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GC cells suppressed colony formation. The data suggest
that the silencing of Sox17 occurs frequently in early GC
and plays a key role in the disease. Gastric wash-based
DNA methylation analysis could be useful for the early
detection of recurrence following endoscopic resection
in early GC patients. Interestingly, the usefulness of gas-
tric wash-based molecular testing for antibiotic resistance
in H. pylori has also been reported™. It will be interesting
to analyze gastric washes using NGS.

Anti-HER2 antibody trastuzumab has led to an era of
personalized therapy in GC

Trastuzumab is an antibody that targets the HER2 extra-
cellular domain and induces antibody-dependent cellular
cytotoxicity and inhibition of the HER2 downstream
signals (Figure 4). In the ToGA study, standard chemo-
therapy regimens (capecitabine plus cisplatin or fluoro-
uracil plus cisplatin) combined with trastuzumab resulted
in a longer survival time than standard regimens without
trastuzumab in patients with HER2-positive GC®”.
Thus, HER2 expression has become a major concern
in GC™. HER2 overexpression is observed in 7%-34%
of GC cases. Mechanisms of resistance to trastuzumab
have been reported in breast cancer. There are various
mechanisms undetlying trastuzumab resistance, such
as alterations of the HER2 structure ot surroundings,
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dysregulation of HER2 downstream signal effectors
and interaction of HER2 with other membrane recep-
tors (Figure 4). The PI3K-Akt pathway is one of the
main downstream signaling pathways of HER2. It is well
known that PIK3CA mutations and PTEN inactivation
cause over-activation of a downstream signal without
activation of an upstream signal. The frequencies of
PIK3CA mutations and PTEN inactivation in GC have
been reported to be 4%-25% and 16%-77%, respectively.
However, little is known about the association between
HER2 expression and PI3K-Akt pathway alterations in
GC. Sukawa er a/”” have found that HER2 overexpres-
sion was significantly correlated with pAkt expression
in GC tissues. Furthermore, pAkt expression was cor-
related with poor prognosis. These results suggest that
the PI3K-Akt pathway plays an important role in HER2-
positive GC. Moreover, PIK3CA mutations and PTEN
inactivation could affect the effectiveness of HER2-
targeting therapy. Thus, it is necessary to clarify not only
HER2 alterations but also PI3K-Akt pathway alterations
to optimize HER2-targeting therapy in patients with GC.
In this regard, NGS will be useful for the identification
of complicated mechanisms of trastuzumab resistance in
GC. The only approved targeted therapy for patients with
advanced GC is trastuzumab. It is hoped that NGS will re-
veal a driver gene alteration that will make other targeted
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therapies possiblem’(’l].

Monoclonal antibodies targeting VEGF (AVAGAST trial)
and VEGFR-2 (REGARD trial) in advanced GC

Several vascular endothelial growth factor (VEGF)-tar-
geted agents have been developed, including neutralizing
monoclonal antibodies (MoAbs) to VEGF/VEGFRs,
soluble VEGF receptors and tyrosine kinase inhibitors
(TKIs). The anti-VEGF MoAb bevacizumab has been
approved for colorectal cancers. VEGF and VEGF
receptor-2 (VEGFR-2)-mediated signaling and angio-
genesis contribute to the pathogenesis and progression
of GC. The Avastin in Gastric Cancer (AVAGAST) trial
was a multinational, randomized, placebo-controlled trial
designed to evaluate the efficacy of adding bevacizumab
to capecitabine-cisplatin in the first-line treatment of
advanced GC'™. The study showed that adding beva-
cizumab to the chemotherapy regimen in patients with
advanced GC improved the progression-free survival and
tumor response rate but not the overall survival. A fol-
lowing biomarker evaluation analysis revealed that plasma
VEGF-A and tumor neuropilin-1 are strong biomarker
candidates for predicting the clinical outcome in patients
with advanced GC treated with bevacizumab®. In this
regard, NGS will be a powerful method for the identifica-
tion of predictive biomarkers.

To analyze whether ramucirumab, a monoclonal an-
tibody targeting VEGFR-2, prolongs survival in patients
with advanced GC, an international, randomized, double-
blind, placebo-controlled, phase 3 trial was conducted in
29 countries®”. In total, 355 patients with advanced gas-
tric or gastro-esophageal junction adenocarcinoma and
disease progression after first-line chemotherapy were
randomly assigned (2:1) to receive best supportive care
plus either ramucirumab 8 mg/kg (» = 238) or placebo
(n = 117), intravenously once every 2 wk. The primary
endpoint was overall survival. The median overall sur-
vival was 5.2 mo in the ramucirumab group and 3.8 mo
in the placebo group (HR = 0.776, 95%CI: 0.603-0.998,
P = 0.047). The survival benefit with ramucirumab re-
mained unchanged after multivariate adjustment for other
prognostic factors (multivariate HR = 0.774, 95%CI:
0.605-0.991, P = 0.042). Thus, ramucirumab is the first
biological treatment given as a single drug that showed
survival benefits in patients with advanced gastric ot gas-
tro-esophageal junction adenocarcinoma who progressed
after first-line chemotherapy. The findings also validate
VEGFR-2 signaling as an important therapeutic target in
advanced GC.

Potential targeted drugs for GC

Using NGS to target a subset of druggable genes be-
comes a more effective way to discover therapeutic
targets' " **. There are several potential targeted drugs,
either MoAb or small-molecule TKIs, that are being
investigated either in synergy with, or in place of, es-
tablished treatments. These drugs include inhibitors of
growth factors and their receptors [ie., VEGE, epidermal
growth factor receptor, HER2, insulin-like growth factor
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1 (IGF1) receptor, c-MET], MEK inhibitors and drugs
targeting the Hedgehog pathway™®”.

Dysregulation of the IGF1 and IGF2/IGF1R system
has been implicated in the pathogenesis of GCI® The
expression levels of both IGFs and IGF1R are increased
in GC. IGF1R is also involved in angiogenesis and lym-
phangiogenesis through the modulation of VEGF expres-
sion in a GC cell line””. IGF1R blockade reduced tumor
angiogenesis and enhanced the effects of bevacizumab
in a GC cell line. Thus, targeting IGF1R in combina-
tion with agents that block the VEGF pathway may have
therapeutic utility in GC. Moreover, targeting the novel
miR-7/IGF1R /Snail axis has been reported to be useful

as a therapeutic approach to block GC metastasis” .

CONCLUSION

The genetic and epigenetic alterations in GCs continue
to inspire biological and clinical implications. Recent ad-
vances in the molecular study of GC have brought new
diagnostic and therapeutic strategies into clinical settings.
The advantages of using DNA methylation as a biomark-
er for the detection of GC in biopsy specimens and non-

invasive body fluids such as serum and gastric washes
may have a possible clinical application in GC. Further
analysis is required to gain a deeper insight into GC carci-
nogenesis, a better understanding of disease pathogenesis
and the development of new diagnostic and therapeutic
approaches targeting essential pathogenic alterations. In
this regard, the rapid advances in NGS technologies will
hopefully continue to reveal driver alterations of GC,
further our understanding of gastric carcinogenesis and
improve the therapy for each individual tumor. The chat-
acterization of genes that were discovered by NGS rather
than by laboratory and clinical research is also necessary.
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Abstract We retrospectively compared transplant out-
comes for related bone marrow transplantation (BMT),
related peripheral blood stem cell transplantation
(rPBSCT), unrelated bone marrow transplantation (uBMT),
and unrelated cord blood transplantation (CBT) in 1,062
patients with chronic myeloid - leukemia (CML) aged
20 years or over between January 1, 2000 and December
31, 2009 in Japan. The disease status was as follows:
chronic phase 1 (CP1, n = 531), CP 2 or later including
accelerated phase (CP2-AP, n = 342) and blastic crisis
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BC, n = 1k8,9). Graft sources (GS) were rBMT (n = 205),

uBMT (n = 507), tPBSCT (n = 226) or CBT (n = 124).

In multivariate analysis in CP1, lower overall survival (OS)
(relative risk [RR]: 6.01, 95 % confidence interval [CI]:
1.20-29.97, P = 0.029) and leukemia-free survival (LFS)
(RR: 4.26, 95% CI. 1.24-14.62, P = 0.021) were
observed in uBMT compared with those in tBMT. For
patients_in the advanced phase of CML beyond CP1, GS
had no significant impact on OS or LFS. Our results sup-
port the use of rBMT for adults with CML in CP1, but in

- contrast to previous reports, the superiority of tPBSCT in
advanced stage of CML was not confirmed in our cohorts.
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Introduction

According to the Japan Society for Hematopoietic Cell
Transplantation (JSHCT), the number of transplants
reported annually for the treatment of CML was 306 in
2000, but drastically dropped to 46 transplants in the year
2009. Unsurprisingly, the drop in transplant activity was
observed in Japan after imatinib (IM) became available as
an experimental drug in 2000 and subsequently as a
frontline treatment for CML in 2001. Thus, the excellent
outcomes demonstrated by tyrosine kinase inhibitors
(TKIs) argue against the use of allogeneic hematopoietic
stem cell transplantation (allo-HSCT) as an upfront therapy
for CML in CP1; allo-HSCT is currently recommended for
patients with a T315I mutation, or who failed TKIs and
progress to advanced phase disease [1-6]. Moreover, the
newly launched third generation TKI, ponatinib, having a
unique binding mechanism allowing inhibition of BCR-
ABL kinases, including those with the T315I mutation may
further narrow the range of transplant indication [7, 8].
Therefore, those CML patients who undergo allo-HSCT
represent a selection of high-risk patients due to more
advanced disease with high rates of accelerated or blast
phase. To improve transplant outcomes, comprehensive
approaches in transplant strategies including timing, choice
of conditioning and GS, maintenance therapy might be
needed for those CML patients being selected nowadays
for allo-HSCT. The main purpose of this study was to
analyze the impact of GS on transplant outcome for
patients with CML in the era of TKISs, particularly the role
of GS in each disease status. We also clarified the prog-
nostic factors for transplant outcomes in each disease sta-
tus. We herein report our analysis of 1,062 patients, whose
complete registry-based clinical data which were provided
by the JSHCT.

Patients and methods
Patients

Data on a total of 1,143 patients of at least 20 years of age
who had undergone allogeneic bone marrow, peripheral
blood, or cord blood transplantation for CML between
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January 1, 2000 and December 31, 2009 were initially
collected through the Transplant Registry Unified Man-
agement Program (TRUMP). Eighty-one patients were
excluded from the analysis, because one or two critical data
such as alive, relapse, and engraftment status with or
without date of onset were missing. Other missing data
were dealt as missing data in the study and the analysis
numbers in each variable were described, respectively.
This included data from the Japan Cord Blood Bank Net-
work (JCBBN), the Japan Marrow Donor Program
(JMDP), and JSHCT. These are the 3 largest allo-HSCT
registries in Japan, and their roles have been described
previously [9]. The study was approved by the data man-
agement committees of JSHCT, as well as by the ethical
committee of Tokyo Metropolitan Cancer and Infectious
Disease Center, Komagome Hospital (Tokyo, Japan),
where this study was organized.

Statistical analysis

The outcome endpoints were neutrophil recovery, platelet
recovery, acute and chronic GVHD, relapse, transplanta-
tion-related mortality (TRM), overall survival (OS), and
leukemia-free survival (LFS). The definitions of the sta-
tistical models used were in accordance with the statistical
guidelines of the European Group for Blood and Marrow
Transplantation (EBMT) (http://www.ebmt.org/1Whati
sEBMT/whatisebmt2.html). Neutrophil recovery was
defined by an absolute neutrophil count (ANC) of at least
0.5 x 10°/L for 3 consecutive days, with the first day
considered as the recovery day. Platelet recovery was
defined by a non-transfused platelet count of at least
20 x 10°/L for 3 consecutive days. Deaths occurring
before day 90 or day 180 were considered as competing
risks for neutrophil or platelet recovery, respectively. The
graft failure rate for neutrophils was calculated for patients
living without relapse for more than 30 days. Acute and
chronic GVHD were diagnosed and graded at each center
according to the standard criteria [10-12]. Relapse was
defined on the basis of the reappearance of the blast or
Philadelphia chromosome (Ph) or BCR-ABLI transgene by
cytogenetic and/or molecular analysis, including polymer-
ase chain reaction and fluorescence in situ hybridization.
TRM was considered a sole cause of non-leukemic deaths
occurring after transplantation; OS was defined as the time
between transplantation and death due to any cause; LFS
was defined as the time interval from allo-HSCT to a first
event, either relapse or death, in patients achieving com-
plete remission. HLA antigen disparities were categorised
as either GVHD or rejection direction. Low-resolution
antigens of HLA-A and HLA-B were identified for all
patients by serologic typing or low-resolution molecular
typing methods. While, HLA-DRB1 alleles were
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determined by high-resolution molecular typing using the
sequence-based HLA typing method. In rBMT, HLA-
DRBI1 alleles were counted as identical, if the low-reso-
lution antigens of HLLA-A, B, and DR were identical. Data
on HLA-DRBI allele were not fully available; there were 2
lacking data in CPI, 4 lacking data on CP2-AP and 2
lacking data in BC. Detail of HLA disparity toward either
rejection or GVHD are noted in Table 1 and Supplemen-
tary Table 1. -

Adjusted probabilities of OS and LFS were analyzed
using Cox proportional-hazards regression model. The
variables used were patients’ age at HSCT, patients’ sex,
body weight at HSCT, time from diagnosis to HSCT,
ABO mismatch, conditioning regimen, imatinib admin-
istration, kind of GVHD prophylaxis, and year of HSCT.
Variables with more than two categories were dichoto-
mized for the final multivariate analyses. Variables were
dichotomized as the followings: patient’s age at HSCT

younger or older than median; patient’s body weight at
HSCT lighter or heavier than median; time from diag-
nosis to HSCT <1 year or >1 year. ABO major mis-
match or others; myeloablative conditioning regimen or
others; cyclosporine-based GVHD prophylaxis regimen
or tacrolimus-based; year of HSCT before or after 2004,
The endpoints of neutrophil and platelet recovery, acute
GVHD and chronic GVHD, relapse and TRM were
analyzed using cumulative incidence curves that esti-
mated incidence according to the Fine and Gray models,
in which we first used univariate models that contained
each of the variables one at a time. Then all variables
with a P < 0.05 by the likelihood-ratio test were inclu-
ded in a multivariate model.

Cause-specific hazard ratios were estimated with 95 %
confidence intervals (CIs). Statistical analysis was per-
formed with the R Foundation statistical computing pack-
age, version 2.12.2 (http://www.r-project.org/).

Table 1 Characteristics of patients with CML in CP1, CP2-AP, and BP

CP1 (n = 531) CP2-AP (n = 342)  BP (n = 189)

Graft source iBMT/uBMT/PBSCT/CBT
Gender

Male/female

Median age at transplantduon (range)

GVHD prophylaxxs CyA + MTX/CyA based/FK + MTX/FK based/
others

Pre—transplant M

Yes/no

Duration from dxagnosm to transplantatlon, months median (range)
Duration from diagnosis to transplantation <1 year/> 1 year

Patient’s body weight, kg Median (range)

Conditioning regiinen:MyeloablatiVe/feduced intensity
Years at transplantation 2000-2004/2005-2009
ABO mismatch No/yes ' N

HLA disparities (rejection (‘hrec'uon)g O~1/> 2

HLA disparities (GVHD direction)® 0-1/>2

138/258/125/10
338/193 (P < 0.001)

43/176/59/64
215/127 (P < 0.001)

24/73/42/50
123/66 (P.< 0.001)

43 (21-69) 43 (20-74)

40 (20-67)

331/27/144/12/14°  148/17/145/19/9°  88/22/58/17/2°

133/249" 187/108° 94/95 (P = 0.94)
(P < 0.001) (P < 0.001) ,

12.5 (0.8-169.0) 18.2 (1.6-255.3) 155 (2.4-322.7)

248/258° (P = 0.65) 135/195° 80/100° (P = 0.14)

(P < 0.001)
61 (40-104) 60 (34-104) 58.5 (34-96)

475/53% (P < 0.001)
447/84 (P < 0.001)
189/161° (P = 0.13)

289/53 (P < 0.001)
211/131 (P < 0.001)
132/156° (P = 0.16)

161/28 (P < 0.001)
116/73 (P < 0.01)
64/91° (P = 0.03)

510/19F (P < 0.001)  281/57F (P < 0.001)  145/42°

(P < 0.001)
507/22F (P < 0.001)  285/53f (P < 0.001)  140/47

(P < 0.001)

CP chronic phase, AP accelerated phase, BP blastic phase rBM T related bone marrow transplantation, rPBSCT related peripheral blood stem cell
transplantauon uBMT unrelated bone marrow transplantatlon, CBT unrelated cord blood transplantation, GVHD graft-versus-host disease, CyA
cyclosporine, MTX methotrexate, FK tacrolimus; IM imatinib mesylate HLA human leukocyte antigen

* Data on GVHD prophylaxis were not fully available; there were 3 missing data in CP data, 4 missing data on CP2-AP and 2 missing data in BC

b Data on pre- transplant 1mat1n1b admmlstratlon were not fully available; 149 data and 47 data were not retrieved in CP1 and in CP2 AP,

respectively

¢ Loss of data on duration from diagnosis to transplantatlon (=1 year/> 1 year) was noted; 25 data in CP, 12 data in CP2-AP, and 9 data in BP

were not retrieved

4 Three data regarding conditioning regimen in CP were not retrieved

¢ Loss of data.on ABO mismatch was noted; 181 data in CP, 54 data in CP2-AP, and 34 data in BP were not retrieved
f Data on HLA-DRBI allele were not fully available; there were 2 lacking data in CP, 4 lacking data on CP2-AP and 2 lacking data in BC
& More detail of HLA disparity toward either rejection or GVHD is noted in supplementary Table 1
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Results
Patient characteristics

Of 1,062 patients (676 men, 386 women; median age,
41 years; range, 20-74), 414 patients (39 %) had a
clear history of pre-transplant IM use. Disease status
was as follows: CP1 (n = 531), CP2-AP (n = 342)
and BC (n = 189). GS were related rBMT (n = 205),
uBMT (n = 507), rPBSCT (n=226) and CBT
(n = 124). The unrelated PBSCT has not been
allowed in Japan until 2012 and, therefore, our data
included only unrelated BMT, not PBSCT. In addi-
tion, during the study period, there were no related
CBTs at all. The other variables, including GVHD
prophylaxis, pre-transplant IM, body weight at allo-
HSCT, duration from diagnosis to transplant, condi-
tioning intensity, years at transplantation (2000-2004
vs. 2005-2009), ABO mismatch, HLA mismatch in
either GVHD or rejection direction, are shown in
Table 1.

Overall survival and leukemia-free survival

The median follow-up period was 914 days after trans-
plantation (range 2-3,902) and 1,914 days after diagnosis
(range 29-9,120). Three-year OS was 70.6 % (95 % CI,
66.8-74.7 %) for patients in CP1 at the time of transplan-
tation, 58.9 % (95 % CI, 53.7-64.7 %) for those with CP2-
AP, and 26.9 % (95 % CI, 20.9-34.6 %) for those in BC.
The probability of 3-year LFS for patients in CP1, CP2-AP
and BC was 64.6 % (95 % CI, 60.4-68.6 %), 46.1 %
95 % CI, 40.9-519 %) and 192 % (95 % CI,
14.1-26.1 %), respectively (data not shown).

OS and LFS according to GS in CP1, CP2-AP, and
BC are shown in Fig. la—c, and d-f, respectively. In
view of OS and LFS according to GS, 3-year OS after
rBMT, rPBSCT, uBMT, and CBT in CP1 was 84.4,
70.0, 64.4, and 48.0 %, respectively (Fig. l1a). Three-
year LFS after rBMT, rPBSCT, uBMT, and CBT in
CP1 was 76.3, 64.3, 59.3, and 30 %, respectively
(Fig. 2d). Multivariate analysis for OS identified the
following factors as adverse prognostic factors for
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