predictors and threshold values for acute radiation esophagitis
in patients with stage IIl NSCLC who underwent concurrent
chemoradiotherapy without ENL

Materials and Methods
Patient Selection and Eligibility Criteria

The subjects of this study were patients with unresectable
stage IIT NSCLC treated by high-dose 3-dimensional confor-
mal radiotherapy (3DCRT) and concurrent chemotherapy as
previously described in detail (14). Patients whose radiation
therapy could not satisfy the eligibility criteria of normal tis-
sue constraints at each allocated prescribed dose with 3DCRT
planning were excluded from the study. The normal tissue con-
straints were lung V20 << 30%, maximal dose of the esopha-
gus and brachial plexus <66 Gy, and spinal cord dose below
44 Gy in 22 fractions or 50Gy in any fractions. The protocol
was approved by the local institutional review board.

Treatment

Chemotherapy consisted of cisplatin (CDDP) of 80 mg/m? on
day 1 and vinorelbine (VNR) of 20mg/m? on days 1 and 8,
repeated every 4 weeks for 3-4 cycles. External beam radio-
therapy started on day 1 of the first cycle of chemotherapy,
performed once daily at 2Gy per fraction, 4-5 days a week,
with 6-10MV X-rays from linear accelerators (Clinac; Var-
ian, Palo Alto, Calif. USA) using 5mm width multileaf col-
limators (MLC). 3DCRT was planned using Xio® (CMS,
St Louis, MO, USA) or Eclipse® (Varian, Palo Alto, Calif.
USA). Gross tumor volume (GTV) for the primary tumor
(GTVp) was determined through analysis for exhale and
inhale phases in pulmonary windows of the chest CT, and
FDG-PET was accepted to make distinction between GTVp
and atelectasis. Nodal involvement was considered as present
if the nodes were larger than 10mm in the shortest diameter
in CT images of mediastinal windows and/or if the nodes
were FDG-positive. GTV of the nodal disease was defined
as GTVn. Clinical target volume (CTV) was equivalent to
GTVp and GTVn. ENI was strictly prohibited. Planning tar-
get volume (PTV) was defined as CTV plus 1.0 cm for the
anterior, posterior, medial, and lateral margins and 1.0 to 2.0
cm for the superior and inferior margins as a setup margin
and an internal motion by respiration. MLC margins were
usually fixed at 0.5 cm.

3DCRT using multiple ports including oblique fields was
acceptable but use of intensity-modulated radiotherapy
(IMRT) was not allowed. Dose was prescribed to the isocenter
in most patients and was calculated according to a superposi-
tion algorithm with a heterogeneity correction to cover the
entire PTV with 90-110% of the prescribed dose. A 3DCRT
replan according to tumor shrinkage or organ at risk (OAR)
dose limits was not always necessary. The total dose fraction-

Kuroda et al.

ation was defined as 66 Gy in 33 fractions, 72 Gy in 36 frac-
tions, and 78 Gy in 39 fractions as previously described (14).

DVH Analyses

All patients underwent radiotherapy planning CT (Aqullion
LB®, Toshiba Medical Systems Corporation, Tokyo, Japan)
within 1 week before the start of treatment, and the eligibility
was finally confirmed by experienced radiation oncologists
based on DVH parameters of OAR and normal tissue dose
constraints mentioned above. For DVH analyses of the lungs,
volumes of GTVp and GTVn were subtracted from bilateral
lungs. The esophagus was delineated by its outer wall with-
out considering cavity from the lower end of the cricoid car-
tilage to the upper end of the stomach. The maximum and
mean irradiated doses and Vd of the esophagus were calcu-
lated by DVH analyses. Vd was defined as the percentage of
the specified esophagus portion that was irradiated with more
than d Gy. V5, V20, V35, V50, and V65 were calculated.

Toxicity Evaluation and Follow-Up

Patients who completed the protocol were followed up to
monitor toxicity, though routine endoscopic examinations of
the esophagus were not performed during and after the treat-
ment. As acute morbidities, grade 2 or worse (G =2) radia-
tion esophagitis, body weight loss G =2 during the treatment
(more than 10% loss than baseline), grade 3 or worse (G =3)
anemia (hemoglobin <8.0 g/dl), and hypoalbuminemia G =2
(serum albumin <3.0g/dl) were evaluated until 10 weeks
after treatment according to common terminology criteria
for adverse events (CTCAE) version 4.0 (27). Any events of
body weight loss G =2, anemia G =3, and hypoalbuminemia
G =2 were defined as nutritional events.

Statistical Analysis

Patient and treatment characteristics were compared using the
Mann-Whitney U test and Pearson’s chi-square test. Overall
survival (OS) was estimated from the start of treatment to the
date of death considered as an event and censored at the time
of the last follow-up. Time to progression (TTP) was estimated
from the start of treatment to the date of progression considered
as an event and censored at the time of the last follow-up. The
cumulative rate of acute esophagitis was calculated from the
start of treatment to the date of maximum grade of esophagitis.
As for acute esophagitis, grade 2 or worse was considered as
an event. OS, TTP, and acute esophagitis rate were calculated
by the Kaplan-Meier method (28) and were compared by the
log-rank test. Logistic regression analysis was performed with
potential Vd that showed statistically significant differences
between G =2 and G 0-1 radiation esophagitis in univariate
analysis. Predictive ability was estimated by use of the area under
the curve (AUC) of receiver operating characteristic (ROC)
curves analysis which provides the sensitivity and specificity
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associated with G =2 radiation esophagitis. The cut-off value
was set to the median. A multivariable analysis testing for
effects on G =2 radiation esophagitis of age (<70 vs. =70),
albumin before treatment (=3.5 vs. <<3.5mg/dl), stage (ITIA vs.
IIIB), primary site (right vs. left lung), dose (<72 vs. =72Gy),
and the predictive Vd of the esophagus (= vs. > cut-off value)
was performed using the Cox proportional hazards model.
PASW 18.0 software for Windows (SPSS Japan, an IBM com-
pany, Chicago, IL, USA) was used for all statistical analyses.
A p value of <0.05 was considered significant.

Results

Between August 2005 and February 2010, 32 patients were
entered in this protocol. Patient, tumor, and treatment character-
istics are shown in Table I and Table II. After a median follow-up
period of 42.6 months (range: 7.9-69.6 months), 3-year OS and
TTP rates were 64.3% and 31.3%, respectively. The maximal
grades of acute radiation esophagitis occurring in 2-10 weeks
after the start of treatment were classified into Grade 0-1, Grade 2,
Grade 3, and Grade 4-5 in 11 (34.4%), 20 (62.5%), 1 (3.1%),
and 0 (0%) of the patients, respectively (Figure 1). Between
G =2 and G 0-1 radiation esophagitis, there was no significant
difference in sex, age, stage, primary site, or pathology (Table I).
In addition, volumes of GTV and PTV, prescribed dose, and

number of chemotherapy cycles delivered had no impact on the
incidence of acute esophagitis G =2 (Table II). Acute radiation
esophagitis of G =2 did not have adverse impacts on nutritional
events including body weight loss (G =2), anemia (G =3), and
hypoalbuminemia (G =2).

As for radiation DVH variables, median irradiated dose of the
esophagus was 1536 cGy (Table III). There were significant
differences between the incidences of G =2 and G 0-1 acute
radiation esophagitis in maximal and median doses, V5-V65
of the esophagus (Table III). In these statistically significant
variables obtained from univariate analyses, only V35 of the
esophagus remained significant by multivariate analysis as a
predictor of G =2 radiation esophagitis (OR = 0.74 [95%CI;
0.60-0.91], p = 0.006) (Figlire 1). V35 of the esophagus
showed the highest AUC of 0.926 in the ROC curve. Cumu-
lative rates of acute esophagitis according to V35 values of
more than 20% vs. less are shown in Figure 2. While the inci-
dence of acute esophagitis continued to increase until the end
of radiation therapy in patients with V35 = 20%, the inci-
dence increased only until the 5th week and was statistically
lower (88.9% vs. 35.7%, p = 0.027) in the patients with V35
< 20%. As compared with other factors concerning patient
(age, albumin) and tumor (stage, primary site) and treatment
(dose, esophagus V35) factors, V35 = 20% of the esophagus

Table I
Patients and tumor characteristics with or without acute radiation esophagitis (Grade 2 or worse; CTCAE 4.0).

Characteristics All G =2 esophagitis G 0-1 esophagitis 4
Age Median (range) 61 (41-75) 59 (41-75) 61 (45-74) Ns
Sex Male 26 17 (80.9%) 9 (81.8%) N
Female 6 4 (19.0%) 2 (18.1%) s
1 12 6 (28.5%) 6 (54.5%)
2 9 7 (33.3%) 2 (18.1%)
Tstage 3 5 4(19.0%) 1(9.0%) Ns
4 6 4 (19.0%) 2 (18.1%)
0 1 1 (4.8%) 0 (0.0%)
1 2 1 (4.8%) 1(9.1%)
N stage 2 25 16 (76.1%) 9 (81.8%) N
3 4 3 (14.3%) 1(9.1%)
RUL 18 11 (52.3%) 7 (63.6%)
RML 2 1 (4.7%) 1 (9.0%)
Primary site RLL 3 2 (9.5%) 1(9.0%) Ns
LUL 9 7 (33.3%) 2 (18.1%)
LLL 0 0 (0.0%) 0 (0.0%)
mA 22 14 (66.7%) 8 (72.7%)
Stage 1B 10 7 (33.3%) 3(27.2%) Ns
Pathology SCC 5 3(14.2%) 2 (18.1%)
Ad 25 16 (7.6%) 9 (81.8%) Ns
Others 2 2(9.5%) 0 (0.0%)

Abbreviations: CTCAE = Common terminology criteria for adverse events; G = Grade; RUL = Right upper
lobe; RML = Right middle lobe; RLL = Right lower lobe; LUL = Left upper lobe; LLL = Left lower lobe;
SCC = Squamous cell carcinoma; Ad = Adenocarcinoma; Ns = Not significant.
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Table II
Treatment and patient characteristics with or without acute radiation esophagitis (Grade 2 or worse; CTCAE 4.0).
Characteristics All G =2 esophagitis G 0-1 esophagitis P
GTV (ml) Median (range) 77.3 (6.1-351.0) 83.4 (19.4-181.2) 38.7 (6.1-351.0) 0.14
PTV (ml) Median (range) 306.5 (74.6-767.2) 323.0 (160.9-581.0) 214.3 (74.6-767.2) 0.11
66Gy/33Fr 14 (43.7%) 8 (38.0%) 6 (54.5%)
72Gy/36Fr 12 (37.5%) 7 (33.3%) 5 (45.4%) 0.14
78Gy/39Fr 6 (18.7%) 6 (28.5%) 0(0.0%)
Lung V20 (%) Median (range) 24.9 (11.6-30.0) 26.4 (13.0-30.0) 222 (11.6-29.5) 0.08
CDDP (mg/m?) Median (range) 320 (80-320) 320 (80-320) 320 (80-320) 0.75
VNR (mg/m?) Median (range) 120 (40-160) 140 (40-160) 120 (40-160) 0.81
Before 60.3 (46.3-86.0) 61.4 (47.9-76.1) 56.9 (46.3-86.0) 0.62
Body weight (kg) After 58.3 (43.0-86.7) 59.3 (44.2-72.8) 55.0 (43.0-86.7) 0.72
Loss (%) -22(~15.2-4.7) ~2.3(~15.2-4.7) ~1.9 (—9.1-0.8) 0.90
Before 3.8(3.1-4.4) 3.8(3.1-44) 4(3.1-4.8) 0.40
Albumin (g/dl) After 3.4(2.4-3.9) 3.4(2.7-3.8) 3.5(2.4-3.9) 0.28
Loss (%) 1.2 (—18.4-25.8) 0.0 (—18.4-25.8) 2.5 (—5.4-20.0) 0.35
Before 13.2 (10.1-16.3) 13.4 (10.1-16.3) 13 (11.3-14.6) 0.70
Hemoglobin (g/dh) After 8.9 (6.3-12.3) 8.4 (6.3-12.3) 9.1(7.3-10.6) 0.14
Loss (%) —25.6 (—52.6-—8.3) —27.3 (=52.6-—8.3) —25.0(~35.4-—14.9) 0.10
. Yes 9 (28.1%) 8 (38.1%) 1(9.1%)
Nutrition event No 23 (71.9%) 13 (61.9%) 10 (90.9%) 0.03

Abbreviations: CTCAE = Common terminology criteria for adverse events; G = Grade, GTV = Gross tumor volume; PTV = Planning target volume;

CDDP = Cisplatin; VNR = Vinorelbine.

was an only independent predictor (HR = 0.29 [95%CI;
0.09-0.85], p = 0.025) (Table IV).

Discussion

Since local failure has been reported to occur in one third to
two-thirds of stage III NSCLC patients who have undergone
chemoradiotherapy, the field set-up and dose must be further
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Figure 1: Bar chart showing V35 values of the esophagus. Stage III
NSCLC patients are lined on the x-axis in ascending order of esophagus V35
values. White bars are for grade 0 or 1 (G 0-1) acute radiation esophagitis,
and black bars are for grade 2 or worse (G =2) acute radiation esophagitis.

refined in thoracic radiotherapy (6.29-31). Acute radiation
esophagitis is a common side effect in NSCLC patients
undergoing concurrent chemoradiotherapy, and severe cases
require hospitalization, nutritional intervention, and inter-
ruption of radiotherapy, which potentially aggravate local
control (5-7). In some cases of severe acute esophagitis, the
acute phase of reaction might continue to the late phase as a
consequential toxicity (32). Thus, DVH predictors for acute
radiation esophagitis have become important in the era of
concurrent chemoradiotherapy with a dose escalation.

Previous studies on acute radiation esophagitis have revealed
various DVH predictors (18-26). However, it is difficult to
identify the best predictive DVH threshold for acute radiation
esophagitis because those DVH values were reported with
various endpoints (e.g., G =1, G =2, or G =3). In the first
place, the classification of RTOG grade 1 (mild dysphagia),
grade 2 (moderate dysphagia), and grade 3 (severe dysphagia)
esophagitis might be physician-dependent and ambiguous (7).
Furthermore, there are differences in criteria between RTOG
(33) and CTCAE (27). In CTCAE, grade 1 means any findings
but asymptomatic, grade 2 is symptomatic and/or requiring
medical treatment, and grade 3 is symptomatic and requiring
nutritional intervention. Werner-Wasik et al. recommended that
CTCAE be used for its simpleness and consistency (7). Accord-
ingly, we employed CTCAE for toxicity classification in this
study. By using RTOG criteria, Fernandes et al. reported that
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Table 11T
DVH parameters and acute radiation esophagitis (Grade 2 or worse; CTCAE 4.0).

Esophagitis Esophagitis

G =2 GO-1 UVA MVA ROC

Median Range Median Range P P AUC

Max (cGy) 6764  5700-7839 6005  1520-6755 0.001 NA 0.874
Mean (cGy) 1613 1063-2635 995 154-1607 <0.001 NA 0.911
VS5 (%) 41.7 21.9-54.1 34.1 3.7-714 0.045 0.828 0.719
V20 (%) 31.1 17.2-42.9 20.9 0.0-29.2 <0.001 0.681 0.896
V35 (%) 24.5 15.3-40.7 7.1 0.0-24.3 <0.001 0.006 0.926
V50 (%) 13.6 2.2-355 0.9 0.0-17.7 <0.001 0.974 0.903
V65 (%) 1.2 0.0-21.9 0 0.0-4.5 0.005 0.589 0.792

Abbreviations: CTCAE = Common terminology criteria for adverse events; G = Grade; UVA = Univariate
analysis; MVA = Multivariate analysis; ROC = Receiver operating characteristic curves analysis; AUC = Area

under the curve; NA = Not available.

G =3 acute radiation esophagitis is less frequently encountered
in IFRT than in ENI (13). Our study also showed a very low
incidence (3.1%) of G =3 acute radiation esophagitis, though
CTCAE was used. IFRT without ENI is effective for avoiding
acute radiation esophagitis even with an escalated dose and
concurrent chemotherapy. Because of the low incidence of
G =3 toxicity, G =2 acute esophagitis was considered as a
surrogate event in this study. G =2 esophagitis in this study
showed little impact on any nutritional event with a trend for a
statistically significant difference (38.1% vs. 9.1%, p = 0.08).

Werner-Wasik et al. reported that volumes receiving >40-50 Gy
correlated significantly with acute radiation esophagitis, but this
might not apply to high-dose IFRT with concurrent chemother-
apy (7). Our results demonstrated that V35 of the esophagus
appears to be the most significant DVH predictor (OR = 0.74
[95%CT; 0.60-0.91], p = 0.006) in multivariate analysis. By
dichotomizing at 20% of V35, (Figure 1) a significant differ-
ence was found in the cumulative incidence of acute radiation
esophagits of G =2 at 10 weeks (38.4% vs. 89.4%, p = 0.027)
(Figure 2) (Table IV). Twenty percent of V35 of the esophagus
as a cut-off value for G =2 acute radiation esophagitis appears
to be a stricter constraint than cut-off values recommended by
other researchers (V20 <45%, Wei et al. (18); V35 <30%,

1.0 p=0.027
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Figure 2: Cumulative rates of acute radiation esophagitis according to
V35 of the esophagus. Solid line: V35 of the esophagus less than or equal to
20%, Broken line: V35 of the esophagus over 20%.

Table IV
Multivarite analysis of acute radiation esophagitis (Grade 2 or worse; CTCAE 4.0).

Variate Hazard ratio P
Patient Age =70 0.47 (0.13-1.69)  0.251
Albumin <3.5mg/dl 1.18 (0.39-3.56) 0.762
Tumor Stage IIIA vs. IIIB 0.80 (0.28-2.26) 0.675
Primary site Right vs. Left 1.10 (0.41-2.92) 0.846
Dose =72Gy 0.90 (0.31-2.56) 0.843
Treatment g snaous V35 <20 % 0.29 (0.09-0.85)  0.025

Abbreviations: CTCAE = Common terminology criteria for adverse events; CDDP = Cisplatin;

VNR = Vinorelbine.
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Table V
Comparative table of treatment characteristics and predictive DVH values for acute radiation esophagitis in the literature.
DVH values Radiation esophagitis Concurrent chemotherapy
Constraint G=l G=2 G=3 Ratio

Authors Published Predictor (%) N TRT Median Endpoint Criteria (%) (%) (%) Regimen (%)
Wei et al. (18) 2006 V20 <45 215 IFRT 635 G=3 RTOG 93 45 21  CBDCA+PTX 100
Takeda et al. (19) 2005 V3s <30 61 ENI 60 G=1 RTOG 59 11 Various 67
Belderbos eral. (20) 2005 V35 <31 156 ENI 66 G=2 RTOG 42 20 6 CDDP 24
Hirota et al. (21) 2001 V45 <45 26 ENI 60 G=2 CTCAE 100 69 8 CBDCA+PTX 100
Rodriguez et al. (22) 2009 V50 <30 100 IFRT 62 G =1 RTOG 59 29 4 Platinum doublet 100
Zhu et al. (23) 2010 V50 <11 157 IFRT 61 G=2 RTOG NA 35 13 Various 41
Caglar et al. (24) 2010 V55 <50 109 ENI 60 G=3 CTCAE 87 52 24 Various 100
Singh et al. (25) 2003 Do <58Gy 207 NA 70 G=3 RTOG NA NA 4 Various 26
Kim et al. (26) 2005 V60 <30 124 ENI 60 G=3 RTOG NA NA 12 Platinum doublet 60
This study NA V35 <20 32 IFRT 72 G=2 CTCAE NA 62 3 CDDP+VNR 100

Abbreviations: DVH = Dose volume histogram; N = Numberofcases; G = Grade; V,,,, = Relative volumereceiving specified dose ormore; D, = Maximal dose;
TRT = Thoracic radiotherapy; IFRT = Involved field radiotherapy; ENI = Elective nodal irradiation; NA = Not available; RTOG = Radiation therapy oncology
group; CTCAE = Common terminology criteria for adverse events; CBDCA = Carboplatin; PTX = Paclitaxel; CDDP = Cisplatin; VNR = Vinorelbine.

Takeda et al. (19); V35 <31%, Belderbos et al. (20); V45
<45%, Hirota et al. (21); V50 <30%, Rodriguez et al. (22);
V50 <11%, Zhu et al. (23); V55 <50%, Caglar et al. (24);
maximum dose <58Gy, Singh et al. (25); V60 <30%, Kim
et al. (26)) (Table V). In addition to differences in prescribed
dose and chemotherapy, differences in the endpoint and crite-
ria must be considered as causes of the differences described
above. Another reason for the differences might be the strin-
gent eligibility criteria in this study by which were enrolled
only patients with lung V20 below 30% (median: 25.0, range:
11.6-30.0). And the small number of patients makes it difficult
to test more number of independent parameters, consequently
this is a major limitation of our study concerning a statistical
and clinical applicability standpoint.

In conclusion, incidence of radiation esophagitis was low in our
study and that radiation esophagitis is predictable by using a
dose-volume histogram and can be reduced by minimizing the
low-dose region of whole esophagus. Our proposal for limiting
V35 of the esophagus to less than 20% might be important for
minimizing radiation esophagitis in selected patients with stage
I NSCLC undergoing high-dose IFRT with concurrent CDDP
plus vinorelbine. Optimal DVH predictors for acute radiation
esophagitis are probably different depending on the different
clinical situation and therefore need to be studied further accord-
ing to various combinations of radiation and chemotherapy.
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The predictive factors for the development of brain metastases in
patients with stage lli non-small-cell lung cancer receiving concur-
rent chemoradiotherapy remain unclear. Several studies have
suggested adenocarcinoma as a predictive factor of brain
relapses. In the current analysis, we tied fo identify the factors
associated with brain metastases in stage Wi lung adenocard-
noma. The demographic and clinical characteristics, site and date
of recurrence, and date of death were reviewsad in patients with
unresectable stage i lung adenocarcinoma who underwent con-
current platinum-based chemoradiotherapy. In total, 116 patients
were identified with a median {range) age of 57 (35-74) years, Of
these, 86 {74%) were men, all patients had platinum-based che-
motherapy, and 100 (86%) received a total dose of 60 Gy in 30
fractions as definitive thoracic radictherapy. Of the 95 patients
with disease progression or recurrence, 19 (16%) developed brain
metastases as the sole site of initial recurrence. A total of 43
{37%) patients developed brain metastases at some time during
follow-up. Time to brain metastases was significantly associated
with the pretreatment carcinoembryonic antigen (CEA} value,
with a hazard ratio (85% confidence interval) of 2.64 (1.39-5.02,
P = 0.003}. Patients who developed brain metastases as the first
recurrent site had marginally better survival (log-rank test,
P = 0.066) than those with metastases other than brain. In con-
clusion, stage Il lung adenocarcinoma patients with an elevated
CEA value before treatment had a higher risk of developing brain
metastases after chemoradictherapy. Further effort is mandatory
1o control brain metastases in this patient population by a thera-
peutic strategy based on the tumor histology and pretreatment
CEA value. {Cancer Sci 2012; 103: 756-759)

R ecent advances in chemotherapy added to radiotherapy
have dramatically improved the prognosis of patients with
inoperable stage 11 non-small-cell lung cancer (NSCLC). The
current standard treatment for these patients, concurrent tho-
racic radiotherapy and platinum-based chemotherapy, yields a
S-year survival rate of 16-23%, with acceptable acute and late
toxicity."* However, many patients still die of recurrent dis-
case. Brain metastases, as well as loco-regional recurrences,
are the most frequent types of initial failure. Observational
studies in patients with stage 111 NSCLC who underwent che-
moradiotherapy with or without surgery showed that the first
recurrent site was the brain in only 8-35% of patients, and
brain and other sites in 4-10% of patients, resulting in brain
metastases as the first recugrent site i 17-43% of
patients." " Prophylactic cranial irradiation (PCI) has been
tried to eradicate undetectable micrometastases before they
become clinically apparent. Prospective randomized trials

Cancer S¢i | April 2012 | vol. 103 | no. 4 | 756-759

comparing PCl and observation in patients with locally
advanced NSCLC treated by thoracic radiotherapy with or
without chemotherapy showed a significant reduction in the
development of brain metastases, but no survival benefit in the
PCI arms.”"® Thus, PCI is not indicated for all patients with
stage II1 NSCLC treated with chemoradiotherapy, but it would
improve prognosis it used to treat selected patients who are
more likely to develop brain metastases. Several clinical
factors have been identified to predict brain metastases in
locally advanced NSCLC patients, but they are inconsistent
among studies.”"" Of these clinical factors, adenocarcinoma
histology was suggested to have a higher risk of brain
K o (11-16) . o . . Dt
relapses. The objectives of this study were to identify
factors associated with development of brain metastases in
stage III adenocarcinoma patients who received concurrent
chemoradiotherapy and to identify potential candidates for
intervention to reduce brain relapses.

Materials and Methods

Patient selection. Patients with unresectable stage II lung
adenocarcinoma who underwent concurrent platinum-based
chemotherapy and thoracic radiotherapy at the National Cancer
Center Hospital (Tokyo, Japan) between 1994 and 2005 were
eligible for this study. Patients treated with sequential chemo-
therapy and thoracic radiotherapy were excluded because we
have considered the standard care for the stage III NSCLC
patients to be concurrent chemoradiotherapy, and therefore, the
sequential treatment was given only to patients with poor gen-
eral condition or to patients who had a tumor too large for
radiotherapy initially but decreasing enmough for radiotherapy
after chemotherapy. All patients underwent a systematic pre-
treatment evaluation and standardized staging procedures,
which included physical examination, chest X-rays, CT scang
of the chest and abdomen, a CT scan or MRI of the brain, a
bone scintigram, and blood examinations including tumor
markers.

Data collection and statistical analyses. Sex, age, performance
status, body weight loss, carcinoembryonic antigen (CEA),
clinical stage, nodal status, chemotherapy regimens, total dose
of radiotherapy, tumor responses to treatiment, sites and date of
recurrence, and date of death were obtained {rom a retrospec-
tive medical chart review. As a routine clinical practice, tumor
markers including CEA were examined in every patient eligi-
ble for chemotherapy and chemoradiotherapy before, during,
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and just after the initiation of treatment. Receiver operator
characteristic (ROC) curves and the corresponding area under
the curve (AUC) were used to evaluate the cut points of CEA
values to predict brain metastasis as the sole, or one of the
first, relapse sites. Tumor histological classification was based
on the criteria of the World Health Organization.'” Patients
were staged using the 6th edition of Union for International
Cancer Control TNM classification for lung cancer.

Time to brain metastases was measured from the start of ini-
tial chemoradiotherapy to when the brain metastases were con-
firmed by a brain CT scan or MRI. Although we monitor brain
metastases regularly as a routine follow-up imaging study after
chemoradiotherapy, there might be diversity in the frequency
and methods of monitoring. Patients who did not develop brain
metastases at the last follow-up were censored at that time.
Time to brain metastases was evaluated using the Kaplan—
Meier method, the log-rank test, and Cox’s proportional
hazard model.

Sex, age, performance status, body weight loss, smoking sta-
tus, CEA value, stage, T-factor, and nodal status were included
as covariates in the multivariate analyses (Cox’s proportional
hazard model analyses). All of these analyses were carried out
using STATA 11.1 software for Windows (StataCorp, College
Station, TX, USA).

This study was approved by the president of the National
Cancer Center Hospital. The institutional review board and
ethics review committee decided to exempt this study from the
usual review process because of its retrospective nature.

Results

In total, 116 patients were identified. Females accounted for
26% of the study group. The median age was 57 years. Almost
all patients were in good general condition with a performance
status of 0-1. Of the 116 patients, 63% had tumor factor (T-

factor) 1-2 disease and 93% had nodal factor (N-factor) 2-3

disease. All patients received platinum-based chemotherapy,
and 86% received a total dose of 60 Gy in 30 fractions as
definitive thoracic radiotherapy (Table 1). The response rate
was 82%, median survival time was 24.5 months, and the 5-
year survival rate was 24% in this study group.

Disease progression or recurrence was noted in 95 (82%)
patients. Brain metastases as the sole site of initial recurrence
were noted in 19 (16%) patients, and both brain and other sites
were involved in 17 (15%) patients (Table 2). Of the 19
patients who had isolated brain failure, 10 developed recur-
rences subsequently at additional sites other than the brain,
three died of progressive brain metastases without progression
in other sites, and two developed meningitis carcinomatosa.
Another two patients also died, but the cause of death was not
identified because they were lost to follow-up. Brain metasta-
ses were controlled by radiotherapy in the other two patients.

A total of 43 patients (37%) developed brain metastases at
some time during the course of follow-up. We examined vari-
ous cut points of CEA value and found 20 ng/mL gave a rela-
tively better AUC (56.2%) by the ROC analysis. Time to brain
metastasis was significantly associated with pretreatment CEA
value. The responses of CEA during chemoradiotherapy and
the CEA level just after chemoradiotherapy did not have sig-
nificant correlation with brain relapses. The multivariate analy-
sis using Cox’s proportional hazard model showed that the
hazard ratio (95% confidence interval [CI], P-value) of a CEA
value >20 ng/mlL was 2.64 (1.39-5.02, P = 0.003, Table 3)
compared to a CEA value of < 20 ng/mL. Sex, age, perfor-
mance status, body weight loss, smoking history, T-factor,
nodal status, and stage were not associated with the time to
brain metastasis (Table 3). Percentages of patients who devel-
oped brain metastases at 12 and 24 months were 37% and

Horinouchi et al.

Table 1. Characteristics of patients with stage Hl lung adeno-
carcinoma who participated in this study (n = 116)
Characteristic n %
Sex

Female 30 26

Male 86 74
Age (years)

Median (range) 57 (35-74) NA
Performance status

0 36 31

1 79 68

2 1 1
Body weight loss

<4.9% 95 82

>5.0% 21 18
Smoking (pack-years)

<10 29 25

>11 87 75
CEA (ng/ml)

<20 89 77

>20 27 23
Stage

HA 57 49

B 59 51
T-factor

1-2 73 63

3-4 43 37
N-factor

0-1 8 7

2-3 108 93
Chemotherapy type

Cisplatin + vinorelbine 75 65

Cisplatin + vindesine + mitomycin 26 22

Nedaplatin + paclitaxel 8 7

Other combinations 7 6
Total radiation dose (Gy)

60 100 86

<60 16 14

CEA, carcinoembryonic antigen; NA, not applicable; N-factor, nodal
factor; T-factor, tumor factor.

Table 2. Sites of first recurrence in patients with stage HI lung
adenocarcinoma (n = 95)

Site of recurrence n %
Relapses including brain 36 38
Brain only 19 20
Brain and other sites 17 18
Sites other than brain 56 59
Unknown 3 3

67% in patients with elevated CEA value, and 21% and 32%
in the others (log-rank test, P = 0.01), respectively (Fig. 1).

Overall survival according to the first relapse site is shown
in Figure 2. Patients who developed brain metastases only as
the first recurrent site had marginally better survival (log-rank
test, P = 0.066) compared to those with metastases other than
brain.

Discussion

This study showed that CEA values before treatment were asso-
ciated with time to brain metastasis in patients with stage III

Cancer Sci | April 2012 | vol. 103 | no.4 | 757
© 2012 Japanese Cancer Association

m—273



Table 3. Time to brain metastases according to clinical factors in
patients with stage llI adenocarcinoma: Cox proportional hazard
model analysis

Cox proportional hazard model (HR [95% CI])
Characteristic

Univariate P-value Multivariate P-value
Sex
Male 1 0.03 1 0.660
Female 2.00 (1.08-3.69) 1.24 (0.48-322)
Age (years)
<57 1 0.17 1 0.110
>58 0.65 (0.34-1.21) 0.58 (0.30-1.13)
Performance status
0 1 0.96 1 0.830
1-2 0.98 (0.53-1.83) 0.92 (0.44-1.92)
Body weight loss (%)
<4.9 1 0.91 1 0.630
>5.0 1.05 (0.47-2.36) 1.25 (0.51-3.05)
Smoking (pack-years)
<10 1 0.01 1 0.290
>1 0.43 (0.23-0.79) 0.58 (0.21-1.59)
CEA
<20 1 0.01 1 0.003
>20 2.17 {1.17-3.99) 2.64 (1.39-5.02)
T-factor
1~2 1 0.39 1 0.880
3-4 0.75 (0.39-1.44) 0.84 (0.37-1.90)
N-factor
0-1 1 0.33 1 0.520
2-3 2.02 (0.49-8.38) 1.40 (0.50-3.88)
Stage
HA 1 0.93 1 0.770
1B 1.03 (0.57-1.87) 0.85 (0.30-2.46)

CEA, carcinoembryonic antigen; Cl, confidence interval; HR, hazard
ratio; N-factor, nodal factor; T-factor, tumor factor.
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Fig. 1. Cumulative incidence of brain relapse in patients with stage
Il lung adenocarcinoma by carcinoembryonic antigen (CEA) value (ng/
mL). Percentages of patients who developed brain metastases at 12
and 24 months were 37% and 67% in patients with elevated CEA
value, and 21% and 32% in the others (log-rank test, P=0.01),
respectively.

lung adenocarcinoma who received concurrent platinum-based
chemotherapy and thoracic radiotherapy. This is the first report
showing that the CEA value might be associated with a higher
risk of brain metastases in locally advanced lung adenocarci-
noma.
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Fig. 2. Overall survival in patients with stage Ill lung adenocarci-
noma according to the first relapse site. Dashed line, patients who
developed extracranial recurrence with or without brain metastases;
thick line, patients who developed brain relapse only; dotted line,
patients who had no relapse. Patients who developed brain metasta-
ses as the first recurrent site had marginally better survival (log-rank
test, P = 0.066) compared to those with metastases other than brain.

The median survival time (24.5 months) in the present study
seemed better than the results observed in the study of Cox
et al. (median survival time, 12.2-18.9 months) that included
four clinical trials involving chemoradiotherapy."*'#2" The
proportion of the participants whose first recurrent sites
included brain metastases (38%, Table 2) in this study was sub-
stantially higher than the results observed in the analysis of
Cox et al."¥ (16% with adenocarcinoma). Because the concur-
rent chemoradiotherapy with better survival failed to improve
the proportion of brain relapses, the importance of the preven-
tion of brain metastases has increased in this patient group. Fur-
thermore, overall survival in patients who developed brain
metastases as the sole site of the initial recurrence was margin-
ally better than in those with metastases to other sites (log—
rank, P = 0.066, Fig. 2) in our observation of patients with
locally advanced lung adenocarcinoma. In fact, some patients
with only brain relapses as the first recurrent site survived with-
out further metastases after local treatment for the brain lesions.

Prospective randomized trials evaluating the effect of PCI in
patients with locally advanced NSCLC after chemoradiothera-
py showed a significant reduction in the development of brain
metastases, but no survival benefit in the PCI arms.C™® Thus,
it is necessary to identify the clinical factors of patients who
are more likely to develop brain metastases and would be good
candidates for PCI. In retrospective analyses of patients with
locally advanced NSCLC, adenocarcinoma histology was sug-
gested to have a higher risk of brain relapses and be worthy of
more attention concerning brain metastases.'’ ' Therefore,
locally advanced lung adenocarcinoma was specifically ana-
lyzed to identify clinical factors predicting brain metastases.

Among patients with disseminated adenocarcinoma without
indications for definitive thoracic radiotherapy, a high CEA
value (over 40 ng/ml.) before treatment might be associated
with a higher risk of brain relapses.*” The present study
involving patients with locally advanced lung adenocarcinoma
after chemoradiotherapy showed that the CEA value was sig-
nificantly associated with the time to brain metastasis on multi-
variate analysis (Table 3). This result suggested that patients
with stage III lung adenocarcinoma and elevated CEA values
might be good candidates for interventions to prevent brain
metastases.

This study had several limitations. First, the number of
patients included in the analysis was relatively small because
we selected patients with stage III lung adenocarcinoma who

doi: 10.1111/j.1349-7006.2012.02217.x
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underwent concurrent chemoradiotherapy. Second, there might
be diversity in the frequency and methods of monitoring brain
metastases because of the retrospective nature of the analysis.
Third, we could not determine significant factors to predict sol-
itary brain relapses which might be cured by prophylactic
brain intervention, mainly because the number of patients with
solitary brain relapse was too small for efficient statistical
analysis.

In conclusion, the present analysis implies that patients with
elevated CEA values before treatment have a higher risk of
developing brain metastases after chemoradiotherapy for
locally advanced lung adenocarcinoma. Further effort is man-
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Updated overall survival results from a randomized
phase lll trial comparing gefitinib with
carboplatin—paclitaxel for chemo-naive non-small
cell lung cancer with sensitive EGFR gene mutations
(NEJOO2)
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Background: NEJOO2 study, comparing gefitinib with carboplatin (CBDCA) and paclitaxel (PTX; Taxol) as the first-line
treatment for advanced non-small cell lung cancer (NSCLC) harboring an epidermal growth factor receptor (EGFR)
mutation, previously reported superiority of gefitinib over CBDCA/PTX on progression-free survival (PFS). Subsequent
analysis was carried out mainly regarding overall survival (OS).

Materials and methods: For all 228 patients in NEJ0O2, survival data were updated in December, 2010. Detailed
information regarding subsequent chemotherapy after the protocol treatment was also assessed retrospectively and the
impact of some key drugs on OS was evaluated.

Results: The median survival time (MST) was 27.7 months for the gefitinib group, and was 26.6 months for the
CBDCA/PTX group (HR, 0.887; P =0.483). The OS of patients who received platinum throughout their treatment

(n =186) was not statistically different from that of patients who never received platinum (n = 40). The MST of patients
treated with gefitinib, platinum, and pemetrexed (PEM) or docetaxel (DOC, Taxotere; n = 76) was around 3 years.
Conclusions: No significant difference in OS was observed between gefitinib and CBDCA/PTX in the NEJOO2 study,
probably due to a high crossover use of gefitinib in the CBDCA/PTX group. Considering the many benefits and the risk
of missing an opportunity to use the most effective agent for EGFR-mutated NSCLC, the first-line gefitinib is strongly
recommended.

Key words: EGFR mutation, gefitinib, individualized treatment, lung cancer

introduction (EGFR) strongly correlate with responsiveness to gefitinib, the
Two pivotal studies have revealed that somatic mutations in first EGFR tyrosine kinase inhibitor (EGFR-TKI) used to treat
the kinase domain of the epidermal growth factor receptor non-small cell lung cancer (NSCLC) [1, 2]; subsequently,

several phase II studies have demonstrated the promising
- dence o D AL Denartment of Resoiratony Mecicine, ook efficacy of individualized treatment for advanced NSCLC
* orresponaence to: LDr A, inoue, Department of Respiratory Medicine, 10hoku N . s .
University Hospital, 1-1, Seiryomachi, Aobaku, Sendai, 980-8574, Japan. Tel: +81-22- patients with EGFR-TKI on the basis of EGFR gene mutation
717-8539; Fax: +81-22-717-8549; E-mail: akinoue@idac.tohoku.ac.jp status [3-10]. Subsequently, we have conducted a phase III
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study comparing gefitinib with the standard platinum doublet
regimen, carboplatin (CBDCA, Nippon Kayaku, Tokyo) and
paclitaxel (PTX, Bristol-Myers Squibb, Tokyo), as the first-line
treatment for advanced NSCLC harboring EGFR gene mutations
(NEJ002) [11]. The study revealed that gefitinib provided
significantly longer progression-free survival (PES), the primary
endpoint of the study, than CBDCA/PTX. Other phase III
studies also have demonstrated the superiority of EGFR-TKI over
the platinum doublet regimen [12, 13]; thus EGFR-TKIs are now
globally recognized as the standard first-line treatment for
advanced NSCLC with sensitive EGFR mutations [14].

Regarding overall survival (OS), one of the secondary
endpoints of NEJ002, the rate of events was <40% in the
previous report, for which the data cutoff point was December
2009. Although our study was not powered for OS, we
proceeded with this OS analysis to evaluate the long-term
survival result for each treatment group. We updated the data
for PFS, OS, and safety examined in a longer follow-up period
and also assessed the impact of subsequent chemotherapy on
OS in patients with EGFR-mutated NSCLC.

materials and methods

study design and treatment

Full details of the NEJ002 study have been published previously. Eligible
patients had chemo-naive advanced NSCLC with a sensitive EGFR
mutation detected by the highly sensitive peptide nucleic acid-locked
nucleic acid PCR clamp method [15]. Patients were randomly assigned
(1:1) to gefitinib (250 mg/day) or CBDCA (AUC 6.0)/paclitaxel (Taxol,
200 mg/m®) on day 1 every 3 weeks (up to six cycles). The primary
endpoint of NEJ002 was to evaluate the superiority of gefitinib over
CBDCA/PTX in PFS. The secondary endpoints included response rate, OS,
quality of life (QOL), and safety profiles (see Supplementary data, available
at Annals of Oncology online). Patients provided a written informed
consent. The study was conducted in accordance with the Helsinki
Declaration of the World Medical Association. The protocol was approved
by the institutional review board of each participating institution.

updated evaluation

PFS, OS, and safety data evaluated by the Common Terminology Criteria
for Adverse Events version 3.0 were re-evaluated at the data cutoff point in

Table 1. Previous and updated results of survival

December 2010 for the entire intent-to-treat population (n = 228), which
was initially unplanned. Detailed information on subsequent chemotherapy
carried out after the protocol treatment was also assessed for all patients
retrospectively.

statistical analysis

The Kaplan-Meier survival curves were drawn for PFS and OS and
compared using a two-sided non-stratified log-rank test with a significance
level of 0.05. The hazard ratio (HR, gefitinib:CBDCA/PTX) and its two-
sided 95% confidence interval (CI) were calculated by Cox regression
analysis including only the treatment arm as a covariate. Subgroup analyses
for OS, which were shown in a forest plot, were carried out to examine the
interaction effect of treatment arm with age, gender, performance status,
smoking status, type of histology, and type of EGFR mutation using a Cox
regression model including treatment arm, each of the clinical factors, and
their interaction effects as covariates. We did not account for adjustment
for multiplicity due to the repetition of subgroup analyses, because we
carried out them as exploratory analyses. Other comparative analyses were
evaluated on the basis of a two-sided 5% significance level and 95% CI. All
analyses were carried out using SAS for Windows release 9.1 (SAS Institute
Inc,, Cary, NC, USA).

Results

updated PFS

Among the 224 patients assessable, the updated median PFS of
the gefitinib group and that of the CBDCA/PTX group were
10.8 months and 5.4 months, respectively (HR, 0.322; 95% CI
0.236-0.438; P < 0.001), which was quite similar to the
previous results (Table 1). The number of events for PFS at the
last data cutoff (December 2010) was 98 in the gefitinib group
and 101 in the CBDCA/PTX group. The rate of events for PFS
slightly increased from the previous report (from 83% to 88%).

updated 08

At the last data cutoff point, the median follow-up time was
704 days (range 30-1659) and 69 death events were observed
in each arm. The rate of events for OS increased from 36% in
the previous report to 61% in the current study (Table 1). The
MST and the 2-year survival rate were 27.7 months and 58%,

CBDCA/PTX, carboplatin plus paclitaxel; CI, confidence interval; PES, progression-free survival.
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respectively, for the gefitinib group, and 26.6 months and 54%
for the CBDCA/PTX group (HR, 0.887; 95% CI 0.634-1.241;
P =0.483) (Figure 1). No factor, including the type of EGFR
mutation, had a substantial impact on OS between the groups
(Figure 2).

safety

No additional serious adverse event (NCI-CTC grade >3) was
reported in either group after the previous report. Briefly, the
most common adverse events reported were rash and diarrhea
with gefitinib, and appetite loss, sensory neuropathy, and
myelotoxicities with CBDCA/PTX. The combined incidence of
serious adverse events combined was significantly higher in the
CBDCA/PTX group than in the gefitinib group (71.7% versus
41.2%; P <0.001).
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Figure 1. Kaplan-Meier curves for updated overall survival (OS) in the
intent-to-treat population of NEJ002.
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post-protocol chemotherapy

The chemotherapy regimens employed in NEJ002 are
summarized in Table 2. Regarding the number of subsequent
regimens, >50% of patients had received third-line
chemotherapy or more, which was quite compatible with
general practice in Japan (Figure 3A).

In the gefitinib group, 82 patients (72%) received at least one
subsequent regimen. Among these, 74 patients (65%) were
treated with the platinum doublet regimen including a
crossover use of CBDCA/TXL in 59 patients (52%). Some
patients received pemetrexed (PEM) combined with a platinum
agent because it became available for the treatment of NSCLC
in Japan in May 2009. Twelve patients went back on gefitinib
and 32 received erlotinib in one of their later-line treatments.
Among the 32 patients who received no subsequent regimen,
12 (11%) had been still treated with their first-line gefitinib at
the data cutoff point (8 patients had still maintained their
response to gefitinib, while 4 had continued gefitinib after the
documentation of disease progression, in accordance with the
patient’s wishes). There were various reasons why the other 20
patients (18%) did not receive any subsequent regimens:
deterioration of PS due to the progression of NSCLC (n = 11),
interstitial lung disease due to gefitinib treatment (n = 3),
exacerbation of co-morbidities (# = 2), or in accordance with
the patient’s wishes (n = 4). On the other hand, 113 patients
(99%) in the CBDCA/PTX group had received at least one
subsequent regimen, of whom 112 (98%) had moved to
gefitinib.

The standard second-line chemotherapeutic agents PEM or
docetaxel (DOC, Sanofi-Aventis K.K., Tokyo), which are used
for advanced NSCLC, were used in 29% and 25% of patients in
the gefitinib group, respectively, and in 16% and 19% of those
in the CBDCA/PTX group, respectively. More than >20% of
patients in both the arms received other agents such as
irinotecan, S-1, gemcitabine, vinorelbine, or amrubicin as
third- or later-line chemotherapy.

evaluation of the impact of kev drugs on 08

To examine the impact of the platinum agent on OS of
patients with EGFR-mutated NSCLC, we compared the OS of
patients who received both gefitinib and a platinum agent in
their treatment (n = 186) with that of patients who had never
received a platinum agent (n = 40) in NEJ002. We found no
significant difference between the OS of each group
(Figure 3B). The number of patients who received a platinum
agent but had not received gefitinib was only two in NEJ002.
We then assessed the impact of standard second-line agents
(PEM and DOC) on OS. We divided patients who had
received third-line or more in NEJ002 (n = 131) into two
groups: the first group received EGFR-TKI, platinum agent,
and PEM or DOC (P/D group, 1 = 76), and the second group
received EGFR-TKI, platinum agent, but neither PEM nor
DOC (no P/D group, #=55). The MST of the P/D group was
significantly longer than that of the no P/D group (34.8
months versus 22.6 months, P = 0.003) (Figure 3C).

m—278

10T ‘77 AN uo KISIOATU() [ROIPAJA BUIRARNRM 10 /F10°sjeuinofpIoxo ouotur;/diyy wol paprojumo



Annals of Oncology

Table 2. Summary of regimens for entire treatment in NEJ002

CBDCA/PTX, carboplatin plus paclitaxel; PEM, pemetrexed; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; DOC, docetaxel.

*Includes two CBDCA/PTX plus bevacizumab.
*Includes one CBDCA/PEM plus bevacizumab.
“Includes irinotecan, $-1, gemcitabine, vinorelbine, and amrubicine.

discussion

Although the NEJ002 study met its primary endpoint, in that
gefitinib was superior to CBDCA/PTX in PES, OS data were
also important in evaluating the efficacy of the entire treatment
including the regimens investigated. The current updated
analysis demonstrated that the treatment course initiated with
gefitinib achieved OS at least equivalent to a traditional
treatment course initiated with a platinum doublet regimen for
patients with advanced NSCLC harboring a sensitive EGFR
mutation. Since the median follow-up time increased from 17
months in the previous report to 23 months in the current
analysis, the OS results should become more accurate. We have
already reported that the QOL was significantly better in the
gefitinib group than in the CBDCA/PTX group in NEJ002
[16]. Moreover, gefitinib attained a high response rate, rapid
improvement of symptoms, and exhibited low toxicity. Taking
these factors together, we recommend the use of gefitinib as
the first-line treatment.

There is a conservative opinion which states that the
platinum doublet regimen should still be used as the first-line
treatment for advanced NSCLC. This is because there has been
no prospective study showing superiority of first-line EGFR-
TKI over platinum doublet regimens for OS. Furthermore,
some retrospective analyses have suggested that EGFR-TKI
might be similarly effective in EGFR-mutated NSCLC
regardless of the line at which it is used [17]. However, it is

very important to recognize from our study that, though
almost 100% of patients in the CBDCA/PTX group crossed
over to gefitinib, the OS curve of the first-line gefitinib group
was not inferior to that of the CBDCA/PTX group. While the
risk associated with missing the administration of platinum
agents after first-line gefitinib may be of concern, our post-hoc
analysis suggested that the impact of the platinum agent on O3
would not be larger than that of EGFR-TKI for patients with
EGFR-mutated NSCLC. Figure 3B shows the MST of patients
treated without platinum to be >2 years, which is a quite
favorable result compared with previous historical data
obtained when EGFR-TKI was not available. Thus, we feel that
it is a concern if the chance to use gefitinib is missed when
chemotherapy is carried out as the first-line treatment. The
extremely high crossover rate in NEJOO2 is hard to attain in
general practice. In fact, only 51.5% of patients in the first-line
CBDCA/PTX group received subsequent EGFR-TKI in the
IPASS study [12]. Thus, we strongly recommend that the best
drug should be used in the first instance.

Patients in the first-line gefitinib group tend to be treated
with PEM or DOC monotherapy more intensively; this was
because we supposed that some of these did not receive
platinum doublet treatment for various reasons. However, we
consider that the ideal treatment strategy for appropriate
patients is to make use of available standard drugs. The most
important finding in the post-hoc analysis shown in Figure 3C
was that patients treated with EGFR-TKIs, platinum, and
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Figure 3. Evaluation of the impact of subsequent treatment on overall
survival (OS) in NEJ002. The number of regimens that patients received
after the first-line treatment with gefitinib (black bar) and that with
chemotherapy (white bar) (A). The OS of patients treated with whichever
line of gefitinib but not platinum (a dotted line) and those treated with
both gefitinib and platinum (a solid line) (B). The OS of patients treated
with gefitinib, platinum, with pemetrexed (PEM) and/or docetaxel (DOC; a
solid line), and those treated with gefitinib, platinum but neither
pemetrexed nor docetaxel (a dotted line) (C).

PEM/DOC achieved MST of around 3 years even though they
had systemically advanced disease; however, the analysis may
not conclusively show the difference between the two groups
because they were not randomly assigned. This suggests that
patients with EGFR-mutated NSCLC and with good PS
enough to complete many lines of treatment may further
benefit from a proper use of the above mentioned ‘key drugs’.
Although PEM and DOC were equally recognized as standard
second-line agents at the time of the NEJ002 study [18], we

Annals of Oncology

now consider PEM to be more appropriate for EGFR-mutated
NSCLC where adenocarcinoma is much common [14]. Since at
least 14 patients (12%) failed to move to subsequent
chemotherapy and ~20% of patients had never received
platinum agents or PEM after their disease progressed in the
gefitinib group, we think there may be a room for
improvement of OS in these populations. Thus, we are now
investigating a new treatment strategy, in which the first-line
gefitinib is combined with CBDCA and PEM, for patients with
EGFR-mutated NSCLC (UMIN000002789).

There are some limitations in the current analysis. First, the
sample size of NEJ002 had inadequate power for evaluation of
the difference in OS between the two groups. Since death
events in one-third of patients have not yet occurred, the true
OS curve may change slightly from that shown in this report.
A meta-analysis combining several phase III studies and
comparing EGFR-TKI with platinum doublet in an EGFR-
mutated NSCLC population would be warranted. Second, the
post-hoc analysis on subsequent chemotherapies may have
been biased, because post-protocol treatments were not
restricted under the NEJ002 protocol; however, they were very
similar to those used in general practice in Japan. In addition,
the unplanned comparative analysis between the subgroups
shown in Figure 3B and C cannot draw definitive conclusions.
It may be difficult to find whether the additive effect of
platinum agents or PEM/DOC or good PS itself, that enabled
patients to receive those agents irrespective of chemotherapy
effects, influenced survival prolongation in the superior group
more directly. However, we believe that they give us some
interesting suggestions for future investigations such as that
underway in our new study.

The reason there was no significant difference in OS between
the first-line gefitinib group and the first-line CBDCA/PTX
group in NEJ002 was very likely a high rate of crossover use of
gefitinib in the CBDCA/PTX group. Considering the many
benefits from EGFR-TKI use and the risk of missing an
opportunity to use the most effective agent for treatment of
EGFR-mutated NSCLC, the first-line gefitinib is strongly
recommended in general practice for this population.
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Background: Anaplastic lymphoma kinase (ALK)-positive non-small-cell lung cancer (NSCLC) is highly responsive to
crizotinib. To determine whether ALK-positive NSCLC is also sensitive to pemetrexed, we retrospectively evaluated
progression-free survival (PFS) of ALK-positive versus ALK-negative patients who had been treated with pemetrexed-
based chemotherapy for advanced NSCLC.

Patients and methods: We identified 121 patients with advanced, ALK-positive NSCLC in the USA, Australia, and
ltaly. For comparison, we evaluated 266 patients with advanced, ALK-negative, epidermal growth factor receptor
(EGFR)-wild-type NSCLC, including 79 with KRAS mutations and 187 with wild-type KRAS (WT/WT/WT). We
determined PFS on different pemetrexed regimens.
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ABSTRACT

Amrubicin, a third-generation synthetic anthracycline agent,
has favorable clinical activity and acceptable toxicity for the
treatment of patients with non-small cell lung cancer (NSCLC)
and small cell lung cancer. We conducted this study to evalu-
ate the efficacy and safety of amrubicin for advanced NSCLC
patients as a third- or fourth-line therapy. Eligible patients had
recurrent or refractory advanced NSCLC after second- or
third-line therapy. Patients received amrubicin, 35 mg/m?*i.v.
on days 1-3 every 3 weeks. The primary endpoint was the dis-
ease controlrate (DCR). Secondary endpoints were the overall
survival (OS) time, progression-free survival {PFS) time, re-
sponse rate, and toxicity profile. Of the 41 patients enrolled,
26 received amrubicin as a third-line and 15 received it as a
fourth-line therapy. The median number of treatment cycles
was two {range, 1-9). Objective responses were complete re-
sponse {n = 0}, partial response (n = 4), stable disease (n =

21), progressive disease (n = 15}, and not evaluable (n = 1),
resulting in a DCR of 61.0% (95% confidence interval,
46.0%~75.9%). The overall response rate was 2.8% (85%
confidence interval, 0.6%~18.8%). The median PFSinterval
was 3.0 months, median OS time was 12.6 months, and
1-year survival rate was 53.7%. Grade 3 or 4 hematological
toxicities were neutropenia (68%), anemia (12%), throm-
bocytopenia {12%), and febrile neutropenia {17%). Nonhe-
matological toxicities were mild and reversible. No
treatment-related deaths were observed. Amrubicin
showed significant clinical activity with manageable toxici-
ties as a third- or fourth-line therapy for patients with ad-
vanced NSCLC. This study provides relevant data forroutine
practice and future prospective trials evaluating third- or
fourth-linetreatmentstrategles for patients with advanced
NSCLC. The Oncologist 2013;18:439-445

INTRODUCTION

Lung cancer is the leading cause of cancer-related death
worldwide [1]. First-line therapies, epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitors (TKis) in patients
with EGFR mutations, as well as platinum-based chemo-
therapy in conjunction with third-generation antitumor
agents significantly improve survival outcomes and quality
of life in patients with advanced non-small cell lung cancer
(NSCLC) [2-5]. Despite these favorable outcomes, most pa-

tients receiving first-line therapy experience disease pro-
gression and require salvage therapy. Second-line therapy
also has beneficial effects on survival and quality of life out-
comes [2,6,7].

Docetaxel, pemetrexed, gefitinib, and erlotinib are consid-
ered standard second-line therapies based on several ran-
domized controlled trials [6—-9]. Because of the improved
efficacy of first-line, second-line, and maintenance therapy
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for NSCLC, a high proportion of patients (26%-38%) receive
third-line therapy [10, 11]. Thus, there is an urgent need for
new third-line therapy options. To date, there is a paucity of
studiesthataddresstherole of third-line therapy, and theyare
primarily retrospective analyses [12-14].

Amrubicin, a completely synthetic 9-amino-anthracycline, is
a potent inhibitor of DNA topoisomerase Il [15]. A phase Il study
of amrubicin in both NSCLC and SCLC patients demonstrated
promising results and tolerable toxicity [16, 17]. The clinical sig-
nificance of amrubicin has recently focused on the treatment of
recurring lung cancer. A phase | and a pharmacokinetic study of
amrubicin in previously treated NSCLC and SCLC patients recom-
mend an amrubicin dose of 35 mg/m? per day on three consecu-
tive days every 3 weeks [18]. Amrubicin is a promising third-line
therapy agent because it has a different mechanism of action
from those of other available anticancer agents.

Currently, there is no prospective study that specifically ad-
dresses the role of third-line therapy for NSCLC patients. We
therefore conducted a multicenter prospective phase Il trial of
amrubicin (35 mg/m?) to confirm the efficacy and safety of the
drug in NSCLC patients as a third- or fourth-line therapy.

PaTIENTS AND METHODS

Patient Eligibility

Eligible patients met the following criteria: histologic or cyto-
logic confirmation of NSCLC, recurrent or refractory disease
after two or three previous treatment regimens, measurable
disease, an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) score of 0—2, age =75 years, adequate
bone marrow function (leukocyte count =3,000/mm?, neu-
trophil count =1,500/mm?>, platelet count =100,000/mm?,
and hemoglobin content =9.0 g/dL), adequate function of
other organs (total bilirubin concentration =1.5 mg/dL, as-
partate transaminase and alanine transaminase levels =<2.0X
the upper limit of normal, and creatinine clearance =50 mL/
minute), P,0, =60 Torr or 5,0, =95%, left ventricular ejec-
tion fraction =60% on echocardiography, and a life
expectancy =3 months.

Patients with previous amrubicin therapy, exceeding the
critical dosage in prior anthracycline drug therapy, using corti-
costeroid or immunosuppressive drugs, with an active infec-
tious disease with serious medical complications (active
peptic ulcer, heart disease, diabetes mellitus, or cerebrovas-
cular disease), with radiographic signs of interstitial pneumo-
nia or pulmonary fibrosis, with third-space fluid collection
requiring drainage, who were lactating or pregnant, with
symptomatic brain metastasis, or with active concomitant
malignancy were deemed ineligible.

This study was performed in accordance with the princi-
ples of the Declaration of Helsinki and Good Clinical Practice
guidelines [19]. The protocol was approved by the institu-
tional review boards of all participating institutions, and all pa-
tients provided written informed consent before treatment.

Treatment Plan

Amrubicin was dissolved in 20 mL physiological saline and was
administered i.v. for >5 minutes at a dose of 35 mg/m*-per
day on days 1-3 every 3 weeks. All patients received at least
two cycles of treatment unless their disease progressed, unac-
ceptable toxicity occurred, the patient refused further treat-
ment, or the physician decided to discontinue treatment.

©AlphaMed Press 2013

Subsequent cycles of treatment were withheld until the
following criteria were satisfied: the leukocyte count was
=3,000/mm?, the neutrophil count was =1,500/mm?, the
platelet count was =>100,000/mm?, total bilirubin was <2.0
mg/dL, there was noinfection, the ECOG PS score was =2, and
the grade of any nonhematologic toxicity was =2. If these cri-
teria were not satisfied within 36 days after the onset of the
tast treatment, the patient was removed from the study. The
dose of amrubicin was reduced to 30 mg/m? per day for cases
of leukopenia or neutropenia of grade 4 persisting for >4
days, thrombocytopenia of grade 4 or requiring platelet trans-
fusion, febrile neutropenia, or nonhematologic toxicity of
grade =3 (except for anorexia, nausea, or alopecia) during the
previous course. If these toxicities occurred after reduction of
the amrubicin dose to 30 mg/m? per day, the dose was further
reduced to 25 mg/m? per day. A third reduction was not per-
mitted, and the protocol treatment was terminated. Use of
prophylactic antibiotics was not permitted.

Evaluation

Baseline assessment included a physical examination; CBC
with differential, hepatic, and renal function tests; urinalysis;
12-lead electrocardiogram; echocardiogram; and chest radi-
ography. Visible and palpable tumors were measured during
the baseline assessment using chest radiography, computed
tomography (CT) scans, or magnetic resonance imaging (MR}
scans (when clinically indicated). During the study, medical
history and physical examination results, vital signs, ECOG PS
scores, CBCs, and blood chemistries were monitored weekly.
Tumor responses were assessed using chest radiography, CT,
or MRI (when clinically indicated) at every cycle until disease
progression. Unidirectional measurements were adopted on
the basis of the Response Evaluation Criteria in Solid Tumaors,
version 1.0 [20]. Aresponse of >4 weeks duration was consid-
ered a complete response (CR) or a partial response (PR} and a
response of >6 weeks from the initiation of chemotherapy
was considered stable disease (SD). Clinical response data
were confirmed by central review.

Toxicities were assessed according to the National Cancer
Institute-Common Toxicity Criteria, version 3.0.

The progression-free survival (PFS) was defined as the
time from the date of enroliment to the date of documented
progression or death from any cause and was censored at the
date of the last follow-up visit for surviving patients who had
not progressed. The overall survival (OS) time was defined as
the time from the date of enroliment to the date of death or
last follow-up. Data for patients without any events were cen-
sored on the last date with a nonevent status.

Statistical Analysis

The primary endpoint was the disease control rate (DCR), de-
fined as the proportion of patients whose best response wasa
CR, a PR, or SD among all per-protocol patients. Sample size
was determined according to the one-armbinomial design de-
vised by the Southwestern Oncology Group. Assuming that a
DCR of 50% in eligible patients indicates potential usefulness,
whereas a DCR of 30% is the lower limit of interest, with a =
0.05 and B = 0.20, the estimated accrual number was 37 pa-
tients. Allowing for a patient ineligibility rate of 10%, we
planned on enrolling 40 patients in the study. Secondary end-
points were the OS, PFS, objective response rate (ORR), and
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toxicity profiles. Survival curves were estimated using the Ka-
plan—Meier method. Statistical analyses were performed us-
ing JMP 10 (SAS Institute Inc., Cary, NC).

This study is registered with the University Hospital Medi-
cal Information Network (UMIN), number UMIN C000002306.

REsuLts

Patient Characteristics

From August 2009 to May 2011, 41 patients were enrolled
from 10 participating institutions. Patient characteristics are
summarized in Table 1. The median age was 66 years (range,
43-74 years), 70.7% of patients were male, and most patients
(97.6%) had a good ECOG PS score of 0—1. Histologic analysis
revealed that 30 patients (73.2%) had adenocarcinoma and
eight patients (19.5%) had squamous cell carcinoma. Seven
patients (17.1%) were positive and 26 patients (63.4%) were
negative for the EGFR mutation. Twenty-six patients (63.4%)
received amrubicin as a third-line therapy and 15 patients
(36.6%) received the drug as a fourth-line therapy.

Seven patients (17.1%) received thoracic surgery and nine
patients (22.0%) received thoracic radiotherapy. Table 2
shows the content of prior therapeutic regimens. All patients
had received a platinum-containing doublet regimen as a first-
orsecond-linetherapy. The regimens used infirst-line therapy
were as follows: platinum-containing doublets in 38 patients
(92.7%), a single agent in two patients (4.9%), and gefitinib in
one patient (2.4%). The regimens used in second-line therapy
were as follows: a single agent in 21 patients (51.2%), plati-
num-containing doublets in 13 patients (31.7%), nonplatinum
doubletsin four patients (9.8%), and gefitinib in three patients
(7.3%). The regimens used in third-line therapy were as fol-
lows: platinum-containing doublets in six patients (14.6%), a
single agentinsix patients (14.6%), and nonplatinum doublets
inthree patients (7.3%). Of the seven patients harboring EGFR
mutations, three had not received EGFR TKls before enroll-
ment into this study because of patient refusal or later confir-
mation of the EGFR mutation.

Treatment Administered

The median number of treatment cycles was two (range, 1-9
cycles). In all, 30 (73.2%) patients completed at least two cy-
cles of treatment and 109 treatment cyclesin total were deliv-
ered overall. The mean relative dose intensity of amrubicin
was 91.1%. A reduction in the amrubicin dose was necessary,
according to the study protocol, in eight cycles (7.3% of the to-
tal cycles). All patients received the first cycle of amrubicin in
an inpatient setting to check the safety of administration, and
most patients received further cycles of amrubicin in an out-
patient setting. Subsequent treatment delay was observed in
29 of 109 cycles (26.6%). The primary reasons for dose reduc-
tion were grade 4 neutropenia (four of all cycles), febrile neu-
tropenia (three of all cycles), and grade 3 headache {one of all
cycles). Treatment was discontinued in 11 patients after the
first cycle and in 10 patients after the second cycle; reasons for
discontinuation included progressive disease (24 patients),
toxicity (six patients), completing the scheduled treatment
(four patients), patient refusal (two patients), and physician
decision (two patients). Following the protocol treatment, 23
(56%) patients eventually received subsequent therapy: nine
(22%) received a single agent, nine (22%) received EGFR TKls,
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Table 1. Patient characteristics

Characteristic n of patients

Age; yrs
Median 66
Range 43-74

EGFR mutation status
Positive 7
Negative 26
Unknown 8

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR,
epidermal growth factor receptor.

three (7%) received platinum-containing doublets, and two
(5%) received nonplatinum doublets.

Response and Survival

Among the 41 assessable patients, there were four PRs and no
case of CR, for an overall response rate of 9.8% (95% confidence
interval [Cl}, 0.6%—18.8%) (Table 3). Twenty-one patients (51.2%)
had SD, yielding an overall DCR of 61.0% (95% Cl, 46.0%—75.9%).
Fifteen patients had progressive disease as their best response
and the response of one patient could not be confirmed as a re-
sult of receipt of subsequent chemotherapy before response
evaluation. The lower end of the 95% Cl was thus higher than the
threshold DCR of 30%, and the primary endpoint was met. We
found no significant difference in the ORR or DCR among gender,
age, tumor histology, EGFR mutation status, or treatment line,
except for the DCR and £GFR mutation status—the DCR was
100% in seven patients with an EGFR mutation, 46.2% in 26 pa-
tients with wild-type EGFR, and 85.7% in seven patients with an
unknown EGFR status (p = .012).

Of the 41 patients, 13 were alive as of May 2012 (>1 year
after the last patient was enrolled). With a median follow-up
time of 12.6 months, the median PFS and median survivaltime
(MST) for all enrolled patients were 3.0 months (95% Cl, 2.0—
4.1 months) and 12.6 months (95% Cl, 6.8-19.3 months), re-
spectively (Figs. 1 and 2). The 1-year survival rate was 53.7%
(95% Cl, 38.4%~68.9%).

©AlphaMed Press 2013

M —284



442

Third- or Fourth-Line Amrubicin for NSCLC

Table 2. Characteristics of prior first-line, second-line, and third-line therapies

Characteristic First-line therapy

Second-line therapy Third-line therapy

T
Treatment regimen
Doublet 38 17 9
Platinum-based doublets 38 13 6
Paclitaxel based 15 5 2
Gemcitabine based 9 1 1
Vinorelbine based 5 0 0
Docetaxel based 4 2 0
Pemetrexed based 3 4 2
Other 2 1 1
Nonplatinum doublets 0 4 3
Single agent 2 21 6
Docetaxel 2 15 2
Pemetrexed 0 6 2
Vinorelbine 0 0 2
Gefitinib 1 3 0
Table 3. Overall response rate for patients treated with amrubicin as determined by central review
Response n of patients % 95% Cl

Partial response 4

98

Progressive disease 15

36.6

Overall response rate 4

9.8 0.6%~-18.8%

Abbreviation: Ci, confidence interval.
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Figure 1. Kaplan—Meier analysis of progression-free survival for
all 41 treated patients.
Abbreviation: Cl, confidence interval.

Toxicity

All41 treated patients were assessed for toxicity. Table 4 sum-
marizes the hematological and nonhematological toxicities.
With regard to hematological toxicities, 68% of patients expe-
rienced grade 3 or 4 neutropenia and 17% developed febrile
neutropenia. Nineteen patients (46%) were treated with G-
CSF for 1-11 days during the first treatment cycle because of
neutropenia. Although no serious hematologic events were
observed, grade 3 or 4 thrombocytopenia was observed in five
patients (12%; one received a platelet transfusion) and ane-
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Figure 2. Kaplan—Meier analysis of overall survival for all 41
treated patients.
Abbreviation: Cl, confidence interval.

mia was observed in five patients (12%; two received a packed
RBC transfusion). The most common nonhematologic toxici-
ties of grade 3 or 4 were anorexia (12%), infection (10%), nau-
sea or vomiting (10%), diarrhea (2%), stomatitis (2%), and
pneumonitis (2%). Most nonhematologic toxicities were mild
and reversible. Neither cardiac toxicity nor treatment-related
deaths were observed in this study.

Discussion
Thisis the first prospective phase Il study designed to evaluate
the efficacy and safety of a cytotoxic agent as a third- or
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