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Abstract

Introduction—Certain chemotherapeutic agents commonly used for advanced non-small cell
lung cancer (NSCLC) require minimum threshold renal function for administration. To determine
how such requirements affect treatment options, we evaluated renal function patterns in this
population.

Methods—We performed a single-center retrospective analysis of patients treated for stage 1V
NSCLC from 2000 to 2007. Associations between patient characteristics, calculated creatinine
clearance (CrCl), and clinical outcomes were determined using univariate and multivariate
analyses, Cox proportional hazard models, and mixed model analysis.

Results—298 patients (3,930 Cr measurements) were included in the analysis. Patients had a
median of 5 (interquartile range [IQR] 4-18) Cr measurements. Median baseline CrCI was 96 mL/
min (IQR 74-123 mL/min); median nadir CrCl was 78 mL/min (IQR 56-100 mL/min). Renal
function was associated with age (/A<0.001), race (P=0.009), and gender (P=0.001). 23% of
patients had a recorded CrCl < 60 mL/min (threshold for cisplatin), with median onset 83 days
after diagnosis and median time to recover to = 60 mL/min of 27 (IQR 3-85) days; 11% of patients
had a recorded CrCl < 45 mL/min (threshold for pemetrexed), with median onset 122 days after
diagnosis and median recovery time of 36 (IQR 3-73) days. For both thresholds, approximately
35% of patients had no documented recovery.

Conclusions—In this cohort of patients treated for stage IV NSCLC, renal function falls below
commonly used thresholds for cisplatin and for pemetrexed in fewer than a quarter of patients.
However, these declines may preclude administration of these drugs for prolonged periods.
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Introduction

A number of chemotherapeutic agents commonly employed for the treatment of non-small
cell lung cancer (NSCLC) require minimum threshold renal function for administration. For
pemetrexed (Eli Lilly, Indianapolis, USA), an anti-folate approved for first-line, second-line,
and maintenance therapy for advanced NSCLC, the recommended creatinine clearance
(CrCl) cut-off is 45 mL/min.1 Below that threshold, the potential for diminished pemetrexed
clearance may place patients at heightened risk for toxicities such as myelosuppression and
gastrointestinal effects.2:3 For cisplatin (Bristol-Myers Squibb, New York City, USA), a
platinum analog with potential renal toxicity employed in adjuvant, locally advanced, and
advanced disease settings, a CrCl threshold of 60 mL/min is commonly used.*

For several reasons, patients with lung cancer may be at risk for diminished renal function.
The median age at diagnosis is approximately 70 years.®> On average, CrCl decreases by 1%
per year from a peak in early adulthood, with elderly individuals having substantially lower
renal function than younger populations.® Additionally, certain chemotherapeutic agents,
concomitant medications, or iodinated contrast dye may have nephrotoxic effects. Finally,
chemotherapy-induced anorexia, nausea, and vomiting can lead to volume depletion,
resulting in impaired renal function.

Renal function has been characterized in a number of cancers. In gynecologic malignancies,
the impact of pelvic radiation and chemotherapy on renal function has been evaluated.” In
urothelial cancer, where disease-related anatomic changes may compromise kidney function
and cisplatin is a mainstay of medical therapy, the assessment and impact of renal function
has been explored extensively.89 Similar analyses have been conducted in patients with
lymphoma. 1011 However, to date, renal function has not been systematically characterized
in patients with advanced NSCLC. Because this clinical parameter has substantial
implications for therapy, we performed an analysis of renal function over time in a
contemporary, real-world cohort of patients with advanced NSCLC treated with
chemotherapy.

Materials and Methods

Data Extraction

Approval for this research was obtained from the University of Texas Southwestern (UT
Southwestern) Institutional Review Board (IRB). The IRB waived the requirement for
informed consent for the following reasons: (1) the research involved only minimal risk to
subjects (compilation of data and subsequent risk of loss of confidentiality); (2) the waiver
did not adversely affect the rights and welfare of the subjects (no treatment or invasive
procedures); (3) the research could not practicably be carried out without the waiver (a
retrospective medical records review of a large volume of cases).

We identified consecutive patients diagnosed with advanced (stage 111B malignant effusion
and stage 1V by American Joint Committee on Cancer [AJCC] 6 edition staging) NSCLC
diagnosed between 1/1/2000, and 12/31/2007, who received chemotherapy at clinical
facilities associated with UT Southwestern.
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We obtained demographic, disease, treatment, and outcome data from local tumor registries.
We obtained patient weight and serum creatinine (Cr) values from individual medical
records. Overall survival was defined as the interval between date of diagnosis and date of
death. Weight was recorded from the most recent oncology visit preceding the initiation of
chemotherapy and carried forward as a constant for subsequent creatinine clearance (CrCl)
calculations. All available Cr values starting the date of diagnosis were recorded.

CrCl was determined using three formulae. Cockcroft-Gault: CrCl = {[(140-age in years) x
(weight in kg)] / [(serum Cr in mg/dL) x (72)]} x 0.85 if female.12 Jelliffe: CrCl (male) = 98
— 0.8 x (age in years — 20) / (serum Cr in mg/dL). CrCl (female) = 88 — 0.7 (age in ears —
20) / (serum Cr in mg/dL).13 Modification of Diet in Renal Disease (MDRD): CrCl = 175 x
(serum Cr in mg/dL)~1-154 x (age in years)0-203 x 1.212 (if black) x 0.742 (if female).14
Baseline and nadir CrCl were calculated using all three formulae. Because it is the most
commonly used formula in the clinical care of cancer patients and has been shown to
correlate with measured CrCl in multiple disease settings, 1218 we report only Cockcroft-
Gault calculations in subsequent analyses.

Statistical analysis

Results

Descriptive statistics were generated for baseline demographic and clinical characteristics.
Baseline and nadir calculated CrCl were compared among demographic subgroups.
Fluctuation of CrCl was investigated by calculating the following parameters: duration from
diagnosis to CrCl falling below given threshold values (60 or 45 mL/min); duration from
falling below given threshold values to recovering to those thresholds; and nadir CrClI.

We evaluated the association between baseline variables and calculated CrCI. We
dichotomized these variables as follows: age (<65 years and =65 years), race/ethnicity
(white and non-white), and gender (male and female). We analyzed the association between
CrCl and overall survival using univariate and multivariate Cox regression.

All statistical analyses were performed using 64-bit R 2.13 (R Development Core team,
Auckland, New Zealand).

Study Population

A total of 298 patients (with a total of 3,930 Cr measurements) were included in the
analysis. Among these patients, mean age at diagnosis was 58 years, 57% were men, and
47% were white. Patients had a median of 5 (IQR 4-18) and a mean of 12.3 (SD 14.35) Cr
measurements. Additional baseline characteristics of the study population are listed in Table
1. Treatment administered was as follows: platinum doublet (86%), single-agent cytotoxic
chemotherapy (7%), tyrosine kinase inhibitor (6%), and non-platinum doublet (1%). While
data on specific agents is not available, similar to other centers in the United States,® at our
institution carboplatin is more commonly employed than cisplatin in platinum doublets for
the treatment of advanced NSCLC. Total number of cycles of first-line chemotherapy
received was as follows: one (20%), two (21%), three (13%), four (19%), five or more
(24%), and unknown (3%). Data on second-line treatments were not available.

Overall, baseline, and nadir renal function

Among all patients and across all time points, the median calculated CrCl was 92.0 mL/min

(IQR 68-124) by Cockcroft-Gault, 85.0 mL/min (IQR 64-113) by Jelliffe, and 109.2 mL/min
(IQR 82-138) by MDRD. Median pre-treatment baseline calculated CrCI were 95.9 mL/min

(IQR 74-123) (Cockcroft-Gault), 84.1 mL/min (IQR 68-102) (Jelliffe), and 104.3 mL/min

Lung Cancer. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Cenik et al.

Page 4

(IQR 86-131) (MDRD) (Table 2). The distribution of baseline calculated CrCl is shown in
Figure 1A. 9% of patients had a baseline CrCl less than 60 mL/min; 3% had a CrCl less than
45 mL/min.

Median baseline pre-treatment calculated CrCl in population subgroups is listed in Table 2.
CrCl (by Cockcroft-Gault) was significantly associated with age and race, and there was a
non-significant trend toward association with sex, with lower CrCl among older patients,
non-white (especially Asian) patients, and women. The three CrCI formulas we evaluated
had varying effects on baseline calculated CrCl in different subpopulations. For instance,
compared to Cockcroft-Gault calculations, MDRD raised median baseline calculated CrCl
by 7.0 mL/min among patients age < 65 years, but by almost 20.0 mL/min among patients
age = 65 years. With the MDRD formula, median baseline calculated CrCl for white patients
decreased by approximately 3.0 mL/min, but increased by approximately 9.0 mL/min for
Hispanic patients and by almost 23.0 mL/min for African-American patients.

Median nadir calculated CrCl values were 78.3 mL/min (IQR 56-100) (Cockcroft-Gault),
68.0 mL/min (IQR 50-88) (Jelliffe), and 81.6 mL/min (IQR 59-106) (MDRD)
(Supplementary Table 1). Similar to baseline calculated CrCl, nadir CrCl (by Cockcroft-
Gault) was associated with age and sex, and displayed a trend toward association with race/
ethnicity. Again, lower nadir CrCl was observed among older, female, and Asian patients.
23% of patients had a nadir calculated CrCl < 60 mL/min; 11% had a nadir CrCl < 45 mL/
min ( Figure 1B).

Incidence and timing of CrClI decline and recovery

We used commonly employed CrCl thresholds (60 mL/min and 45 mL/min) to determine
the incidence and timing of CrCl decline and recovery. Table 3 displays the proportion of
patients by subgroup that experienced declines to and recovery above these thresholds, as
well as the median time to these events. The Cockcroft-Gault formula was used for these
analyses. Overall, 23% of patients experienced CrCl < 60 mL/min, occurring a median 83
days after diagnosis, of whom 66% recovered to CrCl = 60 mL/min after a median 27 (IQR
3-85) days.

11% of patients experienced CrCl < 45 mL/min, occurring a median 122 days after
diagnosis, of whom 61% recovered to CrCl = 45 mL/min after a median 36 (IQR 3-73) days.

CrCl trends over time

Figure 2 depicts CrCl over time in the overall study population and in subgroups according
to age, gender, and race/ethnicity. There was no significant change over time in CrCl in any
of these cohorts.

Association between CrCl and survival

The association between baseline, nadir, median and proportional change (from baseline to
nadir) in CrCl calculated using the Cockcroft-Gault formula and overall survival is shown in
Figure 3. For these analyses, CrCl was dichotomized at median values. In univariate
analyses, higher baseline (HR 1.36; 95% CI, 1.02-1.83; £=0.04), nadir (HR 1.41; 95% ClI,
1.05-1.89; P=0.02), and median (HR 1.44; 95% CI, 1.08-1.94; P=0.01) CrCI were
significantly associated with worse overall survival. These associations were not maintained
in a multivariable model adjusting for age, gender, and race/ethnicity (data not shown).
Proportion change from baseline to nadir CrCl was not associated with survival (HR 0.98;
95% ClI, 0.73-1.31; P=0.91).
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Discussion

Although renal function has been characterized in patients with multiple malignancies,
including ovarian cancer,’ urothelial cancer,8? and hematologic malignancies,! this
parameter has been little described in lung cancer. In contrast to these other diagnoses, lung
cancer is unlikely to impact renal function through direct anatomic or metabolic effects.
Nevertheless, patients’ advanced age, medical comorbidities, and treatment toxicities may
impair renal function. A previously published series found that patients with lung cancer and
chronic kidney disease (defined as CrCl < 90 mL/min calculated by Cockcroft-Gault
formula for > 6 months preceding the diagnosis of lung cancer) reported that presenting
symptoms, histologic distribution, and overall survival were comparable to historical data in
patients with lung cancer but without chronic kidney disease.2? However, this study did not
describe trends related to clinically relevant thresholds that impact disease management.
Accordingly, to evaluate the impact of renal function on treatment options and clinical
outcomes, we characterized CrCl over time in patients with advanced NSCLC treated with
chemotherapy.

Despite the advanced age, anticipated comorbidities, and treatment toxicities in our cohort,
renal function was generally adequate. Across all time points, the median calculated CrCl
was 92 mL/min. As has been described previously in other populations,?1-23 CrCl was lower
in older patients, women, and non-white patients. Yet even in these higher risk subgroups,
the likelihood of CrCl falling below thresholds required for cisplatin and pemetrexed
remained low. Median nadir calculated CrCl was 60 mL/min in patients age = 65 years, 75
mL/min in women, and 76 mL/min in non-white patients.

The timing and duration of CrClI decline provides insight into the potential impact of this
clinical event. For the 23% of patients who developed CrCl < 60 mL/min (threshold for
cisplatin) during the course of their disease, median time to onset was 83 days or just under
3 months. Assuming systemic chemotherapy generally starts within one month of diagnosis
of stage IV NSCLC, this time-point approximates the interval between the third and fifth
cycles of first-line therapy. As the majority of patients treated with first-line chemotherapy
receive at least four treatment cycles,?4 it is conceivable that this decline in renal function
could hinder the ability to administer cisplatin. It is noteworthy that the median time to CrCl
< 60 mL/min among patients age = 65 years was two days, suggesting that a substantial
proportion of these patients have a calculated CrCl < 60 mL/min at the time of diagnosis.
For all patients who developed CrCl < 60 mL/min, the median time to recovery was 27 days,
a period corresponding to 1.3 21-day treatment cycles. The timing and duration of renal
dysfunction was particularly evident within the small cohort of Asian patients.
Approximately 35% had CrCl < 60 mL/min, with a median onset at the time of diagnosis
and a median time to CrCl = 60 mL/min of 121 days (which exceeds the duration of four
cycles of a typical first-line chemotherapy regimen. Notably, for 34% of patients developing
CrCl < 60 mL/min, there was no documented recovery to this threshold.

In contrast to cisplatin, which is generally restricted to first-line treatment of advanced
NSCLC, pemetrexed is employed in first-line, maintenance, and second-line settings.
Accordingly, declines in CrCl to < 45 mL/min at any point after diagnosis could potentially
impact administration of this agent. Among the 11% of patients who developed CrCl < 45
mL/min after diagnosis, median time to occurrence was 122 days, which falls after a sixth
cycle of chemotherapy would be administered to patients who initiate treatment within two
weeks after diagnosis. For these cases, median time to recovery was 36 days, corresponding
to two treatment cycles. For 39% of cases, no documented recovery occurred.
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The impact of renal dysfunction on treatment options in advanced NSCLC may be mitigated
by the availability and efficacy of agents that do not require a minimum CrCl. In testicular
cancer and bladder cancer, cisplatin has demonstrated clear superiority to carboplatin, a
platinum analog with less gastrointestinal, renal, neurologic, and auditory toxicities and no
minimum CrCl requirement.2>26 By contrast, carboplatin is widely used in the treatment of
advanced NSCLC because the small survival benefit of cisplatin over carboplatin described
in meta-analyses has generally been considered of limited clinical consequence.2”28 Among
non-platinum cytotoxic agents commonly employed in the treatment of advanced NSCLC,
only pemetrexed requires a threshold CrCl. Gemcitabine and taxanes do not. Nor do
molecularly targeted therapies such as bevacizumab and erlotinib.

The finding that calculated CrCl differed substantially according to formula echoes
observations from a number of earlier studies.®2? Indeed, the reliability of these methods
has been question ed.?39 However, other approaches are unlikely to provide better
determinations. Measured CrCl depends on accurate 12- or 24-hour urine collections, which
are difficult to achieve in ambulatory and even hospital settings.10:17 Direct assessment of
glomerular filtration rate, as with inulin or 9®MTc-DTPA, is not practical in most clinical
settings.

Although unexpected, our observation that CrCl is inversely related to overall survival in
univariate analyses may be attributed to well-documented disease patterns. Women, who
have been shown in multiple settings to have better survival in NSCLC than do men,31-34
may have lower calculated CrCl due to differences in size and the Cockcroft-Gault
correction factor of 0.85 for female gender. Asians, who had a median baseline CrCl 25 mL/
min less than that of white patients in this cohort, also have superior clinical outcomes.35-37

There are a number of limitations of the current analysis. While our single-center setting
provides a racially and socioeconomically diverse cohort,38:39 the average age of 59 years is
a full decade lower than the national average at the time of lung cancer diagnosis.
Accordingly, renal function may appear better in this population than that generally seen in
patients with lung cancer. The study sample includes only those patients treated with
chemotherapy, due to inadequate data availability for the estimated 50 percent of patients
with advanced NSCLC at our center who never receive systemic therapy.3! It is not known
how renal function differs between these populations, nor to what extent renal dysfunction
may have prevented chemotherapy administration. Importantly, because only baseline
patient weight was reliably available, this value was carried forward as a constant for
subsequent Cockcroft-Gault CrCl calculations. Because patients with lung cancer experience
clinically significant weight loss over the course of the disease,*?#1 our post-baseline CrClI
determinations may be overestimated, resulting in an under-reporting of patients with CrCl
falling below specific thresholds. However, with median weight loss during lung cancer
treatment ranging 10-12% of pre-treatment body weight (correlating to a 10-12% decline in
CrCl), it seems like that a relatively small number of additional patients would have
experienced CrCl decline below clinically relevant cut-offs.*243 Finally, the frequency and
duration of CrCl assessment was not standardized in this population. This variability may
affect the incidence and duration of declines in renal function.

In conclusion, among patients with advanced NSCLC treated with chemotherapy in a real-
world setting, renal function rarely decreases below thresholds required for administration of
drugs such as cisplatin and pemetrexed. However, these events occur relatively frequently in
certain populations, including older patients, women, and Asians. Given the timing of these
events, when such decreases do occur they are likely to impact chemotherapy delivery—
approximately one third of patients never recover to these thresholds, and recovery generally
requires a number of weeks in those who do. As the use of cisplatin- and pemetrexed-
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containing regimens rises in various lung cancer indications, renal function is likely to
become an increasingly relevant factor in the care of these patients.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

CrCl distribution histograms. (A) Baseline CrCl distribution as calculated by the Cockcroft-
Gault formula. Vertical lines indicate thresholds for chemotherapy administration. (B)
Distribution of the lowest (nadir) CrCl achieved in the patient population at any time, as
calculated by the Cockcroft-Gault formula. Vertical lines indicate thresholds for
chemotherapy administration. (solid: 60 mL/min, dashed: 45 mL/min)
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Figure 2.
CrCl trend of study population over time.
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Figure 3.
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Overall survival of patients according to CrCl values. A: baseline CrCl. B: nadir CrCl. C:
mean CrCl. D: median CrCI.
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Table 1

Baseline patient, disease, and treatment characteristics

Characteristics NUHTGZ?‘ ((g/lg)) or
Number of patients 298
Age (y) 58.0 (11.0)
Weight (kg) 72.0 (17.6)
Gender
Male 169 (56.7)
Female 129 (43.3)
Race/ethnicity
White (non-Hispanic) 141 (47.3)
African American 113 (37.9)
Hispanic 32 (10.7)
Asian 11 (3.7)
Unknown 1(0.3)
Histology
Adenocarcinoma 140 (47.0)
Squamous cell 59 (19.8)
Large cell 7(2.3)
Other 92 (30.9)
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Table 2

Baseline CrCl according to population characteristics

Baseline CrCl (mL/min)

Baseline
cofort S Cockeroft- | pvatue | Jeiiffe | P | MorD [ P
";'l'ti onts 0.8 95.9 84.1 1043
Age
<65y 0.7 103.2 <0001 | 915 | <0001 [ 110 | <0.001
65y 0.8 72.6 66.2 915
Sex
Male 0.8 100.5 006 | 804 | 007 | 1062 | 006
Female 0.7 92.6 87.9 102.2
Race
White 0.8 1014 87.4 98.6
African- 0.8 91.3 0.05 831 | 059 | 1140 | 0.4
American
Hispanic 0.7 97.2 86.9 106.3
Asian 0.8 75.7 78.2 86.4
Race
White 0.8 103.4 0oz | 874 | o4s 98.6 0.02
Mo 0.8 91.4 83.1 110

Lung Cancer. Author manuscript; available in PMC 2014 June 01.

Page 14



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Cenik et al.

Table 3

Page 15

Proportion of patients by subgroup that experienced declines to and recovery above given CrCl thresholds and

the median time to these events A: CrCl threshold of 60 mL/min B: CrClI threshold of 45 mL/min

A.
Cohort Patients with | Median time Patients Median time to
recorded to onset of recovering to | recovery to CrCl
CrCl <60 CrCl <60 CrCl =60 > 60 mL/min
mL/min (%) mL/min mL/min (%)" (days)
(days)

All 23 83 66 27

patients

Age

<65 17 92 56 21

265 40 2 78 36

Sex

Male 18 77 68 21

Female 29 94 65 31

Race

White 22 41 68 30

Afr-Amer 23 117 69 21

Hispanic 19 95 67 1

Asian 36 0 25 121

Race

White 18 41 68 30

Non- 24 89 65 21

white

B.

Cohort Patients with | Median time Patients Median time to
recorded to onset of recovering to recovery to
CrCl <45 CrCl <45 CrCl =45 CrCl =45

mL/min (%) mL/min mL/min (%)" | ML/min (days)
(days)

All 11 122 61 36

patients

Age

<65 18 108 67 6

265 19 232 53 72

Sex

Male 8 36 62 17

Female 16 260 60 57

Race

White 9 175 58 68

Afr- 15 254 59 33

Amer

Hispanic 3 94 100 1

Lung Cancer. Author manuscript; available in PMC 2014 June 01.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Cenik et al.

B.

Cohort Patients with | Median time Patients Median time to
recorded to onset of recovering to recovery to
CrCl <45 CrCl <45 CrCl =45 CrCl =45

mL/min (%) mL/min mL/min (%)" | ML/min (days)
(days)

Asian 18 55 50 8

Race

White 9 175 58 68

Non- 13 94 62 8

white

*
Of those patients who had recorded CrCl < 60 mL/min

*
Of those patients who had recorded CrCl < 45 mL/min
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