, close monitoring, and a 
multidisciplinary approach between medical 
oncologists and nephrologists, form important 
strategies (27, 28).  

In our study population, no significant 
difference in the clinical and laboratory variables 
was noted among those who had nephrotoxicity 
from those that did not; furthermore, none of 
the variables, including baseline creatinine, 
creatinine clearance, and cisplatin dose, proved 
to be predictors of nephrotoxicity.  The result is 
not surprising.  In a study by Campbell at. al. 
age, sex, and baseline creatinine did not predict 
nephrotoxicity (29).  Stewart et. al. showed 
that pre-treatment factors did not correlate 
with nephrotoxicity (30), and Lagrange et. al. 
showed that decrease in creatinine clearance by 
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cisplatin was independent of cisplatin dosage, 
and baseline renal function (31).  While clinical 
parameters have yielded inconsistencies in 
predicting cisplatin nephrotoxicity, and cisplatin 
will continue to be used due to its invaluable 
tumor cell-kill capability, prudence dictates that 
pre-cisplatin hydration with or without forced 
diuresis will remain to be a dogma.  Recent 
researches revealed that serum/urine neutrophil-
gelatinase associated lipocalin (NGAL) and 
urinary aminopeptidase activities, and genetic 
polymorphism in ERCC1 levels can predict 
early kidney injury from cisplatin, and these 
parameters will likely be of utility in the near 
future (32, 33, 34).  

Conclusion
With judicious hydration and mannitol diuresis, 

patients with at least ECOG 2, normal creatinine 
level, CKD stage 3 or better, with creatinine 
clearance of at least 50ml/min and above can 
be considered “fit” for cisplatin chemotherapy.  
During the study period, 9% of the patients “fit” for 
cisplatin treatment developed nephrotoxicity, all 
of which resolved with conservative management.  
There was an increase in mean creatinine and a 
decrease in the mean creatinine clearance of the 
study group after cisplatin treatment. 
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