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Abstract. The present study was carried out to evaluate 
whether measured‑creatinine clearance (measured‑CrCl) and 
Cockcroft and Gault-CrCl (CG‑CrCl) are capable of appro-
priately detecting a decline in renal function in lung cancer 
patients, including elderly patients, and to clarify a CrCl level 
with which to discriminate between patients with or without 
renal impairment. The measured‑CrCl prior and subsequent 
to platinum‑based chemotherapy of lung cancer patients was 
retrospectively analyzed. Measured‑CrCl and CG‑CrCl were 
evaluated prior and subsequent to platinum‑based chemotherapy 
for lung cancer. Measured-CrCl and CG‑CrCl in 59 lung cancer 
patients including 25 patients aged ≥65 years were retrospec-
tively analyzed. In patients treated with carboplatin‑based 
chemotherapy, measured‑CrCl was indicative of a decline 
in renal function, whereas CG‑CrCl was not. The optimal 
measured-CrCl level was <60 ml/min post-pretreatment and 
>90  ml/min at pre-treatment. In cases with pre‑treatment 
measured-CrCl levels of >90 ml/min, favorable renal function 
is necessary in order to carry out platinum-based chemotherapy 
in lung cancer patients, including the elderly.

Introduction

Lung cancer in the elderly is an increasingly common problem. 
Elderly patients have more co‑morbid diseases and tend to 
tolerate toxic medical treatments more poorly than younger 
patients (1). Recently, however, clinical trials of platinum‑based 
chemotherapy for selected elderly lung cancer patients with 
favorable conditions have been conducted, and have attracted 
attention to the utility of such therapy for the elderly (2,3). 
Cisplatin is highly effective and has a significant role in the 

treatment of lung cancer, but chronic ototoxicity, neurotoxicity 
and particularly nephrotoxicity have encouraged the develop-
ment of several less toxic platinum analogues, principally 
carboplatin (4). Carboplatin nephrotoxicity appears to be less 
frequent and severe than cisplatin nephrotoxicity (4). In 1994, 
Thyss et al reported Cockcroft and Gault-creatinine clear-
ance (CG‑CrCl) levels in 35 patients older than 80 years who 
received cisplatin‑based chemotherapy (5); however, there has 
been no additional published information regarding CrCl levels 
at which it is safe to perform platinum‑based chemotherapy for 
lung cancer patients, including elderly patients.

The first aim of this retrospective study was to clarify 
whether measured‑CrCl and CG‑CrCl were capable of appro-
priately detecting a decline in renal function. An additional aim 
was to clarify a measured‑CrCl level with which to discrimi-
nate between lung cancer patients, including elderly ones, with 
or without renal impairment.

Patients and methods

Patients. A total of 292 patients with newly diagnosed primary 
lung cancer who were admitted to the Division of Respiratory 
Medicine, Tsukuba Medical Center Hospital between 2007 and 
2009, were retrospectively analyzed. In this study, 59  of 
292 consecutive lung cancer patients whose creatinine clear-
ance was measured over a period of 24 h prior and subsequent 
to platinum‑based chemotherapy for lung cancer, were included. 
For each patient, the diagnosis of lung cancer was confirmed 
with pathological and/or cytological specimens. Pathological 
and/or cytological diagnosis was defined by the WHO classi-
fication and patients were staged according to the UICC TNM 
system (6). Age, height, actual body weight and gender were 
recorded at the initial visit.

CrCl. Urinary and serum creatinine, and BUN were measured 
using the enzymatic method. Prior to commencement of 
the lung cancer treatment, measured‑CrCl was calculated 
3 times in all patients and averaged. Post‑chemotherapeutic 
measured‑CrCl was evaluated 3 weeks after the completion 
of the therapy. For each patient, the CrCl was also estimated 
using the Cockcroft and Gault (CG) formula as follows: BSA 
= 0.007184 x Ht0.725 x Wt0.425; measured‑CrCl = (1.73/BSA) x 
(UCrxUvol)/(24x60xSCr); CG‑CrCl = (1.73/BSA) x [(140‑A)/
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(SCr+0.2)] x (Wt/72) x 0.85 [in the case of a female patient (7)], 
where BSA indicates body surface area (m2); Ht, height (cm); 
Wt, body weight  (kg); UCr, urine creatinine concentration 
(mg/dl) (using the enzymatic method); Uvol, 24‑h urine 
volume (ml/day); SCr, serum creatinine concentration (mg/dl) 
(using the enzymatic method); and A, age (years). We added 
0.2  to an SCr value measured using an enzymatic peroxi-
dase‑antiperoxidase method in order to render it equivalent to 
the SCr value measured using the Jaffē method (8).

Statistical methods. Measured‑CrCl exacerbation after 
platinum‑based chemotherapy was evaluated as [(pre-treatment 
measured‑CrCl ‑ post-treatment measured‑CrCl)/pre-treatment 
measured‑CrCl], expressed as a percentage. According to 
previous reports (9‑11), we defined a CrCl level of <60 ml/min 
as exacerbation.

Statistical significance between the 2 groups was determined 
using the Mann‑Whitney U test and Chi‑square test. Statistical 
significance between paired baseline and CrCl levels was eval-
uated by the Wilcoxon signed rank test. To determine whether 
age was a risk factor for decline of CrCl in platinum‑based 
chemotherapy, a multivariate logistic regression analysis was 
performed. All statistical analyses were performed using SPSS 
10.1 for Windows (SPSS, Chicago, IL, USA), and a probability 
value of <0.05 was considered significant.

Results

Characteristics of patients. The clinicopathological charac-
teristics of the lung cancer patients are shown in Table I. Of 
the 59 patients, 74.6% (n=44) were men. The median age was 
62 years (range, 41‑81 years). There were 25 patients aged 
≥65 years. The lung cancers comprised 35 non‑small cell 
carcinomas and 24 small cell carcinomas. In total, 4 patients 
had stage IA‑IIIA, 19 patients had stage IIIB, and 36 patients 
had stage IV disease.

In total, 31 and 28 patients had cisplatin‑ and carbopl-
atin‑based chemotherapy, respectively. Their median age was 
59 and 66 years, respectively. The median number of cisplatin‑ 
and carboplatin‑based chemotherapy courses was 2 (range, 
1‑4) and 3 (range, 1‑4) per patient, respectively.

Cisplatin‑based chemotherapy. In the 31  patients treated 
with cisplatin‑based chemotherapy, post‑chemotherapeutic 
measured‑CrCl was lower than pre‑chemotherapeutic 
measured‑CrCl (P=0.001, Wilcoxon signed rank test) (Fig. 1). 
In CG‑CrCl, a statistically significant difference was also 
observed (P=0.001).

In 9 patients aged ≥65 years, no statistical decline was 
observed in measured‑CrCl and CG‑CrCl (P=0.005, and 0.065, 
respectively). In 22 patients aged <65 years, post‑chemother-
apeutic measured‑CrCl was lower than pre‑chemotherapeutic 
measured‑CrCl (P=0.001). In CG‑CrCl, this decline was also 
significant (P=0.001).

Carboplatin‑based chemotherapy. In 28  patients treated 
with carboplatin‑based chemotherapy, post‑chemotherapeutic 
measured‑CrCl was lower than pre‑chemotherapeutic measured‑ 
CrCl (P=0.001) (Fig. 2). In CG‑CrCl, however, this decline was 
not observed (P=0.065). 

In 16 patients aged ≥65 years, the post‑chemotherapeutic 
measured‑CrCl level was lower than the pre‑chemotherapeutic 
measured‑CrCl level (P=0.009). In CG‑CrCl, however, no 
statistically significant difference was observed between pre‑ 
and post‑chemotherapy (P=0.278). In 12  patients aged 
<65 years, the post‑chemotherapeutic measured‑CrCl level was 
lower than the pre‑chemotherapeutic measured‑CrCl level 
(P=0.003). In CG‑CrCl, however, no statistically significant 
difference was observed between pre‑ and post-chemotherapy 
(P=0.117).

Table I. Characteristics of 59 patients with lung cancer.

Age (years)	 Median, 62; range, 41-81
Gender
  Male	 44 (74.6%)
  Female	 15 (25.4%)
Histology
  Adenocarcinoma	 29 (49.2%)
  Small cell carcinoma	 24 (40.7%)
  Squamous cell carcinoma	 6 (10.1%)
Clinical stage
  IA-IIIA	 4 (6.8%)
  IIIB	 19 (32.2%)
  IV	 36 (61.0%)
Chemotherapy
  Cisplatin-based	 31 (52.5%)
  Carboplatin-based	 28 (47.5%)
Number of courses
of chemotherapy
  1-3	 36 (61.0%)
  4-6	 23 (39.0%)

Figure 1. Changes in measured-CrCl prior and subsequent to cisplatin‑based 
chemotherapy in 31 lung cancer patients.
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Optimal pre‑treatment cut-off measured‑CrCl level. To obtain 
the optimal pre‑treatment cut-off measured‑CrCl level with 
which to discriminate between patients becoming post‑treat-
ment CrCl level <60 ml/min as exacerbation, patients were 
divided into groups based on whether their post-treatment 
measured-CrCl levels were < or >60 ml/min and subdivided 
into groups with pre‑treatment measured‑CrCl levels of 70, 80, 
90 and 100 ml/min. As shown in Table II, a statistically signifi-
cant difference was observed when patients were divided into 
groups at pre‑treatment measured‑CrCl levels of 90  and 
100 ml/min. These comprised 31 of 59 patients including 8 of 
25 elderly patients with ≥90 ml/min levels of pre‑treatment 
measured‑CrCl. Among these, only 2 younger and 1 patient 

aged ≥65 years, who were treated with cisplatin‑based chemo-
therapy, developed a post‑treatment measured‑CrCl level of 
<60 ml/min. However, none of the elderly patients treated with 
carboplatin‑based chemotherapy, developed a CrCl level of 
<60 ml/min. When the cut-off level was set at 100 ml/min, 
no patients exhibited a post‑treatment measured CrCl of 
<60 ml/min, although only 17 of 59 patients (3 of 25 patients 
aged ≥65  years) exhibited such favorable pre‑treatment 
measured‑CrCl levels.

Discussion

As an early detection method and curative therapy have yet 
to be established, lung cancer patients have a high possibility 
of receiving chemotherapy at the time of the first presentation 
or at recurrence. Since the discovery of the anti‑neoplastic 
effects of platinum‑based compounds, cisplatin and, later, 
carboplatin have developed into commonly used anticancer 
agents (4). Although the proportion of elderly patients aged 
≥80 years continues to increase, intensive chemotherapy yields 
a clinical benefit to elderly lung cancer patients. Recently, 
Quoix reported that treatment with platinum‑based doublet 
chemotherapy resulted in better survival for elderly patients 
with non‑small cell lung cancer than standard single‑agent 
therapy (12). However, there has been no additional published 
information regarding the CrCl level at which chemotherapy 
can be safely administered to lung cancer patients, including 
elderly patients. It is well known that renal function decreases 
with aging and that morphological changes, e.g., decrease of 
kidney weight, appearance of sclerotic glomeruli (13) and 
intimal proliferation in the renal artery are causes of renal 
dysfunction (14). An assessment of renal function is desirable 
when determining the dosage of drugs with a narrow thera-
peutic index and those that are renally excreted, in particular 
cytotoxic chemotherapeutic agents. Serum creatinine concen-
tration remains the most widely used index of renal function in 
clinical practice (15). In the elderly, however, serum creatinine 
is not always beneficial as a marker of renal function since 
creatinine production is low due to decreased muscle mass 
(16,17). The glomerular filtration rate (GFR) is generally used 
as an index of renal function and can be accurately measured 
through the renal clearance of either cold (inulin, iohexol) or 
radiolabeled (51Cr‑EDTA, 99mTc‑DTPA) exogenous filtra-
tion markers (18‑21). Nonetheless, these methods are seldom 
available in clinical practice because they are invasive and 
expensive and require the use of radioelements for isotopic 
clearance determination. Instead of these methods, indirect 
methods are used for bedside renal function estimates, all of 
which are based on CrCl.

In the present study we showed two significant points. 
Firstly, our results clearly revealed a decline in renal func-
tion even in the case of carboplatin‑based chemotherapy for 
the elderly and younger patients, although it is well known 
that renal function should be closely observed in the case of 
cisplatin‑based chemotherapy. Not only for the elderly but also 
for the younger patients, therefore, evaluation of renal function 
is essential in order to avoid excessive dosage of cisplatin or 
carboplatin. In addition, we should note that this decline of 
renal function may not be detected when the CG formula is 
used. In selected elderly patients, it may be possible to conduct 

Figure 2. Changes in measured-CrCl prior and subsequent to carboplatin‑ 
based chemotherapy in 28 lung cancer patients.

Table II. Optimal pre-treatment cut-off level of measured-CrCl 
(ml/min) in 59 patients with lung cancer.

	 Post-treatment
Pre-treatment	 measured-Cr-Cl levels (ml/min)
measured-Cr-Cl	 --------------------------------------------------------------------------------------------
(ml/min)	 <60 (ml/min)	 >60 (ml/min)	 P-value

>70	   9	 41	
<70	   4	   5	 0.0969
>80	   7	 37	
<80	   6	   9	 0.0733
>90	   3	 28	
<90	 10	 18	 0.0262
>100	   0	 17	
<100	 13	 29	 0.0121
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clinical trials of platinum‑based chemotherapy. Secondly, 
we found that patients with favorable renal condition whose 
pre‑treatment measured‑CrCl was >90 ml/min were capable 
of undergoing cisplatin‑based chemotherapy even though 
they were aged ≥65 years. However, as 1 elderly patent with 
a pre‑treatment measured‑CrCl level of 92 ml/min fell to 
47 ml/min, it is crucial that cisplatin‑based chemotherapy is 
administered with care even in the case of patients with favor-
able renal condition, particularly the elderly.

Despite the current study's novel findings, it had several 
limitations. Firstly, GFR was not determined using the isotopic 
reference method. Such methods are difficult to use in elderly 
patients with lung cancer, as they are invasive and seldom 
readily available in oncological practice. The use of the isotopic 
method in the elderly patients in our study would have induced 
a marked selection bias. Secondly, this was a retrospective 
study and our findings were obtained from a limited number 
of patients treated with cisplatin‑ and carboplatin‑based 
chemotherapy. It may be possible to conduct clinical trials of 
platinum‑based chemotherapy for selected elderly patients with 
favorable conditions. Nevertheless, our results indicate that 
it is of note to report the management in clinical practice of 
unselected groups of elderly lung cancer patients.

In conclusion, in oncological practice, estimation of GFR 
at the bedside is crucial, since renal insufficiency is directly 
related to increased chemotherapeutic complications. It is 
necessary to pay close attention to decline in renal func-
tion in platinum‑based chemotherapy, even in the case of 
carboplatin‑based therapy. Patients with favorable renal condi-
tion whose pre‑treatment measured‑CrCl >90 ml/min may be 
capable of undergoing cisplatin‑based chemotherapy; however, 
careful evaluation of renal function is essential, particularly in 
elderly patients. 
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