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Abstract

We conducted a phase II study of combination chemotherapy with carboplatin (Cb) and peme-
trexed (Pem) followed by gefitinib (Gef) to determine the effects and toxicities in patients with
non-small cell lung cancer (NSCLC) harboring sensitive EGFR mutation. Eligible patients received
four courses of Cb at a dose corresponding to a target area under the curve equal to 6 mg/mL-min
and 500 mg/m? Pem on day 1 every three to four weeks followed by sequential Gef 250 mg once a
day until tumor progression. Sixteen of registered 28 patients responded to Cb and Pem combina-
tion. Twenty-seven patients received sequential Gef and 8 non-responders to Cb and Pem achieved
PR. The overall response rate was 85.7%. Among the major toxicities, grade 3 SGPT elevation,
nausea and thrombosis were observed in 3, 3 and 1 patients, respectively, who received Cb and
Pem, and grade 3 SGPT elevation and dry skin were observed in 5 and 1 patients, respectively,
who received Gef. There was no febrile neutropenia and no treatment-related death. The median
progression-free survival time was 19.1 months. Among 21 patients who were followed up for
more than 2 years, 14 survived during that time. Cb and Pem followed by Gef maintenance are
recommended for further evaluation for patients with metastatic NSCLC harboring sensitive EGFR
mutation.
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1. Introduction

Current chemotherapy regimens for metastatic non-small cell lung cancer (NSCLC) such as adenocarcinoma,
squamous cell carcinoma, large cell carcinoma and undifferentiated carcinoma are not particularly effective.
Regimens based on combinations of anticancer agents such as vinorelbine, gemcitabine, docetaxel and paclitaxel
with platinum compounds have emerged as a gold standard for such patients [1]. Additional improvement of
overall survival has been demonstrated for bevacizumab with carboplatin plus paclitaxel for patients with ad-
vanced or recurrent NSCLC [2]. The epidermal growth factor receptor (EGFR) superfamily was identified early
as a potential therapeutic target in solid tumors. Inhibitors of EGFR tyrosine kinase such as gefitinib (Gef) are
orally active and can produce an objective response in patients with previously treated or untreated advanced
NSCLC [3]-[5]. Two pivotal studies demonstrated that EGFR mutants enhanced tyrosine Kinase activity in re-
sponse to epidermal growth factor and increased sensitivity to inhibition by Gef, and have shown that the pres-
ence of EGFR mutant is strongly correlated with an increased response to EGFR tyrosine kinase inhibitors (TKI) in
patients with NSCLC [6] [7]. Large randomized controlled trials involving patient cohorts enriched for patients
harboring EGFR-activating mutations have demonstrated the superiority of EGFR-TKI treatment over conven-
tional cytotoxic drugs in terms of progression-free survival and objective response rate [8]-[12]. Two studies de-
signed to compare the activity of Gef with that of platinum-based chemotherapy in Japan demonstrated signifi-
cantly better progression-free survival in the Gef treatment group [9] [10]. All of the patients in both studies
were eligible for crossover treatment with platinum-based chemotherapy and Gef. Most patients who had re-
ceived platinum-based first-line chemotherapy chose Gef for the second-line treatment, and achieved tumor re-
gression with the latter agent. Thus, long-term analysis has demonstrated that courses of treatment initiated with
Gef achieve overall survival similar to that of traditional treatment initiated with platinum doublet regimens for
such patients [9] [10]. Accordingly, it has been suggested that patients with EGFR mutations should receive
both Gef and a platinum doublet regimen. However, in the two trials conducted in Japan, one third to half of pa-
tients who received Gef as first-line therapy continued to receive Gef beyond the PD stage because of anxiety
about chemotherapy-related cytotoxicity. It is important to choose a treatment strategy that is acceptable for the
majority of patients, and for this purpose, less toxic platinum-based regimens might be selected. Most cases of
EGFR mutation are detected in non-squamous cell carcinoma, and drugs that are more effective against this his-
tologic type of cancer should be chosen. Pemetrexed (Pem) is the first drug for which effects have been found to
differ according to histologic type [13], being more effective against non-squamous than against squamous cell
carcinoma. There are no significant differences between cisplatin-based and carboplatin (Cb)-based regimens
[14] [15], and Cb plus Pem has been shown to have almost the same efficacy as Cb plus gemcitabine, but with
lower toxicity [16]. Therefore, we planned a prospective phase Il study of Cb and Pem followed by sequential
Gef therapy.

2. Patients and Methods

Patients. Patients with histologically or cytologically proven stage I11B or IV NSCLC harboring sensitive EGFR
mutations were registered for the Cb and Pem combination followed by Gef chemotherapy. Eligibility criteria
for the chemotherapy were: no prior chemotherapy, expected survival of at least six weeks, age 20 to 75 years,
Eastern Cooperative Oncology Group PS score < 1, leukocyte count > 4000/ul, hemoglobin count > 9.0 g/dI,
platelet count > 100,000/pl, total serum bilirubin < 1.5 mg/dl, aspartate aminotransferase and alanine amino-
transferase < 100 TU/L, and serum creatinine < 1.5 mg/dl. Patients with postoperative recurrence were eligible.
The Institutional Review Board of Kanagawa Cancer Center reviewed and approved this study prior to com-
mencement. Written informed consent was obtained in every case.

Chemotherapy. Patients exhibiting no disease progression were treated every 3 to 4 weeks with Cb at a dose
corresponding to a target area under the curve (AUC) equal to 6 mg/mL-min (AUC 6) and 500 mg/m? Pem on
day 1. All patients were instructed to take oral daily doses of folic acid beginning 1 week before the first dose of
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Pem and 3 weeks after the last cycle of CbPem. Injection of vitamin B12 was given 1 week before the first dose
of Pem and at 9-week intervals during CbPem treatment. Patients received 5-HT; antagonist IV and 8 mg dex-
amethasone IV before administration of the anticancer drugs. The Cb and Pem chemotherapy was repeated for a
maximum of four cycles unless the disease progressed, or if severe toxicities developed. Patients who required
dose reduction twice terminated Ch and Pem chemotherapy and switched to sequential chemotherapy with Gef.
Non-responders after 2 cycles of CbPem were allowed to switch to Gef treatment.

Sequential chemotherapy with Gef 250 mg p.o. once a day was started after completion of the Cb and Pem
combination chemotherapy when the following criteria were satisfied: PS score < 2, leukocyte count > 3000/pl,
platelet count > 100,000/pl, total serum bilirubin < 1.5 mg/dl, aspartate aminotransferase and alanine amino-
transferase < 100 TU/L, serum creatinine < 1.5 mg/dl, and other toxicities < grade 1. If grade 4 hematological
toxicities, grade 2 pneumonitis, or grade 3 other non-hematological toxicities appeared, sequential Gef treatment
was interrupted for a maximum of 30 days until the toxicities became less than grade 2. Tumor responses were
evaluated according to the RECIST criteria [17], and toxicities were evaluated according to the NCI-CTC ver.3
criteria.

Study design. We chose a 60% two-year survival rate as a desirable target level, and considered a 40% re-
sponse rate to be non-significant. The study design had the power to detect responses greater than 90%, with less
than 10% error. Therefore, we required 29 assessable patients in the first stage and 25 in the second stage, ac-
cording to the Minimax design of Simon [18]. We decided to stop the study if fewer than 12 patients survived
for 2 years in the first stage. This regimen was defined as active if the number of 2-year survivors was >28 out
of 54 patients, and inactive if the number of responders was <27. Survival was estimated using the method of
Kaplan and Meier. This study is registered with the University Hospital Medical Information Network (UMIN)
Clinical Trial Registry (UMIN C000003354).

3. Results

Between June 2010 and January 2015, 29 patients were registered in the study. Patient characteristics are sum-
marized in Table 1. One patient was unable to receive this experimental chemotherapy because of leukopenia

Table 1. Patient characteristics.

No. of patients

Total 29

Age, years Median 64
Range 41-71

Gender Male 6

Female 23

Performance status 0 17

(ECOG) 1 12

Smoker 12

Clinical stage v 27

Postoperative recurrence 2

Histology Adenocarcinoma 28

Non-small cell carcinoma 1

EGFR mutation 18 1

19 14

21 14

Brain meta 8
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<3000/uL just before the start of treatment. The other 28 patients were assessed for response, toxicities and sur-
vival. Induction chemotherapy was delivered as shown in Table 2. Twenty-one patients (75.0%) were able to
receive 4 cycles of Cb and Pem combination chemotherapy. Two patients dropped out after the first cycle of in-
duction chemotherapy: one with grade 3 SGOT and SGPT elevation, and one with grade 3 thrombosis in the
lower limbs. Induction chemotherapy was stopped after 2 cycles in 3 patients: 2 showing no tumor regression,
and one with grade 4 thrombocytopenia. Two patients dropped out after 3 cycles of induction chemotherapy be-
cause of grade 3 nausea. Treatment-related toxicities during the induction chemotherapy are listed in Table 3.
One patient developed grade 4 thrombocytopenia requiring transfusion. Among non-hematological toxicities,

Table 2. Delivery of chemotherapy.

Cb + Pem No. of cycles No. of patients
1 2
2 3
3 2
4 21
Gef maintenance Months
Median 12.0
Range 1.0+ - 39.7+

Table 3. Toxicities in Cb + Pem combination chemotherapy.

Grade (NCI-CTC ver.3)

0 1 2 3 4 % gr.3, 4
Hemoglobin 0 11 11 6 0 21.4
Leukocytes 7 6 12 13 0 46.4
Neutrophils 2 5 9 11 1 42.9
Platelets 2 10 9 6 1 25.0
Bilirubin 22 5 1 0 0 -
Creatinine 27 1 0 0 0 -
SGOT 6 15 4 3 0 10.7
SGPT 12 9 4 3 0 10.7
Hypertension 27 1 0 0 0 -
Fatigue 1 18 8 1 0 3.6
Fever 22 6 0 0 0 -
Alopecia 26 2 0 0 0 -
Rash/desquation 25 3 0 0 0 -
Anorexia 23 4 1 0 0 -
Constipation 21 7 0 0 0 -
Diahhea 27 1 0 0 0 -
Gastritis 27 1 0 0 0 -
Stomatitis 26 1 1 0 0 -
Nausea-vomiting 4 16 4 4 0 14.3
Taste alterration 27 1 0 0 0 -
Febrile neutropenia 28 0 0 0 0 -
Syncope 27 0 0 1 0 3.6
Pneumonitis 28 0 0 0 0 -
Thrombosis 27 0 0 1 0 3.6
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grade 3 SGOT and SGPT elevation, fatigue, nausea and vomiting, syncope, and thrombosis were observed.
Other non-hematological toxicities were mild and there was no febrile neutropenia. The outcome of the Cb and
Pem regimen in the 28 patients was PR in 16, SD in 11 and PD in one, with an overall response rate of 57.1%.

One responder underwent surgical resection and other 27 patients received sequential Gef treatment. The me-
dian duration of sequential Gef treatment was 12.0 months (range: 1.0+ to 39.7+ months). Eight patients who
did not respond to CbPem achieved PR with Gef treatment, and the overall response rate for Cb and Pem fol-
lowed by Gef was 85.7%. Treatment-related toxicities during Gef treatment are listed in Table 4. There were no
grade 4 hematological toxicities. Non-hematological toxicities were almost mild.

Sixteen patients dropped out study mainly because of PD and received second line treatment such as erlotinib
in 6, carboplatin-based chemotherapy in 5, docetaxel-based chemotherapy in 2 and others in 3 patients.

The progression-free and overall survival curves are shown in Figure 1, although these survival data are in-
complete. Nine patients died during the follow-up period, and 12 of the 19 survivors had no tumor recurrence.
The median progression-free time was 19.1 months (range 3.0+ to 44.1+ months). The overall survival curve did
not reach 50% and the median survival time was not determined (median 36.9+ months). Among the 21 patients
who were followed up for more than 2 years, 14 survived for this period (Figure 2).

Table 4. Toxicities in gefitinib treatment.

Grade (NCI-CTC ver.3)

0 1 2 3 4 % gr.3,4
Hemoglobin 2 19 5 1 0 3.7
Leukocytes 21 4 2 0 0 -
Neutrophils 19 5 2 1 0 3.7
Platelets 24 3 0 0 0
Bilirubin 27 0 0 0 0
Creatinine 27 0 0 0 0
SGOT 7 11 7 2 0 7.4
SGPT 11 7 4 5 0 18.5
Hypertension 26 1 0 0 0
Fatigue 9 16 2 0 0
Dry skin 20 7 0 1 0 3.7
Nail change 25 2 0 0 0
Pruritis 18 9 0 0 0
Rash 18 9 0 0 0 -
Acne 19 7 1 0 0 -
Constipation 20 7 0 0 0 -
Diahhea 20 7 0 0 0
Gastritis 26 1 0 0 0
Stomatitis 24 3 0 0 0
Nausea-vomiting 26 1 0 0 0
Febrile neutropenia 27 0 0 0 0
Pneumonitis 26 0 1 0 0
Cystitis 26 1 0 0 0
Headache 26 1 0 0 0
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Figure 1. Progression free survival curve constructed by the Kaplan-Meier method. Twelve of the 19 sur-
vivors had no tumor recurrence. The median progression-free time was 19.1 months (range 3.0+ to 44.1+
months).
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Figure 2. Overall survival curve constructed by the Kaplan-Meier method. The overall survival curve did
not reach 50% and the median survival time was not determined (median 36.9+ months). Among the 21
patients who were followed up for more than 2 years, 14 survived for this period.
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4. Discussion

The current standard treatment for patients with NSCLC harboring sensitive EGFR mutation is EGFR-TKI mo-
notherapy. Many clinicians have considered that not only EGFR-TKI but also cytotoxic drugs are necessary for
these patients in order to improve survival. In fact, a phase Il study comparing Gef with Cb and paclitaxel for
chemo-naive NSCLC with sensitive EGFR gene mutation found that about 10% of patients who did not receive
platinum agents died within 6 months, despite the fact that most patients who received Cb and paclitaxel as
first-line treatment were able to survive for 6 months or more. The same study also showed that patients who
received EGFR-TKI, platinum agents, and Pem or docetaxel achieved significantly better overall survival than
patients who received EGFR-TKI, platinum agents, but neither Pem nor docetaxel in the final analysis [19].
These data strongly support our treatment strategy using the Cb, Pem and Gef combination. In the present study,
Cb and Pem followed by Gef showed extremely high activity against NSCLC harboring EGFR mutation, with a
response rate of 85.7%. This activity was similar to that achieved with the same regimen in a recently published
randomized phase 11 study in Japan [20]. Fourteen of 21 patients who were registered to this study for 2 years or
more were able to survive for at least this period. Thus, two thirds of the studied patients survived for 2 years or
more on the present combination chemotherapy. These results are more favorable than those of phase 111 studies
of Gef monotherapy in Japan.

Twenty-one patients received 4 full cycles of the Cb and Pem regimen in the present study, being comparable
to a phase 11l study of Cb and Pem relative to Cb and gemcitabine [16]. In two phase Il trials conducted in Ja-
pan, about one third to half of all patients treated with Gef as first-line chemotherapy continued to receive Gef
beyond the PD stage because of anxiety about chemotherapy-related cytotoxicity. Although platinum-based
chemotherapies modestly improve survival and palliate some tumor-related symptoms in patients with locally
advanced metastatic NSCLC, the chemotherapy-related adverse effects sometimes outweigh the benefits. Con-
sequently, a practical short-term goal is to identify new regimens that would maintain the same level of efficacy
as cisplatin-based combinations while offering a better toxicity profile. The present small phase Il study demon-
strated encouraging results for the Cb and Pem regimen. The incidence of serious hematologic and non-hema-
tologic toxicities was similar to that in a randomized phase Il study of the same treatment schedule conducted in
Japan [20], which was a very low incidence in comparison with other platinum-based chemotherapies [1] [21].
Thus, the regimen is considered to be acceptable for patients who are concerned about the cytotoxicity of an-
ti-cancer drugs.

In the present study, the median period until disease progression in patients receiving sequential treatment
with Gef was 12.0 months, which was longer than the periods of 9.2 and 10.8 months for Gef monotherapy in
patients with EGFR mutation in randomized studies conducted in Japan [9] [10]. Moreover, sequential Gef
treatment resulted in tumor regression in 8 of 12 patients (66.7%) who did not respond to Cb and Pem treatment.
This response rate is equal to the activity reported for Gef alone against lung cancer harboring EGFR mutation
in large-scale studies, and a response rate as high as 88.7% for the three-drug combination used in the present
study. These data suggest that the anti-tumor mechanism of Cb and Pem differs from that of Gef.

Unfortunately, accrual of patients for this study was slow and we decided to stop the study at the first stage. A
phase 11 study requiring 50 - 60 patients is considered difficult to perform at a single institution. The safety of
the present Cb and Pem combination followed by Gef treatment would be sufficiently acceptable for patients
who anticipate several types of toxicity induced by anti-cancer drugs, but a comparative study will be required
to determine whether the present treatment could become a gold standard for patients with NSCLC harboring
sensitive EGFR mutation. A phase Il study has already been initiated to compare Cb and Pem combination
chemotherapy plus Gef with standard Gef monotherapy in the setting of EGFR mutation in Japanese patients.

5. Conclusion

In conclusion, Cb and Pem followed by Gef maintenance are likely feasible and recommended for further evalu-
ation for patients with metastatic NSCLC harboring sensitive EGFR mutation.
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