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Long-Term Renal Outcomes after Cisplatin Treatment
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Abstract

Background and objectives Nephrotoxicity remains the dose-limiting side effect of cisplatin, an effective che-
motherapeutic agent with applications across diverse tumor types. This study presents data on renal outcomes
across multiple tumor types in 821 adults. We report on incidence of AK]I, initial and long-term changes in eGFR
after cisplatin, and relationships between cumulative dose, initial eGFR, age, sex, and long—term renal function.

Design, setting, participants, & measurements This was a retrospective study of adult patients treated with
cisplatin from January 1, 2000 to September 21, 2011 who had survived =5 years after initial dose. The Modifi-
cation of Diet in Renal Disease equation was used to calculate eGFR. AKI was defined as an increase from the
baseline creatinine of >25% within 30 days after the first cycle of cisplatin. Chi-squared tests were done to
evaluate the relationships between categorical or ordinal variables; ANOVAs or ¢ tests were used to evaluate
continuous or categorical variables. Changes in eGFR over time were evaluated in a growth curve model.

Results Mean follow-up was 6 years (25th and 75th percentiles, 4 and 9 years). AKI occurred in 31.5% of patients,
with a median initial decline in eGFR of 10 ml/min per 1.73 m? (25th and 75th percentiles, —41.5 and —23.3 ml/min
per 1.73 m?). At any time point after the first cycle of cisplatin, <3% of patients progressed to eGFR<29 ml/min
per 1.73 m?, and none were known to be on dialysis. Age was associated with a higher risk for AKI after cisplatin.
Compared with age <25 years old, the odds ratios for AKI versus no AKI are 1.22 for >26—44 years old (95%
confidence interval [95% CIJ, 0.60 to 2.4), 1.54 for >45-65 years old (95% CI, 0.78 to 3), and 2.96 for >66 years old

(95% CI, 1.4 to 6.1). The lowest dose categories of cisplatin (=100 and 101-250 mg/m?) are associated with
increases in eGFR (P=0.06 and P=0.02, respectively) compared with the highest dose category (>701 mg/m?).

Conclusions This is the largest study of adult patients with cancer who received cisplatin for treatment across
multiple tumor types. Most patients experience small but permanent declines in eGFR, but none progressed to

ESRD requiring hemodialysis.
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Introduction

Cisplatin is associated with cure rates as high as 80%
for testicular cancer (1) and prolonged survival for
those with tumors of the head and neck, ovary,
lung, cervix, endometrium, and bladder (2—4). Neph-
rotoxicity remains the dose-limiting side effect (5-7)
of cisplatin, accounting for up to 20% of all episodes
of AKI in hospitalized patients with cancer (8). A de-
tailed understanding of the mechanisms by which
cisplatin induces renal toxicity is incomplete. In-
creased generation of reactive oxygen species and
production of proinflammatory cytokines seem to
play significant roles (9,10,11).

Although its acute nephrotoxicity has been well
recognized for decades, information on cisplatin’s
long-term effects on renal function in adults is limited
by lack of long-term renal follow-up and small sample
sizes in the available studies (12-15). We took advan-
tage of the large adult population that is treated with
cisplatin across multiple tumor types at our institution
and performed a study on adults to determine the in-
cidence of AKI and the initial and long-term changes in
eGFR after cisplatin. We analyzed the relationships
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between age of first cisplatin, cumulative dose (CD)
of cisplatin, sex, baseline eGFR, and subsequent eGFR.

Materials and Methods

A retrospective chart analysis was performed after
obtaining approval from the Institutional Review Board
at Memorial Sloan Kettering Cancer Center. Protected
health information was coded in accordance with the
requirements of Health Insurance Portability and Ac-
countability Act. We collected clinical information for
patients =18 years old treated with intravenous cis-
platin during the period from January 1, 2000 to Sep-
tember 20, 2011 who had survived for at least 5 years
after their initial dose. Patients were excluded if they
received ifosfamide concomitantly or subsequent to cis-
platin administration or if a baseline creatinine was un-
available. All patients received hydration with 1.5-2 L
normal saline with cisplatin. No patients received
amifostine. There are no exclusion criteria for dosing
cisplatin on the basis of serum creatinine (SCr) at our
institution, but our dosing guidelines recommend cau-
tion when the eGFR is <50 ml/min.
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The demographic and treatment data collected are
shown in Table 1 and Supplemental Table 1. Data on
type of primary malignancy (per International Classifica-
tion of Diseases 9 [ICD 9] codes), concomitant and sub-
sequent chemotherapeutic agents, dates of first and last
cisplatin dose, and CD dose for each patient were col-
lected. Baseline SCr was the value within and closest to
30 days before the start of cisplatin. The SCr value used
after the first cycle of cisplatin was the level closest to
30 days after the infusion was completed. Yearly SCr lev-
els were obtained =6 months from the completion of
treatment. The four—variable Modification of Diet in Re-
nal Disease (MDRD) equation was used to calculate the
eGFR. The MDRD equation was chosen, because we were
specifically interested in renal outcomes in patients with
mild to moderate renal impairment, and this equation
tends to be more accurate and less biased when the
GFR is <60 ml/min per 1.73 m? (16). CKD stages were
assigned solely on the basis of the calculated eGFR. We
did not collect data on the presence of hematuria,

Table 1. Patient demographics
Data Collected Total No., 821 Percentage
Sex
Men 520 63
Women 301 37
Race
White 697 85
Asian 56 7
Black 50 6
Other/unknown 18 2
Ethnicity
Non-Hispanic 312 38
Hispanic 53 6
Unknown 456 56
Age, yr
<25 56 7
=26-44 250 30
=45-65 392 48
=66 123 15
Cumulative dose of
cisplatin, mg/m?
=100 57 7
101-250 420 51
251-400 215 26
401-550 106 13
551-700 15 2
>701 8 1
Minimum Maximum
Age at first cisplatin 19 85
dose, yr
Mean Median
Age at first cisplatin 50 51
dose, yr
Serum creatinine, Mean (SD) Minimum,
mg/dl Maximum
Baseline 0.99 (0.22) 04,21
After first cisplatin 1.18 (0.51) 0.5,9.5
dose
Year 1 1.14 (0.47) 04,9
Year 5 1.18 (0.42) 0.5,5

proteinuria, or structural abnormalities. AKI was defined
as an increase from the baseline creatinine of =25%
within 30 days after infusion of the first cycle of cisplatin.
ESRD requiring hemodialysis status was on the basis of
ICD9 coding and review of the available medical records
in patients with eGFR<29 ml/min per 1.73 m®. Before
completing the data analysis, our expectation was that a
significant proportion of patients would experience a
small but permanent decline in renal function but that
most would not progress to ESRD.

Chi-squared tests were used to evaluate the relationships
between categorical and ordinal variables; ANOVA or ¢ tests
were used to evaluate continuous or categorical variables.
These analyses were done to evaluate relationships between
eGFR and covariates. Trends in eGFR were investigated us-
ing summary measures, such as the mean, SD, median, and
range, as well as graphically to evaluate patient-specific
trends. We fit a repeated measures growth curve model to
investigate whether there was a trend in eGFR after adjust-
ing for age, ethnicity, sex, and CD. Time was entered into the
model as year ranging from baseline (coded 0), last cisplatin
dose (coded 1), year 1 (coded 2), and so forth to year 12
(coded 13). Time was reparameterized in this way so that
the intercept represents the average eGFR value at baseline.
We fit the model assuming different correlation structures,
including variance components and compound symmetry.
All analyses were conducted in SAS, version 9.4 (SAS Insti-
tute Inc., Cary, NC). P values <0.05 were considered to be
statistically significant.

Results

Initially, 859 patients met inclusion criteria. After excluding
38 (4%) patients with no baseline or follow-up SCr, analysis
was performed on the remaining 821 patients. Patient de-
mographic and treatment information is shown in Table 1.
The majority of patients were men (63%) and white (85%),
and the mean age was 50 years old. The CD of cisplatin
ranged from =100 to >701 mg/m? Most patients
received a CD of 101-250 mg/ m? (51%), 26% received
a dose of 251-400 mg/m?, 16% received a dose of
401 mg/m?, and 77% received a dose of 101400 mg/m>
On the basis of death notices and other entries in the chart,
684 (83%) were alive, and 137 (17%) were deceased at the
time of analysis. The most commonly treated cancers were
buccal cavity, larynx, and pharynx (21%); testicular (18%);
lung (10%); esophagus (8%); cervix (6%); stomach (5%); and
urinary bladder (5%). Eleven patients had more than one
tumor type recorded for which cisplatin was given.

For patients who had at least a year 1 SCr, the mean and
median follow-up were 6 and 7 years, respectively (25th
and 75th percentiles, 4 and 9 years). The median initial
decline in eGFR was 10 ml/min per 1.73 m? (25th and 75th
percentiles, —41.5 and —23.3 ml/min per 1.73 m?). The
most significant decline in median eGFR (10 ml/min per
1.73 m?) occurred in the period from baseline to the com-
pletion of cisplatin treatment. Thereafter, the median eGFR
remained stable to year 6, with a slight upward slope after
year 7. AKI occurred in 31.5% of patients (n=245) after the
first cycle of cisplatin, and this was seen most frequently
among tumors of the head and neck (7.8%), gastrointesti-
nal tract (5.4%), testicles (3.7%), and lung (3.5%).
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Figure 1 depicts the number of patients with an SCr
value at various time points: 777 patients (95%) had follow-
up SCr values in their charts within 30 days of the end
of cisplatin treatment, 533 (65%) had SCr at year 1, 443
(54%) had SCr at year 2, 417 (50%) had SCr at year 3, 388
(47%) had SCr at year 4, 397 (48%) had SCr at year 5, 295
(35%) had SCr at year 6, and 263 (32%) had SCr at year 7.
Thereafter, <30% of SCr values were available.

Figure 2 summarizes the number and percentage of pa-
tients found in each CKD group at baseline, completion of
first cisplatin cycle, and years 1 and 5. At baseline, 58%
were CKD stage 2, 32% were CKD stage 1, and 11% were
CKD stage 3, and none had an eGFR<29 ml/min per
1.73 m% At the completion of cisplatin treatment, 52%
were CKD stage 2, 29% were CKD stage 3, 17% were
CKD stage 1, and 2% had an eGFR<29 ml/min per
1.73 m2. At year 1, 56% were CKD stage 2, 28% were
CKD stage 3, 15% were CKD stage 1, and 1% had an
eGFR<29 ml/min per 1.73 m?. At year 5, 57% were
CKD stage 2, 30% were CKD stage 3, 11% were CKD stage
1, and 3% had an eGFR<29 ml/min per 1.73 m?. At each
time point after the completion of the first cycle of cis-
platin, between 0.76% and 2.77% of those patients who
had an SCr were CKD stage 4 and between 0.19% and
0.87% were CKD stage 5.

We did additional analysis to determine how individual
patients” CKD stages changed over time (Figure 3). There
were 777 patients who had an SCr at baseline and the
completion of cisplatin treatment. Of the 247 patients
who were CKD stage 1 before treatment, 48% progressed
to CKD stage 2, 36% remained at CKD stage 1, and 14%
progressed to CKD stage 3 at completion; <2% (n=4) pro-
gressed to an eGFR<29 ml/min per 1.73 m?. Of the
447 patients at CKD stage 2 before treatment, at the com-
pletion, 58% remained at CKD stage 2, 31% progressed
to CKD stage 3, and 9% moved to CKD stage 1, <2%
progressed to CKD stage 4, and none progressed to
CKD stage 5. Of the 83 patients at CKD stage 3 before
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cisplatin, at completion, 65% remained at CKD stage 3,
29% moved to CKD stage 2, and 6% (n=5) progressed to
an eGFR<29 ml/min per 1.73 m?. The changes in CKD
staging over time for those with SCr values at years 1
and 5 are also shown in Figure 3.

In Table 2, we fit a repeated measures model to investi-
gate whether there was a trend in eGFR after adjusting for
age, ethnicity, sex, and CD. Time was entered into the
model as year ranging from 0 (baseline) to 13, which is
year 12 after cisplatin. We found a trend in time, with an
average reduction in eGFR of 0.73 ml/min per 1.73 m?
with each increasing year (P<<0.001). The lowest dose cat-
egories of cisplatin (=100 and 101-250 mg/m?) are asso-
ciated with increases in eGFR (P=0.06 and P=0.02,
respectively) compared with the highest dose category
(>701 mg/m?). Women were associated with decline in
eGFR over time (P<0.02). When evaluating age as a
four-level categorical variable (<25, =26-45, =46-65,
and =66 years old), the incidence of AKI was found to
be higher in the older compared with the younger age
groups (P<<0.001). Compared with age <25 years old,
the odds ratios for AKI versus no AKI are 1.22 for age
>26-44 years old (95% confidence interval [95% CI], 0.60
to 2.4), 1.54 for >45-65 years old (95% CI, 0.78 to 3), and
2.96 for >66 years old (95% CI, 1.4 to 6.1). In subset anal-
ysis, the observed frequency of AKI was 1.5% for age <25
years old, 7.6% for 26-44 years old, 14.1% for 45-65 years
old, and 6.7% for >66 years old. Subset analysis on pa-
tients with 5-year data showed that patients with a lower
eGFR before cisplatin administration were prescribed a
lower CD of cisplatin (P=0.01) and that younger age cate-
gories were prescribed higher CDs compared with older
age categories (P<<0.001).

Discussion
Since receiving Food and Drug Administration approval
in the late 1970s, despite its characteristic nephrotoxicity,
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Timepoint (Years) BL  LastCis 1 2 3 4

Number of patients 821 T 533 443 a7 388
with a SCr value

Figure 1. | Box plot (10th and 90th percentiles) of change in median eGFR (milliliters per minute per 1.73 m?) from baseline to year 12. Time
points and numbers of total patients with a serum creatinine (SCr) at each time point are shown. Time points are in years. BL, baseline; Last Cis,

at completion of the first cycle of cisplatin.
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Figure 2. | Percentages of patients within each stage of CKD at baseline, completion of cisplatin, year 1, and year 5. CKD stage (eGFR): CKD stage 1
(=90 ml/min per 1.73 m?), CKD stage 2 (=60-89 ml/min per 1.73 m?), CKD stage 3 (=30-59 ml/min per 1.73 m?), and <29 ml/min per 1.73 m?.

cisplatin has markedly improved the overall survival for outcomes in adults treated with cisplatin across diverse
scores of patients. To the best of our knowledge, this study solid tumors. Overall, 30.5% of treated patients experi-
represents the largest analysis on the long-term renal enced AKI. The higher incidence of AKI observed in
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Figure 3. | For patients with a SCr at baseline and at completion of cisplatin and for those with a SCr at Year 1 and Year 5, fewer than 6%
progressed to a GFR <29 ml/min per 1.73 m?. Changes in individual patient’s CKD stage over time: from baseline to the completion of cisplatin
(left panel) and from year 1 to year 5 (right panel). SCr, serum creatinine.
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Table 2. Multivariable repeated measures analysis of potential risk factors of trends in eGFR for 821 patients
Variable Parameter Estimate 95% Confidence Interval P Value
Intercept 92.36 82.3 to 102.4 <0.001
Time, yr* (coded as 0-13, continuous) -0.73 —0.87 to —0.59 <0.001
Sex
Women —2.50 —4.58 to —0.43 0.02
Men (reference)
Ethnicity
Asian versus white 4.54 0.58 to 8.49 0.03
Black versus white 7.84 3.74 to 11.95 0.002
Unknown/other versus white 0.54 —6.40 to 7.48 0.88
White (reference)
Age at first cisplatin —0.51 —0.59 to —0.44 0.001
Cisplatin dose (mg/m?)
101-250 versus >701 11.10 1.65 to 20.55 0.02
251-400 versus >701 6.93 —2.61 to 16.46 0.16
401-550 versus >701 5.52 —4.24 to 15.27 0.23
551-700 versus >701 6.51 —5.27 to 18.28 0.28
=100 versus >701 9.58 —0.50 to 19.66 0.06
>701 (reference)
Model was fit using a compound symmetry covariance structure.
*Time 0 is baseline; time 1 is last cisplatin date; time 2 is year 1 after cisplatin, and so on until time 13, which is year 12 after cisplatin.

some tumor types may be related to higher CDs needed to
treat the specific tumor as opposed to the tumor type.
Fewer than 3% of patients at any time point had an
eGFR<29 ml/min per 1.73 m? No patients required dial-
ysis on long-term follow-up. However, the true long—term
incidence of advanced CKD and ESRD could not be reliably
ascertained because of data attrition after 5 years. Indeed,
a limitation of this study is the loss of follow-up data in
approximately 50% of patients after year 5. Consequently,
most of the results of this analysis rely disproportionately
on 5 years of data. The most frequent reason for loss of
follow-up is that patients chose to follow-up with their
local oncologists.

In defining AKI as an increase in SCr of =25% from
baseline, we knowingly departed from the established
classification schemes for AKI. Although we agree that
there is a need for a single definition of AKI for practice
and research, we opted for this definition for several rea-
sons. First, because of the retrospective nature of the
study, we were unable to obtain values for timed SCr
and urine volume. Second, although AKI classification
schemes define AKI as a >1.5 times increase in baseline
SCr, studies have shown that increases in SCr of >25% are
not insignificant and in fact, are associated with CKD on
long—term follow-up (17,18). For the treating oncologist, it
is a much easier clinical decision to discontinue cisplatin
and consider alternative therapies if the patient has a sus-
tained rise in the SCr of >1.5 times baseline after the first
cycle and is expected to have ongoing AKI with successive
dosing. The more challenging clinical decision is what to
do with those patients with more modest elevations in SCr
who may have nephrotoxicity from the drug but may also
derive significant benefits.

We recognize that eGFR equations are predicated on
steady-state renal function, and patients who experience
AKI after cisplatin are not in steady state, especially

because they continue to be exposed to the drug at regular
intervals. We tried to minimize fluctuations in SCr by us-
ing the value as close to the end of the 30-day time point to
allow for stabilization of renal function. Because most dos-
ing protocols are 3-4 weeks, it was not possible to allow
the renal function to stabilize over a longer period before
recalculating the eGFR.

Our findings of an initial decline in eGFR after comple-
tion of cisplatin therapy with stabilization thereafter
(Figure 1) are consistent with findings of smaller studies
in adults with predominantly testicular or ovarian cancer
(19,20). Our study, which included a greater diversity of
tumor types, supports this initial decline in eGFR. In pre-
vious studies in which GFR and renal plasma flow were
measured using exogenous filtration markers and 24-hour
creatinine clearance, the observed acute and chronic de-
clines in GFR were of larger magnitude, ranging from
12% to 23% (12,13,15,20-22). In our study, a lower median
decline in eGFR of 10 ml/min per m? was observed. These
differences may be because of the methodology used (cal-
culated versus measured GFR) and the routine use of ag-
gressive hydration protocols at our institution. Different
hydration protocols used elsewhere may produce different
short- and long-term outcomes. Indeed, the single-center
design of this study limits its generalizability. Other stud-
ies have reported improvement in renal function at long—
term follow-up, implying that renal recovery is possible in
some patients (15,22). In our cohort, there was a trend
toward a slight improvement in eGFR after 7 years. How-
ever, no generalizations about long-term improvements in
renal function can be made from our cohort, because
<30% of SCr values were available after year 7, and this
observation may be confounded by drop out of older pa-
tients and those with lower GFRs over time.

It is clear that, for the majority of patients with CKD
stages 2 and 3 at baseline, CKD staging remained
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unchanged after 5 years of treatment. In contrast, for those
at CKD stage 1, >70% had a higher CKD stage after year 5.
Although very few patients were identified as having an
eGFR<29 ml/min per 1.73 m? beyond year 5, these find-
ings have to be interpreted with caution, because incident
ESRD may not have be reliably captured using ICD9 cod-
ing and review of the medical records given that a signif-
icant proportion of patients received follow-up external
to our institution after this time. At baseline, no patients
in this cohort had an eGFR<29 ml/min per 1.73 m?. Con-
sequently, the effect of cisplatin in this group remains
unknown.

Prior studies have found inconsistent relationships be-
tween CD of cisplatin and long-term declines in GFR
(1,12,19,22-24). Dose intensity and frequency have been
previously shown to correlate with cisplatin nephrotoxi-
city (24). The advent of aggressive hydration protocols,
prolonged drug infusion times, and splitting the total
dose over several days could have affected this rela-
tionship. In this study, compared with those given a
CD>701 mg/m?, only the groups given the lowest CD of
101-250 mg/m? had an associated significant decrease in
eGFR (P<0.05) over time. A possible explanation for this
surprising finding is that the treating physicians may have
dosed cisplatin on the basis of the baseline eGFR and/or
age of the individual patient. Indeed, subset analysis
showed that patients with relatively lower eGFRs before
cisplatin administration were prescribed a lower CD
(P=0.01) and that younger patients were prescribed a
higher CD relative to older patients (P<<0.001). Older pa-
tients generally have less muscle mass and will conse-
quently have a lower calculated eGFR. Additionally, if
the physician lowered the cisplatin dose in those patients
who experienced AKI, this would affect the CD and possi-
bly, the renal outcomes. Lower muscle mass may also ex-
plain why women were associated with declines in eGFR
over time (P<<0.02). Because the most dramatic decline in
eGFR occurred after the first cycle of cisplatin, an interesting
but unanswered question in this analysis is whether the CD
given with the first cycle alone correlates with long-term GFR.

In our cohort, older age groups were associated with
higher frequencies and odds ratios for AKI after cisplatin
treatment. Whether patient age at the time of onset of
cisplatin treatment correlates with the incidence of AKI and
long—term renal function is not well established. Some
studies report a negative correlation between age and re-
nal function (12,24,25), and others show no relationship
(26). A possible explanation for this finding is that older
patients had more subclinical renal injury that was not
detected by SCr values compared with younger ones or
that they may have other comorbidities that made them
more susceptible to AKI from cisplatin.

The retrospective nature of this study does not allow us
to comment on the development of microalbuminuria
and hypertension, both known markers of more pro-
gressive CKD, among survivors. Urinalyses were not
routinely obtained either pre- or postcisplatin treatment.
In regards to hypertension, many cancer survivors in our
program returned to their local physicians after treat-
ment, thereby limiting the completeness of the available
medical records with respect to hypertension diagnosis
and treatment.

This represents the largest study to date of adults who
received cisplatin to treat a wide range of tumor types for
which the drug is first-line therapy. In this large cohort,
about one in three patients treated with cisplatin experi-
ence AKI, and the majority of patients who survived for
at least 5 years after treatment had a permanent but
small decline in eGFR. None required dialysis. Cisplatin
is first-line therapy for a variety of tumor types. There-
fore, for oncologists confronted with the decision regard-
ing whether to offer cisplatin to a patient with CKD stage
2 or 3, it is invaluable to know that, in >500 patients
treated with this level of CKD in our group, most had
only a small decline in eGFR, and only 3% progressed to
an eGFR<29ml/min per 1.73 m>.
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Supplemental Table

Patient
Tumor type number Percent
Anus 13 2
Bones and joints 13 2
Brain and nervous system 6 1
Buccal cavity,Larynx,Pharynx 170 21
Cervix 49 6
Colon 12 0.1
Corpus 12 1.5
Esophagus 68 8
Hodgkins Lymphoma 1 0.1
Il defined sites 1 0.1
Kidney 2 0.2
Lung 84 10
Melanoma,Skin 11 1
Multiple Myeloma 1 0.1
Multiple Primaries 26 3
Myeloid Leukemia 1 0.1
No ICDO/ICD9 cancer code identified 34 4
Non Hodgkins Lymphoma 1 0.1
Other digestive organ 2 0.2
Other Endocrine System 1 0.1
Other Female Genital 15 2
Other Male Genital 148 18
Other Respiratory and Intrathoracic
Organs 27 3
Other Skin 3 0.3
Other Urinary 5 0.6
Ovary 16 2
Pancreas 1 0.1
Prostate 3 0.3
Rectum 5 0.6
Soft Tissue 6 0.7
Stomach 44 5
Thyroid 1 0.1
Unknown Sites 10 1
Urinary Bladder 40 5




