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Abstract 
Background: This retrospective study was to evaluate the efficacy and toxicity of gemcitabine plus 
carboplatin (GC regimen) and paclitaxel plus carboplatin (PC regimen) combination chemothera- 
py in elderly patients with non-small cell lung cancer. Methods: Seventy-four patients (GC regimen, 
n = 44; PC regimen, n = 30) received gemcitabine at a dose of 1000 mg/m2 on days 1 and 8, and 
carboplatin with the target dose of area under the curve (AUC) of 4 on day 8 every 28 days and pa-
clitaxel at a dose of 70 mg/m2 on days 1, 8 and 15, and carboplatin with the target dose of AUC of 5 
on day 1 every 28 days. Patients were divided in two groups (younger one: n = 42, <70 years old; 
elderly one: n = 32, ≥70 years old). Results: A total of 222 cycles of the treatment was adminis- 
tered. Seventy-one patients (95.9%) completed the scheduled cycles. Two patients in the elderly 
group were discontinued (6.3%) due to hematological toxicity and melena in the GC regimen and 
to grade 4 pneumonia in the PC regimen. The dose was reduced in 8 patients (10.8%) due to grade 
4 thrombocytopenia. Grade 3/4 neutropenia was not significantly observed in both groups 
(younger group: 24/42, 57.1%; elderly group: 19/32, 59.4%, p = 0.8471). The nonhematological 
toxicities were mild in both groups. However, in the elderly group, grade 3/4 thrombocytopenia 
was significantly observed in the GC group (GC: 5/17, 29.4%; PC: 0/15, 0.0%, p = 0.0222). There 
was no treatment-related death. Conclusion: These results demonstrate that the GC and PC com-
bination chemotherapies are efficacious and feasible regimens for lung cancer therapy, especially, 
both regimens should be considered as one of the standard therapies for elderly patients during 
lung cancer therapy. 
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1. Introduction 
The incidence of lung cancer, the leading cause of cancer deaths, increases with age. More than 50% of the ca- 
ses of advanced non-small cell lung cancer (NSCLC) are diagnosed in patients over the age of 65 years, and re-
cent Surveillance, Epidermiology and End Results (SEER) Program data in the United States show that patients 
aged 70 years or older account for 47% of all lung cancers [1]. For example, in 1970 in Japan, 7.9% of the general 
population was 65 years older, which increased to 17.3% by 2000, and is estimated to reach 29.6% by 2030 [2]. 
As NSCLC is a common disease in the elderly population, the question of how best to treat elderly NSCLC pa-
tients will become increasingly important [3]. Chemotherapy in patients with advanced NSCLC improves survi- 
val, reduces disease-related symptoms, and improves the quality of life compared to the best supportive care [4]. 

Although platinum-based doublets involving newer agents, such as docetaxel, paclitaxel, gemcitabine, vino- 
relbine, and irinotecan, are the standard first-line chemotherapy for most patients with advanced NSCLC [5] [6], 
the use of these regimens in elderly patients remains a topic of debate [3]. The main reasons given for withhold-
ing standard platinum-based doublet regimens from elderly patients are the age-related impairment of organ 
functions, presence of potentially complicating comorbid conditions, and a lower ability to tolerate the potential 
toxicity of the combination chemotherapy than younger patients. 

The efficacy of platinum-based chemotherapy in the treatment of advanced NSCLC has been demonstrated in 
several randomized trials and a significant meta-analysis [4]. However, elderly individuals have been under- 
represented in such clinical trials, making it difficult to evaluate the efficacy and safety of current treatment op- 
tions in this patient population [7]. The elderly, even those with a good performance status, are often considered 
unfit for aggressive chemotherapy, based on the assumptions that the risk of severe toxicity is exacerbated by 
age and that the benefits of such treatment are limited in terms of prognosis. 

A meta-analysis of small randomized trials of patients with early stage NSCLC in the preceeding 30 years 
was performed in 1995 [4]. This analysis revealed a 5% survival advantage at 5 years for patients with surgically 
resected early stage NSCLC treated with cisplatin-based chemotherapy compared to those patients only fol- 
lowed up after resection. 

Most researchers agree that age-related issues do influence the clinician’s evaluation of the elderly patients. 
Although age should be considered in the assessment of a patient, it is likely that common misconceptions re- 
garding these patients may influence the treatment recommendations. The quality of life, long-term outlook, and 
survival in this population can be incorrectly perceived. These misperceptions can then influence the treatment 
decisions. A better understanding of how age affects prognosis, treatment options, and outcomes is necessary to 
avoid the undertreatment of this select population. 

It is not yet clear whether platinum-based chemotherapy is feasible or available in neoadjuvant, adjuvant, and 
intensive chemotherapy settings for Japanese elderly patients. In clinical practice, we conducted trials to assess 
the efficacy and safety of gemcitabine plus carboplatin (GC regimen) and paclitaxel plus carboplatin (PC regi- 
men) combination chemotherapy administered as a standard therapy for elderly surgical patients of NSCLC at a 
single institution. 

2. Patients and Methods 
2.1. Patients 
From February 2006 to July 2009, a total of 74 patients who received neoadjuvant, adjuvant, and intensive dou-
blet combinations chemotherapy of the gemcitabine plus carboplatin (GC regimen) or paclitaxel plus car- 
boplatin (PC regimen), and who had received complete resection of the primary tumor and mediastinal lymph 
nodes in our department were evaluated. The above regimens were performed in daily clinical practice and ap-
proved by our hospital chemotherapy protocol committees but not by the institutional ethics committees. The 
characteristics of the 74 patients entered in this study are summarized in Tables 1 and 2. The TNM classification  
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Table 1. Patient characteristics.                                                                

 
Overall (n = 74) Younger group (n = 42) Elderly group (n = 32)  

No. of patients (%) No. of patients (%) No. of patients (%) p value 

Age 
Mean 65.7 ± 5.1  58.9 ± 8.2  74.8 ± 3.3  <0.0001 
range 35 - 84  35 - 69  70 - 84  

Gender 
Male 54 73 27 64.3 27 84.4 

0.0542 
Female 20 27 15 35.7 5 15.6 

ECOG-PS 

0 64 86.5 40 95.2 24 75 

0.0083 1 9 12.2 1 2.4 8 25 

2 1 1.4 1 2.4   

Surgery 

Lobectomy 66 89.2 38 90.4 28 87.5 

0.1522 
Pneumonectomy 3 4.1 2 4.8 1 3.1 

Partial resection 2 2.7 2 4.8   
None 3 4.1   3 9.4 

Histology 

Adenocarcinoma 64 86.5 39 92.8 25 78.1 

0.1737 
Squamous cell  

carcinoma 7 9.5 2 4.8 5 15.6 

Adenosquamous  
cell carcinoma 3 4.1 1 2.4 2 6.3 

Clinical stage 

IB 2 2.7 2 4.8   

0.0398 

IIA 9 12.2 6 14.3 3 9.4 

IIB 6 8.1 1 2.4 5 15.6 

IIIA 25 33.8 16 38 9 28.1 

IIIB 8 10.8 7 16.7 1 3.1 

IV 24 32.4 10 23.8 14 43.8 

ECOG-PS: Eastern Cooperative Oncology Group Performance Status. 
 

Table 2. Treatment background.                                                              

  Overall (n = 74) Younger group (n = 42) Elderly group (n = 32) p value 

Chemotherapy 

Adjuvant 44 31 13 

0.0094 Recurrence 25 10 15 

Intensive, Induction 5 1 4 

Regimen 
GEM + CBDCA 44 27 17 

0.3333 
PTX + CBDCA 30 15 15 

Planned cycles 1/2/3/4/5/6 cycles 3/33/8/23/0/7 3/19/5/13/0/2 0/14/3/10/0/5 0.3230 

Received cycles 1/2/3/4/5/6 cycles 4/33/9/21/1/6 3/19/6/12/0/2 1/14/3/9/1/4 0.6133 

Compliance 

Completed 71(95.9%) 41(97.6%) 30(93.8%) 

0.2304 
Discontinued 2(2.7%) 0(2.4%) 2*(6.3%) 

Dose reduction 8(10.8%) 5(11.9%) 3(9.4%) 

Delayed 3(4.1%) 3(7.1%) 0(0.0%) 
Response to 

treatment 
(RECIST) 

Partial response (PR) 11 2 9 
0.1100 

(n = 30) Stable disease (SD) 19 9 10 

Toxicities ≥Grade 3/4 43(58.1%) 23(54.8%) 20(62.5%) 0.5040 
*G4 hematologic toxicity and melena in GC regimen, G4 pneumonia in PC regimen. 
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is based on the Union for International Cancer Control (UICC) [8]. The histological analysis of the tumor was 
based on the World Health Organization classification for cell types [9]. Patients with histologically documented 
NSCLC and pathologically staged were eligible to receive the chemotherapy. 

2.2. Each Patient Had to Meet the Following Eligibility Criteria 
Pathological stage from IB to IV diagnosed with complete resection, Eastern Cooperative Oncology Group Per- 
formance Status of 0, 1 or 2, adequate bone marrow function (total leukocyte count ≥ 4.0 × 109/, hemoglobin 
concentration ≥ 10.0 g/dl, platelet count ≥ 100 × 109/L), adequate liver and renal functions (serum transaminase 
≤ 2 times normal value; serum creatinine ≤ 1.5 times normal value), partial pressure of arterial oxygen (paO2) ≥ 
60 torr, past history of severe allergic reaction to drugs, interstitial pneumonia identified by com-
puted-tomography of chest, cirrhosis, or other serious complications, such as uncontrolled angina pectoris, 
myocardial infarction within 3 months, heart failure, uncontrolled diabetes mellitus or hypertension, and uncon-
trolled massive pleural effusion or ascites, no postoperative complications, able to undergo first course treatment 
in an inpatients setting within 4 to 8 weeks after surgery, and written informed consent. All patients provided 
written informed consent before the treatment. 

2.3. Treatment Schedule 
All patients received one of the two treatment groups by attending doctors’ direction and/or patients’ favorable 
selection depending on the regimen’s toxicities. The body surface area was calculated using the DuBois equa- 
tion. The carboplatin dosage calculation was based on the glomerular filtration rate according to the Calvert 
formula [10], and evaluated by the Cockcroft-Gault equation [11]. The administration of the carboplatin dosage 
was adjusted prior to each cycle through re-determination of the glomerular filtration rate. 

2.3.1. Gemcitabine plus Carboplatin Regimen (GC Group) 
Gemcitabine (Gemzar, Eli Lilly Japan K.K., Kobe, Japan) was administered at a dose of 1000 mg/m2 on days 1 
and 8, and carboplatin (Paraplatin, Bristol-Myers K.K., Tokyo, Japan) with the target dose of area under the 
curve (AUC) of 4 on day 8 every 28 days. Premedication was intravenously performed with the drip infusion of 
100 ml of isotonic sodium chloride solution containing 8 mg of dexamethasone sodium phosphate and 3 mg of 
granisetron hydrochloride. An infusion pump was used to ensure the exact infusion time. On days 1 and 8, the 
intravenous (i.v.) administration of 1000 mg/m2 gemcitabine mixed in 100 ml of isotonic sodium chloride solu- 
tion was performed by drip infusion for 30 minutes. On day 8, carboplatin with the calculated dose of the AUC 
mixed in 250 ml of a 5% glucose solution was administered for 1 hour, following the drip infusion of gemcit-
abine. 

2.3.2. Paclitaxel and Carboplatin Regimen (PC Group) 
Paclitaxel (Paclitaxel, Bristol-Myers K.K., Tokyo, Japan) was administered at a dose of 70 mg/m2 on days 1, 8 
and 15, and carboplatin (Paraplatin, Bristol-Myers K.K., Tokyo, Japan) with the target dose of AUC of 5 on day 
1 every 28 days. As a premedication, 50 mg of diphenhydramine hydrochloride was intravenously infused. The 
drip infusion of 50 ml of an isotonic sodium chloride solution containing 8 mg of dexamethasone sodium phos- 
phate and 50 mg of ranitidine hydrochloride and 10 mg of azasetron hydrochloride were performed. After the 
administration of seventy mg/m2 of paclitaxel in 250 ml of a 5% glucose solution for over 1 hour, carboplatin 
with the calculated dose of the AUC mixed in 250 ml of a 5% glucose solution was intravenously infused for 1 
hour. 

Each treatment was recommended for four cycles as a standard course. Patients could plan their scheduled 
cycle number between 1 to 6 and also refuse the treatment unless they met the criteria for an experienced unac- 
ceptable toxicity. Full supportive therapy, corticosteroids, anticonvulsants and antibiotics were given as needed. 
No routine use of heatopoietic growth factors was planned. No prophylactic antibiotics were used. All patients 
were treated on an inpatient basis. 

2.3.3. The Exclusion Criteria 
The exclusion criteria included serious infection, fever (≥38˚C), impairments of the organ function (bone mar- 
row, central nervous and cardiovascular system, liver, kidneys, interstitial pneumonia, DIC), patient’s refusal 
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and attending doctor’s decision. 

2.4. Dose Modification 
Dose adjustments during the treatment were based on the judgment of the respective physicians in-charge, but, 
as a rule, when grade 3 or more severe nonhematotoxicity or grade 4 hematotoxicity appeared, the doses of the 
anticancer drugs were reduced. The complete blood count and biochemistry were usually examined at least once 
or twice per week.  

On the scheduled day-1 treatment, if the total leukocyte count and absolute neutrophil count (ANC) was ≤3.0 
× 109 /l and ≤1.5 × 109 per liter and/or platelet count ≤100 × 109 per liter, respectively, the chemotherapy doses 
were either delayed (for up to 2 weeks) or reduced by 20% - 25% gemcitabine: 1000 mg/m2 to 800 mg/m2, AUC 
of carboplatin from 4 to 3, paclitaxel: from 70 mg/m2 to 60 mg/m2, AUC of carboplatin from 5 to 4 to al- low 
recovery from the hematological toxicity. 

On the scheduled day-8 treatment, if the total leukocyte count and ANC was ≤1.0 × 109 per liter and ≤0.5 × 
109 per liter and/or the platelet count ≤ 75 × 109 per liter, respectively, and if these parameters did not improve 
sufficiently, then the day-8 administrations of the drugs were postponed and omitted. A 2-week delay in initiat-
ing the subsequent course was allowed. Patients, who cannot recover from the hematological toxicity (ANC ≥ 
1.0 × 109 per liter and/or platelets ≥ 75 × 109 per liter) within 2 weeks were removed from the treatment.  

For patients of the delayed day 8 and/or of the no recovery within 2 weeks for any ≥grade 2 impairments of 
the organ function (hepatic, renal, cardiovascular, pulmonary and nervous system) and/or ≥grade 3 nonhemato- 
logical toxicities (excluding nausea, vomiting, anorexia, fatigue and alopecia), the doses of the next cycle were 
reduced by 20% - 25%. If these toxicities persisted after 6 weeks from day 1 of the previous cycle, then the 
treatment regimen was discontinued. 

The next cycle was discontinued in the case of ≥grade 3 impairments on the organ function (hepatic, renal, 
cardiovascular, pulmonary and nervous system) and/or ≥grade 4 nonhematological toxicities (nausea, vomiting, 
anorexia, fatigue and alopecia). The subsequent course of chemotherapy was begun if patients had a leukocyte 
count of ≥ 3.0 × 109 /l, ANC ≥1.5 × 109 /l, platelet count ≥ 100 × 109 /l, creatinine ≥ 1.5 mg/dl, alanine amino- 
transferase and aspartate aminotransferase (AST/ALT) levels ≤ 2.5 times the normal upper limit, and total biliru- 
bin ≤1.5 times normal upper limit.. Both regimens were repeated every 4 weeks. 

Regarding the use of the granulocyte colony-stimulating factor (G-CSF), patients did not receive the prophy- 
lactic G-CSF during any cycle. The use of G-CSF (100 μg/day, subcutaneous injection) was allowed only for 
patients who had the total leukocyte count ≤ 1.0 × 109/liter, ANC ≤ 0.5 × 109/l, neutropenic fever, or docu-
mented infections with febrile neutropenia. 

2.5. Toxicity 
Prior to the chemotherapy, all patients provided a complete medical history and underwent a physical examina-
tion. Patients were monitored weekly throughout treatment by physical examination, recording of toxic effects, 
complete blood cell counts, and blood chemistry. These patients were examined for the patient background 
characteristics, adverse events and treatment compliance. Adverse events (AE) were evaluated for 4 weeks after 
the completion of the chemotherapy according to the Common Terminology Criteria for Adverse Events Ver-
sion. 3.0 (CTCAE v3.0). The CTCAE v3.0 displays Grades 1 through 5 with unique clinical descriptions of se-
verity for each adverse event based on this general guideline: Grade 1, mild AE; Grade 2, moderate AE; Grade 3, 
severe AE; Grade 4, life-threatening or disabling AE; Grade 5, Death related to AE. Grade 3/4 thrombocyto-
penia (grade 3, <50.0 - 25.0 × 109/l; grade 4, <25.0 × 109/l) and grade 1/2 alopecia (grade 1, thinning or patchy; 
grade 2, complete) were defined. 

2.6. Treatment Evaluation 
Tumor responses were classified according to the Response Evaluation Criteria in Solid Tumors [12]. In the 
target lesions, a complete response (CR) was defined as the complete disappearance of all target lesions for a 
minimum of 4 weeks during which no new lesions appeared. A partial response (PR) was defined as a >30% de-
crease in the sum of the greatest dimensions of the target lesions for a minimum of 4 weeks. A progressive dis-
ease (PD) was defined as a >20% increase in the sum of the greatest dimensions of the target lesions or the ap-
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pearance of >1 new lesion(s). A stable disease (SD) was defined as not a sufficient increase to quality for PD for 
a minimum of 6 weeks. The response duration in patients who achieved a CR or PR was measured from the start 
of the treatment to the date of the disease progression. 

2.7. Statistical Analysis 
Statistical differences in the toxicities between the two regimens were calculated using the Chi-square (χ2) test. 
A p value less than 0.05 was considered to be statistically significant. 

3. Results 
3.1. Patient Characteristics 
A total of 74 patients (42 patients in the younger group and 32 in the elderly group) received chemotherapy in 
our department and summarized in Table 1. The majority of patients were males (54/74, 73.0%) with the me-
dian age of 65.7 ± 5.1 years (range 35 - 84). In the younger group, the median age was 58.9 ± 8.2 years (range 
35 - 69), and 74.8 ± 3.3 years (range 70 - 84) in the elderly group. The ECOG performance status was 0 in 40 
patients (40/42, 95.2%) in the younger group and 24 in 32 patients (24/32, 75.0%) in the elderly group. A 
lobectomy was performed in 66 patients (66/74, 89.2%) and a pneumonectomy was done in 3 patients (3/74, 
4.1%). Tumor histology included 64 patients with adenocarcinoma (86.5%), 7 patients with squamous cell car-
cinoma (9.5%) and 3 patients with adenosquamous cell carcinoma (4.1%). There were 2 patients with stage IB 
(2.7%), 9 patients with stage IIA (12.2%), 6 patients with stage IIB (8.1%), 25 patients with stage IIIA (33.8%), 
8 patients with stage IIIB (10.8%), and 24 patients with stage IV diseases (32.4%). 

3.2. Treatment Background 
A total of 222 chemotherapy cycles were administered (119 cycles in the younger group: median, 2.8; range, 1 - 
6, 103 cycles in the elderly group: median, 3.2; range, 1 - 6) as listed in Table 2. On compliance, forty-one of 42 
patients (97.6%) in the younger group and thirty of 32 patients (93.8%) in the elderly group completed the 
planned cycles, the remaining 2 patients in the elderly group did not complete the course due to grade 4 pneu-
monia and hematologic toxicity and melena. Five patients (11.9%) in the younger group and three patients 
(9.4%) in the elderly group received a dose reduction in the next course. Three patients (7.1%) in the younger 
group delayed the course. 

3.3. Treatment Response 
In the younger group, there were 2 PRs for an overall response rate of 18.2% (2/11) as listed in Table 2. In addi- 
tion, 9 patients (81.8%, 9/11) had SDs. In the elderly group, there were 9 PRs for an overall response rate of 
47.4% (9/19). There were 10 patients (52.6%, 10/19) with SD. 

3.4. Toxicity 
For the grade 3/4 toxicities (Table 2), the younger group had 23 patients (23/42, 54.8%) that showed a lower in-
cidence compared to twenty patients in the elderly group (20/32, 62.5%). Overall, forty-three patients in both 
groups showed that grade 3/4 toxicities (43/74, 58.1%). The hematological toxicities are shown in Table 3. The 
grade 3/4 neutropenia was similarly observed in both groups (younger group: 24/42, 57.1%; elderly group: 
19/32, 59.4%, p = 0.8471). The grade 3/4 anemia was similarly observed in both groups (younger group: 3/42, 
7.1%; elderly group: 2/32, 6.3%, p = 0.8795). The grade 3/4 thrombocytopenia was similarly seen in 9 patients 
(21.4%) of the younger group compared to 5 patients (15.6%) of the elderly group (p = 0.5277). The grade 3/4 
febrile neutropenia was seen in 3 patients (7.1%) of the younger group compared to 2 patients (6.3%) of the eld-
erly group (p = 0.8795). 

The nonhematological toxicities are mild except for infection as shown in Table 4. However, grade 4 pneu- 
monia was observed in 1 patient (1/32, 3.1%) of the elderly group compared to none in the younger group. 
Grade 1/2 nausea, anorexia, fatigue were frequently observed in both groups. Grade 1/2 nausea in the younger 
group were similarly observed when compared to those of the elderly group (younger group: 24/42, 57.1%; eld-
erly group: 18/32, 56.3%, p = 0.9388). Grade 1/2 anorexia in the younger group was similarly observed when  
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Table 3. Summary of hematological toxicities.                                      

 
Younger group (n = 42) Elderly group (n = 32)  

n (% of patients) n (% of patients) G 3/4 

Toxicity G 1/2 G 3/4 G 3/4 (%) G 1/2 G 3/4 G 3/4 (%) p value 

Leukopenia 36 2 4.8 24 4 12.5 0.227 

Neutropenia 17 24 57.1 9 19 59.4 0.8471 

Anemia 11 3 7.1 15 2 6.3 0.8795 

Thrombocytopenia 10 9 21.4 9 5 15.6 0.5277 

Febrile neutropenia 5 3 7.1 0 2 6.3 0.8795 

 
Table 4. Summary of nonhematological toxicities.                                  

 

Younger group (n = 42) Elderly group (n = 32) 
G1/2 

n (% of patients) n (% of patients) 

Toxicity G 1/2 G 3/4 G 1/2 (%) G 1/2 G 3/4 G 1/2 (%) p value 

Nausea 24 0 57.1 18 0 56.3 0.9388 

Vomiting 5 0 11.9 3 0 9.4 0.7284 

Anorexia 33 0 78.6 25 0 78.1 0.9631 

Fatigue 32 0 76.2 26 0 81.3 0.6004 

Diarrhea 4 0 9.5 0 0 0 0.0727 

Constipation 14 0 33.3 13 0 40.6 0.5186 

AST/ALT 20 0 47.6 13 0 40.6 0.5487 

Creatinine 1 0 2.4 3 0 9.4 0.1875 

Neuropathy 0 0 0 0 0 0 - 

Pain, joint 3 0 7.1 1 0 3.1 0.4489 

Pain, muscle 1 0 2.4 3 0 9.4 0.1875 

Skin rash 5 0 11.9 2 0 6.3 0.4102 

Alopecia 12 0 28.6 14 0 43.8 0.1754 

Infection 1 0 2.4 0 1* 0 0.3795 

Fever 6 0 14.3 3 0 9.4 0.522 

Others 3 0 7.1 1 0 3.1 0.4489 

ALT/AST: alanine aminotransferase and aspartate aminotransferase; *G4 pneumonia. 
 
compared to those of the elderly group (yoguner group: 33/42, 78.6%; elderly group: 25/32, 78.1%, p = 0.9631). 
Grade 1/2 fatigue in the younger group was similarly observed compared to those of the elderly group (younger 
group: 32/42, 76.2%; elderly group: 26/32, 81.3%, p = 0.6004). Grade 1/2 constipation was observed in the 
younger group (younger group: 14/42, 33.3%; elderly group: 13/32, 40.6%, p = 0.5186). Grade 1/2 alanine 
aminotransferase and aspartate aminotransferase (ALT/AST) in the younger group was similarly observed when 
compared to those of the elderly group (younger group: 20/42, 47.6%; elderly group: 13/32, 40.6%, p = 0.5487). 
Grade 1/2 alopecia was observed in the younger group (younger group: 12/42, 28.6%; elderly group: 14/32, 
43.8%, p = 0.1754). For the other toxicities, in the GC regimen, they were observed in 3 patients with headaches 
in the younger group and in 1 patient with difficulty in hearing in the elderly group. In the PC regimen, in the 
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elderly group, grade 4 pneumonia was observed in 1 patient. For the other toxicities, they were observed in 1 pa-
tient with a headache and hematuria. The overall grade 1/2 non-hematologic toxicities were mild. There was no 
treatment-related death. 

3.5. Toxicity of GC and PC Regimens in Elderly Group 
For the grade 3/4 toxicities, the PC regimen had 11 patients (11/15, 73.3%) that showed a higher incidence 
compared to 9 patients of the GC regimen (9/17, 52.9%). In both regimens in the elderly group, overall, twenty 
patients showed grade 3/4 toxicities (20/32, 62.5%). The hematological toxicities are shown in Table 5. The 
grade 3/4 neutropenia was similarly observed in both groups (GG: 9/17, 52.9%; PC: 10/15, 66.7%, p = 0.4302). 
The grade 3/4 anemia was similarly observed in both groups (GC regimen: 1/17, 5.9%; PC regimen: 1/15, 6.7%, 
p = 0.9271). However, the grade 3/4 thrombocytopenia was significantly higher in 5 patients (29.4%) of the GC 
regimen compared to 0 patient (0%) of the PC regimen (p = 0.0222). The grade 3/4 febrile neutropenia was seen 
in 1 patient (5.9%) of the GC regimen compared to 1 patient (6.7%) of the PC regimen (p = 0.9271). 

The nonhematological toxicities are mild except for infection as shown in Table 6. However, grade 4 pneu- 
monia was observed in 1 patient (1/15, 6.7%) of the PC regimen compared to none in the GC regimen. Grade 
1/2 nausea, anorexia, fatigue were frequently observed in both groups. Grade 1/2 nausea in the GC regimen 
were similarly observed when compared to those of the PC regimen (GC: 8/17, 47.1%; PC: 10/15, 66.7%, p = 
0.2645). Grade 1/2 anorexia in the PC regimen were higher when compared to those of the GC regimen (GC: 
11/17, 64.7%; PC: 14/15, 93.3%, p = 0.0506). Grade 1/2 fatigue in the GC regimen was similarly observed 
when compared to those of the PC regimen (GC: 15/17, 88.2%; PC: 11/15, 73.3%, p = 0.2811). Grade 1/2 con-
stipation was observed in the GC regimen (GC: 8/17, 47.1%; PC: 5/15, 33.3%, p = 0.4302). Grade 1/2 alanine 
aminotransferase and aspartate aminotransferase (ALT/AST) in the GC regimen were significantly higher com-
pared to those of the PC regimen (GC: 10/17, 58.8%; PC: 3/15, 20.0%, p = 0.0256). Grade 1/2 alopecia was sig-
nificantly observed in the PC regimen (GC: 0/17, 0%; PC: 14/15, 93.3%, p < 0.0001). For the other toxicities, in 
the GC regimen, they were observed in 1 patient with difficulty in hearing. The overall grade 1/2 non-hemato- 
logic toxicities were mild. There was no treatment-related death. 

4. Discussion 
Since the end of World War II, there has been a dramatic expansion in the world’s population; in addition to the 
post-war generation of baby boomers, advances in health and healthcare delivery have led to an increased life 
expectancy. At the same time, both eastern and western epidemiological studies show an increased incidence of 
lung cancer in elderly patients [1] [13]-[15]. Given that more than 50% of lung cancer patients are diagnosed 
over the age of 65 and about 30% over the age of 70, lung cancer has become the disease of aged people [3] [16]. 
Lung cancer treatment in the elderly is increasingly common and a challenging concern for physicians. As the 
population continues to age and medical advances continue to increase life expectancy, physician care for the 
elderly patient with NSCLC will become more common. Many factors influence the care for the elderly, includ-
ing our own experiences, biases, and misconceptions as they relate to age, quality of life, and life expectancy. 
Identifying and evaluating these factors is essential for avoiding these pitfalls, and is critical to providing the  
 

Table 5. Summary of hematological toxicities in elderly group.                            

 
GEM + CBDCA regimen (n = 17) PTX + CBDCA regimen (n = 15) 

G3/4 
n (% of patients) n (% of patients) 

Toxicity G 1/2 G 3/4 G 3/4 (%) G 1/2 G 3/4 G 3/4 (%) p value 

Leukopenia 11 3 17.6 13 1 6.7 0.3486 

Neutropenia 5 9 52.9 4 10 66.7 0.4302 

Anemia 10 1 5.9 5 1 6.7 0.9271 

Thrombocytopenia 6 5 29.4 3 0 0 0.0222 

Febrile neutropenia 0 1 5.9 0 1 6.7 0.9271 
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Table 6. Summary of nonhematological toxicities in elderly group.                         

 
GEM + CBDCA regimen (n = 17) PTX + CBDCA regemen (n = 15) 

G 1/2 
n (% of patients) n (% of patients) 

Toxicity G 1/2 G 3/4 G 1/2 (%) G 1/2 G 3/4 G 1/2 (%) p value 

Nausea 8 0 47.1 10 0 66.7 0.2645 

Vomiting 1 0 5.9 2 0 13.3 0.4705 

Anorexia 11 0 64.7 14 0 93.3 0.0506 

Fatigue 15 0 88.2 11 0 73.3 0.2811 

Diarrhea 0 0 0 0 0 0 - 

Constipation 8 0 47.1 5 0 33.3 0.4302 

ALT/AST 10 0 58.8 3 0 20 0.0256 

Creatinine 2 0 11.8 1 0 6.7 0.6215 

Neurolopathy 0 0 0 0 0 0 - 

Pain, joint 1 0 5.9 0 0 0 0.3399 

Pain, muscle 1 0 5.9 2 0 13.3 0.4705 

Skin rash 1 0 5.9 1 0 6.7 0.9271 

Alopecia 0 0 0 14 0 93.3 <0.0001 

Infection 0 0 0 0 1* 0 - 

Fever 1 0 5.9 2 0 13.3 0.4705 

Others (Hearing) 1 0 5.9 0 0 0 0.3399 

ALT/AST: alanine aminotransferase and aspartate aminotransferase; *G4 pneumonia. 
 
best care to these patients. Clinical data obtained in a younger population cannot be automatically extrapolated 
to the great majority of nonselected elderly patients with NSCLC. Elderly patients have more comorbidities and 
tend to tolerate toxic medical treatments less well than their younger counterparts. This patient population is at 
risk of both empirical undertreatment resulting in poor survival or excessive toxicity from standard therapy. 
Some of the data available today are based on retrospective studies of trials which included patients with good 
performance status and of all ages. 

Elderly patients are often present with medical and physiologic characteristics [17]-[20] that make the selec-
tion of their optimal treatment more challenging. Unfortunately, because of this, these patients are at risk of be-
ing undertreated [21]. Aging objectively determines physiologic changes in functional status, organ function, 
and drug pharmacokinetics. Furthermore, concomitant diseases, which may significantly affect functional status, 
general health, and tumor symptoms, are frequently present in this patient population [20]. These comorbidities 
may also result in a higher prevalence of polypharmacy and related risk [21]. In current practice, the elderly are 
often excluded from participation in clinical trials and receive untested or inadequate treatment [22]. In fact, al- 
though most phase II and III trials now do not have an upper age limit, only a minority of elderly patients are 
enrolled in these trials. Retrospective analyses of ordinary trials without age-specific entry criteria are poten-
tially biased by the intrinsic selection that govern enrollment. Single-agent chemotherapy with third-generation 
agents is to be considered the routine standard for the care of unselected patients. 

Single-agent chemotherapy was one of the first approaches to being evaluated in this setting, and third-gene- 
ration monotherapy with vinorelbine, gemcitabine and taxanes (paclitaxel and docetaxel) is currently the ap-
proach supported by prospective, elderly-specific clinical data, by the American Society of Clinical Oncology 
(ASCO) guideline and International Experts panels in unselected patients [3] [23]. Several factors should be 
considered by the clinician when the drug to be administered is chosen; this choice should take into account the 
expected toxicity profile of the agent, pharmacokinetics, organ function, and comorbidities. After an appropriate 
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communication process, patients’ preferences may also facilitate the decision making process. The landmark 
phase III trial in 191 patients (the Elderly Lung Cancer Vinorelbine Italian Study, or ELVIS study) showed that 
single-agent vinorelbine improved the quality of life and survival compared with supportive care alone (median 
survival, 27 versus 21 weeks, p = 0.04) [24]. Several phase II trials showed the role of gemcitabine in this set-
ting with an overall response rate of 18% - 38%, a median survival of 6.8 - 9 months, and a predictable and ac-
ceptable toxicity profile [25]. Also, paclitaxel and docetaxel have demonstrated both activity and tolerability in 
the treatment of advanced NSCLC. In an effort to reduce the toxicity, weekly regimens of single-agent pacli-
taxel have been investigated in three phase II studies with response rates ranging from 3% to 23%, median sur-
vival of 6.8 - 10.3 months, and tolerable toxicity profiles [26]. Regarding docetaxel, a randomized phase III trial 
(with 182 patients enrolled) showed that docetaxel, administered at 60 mg/m2 every 21 days, was at least as 
good as vinorelbine in terms of median survival in the treatment of elderly advanced NSCLC patients (14.3 
months versus 9.9 months with docetaxel and vinorelbine, respectively; hazard ratio [HR], 0.780; 95% confi-
dence interval [CI], 0.561 - 1.085; p = 0.138) [27]. Docetaxel improved the progression-free survival (PFS) (5.5 
months versus 3.1 months; p < 0.001) and response rate (22.7% versus 9.9%; p = 0.019) versus vinorelbine, but 
was associated with more grade 3 - 4 neutropenia (82.9% for docetaxel; 69.2% for vinorelbine; p = 0.031). Thus, 
docetaxel can be considered a reasonable option in this clinical setting. 

Nonplatinum-based combinations have been developed. The most studied regimen is gemcitabine plus vino- 
relbine. The largest randomized phase III trial, called MILES (Multicenter Italian Lung Cancer in the Elderly 
Study), accrued about 700 elderly patients and showed that the combination of vinorelbine plus gemcitabine was 
no more effective than single-agent vinorelbine or gemcitabine in the treatment of elderly patients with ad- 
vanced NSCLC [20]. The median survival was 36, 28 and 30 weeks, and the probability of being alive after 1 
year was 38%, 28% and 30%, for vinorelbine, gemcitabine and the combination, respectively. Although the 
quality of life was similar across the three treatment arms, the combination treatment was slightly more toxic 
than the two drugs given singly. 

Cisplatin-based chemotherapy is currently recommended as the standard approach for patients with advanced 
NSCLC. However, to date, no prospective phase III study has explored the reproducibility of this benefit in el- 
derly patients. Cisplatin administration is mainly associated with significant renal, neurological and gastrointes- 
tinal toxicity, and the evaluation of the risk versus benefit ratio should be particularly rigorous in elderly patients. 
The benefit of platinum doublet chemotherapy for the elderly is still controversial. Some investigators recom- 
mend single-agent chemotherapy with new-generation chemotherapeutic agents such as vinorelbine or gemcita- 
bine on the basis of the evidence from some phase III trials [20] [24] [27]; on the other hand, others consider 
that platinum doublet chemotherapy is also acceptable for elderly patients, although the frequency and severity 
of the toxic effects associated with the latter are generally high [28]. 

In the elderly patient population, reduction of the creatinine clearance and cisplatin renal excretion is expected 
to increase the potential for toxicity, and the presence of comorbidities and compromised performance status 
may preclude cisplatin administration in a significant proportion of the elderly patients [29]. A retrospective 
analysis of cisplatin-based chemotherapy in NSCLC patients revealed a significant increase in the death rates 
within 30 days of starting the chemotherapy with increasing age (0.5%, 3.3%, 3.2%, 7.1%, and 12.5% for pa-
tients ≤54, 55 to 59, 60 to 64, 65 to 69, and ≥70 years, respectively; p = 0.0001) [30]. However, the frequency of 
renal toxicity after cisplatin administration to elderly patients has been studied by several authors, and with the 
exception of one study [31], the studies demonstrated an acceptable rate of renal function deterioration without a 
significant increase in age-related incidence [32]-[34]. These data support the feasibility of administering cis-
platin to elderly patients, but the benefit of platinum-based combination chemotherapy (eventually modified in 
dose and/or schedule) should be proven by clinical trials specifically designed for elderly patients. These studies 
are still lacking, and evidence to support the use of platinum agents in elderly patients with advanced NSCLC 
comes only from several retrospective analyses of the subgroup of elderly patients enrolled in randomized trials 
without an upper age limit in the inclusion criteria [3] [28] [35]-[40]. 

Elderly patients were much less likely to receive chemotherapy, and they were more likely to receive nonpla- 
tinum chemotherapy regimens when they did receive chemotherapy. Elderly patient who received chemotherapy 
had significantly lower baseline (i.e., pretreatment) medical event rates, which reflected the selection of the fit-
test elders for treatment. Despite this selection, significantly higher adverse event rates were seen during the 
chemotherapy among the oldest age group compared to the youngest age group, and these rates reached 42.4% 
(95% CI, 36.1% to 48.7%) in patients age 65 to 74 years (RR, 1.70; 95% CI, 1.19 to 2.43) before dropping 
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slightly to 36% (95% CI, 28.7% to 43.3%) in patients age 75 years and older (RR, 1.34; 95% CI, 0.90 to 2.00) 
[41]. These findings are consistent with previous studies that showed that the elderly were much more likely to 
not receive therapy and that, when treated, the elderly were much more likely to receive less aggressive therapy 
[42]-[45]. None of these age relationships could be explained by a severity-adjusted measure of comorbidity. 

Carboplatin shares a common mechanism of action with cisplatin but causes less nausea or vomiting, nephro-
toxicity and neurotoxicity than does the latter drug and does not require hydration. Several randomized trials that 
have compared combination therapies based on carboplatin or cisplatin in indivisuals with advanced NSCLC 
have detected no significant differences in terms of the patient response rate and survival, whereas the toxicity 
of the platinum-based therapies was less than that of those based on cisplatin [5] [39] [46] [47]. These analyses 
show a similar outcome of platinum-based therapy for elderly patients compared to their younger counterparts, 
in terms of the response rate and overall survival, with a similar toxicity and nonsignificant adverse effect on the 
quality of life (as shown by Eastern Cooperative Oncology Group trial 5592 [28]. It is important to note, how-
ever, that the percentage of elderly patients enrolled in these studies with cisplatin did not exceed 20% of the 
actual study population.  

A recent meta-analysis showed superior results in favor of cisplatin- versus carboplatin-based chemotherapy 
as the first-line treatment of advanced NSCLC [48]. In fact, in this meta-analysis, the authors showed a benefit 
in favor of cisplatin, but in a subgroup analysis restricted to the platinum-based chemotherapy with third-gene- 
ration agents, a survival benefit in favor of cisplatin was reported. Moreover, although carboplatin causes lower 
rates of emesis, nephrotoxicity and neurotoxicity, it is associated with a higher hematological toxicity than cis-
platin, particularly when combined with other myelotoxic drugs such as gemcitabine. Thus, in elderly patients, 
also safety remains a problem with the carboplatin-based chemotherapy. The issue of cisplatin- and car-
boplatin-based therapy for elderly patients with advanced NSCLC has been addressed in the retrospective 
analyses of large randomized trials [38]-[40] [46] [49] [50]. Treatment outcomes of patients younger and older 
than 70 years enrolled in these trials were compared. Overall, these analyses found no differences in survival 
between the elderly and younger patients, but, with a small but significant increase in toxicity in the elderly. 
Also, in the adjuvant setting, a recent pooled analysis found no effect of age on the outcomes of the cis-
platin-based adjuvant chemotherapy [51]. This is a further finding that suggests that cisplatin-based chemother-
apy should not be withheld from elderly patients with NSCLC purely on the basis of age. 

Randomized trials demonstrate that chemotherapy improves the survival and quality of life in advanced 
NSCLC [23]. Two-drug platinum-based regimens (platinum doublets), generally a combination of cisplatin or 
carboplatin and another cytotoxic agent, demonstrate a survival advantage compared with single agents and are 
considered the standard of care for fit patients [46] [52]-[54]. The evidence of treatment efficacy for patients 
with diminished performance status or older than 70 years is limited, as these patients are frequently excluded 
from clinical trials due to the potential for toxicity and the expectation of limited benefit [55]. 

Three prospective randomized trials have investigated the optimal chemotherapy for elderly (70 years or older) 
NSCLC patients [20] [24] [56]. The Elderly Lung Cancer Vinorelbine Italian Study Group reported a signifi-
cantly superior survival and quality of life with single-agent vinorelbine over the best supportive care (median 
survival time, 6.4 months and 4.8 months, respectively; n = 161) [24]. Two other studies have attempted to de-
termine whether doublet regimens are optimal over single-agent therapy in elderly patients [20] [56]. The con-
clusive results were reported in the Multicenter Italian Lung Cancer in the Elderly Study (MILES), which en-
rolled more than 700 patients and reported no significant survival difference between single-agent vinorelbine, 
single-agent gemcitabine, or a regimen with both agents combined [20]. 

In particular, the combination of carboplatin and paclitaxel is the most commonly used regimen for the treat- 
ment of advanced NSCLC and has been selected as the reference arm in several phase III trials [57] [58]. With 
regard to the carboplatin and paclitaxel combination, peripheral neuropathy, myalgia, arthralgia, and myelosup- 
pression are the major clinical condition that distress patients and sometimes lead to treatment withdrawal. To 
minimize the occurrence of these toxic effects and to improve the tolerability of this regimen, a weekly schedule 
of paclitaxel has been evaluated and found to be associated with a reduction in the treatment toxicity and feasi- 
ble therapeutic indices for patient with advanced NSCLC although these studies mainly included younger pa- 
tients, while the benefit of such a regimen for elderly patients remains unknown [50] [59] [60]. 

For patients who are candidates for adjuvant therapy but are considered too high risk for platinum-based 
therapy, single-agent therapy may be a reasonable alternative, and is currently under investigation. A recently 
published meta-analysis by Des Guetz et al. [61] analyzed the benefit-to-risk ratio of doublet chemotherapy 
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versus single-agent therapy in patients more than 70 years of age with advanced NSCLC [61]. The meta-analysis 
evaluated ten studies and included 2605 patients. Toxicity was found to be significantly more frequent in pa- 
tients receiving doublets, compared to single-agent therapy; but no difference was found in the 1-year overall 
survival [61].  

Our two regimens, the GC and PC regimens, were frequently selected for inoperable advanced lung cancer in 
clinical practice. In our carboplatin-based chemotherapy setting for elderly patients with the resected NSCLC, 
grade 3/4 thrombocytopenia was significantly observed in the GC regimen compared to those in the PC regimen. 
The nonhematological toxicities were mild except for infection. Grade 4 pneumonia was observed in 1 patient 
(1/15, 6.7%) of the PC regimen compared to none in the GC regimen. Grade 1/2 alanine aminotransferase and 
aspartate aminotransferase (ALT/AST) in the GC regimen were significantly more observed compared to those 
of the PC regimen. Grade 1/2 alopecia was significantly more observed in the GC regimen. Strengths and limi-
tations of this retrospective study are suggested to be the data from a small number of surgical Japanese patients 
in clinical practice and to be preliminary outcomes from elderly NSCLC patients to perform the next random-
ized perspective study.  

Based on the results of our above-mentioned clinical outcomes, the toxicities of the GC regimen and PC 
regimen for the elderly patients in NSCLC were different, however, both regimens were feasible and safely per- 
formed. The GC and PC regimens were well tolerated, and there were no chemotherapy-related deaths. Accor- 
dingly, the GC and PC regimens could be considered as a treatment option for Japanese elderly patients. 
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