632 Phase II trial of erlotinib for Japanese patients with EGFR-mt NSCLC

DCR, respectively) in this study. The RR and DCR also did
not differ significantly between never-smokers and smokers
(Fisher’s exact test, P == 0.37 for RR, P = 0.062 for DCR,

Table 1. Patient characteristics

Characteristics Number of
patients (%)

Total number of patients 26
Gender

Male 11 (42)

Female 15 (58)
Age: median, years (range) 68 (51-79)
Performance status

0 16 (61)

1 8 (31)

2 2(8)
Histology

Adenocarcinoma 24 (92)

Squamous cell carcinoma 2 (8)
Stage

1B 3(1D

v 22 (85)

Recurrence 1(4)
Smoking status

Smoker (current/former) 6 (23)

Non-smoker (never) 20 (77)
EGFR mutation type

Exon 19 19 (73)

Exon 21 727)
No. of prior chemothel;apy

1 25 (96)

2 1(4)

Table 2. Tumor response by baseline characteristics

respectively). Patients with squamous histology (n =2)
showed no response to the treatment.

At the point of data cutoff (January 2012), after a median
follow-up time of 17.3 months (range: 5.8—29.5 months),
the median PFS period was 9.3 months (95% CI 7.6—11.6
months; Fig. 1). We also analyzed PFS according to several
clinical characteristics including EGFR mutation type,
gender, histology, smoking status and PS. As shown in
Fig. 2, PFS was longer in the patients who had never
smoked, and appeared longer in the patients with exon 21
mutations. Furthermore, we analyzed the relationship
between efficacy and skin toxicity, but no obvious correl-
ation was found (Table 3). To date, only nine patients have
died due to disease progression, and therefore, it is not yet
possible to determine the median OS.

SaFETY AND ToOXxICITY

Toxicity was evaluated in all eligible patients (Table 4). The
most frequent toxicity was skin disorder including rash, prur-
itus, desquamation, xeroderma and paronychia. Four patients
developed grade 3 skin disorder, but this toxicity was revers-
ible with either an appropriate treatment interruption or dose
reduction, and only one patient had to terminate erlotinib
treatment for this reason. Liver dysfunction was also
common, but generally mild. Two patients experienced
>grade 3 elevation of the AST or ALT level, but this sub-
sided after erlotinib treatment had been suspended for about
a week. Other toxicities were also generally tolerable, and
no unexpected toxicities were observed. Diarrhea was less
common than we expected.

ILD was not observed in any of the study patients, and no
treatment-related deaths occurred.

DISCUSSION

We performed a multicenter phase II trial to evaluate the ef-
ficacy and toxicity of erlotinib for pretreated Japanese

Overall Type of EGFR mutation Histology Smoking status
Exon 19 Exon 21 Ad Sq Never Current/former
PR, n (%) 14 (53.8) 9(47.4) 5(71.4) 14 (58.3) 0 (0) 12 (60) 2 (33.3)
SD, n (%) 7(26.9) 5(26.3) 2 (28.6) 7(29.2) 0(0) 6 (30) 1(16.7)
PD, n (%) 4(15.4) 4(21.1) 0 (0) 2 (8.3) 2 (100) 2 (10) 2 (33.3)
NE?, 1 (%) 1(3.8) 1(5.3) 0(0) 1(4.2) 0 (0 0 (0) 1(16.7)

ORR, % (95% CI) 53.8% (33.4-73.4) 47.4% (24.5-71.1) 71.4% (29.0-96.3) 58.3% (36.6—77.9) 0% (0-84.2) 60% (36.1—80.9) 33.3% (4.3—-77.7)

DCR, % (95% CI) 80.8% (60.7-93.5) 73.7% (48.8~91.0) 100% (59.4—100)

87.5% (67.6-97.3) 0% (0—84.2) 90% (68.3-98.8) 50% (11.8—88.2)

PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable; ORR, objective response rate; DCR, disease control rate; CI, confidence

interval; Ad, adenocarcinoma; Sq, squamous cell carcinoma.
?One patient was not evaluable because of poor evaluation of efficacy.
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Figure 1. Progression-free survival (n = 26).
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Figure 2. Progression-free survival by EGFR mutation type (A) and
smoking status (B). m, months; NR, not reached; CI, confidence interval.

NSCLC patients with EGFR-mt tumors. In this trial, we
obtained an ORR of 53.8%, a DCR of 80.8% and a median
PFS period of 9.3 months, along with manageable toxicity,
mainly skin disorder.

To date, four phase III trials (10—13) and several phase II
trials of gefitinib or erlotinib (8,17—20) in patients with
NSCLC harboring EGFR mutations have been reported.
These demonstrated a higher response rate of around 70%
and a longer PFS of approximately 10 months than for
patients who received the standard platinum-doublet chemo-
therapy. We initially expected that the ORR of erlotinib, the
primary endpoint of this trial, would be at least 80% based
on reports from a Spanish group in 2006 (21) and several

Jpn J Clin Oncol 2013,;43(6) 633

sets of Japanese data for gefitinib (17—19), and for this
reason the sample size of this trial was small. As a result,
although our current data barely exceeded the response rate
threshold, this trial could not meet the primary endpoint.
However, the DCR, one of the secondary endpoints, attained
80.8% overall, and was 87.5% for adenocarcinoma alone.
Furthermore, the median PFS was as long as 9.3 months.
These data were comparable with the reported prospective
trials of gefitinib and erlotinib in NSCLC patients with
EGFR-mt tumors.

Why did the PFS reach 9.3 months in this study, despite
the relatively lower response rate than that in previously
reported trials? Patients having SD may have made a sub-
stantial contribution to the result because although these
seven patients could not achieve PR unfortunately, all of
them showed tumor shrinkage. In addition, the median PFS
of these patients was a long as 11.5 months, whereas that of
patients having PR was 10.4 months. Several studies have
reported that the rate of response to gefitinib or erlotinib was
lower in patients who had received previous chemotherapy
than in those who were chemotherapy-naive, but the OS
was unaffected by whether these agents were used for first-
line therapy or later (10,22—25). Although the impact of
cytotoxic chemotherapy on the subsequent response to
EGFR-TKIs in EGFR-mt patients remains unclear, it is sug-
gested that cytotoxic chemotherapy may induce some bio-
logical effects that lead to reduction of EGFR-TKIs
sensitivity (26), while not affecting survival. This might be
one of the reasons why the PFS in our series was compar-
able, despite the relatively low response rate. Furthermore, in
recent years, it has been considered that EGFR-TKIs may
still have potential for disease control even if PD, as defined
by RECIST, occurs, and a trial to test this hypothesis is cur-
rently ongoing in Asia. In future, the endpoint of efficacy for
molecular-targeting agents other than EGFR-TKIs may have
to be reconsidered.

In subgroup analysis, response rates in patients with
EGFR mutation in exon 19 or smokers were especially low.
While it remains unclear, previously published studies have
suggested that smoking affected treatment outcomes in
patients with NSCLC (27,28). In a study by Johnson et al.
(29), comparison of smokers and non-smokers in erlotinib
treatment showed a strong effect of smoking status favoring
non-smokers. Furthermore, Hamilton et al. (30) have shown
that smoking could significantly influence the pharmacokin-
etics of erlotinib. Because all smokers except one had EGFR
mutation in exon 19 in our cohort, this may affect our result.

Two patients with squamous cell carcinoma were enrolled
in our trial, but unfortunately neither showed a response.
Some reports have demonstrated that the RR and median
PFS of squamous cell carcinoma patients with EGFR-mt
tumor were around 20-30% and approximately 1.5-3
months, respectively (31,32). These results are clearly infer-
ior to the data for adenocarcinoma patients with EGFR-mt
tumor. Although resistant mechanism to squamous cell car-
cinoma with EGFR-mt tumor remains unclear, the possible
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Table 3. Relationship between skin disorder and efficacy

Grade of skindisorder n PR SD PD NE ORR, % (95% CI)

P DCR, % (95% CI) P Median PFS, months (95% CI) P

Grade 0/1 7 32 1 1
Grade 2/3 9 11 5 3 0

42.9 (0.10-0.82)
57.9 (0.34—0.80)

10.4 (0.9-19.2) 0.46°
8.3 (4.9-11.6)

0.69°  71.4(0.29-0.96)  0.59°
84.2 (0.60—0.97)

PES, progression-free survival.
Fisher’s exact test.
Log-rank test.

Table 4. Toxicities (n = 26)

Event Number of Number of Grade
patients (%) patients (%) —_—
(All grade) (grade 3/4) L 2 3 a4
Hematologic
Anemia 21 (80.8) 2(1.7) 15 4 2 0
Leukopenia 5(19.2) 0 (0) 32 0 0
Neutropenia 4(15.4) 0(0) 4 0 0 0
Thrombocytopenia 5 (19.2) 0 (0) 5 0 0 0
Non-hematologic
Rash 25(96.2) 2(1.7) 9 14 2 0
Pruritus 21 (80.8) 2(1.7) 16 3 2 0
Desquamation 18 (69.2) 1(3.8) 12 5 1 0
Hand foot reaction 17 (65.4) 0(0) 10 7 0 0
Xeroderma 16 (61.5) 1(3.8) 6 10 1 0
Anorexia 14 (53.8) 0 (0) 1 3 0 0
Erythema 13 (50) 0(0) 5 8 00
multiforme
Paronychia 11 (42.3) 2(1.7) 3 6 2 0
Fatigue 10 (38.5) 2(1.7) 5 3 2 0
Stomatitis 9 (34.6) 0 (0) 7 2 0 0
Nausea 6 (23.1) 1(3.8) 4 1 1 0
Diarrhea 3 (11.5) 0 (0) 3 0 0 0
Vomiting 1(3.8) 1(3.8) 0 0 1 0
Purpura 1(3.8) 1(3.8) 0 0 1 0
Elevated AST 8 (30.8) 13.8) 6 1 1 0
Elevated ALT 10 (38.5) 2(7.7) 8 0 1 1
Elevated total 13 (50) 0 (0) 11 2 0 0
bilirubin
Elevated 13 (50) 0 (0) 112 0 0
creatinine

explanation is the presence of the other pathway activation.
Previous studies have shown that PIK3CA, encoding a
subunit of phosphatidylinositol 3-kinase (PI3K), mutations
and copy number gain are more frequent in squamous cell
carcinoma than in adenocarcinoma (33—35). It is considered
that this alteration leads to PI3K/Akt pathway activation,

and is one of the mechanisms of EGFR-TKI resistance.
While a small population of patients with squamous cell car-
cinomas harboring EGFR mutations may benefit from
EGFR-TKIs, some genetic alterations downstream of EGFR,
such as those stated above, may have induced resistance to
EGFR-TKIs.

The toxicities observed in this trial were mostly tolerable.
Skin disorders such as rash, pruritus, xeroderma and des-
quamation were the main form of erlotinib toxicity, as
reported in previous studies (12,13). Especially, rash and
pruritus were observed in almost all patients. Because it was
shown that the plasma trough concentration of erlotinib was
approximately 3.5 times higher than that of gefitinib when
administered at the respective approved dose (36,37), the
toxicity of erlotinib seemed stronger than that of gefitinib.
However, in this trial, no clear differences compared with
gefitinib were evident, probably due to small sample size.

In conclusion, although the response rate was relatively
lower than that in previously reported studies, erlotinib treat-
ment for Japanese patients with previously treated NSCLC
harboring EGFR mutations demonstrated promising DCR,
PFS and good tolerability. Therefore, erlotinib appears to be
an effective option in this population, similar to gefitinib.
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Abstract. Background: Recently, we reported on the
existence of activated protein kinase Ca (PKCa) in blood and
the possibility for its use in cancer diagnosis. Materials and
Methods: In the present study, serum samples collected from
patients with different lung cancer types (smalil-cell cancer,
adenocarcinoma, and anaplastic cancer) were phosphorylated
with a PKCa-specific peptide substrate and  the
phosphorylation ratio was detected by matrix-assisted laser
desorptionfionization-time-of-flight  mass  specrrometry.
Resulis: When 13 patient serum samples were phosphorylated
with peptide substrates, phosphoryiated peaks were obtained
in eight samples. However, no peak associated with the
phosphorylated peptide was observed using serum samples
obtained from 10 healthy persons. Moreover, broadly used
cancer biomarkers (progastrin-releasing peptide, carcino-
embryonic antigen, and cytokeratin-19 fragment) were
identified in eight samples among the 13 samples studied.
Conclusion: These results suggest that serum activated PKCa
is a reliable biomarker, applicable 1o lung cancer diagnosis.

The use of cancer biomarkers in body fluids (e.g. blood,
urine, and saliva) has several advantages, such as easier
~sampling and handling, less pain in patients, and non-
invasive detection. Several biomarkers, such as antigens,
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soluble proteins, metabolites and genes, are broadly used for
the diagnosis of cancer and for monitoring the recurrence of
cancer after surgical resection, or for evaluating the effect of
radiation or anticancer drug therapies (1, 2).

Cancer cells have numerous signal transduction pathways
that respond to the extracellular signals (ligands) required to
regulate downstream gene expression. Among the signal
transduction pathways, phosphorylation of the target proteins
by protein kinases and proteolytic cleavage by proteases play
a key role in cancer cell motility, differentiation,
proliferation, and survival (1, 2).

Protein kinase C (PKC) isozymes, which are phospholipid-
dependent serine/threonine kinases, play key roles in
differentiation, growth, and survival of cancer cells. PKC
isozymes are classified into three subfamilies, based on their
structural and activational characteristics: conventional or
classic PKCs (a, BI, BIL, and v), novel or non-classic PKCs
(8, €, m, and ©) and atypical PKCs (T, 1, and A). The activation
of classic PKCs requires diacylglycerol (DAG) as an activator
and phosphatidylserine (PS) and Ca®* as activation co-factors.
The non-classic PKCs are regulated by DAG and PS, but do
not require Ca®* for activation. In the case of atypical PKCs,
their activity is stimulated only by PS, and not by DAG and
Ca™ (3, 4).

Among PKC isozymes, PKCa. participates in differentiation,

growth, and survival of cancer cells. PKCa is hyperactivated
in several cancer cell lines and tissues, but has negligible
activity in normal cells and tissues (3, 4). Recently, our group
found that activated PKCa existing in the blood is a useful
biomarker for cancer diagnosis. The level of PKCo was
significantly increased in blood samples of cancer-bearing mice
compared with that in normal mice (5).
In the present study, serum samples prepared from patients
were studied for cancer diagnosis. Each sample was reacted
with a PKCa-specific peptide substrate (Alphatomega) (6)
and the phosphorylation ratio was detected by matrix-
assisted laser desorption/ionization-time-of-flight mass
spectrometry (MALDI-TOF MS).
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Table 1. Demographic and clinical characteristics of parients and detection of phosphorylated peak in samples.

Case Cancer Type Age, Gender Clinical Biomakers? Phosphorylated

(histological type) years stage? peak detectedd
1 Adenocarcinoma 57 M 4 CEA 0]
2 Adenocarcinoma 70 F 4 CEA x
3 Adenocarcinoma 58 M 4 CEA O
4 Adenocarcinoma 68 M 4 CEA X
5 Anaplastic cancer 72 F 4 CEA ¢
6 Anaplastic cancer 54 M 4 CYFRA 21-1 G
7 Small-cell cancer 69 M 4 ProGRP C
8 Small-cell cancer 61 M 4 ProGRP C
9 Small-cell cancer 63 ) 3A -¢ X
10 Small-cell cancer 67 M 4 - C
11 Smali-cell cancer 55 M 4 - X
12 Small-cell cancer 71 M 4 - ©
13 Small-cell cancer 49 M 4 - X

#Clinical stage was classified according to the tumor, node, metastasis (TNM) staging system (11). PCEA, carcinoembryonic antigen; ProGRP,

progastrin-releasing peptide; CYFRA 21-1, cytokeratin-19 fragment. ¢—, Not detected. %0, Phosphorylated peak detected; x, no phosphorylated peak

detected.

Materials and Methods

Peptide synthesis. A peptide substrate (FKKQGSFAKKK) was
synthesized and purified, as described previously (5, 6). The purity
of the synthetic peptide was identified by high-performance liquid
chromatography and MALDI-TOF MS. and the peptide with >95%
purity was used for the phosphorylation reaction.

MALDI-TOF MS analysis. a~-Cyano-4-hydroxycinnamic acid matrix
(10 mg/ml) was prepared in 50% water/acetonitrile and 0.1%
trifluoroacetic acid. The matrix and serum samples collected from
patients and healthy persons were mixed at a ratio of 20:1. A total
volume of 1 pl of the analyte/matrix mixture was then applied to
the MALDI plate and then allowed to dry to induce crystallization.
Analyses were conducted using a Voyager DE RP
BioSpectrometry Workstation (Applied Biosystems, Framingham,
MA, USA) in positive ion reflectron mode. All spectra were analyzed
using the Data Explorer software (Applied Biosystems). The
phosphorylation ratio is defined as the ion intensity ratio of
phosphorylated to unphosphorylated material, and was calculated
using the formula: [phosphorylated peptide intensity/(phosphorylated
peptide intensity + non-phosphorylated peptide intensity) x100].

Phosphorylation of pepride substrate with serum sample. Patient
blood samiples (200-500 ul) were collected at the Kyushu University
Hospital between June 1 and June 25, 2010 using sterile tubes that
contain no additive, heparin, or ethylenediamine tetraacetic acid.
Blood samples from 10 healthy persons were obtained as normal
controls. Blood samples were centrifuged (3,000 rpm) for 10 min
after maintaining them at room temperature for 30 min. The
supernatant (serum) was used for the phosphorylation reaction with
the peptide substrate. The total protein concentration was
determined using the method of Bradford (Coomassie Brilliant Blue
(3-250 reagent; BIO-RAD Lab., Hercules, CA, USA) and detected
by absorbance at 595 nm. The phosphorylation reaction of the
peptide substrate was carried out in 30 pl buffer (20 mM Tris-HCl
at pH 7.5, 10 mM MgCl,, and 100 uM ATP) containing 30 pM of
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the synthetic peptide and serum (2 mg/ml of protein). After
incubation for 60 minutes at 37°C, the sample was analyzed by
MALDI-TOF MS. Triplicate samples were prepared and each wag
analyzed twice.

Results

Serum samples from 13 patients with different lung cancer
types (small-cell cancer, adenocarcinoma, and anaplastic
cancer) were prepared in order to determine the existence of
activated PKCo in the serum of these patients and its
possibility for use in cancer diagnosis. Serum samples
collected from 10 healthy persons were used as controls.
Broadly used cancer biomarkers [progastrin-releasing peptide
(ProGRP), carcinoembryonic antigen (CEA), and
cytokeratin-19 fragment (CYFRA 21-1)] were identified in
eight samples out of the 13 samples. When the serum
samples were phosphorylated with PKCa-specific peptide,
phosphorylated peaks were obtained in eight of the 13
samples (Table I; Figures 1 and 2). The peak associated with
the phosphorylated peptide showed an increase in the m/z
value of 80 Da (Figure 1). However, no peak associated with
the phosphorylated peptide was observed in the serum
samples of 10 healthy persons (Figure 1).

Discussion

Several lung cancer biomarkers have been reported and used
for lung cancer diagnosis. ProGRP, produced by lung cancer,
such as small-cell lung carcinoma has high stability in blood
and is used as a biomarker for lung cancer diagnosis (7, 8).
Serum CEA is a glycoprotein involved in normal glandular
and mucosal cells and its serum levels increase in several
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Figure 1. Typical matrix-assisted laser desorptionfionization-time-of-flight mass spectrometric spectra obtained from the phosphorylation reaction
of pepride substrate with serum sample of (A) patient or (B) healthy person.

lines of cancer cells (e.g. lung, gastric, colonic, and breast),
and thus it is used as a tumor biomarker for lung cancer
diagnosis (7-10). Moreover, serum CYFRA 21-1 levels are
also used as an indicator for lung cancer diagnosis (7-10).
An increase in serum levels of these biomarkers has been
associated with tumor progression and low survival rates. In
spite of several useful clinical reports for these biomarkers,
the diagnostic accuracy for lung cancer is different from
research group to research group, and differs depending on
the type and the stage of lung cancer (7-9). Thus, the
combination of these biomarkers is encouraged to increase
the diagnostic accuracy of lung cancer (8, 9).

In the present study, we detected the presence of
phosphorylated peptide in eight serum samples collected
from a group of 13 patients with lung cancer after the

Phosphorylation ratio (%)
.

A T T %

12 3 4 35 6 7 8 9 10 11 12 13

Case

Figure 2. Phosphorylation ratio is altered after reaction with peptide
substrate of serum samples. Data are meanssstandard deviation of three
independent experiments.
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phosphorylation reaction. However, no detection of
phosphorylated peptide was detected in the serum samples
taken from 10 healthy persons. The diagnostic accuracy for
lung cancer by serum PKCa was not lower compared with
that of other biomarkers (ProGRP, CEA, and CYFRA 21-1).
Thus, our study suggests that serum activated PKCo may be
a good biomarker applicable to cancer diagnosis using small
samples of patient serum. In spite of these positive results,
however, there are two limitations regarding the present
study. The first limitation is relatively few cases and the
second limitation is that patients with early-stage (stage 1
and 2) lung cancer are not contained.

Conflicts of Interest

The Authors have no conflicts of interest to declare.

Acknowledgements

This work was sapported, in part, by a Grant-in-Aid for Scientific
Research from the Ministry of Education, Culture, Sports, Science
and Technology of Japan.

References

1 Hanash SM, Pitter SJ and Faca VM: Mining the plasma
proteome for cancer biomarkers. Nature 452: 571-579, 2008.

2 Martin KJ, Foumier MW, Reddy GP and Pardee AB: A need for
basic research on fluid-based early detection biomarkers. Cancer
Res 70: 5203-206, 2010.

O’Brian CA, Chu F, Bornmann WG and Maxwell DS: Protein
kinase Cu and ¢ small-molecule targeted therapeutics: A new
roadmap to two holy grails in drug discovery? Expert Rev
Anticancer Ther 6: 175-186, 2006.

(oM

488

4 Mackay HJ and Twelves CJ: Targeting the protein kinase C
family: Are we there yet? Nat Rev Cancer 7: 554-562, 2007.

5 Kang JH, Asai D, Toita R, Kitazaki H and Katayama Y: Plasma
protein kinase C (PKC) as a biomarker for the diagnosis of
cancers. Carcinogenesis 30: 1927-1931, 2009.

6 Kang JH, Asai D, Yamada S, Toita R, Oishi J, Mori T, Niidome
T and Katayama Y: A short peptide is a protein kinase C
(PKC)a-specific substrate. Proteomics 8: 2006-2011, 2008.

7 Schneider J, Philipp M, Velcovsky HG, Morr H and Katz N: Pro-
gastrin-releasing peptide (ProGRP), neuron-specific enolase
(NSE), carcinoembryonic antigen (CEA) and cytokeratin 19-
fragments (CYFRA 21-1) in patients with lung cancer in
comparison to other lung diseases. Anticancer Res 23: 885-893,
2003.

8 Molina R, Augé JM. Bosch X, Esudero JIM, Vificlas N, Marrades
R, Ramirez J, Carcereny E and Filella X: Usefulness of serum
tumor markers, including progastrin-releasing peptide, in
patients with lung cancer: correlation with histology. Tumour
Biol 30: 121-129, 2009.

9 Barlési F, Gimenez C, Torre JP, Doddoli C, Mancini I, Greillier
L, Roux F and Klieisbauer JP: Prognostic value of combination
of CYFRA 21-1, CEA and NSE in patients with advanced non-
small cell lung cancer. Respir Med 98: 357-362, 2004.

10 Huang WW, Tsao SM, Lai CL, Su CC and Tseng CE: Diagnostic
value of HER-2/neu, CYFRA 21-1, and carcinoembryonic
antigen levels in wmalignant pleural effusions of lung
adenocarcinoma. Pathology 42: 224-228, 2010.

11 Goldstraw P: The 7th edition of TNM in lung cancer: What
now? J Thorac Oncol 4: 671-673, 2009.

Received December 6, 2012
Revised January 15, 2013
Accepted January 15, 2013

I —253



Sensitivi and kinase activity of epidermal growth
factor receptor (EGFR) exon 19 and others to
EGFR-tyrosine kinase inhibitors

Kazute Furuyama,' Taishi Harada,"® Eiji lwama," Yoshimasa Shiraishi,’ Kyoko Okamura,’ Kayo ijichi,' Aldko Fujil,’
Kelichi Ota,’ Shuo Wang," Heyan Li," Koichi Takayama,' Gluseppe Giaccone®® and Yolchi Nakanishi'

Research Institute for Diseases of the Chest, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan; Medical Oncology Branch, Center
for Cancer Research, National Cancer Institute, Mational institutes of Health, Bethesda, Maryland, USA

{Recelved December 9, 2012/ Revised lanuary 21, 2013/ Acepted January 29, 2013/ Accepted manuscript onfine February 7, 2013/ Article first published online March 28, 2013}

The presence of epidermal growth factor receptor (EGFR) somatic
mutations in non-smali-cell lung cancer patients is associated
with response o treatment with EGFR-tyrosine kinase inhibitors,
such as gefitinib and erlotinib. More than 100 mutations in the
kinase domain of EGFR have been identified. in particular there
are many variations of deletion mutations in exon 18, In this
study, using yellow fluorescent protein-tagged fragments of the
EGFR intracellular domain, we examined the differences in sensi-
tivity to gefitinib, erlotinib and afatinib between several exon 19
mutants and other common EGFR mutations. We also used serum
of patients undergoing treatment with EGFR-tyrosine kinase
inhibitors in this system. In addition, we examined the relative
kinase activity of these mutants by measuring relative fluores-
cent intensity after immunofluorescence staining. We found that
hoth sensitivity to EGFR-tyrosine kinase inhibitors and relative
kinase activity differed among several EGFR mutations found in
the same region of the kinase domain. This study underscores
the importance of reporting the dinical outcome of treatment in
relation fo different EGFR mutations. (Cancer Soi 2013; 104: 584~
589}

bout half of lung adenocarcinoma patients in Japan have
somatic mutations in the kinase domain of epidermal
growth factor receptor (EGFR),"? and the presence of these
mutations is known to be associated with increased response i
treatment with EGFR-tyrosine kinase inhibitors (EFGR-TKI).¢
"2 To date, more than 100 EGFR somatic mutations have been
identified in lung cancer patients, as detailed in the COSMIC
database  {(www.sanger.ac.uk/genetics/CGP/cosmic/).  About
90% of EGFR mutations consist of either short deletion muta-
tions in exon 19 or a point mutation in exon 21 (L858R).
Mitsudomi er ol reported the response rate to gefitinib was
higher in patients with exon 19 deletion mutations (81%) than
in those with an LB858R mutation (71%) in exon 21. The
L.861Q point mutation in exon 21 accounts for 1-2% of EGFR
mutations,™”’ and the response rate of affected patients to
EGFR-TKI is reportedly 60%.% G719X is a point mutation in
exon 18 of EGFR, in which the glycine at codon 719 is substi-
tuted with cysteine, alanine or serine; it comprises <5% of all
EGFR mutations. Patients with these mutations are reported to
be less sensitive to EGFR-TKI, and the response rate is around
56%.“ Mutations in exon 20, such as the T790M second
mutation, are known to be resistant to EGFR-TKI. Thus, there
is variability in sensitivity of different EGFR somatic muta-
tions to these dmgs.(g) Furthermore limited data exist regarding
the more uncommon EGFR mutations, including the less fre-
quent variants in exon 19. In this study, using yellow fluores-
cent protein (YFP)-tagged fragments of the EGFR intracellular
domain (YFP-EGFR-ICD), we examined the sensitivity of var-
ious exon 19 mutations and other common EGFR mutations to

Cancer Sci | May 2013 | vol. 104 | no.5 | 584-589

EGFR-TKLY™'Y We then compared the autophosphorylation
levels of the kinase domains of the different mutants by mea-
suring fluorescent intensity.

Materials and Methods

Plasmid construction and site-directed mutagenesis. The
mutant  YFP-EGFR-ICD  constructs were generated  as
described previously. "' A KOD -Plus- Mutagenesis kit
(FOYOBO, Tokyo, Jlapan) was used to construct BEGFR
mutants according to the manufacturer’s protocol with WT
YFP-EGFR-ICD as 2 template. Primers for each mutation are
described in Data S1.

Cell culture, transfections and drug treatments. The human
breast cancer cell line Michigan Cancer Foundation (MCF)-7
was grown in DMEM supplemented with 10% FBS, 100-U
/mL penicillin and 100-ug/mi streptomycin (Gibeo, Carlsbad,
CA, USA). Cells were seeded onto sterile glass coverslips in
six-well plates and transfected with 1-pg plasmid DNA using
the X-tremeGENE 9 Transfection Reagent (Roche, Indianapo-
lis, IN, USA) according to the manufacturer’s protocol. Gefiti-
nib, erlotinib and afatinib were added at the indicated
concentrations at 24 h after transfection, and the cells were
incubated for 12 h before they were processed for immunofiu-
orescence analyses. Drug treatments were always performed in
standard culture medium containing 10% FBS. Gefitinib and
erlotinib were purchased from Cayman Chemical (Ann Arbor,
MI, USA), and afatinib was purchased from Selleck Chemicals
(Houston, TX, USA).

immunoflucrescence and microscopy analysis. To evaluate
EGFR  autophosphorylation, a rabbit anti-phosphorylated
EGFR-Y1068 antibody (#37778, diluted 1:200, Cell Signaling
Technology, Danvers, CO, USA) was used. The immunostain-
ing procedure was used as previously described."? Briefly,
cells were fixed using 4% formaldehyde in PBS for 20 min
and permeabilized with 0.2% Triton X-100 in PBS for 15 min.
After a blocking step with Blocking One Histo (Nakarai,
Kyoto, Japan) for 30 min, primary antibody diluted in PBS
with 0.1% Tween20 was applied for 1 h. After being washed
with PBS, samples were incubated with Alexa Fluor 594
(AF-594)-conjugated anti-rabbit secondary antibody (diluted
1:400, Life Technologies, Carlsbad, CA, USA) for 1h
Finally, the coverslips were mounted onto microscopic slides
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with VECTASHIELD Mounting Medium with DAPI (Vector
Laboratories Inc., Burlingame, CA, USA).

Slides were examined with a Keyence BZ-8100 fluorescence
microscope (Osaka, Japan). BZ Analyzer software (Keyence)
was used to collect images, and exposure time was kept con-
stant to allow for comparison of the signal intensities among
different samples.

Semi-quantitative comparison of YFP-EGFR-ICD autophos-
phorylation levels was performed with computer-assisted
image analysis. With a x20 objective lens, images of several
transfected cells were taken, and the fluorescent intensity in
the green and red channels was measured within a cytoplasmic
area (YFP signal and AF-594 signal) and within an area out-
side the cells (background). The intensity of the YFP and
AF-594 signals for each cell was plotted on a scatter plot and
an approximation straight lines was obtained. Then, the angles
of inclination were compared on a bar graph. All plotted signals
in each group were subjected to the analysis of covariance.
P-values less than 0.05 were considered to be statistically signi-
ficant. Excel 2008 (Microsoft Corporation, Redmond, WA,
USA) was used for these analyses.

Results

Sensitivity to EGFR-TKI. Michigan Cancer Foundation-7 cells
were transfected with plasmids encoding YFP-EGFR-ICD for
WT EGFR or mutant variants of EGFR. Twenty four hours
post-transfection gefitinib or erlotinib at a final concentration
ranging from 10 nM to 10 uM and afatinib at a final concen-
tration ranging from 10 to 500 nM were added to the culture
medium. As reported previously, the YFP-tagged EGFR frag-
ments used in this study lacked the extracellular and juxta-
membrane domains of the receptor.“o’”) Thus, we could
reduce interference from the experimental context and intro-
duce mutagenesis more efficiently to shorter EGFR fragments.
When treated with EGFR-TKI, these YFP-EGFR-ICD fusion
proteins relocate to fibril-like formation. Although the mecha-
nism of this relocation is unclear, it parallels the sensitivity to
EGFR-TKI, and correlates with decreasing downstream phos-
phor-PKB signal. """ In this study, when 70% of cells chan-
ged the fusion protein location, we determined there was
sensitivity to the EGFR-TKI. Gefitinib had no effect on WT
YFP-EGFR-ICD and del746-750/T790M YFP-EGFR-ICD
double mutant-transfected cells (Fig. 1a). However, low con-
centrations of gefitinib (20-100 nM) induced relocation of
exon 19 deletion mutant YFP-EGFR-ICD and L858R YFP-
EGFR-ICD (Figs 1a, 2). Among various mutations in exon 19,
there was a small difference in sensitivity ranging from 20- to
50-nM gefitinib. All exon 19 deletion mutants and/or insertion
mutants were more sensitive to EGFR-TKI than to L858R
(Table 1). However, an exon 19 insertion variant (745-746 ins
VPVAIK [insertion mutation valine-proline-valine-alanine-
isoleucine-lysine]) was less sensitive to gefitinib (500 nM) than
other exon 19 deletion mutants (Table 1, Fig. 2).

Serum obtained from patients who underwent treatment with
gefitinib or erlotinib for at least 1 month were diluted and
added to del746-750 YFP-EGFR-ICD-transfected cells. The
serum from patient 1, who had received gefitinib treatment,
induced YFP signal relocation at a dilution ratio below 1:100.
The serum from patient 2, who had received erlotinib treat-
ment, induced relocation at a 1:1000 dilution (Fig. 1b). Erloti-
nib has a higher potency than gefitinib and is commonly
administered at the maximum tolerated dose of 150 mg/day.
In contrast, gefitinib is commonly used at a dose (250 mg
/day) that is less than half of the maximum tolerated dose. The
trough serum concentrations of 250-mg/day gefitinib and 150-
mg/day erlotinib are reported to be approximately 400 nM
and 1.5-3.0 pM, respectively."'*!* We examined the serum of
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Fig. 1. Evaluation of the sensitivity of EGFR mutations to gefitinib.
YFP-EGFR-ICD-transfected cells were treated with gefitinib at the indi-
cated concentrations for 12 h, and cells were then subjected to image
analysis by fluorescence microscopy. (a) The WT and del746-750
/T790M YFP-EGFR-ICD-transfected cells showed only partial relocation
of the YFP signal at 10-uM gefitinib. (b) Serum from lung cancer
patients treated with gefitinib or erlotinib was diluted at the indicated
ratios and then added to del746-750 YFP-EGFR-ICD-transfected cells.
Del, deletion mutation; E19, exon 19; EGFR, epidermal growth factor
receptor; YFP, yellow fluorescent protein; YFP-EGFR-ICD, YFP-tagged
fragments of the EGFR intracellular domain.

34 additional patients; all except one sample was of suffi-
ciently high concentration to induce relocation at 1:10-1:1000
dilution (Table S1).

L861Q and G719X mutations are known to be moderately
sensitive to EGFR-TKL">'® Gefitinib at 200 nM induced
relocation in L861Q YFP-EGFR-ICD-transfected cells (Fig. 2).
A relatively high gefitinib concentration (500 nM) was needed
to induce relocation of G719X (Fig. 2). We also evaluated the
effect of erlotinib or afatinib (BIBW 2992) treatment
(Table 1). Erlotinib treatment showed similar results to gefiti-
nib. Afatinib is an irreversible EGFR and human epidermal
growth factor receptor type 2 (HER2) inhibitor, predicted to
overcome the acquired resistance caused by T790M that cova-
lently binds in the catalytic pocket of EGFR."'” In a phase I
clinical trial, the trough serum concentration of afatinib at a
dose of 40-50 mg/day was under 100 nM."'® The del746-
750/T790M YFP-EGFR-ICD-transfected cells showed fibril-
like formation of YFP signals at an afatinib concentration of
100 nM or more. Cells transfected with intermediately-sensi-
tive mutants (1.861Q, G719X) all presented a similar response
to afatinib at 50 nM.

Relative kinase activity of various EGFR mutations. We trans-
fected WT YFP-EGFR-ICD and a different YFP-EGFR-ICD
mutation into MCF-7 cells. Twenty four hours post-transfec-
tion, immunofluorescence staining was performed using a spe-
cific primary antibody to detect phosphorylation of EGFR at
Y1092. Secondary antibody conjugated to AF-594 was used,
and cells were examined with fluorescence microscopy. A
YFP signal is a marker of transfection, and non-transfected
cells did not contain a detectable AF-594 signal. We used
computer-assisted analysis to compare the AF-594 and YFP
signal intensity of individual cells. We then evaluated the rela-
tive kinase activities (i.e. the levels of autophosphorylated
Y1092 at the same YFP level) (Fig. 3a). The phosphorylation

Cancer Sci | May 2013 | vol. 104 | no.5 | 585
© 2013 Japanese Cancer Association

I —255



0 nM

20 nM

Del746-750 ¢

50 nM 100 nM

Del747-751
Del747-752 L

Gefitinib OnM 50 nM

100 nM 500 nM

745-746 ins
VPVAIK

Gefitinib 50 nM

100 nMi

O0nM 20 nM

Del746-752
>V

Del747-750
> P

Del746~751
> A

Del747-753
>8

50nM 100nM 200 nM 500 nM‘
L8siQ
G719A
G719C

G7198

Fig. 2. Sensitivity of various mutations in exon 19 and common EGFR
mutations to gefitinib. The various YFP-EGFR-ICD exon 19 mutant-trans-
fected cells showed YFP signal relocation at lower concentrations of
gefitinib than WT YFP-EGFR-ICD. Sensitivity to gefitinib was different
among these mutations. The L861Q and G719X YFP-EGFR-ICD-transfect-
ed cells showed YFP signal relocation at 200-500-nM gefitinib. A, ala-
nine; Del, deletion mutation; EGFR, epidermal growth factor receptor;
ins, insertion mutation; P, proline; S, serine; V, valine; VPVAIK, valine-
proline-valine-alanine-isoleucine-lysine; YFP, yellow fluorescent pro-
tein; YFP-EGFR-ICD, YFP-tagged fragments of the EGFR intracellular
domain.

status of WT EGFR was very low. Among the exon 19
mutations, all had similar or significantly higher levels of auto-
phosphorylation than WT EGFR, with the exception of del747
—752, which had a much lower autophosphorylation level than
the other mutations (Fig. 3b).

With regard to other common EGFR mutations, G719X
showed weaker phosphorylation levels than the exon 19 dele-
tion mutants (Fig. 3c). Among G719X mutations, G719C and

Table 1. Sensitivity of EGFR mutations to EGFR-TKI

Gefitinib Erlotinib Afatinib
Del746-750 20 nM 20 nM NP
Del747-751 50 nM 20 nM NP
Del747-752 50 nM 50 nM NP
Del746-751>A 20 nM 20 nM NP
Del747-750>P 50 nM 50 nM NP
Del747-753>S 50 nM 50 nM NP
Del746-752>V 20 nM 20 nM NP
E19 ins VPVAIK 500 nM 500 nM 20 nM
L858R 100 nM 50 nM NP
L861Q 200 nM 200 nM 50 nM
G719C 500 nM 500 nM 50 nM
G719S 500 nM 500 nM 50 nM
G719A 500 nM 500 nM 50 nM
Del746-750/T790M >10 pM >10 pM 200 nM
WT >10 pM >10 uM 200 nM

EGFR-TK!I were added to transfected cells at the iNPicated concentra-
tions. Sensitivities to EGFR-TKI were determined by observation of YFP
signal relocation. A, alanine; Del, deletion mutation; E19, exon 19;
EGFR, epidermal growth factor receptor; ins, insertion mutation; NP,
not performed; P, proline; S, serine; TKI, tyrosine kinase inhibitor; V,
valine; VPVAIK, valine-proline-valine-alanine-isoleucine-lysine; YFP,
yellow fluorescent protein.

G719S mutations showed lower levels of autophosphorylation
than G719A (P <0.01). The other common mutations
(L861Q, L858R and exon 19 del/T790M) showed similarly
enhanced phosphorylation to the exon 19 deletion mutations.
The results of fluorescent microscopy-based EGFR phosphory-
lation analysis were confirmed by Western blot analysis
(Fig. 34d).

Discussion

Analysis of the COSMIC database revealed that inframe dele-
tion mutations and deletion/insertion mutations comprise 76%
and 21% of EGFR mutations in exon 19, respectively. The most
frequent mutation is del746-750, which comprises 64% of exon
19 mutations, followed by del747-753>S (6%), del747-751
(4.2%), del747-750>P (4%), del746-752>V (2.4%), del747-
752 (2.1%) and del746-751>A (1%), respectively. The fre-
quency is similar to that reported in the Somatic Mutations in
EGFR Database. As for insertion mutations in exon 19, this type
of mutation is described as less sensitive to EGFR-TKI than
other exon 19 deletion mutations.'” These insertion mutations
comprise approximately 1% of all EGFR mutations identified
by DNA sequencing of lung tumor specimens in the USA.
Although many types of EGFR exon 19 mutations have been
reported, little is known about their characteristics. Therefore,
we studied several EGFR exon 19 variants using the YFP-
EGFR-ICD assay. Previous reports demonstrated that the assay
is useful for evaluating the sensitivity of EGFR mutations to
EGFR-TKI. We also used HEK/293 and BEAS-2B cell lines in
addition to MCF-7 cells, and the results were almost identical
(data not shown). We used mainly MCF-7 cells because an irrel-
evant cell line seemed to be a better method to examine the
effect of exogenous EGFR without unknown factors influencing
EGFR signaling. Sensitivity to EGFR-TKI was determined by
YFP-EGFR fusion protein relocation, not by cell proliferation
or apoptosis. The relocation and signaling of YFP-EGFR may
be independent of cell addiction to endogenous EGFR signaling.
In addition, in our study the assay was used to evaluate the con-
centration of EGFR-TKI in serum from non-small-cell lung can-
cer patients undergoing EGFR-TKI treatment. As del746-750
YFP-EGFR-ICD-transfected cells showed YFP relocation at
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Relative kinase activity of EGFR exon 19 mutations. (a) Semi-quantitative comparison of YFP-EGFR-ICD autophosphorylation levels based

on computer-assisted image analyses. The intensity of YFP and AF-594 for each cell line was plotted on a scatter plot and an approximation
straight lines as obtained. The angles of inclination were compared on a bar graph for each mutation. (b) Comparison of phosphorylation levels
of WT EGFR and EGFR exon 19 mutants. (¢) Comparison of phosphorylation levels of WT and common EGFR mutations. The y-axis indicates the
relative phosphorylation levels of EGFR. The phosphorylation of WT EGFR is shown as 1. Statistical analysis was performed as described in the
Materials and Methods. (d) EGFR and pEGFR levels of several EGFR mutations were quantified by Western blotting. *P < 0.01. **P < 0.05. A, ala-
nine; AF-594, Alexa Fluor 594; Del, deletion mutation; E19, exon 19; EGFR, epidermal growth factor receptor; P, proline; pEGFR, phosphorylated
epidermal growth factor receptor; S, serine; V, valine; YFP, yellow fluorescent protein; YFP-EGFR-ICD, YFP-tagged fragments of the EGFR intracel-

lular domain.

20-nM gefitinib, we could estimate the approximate serum con-
centration of gefitinib by the addition of diluted serum. The con-
centration in serum from patients administered gefitinib
treatment was approximately 5-10 times lower than that of
patients who received erlotinib treatment (Table S1). The results
seemed to confirm the previously reported pharmacokinetics of
EGFR-TKI. Therefore, this assay might be useful as an alterna-
tive method for monitoring serum concentrations.

Several regorts described the sensitivity of exon 19 mutation
variants.">?? According to the previous data, del746-750 and
del747-753>S were a little more sensitive (ICsq < 10 nM)
than other variants. In one report, del746-752>V-transfected
cells were less sensitive (ICso = 306 nM) to gefitinib than
other variants (ICso < 100 nM). In our study, del746-750,
del746-751>A and del746-752>V were more sensitive
(<20 nM) than other variants (<50 nM). Although there is a
little discrepancy in results between our data and previous
studies, in part because of different methods of detection, the
most common mutation, del746-750, generally seems to be
the most sensitive. As the amino acid residues at position 747—
750 in human EGFR protein (leucine, arginine, glutamic acid
and alanine) are highly conserved, it is presumed that single
amino acid changes in exon 19 variants may influence
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sensitivity to EGFR-TKI and then partly contribute to the
individual differences in clinical benefit from EGFR-TKI treat-
ment. As variants of exon 19 deletions have not been distin-
guished in clinical trials, the clinical relevance of these
variants remains unclear.

A small difference in sensitivity to EGFR-TKI was also
found between del746-750 and L858R. In several clinical tri-
als of gefitinib or erlotinib treatment, lung cancer patients with
exon 19 deletion mutations had superior response rates, pro-
gression free survival and overall survival rates than patients
with L858R.*1? The differences in clinical outcome might
partially reflect the differences in sensitivity.

YFP-tagged fragments of the EGFR intracellular domain
L861Q-or G719X-transfected cells showed intermediate sensi-
tivity to gefitinib and erlotinib, and L.861Q was more sensitive
than G719X. No difference in sensitivity between these muta-
tions was found for afatinib. Kancha er al.®® noted that
because L861Q retained high binding affinity for ATP, irre-
versible inhibitors of EGFR might be more beneficial than
reversible inhibitors to patients with 1.861Q EGFR mutation.
In our study, the L861Q mutation was relatively sensitive to
reversible and irreversible tyrosine kinase inhibitors. Erlotinib
may be more effective than gefitinib in patients with G719X
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that need 500 nM of either drug, because trough levels of gefi-
tinib are lower than effective concentrations when the drug is
given at standard dose.

In approximately half of patients with acquired resistance
after treatment with first generation EGFR-TKI, T790M
secondary mutation will occur.®*?” In the present study,
afatinib needed to be administered at a concentration of at least
100 nM to alter the location of YFP-EGFR-ICD fusion protein
with the del746-750/T790M mutation, whereas afatinib had a
median trough concentration of 30-60 nM in a clinical
study."® In addition, a recent in vitro study showed that
T790M secondary mutation was also involved in acquired resis-
tance after treatment with afatinib.®® Clinical studies targeting
T790M mutations are necessary. Higher intermittent doses of
afatinib may be more effective than standard continuous dosing
in this patient population.

Several lines of evidence indicated that EGFR mutants exhi-
bit differentially enhanced kinase activities. In our study, exon
19 mutants, with the exception of del747-752, presented with
almost similar autophosphorylation status. Reflecting previous
data,®® del747-752, which accounts for <2% of mutations in
exon 19, presented a low autophosphorylation status compara-
ble to WT EGFR.*® Pao et al. evaluated the phosphorylation
of this mutation variant using a phospho-Y1092-specific anti-
body and an anti-phosphotyrosine antibody; phosphorylation
was at a low level compared to WT EGFR or L858R.
Although it is unclear why only del747-752 is not as highly
phosphorylated at Y1092, patients with del747-752 mutation
benefit from EGFR-TKI treatment. %% A possible hypothesis
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ization with HER2 or human epidermal growth factor receptor
type 3 (HER3).

The autophosphorylation levels of G719X were less enhanced
than other common mutations. Relatively low response rates in
patients with EGFR G719X mutations to inhibitor treatment
might indicate a lower dependence on EGFR signaling.

In conclusion, various EGFR exon 19 deletion mutants
exhibited similar characteristics, with the exception of del747-
752, in terms of phosphorylation of the EGFR tyrosine kinase
domain. However, variants of EGFR exon 19 deletions showed
differences in sensitivity to EGFR-TKI. The difference of these
characteristics of various EGFR mutations may be relevant to
clinical outcome. Therefore, further studies to functionally
characterize and determine the clinical relevance of EGFR
mutations are warranted.

Acknowledgments

We appreciate the technical support we received from the Research
Support Center, Graduate School of Medical Sciences, Kyushu Univer-
sity (Fukuoka, Japan). This study was performed as part of the Project
for Development of Innovative Research on Cancer Therapeutics

(P-DIRECT), Ministry of Education, Culture, Sports, Science and
Technology of Japan (Tokyo, Japan).

Disclosure Statement

The authors have no conflict of interest.

13 Baselga J, Rischin D, Ranson M et al. Phase I safety, pharmacokinetic, and
pharmacodynamic trial of ZD1839, a selective oral epidermal growth factor
receptor tyrosine kinase inhibitor, in patients with five selected solid tumor
types. J Clin Oncol 2002; 20: 4292-302.

14 Hidalgo M, Siu LL, Nemunaitis J et al. Phase I and pharmacologic study
of OSI-774, an epidermal growth factor receptor tyrosine kinase inhibitor,
in patients with advanced solid malignancies. J Clin Oncol 2001; 19:
3267-79.

15 Yuza Y, Glatt KA, Jiang J er al. Allele-dependent variation in the relative
cellular potency of distinct EGFR inhibitors. Cancer Biol Ther 2007; 6:
661-7.

16 Kancha RK, von Bubnoff N, Peschel C, Duyster J. Functional analysis of
epidermal growth factor receptor (EGFR) mutations and potential implica-
tions for EGFR targeted therapy. Clin Cancer Res 2009; 15: 460-7.

17 Li D, Ambrogio L, Shimamura T ef al. BIBW2992, an irreversible EGFR
/HER?2 inhibitor highly effective in preclinical lung cancer models. Onco-
gene 2008; 27: 4702-11.

18 Yap TA, Vidal L, Adam J et al. Phase I trial of the irreversible EGFR and
HER? kinase inhibitor BIBW 2992 in patients with advanced solid tumors.
J Clin Oncol 2010; 28: 3965-72.

19 He M, Capelletti M, Nafa K et al. EGFR exon 19 insertions: a new family
of sensitizing EGFR mutations in Iung adenocarcinoma. Clin Cancer Res
2012; 18: 1790-7.

20 Engelman JA, Zejnullahu K, Gala C-M er al. PF00299804, an irreversible

Pan-ERBB inhibitor, is effective in lung cancer models with EGFR and

ERBB2 mutations that are resistant to gefitinib. Cancer Res 2007; 67:

11924-32.

Jackman DM, Yeap BY, Sequist LV ef al. Exon 19 deletion mutations of

epidermal growth factor receptor are associated with prolonged survival in

non-small cell lung cancer patients treated with gefitinib or erlotinib. Clin

Cancer Res 2006; 12: 3908-14.

22 Riely GJ, Pao W, Pham D et al. Clinical course of patients with non-small
cell lung cancer and epidermal growth factor receptor exon 19 and exon 21
mutations treated with gefitinib or erlotinib. Clin Cancer Res 2006; 12:
839-44.

23 Kancha RK, Peschel C, Duyster J. The epidermal growth factor receptor-
L861Q mutation increases kinase activity without leading to enhanced sensi-
tivity toward epidermal growth factor receptor kinase inhibitors. J Thorac
Oncol 2011; 6: 387-92.

24 Kobayashi S, Boggon TJ, Dayaram T er al. EGFR mutation and resistance
of non-small-cell lung cancer to gefitinib. N Engl J Med 2005; 352: 786-92.

2

—

doi: 10.1111/cas.12125
© 2013 Japanese Cancer Association

0 —258



25

26

27

Pao W, Miller VA, Politi KA et al. Acquired resistance of lung adenocarci-
noma to gefitinib or erlotinib is associated with a second mutation in the
EGFR kinase domain. PLoS Med 2005; 2: 225-35.

Balak MN, Gong Y, Riely GJ et al. Novel D761Y and common secondary
T790M mutations in epidermal growth factor receptor-mutant lung adenocar-
cinomas with acquired resistance to kinase inhibitors. Clin Cancer Res 2006;
12: 6494-501.

Kosaka T, Yatabe Y, Endoh H et al. Analysis of epidermal growth factor
receptor gene mutation in patients with non-small-cell lung cancer and
acquired resistance to gefitinib. Clin Cancer Res 2006; 12: 5764-9.

Supporting Information

28

29

30

Kim Y, Ko J, Cui Z et al. The EGFR T790M mutation in acquired resis-
tance to an irreversible second-generation EGFR inhibitor. Mol Cancer Ther
2012; 11: 784-91.

Pao W, Miller V, Zakowski M ef al. EGF receptor gene mutations are
common in lung cancers from “never smokers” and are associated with
sensitivity of tumors to gefitinib and erlotinib. Proc Natl Acad Sci U S A
2004; 101: 13306-11.

Chung KP, Wu SG, Wu JY et al. Clinical outcome in non-small cell lung
cancers harboring different exon 19 deletions in EGFR. Clin Cancer Res
2012; 18: 3470-7.

Additional Supporting Information may be found in the online version of this article:

Doc. S1. List of the primers for site-directed mutagenesis.

Table S1. Patients’ characteristics and serum concentration of epidermal growth factor receptor-tyrosine kinase inhibitors in this study.

Furuyama et al.

I —259

Cancer Sci | May 2013 | vol. 104 | no.5 | 589
© 2013 Japanese Cancer Association



@t

h

%

s

4
#

£

3 s

Jpn J Clin Oncol 2013;43(11)1105—1109
doi:10.1093/jjco/hyt122
Advance Access Publication 4 September 2013

fournal of

Short Hydration in Chemotherapy Containing Cisplatin (>75 mg/m?)
for Patients with Lung Cancer: A Prospective Study

Hidehito Horinouchi®, Kaoru Kubota, Hidetoshi Itani, Tomoko Katsui Taniyama, Shinji Nakamichi, Hiroshi Wakui,
Shintaro Kanda, Hiroshi Nokihara, Noboru Yamamoto, lkuo Sekine and Tomohide Tamura

Division of Thoracic Oncology, National Cancer Center Hospital, Tokyo, Japan

*For reprints and all correspondence: Hidehito Horinouchi, Division of Thoracic Oncology, National Cancer Center
Hospital, Tsukiji 5-1-1, Chuo-ku, Tokyo 104-0045, Japan. E-mail: hhorinou@ncc.go.jp

Received May 20, 2013; accepted August 4, 2013

Objective: We previously reported that 22% of lung cancer patients experienced a Grade 2 or
3 elevation in creatinine after chemotherapy containing cisplatin. We conducted a Phase Il trial
to evaluate the safety and efficacy of short hydration.

Methods: The major eligibility criteria included patients with lung cancer for whom a >75 mg/m?
cisplatin-based regimen was indicated and adequate organ function. Cisplatin was administered
with pre- and post-hydration containing 10 mEq of potassium chloride in 500 ml of fluid over
a 60-min period. Immediately before the administration of cisplatin, mannitol (20%, 200 ml)

was administered as forced diuresis over 30 min. And magnesium sulfate (8 mEq) was added to.

pre-hydration.

Results: Forty-four patients were enrolled between April and December 2011. The patients
included 29 men and 15 women with a median (range) age of 64 (42-74) years. Twenty patients
received cisplatin and pemetrexed as their most frequent regimen and 38 patients received three
to four cycles of chemotherapy. The median (range) duration and volume of the chemotherapies
were 4.0 (3.3—6.8) h and 1600 (1550—2050) ml, respectively. Of the 44 patients, 43 (97.8%)
completed the cisplatin-based chemotherapy without Grade 2 or higher renal dysfunction. The
only patient who had Grade 2 elevation in creatinine (maximum value 1.7 mg/dl) had prompt
improvement in creatinine levels and completed four cycles of chemotherapy.

Conclusions: The short hydration is safe without severe renal toxicities in regimens containing
cisplatin (>75 mg/m?) for patients with lung cancer.

Key words: short hydration — magnesium supplementation — cisplatin — lung cancer — renal toxicity

INTRODUCTION

Cisplatin (>75 mg/m?) is an important component of standard
therapies for lung cancer, especially in adjuvant chemother-
apy, chemoradiotherapy and also in advanced settings (1—3).
Ardizzoni et al. (4) conducted an individual patient data
meta-analysis and reported that cisplatin-based chemotherapy
was associated with a statistically significant better survival
compared with carboplatin-based regimens in non-squamous
non-small-cell lung cancer. Several liters of hydration over a
period of 10 h have been recommended on labels for cisplatin
because of prevention of renal toxicity. The introduction of

newer-generation antiemetics such as aprepitant and palonose-
tron significantly reduces nausea and vomiting, resulting in
better control of oral intake. However, the conventional long
hydration is widely performed because of the nephrotoxicity
of cisplatin, preventing the optimal use of a platinum agent
(5). We previously reported that 22% of lung cancer patients
experienced a Grade 2/3 elevation in creatinine after undergo-
ing conventional long hydration in regimens containing
cisplatin (6). To reduce nephrotoxicities of cisplatin, several
strategies including magnesium supplementation and forced
diuresis using mannitol or furosemide have been reported
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1106 Short hydration in cisplatin-based chemotherapy

(7—10). Because few studies have reported the feasibility and
efficacy of short hydration after the introduction of newer-
generation antiemetics, we conducted a prospective trial to
evaluate the safety of short hydration in regimens containing
cisplatin using state-of-the-art protective strategies against
renal and gastrointestinal toxicities.

PATIENTS AND METHODS
PATIENT SELECTION

The eligibility criteria were as follows: histologically or
cytologically proven lung cancer; candidates for platinum-
based chemotherapy or chemoradiotherapy with cisplatin
(>75 mg/m?); no previous treatment including cisplatin;
patients aged between 20 and 74 years; an Eastern Cooperative
Oncology Group (ECOG) performance status (11) of 0 or 1; ad-
equate bone marrow function [white blood cell (WBC) count
>3.0 x 10%/1, neutrophil count >1.5 x 10%/1, hemoglobin
>9.0 g/dl and platelet count >100 x 109/1], liver function
(total bilirubin <1.5 mg/dl and transaminase <100 IU/1) and
renal function (serum creatinine < the upper limit of the
normal value and creatinine clearance >60 ml/min) and an
SpO, of >95%. Patients were excluded if they had dysphagia
caused by recurrent nerve paralyses or large mediastinal
masses, uncontrolled malignant pleural or pericardial effusion,
or concomitant serious illness (such as angina pectoris, myocar-
dial infarction in the previous 6 months, heart failure, infection
or any other diseases contraindicating chemotherapy or radio-
therapy). All the patients gave their written informed consent.
The study was approved by the institutional review board of the
National Cancer Center Hospital, Tokyo, Japan (UMIN trial
registration no. 000004727).

TREATMENT SCHEDULE

Patients received cisplatin-based chemotherapy with a cisplatin
dose of >75 mg/m® every 3 weeks. As a common antiemetic pre-
medication, palonosetron (0.75 mg) and dexamethasone (9.9 mg)
were dissolved in 50 ml of normal saline solution and infused,
and an oral aprepitant (125 mg on Day 1, 80 mg on Days 2—3)
and dexamethasone (8 mg, Days 2—4) were administered
before and after chemotherapy. An hour-long infusion of cis-
platin dissolved in 250 ml of normal saline solution was
inserted between pre-hydration [ potassium chloride (10 mEq)
and magnesium sulfate (8 mEq) dissolved in 500 ml of one-
fourth saline solution] and post-hydration (potassium chloride
10 mEq dissolved in 500 ml of one-fourth saline solution).
Mannitol was infused just before the cisplatin administration
as an enforced diuresis. The patients received one other cyto-
toxic agents, including pemetrexed (500 mg/m?), docetaxel
(60 mg/m?), vinorelbine (20 or 25 mg/m?), gemcitabine
(1000 mg/m?) or etoposide (100 mg/m?), with appropriate
premedication in combination with cisplatin (see the example
in Figure 1).

Antiemetics(0.25hr)

Palonosetron G.75mg
Dexamethasone  9.9mg
0.9% saline 50mi
Pemetrexed (10 min)
Pemetrexed 500mg/m?
0.9% saiine 100ml

Pre-hydration (1hy)

1/4 saline solution 500ml
Potassium chloride 10méq
Magnesium sulfate 8mEq

Diuresis (0,5hr)

20%Mannitol 200ml
Cispiatin (1hr)

Cisplatin 75mg/m?
0.8% saiine 250ml

Post-hydration (1hr)
1/4 saline solution 500mi
Potassium chloride 10mEg

Figure 1. An example of chemotherapy regimen: cisplatin and pemetrexed.

ToxiciTy ASSESSMENT AND TREATMENT MODIFICATION

Complete blood cell and differential counts were performed
and routine chemistry determinants were evaluated on Day 8
of the first cycle and on Day 1 of every cycle. Toxicities were
graded according to the National Cancer Institute Common
Toxicity Criteria (CTCAE) version 4.0 issued in 2009.
Although the CTCAE version 4.0 contains two criteria for cre-
atinine, we adopted a classical ULN (upper limit of normal)-
based method to evaluate the elevation of creatinine.
Subsequent cycles of cisplatin-based chemotherapy were
delayed if any of the following toxicities were noted on Day 1:
WBC count <3.0 x 10°/1, neutrophil count <1.5 x 10°71,
platelet count <100 x 10%/1, serum creatinine level > 1.4 mg/dl,
elevated hepatic transaminase level > 100 IU/l and performance
status of >2. The dose of cisplatin was reduced by 25% in all
the subsequent cycles if the serum creatinine level increased to
Grade 2 or higher.

STATISTICAL ANALYSES

This study was designed as a nonrandomized, single-center
Phase II trial. The primary efficacy variable was the propor-
tion of patients without renal dysfunction, defined as the pro-
portion of patients without a Grade 2 or higher elevation in
creatinine from the baseline value after first-cycle cisplatin.
The sample size was estimated using a Simon two-stage
design to test the null hypothesis for a proportion of patients
without renal dysfunction of <70% versus an alternative hy-
pothesis of a proportion of patients >88% at a power of 90%.
Under the assumption of a Type I error rate of 0.05, with the
stated statistical hypothesis, a total of 44 patients were
required for the study (12). The successful completion of
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Stage I required 24 patients without renal dysfunction among
the first 30 patients who received first-cycle cisplatin. The
overall proportion of patients without renal dysfunction and its
95% confidence interval (CI) were calculated for the final ana-
lysis in all the patients who received the study treatment. The
study was considered to have fulfilled the primary end point if
36 out of a total of 44 patients were able to complete the first-
cycle cisplatin without a Grade 2 or higher elevation in cre-
atinine. Secondary end points included the number of cycles
of chemotherapy, adverse events and the overall response rate
in patients who had measurable lesions according to the
RECIST criteria (Ver. 1.1) (13). The STATA 11 for Windows
software package (StataCorp LP, College Station, TX, USA)
was used for the statistical analyses.

RESULTS
CHARACTERISTICS OF THE PATIENTS

Forty-four patients were enrolled between April and
December 2011. The participants’ characteristics were as
follows: male/female 29/15; median age (range) 64 (42—74)
years and ECOG performance status 0/1 26/18. Of these, 13
received adjuvant chemotherapy, 5 received chemoradiother-
apy and 26 received chemotherapy for advanced diseases.
Most patients had lung adenocarcinoma (n = 34), but seven
had squamous cell carcinoma, two had small-cell carcinoma
and one had adenosquamous carcinoma. The results of the
pretreatment renal function tests [median (range)] were as
follows: serum creatinine 0.7 (0.4—1.1) mg/dl and estimated
creatinine clearance 85 (50—148) ml/min (Table 1).

PosST-TREATMENT RENAL FUNCTION AND OTHER TOXICITIES

The trial established the primary endpoint with no patient
experienced Grade 2 or more creatinine elevation in the first
cycle of cisplatin. The proportion of patients without renal
dysfunction after all cycles of study treatment was 97.8%
(95% CI 88.0—99.9). One patient experienced a Grade 2 ele-
vation in creatinine (pretreatment value 0.7 mg/dl, maximum
value 1.7 mg/dl) after three cycles of chemotherapy. With a
prompt improvement in the creatinine level (minimum value
1.3 mg/dl), the patient was able to complete another cycle
(fourth cycle) of chemotherapy with reduced cisplatin. The
results of the post-treatment renal function tests [median
(range)] were as follows: serum creatinine 0.75 (0.4—1.4) mg/dl
and estimated glomerular filtration rate (GFR) 75 (38—
126) ml/min (Table 2). The profiles for toxicities other than
renal dysfunction are summarized in Table 3.

TREATMENT DELIVERY AND EFFICACY

Twenty patients received cisplatin and pemetrexed as the most
frequent regimen and 38 patients received three to four cycles
of chemotherapy. The median (range) duration and volume of
the chemotherapies were 4.0 (3.3—6.8) h and 1600 (1550—

Jpn J Clin Oncol 2013;43(11) 1107

Table 1. Patient characteristics
Patient characteristics n=44
Age (years)

Median 64

Range 4274
Sex

Male 29

Female 15
Performance status

0 26

1 18
Treatment setting

Adjuvant therapy 13

Chemoradiotherapy 5

Post-surgical recurrence. 9

Advanced disease 17
Comorbidities

Hypertension 15

Diabetes mellitus 8

Pulmonary disease 7

Cardiac disease 2
Serum creatinine (mmg/dl)

Median 0.7

Range 0.4-1.1
Estimated creatinine clearance (ml/min)”

Median 85

Range 50148
Measured creatinine clearance (ml/min)

Median 112

Range 64—169
Histology

Adenocarcinoma 34

Squamous cell carcinoma
Small-cell carcinoma 2

Adenosquamous carcinoma 1

#Cockroft—Gault formula.

2050) ml, respectively. The majority of patients (37 patients,
84%) completed preplanned three to four cycles of cisplatin-
based chemotherapy. The reasons for early termination of
chemotherapy in the other patients were as follows: six (14%)
progressive disease and one (2%) patient refusal due to gastro-
intestinal toxicities. During the study treatment, 13 patients
received intravenous hydration and 6 patients required a dose
reduction of cisplatin mainly because of gastrointestinal
toxicities, except for one patient with a Grade 2 elevation
of creatinine (Table 4). The objective response rate was

m—262

$10T ‘7 AN U0 AJISIOATU() [ROIPSJA] RUIRARNE A T8 /BI10"sTewmolpIroyxo-oofly/:dpy woiy papeojumocy
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Table 2. Renal function during all courses of cisplatin administration

Table 4. Treatment summary

n=44 n=44
Maximum grade of Cr elevation (n, %) Chemotherapy regimens (no. of patients, %)
Grade 1 7(16) Cisplatin + pemetrexed 20 (45)
Grade 2 1(2) Cisplatin -+ vinorelbine 10(23)
Post-treatment serum Cr (mg/dl) Cisplatin + docetaxel 9 (20)
Median 0.75 Cisplatin + gemcitabine 3(7)
Range 04-14 Cisplatin + etoposide 2(5)
Post-treatment estimated GFR (mU/min) Volume of intravenous fluid for each regimen (ml)
Median 75 Cisplatin + pemetrexed 1600
Range 38-126 Cisplatin + vinorelbine 1550
Cisplatin + docetaxel 1800
GFR, glomerular filtration rate using the Cockroft—Gault formula. Cisplatin + gemcitabine 1600
Cisplatin + etoposide 2050
Table 3. Adverse events other than renal toxicities
Length of time for each regimen (median hour, range)
Toxicities Gradel Grade2 Grade3 Grade4 Total (%) Cisplatin -+ pemetrexed 38(33-53)
grade 3/4 Cisplatin + vinorelbine 3.9(3.4-5.8)
Cisplatin + docetaxel 4.9 (4.0-5.9)
Fever 1 1 0 0 0 Cisplatin + gemcitabine 4.0(3.6-5.3)
Fatigue 17 6 0 0 0 Cisplatin -+ etoposide 6.4 (53-6.8)
Body weight loss 0 0 9 0 0 Number of chemotherapy cycles (no. of patients, %)
Anorexia 21 9 1 0 12) Four cycles 30 (68)
Constipation 20 2 0 0 0 Three cycles 7(16)
Diarrhea 6 0 0 0 0 Two cycles 409)
Nausea 25 5 1 0 1(2) One cycle 3(7)
Vomiting 0 1 0 1@ Median 4 cycles
Febrile neutropenia 0 0 2 0 2(5 Additional intravenous hydration (no. of patients)® 13
Alopecia 11 3 0 0 0 Total number of cycles (median, range) 1(1-3)
Total number of days per cycle (median, range) 0(0-11)
Dose reduction of cisplatin (no. of patients) 6

48.0% (95% CI 27.8—68.7) among patients with post-surgical
recurrences and advanced non-small-cell lung cancer who
had measurable lesions according to the RECIST criteria
(version 1.1).

DISCUSSION

The prospective trial demonstrated that 97.8% of the partici-
pants completed the cisplatin-based chemotherapy with-
out Grade 2 or higher elevation in creatinine using short
hydration with magnesium supplementation and appropriate
antiemetics.

With cisplatin nephrotoxicities, the major lesion of damage
is at the proximal tubules, especially in the S3 segment of the
proximal tubule situated in the outer stripe of the outer
medulla (14). The pathophysiological mechanism for renal
injury is not fully understood; however, high-volume hydra-
tion (discussed below) and hyper diuresis were usually

“Intravenous hydration on days other than those on which cisplatin was
administered.

employed to prevent cisplatin nephrotoxicities (7,8). Based on
the results of basic and clinical research, both mannitol and
furosemide seemed to be equally effective in preventing renal
dysfunction (15—17). These strategies are intended to lower
the concentration and to shorten the period of direct cisplatin
exposure. Hypomagnesemia has also been considered as a
cause of renal dysfunction and as a target of intervention.
Magnesium is associated with the active transport mechanism
in the tubular cells of the kidney. Sobrero et al. (18) suggested
that hypomagnesemia during cisplatin administration may
lead to an elevated concentration of cisplatin in tubular cells,
thereby damaging the proximal tubules and resulting in subse-
quent renal dysfunction. Several studies, including a rando-
mized trial, have demonstrated a favorable effect on the renal
dysfunction during cisplatin-based chemotherapies (9,10,19).
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Tiseo et al. (20) conducted a retrospective trial examining a
short period of hydration during regimens containing high-
dose cisplatin using magnesium supplementation and forced
diuresis. Based on these findings, the national comprehensive
cancer network (NCCN) has provided chemotherapy order
templates to improve the safe use of drugs and biologics in
cancer care. The cisplatin template of NCCN recommended
hyper diuresis using mannitol and magnesium supplementa-
tion, which were included in the protocol treatment for the
current trial.

Stewart et al. conducted a retrospective analysis examining
the effects of pretreatment factors on increase of serum cre-
atinine in 425 patients treated with cisplatin. They found no
correlation between nephrotoxicities and the amount of hydra-
tion in a logistic regression analysis after adjustments for other
parameters associated with cisplatin toxicities (21). Although
a few other reports examining the administration of cisplatin
with a lower volume and a shorter period of hydration (espe-
cially under 2000 ml) have been performed, these studies are
now somewhat out of date, especially with regard to the usage
of antiemetics, to be directly applied to current clinical prac-
tice (22,23).

In this prospective trial using up-to-date chemotherapy
and antiemetic regimens, we confirmed the safety of short
hydration with regard to renal function in almost all (97.8%)
of the participants who received cisplatin-based chemother-
apy. The result of the current trial was significantly better
than the historical data reported in our retrospective analysis
conducted in the same institution with similar patient
characteristics (6).

Short hydration is safe and reduces the frequency of severe
renal toxicities in regimens containing cisplatin (>75 mg/m?)
for the treatment of patients with lung cancer. Cisplatin
labels with regard to hydration should accept short- and lower-
volume hydration as an option based on the result of the present
study.
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Purpose of this study is to obtain dose-volume histogram (DVH) predictors and threshold
values for radiation esophagitis caused by high-dose involved field radiotherapy (IFRT) with
concurrent chemotherapy in patients with stage Il non-small cell lung cancer (NSCLC).
Thirty-two patients treated by 66 Gy/33Fr, 72 Gy/36 Fr, and 78 Gy/39 Fr thoracic radiotherapy
without elective nodal irradiation plus concurrent cisplatin and vinorelvine were reviewed.
Acute radiation esophagitis was evaluated according to common terminology criteria for
adverse events version 4.0, and correlations between grade 2 or worse radiation esophagitis
and DVH parameters were investigated. Grade 0-1, 2, 3, and 4-5 of radiation esophagitis
were seen in 11 (34.4%), 20 (62.5%), 1 (3.1%), and 0 (0%) of the patients, respectively.
Multivariate analysis revealed that whole esophagus V35 is a predictor of radiation esophagi-
tis (OR = 0.74 [95%CI; 0.60-0.91], p = 0.008). There is a significant difference (38.4% vs.
89.4%, p = 0.027) in the cumulative rates of acute esophagitis according to V35 values of
more than 20% versus less. As compared with other factors concerning patient and tumor and
treatment factors, V35 = 20% of the esophagus was an independent predictor (HR = 0.29
[95%ClI; 0.09-0.85], p = 0.025). In conclusion, whole esophagus V35 < 20% is proposed in
high-dose IFRT with concurrent chemotherapy for stage il NSCLC patients.

Key words: NSCLC; CCRT; IFRT; Radiation esophagitis; DVH.
Introduction

Chemoradiotherapy is the standard treatment for patients with locally advanced
non-small cell lung cancer (NSCLC) (1-5). It is well known that concurrent che-
motherapy with thoracic radiotherapy increases the incidence of pulmonary and
esophageal toxicities, which would become significant dose-limiting factors (5-7).
In order to reduce such toxicities, involved field radiotherapy (IFRT) without an
elective nodal irradiation (ENI) has been developed (8-9), and it has been demon-
strated to be capable of dose escalation without increasing toxicities (10-15). Pre-
dictive analyses of radiation pneumonitis and esophagitis by using a dose-volume
histogram (DVH) have been investigated in many studies (16-26); however, predic-
tive values derived from a standard dose of 60 Gy with an ENI might not be applica-
ble to high-dose IFRT for stage Il NSCLC (7). We previously reported that 72 Gy
in 36 fractions is the optimal dose that could be attained with maintenance of the
normal tissue constraints (14). The purpose of this study was to find potential DVH

Abbreviations: IFRT: Involved Field Radiotherapy; CDDP: Cisplatin; VNR: Vinorelbine; NSCLC:
Non-small Cell Lung Cancer; CCRT: Concurrent Chemoradiotherapy; DVH: Dose-volume Histogram.
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