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dl) as an independent risk factor for non-hematological 
SAEs, while low creatinine clearance (<45  ml/min) for 
hematological SAEs. In all, 24 (12  %) patients needed 
early treatment termination without PD. The major reason 
for this event was the development of non-hematological 
SAEs (4.5  %), followed by grade 2 non-hematological 
adverse events (AEs) (3  %). In multivariate analysis, age 
over 75 years and low serum albumin were associated with 
this event. The median overall survival (OS) in patients 
with this event was only 6.0  months, while the develop-
ment of early SAE was not associated with poor OS.
Conclusion  Baseline serum albumin might be useful for 
predicting the feasibility of platinum-based chemotherapy, 
and the risk estimation of early treatment termination with-
out PD might be beneficial for the treatment selection in 
elderly NSCLC patients.

Keywords  Non-small cell lung cancer · Elderly · 
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Abstract 
Purpose  Predicting the feasibility of platinum-based 
chemotherapy remains an important issue in elderly 
(over 70  years) patients with non-small cell lung cancer 
(NSCLC). The aim of this study was to identify the risk 
factors for the early serious adverse events (SAEs) (during 
cycles 1–2) in elderly receiving platinum-based chemother-
apy, and to explore the clinical characteristics of patients 
who require early treatment termination without progres-
sive disease (PD).
Methods  One hundred and ninety-eight consecutive elderly 
NSCLC patients receiving platinum-based chemotherapy 
were retrospectively reviewed.
Results  The median age was 73 years (range 70–83). 161 
(81  %) were males, and 190 (95  %) were PS 0–1. Fifty-
one (29  %) and 39 (19  %) patients developed early non-
hematological SAEs and hematological SAEs, respectively. 
Multivariate analysis identified low serum albumin (<3.0 g/
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Introduction

Lung cancer is the leading cause of death worldwide. Non-
small cell lung cancer (NSCLC) accounts for 80–85 % of 
all lung cancers, and more than 50 % of patients with newly 
diagnosed advanced NSCLC are elderly (over 70 years of 
age) (Kaneko et al. 2003; Siegel et al. 2014).

Although platinum-based doublet chemotherapy is the 
standard treatment for younger patients with advanced or 
recurrent NSCLC (Ohe et  al. 2007; Schiller et  al. 2002), 
the optimal treatment selection for elderly NSCLC patients 
still remains unclear. A randomized phase III trial that 
compared vinorelbine monotherapy with best supportive 
care showed a survival benefit of vinorelbine with toler-
able toxicity (The Elderly Lung Cancer Vinorelbine Italian 
Study Group 1999). Monotherapy with gemcitabine or doc-
etaxel is also reported as viable option for elderly NSCLC 
patients (Gridelli et  al. 2003; Kudoh et  al. 2006). In fit 
elderly patients selected by the restrict eligibility criteria, 
platinum-based doublet chemotherapy showed survival 
benefit as compared to monotherapy with vinorelbine or 
gemcitabine (Quoix et al. 2011). However, platinum-based 
doublet chemotherapy was associated with a high incidence 
of toxicities, including treatment-related death (TRD) of 
4.4 % of the patients. Moreover, in another phase III study 
conducted in Japan, the benefit of platinum-based doublet 
chemotherapy over docetaxel was observed only in patients 
aged 70–74, but not in those over 75 years of age, which 
resulted in early study termination (Tsukada et al. 2015). In 
a repeat phase III study conducted to evaluate the superior-
ity of platinum-based doublet chemotherapy over docetaxel 
in Japan, no survival benefit was observed in either patients 
aged 70–74 years old or in those over 75 years of age (Abe 
et al. 2015).

These conflicting results might come from the diversity 
of feasibility for cytotoxic chemotherapy in elderly patients 
(Gajra and Jatoi 2014). Vincent et  al. pointed out several 
problems in regard to the toxicity of anticancer chemother-
apy, such as the difficulty in predicting toxicity in individ-
ual patients and the absence of a database of the real toxic 
effects observed in community practice (Vincent and Dran-
itsaris 2009). These problems might be even more relevant 
in elderly cancer patients. Therefore, attempts to predict the 
individual risk of serious adverse events (SAEs) in elderly 
patients have been made in several studies. Huria et al. con-
ducted a prospective cohort study based on a scoring sys-
tem using both geriatric assessment variables and labora-
tory data to predict the risk of SAE in patients with solid 
tumors receiving cytotoxic chemotherapy (Hurria et  al. 
2011). Another study showed the usefulness of the Chem-
otherapy Risk Assessment Scale for High-Age Patients 
(CRASH) score for predicting the toxicity of chemotherapy 

in elderly patients with solid tumors (Extermann et  al. 
2012). These studies included patients with several types 
of solid tumors treated with various kinds of chemothera-
pies (monotherapy or combined therapy, different chemo-
therapy regimen in each solid tumor). Therefore, it remains 
unclear whether these results are applicable to the specific 
population of elderly NSCLC patients scheduled to receive 
platinum-based doublet chemotherapy.

In addition, it is unclear as to what types of adverse 
events (AEs) might necessitate early treatment termination 
of platinum-based doublet chemotherapy and whether the 
development of SAEs is actually associated with the sur-
vival in elderly patients in community practice. In terms 
of the optimal number of cycles of first-line platinum-
based chemotherapy, no difference in the survival benefit 
was observed between limited therapy (3–4 cycles) and 
extended therapy (6 cycles) (Park et al. 2007; Rossi et al. 
2014; von Plessen et  al. 2006). These evidences suggest 
that the maximum efficacy of platinum-based chemother-
apy may be obtained after 3–4 cycles of treatment. There-
fore, early treatment termination without progressive dis-
ease (PD) (during cycles 1–2) in elderly NSCLC patient 
receiving platinum-based chemotherapy would be an unfa-
vorable event.

Under these circumstances, in the present multicenter 
retrospective cohort study, we focused on both the develop-
ment of early SAEs (during cycles 1–2) and early treatment 
termination without PD in elderly NSCLC patients receiv-
ing platinum-based chemotherapy.

Methods

Study design

This retrospective cohort study was conducted with the 
approval of the ethical review committee of Nagoya Uni-
versity Hospital and the other participating institution. The 
study was supported by Central Japan Lung Study Group 
(Nagoya, Japan) as the CJLSG 1203 trial. A total of nine 
centers of the CJLSG participated in this study and per-
formed in accordance with the principles of the Declara-
tion of Helsinki. The end points of this study were to iden-
tify the risk factors for (1) early non-hematological SAEs, 
(defined as grade 3–5 AEs according to the Common Ter-
minology Criteria for Adverse Events [CTCAE v4.0] dur-
ing cycles 1–2), (2) early hematological SAEs (defined as 
grade 4–5 AEs according to CTCAE v4.0 during cycles 
1–2), and (3) early treatment termination without PD (dur-
ing cycles 1–2). In addition, to explore the clinical charac-
teristics of patients who require early treatment termination 
without PD was also analyzed as an exploratory end point.
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Patient selection

We retrospectively reviewed the medical records of patients 
with NSCLC treated with first-line chemotherapy at each 
center between January 2010 and June 2012. Patients for this 
study were selected based on the following eligibility criteria: 
(1) diagnosed as having stage IIIB/IV or recurrent NSCLC 
confirmed by histological or cytological examination, (2) 
over 70 years of age at the date of the start of first-line chem-
otherapy, (3) receiving platinum-based chemotherapy (com-
bined administration with bevacizumab was allowed).

Data collection

Detailed review of medical records of each patient was per-
formed. Data on the baseline clinical characteristics, includ-
ing the laboratory data and comorbidities, were collected. 
The chemotherapy regimen used, number of cycles admin-
istered, dosage of each agent, and the date of documenta-
tion of disease progression and death were also reviewed. 
The scoring for comorbidities was performed using both the 
Charlson comorbidity index (CCI) and simplified comorbid-
ity score (SCS). CCI was proposed by Charlson et al. and 
is widely used for evaluating the comorbidities in geriatric 
assessment (Charlson et al. 1987; Hurria et al. 2011). SCS 
is a specific scoring method for comorbidities in lung cancer 
patients (Colinet et al. 2005). In brief, the scoring is based 
on the presence/absence of six comorbidities (diabetes mel-
litus, renal insufficiency, respiratory comorbidity, cardiovas-
cular comorbidity, neoplastic comorbidity, and alcoholism) 
and the history of tobacco use. SCS showed the superiority 
compared to the CCI in predicting survival in patients with 
NSCLC (Jacot et  al. 2008). The cutoff values of the CCI 
and SCS were determined according to the original report 
of each (Charlson et al. 1987; Colinet et al. 2005). In terms 
of the AEs, the worst grade in each cycle was considered for 
assessment according to CTCAE v4.0. The objective tumor 
responses were evaluated according to the Response Evalu-
ation Criteria in Solid Tumors (RECIST), version 1.1.

Statistical analysis

Differences in categorical variables were analyzed by Fish-
er’s exact test. The cutoff values for the continuous vari-
ables were determined based on standard values or previ-
ous reports. For this study, serum albumin (<3.0 vs. ≥3.0 g/
dl), serum lactate dehydrogenase (<230 vs. ≥230  IU/dl), 
hemoglobin [<10 vs. ≥10 g/dl (female), <11 vs. ≥11 g/dl 
(male)], and CCr (<45 vs. ≥45  ml/min) were considered 
(Akbari et al. 2014; Hurria et al. 2011). In addition to age, 
sex, and PS, which are considered as potentially significant 
factors for the feasibility of chemotherapy in the elderly, 
variables with p values of <0.20 identified by univariate 

analysis were selected as potential predictors for the sub-
sequently performed multivariate analyses. Multivariate 
analysis for the development of early non-hematological 
and hematological SAEs was performed using a logis-
tic regression model. Progression-free survival (PFS) was 
defined as the time from the date of the start of the plati-
num-based chemotherapy until disease progression, death 
due to any cause or the last follow-up. Overall survival 
(OS) was defined as the time from the date of start of the 
platinum-based chemotherapy until death due to any cause 
or the date of the last follow-up. Kaplan–Meier curves for 
the OS were plotted, and the survival curves were com-
pared using the log-rank test. Multivariate analysis for OS 
was performed using Cox proportional hazard model. All 
analyses were conducted using the SPSS software, version 
22.0 (IBM, New York, USA).

Results

Patient characteristics and chemotherapy regimen

Between January 2010 and June 2012, a total of 344 
elderly NSCLC patients received first-line chemotherapy 
at any of the nine participating centers. Of these, a total 
of 198 elderly NSCLC patients receiving platinum-based 
chemotherapy were identified as being eligible for this 
study; the remaining patients were receiving monotherapy 
with a non-platinum agent (Fig. 1). The patient character-
istics are shown in Table 1. The median age was 73 years 
(range 70–83  years), and 72 (36  %) patients were over 
75  years of age, 161 (81  %) were male and 37 (19  %) 
were female. The PS was 0–1 and 2 in 190 (95 %) and 8 
(5 %) patients, respectively. The histological subtype of the 
tumor was adenocarcinoma in the majority of the patients 
(n =  106, 54  %), followed by squamous cell carcinoma 
(n = 54, 27 %). The test for EGFR mutation was positive 
in 15 patients (7 %), negative in 138 patients (70 %), and 
unknown in 45 patients (23  %). Of the total, 59 (30  %) 
patients had a CCI of ≥3 and 75 (38 %) had a SCS of ≥10.

Treatment regimen and adverse events profile

Of the 198 patients, 181 (91 %) received carboplatin-based 
chemotherapy. The majority of drugs used in combina-
tion were pemetrexed (n =  83, 42  %) followed by pacli-
taxel (n = 59, 30 %). Bevacizumab was used in 11 patients 
(6 %) (Table 2). The ORR in the entire subject population 
was 31.4 % [95 % confidence interval (CI) 23.5–36.7 %]. 
The median PFS and median OS in the entire subject pop-
ulation were 5.0  months (95  % CI 4.6–5.7  months) and 
11.9 months (95 % CI 9.1–14.7 months), respectively. The 
profile of the major AEs observed during the early phase 
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(during cycles 1–2) is summarized in Table 3. Treatment-
related death (grade 5) during cycles 1–2 was observed 
in four cases (2 %), including that caused by pneumonitis 
possibly related to chemotherapy in two cases, febrile neu-
tropenia in one case, and pleural infection in one case.

Clinical factors associated with early development 
of SAEs

The incidence of patients who developed at least one early 
non-hematological SAE or hematological SAE was analyzed 
and found that there were 51 (26 %) and 39 (19 %) patients 
who developed early non-hematological SAEs and hema-
tological SAEs, respectively. During the entire course of 
treatment, 61 (31 %) and 57 (29 %) patients developed non-
hematological SAEs and hematological SAEs, respectively. 
In regard to the development of early non-hematological 
SAEs, univariate analysis identified the disease stage [Odd 
ratio (OR) 8.80, 95 % CI; 1.16–67.05], presence/absence of 
anemia (OR 2.35, 95 % CI; 1.04–5.35), and the serum albu-
min (OR 3.26, 95  % CI; 1.48–7.21) as significant factors. 
Subsequent multivariate analysis including these factors and 
other predetermined factors (age, sex, ECOG PS) identified 
low serum albumin (<3.0  mg/dl) as an independent unfa-
vorable factor for the development of early non-hematolog-
ical SAEs (adjusted OR 2.66, 95 % CI; 1.13–6.27) (Table 4). 
On the other hand, in regard to the development of early 
hematological SAEs, univariate analysis identified CCr as a 
significant factor (OR 7.05, 95 % CI; 1.88–26.37), and mul-
tivariate analysis with the predetermined factors of age, sex, 
and ECOG PS identified low CCr (<45 ml/min) as an inde-
pendent unfavorable factors for early hematological SAEs 
(adjusted OR 6.13, 95 % CI; 1.61–23.34) (Table 5).

Necessitation of early treatment termination 
without PD

We next analyzed the incidence of requiring early treatment 
termination without PD. Of the 198 patients, 24 (12  %) 
required early treatment termination without PD. As shown 

Age 70 years
Advanced or recurrent NSCLC 
Received 1 st line chemotherapy

n=344

Received platinum -based chemotherapy
n=198

Received monotherapy
n=146

Fig. 1   Consort diagram of this study

Table 1   Patient characteristics (n = 198)

ECOG PS European Cooperative Oncology Group performance sta-
tus, EGFR Epidermal growth factor receptor, CCI Charlson’s comor-
bidity index, SCS Simplified comorbidity score; anemia was defined 
as male: hemoglobin <11  g/dl; female: hemoglobin <10  g/dl; LDH 
lactate dehydrogenase; CCr creatinine clearance
††  The value of albumin was not applicable in 11 patients
†††  The value of LDH was not applicable in five patients

Variables No. of patients (%)

Age, median (range) 73 (70–83)

Sex

 Male 161 (81)

 Female 37 (19)

ECOG PS

 0 98 (49)

 1 92 (46)

 2 8 (5)

Smoking history

 Never 46 (23)

 Ever/current 152 (77)

Stage

 IIIB/IV 175 (88)

 Recurrence 23 (12)

Histology

 Adenocarcinoma 106 (54)

 Squamous cell carcinoma 54 (27)

 Others 38 (19)

EGFR mutation

 Positive 15 (7)

 Negative 138 (70)

 Unknown 45 (23)

CCI

 ≤2 139 (70)

 ≥3 59 (30)

SCS

 ≤9 123 (62)

 ≥10 75 (38)

Brain metastasis

 Absent 171 (62)

 Present 27 (38)

Body mass index

 ≥18.5 179 (90)

 ≤18.4 19 (10)

Anemia

 Absent 169 (85)

 Present 29 (15)

Albumin (g/dl)††

 ≥3.0 155 (83)

 <3.0 32 (17)

LDH (IU/l)†††

 <230 112 (58)

 ≥230 81 (42)

CCr (ml/min)

 ≥45 188 (95)

 <45 10 (5)
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in Table 6, the major reason for the early treatment termi-
nation in individual patients was the development of grade 
3 non-hematological AEs (n = 9, 4.5 %), followed by that 
of grade 2 non-hematological AEs (n = 6, 3 %). The use 
of cisplatin was not associated with the high incidence of 
early treatment termination without PD (n =  1, 5.9  % in 
patients treated with cisplatin versus n  =  23, 12.7  % in 
patients treated with carboplatin, p =  0.70, Fisher’s exact 
test). In terms of the use of combination drug, PTX regi-
men had a tendency toward the more frequent development 
of early treatment termination when compared to non-PTX 
regimen (18.6 vs. 9.4  %, p  =  0.09, Fisher’s exact test). 
However, early treatment termination was also observed in 
12 of 83 patients (14.5 %) treated with PEM regimen. We 
also analyzed the association between the presence of dose 
reduction and the early treatment termination without PD. 
When we consider the association between dose reduction 
and early treatment termination, dose reduction in cycle 2 
would potentially reduce the risk of failure to go with cycle 
3, and which could influence the incidence of early treat-
ment termination. Among 178 patients received treatment 
of cycle 2, 37 patients (20.9  %) were treated with dose 
reduction. The incidence of early treatment termination was 
not influenced by the presence of dose reduction in cycle 
2 (dose reduction in cycle 2, yes vs. no: early termina-
tion, 5.7 % [2 of 37 patients] vs. 5.0 % [7 of 141 patients], 
p = 1.00, Fisher’s exact test). As shown in Table 7, multi-
variate analysis identified higher age (≥75 years) (adjusted 
OR 4.00, 95  %CI; 0.65–11.52) and low serum albumin 
(<3.0 mg/dl) (adjusted OR 5.58, 95 % CI; 1.83–17.39) as 

significant factors predictive of early treatment termination 
without PD. Figure  2a shows the proportions of patients 
who require the early treatment termination without PD 
according to the age group (70–74 years or ≥75 years) and 
serum albumin (<3.0 vs. >3.0  g/dl). It is noteworthy that 
early treatment termination without PD was required in 
58 % of patients aged over 75 years with a low serum albu-
min, but in only 4 % of patients aged 70–74 years with a 
normal serum albumin (p < 0.01, Pearson’s test). Interest-
ingly, the proportion of patients who required early treat-
ment termination due to PD was not statistically different 
between these four groups classified by age (70–74 years 
or ≥75  years) and serum albumin (<3.0 vs. >3.0  g/dl) 
(Fig.  2a). In terms of comorbidity score, 7  % of patients 
with CCI 0, 11 % with CCI 1–2, 19 % with CCI 3–4, and 
18  % with CCI  >  5 required early treatment termination, 
with no statistically differences (p = 0.20, Pearson’s test) 
(Fig.  2b). Similarly, the proportion of patients requiring 
early treatment termination without PD did not differ sig-
nificantly according to the SCS (8 % in patients with SCS 
0–7, 13 % in patients with SCS 8–9, 18 % in patients with 
SCS 10–11, and 13 % in patients with SCS 12) (p = 0.87, 
Pearson’s test) (Fig. 2c).

Table 2   Treatment regimen (n = 198)

CBDCA base and CDDP base written in boldface show the categories 
of treatment regimen. For example, CDDP base (n = 17) is consists 
of CDDP/PEM regimen (n = 7) and CDDP/others (n = 10) regimen

CBDCA carboplatin, CDDP cisplatin, PEM pemetrexed, PTX pacli-
taxel

*  Other drugs used in combination with carboplatin were gemcit-
abine, docetaxel, S1, vinorelbine, irinotecan, and etoposide

** Other drugs used in combination with cisplatin were gemcitabine, 
vinorelbine, and irinotecan

n (%)

CBDCA base 181 (91)

 CBDCA/PEM 76 (38)

 CBDCA/PTX 59 (30)

 CBDCA/others* 46 (23)

CDDP base 17 (9)

 CDDP/PEM 7 (4)

 CDDP/others** 10 (5)

Bevacizumab

 Yes 11 (6)

 No 187 (94)

Table 3   Adverse events during cycles 1 and 2 (n = 198)

AST aspartate aminotransferase, ALT alanine aminotransferase, T. Bil. 
total bilirubin, Cre creatinine
†  Grade 5 pleural infection was observed in one patient. In total, 
grade 5 AEs were observed in 4 of 198 patients (2.0 %)

Any grade (%) Grade 3 (%) Grade 4 (%) Grade 5 
(%)

Hematological

 Neutropenia 127 (64) 37 (19) 32 (16) 0

 Anemia 185 (93) 15 (8) 6 (13) –

 Thrombocy-
topenia

132 (67) 19 (10) 12 (6) 0

Non-hematological

 Anorexia 92 (46) 12 (6) 0 0

 Nausea 66 (33) 2 (1) – –

 Vomiting 24 (12) 0 0 0

 Neuropathy 23 (12) 2 (1) 0 0

 Febrile neu-
tropenia

9 (5) 7 (4) 1(0.5) 1 (0.5)

 Infection† 5 (2.5) 2 (1) 1(0.5) 1 (0.5)

 AST 
increased

76 (38) 1 (0.5) 0 –

 ALT 
increased

93 (47) 4 (3) 1 (0.5) –

 T. Bil. 
increased

29 (15) 1 (0.5) 0 –

 Cre increased 11 (6) 2 (1) 0 0

 Pneumonitis 4 (2) 2 (1) 0 2 (1)



1634	 J Cancer Res Clin Oncol (2016) 142:1629–1640

1 3

Table 4   Univariate and 
multivariate analyses to identify 
the risk factors for early non-
hematological serious adverse 
events (SAEs) (grade 3–5 AEs 
during cycle 1–2) (n = 198)

Anemia was defined as male: hemoglobin <11 g/dl, female: hemoglobin <10 g/dl; LDH lactate dehydroge-
nase

CCr creatinine clearance, ECOG PS European Cooperative Oncology Group performance status, EGFR 
epidermal growth factor receptor, CCI Charlson’s comorbidity index, SCS simplified comorbidity score
††  Indicates statistical significance (p < 0.05)

Variables Univariate analysis p value Multivariate analysis p value

OR (95 % CI) OR (95 % CI)

Age

 70–74 1 (ref) 1 (ref)

 ≥75 1.47 (0.77–2.82) 0.24 1.34 (0.65–2.78) 0.43

Sex

 Female 1 (ref) 1 (ref)

 Male 1.61 (0.66–3.94) 0.30 1.46 (0.57–3.75) 0.43

ECOG PS

 0–1 1 (ref) 1 (ref)

 2 1.78 (0.41–7.71) 0.44 1.05 (0.18–6.22) 0.96

Stage

 Recurrence 1 (ref) 1 (ref)

 IIIB/IV 8.80 (1.16–67.05)†† 0.04 6.48 (0.83–50.49) 0.07

Smoking history

 Never 1 (ref)

 Ever/current 1.33 (0.61–2.92) 0.48

EGFR mutation

 Positive 1 (ref)

 Negative/unknown 2.38 (0.52–10.91) 0.27

CCI

 ≤2 1 (ref)

 ≥3 1.11 (0.56–2.20) 0.78

SCS

 ≤9 1 (ref)

 ≥10 0.83 (0.43–1.59) 0.57

Brain metastasis

 Absent 1 (ref)

 Present 0.62 (0.22–1.73) 0.36

Body mass index

 ≥18.5 1 (ref)

 ≤18.4 1.03 (0.35–3.03) 0.95

Anemia

 Absent 1 (ref) 1 (ref)

 Present 2.35 (1.04–5.35)†† 0.04 1.40 (0.54–3.64) 0.50

Albumin

 ≥3.0 g/dl 1 (ref) 1 (ref)

 <3.0 g/dl 3.26 (1.48–7.21)†† <0.01 2.66 (1.13–6.27)†† 0.03

LDH

 <230 IU/L 1 (ref)

 ≥230 IU/L 1.07 (0.56–2.04) 0.84

CCr

 ≥45 ml/min 1 (ref)

 <45 ml/min 2.00 (0.54–7.39) 0.30
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Table 5   Univariate and 
multivariate analyses to identify 
the risk factors for early 
hematological serious adverse 
events (SAEs) (grade 4–5 AEs 
during cycle 1–2)

Anemia was defined as male: hemoglobin <10 g/dl, female: hemoglobin <11 g/dl; LDH lactate dehydroge-
nase

CCr creatinine clearance, ECOG PS European Cooperative Oncology Group performance status, EGFR 
epidermal growth factor receptor, CCI Charlson’s comorbidity index, SCS simplified comorbidity score
††  Indicates statistical significance (p < 0.05)

Variables Univariate analysis p value Multivariate analysis p value

OR (95 % CI) OR (95 % CI)

Age

 70–74 1 (ref) 1 (ref)

 ≥75 1.90 (0.94–3.86) 0.08 1.71 (0.82–3.57) 0.15

Sex

 Female 1 (ref) 1 (ref)

 Male 1.33 (0.51–3.46) 0.56 1.27 (0.50–3.69) 0.64

ECOG PS

 0–1 1 (ref) 1 (ref)

 2 0.57 (0.07–4.79) 0.61 0.67 (0.08–5.72) 0.71

Stage

 Recurrence 1 (ref)

 IIIB/IV 0.87 (0.30–2.50) 0.79

Smoking history

 Never 1 (ref)

 Ever/current 1.22 (0.52–2.87) 0.65

EGFR mutation

 Positive 1 (ref)

 Negative/unknown 1.65 (0.36–7.62) 0.52

CCI

 ≤2 1 (ref)

 ≥3 1.42 (0.68–2.97) 0.35

SCS

 ≤9 1 (ref)

 ≥10 1.53 (0.76–3.11) 0.24

Brain metastasis

 Absent 1 (ref)

 Present 1.52 (0.59–3.90) 0.38

Body mass index

 ≥18.5 1 (ref)

 ≤18.4 1.10 (0.34–3.51) 0.88

Anemia

 Absent 1 (ref)

 Present 1.70 (0.68–4.18) 0.25

Albumin

 ≥3.0 1 (ref)

 <3.0 1.45 (0.59–3.55) 0.42

LDH

 <230 1 (ref)

 ≥230 1.13 (0.55–2.35) 0.74

CCr

 ≥45 1 (ref) 1 (ref)

 <45 7.05 (1.88–26.37)†† <0.01 6.13 (1.61–23.34)†† <0.01
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Survival analysis in subgroups divided according 
to early development of SAE/early treatment 
termination without PD

We finally performed exploratory analysis of the OS of 
patients who developed at least one hematological and/
or non-hematological early SAE and required early treat-
ment termination without PD. We divided the patients into 
three subgroups according to whether they developed early 
SAEs and/or required early treatment termination with-
out PD; group 1 consisted of patients who neither devel-
oped early SAE nor required early treatment termination 
without PD, group 2 consisted of patients who developed 
early SAEs, but did not require early treatment termina-
tion without PD, and group 3 consisted of patients who 
required early treatment termination without PD, regard-
less of whether they developed early SAEs or not. The 
median OS of all of these patients was 11.9 months (95 % 
CI; 9.1–14.7 months), as mentioned above. The median OS 
in group 1 was 13.1 months (95 % CI; 9.4–16.8 months), 
while that in group 3 was 6.0  months (95  % CI 1.5–
10.5  months), being statistically significantly worse than 
that in group 1 (p < 0.01, log-rank test; HR 2.18 [95 % CI 
1.29–3.70]). On the contrary, median OS in group 2 was 
12.5 months (95 % CI; 7.7–17.3 months), showing no sta-
tistically significant difference as compared to that in group 

1 (p = 0.84, log-rank test; HR 1.04 [95 % CI 0.71–1.53]) 
(Fig. 3). To evaluate the effect of confounding factors for 
survival, we also performed multivariate analysis using the 
Cox proportional hazard model. The results revealed that 
early treatment termination without PD was an unfavora-
ble independent factor for the OS [adjusted hazard ratio 
2.32 (95 % CI 1.33–4.02)] even after adjustments for age, 
sex, ECOG PS, and the EGFR mutation status. In addition, 
we explored whether the early treatment termination (1–2 
cycles) without PD was unfavorable event by comparing 
to subgroup treated with three cycles or more. In total of 
198 patients, 22 patients terminated treatment due to dis-
ease progression during cycles 1–2. As mentioned above, 
24 patients required early treatment termination without 
PD during cycles 1–2. Therefore, the other 152 patients 
keep disease control at completion of cycle 2 and received 
treatment with three cycles or more. The median OS was 
6.0  months (95  % CI 1.5–10.5  months) in patients with 
early treatment termination without PD (1–2 cycles) and 
14.6 months (95 % CI 11.7–21.5 months) in patient treated 
with three cycles or more (p < 0.01, log-rank test).

Discussion

In the present study, we explored the risk factors for the 
development of early SAEs and early treatment termination 
without PD in elderly NSCLC patients receiving platinum-
based chemotherapy. A low baseline serum albumin was 
identified as an independent predictor of early non-hema-
tological SAEs, and a low baseline CCr as that of early 
hematological SAEs. In addition, it is noteworthy that 7 of 
12 (58 %) patients over 75 years with a low serum baseline 
albumin required early treatment termination without PD. 
Our results might suggest that we need a careful consid-
eration regarding the indication of platinum-based chemo-
therapy in those patients. To the best of our knowledge, this 
is the first study to show the importance of baseline serum 
albumin for predicting early treatment termination without 
PD in elderly NSCLC patients.

Previous studies have shown that the serum albumin 
sharply reflects the nutritional status, which has been 
identified as an independent factor influencing the risk of 
development of adverse events during cytotoxic chemo-
therapy (Arrieta et al. 2010; Gioulbasanis et al. 2011). In 
addition, low serum albumin has been reported to be asso-
ciated with cachexia as defined by Fearon et  al. (2011). 
These data are consistent with our identification of the 
serum albumin as a predictor of the development of non-
hematological SAEs in the early phase of treatment. In 
regard to the development of hematological toxicities, 
a low CCr was identified as an independent unfavora-
ble factor, which was consistent with previous reports. 

Table 6   Early treatment termination without progressive disease 
(PD) (n = 198)

Grade 3 non-hematological AEs and Grade 2 non-hematological AEs 
written in boldface show the the categories of adverse events (AEs). 
In termes of grade 2 and grade 1 non-hematological AEs, details of 
AEs are described below each categories of AEs

Totally, 24 of 198 patients (12 %) developed early treatment termina-
tion without PD (during cycles 1–2). In terms of grade 1 or 2 non-
hematological toxicity, details of AEs are described in the table

AE adverse event

* One patient developed grade 2 nausea in addition to grade 2 periph-
eral sensory neuropathy

Reasons for early treatment termination n (%)

Grade 3 non-hematological AEs 9 (4.5)

Grade 2 non-hematological AEs 6 (3)

Peripheral sensory neuropathy 2*

Appetite loss 1

Lung infection 1

Bronchopulmonary hemorrhage 1

Stroke 1

Grade 1 non-hematological AE 1 (0.5)

Pneumonitis 1

Grade 4 hematological AEs 2 (1)

Toxicity-related death 4 (2)

Patient refusal 2 (1)
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In a randomized phase II/III trial for advanced urothelial 
cancer, impaired renal function, but not a poor PS, was 
associated with a higher incidence of SAEs (neutropenia, 
thrombocytopenia, etc.) in patients receiving carboplatin 
plus gemcitabine (De Santis et  al. 2009, 2012). Because 
of the affordable cost and convenience of measurement of 

these parameters, further validation studies to evaluate the 
usefulness of the serum albumin and CCr for predicting 
the feasibility of platinum-based chemotherapy in elderly 
NSCLC patients are warranted.

On the contrary, neither the CCI nor the SCI was asso-
ciated with either development of early SAEs or early 

Table 7   Univariate and 
multivariate analyses for early 
treatment termination without 
progressive disease (PD) 
(during cycles 1–2) (n = 198)

Anemia was defined as male: hemoglobin <11 g/dl, female: hemoglobin <10 g/dl; LDH lactate dehydroge-
nase

CCr creatinine clearance, ECOG PS European Cooperative Oncology Group performance status, EGFR 
epidermal growth factor receptor, CCI Charlson’s comorbidity index, SCS simplified comorbidity score
††  Indicates statistical significance (p < 0.05)

Variables Univariate analysis p value Multivariate analysis p value

OR (95 % CI) OR (95 % CI)

Age

 70–74 1 (ref) 1 (ref)

 ≥75 4.21 (1.70–10.43)†† <0.01 4.00 (0.65–11.52)†† 0.01

Sex

 Female 1 (ref) 1 (ref)

 Male 1.17 (0.38–3.65) 0.79 0.94 (0.24–3.64) 0.92

ECOG PS

 0–1 1 (ref) 1 (ref)

 2 2.55 (0.48–13.40) 0.27 1.56 (0.12–19.60) 0.73

Smoking history

 Never 1 (ref)

 Ever/current 0.90 (0.33–2.41) 0.83

CCI

 ≤2 1 (ref) 1 (ref)

 ≥3 1.11 (0.56–2.20) 0.07 1.01 (0.76–1.34) 0.93

SCS

 ≤9 1 (ref)

 ≥10 0.65 (0.32–1.33)

Brain metastasis

 Absent 1 (ref)

 Present 0.54 (0.12–2.45) 0.43

Body mass index

 ≥18.5 1 (ref) 1 (ref)

 ≤18.4 4.13 (1.40–12.19)†† 0.01 3.52 (0.96–12.93) 0.06

Anemia

 Absent 1 (ref) 1 (ref)

 Present 4.62 (1.79–11.78)†† <0.01 2.25 (0.64–7.90) 0.21

Albumin

 ≥3.0 g/dl 1 (ref) 1 (ref)

 <3.0 g/dl 6.86 (2.64–17.78)†† <0.01 5.58 (1.83–17.39)†† <0.01

LDH

 <230 IU/L 1 (ref)

 ≥230 IU/L 0.88 (0.36–2.13) 0.77

CCr

 ≥45 ml/min 1 (ref) 1 (ref)

 <45 ml/min 3.41 (0.82–14.19) 0.09 0.49 (0.04–5.40) 0.56
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treatment termination without PD in our cohort. While 
previous reports have indicated the existence of an associa-
tion between these comorbidity scores and the survival in 
patients with NSCLC, our results suggest that the presence 
of comorbidities may not be sufficient reason for with-
holding platinum-based chemotherapy in elderly NSCLC 
patients (Charlson et al. 1987; Jacot et al. 2008).

Quinox et  al. mentioned that most of the patients 
enrolled in their phase III study were “fit” elderly 
patients; therefore, the positive results of platinum-based 
chemotherapy could not be generalized to non-fit elderly 
patients with poor geriatric conditions (Quoix et al. 2011). 
We certainly agree with this argument, but how do we 

distinguish “non-fit elderly” from “fit” elderly for admin-
istering platinum-based chemotherapy in community 
practice? Several studies have investigated approaches for 
predicting the development of SAEs in elderly patients 
receiving cytotoxic chemotherapy (Extermann et al. 2012; 
Hurria et  al. 2011). However, few studies have assessed 
the influence of the development of SAEs on definitely 
clinical meaningful end points such as survival. Indeed, 
the development of SAEs per se, even in the early phase 
(during cycles 1–2), was found to have no influence on the 
overall survival in our analysis. In addition, early develop-
ment of hematological SAEs necessitated early treatment 
termination without PD in only two patients, while nine 
patients who developed grade 3 non-hematological SAEs 
and seven who developed non-hematological grade 2 or 
less severe toxicities required early treatment termination 
without PD. Based on these results, it might be important 
to investigate not only how to predict the development 
of toxicities, but also determine what types of toxicities 
are clinically meaningful in elderly patients receiving 
chemotherapy.

In our study, we focused on the development of early 
treatment termination without PD in addition to early 
serious SAEs (during cycles 1–2). The patients who 
required early treatment termination without PD showed 
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significantly poorer survival as compared to those who 
did not develop the event. Because no clinical trials 
have been reported comparing early treatment termi-
nation (1–2 cycles) to longer treatment (3–6 cycles) of 
platinum-based chemotherapy, we do not have any con-
clusive evidences whether early termination without PD 
is an unfavorable event or not. However, in our study, 
the median OS in patients with early termination with-
out PD (during cycles 1–2) was only 6.0 months, which 
was statistically shorter compared to the ones in patients 
who received treatment with three cycles or more. These 
results might suggest early termination without PD 
would be an unfavorable event and the risk estimation 
of early treatment termination without PD might be ben-
eficial in deciding whether to go ahead with platinum-
based chemotherapy or not in elderly NSCLC patients. 
Of course, these results should be interpreted with cau-
tion, because the decision for early treatment termina-
tion in the presence of grade 2 or less AEs could be 
influenced by factors other than the clinical parameters, 
such as the patient’s own preferences, doctor’s judgment 
based on their experience, and the extent of family sup-
port available. However, when taking into considera-
tion the importance of predicting the clinical meaning-
ful events, it is necessary to keep trying to identify the 
risk of early treatment termination in elderly NSCLC 
patients including not only clinical factors but also 
social and mental factors in the future.

Our study had several limitations because of the ret-
rospective nature of the study. Firstly, the incidence of 
AEs might be underestimated, even though we minutely 
reviewed the individual charts. Second, because of small 
sample size in each subgroup according to specific com-
bination drug, our study would have limitation to analyze 
the specific toxicity of each combination drug which could 
influence the feasibility. Finally, our results were depend-
ent on the data from a single cohort. Therefore, a validation 
study using another prospective cohort of elderly NSCLC 
patients is needed to test the robustness of our results. To 
resolve these limitations, we initiated another prospective 
cohort trial in elderly NSCLC patients, including evalua-
tion by Vulnerable Elders Survey-13 and Mini-Mental State 
Examination, and the trial is now ongoing (Fukuse et  al. 
2005; Min et al. 2006).

In conclusion, baseline albumin would be useful for 
predicting the development of both early non-hematolog-
ical SAEs and early treatment termination without PD in 
elderly NSCLC patients receiving platinum-based chemo-
therapy. Because the early treatment termination without 
PD was associated with a significantly poorer survival, the 
risk estimation of the event might be beneficial in deciding 
whether to go ahead with platinum-based chemotherapy or 
not in elderly NSCLC patients. Further studies to validate 

our results are warranted, and our ongoing prospective 
study may be expected to bring more robust information 
regarding these issues.
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