Turner’s syndrome has shown that sensorineural hearing loss
was negatively correlated with the serum concentration of
IGF-1 (153), which suggests that hearing loss may be asso-
ciated with the use of IGF-1R inhibitors.

In the PK analysis, no apparent drug—drug interaction
between ganitumab and gemcitabine was observed. Similar
AUC values of ganitumab between our study and a Japanese
Phase 1 study in patients with advanced solid tumors (9)
indicated that exposure to ganitumab 20 mg/kg would not be
affected by the administration of gemcitabine. The mean
Crax and AUC of gemcitabine in our study did not show any
meaningful change between before and after administration
of ganitumab. Gemcitabine is a small-molecule drug that is
mainly eliminated by cytidine deaminase, whereas ganitu-
mab is an immunoglobulin G1 monoclonal antibody consid-
ered to be mainly eliminated via catabolism. Therefore, a
mechanism-based drug-—drug interaction is not expected.
The results on PK parameters in our study supported this
expectation.

According to the exposure—response analysis, increased
exposure 1o ganitumab was associated with prolonged
progression-free survival and overall survival in patients
with mPC (11). Since the ganitumab exposure at 20 mg/kg
in our study appeared to be increased in a dose-dependent
manner, when compared with that at 12 mg/kg in the Phase
2 study (10), further evaluation on the efficacy outcome
at a ganitumab 20 mg/kg dose in patients with mPC is
warranted.

No anti-ganitumab binding antibodies were detected in our
study. In the previous single-agent study, anti-ganitumab
binding antibodies were detected in one patient at Week 9, but
no neutralizing antibodies were detected (8). In addition, the
AUC values of ganitumab in this patient were similar after the
first and third doses. Thus, we consider that the anti-
ganitumab binding antibodies had no apparent effect on
serum ganitumab concentrations.

Although assessment of efficacy was not a primary object-
ive of our study, the combination of ganitumab and gemcita-
bine showed potential activity. Four patients (80%) achieved a
best response of stable disease, and three (60%) had a time to
progression longer than 100 days.

In conclusion, ganitumab 20 mg/kg combined with gemci-
tabine 1000 mg/m? was tolerable and showed an acceptable
safety profile in Japanese patients with untreated mPC.
Exposure to ganitumab at 20 mg/kg in our study was higher
than that at 12 mg/kg in the previous Phase 2 study.
Appropriateness of using the dose level of ganitumab 20 mg/kg
for patients with mPC was confirmed by these findings, and
the efficacy and safety of ganitumab 20 mg/kg combined with
gemcitabine 1000 mg/m?* were evaluated in the randomized
Phase 3 study (GAMMA [Gemcitabine and AMG 479 in
Metastatic Adenocarcinoma of the Pancreas], Clinical Trials
gov. NCT01231347). However, this Phase 3 study was
stopped because of futility. Currently, the other clinical data
on efficacy, safety and PK are under analysis.
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Abstract

Background FErlotinib has been reported as being asso-
ciated with a high incidence of skin toxicities such as ac-
neiform rash, paronychia, and xerosis.

Objective  The aim of this study was to evaluate the ef-
ficacy of prophylactic minocycline treatment for the skin
toxicities induced by erlotinib as compared with deferred
minocycline treatment in patients with pancreatic cancer
treated with erlotinib plus gemcitabine.

Methods A total of 96 patients were studied retrospec-
tively, of whom 44 received prophylactic minocycline
between August 2012 and June 2013 and 52 received de-
ferred minocycline treatment between August 2011 and
July 2012 at the National Cancer Center Hospital East,
Kashiwa, Japan. In the prophylactic minocycline group,
200 mg/day oral minocycline was prophylactically ad-
ministered during the treatment period.

Results Theincidence rate of acneiform rash and xerosis of
any grade during the first 6 weeks of treatment was sig-
nificantly reduced in the prophylactic minocycline group
compared with the deferred minocycline treatment group
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(47.7 vs. 80.8 %, p <0.001; 2.3 vs. 19.2 %, p = 0.01).
Multivariate analysis identified prophylactic minocycline as
a significant independent factor associated with the inci-
dence of acneiform rash and xerosis of any severity (odds
ratio [OR] 0.16, 95 % confidence interval [CI} 0.06-0.46,
p <0.001;0R 0.11, 95 % CI0.01-0.90, p = 0.04).

Conclusion Prophylactic minocycline appears to be use-

ful for the management of erlotinib-related acneiform rash
and xerosis during chemotherapy in patients with advanced
pancreatic cancer.

Prophylactic minocycline appears to be useful for the
management of erlotinib-related acneiform rash and
XErosis. R

1 Introduction

In recent years, epidermal growth factor receptor (EGFR)
has become an important target for therapy in a variety of
cancers. Erlotinib, a small-molecular tyrosine kinase in-
hibitor of EGFR, administered in combination with gem-
citabine has been shown to significantly improve overall
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survival (OS) compared with gemcitabine alone in patients
with advanced pancreatic cancer [1]. However, treatment
with erlotinib plus gemcitabine has been reported as being
associated with the development of an acneiform rash in
approximately 70 % of patients [1, 2]. Erlotinib has also
been reported as inducing paronychia and xerosis [3, 4].
Severe skin toxicity may impact the efficacy of che-
motherapy combined with EGFR-targeted drugs by ne-
cessitating treatment interruption, dose reductions, and
discontinuation of therapy. In addition, these skin toxicities
may also impair the quality of life (QOL) of patients with
advanced pancreatic cancer. Therefore, appropriate man-
agement of the skin toxicities induced by EGFR inhibitors
is essential during combined treatment with chemotherapy
in patients with advanced pancreatic cancer.

Tetracycline is a well known antimicrobial drug, but it is
also often used to treat the skin toxicities induced by EGFR
inhibitors. The efficacy of systemic tetracycline therapy
combined with topical moisturizers and/or steroids has
been reported for the skin toxicities, including acneiform
rash, paronychia, and xerosis, induced by EGFR inhibitors
[5, 6]. Thus, tetracycline may also have an anti-inflam-
matory effect in addition to its antimicrobial effect.

We initially introduced deferred minocycline treatment,
initiated after the emergence of grade 2 or 3 skin toxicities,
for patients with advanced pancreatic cancer receiving er-
lotinib plus gemcitabine treated between August 2011 and
July 2012. However, skin toxicities induced by erlotinib in
patients with advanced pancreatic cancer impaired pa-
tients’ QOL and often necessitated treatment interruption,
dose reductions, and discontinuation of therapy. Therefore,
in August 2012, we introduced prophylactic minocycline
treatment for the skin toxicities induced by erlotinib in
patients with advanced pancreatic cancer. The objective of
this study was to retrospectively analyze data from these
two patient groups in order to evaluate the efficacy of
prophylactic minocycline treatment for the skin toxicities
induced by erlotinib as compared with deferred minocy-
cline treatment in patients with advanced pancreatic cancer
receiving treatment with erlotinib plus gemcitabine.

2 Methods
This retrospective study was conducted with the approval
of the ethics committee of the National Cancer Center, and
in accordance with epidemiological research guidelines
(2013-1206).

2.1 Patients

Study subjects were patients with advanced pancreatic
cancer treated with erlotinib plus gemcitabine for more
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than 6 weeks at the National Cancer Center Hospital East,
Kashiwa, Japan, between August 2011 and June 2013.
Patients who did not receive erlotinib plus gemcitabine for
more than 6 weeks were excluded from this study, because
they had limited chance to develop erlotinib-related skin
toxicities. Erlotinib was administered at a dose of 100 mg
daily, and gemcitabine was administered intravenously
over 30 min at a dose of 1,000 mg/m? once every week for
3 consecutive weeks; each treatment cycle lasted for
4 weeks. The doses of erlotinib and gemcitabine could be
adjusted based on the development of adverse events. The
treatment was continued unless disease progression became
obvious or unacceptable toxicity occurred.

2.2 Skin Treatment Schedule

A total of 96 patients were treated with erlotinib plus
gemcitabine between August 2011 and June 2013 at our
hospital. Among them, 44 patients treated between August
2012 and June 2013 received prophylactic minocycline
treatment, and 52 patients treated between August 2011
and July 2012 received deferred minocycline treatment
(Fig. 1). In the prophylactic minocycline group,
200 mg/day oral minocycline was administered from day 1
of chemotherapy and continued. In the deferred minocy-
cline treatment group, 200 mg/day oral minocycline was
initiated after the emergence of grade 2 or 3 skin toxicities,
in principle. In both groups, emollients such as heparinoids
were applied to the susceptible regions (e.g., face, chest,
and back) and portions of the skin that dry easily (e.g.,
hands and feet) from day 1, and skin treatment with topical
steroids of strong and medium classes was initiated after
the emergence of any skin toxicities. The steroids di-
fluprednate 0.05 % and hydrocortisone butyrate 0.1 %
were applied to the body and face, respectively.

2.3 Erlotinib and Gemcitabine Relative Dose Intensity

Erlotinib dose intensity was defined as the cumulative dose
received divided by the duration of the study therapy in
weeks. Erlotinib relative dose intensity was defined as the
dose intensity divided by the dose prescribed for the du-
ration of the first 6 weeks of erlotinib administration
(100 mg x the number of days that a patient received
treatment).

The total administered doses of gemcitabine were cal-
culated as the total delivered dose of gemcitabine divided
by the body surface area (mg/m”). Gemcitabine dose in-
tensity was defined as the total administered doses divided
by the duration of the study therapy in weeks. Gemcitabine
relative dose intensity was defined as the dose intensity
divided by planned dose intensity for the duration of the
first 6 weeks.
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Fig. 1 Treatment protocols in
the prophylactic and deferred
minocycline treatment groups

[Prophylactic minocycline treatment groupl
(Treated between August 2012 and June 2013)

[Deferred minocycline treatment group)
(Treated between August 2011 and July 2012)

[Prophylactic treatment]

+ Heparinoids

+ Topical steroids

* Oral minocycline 200 mg/day

[Emergence of any skin toxicities]

difluprednate 0.05 % (trunk)
hydrocortisone butyrate 0.1 % (face)

[Prophylactic treatment]
+ Heparinoids
[Emergence of any skin toxicities]

+ Topical steroids
difluprednate 0.05 % (trunk)
hydrocortisone butyrate 0.1 % (face)

[Emergence of grade 2 or 3 skin toxicities ]

* Oral minocycline 200 mg/day

2.4 Statistical Analysis

All adverse events, including acneiform rash, paronychia,
and xerosis were graded according to the Common
Toxicity Criteria for Adverse Events (CTCAE, version
4.0). Skin toxicities were evaluated during the first
6 weeks of erlotinib plus gemcitabine treatment. Time to
first occurrence of acneiform rash was defined as the
period from the commencement of treatment to the date
of the first occurrence of acneiform rash. Responses and
progression were evaluated using the Response Evaluation
Criteria in Solid Tumors (RECIST version 1.1). OS was
determined as the period from the commencement of
treatment to the date of death from any cause or the date
of the last follow-up. Progression-free survival (PES) was
defined as the period from the commencement of treat-
ment to the date of confirmation of disease progression or
death. Time to first occurrence of skin toxicity, OS, and
PFS were calculated by the Kaplan-Meier product-limit
method. The cut-off for the follow-up data was 30 June
2013.

Univariate and multivariate analyses were undertaken
to evaluate the relationships between the pretreatment
clinical variables and the risk of development of ac-
neiform rash and xerosis. The variables were selected by
considering their possible relationships to the incidence of
skin rash observed in our own clinical experience or in
previous reports [7-9]. The univariate associations be-
tween the incidence of skin rash and the pretreatment
clinical variables were tested using the y* test or Fisher’s
exact test. We entered factors identified as significant by
univariate analysis with a significance level of <0.2 into
the multivariate analysis. Multivariate analysis was un-
dertaken using logistic regression to identify significant
factors associated with the incidence of acneiform rash of
any grade. We used SPSS software (version 17.00, SPSS,
Inc., Chicago, IL, USA) for the statistical analysis. p val-
ues <0.05 were considered to indicate statistical
significance.

Table 1 Patient characteristics

Variable Prophylactic Deferred p value
minocycline minocycline
treatment treatment

No. of patients 44 52
Age, years 66 (41-82) 67 (34-83) 0.40
Gender

Female 16 (36.4) 23 (44.2)

Male 28 (63.6) 29 (55.8) 0.33
UICC disease stage

11 8 (18.2) 12 (23.1)

v 36 (81.8) 40 (76.9) 0.72
Primary tumor site

Body or tail of 29 (65.9) 30 (57.7)

pancreas

Head of pancreas 15 (34.1) 22 (42.3) 0.41
Ascites present 18 (40.9) 16 (30.8) 0.45
ECOG PS

0 26 (59.1) 35 (67.3)

I 18 (40.9) 15 (28.8)

>2 0 (0) 2 (3.8) 0.23
Prior surgical 2 (4.5) 3(5.8) 0.58

resection of

primary tumor
CEA (ng/mL) 6.4 (0.4-80.3) 4.2 (0.5-293.4) 0.33
CA19-9 (U/mL) 658 506.9 0.17

(0.1-98,500) (0.1-453,000)

Data are presented as n (%) or median (range) unless otherwise
indicated

CAI9-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen,
ECOG PS Eastern Cooperative Oncology Group performance status,
UICC Union for International Cancer Control

3 Results
3.1 Patient Characteristics

The baseline characteristics of the study subjects are
summarized in Table 1. No significant differences were
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Table 2 Incidence of skin Variables Prophylactic Deferred p value
toxicities during the first minocycline minocycline
6 weeks of treatment with (reatment treatment
erlotinib plus gemcitabine
Acneiform rash
Any grade 21 (47.7) 42 (80.8) <0.001
Grade =2 9 (20.5) 15 (28.8) 0.34
Paronychia
Any grade 7 (15.9) 11 (21.2) 0.51
Grade =2 3(6.8) 3(5.8) 0.58
Xerosis
Any grade 1(2.3) 10 (19.2) 0.01
Grade >2 0 () 0O -
Data are presented as n (%) or  gRY dose intensity during first 6 weeks 83.3 % (14.3-100) 83.3 % (4.8-100) 0.49
mean (range) unless otherwise of tx with ERL plus GEM
indicated
ineleate GEM dose intensity during first 6 weeks 807 % (35.4-100)  77.0 % (37.9-100) 0.57

ERL erlotinib, GEM of tx with ERL plus GEM

gemcitabine, fx treatment

observed in the baseline characteristics between the pro-
phylactic minocycline treatment group and the deferred
minocycline treatment group. The median duration of er-
lotinib treatment during the first 6 weeks of chemotherapy
was 5.1 and 5.2 weeks in the prophylactic and deferred
minocycline treatment groups, respectively (p = 0.66). No
significant differences were observed in the proportion of
erlotinib treatment interruption between the prophylactic
and the deferred minocycline treatment groups (56.8 vs.
57.7 %; p = 0.93). The proportion of erlotinib dose re-
duction tended to be lower in the prophylactic than the
deferred minocycline treatment group, although it was not
significant (6.8 vs. 17.3 %; p = 0.12). No patients in the
prophylactic minocycline treatment group required er-
lotinib dose reduction for skin toxicities; however, three
patients in the deferred group did.

3.2 Efficacy of Prophylactic Minocycline Treatment

The incidence rate of acneiform rash of any grade was
significantly lower in the prophylactic than in the deferred
minocycline treatment group (47.7 vs. 80.8 %; p < 0.001;
Table 2). The incidence rate of acneiform rash of grade 1
severity was significantly lower in the prophylactic than in
the deferred minocycline treatment group (27.3 vs. 51.9 %,
p = 0.01) (Fig. 2). However, the incidence rate of ac-
neiform rash of grade 2 severity was not significantly lower
in the prophylactic than in the deferred minocycline
treatment group (20.5 vs. 28.9 %, p = 0.34) (Fig. 2). In
addition, the incidence rate of xerosis of any grade was also
significantly lower in the prophylactic than in the deferred
minocycline treatment group (2.3 vs. 19.2 %; p = 0.01).
However, no significant difference was observed in the
incidence rate of paronychia of any grade between the two
treatment groups.
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Fig. 2 Incidence of acneiform rash of each grade of severity in the
prophylactic minocycline treatment group and deferred minocycline
treatment group. *p = 0.01

The median time to first occurrence of acneiform rash
was 2.0 weeks (95 % confidence interval [CI] 1.4-2.6) in
the deferred minocycline treatment group (hazard ratio
[HR] 0.43; 95 % CI 0.26-0.73, p < 0.001) (Fig. 3). This
was not reached in the prophylactic minocycline treatment
group.

3.3 Risk Factors for the Development of Acneiform
Rash and Xerosis

To identify risk factors for the development of acneiform
rash and xerosis, associations between the incidence of
acneiform rash or xerosis and patient characteristics were
analyzed via univariate analysis (Table 3). The analysis
identified prophylactic minocycline treatment as a sig-
nificant factor associated with the incidence of acneiform
rash (p < 0.001). In addition, the incidence rate of
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Fig. 3 Time to first occurrence of acneiform rash of any grade of
severity in the prophylactic minocycline treatment group and deferred
minocycline treatment group during the first 6 weeks of treatment.
Median time to first occurrence of acneiform rash was not reached in
the prophylactic minocycline treatment group, as compared with the
median time to first occurrence of rash of 2.0 weeks (95 % confidence
interval 1.4-2.6) in the deferred minocycline treatment group (hazard
ratio 0.43; 95 % confidence interval 0.26-0.73; p < 0.001)

acneiform rash was numerically lower in the female
(55.0 %) versus male (73.2 %) group (p = 0.06); in the
group receiving a lower dose intensity of erlotinib (57.5 %)
versus the higher-dose intensity group (71.4 %; p = 0.16);
in the group with Union for International Cancer Control
(UICC) stage IV disease (61.0 %) versus those with stage
I (84.2 %; p = 0.06); and in the group with Eastern
Cooperative Oncology Group (ECOG) performance status
>2 (0 %) versus those with performance status 0-1
(67.0 %; p = 0.12) (Table 3).

Prophylactic minocycline treatment (odds ratio [OR]
0.16;95 % CI10.06-0.46; p < 0.001) and female gender (OR
0.30; 95 % CI 0.11-0.87; p = 0.03) were factors sig-
nificantly associated with the incidence of acneiform rash in
the multivariate logistic regression analysis (Table 4).

In addition, prophylactic minocycline treatment
(p = 0.01) was also identified via univariate analysis as a
factor significantly associated with the incidence of xerosis.
The incidence rate of xerosis was numerically lower in the
group with higher levels of serum carcinoembryonic anti-
gen (CEA) (6.7 vs. 15.7 % in the group with lower serum
levels; p = 0.17) (Table 3). Multivariate logistic regres-
sion analysis also identified prophylactic minocycline
treatment as a significant independent factor associated
with the incidence of xerosis (OR 0.11; 95 % CI 0.01-0.90;
p = 0.04; Table 4).

3.4 Antitumor Efficacy

The response rate was 9.1 % in the prophylactic and 8.0 %
in the deferred minocycline treatment group (p = 0.85).

The disease control rate was also similar between the two
groups (86.4 vs. 84.0 %, respectively; p = 0.75). The
median OS was 18.0 months (95 % CI 9.5-26.5) in the
deferred minocycline treatment group (HR 0.69; 95 % CI
0.30-1.57; p = 0.38) and was not reached in the prophy-
lactic minocycline treatment group. The OS rates at
6 months were 76.2 % (95 % CI 60.4-92.1) in the pro-
phylactic minocycline treatment group and 88.1 % (95 %
CI 50.9-97.1) in the deferred treatment group. The me-
dian PFS time was 5.4 months (95 % CI 4.5-6.2) in the
prophylactic group and 5.7 months (95 % CI 3.3-8.2) in
the deferred group (HR 0.86; 95 % CI 0.51-1.47,
p = 0.59).

3.5 Safety

The adverse events in the treatment period overall are
summarized in Table 5. No significant differences were
observed in adverse effects, excluding skin toxicities, be-
tween the two groups. In particular, the incidence of nau-
sea, vomiting, vertigo, and liver dysfunction, which are
known adverse events associated with the administration of
minocycline, were similar between the groups.

4 Discussion

Skin toxicities, including acneiform rash, paronychia, and
xerosis, are the most frequent adverse effects associated
with the administration of EGFR inhibitors [I, 2, 10, 11].
Because neither univariate nor multivariate analysis iden-
tified the dose intensity of gemcitabine as a significant
independent factor associated with the incidence of ac-
neiform rash or xerosis of any grade of severity, skin
toxicities seemed to be unrelated to the gemcitabine
treatment. These skin toxicities may impair the QOL of
patients and cause treatment interruption, dose reductions,
or discontinuation of EGFR-targeted therapy, although
they are not life-threatening toxicities. EGFR is normally
expressed in undifferentiated, proliferating keratinocytes in
the basal and suprabasal layers of the epidermis and reg-
ulate normal keratinocyte proliferation, differentiation,
migration, and survival [12, 13]. Thus, the skin toxicities
induced by EGFR inhibitors appear to involve inflamma-
tory changes in the follicular epithelium [14, 15], although
the mechanism is still not fully understood. Tetracyclines
are antibacterial drugs; however, several studies suggest
that they may also have anti-inflammatory effects. Inhibi-
tion of the secretion of tumor necrosis factor (TNF)-o and
interleukin (IL)-6, phospholipase A, nitric oxide synthas-
es, and/or caspase-1 by tetracyclines, with modulation of
lymphocyte proliferation, neutrophil migration, and
phagocytosis, may represent the mechanisms underlying
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Table 3 Univariate analysis to identify possible factors related to the development of acneiform rash and xerosis during the first 6 weeks of
treatment with erlotinib plus gemcitabine

Variables n Pts with Pts without p value Pts with xerosis Pts without p value
acneiform rash acneiform rash Xerosis

Minocycline treatment

Prophylactic 44 21 (47.7) 23 (52.3) 1(2.3) 43 (97.7)

Deferred 52 42 (80.8) 10 (19.2) <0.001 10 (19.2) 42 (80.8) 0.01
Gender

Female 40 22 (55.0) 18 (45.0) 6 (15.0) 34 (85.0)

Male 56 41 (73.2) 15 (20.8) 0.06 5(8.9) 51 (91.1) 0.27
Age, years

<70 40 25 (62.5) 15 (37.5) 4 (10.0) 36 (90.0)

>70 56 38 (67.9) 18 (32.1) 0.59 7 (12.5) 49 (87.5) 0.48
BSA (m?)

<1.585 (median) 49 19 (38.8) 30 (61.2) 7 (14.3) 42 (85.3)

>1.585 (median) 47 14 (29.8) 33 (70.2) 0.35 4 (8.5) 43 (91.5) 0.38
Dose intensity of ERL (%)

<83.3 (median) 40 23 (57.5) 17 (42.5) 3(7.5) 37 (92.5)

>83.3 (median) 56 40 (71.4) 16 (28.6) 0.16 8 (14.3) 48 (85.7) 0.24
Dose intensity of GEM (%)

<79.4 (median) 47 33 (70.2) 14 (29.8) 7 (14.9) 40 (85.1)

>79.4 (median) 49 30 (61.2) 19 (38.7) 0.35 4 (8.2) 45 (91.8) 0.24
UICC disease stage

11T 19 16 (84.2) 9 (47.4) 3 (15.8) 16 (84.2)

v 77 47 (61.0) 30 (38.9) 0.06 8 (10.4) 69 (89.6) 0.38
Primary tumor site

Body or tail of pancreas 59 37 (62.7) 22 (37.3) 6 (10.2) 53 (89.8)

Head of pancreas 37 26 (70.3) 11 (29.7) 0.45 5 (13.5) 32 (86.5) 043
Ascites

Present 29 17 (58.6) 12 (41.4) 2 (6.9) 27 (93.1)

Absent 67 46 (68.7) 21 (31.3) 0.34 9 (13.4) 58 (86.6) 0.29
ECOG PS

0-1 94 63 (67.0) 31 (33.0) 11 (11.7) 83 (88.3)

>2 2 0 2 (100) 0.12 0 () 2 (100) 0.78
CEA (ng/mL)

<5.25 (median) 51 35 (68.6) 16 (31.4) 8 (15.7) 43 (84.3)

>5.25 (median) 45 28 (62.2) 17 (37.8) 0.51 3.7 42 (93.3) 0.17
CA19-9 (U/mL)

<658 (median) 51 36 (70.6) 15 (29.4) 6(11.8) 45 (88.2)

>658 (median) 45 27 (60.0) 18 (40.0) 0.28 5L 40 (83.9) 0.92

Data are presented as n (%) unless otherwise indicated

BSA body surface area, CAJ9-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, ECOG PS Eastern Cooperative Oncology Group
performance status, ERL erlotinib, GEM gemcitabine, pts patients, UICC Union for International Cancer Control

the anti-inflammatory effect of tetracyclines [16~19]. In In this retrospective analysis, we clarified that prophy-
addition, there were almost no minocycline-related adverse  lactic oral minocycline treatment significantly reduced the
effects in this study. Based on these findings, we theorized  incidence of acneiform rash and xerosis induced by er-
that we could effectively counteract the inflammatory  lotinib in patients with advanced pancreatic cancer. Fur-
changes in the follicular epithelium with prophylactic  thermore, no significant differences between the two
systemic tetracycline treatment. groups were observed in the incidence of nausea, vomiting,

I\ Adis



Prophylactic Minocycline for Treatment-Related Skin Toxicities

Table 4 Multivariate logistic Factors

Acneiform rash

Xerosis

regression analysis to identify

possible factors related to the OR (95 % CI) p value OR (95 % CD) p value
development of acneiform rash - -
and xerosis during the first Minocycline treatment
6 weeks of treatment with Prophylactic 0.16 (0.06-0.46) <0.001 0.11 (0.01-0.90) 0.04
erlotinib plus gemcitabine Deferred 1 1
Gender
Female 0.30 (0.11-0.87) 0.03
Male 1
Erlotinib dose intensity (%)
<83.3 0.61 (0.23-1.65) 0.30
>83.3 1
UICC disease stage
11 4.05 (0.94-17.53) 0.06
v 1
ECOG PS
CEA carcinoembryonic antigen, >2 1.54 (0.62-3.83) 0.35
CT confidence interval, ECOG (')- | 1
PS Eastern Cooperative g
Oncology Group performance CEA (ng/mL)
status, OR odds ratio, UICC <5.25 0.50 (0.12-2.10) 0.34
Union for International Cancer 525 1

Control

vertigo, and liver dysfunction, known adverse events as-
sociated with minocycline treatment. Therefore, our results
suggest that long-term treatment with 200 mg/day
minocycline, which is the generally used dose around the
world, was effective and feasible in patients with advanced
pancreatic cancer undergoing treatment with erlotinib plus
gemcitabine. In addition, no significant difference was
observed in response rate, disease control rate, or PFS
between the prophylactic and the deferred minocycline
treatment groups in this study. Thus, prophylactic
minocycline treatment did not appear to have a significant
impact on the anti-tumor effects of erlotinib plus
gemcitabine.

Two studies have shown the anti-inflammatory effects of
tetracycline following systemic administration [5, 6]. In
particular, the open-label phase II STEPP (Skin Toxicity
Evaluation Protocol with Panitumumab) trial reported the
most persuasive results [6]. It demonstrated that prophylactic
skin treatment with a skin moisturizer, sunscreen, topical
steroid, and oral doxycycline significantly rednced the inci-
dence of grade 2 or worse skin toxicities compared with the
deferred treatment group in metastatic colorectal cancer
patients treated with panitumumab (29 vs. 62 %; OR 0.3;
95 % CI0.1-0.6). Because the prophylactic skin treatment in
the STEPP trial included various skincare agents, it is im-
possible to evaluate the individual efficacy of each of these
skincare agents. On the other hand, we could evaluate the
efficacy of prophylactic minocycline treatment, because the
only difference between the prophylactic and deferred

minocycline treatment groups was in the use of minocycline.
However, this study was a small, non-randomized, retro-
spective comparative study, and the patient groups were not
concurrently treated. Our results may not be generalizable to
the entire patient population because of the single-center
setting of the study. A well designed, randomized controlled
trial of minocycline is mandatory to evaluate the effects of
tetracyclines for the gkin toxicities induced by erlotinib in
patients with pancreatic cancer.

This retrospective study demonstrated the effectiveness
of prophylactic oral minocycline treatment for preventing
the development of acneiform rash and xerosis during
treatment with erlotinib and gemcitabine in patients with
advanced pancreatic cancer; however, the treatment failed
to prevent the development of paronychia. A few case re-
ports suggest the efficacy of doxycycline for the treatment
of paronychia induced by EGFR inhibitors [20]; however,
no randomized controlled trials have shown the efficacy of
tetracycline for preventing paronychia induced by EGFR
inhibitors. Therefore, there is a need to establish therapies
for paronychia in the future.

In our study, and consistent with previous reports,
multivariate analysis identified female gender as a sig-
nificant independent factor associated with the incidence of
acneiform rash [9, 21]. Migliaccio et al. [22, 23] reported
that activation of Src triggered by androgens induces
EGEFR phosphorylation. This hormonal action may be one
of the reasons for the difference in the incidence of ac-
neiform rash between male and female patients.
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Table 5 Treatment-emergent toxicities occurring during the first 6 weeks of treatment with erlotinib plus gemcitabine

Variables Prophylactic minocycline treatment ~ Deferred minocycline treatment  p value (any grade)  p value (grade >3)
Any Grade =3 Any Grade >3
Any toxicity 44 (100) 25 (56.8) 52 (100) 36 (69.2) - 0.21
Hematologic
Leukocytes 41 (93.2) 12 (27.3) 47 (90.4) 16 (30.8) 0.46 0.71
Neutropenia 39 (88.6) 18 (40.9) 44 (84.6) 23 (44.2) 0.24 0.74
Hemoglobin 31 (70.5) 4(9.1) 42 (80.8) 10 (19.2) 0.60 0.16
Platelets 35 (79.6) 409.D) 39 (75.0) 5(9.6) 0.61 0.61
Non-hematologic
Nausea 26 (59.1) 0 () 24 (46.2) 0O 0.21 -
Vomiting 9 (20.5) 0 7 (13.5) 0 0.36 -
Diarrhea 14 (31.8) 0 (0 16 (30.8) 0(0) t 0.91 -
Fatigue 29 (65.9) 2 (4.6) 31 (59.6) 1 (1.9) 0.53 0.44
Vertigo 3 (6.8) 0 (0) 1(1.9) 0 (0) 0.25 -
ILD-like syndrome 2 (4.6) 0 (0) 5(9.6) 1(1.9) 0.15 0.54
Biochemical
AST 28 (63.6) 6 (13.6) 32 (61.5) 7 (13.5) 0.83 0.98
ALT 23 (52.3) 6 (13.6) 29 (55.8) 8§ (15.4) 0.73 0.81
Bilirubin 18 (40.9) 4 9.1 22 (42.3) 4 (7.7) 0.89 0.55
ALP 16 (31.8) 1(2.3) 19 (36.5) 0 (0) 0.63 0.46
Creatinine 14 (31.8) 0@ 21 (40.4) 0 ) 0.39 -

Data are presented as n (%) unless otherwise indicated

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, /LD interstitial lung disease

5 Conclusions

In conclusion, in our retrospective analysis, prophylactic
oral minocycline treatment significantly reduced the inci-
dence of acneiform rash and xerosis, but not that of
paronychia, induced by erlotinib during erlotinib plus
gemcitabine treatment in patients with advanced pancreatic
cancer. This finding should be confirmed in future ran-
domized controlled studies. Prophylactic minocycline
treatment appears to be useful for the management of er-
lotinib-related acneiform rash and xerosis during treatment
with erlotinib plus gemcitabine in patients with advanced
pancreatic cancer.
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Therapeutic Priority of the PI3K/AKT/mTOR Pathway
in Small Cell Lung Cancers as Revealed by a
Comprehensive Genomic Analysis
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Introduction: The information regarding therapeutically relevant
genomic alterations in small cell lung cancer (SCLC) is not well
developed. We analyzed the SCLC genome using an integrative
approach to stratify the targetable alterations.

Methods: We performed whole exon sequencing (n = 51) and copy
number analysis (n =47) on surgically resected tumors and matched
normal tissue samples from treatment-naive Japanese SCI.C patients.
Results: The demographics of the 51 patients included in this study
were as follows: median age, 67 years (range, 42--86 years); female, 9
(18%); history of smoking, 50 (98%); and pathological stage T/II/ITI/
1V, 28/13/9/1. respectively. The average number of nonsynonymous
mutations was 209 (range, 41-639; standard deviation, 130). We
repeatedly confirmed the high prevalence of inactivating mutations
in 7P53 and RB1, and the amplification of MY family members. In
addition, genetic alterations in the PI3K/AKT/mTOR pathway were
detected in 36% of the tumors: PIK3CA, 6%; PTEN, 4%; AKT2, 9%;
AKT3, 4%; RICTOR, 9%; and mTOR, 4%. Furthermore, the indi-
vidual changes in this pathway were mutually exclusive. Importantly,
the SCLC cells harboring active PIK3C4 mutations were potentially
targetable with currently available PI3K inhibitors.
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Conclusions: The PI3K/AKT/mTOR pathway is distinguishable in
SCLC genomic alterations. Therefore, a sequencing-based compre-
hensive analysis could stratify SCLC patients by potential therapeu-
tic targets.

Key Words: Lung cancer, Small cell, Genome, Comprehensive,
PI3K/AKT/mTOR,

(J Thorac Oncol. 2014;9: 1324-1331)

mall cell lung cancer (SCLC) comprises approximately

15% of all lung cancers,’ and it is an exceptionally aggres-
sive malignancy with a high proliferative index and an unusu-
ally strong predilection for early metastasis.> Despite extensive
basic and clinical research over the past 30 years, little prog-
ress has been made? in treating this disease.

A better understanding of the genomic changes in SCLC
is essential to identify new therapeutic targets. Genomic analyses
have revealed genetically altered therapeutic targets in lung ade-
nocarcinoma®* and squamous cell lung carcinoma.® However, a
systematic genomic analysis of SCLC is difficult because this
cancer subtype is rarely treated surgically, resulting in the lack of
suitable tumor specimens for comprehensive analysis.

Two reports regarding the comprehensive genomic
analysis of SCLC with a relatively small number of samples
have been published recently. These reports suggested that
transcriptional deregulation (i.e., via RBI, SOX2, MY C family
members and chromatin modifiers) might play a role in SCLC
biology.™ However, to date, attempts to develop targeted
therapies toward these transcriptional deregulations have had
limited success.

Activating alterations to oncogenes, such as receptor
tyrosine kinases (RTKs) and PI3K/AKT/mTOR pathway pro-
teins,™ " are regarded as successful therapeutic targets. We
conducted a comprehensive genomic study in over 50 SCLC
cases, and we found a higher penetrance of activating altera-
tions of the PI3K/AKT/mTOR pathway that act in a mutually
exclusive manner.

Journal of Thoracic Oncology® e Volume 9, Number 9, September 2014
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PATIENTS AND METHODS

Samples

This study was approved by the Institutional Review
Board (IRB) of the National Cancer Center, Japan (IRB num-
ber: 2011-201). All data used in this study were obtained from
a database at the Division of Thoracic Oncology, National
Cancer Center Hospital East, Kashiwa, Japan.

From July 1992 to March 2012, we consecutively col-
lected 1042 SCLC cases at our hospital. Fifty-five of these
cases were included in the current study based on the fol-
lowing criteria: a surgical resection or mediastinoscopy was
performed; a re-review confirmed a pathological diagnosis of
SCLC; the tumor specimens contained a minimum of 70%
tumor cells; enough tissue was obtained for a comprehen-
sive analysis; the patient did not receive any neoadjuvant
treatment; and the corresponding normal tissue, which was
obtained from paraffin-embedded blocks of resected lung tis-
sue that was microscopically free of cancer cells, was also
available for analysis. We analyzed the exomes of these 55
samples to assess their mutational burden.

Depending on the tissue size, three to six sections (10
wm thickness) were cut. For the tumors showing a combined
SCLC and other histology, only the SCLC compartment was
dissected and used for analysis. Total DNA was obtained from
formalin- (n = 43) or methanol-fixed (n = 12) paraffin-embed-
ded tumors and matched normal tissue samples. All patients
(100%) were Japanese.

Among these 55 cases, four exome data sets did not meet
the sequence quality requirement and were excluded from fur-
ther analyses. In addition, 48 samples received copy number
analysis using single nucleotide polymorphism array data.

Procedures

The detailed experimental procedures are described in
the Supplemental Information section (Supplemental Digital
Content 1, http://links.Iww.com/JTO/A625)

Whole Exon Sequencing and
Copy Number Analysis

The Absolutely RNA FFPE kit (modified protocol for
DNA extraction, Agilent Technologies, Santa Clara, CA)
was used to prepare the DNA. Using 1 pg of dsDNA, quan-
tified by Quant-iT PicoGreen dsDNA Reagent and Kits (Life
Technologies, Carlsbad, CA), the exome-sequencing libraries
were prepared. All exomes were captured using the SureSelect
Human All Exon V4+UTRs Kit (Agilent Technologies) (71 mb).
The exome capture libraries were sequenced by HiSeq 2000
(lumina, San Diego, CA) to generate 100-bp paired-end data.

The Illumina HumanOmniExpress-FFPE BeadChip
assay was used to analyze the genotype, DNA copy num-
ber, and loss of heterozygosity (LOH) in 48 primary-normal
paired samples. All samples, except for 1 (n = 47), passed our
quality control metrics for sample identity and data quality.
A subset of 693,000 high-quality single nucleotide polymor-
phisms was selected for all analyses (Supplemental Figure 1,
Supplemental Digital Content 2, http:/links Iww.com/JTO/
A626). A gene was considered copy number amplified if the

Copyright © 2014 by the International Association for the Study of Lung Cancer

calculated copy number in a sample was more than or equal to
4, and a gene was considered copy loss if the copy number in
a sample was 0. Recurrent genomic regions with DNA copy
gain and loss were identified using GISTIC, version 2.0."*"

Identification of Significantly Mutated Genes
Significantly mutated genes were identified according to
a previously reported protocol.' The length of the total coding
sequence regions was represented as N (approximately 39.8
mb). When a patient (patient /) harbored a total of m, single
nucleotide variants (SNVs), the probability that the patient
harbored SNVs in gene ¢ (length: n) was calculated as follows:

P, =1=(1—m/N)™"

The sum of P in 51 samples was represented as the
expected number of cases with SNVs in gene £

P= i(l—(l-—mi/N)“(”)

i=1

The p values of the observed number were calculated
using the binomial probability function with R pbinom.

Cancer Census Genes and Analysis
of Hot Spot Mutations

We defined the cancer census genes as follows: 487
genes listed in the Catalogue of Somatic Mutations in Cancer
(COSMIC) database (release version 64; http://cancer.sanger.
ac.ik/cancergenome/progects/cosmic/) and 13 genes reported
by Peifer et al.” were considered candidate driver genes. To
analyze hot spot mutations, mutation data from the SCLC
cases were downloaded from the COSMIC database (release
version 64 or 68). '

Cell Lines and Assays

The cell lines were cultured in RPMI-1640 supple-
mented with 10% fetal bovine serum (FBS) or hydrocorti-
sone, msulin, transferrin, estradiol, and selenium (HITES)
medium with 5% FBS. Then, 10,000 cells were plated in three
replicates into 96-well plates. After 72 hours incubation with
inhibitors, cell viability was analyzed with a WS-8 assay and
a Cell Counting Kit-8 (Dojindo, Kumamoto, Japan). Western
blotting was performed as described in the Supplemental
Information section (Supplemental Digital Content 1, htip://
finks. lww.com/JTO/A625).

RESULTS

Patient Characteristics

The characteristics of the available patient exome data
{(n = 51) are summarized i Table 1 and Supplemental Table 3
(Supplemental Digital Content 3, http:/links.Iww.com/JTO/
A627). Fifty patients received surgical resections and one patient
received a mediastinoscopy. Forty-two patients were male and
nine were female. The median age at the time of surgical resec-
tion was 67 years (range, 42-86 years). Of the 51 patients, 50
(98%) had a history of smoking, and the pathological stages
were distributed as follows: stage I, 28 patients; stage II, 13
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TABLE 1. Patient Characteristics
Characteristic No, of Patients
Total 51
Gender

Male/female 42/9

Age, years

Median (range) 67 (42-86)
Performance status

0/172 35/15/1
Smoking status

Never/ever 1750
Pack years

Median (range) 47 (0-98)
Histology

Pure SCLC/ecombined SCLC 40/11
Pathological stage

LANAy 28/13/9/1
Vascular invasion

Absent/present 8/43
Lymphatic invasion

Absent/present/unknown 3171941
Pleuzal invasion

Absent/present/unknown 3171971

Tumor diameter

Median (range) 2.5 (1L1-13.00

patients; stage 11, nine patients; and stage TV, one patient. All
patients were positive for at least one of the following neuro-
endocrine markers: CD56, chromogranin A, or synaptophysin.

Somatic Point Mutations

The exome capture, sequencing, and analysis of the 51
SCLC tumor-normal tissue pairs identified 10,640 protein-
altering somatic mutations, including 9376 missense, 707
nonsense, and 557 protein-altering insertions and/or dele-
tions (INDEL) (Supplemental Table 4, Supplemental Digital
Content 3, http://links.lww.com/JTO/A627). The SCLC
tumors had an average of 209 protein-altering SNVs (range,
41-639) per case, with a mean nonsynonymous mutation
rate of 6.15 mutations per mega-base (Supplemental Figure
2, Supplemental Digital Content 2, http:/links.lww.com/
JTO/A626). Significantly mutated genes are determined as
Supplemental Table 5 (Supplemental Digital Content 3, http://
links.lww.com/ITO/A627). Overall, 414 genes had a p value of
less than 0.01 and 1321 genes had a p value of less than 0.05.

A description of the significantly mutated cancer census
genes (p value <0.05 in our data set) is provided in Table 2.
Notably, 7P53 was the most frequently mutated gene (muta-
tion frequency of 80%, p value of 5.81E-69). The mutation
frequencies and p values of cancer census genes were 39% and
0.42E-22, 16% and 0.00019, 10% and 0.0017 for RBI, ROSI,
and RET, respectively. Mutations of histone modifiers were
also recurrently identified in this study; CREBBP was mutated
in 6% of the patients, and EP300 was mutated in 4% of the
patients (Fig. 1). Recently reported candidate driver genes were
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also recurrently identified in the PI3K/AKT/mTOR signaling
pathway. Three patients (6%) had mutations in PIK3CA (one
E545K, two others), and two patients (4%) had mutations in
the PTEN C2 domain (Supplemental Figure 3, Supplemental
Digital Content 2, http:/links.lww.com/JTO/A626).

To validate the whole exon sequencing data, we performed
Sanger sequencing for the variants including four SNVs of
PIK3CA and ROST and a deletion of K/7 in five individual tumor
samples. All the variants detected using whole exon sequenc-
ing were reproduced using conventional Sanger sequencing
(Supplemental Figure 4, Supplemental Digital Content 2, http://
links.lww.com/JTO/A626). Furthermore, we designed a custom
target-capturing panel containing all the coding exons of 244
genes. Four tumor samples were applied to the target resequenc-
ing, and all 41 SNVs or indels in these tumor genomes were
reproducibly identified (Supplemental Table 6, Supplemental
Digital Content 3, http:/links.lww.com/JTO/A627).

Copy Number Analysis

Next, we applied a novel algorithm to identify the signif-
icant somatic copy number alterations (Supplemental Figure
5, Supplemental Digital Content 2, hitp:/links Iww.com/JTO/
A626). A description of frequently amplified cancer census
genes (GISTIC ~log,, q score 21.50) is provided in Table 3.
MYC family members were frequently amplified (GISTIC
q scores were 2.50, 1.65, and 1.57 for MYCLI, MYCN, and
MYC, respectively). The amplifications affected MYCLI (4/47
cases), MYC (1/47 cases), and MYCN (1/47 cases). All MYC
family member amplifications (13% of cases) were mutually
exclusive (Fig. 1). In addition, gene amplifications were fre-
quently found m the PI3K/AKT/mTOR signaling pathway
(GISTIC q scores were 2.45 and 1.22 for AKT2 and RICTOR,
respectively). The gene amplifications in PIBK/AKT/mTOR
signaling were observed in AKT2 (4/47 cases) and R/ICTOR
(3/47 cases), and they were also mutually exclusive (Fig. 1).
Previously reported amplifications involving SOX2 (1/47
cases) and KIT (1/47 cases) were also identified.

Recurrent Mutations at the Same Position

Forty genes with recurrent somatic mutations at the
same position were identified in this study and the COSMIC
database (Table 4). TP33, the well-characterized tumor sup-
pressor gene, had 29 different positions that mutated more
than or equal to two times (total recurrent samples, 134). RBJ
had four different positions that nmutated two or three times.
The remaining 38 genes had one position that mutated two or
three times. Well-established activating mutations in PIK3CA4,
the catalytic subunit of phosphoinositide-3 kinase (E545),
were also detected in another SCLC cohort.

PISK/AKT/mTOR Pathway Alteration

Because of the large number of somatic point mutations
and focal amplifications found in the PI3K/AKT/mTOR sig-
naling pathway (e.g., PIK3CA, PTEN, AKT2, and RICTOR),
we focused our investigation on the changes in the PI3K/AKT/
mTOR pathway. We observed that the PI3K/AKT/mTOR
pathway was altered in 17/47 (36%) of the SCLC tumors
(Fig. 1), and all altered genes in the PI3K/AKT/mTOR path-
way were mutually exclusive. There was no difference in the

Copyright © 2014 by the International Association for the Study of Lung Cancer
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TABLE 2. Significantly Mutated Cancer Census Genes (*p < 0.05 in This Study)

This Data Set (# =51) COSMIC Database
Moutation Mutation
Synibol Mutated Case Frequeney (%) p Value* Mutated Case/Total Frequency (%)
P53 41 80 5.81E-69 235/308 76
RBI 20 39 G6.42E-22 99/181 55
ROS! 8 16 0.00019 7/65 il
RET 5 10 0.0017 4/147 3
IKZF1 4 8 0.0017 0/57 0
CD79B 2 4 0.0042 0/61 0
PAXT 3 6 0.0074 3763 5
HIPI 4 8 0.0076 1/62 2
CDHI11 4 8 0.0086 0/62 0
MNI 4 8 0.014 1/61 2
PTEN 2 4 0.017 39/309 13
ERBB2 4 8 0.018 17167 1
LPP 3 6 0.019 0/62 0
MLL2 6 12 0.021 7157 12
BCL1IB 3 6 0.022 0/63 0
LMOI 1 2 0.023 0/62 0
NR443 3 6 0.028 1/56 2
ZNF521 4 8 0.031 10/62 16
PIK3CA 3 6 0.034 38/272 14
w1l 2 4 0.040 1/127 1
TRIM33 3 6 0.041 1/62 2
PBRM]I 4 8 0.042 1/61 2
FUS 2 4 0.043 0/62 0
ABLI 3 6 0.044 2/63 3
RPNI1 2 4 0.045 0/57 0
BTGI 1 2 0.045 0/62 0

*p value., P binom,

clinical characteristics, such as smoking status, gender, and
age, between the PI3K/AKT/mTOR pathway-affected group
(Group A) and the PI3K/AKT/mTOR pathway-unaffected
group (Group B). The frequencies of 7P53 and RB7 mutations
were identical between Group A and Group B. However, more
MYC family genes tended to be amplified in Group B; Group
A did not harbor KRAS or BRAF mutations, and most patients
in Group A did not have MAPK/ERK pathway changes.

The correlation between the PI3K/AKT/mTOR path-
way changes and RTKs is shown in Supplemental Figure 6
(Supplemental Digital Content 2, http://links.lww.com/JTO/
A626). The changes in various targetable RTK genes were
detected, such as ERBB2 (n = 4), KIT (n = 2), PDGFR4
(n=3), PDGFRB (n =2), KDR (n=3), MET (n = 1), ROSI
(n=28), and RET (n=5). However, none of these genes showed
a recurrent mutation at the same point in this data set or the
COSMIC database. The PI3K/AKT/mTOR pathway status did
not correlate with the RTK changes.

Drug Sensitivity
To further investigate whether the PI3K/AKT/mTOR
pathway could be a feasible therapeutic target in SCLC, we

Copyright © 2014 by the International Association for the Study of Lung Cancer

tested the in vitro drug sensitivity of the SCLC cell lines using
the clinically developed compounds targeting this pathway
(Fig. 2 and Supplemental Figure 7, Supplemental Digital
Content 2, http:/links.lww.com/JTO/A626). We selected
three SCLC cell lines with genetic alterations in the PI3K/
AXT/mTOR pathway: H446 (PTEN-loss, MYC-amplified),
H1048 (PIK3CA mutation), and H1694 (AKT3-amplified).
We also examined H82 (MYC-amplified) and H209. which
do not display activation of the PI3K/AKT/mTOR pathway.
Using these cell lines, we assessed the efficacy of four com-
pounds that inhibit the PI3K/AKT/mTOR pathway and are in
on-going phase I/II trials: BEZ235 (PI3K and mTOR inhibi-
tor), BKM120 (PI3K inhibitor), INK128 (mTOR inhibitor),
and MK2206 (AKT inhibitor), as well as one cytotoxic agent,
cisplatin. None of the cell lines showed apparent cytotoxic-
ity in response to doses up to 1 pM cisplatin. Conversely,
all PIBK/AKT/mTOR inhibitors significantly impaired the
proliferation of the SCLC cell lines. H1048, which harbors
a PIK3CA mutation (H1047R), was the most sensitive to all
of the PI3K/AKT/mTOR inhibitors, with IC50 values of 3.8,
5.4, 999, and 1954nM for INKI128, BEZ235, MK2206,
and BKMI20, respectively. BEZ235 was the most effec-
tive compound to specifically inhibit H1048 cell growth

1327



Umemura et al. Journal of Thoracic Oncology® e Volume 9, Number 9, September 2014

PIBK/AKUmTOR pathway not altered samples
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copy number gain

copy number loss
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frame-shift indel

FIGURE 1. An overview of the key driver mutations and major associated clinical features of 47 SCLC samples. The number
of events per gene is noted on the left. The genes are displayed as rows, and the samples are displayed as columns, with major
associated clinical features.

PY, PACK YEARS; MYC FAMILY*, MYC FAMILY ALTERED SAMPLES.

(IC50 = 5.4), with an IC50 value greater than 10-fold lower
TABLE 3.  Frequently Mutated Cancer Census Genes (-log,, than that of H82 (IC50 = 58.3nM) and fivefold lower than that

g score 21.5) of H209 (IC50 = 29.7nM). In contrast, H446 (IC50=33.3nM)
This Data Set (1 = 47) and H1694 cells (IC30 = 52.5nM) were relatively resistant to
Symbol log. (q score) BEZ235 treatment.
- 2 The impact of BEZ235 on AKT phosphorylation in
MYB 340 SCLC cells was investigated using Western blot analysis. AKT
MYCLI 2.50 was activated in the H446 and H1048 cells under these culture
AKT2 245 conditions, and it was effectively inhibited after being treated
CLTCLI 2.34 with 10nM BEZ235. Conversely, constitutive phosphorylation
LIFR 2.21 of AKT was not observed in H1694 cells, even when pan-AKT
IL7R 213 was over-expressed. In addition, AKT phosphorylation was not
THRAP3 2.09 detected in the H82 and H209 cells. Regarding factors located
ETV5 2.05 downstream of mTOR, S6RP was phosphorylated in all five
BCL6 1.99 SCLC cell lines. Hspecially, the phosphorylation level was
EIF4A2 1.93 high in AKT-activated H446 and H 1048 cells. BEZ235 signifi-
LPP 1.89 cantly reduced the phosphorylation of S6RP in all the cells.
PAXS 1.89 To evaluate the contribution of PI3K/AKT/mTOR sig-

naling to SCLC cell proliferation, we used RNA interfer-

i;;?i , ii: ence (RNA1) to down-regulate the expression of PIK3CA in
MYCN 165 H1048 cells. The transient silencing of PIK3CA impa'ired the
FANCG 165 phosphorylation of AKT and S6RP (Supplemental Figure 8,
MYC |57 Supplemental Digital Content 2, http:/links Iww.com/JTO/
MDS2 1' 5 2 A626). In addition, PIK3CA silencing induced a decrease in

the proliferation of H1048 cells.
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TABLE 4. The Recurrent Mutations Detected at the Same Position in This Study and the COSMIC Database

No. in
This No. in
Data COSMIC
Gene Recurrent in This Stady (no.) Set Recurrent in COSMIC Database (no.) Database Total
TPS3 Q38 (1) TIS55(1) VIST(1) RIS8 (2) AI59 (1) M160 (1) 37 Q38(l) TIS5(4) VI57 RIS8(3) AL59 (1) M160 (1Y 97 134
(an
AI61 (1) Y163 (2) R175(1) C176 (2) HIT9 (1) Q192 (1) AL61 (1) Y163 (2) RI75 (%) C176 (2) H179 (7) Q192 (2)
D208 (1) R209 (1) R21I3 (1) S215(2) Y220 (1) R248 (1) D208 (1) R209 (2) R213 (3) 8215 (1) Y220 (8) R248(7)
R249 (2) 1265 (1) G266 (2) R273 (1) R283 (2) E286 (1) R249 (11) L265 (1) G266 (3) R273 (8) R283 (1) E286 (5)
E294 (1) E298 (1) Q317 (1) R337(2) R342 (1) E294 (3) E298 (2) Q317 (1) R342 (1)
RB1 TS543 (2) W78 (1) W193 (1) E322(1) 5 W78(1) WI95(2) E322(1) 4 9
ABRA 8276 (2) 2 0 2
AP3M2 T72(2) 2 0 2
CLEC4G R23 (2) 2 0 2
DACT!I  V481(2) 2 0 2
DPP6 Q345 (2) 2 0 2
DUSP27 D886 (2) 2 0 2
GPRI149 R540(2) 2 0 2
2 0 2

KIAA2022 Q738 (2)

ORYGL  Cl68(2) 2 0 2
PCDHGAS E782 (2) 2 0 2
PDEAC P39(2) 2 0 2
PIAl B182(2) 2 0 2
ZFP1 Q287 (2) 2 0 2
B2M ML (D) I M1 2 3
PIK3CA  E545 (1) 1 E545(2) 2 3
AFF2 D506 (1) 1 D506 (1) 1 2
ASTNI  RIS4(1) 1 RI84(1) i 2
BEND3  G263(l) 1 G263 (1) 1 2
CSA R438 (1) 1 R438 (1) i 2
CREB3L3 P82 (1) 1 P82(D) 1 2
CST4 R46 (1) 1 R46(D) 1 2
DEFBI12 RI12(1) 1 R112(1) 1 2
GPRI3®  T322(1) L oT322(1) 1 2
HCNI  Q772(1) L QT2 (D) I 2
ITGA4  R481(1) I R481 (D) 1 2
JAM3 Y31 (1) 1 Y31L(D) 1 2
KCNIT12  R261(1) 1 R261 (1) 1 2
LIFR Q978 (1) 1 Q978 (1) ! 2
LRRC52  A258 (1) 1 A258 (1) I 2
MED23  N1095 (1) 1 N1095 (1) 1 2
MUC6 P27 (1) 1 P27(l) 1 2
OPN4 €303 (1) 1 C303(1) 1 2
ORIOST  A283 (1) 1 A283(1) 1 2
OR2WI 1206 (1) 11206 (D) 1 2
ORSFI  $265(1) 1 S265(1) 1 2
ORSL1  $267(1) 1 S267(1) 1 2
SLC28A3 Q261 (1) I Q261 (1) 1 2
ZNF382  C278(1) 1 C278 (1) I 2

no., number Recurrent (ne.), positions with recurrent mutations (no. of instances).

Copyright © 2014 by the International Association for the Study of Lung Cancer 1329



Umemura et al.

Journal of Thoracic Oncology® ¢ Volume 9, Number 9, September 2014

100 &
g &
g g
% i HB2 E w82
@ -g-H209 v - H209
—#H4d6 i HA46
- H1048 - H1048
~#~H1694 e H1594
0+ : - 0+ : \
0.001 01 10 1000 0.01 10000

i 100
Conc. BEZ235 (nM) Conc. Cisplatin (nh)

B
- ¥ - & . 4 . 4 - 4 BEZZIS
HB2  H209 H446 H1048 H1694
FIGURE 2. (A) The concentration-response cell survival

curves of SCLC cell lines with or without genetic alteration in
the PI3K/AKT/mTOR pathway in response to BEZ235 (nM)
and Cisplatin (nM). The PIK3CA mutation positive cell line,
H1048, is relatively sensitive to BEZ235. The H82 and H209
cell lines are negative controls. (B) Western blotting was used
to investigate the impact of BEZ235 on AKT phosphoryla-
tion and S6RP phosphorylation in the SCLC cells. AKT was
activated in H446 and H1048 cells, and it was inhibited after
being treated with 10nM BEZ235. AKT was amplified but
not constitutively phosphorylated in the H1694 cells. AKT
phosphorylation was not detected in the negative control cell
lines, H82 and H209. With regard to factors located down-
stream of mTOR, S6RP was phosphorylated in all five SCLC
cell lines. Especially, the phosphorylation level was high in
AKT-activated H446 and H1048 cells. BEZ235 significantly
reduced the phosphorylation of S6RP in all the cells.

DISCUSSION

We performed an integrative genomic analysis of SCL.C
in Japanese patients. The SCLC tumors had a significantly
high mutation rate. An analysis of the base-level transitions
and transversions showed that G-to-T transversions were
predominant (Supplemental Figure 2, Supplemental Digital
Content 2, http:/links.lww.com/JTO/A626), which was con-
sistent with the demonstrated effects of tobacco smoke carcin-
ogens on DNA.% A high prevalence of inactivating mutations
in TP53 and RBI and recently reported candidate driver genes,
including the mutations of histone modifiers (CREBBP" and
EP3007), were recurrently observed along with the amplifica-
tion of MYC family members.»"!*1 These data indicate that
the genomic landscape of SCLC is equivalent between Asian
and Caucasian populations.™ 1718

SCLC is characterized by aggressive growth and a poor
prognosis, and no single molecular targeted drug has shown
any clinical efficacy over an extended period. A number of
inhibitors targeting changes in RTKs are currently used in
clinical use. Alterations in well-known, targetable RTK
genes, such as ERBB2, KIT, PDGFRA, PDGFRB, KDR,
MET, ROSI, and RET, were detected in this study. However,
these alterations did not overlap with previously reported
activating mutations.

1330

The PI3K/AKT/mTOR signaling pathway is involved
in the survival, proliferation, and migration of SCLC cell
lines.” We confirmed the activation of the PI3K pathway in
the SCLC-derived cell lines. AKT protein overexpression was
observed in the AK73-amplified H1694 cells, and phosphor-
vlated-AKT and S6RP were increased in the PTEN-lacking
H446 cells and PIK3CA-mutated H1048 cells. In addition, the
significant decrease in the proliferation of F11048 cells induced
by PIK3CA silencing suggested that the proliferation of these
cells was strongly dependent on the PI3K/AKT/mTOR path-
way (Supplemental Figure 8, Supplemental Digital Content
2, http://links. Iww.com/ITO/A626).  Consistently, genetic
changes in the PI3K/AKT/mTOR pathway were detected
in approximately 40% of our clinical samples. In addition
to high penetrance, these alterations occurred in a mutually
exclusive manner. A similar trend was observed in another
Japanese cohort of primary SCLC (Supplemental Table 7,
Supplemental Digital Content 3, http:/links.Iww.com/JTO/
A627). In addition to SCLC, a significant exclusion pattern
among PI3K pathway molecules was observed in the system-
atic analysis of breast cancer genomes.” Together, these data
suggest indispensable roles for this pathway in tumorigenesis.

Two specific inhibitors of mTORCI, everolimus'
and temsirolimus,'" were tested against SCLC in a Phase
1I study. However, single-agent antitumor activity was lim-
ited in unselected patients; the response rate in these studies
was less than 10%. To improve the response to these inhibi-
tors, the addition of PIZK inhibition has been suggested.
The dual inhibition of PI3K and mTOR might be advanta-
geous over single inhibition by suppressing a S6K feedback
loop that leads to the pathway reactivation.*! Based on this
idea, an on-going phase I study of the PI3K and mTORC1/2
dual inhibitor, BEZ235, was designed for the patients with
advanced solid tumors harboring PIK3CA or PTEN alteration
(NCTO01195376). In this study, we showed that the survival of
the cisplatin-resistant SCLC cell lines was well suppressed
by BEZ235, accompanied by the suppression of S6RP phos-
phorylation. Notably, the effect was most significant against
H1048 cells, which harbor a PIK3CA-~activating mutation.

However, we found that not all SCLC cell lines harbor-
ing PRRK/AKT/mTOR pathway alterations exhibited a similar
sensitivity to BEZ235. Although AKT phosphorylation was
significantly inhibited by BEZ235 in both the H446 cells and
1048 cells, the sensitivity of the H446 cells was less than that
of the H1048 cells. MYC gene amplification reportedly evades
PI3K-targeted therapy® MYC amplification was demonstrated
in H446 cells, ™ and this co-alteration could be one cause of
the observed low sensitivity. Thus, to determine the most benefi-
cial concentrations for patients, both direct target molecules and
other interfering signaling pathways should be simultaneously
assessed. In this study, no surgically resected tumors harbored
co-alterations of the PI3K/AKT/mTOR pathway and MYC gene
amplification. However, the sample size of this study and other
published systemic analyses remained small, and many of the
samples were obtained from relatively early-stage tumors. We
should expand the sample size and further analyze samples of
advanced tumors using biopsy, necropsy, and autopsy specimens
to clarify the coexistence of oncogenic alterations in SCLC.

Copvright © 2014 by the International Association for the Study of Lung Cancer
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Although further large-scale validation studies are
needed, our data suggest that evaluating the genetic status of
molecules that modify the PI3K/AKT/mTOR signaling path-
way, such as MYC family and MAPK pathway molecules, is
essential to select patients with potential sensitivity to PI3K/
AKT/mTOR inhibitors. In other words, enriching the study
population by performing the integrative genomic analysis
is essential when performing phase studies of PI3K/AKT/
mTOR inhibitors in SCLC.

In conclusion, the SCLC genome possesses distin-
guishable genetic features in the PI3K/AKT/mTOR pathway.
Genetic alterations in the PI3K/AKT/mTOR pathway were
noted as a top therapeutic priority in SCLC. In addition to sur-
gically resected samples, advanced tumors should be exam-
ined for comprehensive genomic analysis.
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ARTICLE INFO ABSTRACT

Laryngeal and hypopharyngeal cancer, in particular T4a disease associated with cartilage invasion and
extralaryngeal spread, needs to be evaluated accurately because treatment can impact heavily on a
patient’s quality of life. Reliable imaging tools are therefore indispensible. CT offers high spatial and
temporal resolution and remains the preferred imaging modality. Although cartilage invasion can be
diagnosed with acceptable accuracy by applying defined criteria for combinations of erosion, lysis and
transmural extralaryngeal spread, iodine-enhanced tumors and non-ossified cartilage are sometimes
difficult to distinguish. MR offers high contrast resolution for images without motion artifacts, although
inflammatory changes in cartilage sometimes resemble cartilage invasion. With dual-energy CT, com-
bined iodine overlay images and weighted average images can be used for evaluation of cartilage invasion,
since iodine enhancement is evident in tumor tissue but not in cartilage. Extralaryngeal spread can be
evaluated from CT, MR or dual-energy CT images and the routes of tumor spread into the extralaryngeal
soft tissue must be considered; (1) via the thyrohyoid membrane along the superior laryngeal neurovas-
cular bundle, (2) via the inferior pharyngeal constrictor muscle, and (3) via the cricothyroid membrane.
Radiologists need to understand the advantages and limitations of each imaging modality for staging of
laryngeal and hypopharyngeal cancer.
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positively for organ-preserving procedures such as radiation ther-
apy alone, a combination of chemotherapy and radiation therapy,
and function-preserving partial laryngectomy procedures [2-6].
Patients with T4a disease, particularly when the tumor extends

1. Introduction

Laryngeal and hypopharyngeal cancers are common malignant
tumors in the head and neck, and most of such cases are squa-

mous cell carcinomas [1]. In view of the functional and social
importance of the larynx, any decision about the optimal man-
agement strategy for laryngeal or hypopharyngeal cancer must
involve consideration of both potential survival and the func-
tional consequences of any given treatment approach. Patients with
T1, T2 and limited cartilage invasion disease can be considered
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through the cartilage into the soft tissue of the neck, often need
aggressive treatments such as total laryngectomy [2,7,8], because
the risks of recurrence and cartilage necrosis after radiother-
apy alone are high [2-4]. Both CT and MR imaging are routinely
used to differentiate between limited and gross cartilage inva-
sion. However, cartilage invasion is sometimes overestimated,
resulting in unnecessary total laryngectomies in some patients
[9,10].

Currently, dual-energy CT is being investigated in several clini-
cal fields [11-15], including the evaluation of head and neck cancer
[16]. Since treatment is decided according to the precise extent
and invasion pattern of a tumor, the findings of these imaging
procedures play a crucial role in any multidisciplinary approach
for management of laryngeal and hypopharyngeal cancer [17-19].
Rapid technological developments inrecent years have made it nec-
essary for all members of multidisciplinary teams to understand the
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Table 1

Primary tumor (T) staging according to the American Joint Committee on Cancer (AJCC) 7th edition (modified version by author).

Laryngeal cancer

Hypopharyngeal cancer

Supraglottic Glottic Subglottic
T1 One subsite (a) One vocal cord (b) both Limited to subglottis <2 cm and limited to one subsite
vocal cords
T2 More than one subsite Extends to supra/sub Extends to glottis >2-4 cm or more than
glottis one subsite
Impaired vocal cord
mobility
T3 PGS/PES or vocal cord PGS or vocal cord fixation Vocal cord fixation >4 cm or vocal cord
fixation fixation
Inner cortex of thyroid Inner cortex of thyroid
cartilage cartilage
Extends to postcricoid
T4a Tumor invades through the thyroid cartilage or Tumor invades thyroid/cricoid cartilage or
extra-laryngeal spread extra-laryngeal spread
T4b Tumor invades prevertebral space, encases
carotid artery, or invades mediastinal
structures

Note: PGS = paraglottic space; PES = preepiglottic space.

potential applications, limitations, and appropriate criteria of these
imaging modalities.

In this article, we review the significant role of imaging for
staging of laryngeal and hypopharyngeal cancer. We discuss the
appearances of T4a disease on conventional CT and MR images
and illustrate how dual-energy CT can be applied for evaluation
of laryngeal and hypopharyngeal cancer.

2. Primary tumor staging (T) of laryngeal and
hypopharyngeal cancer

The system for staging of primary laryngeal (glottic, supra-
glottic and subglottic) and hypopharyngeal cancer is outlined in
Table 1 (American Joint Committee on Cancer 2010) [20]. Clini-
cal staging of the primary site is based on involvement of various
subsites of the larynx or adjacent regions of the pharynx and
vocal cord mobility. Assessment of the primary tumor is initially
accomplished by clinical inspection, using indirect mirror and
direct endoscopic examination with a fiberoptic nasolaryngoscope.
However, these tumors have a tendency to spread submucos-
ally, and this extension into deeply seated tissue planes can be
easily missed by clinical examination alone [8,17,19]. Therefore,
clinicians rely on imaging to predict which patients will have
T3-4 disease. Even if the primary tumor has been clinically diag-
nosed as T1-2 disease on the basis of inspection, imaging is an
important adjunct to exclude any T3-4 factor features or the pres-
ence of submucosal extension [8,21-23]. Therefore, cross-sectional
imaging using CT or MR imaging is mandatory for completing
the staging process, and should be included in the diagnostic
workup.

For laryngeal cancer, the first imaging criterion that defines
T3 lesions is extension into the paraglottic and/or preepiglottic
space, irrespective of vocal cord mobility. In addition, tumor ero-
sion limited to the inner cortex of the thyroid cartilage indicatesa T3
lesion, whereas erosion of the outer cortex of the thyroid cartilage
define a T4a tumor. For hypopharyngeal cancer, unlike the larynx,
criteria that define T3 lesions are based on vocal cord mobility and
tumor diameter only. Hypopharyngeal cancer with invasion of the
thyroid or cricoid cartilage indicates a T4a lesion, even in cases of
localized cartilage invasion. In any event, accurate staging requires
diagnosis of subtle cartilage invasion.

Extralaryngeal tumor spread is also one of the important predic-
tors of T4a disease, with or without cartilage invasion, in laryngeal
and hypopharyngeal cancer.

3. Technical considerations for CT, MR imaging and
dual-energy CT

3.1. Conventional CT

CT is the preferred imaging method for staging of laryngeal and
hypopharyngeal cancer. The images are obtained with the patient
supine and during quiet respiration (not while holding the breath).
The neck should be in slight extension, and the head is aligned
along the cephalocaudal axis to allow comparison of symmetrical
structures. Malpositioning may create an appearance that simu-
lates disease, Every effort should be made to make the patient feel
comfortable. When a small tumor is suspected, the patient may be
scanned during a modified Vasalva maneuver or during phonation
to open the piriform sinuses [24,25]. Typically, a 100-mL injection
of 300 mgl/mL iodinated contrast medium is injected at a rate of
2.5mL/s and the scan is initiated 70 s after the start of the injec-
tion, proceeding in a cranio-caudal direction. The scan range is set
from the base of the skull to the bottom of the neck. Reconstructed
images are generated as frontal and coronal sections parallel and
vertical to the vocal cords from 1 cm above the hyoid bone to the
inferior margin of the cricoid cartilage (2-mm thickness and 16-cm
field of view).

3.2. MRimaging

MR imaging is also obtained with the patient supine and during
quiet respiration. Axial T2-weighted fast spin echo (FSE) and T1-
weighted FSE images are obtained with a scan orientation parallel
to the true vocal cords. Typical image parameters for a standard
examination include a slice thickness of 3 mm with a 1-mm inter-
section gap. Additional axial fat-saturated T1-weighted fast field
echo (FFE) images after intravenous administration of gadolinium
chelates are obtained routinely. When evaluations using CT alone
are insufficient to determine cartilage invasion, the following 3D
sequences are additionally performed within the area from 1cm
above the hyoid bone to the inferior margin of the cricoid cartilage:
a 3D-T2-weighted image (3D-T2WI) is acquired in the transverse
plane with a 3D volume isotropic T2-weighted acquisition (VISTA)
sequence (TR/TE, 1,100/91 with Driven Equilibrium [DRIVE] tech-
nique; flip angle, 90; field of view, 230 mm; matrix, 190 x 448;
slice thickness/gap, 1.5 mm/0 mm). A 3D-T1-weighted image (3D-
T1W]I) is then acquired in the transverse plane with a 3D Turbo
Field Echo (TFE) sequence unenhanced (TR/TE, 6/2.3; flip angle,



