C-terminal mutation may have slightly poorer EFS and OS than
those who harbored an N-terminal mutation (Figures 4c and d),
which is not consistent with previous adult AML studies.’®'® Gene
expression profiling suggests that CEBPA-single patients harboring
a C-terminal mutation are more similar to CEBPA-double patients
than to CEBPA-single patients harboring N-terminal mutations.'°
This latter study was performed in adult AML patients and needs
to be validated in pediatric AML patients.

So far, the biological mechanisms underlying a favorable clinical
outcome for AML patients harboring CEBPA mutations (including
relative drug sensitivity) are not clear. Further studies of single and
double CEBPA mutations and the underlying biology are required
to enable better risk assessment and therapeutic approaches in
pediatric AML.

CONCLUSION

This is the first nationwide study to examine the clinical
significance of CEBPA mutations in Japanese pediatric AML
patients. The results suggest that CEBPA mutations, especially
double or triple CEBPA mutations, are an independent favorable
prognostic factor for pediatric AML patients. CEBPA-double
patients should be stratified into the favorable risk group, and
the prognostic significance of these mutations should be validated
prospectively.
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EVI1 overexpression is a poor prognostic factor in
pediatric patients with mixed lineage leukemia-AF9
rearranged acute myeloid leukemia

The ecotropic viral integration site-1 gene (EVI1)
encodes a zinc finger protein that functions as a transcrip-
tional regulator of hematopoietic stem cell self-renewal and
long-term multilineage repopulating activity."” The mixed
lineage leukemia gene (VLL) rearrangements [i.e. t(11q23)]
occur at high frequency in pediatric acute myeloid leukemia
(AML) patients with EVI{ overexpression,” and EVI{ is a
transcriptional target of MLL oncoproteins. EVI1 overex-
pression has been reported in up to 10% of patients with
AML and is associated with an adverse prognosis.
However, the prognostic value of EVI1 overexpression has
been studied mostly in adult AML.*” Only two studies have
examined EVI{1 overexpression in pediatric AML, but a
detailed analysis according to the type of leukemia was not
performed because of the small sample size.*"

Recent data from an international consortium, including
those from our group, suggest that pediatric
MLL-rearranged AML can be divided into certain risk
groups on the basis of different translocation partners."
However, clinical outcome data leading to risk stratification
of the MLL-rearranged subgroups are still scarce and further
investigation is necessary to identify new prognostic fac-
tors. Here, we retrospectively examined EVI1 expression
levels and clinical outcomes of pediatric /ILL-rearranged
AML patients treated in the Japanese Pediatric
Leukemia/Lymphoma Study Group (JPLSG) AML-05 study.

After excluding patients with acute promyelocytic
leukemia, Down syndrome, secondary AML, myeloid/nat-

ural killer cell leukemia and myeloid sarcoma, 485 AML
patients were enrolled in the AML-05 study. Overall, 42
patients were excluded, mainly because of misdiagnosis.
Details of the treatment schedules and risk stratification
were described in previous publication.” This study was
conducted in accordance with the principles set down in
the Declaration of Helsinki and was approved by the Ethics
Committees of all participating institutions. All patients, or
the patients’ parents/guardians, provided written informed
consent.

RNA obtained from diagnostic bone marrow samples
was used to analyze the expression of EVI1 using a previ-
ously established EVI1 quantitative real-time polymerase
chain reaction assay that covers the various EVI{ splice
variants.” Event-free survival (EFS) was defined as the time
from the diagnosis of AML to the last follow up or the first
event (failure to achieve remission, relapse, secondary
malignancy, or any cause of death). In this study, most of
the events were relapses (n=23) and the rest were deaths
with sepsis (n=1) and acute respiratory distress syndrome
(n=1). Overall survival (OS) was defined as the time from
the diagnosis of AML to any cause of death. All tests were
two-tailed and P<0.05 was considered statistically signifi-
cant.

Among 443 eligible AML patients, 69 were diagnosed as
MILL-rearranged AML and diagnostic samples from 50
patients were analyzed for EVI1 mRNA expression. No sig-
nificant differences in the characteristics and clinical out-
comes were observed between these 50 patients and the 19
patients who did not have EVI1 data [EFS (P=0.20), OS
(P=0.45)]. EVI1 expression levels were dichotomized based
on a cut off of 0.1 relative to SKOV3, an ovarian carcinoma
cell line over-expressing EVI1: values higher than 0.1 were
defined as EVI1* and those lower than 0.1 or undetectable

Table 1. Characteristics of patients categorized according to EVI/1 expression status.

All (n=50)
EVI1- (n=32) EVIT* (n=18) P

Age (years) 0.034%
median 4.5 6.6

range 0.1-14.7 0.8-15.1

Sex, n(%) 0.77*
male 16 (50) 8 (44)

female 16 (50) 10 (56)
WBC(x10%L) 0.01%
median 484 88.7

range 0.8-459 4.1-322
Types of MLL rearrangement, n(%) 0.96*
MLL-AF6 2 (6) 1 (6)

MLL-AF9 18 (56) 11 (61)

MLL-AF10 5 (16) 2 (€0))

MLL-ELL 3 ©)) 3 (1n

MLL-ENL 3 @) I (©)

MUEATI o 1 ©) 0 ©) o
FAB, n(%) <0.0001*
Ml 1 @) 3 amn

M2 0 0 1 (6)

M4 2 ©) 6 (33)

M5 27 (84) 4 (22)

RAEB-T 0 (O] 3 an

Unclassified 2 (6) 1 (6)
FLT3-ITD, n(%) 0 () 3 W) 0.04*

WBC: white blood cell co;nﬁw: Frer;c/z:/iz"rrl-ely‘;cran-zrﬂklrtsh. *Fisher’s exact test. Wann—Whifn@ U test.
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were defined as EVIf, as described in a previous study.
EVI1*was present in 18 patients (36%). EVI{ expression
levels in different MLL translocation partners relative to
that in SKOV3 cells are shown in Omnline Supplementary
Figure S1. The clinical features of EVI1* and EVI1" patients
are summarized in Table 1. EVI1* patients were significant-
ly older (P=0.03) and had a higher WBC count (P=0.01) at
the time of diagnosis than EVI1 patients. Most of the VLL-
rearranged AML cases were classified as FAB-M5 or FAB-
M4. Specifically, most EVI1" patients (84%) presented with
FAB-M5 morphology, which was less frequent in EVI1*
patients (22%), consistent with the findings of a previous
study.® EVI1* was not correlated with sex or MLL translo-
cation partners. The frequency of FLT3-ITD was signifi-
cantly higher in EVI{* patients (P=0.04). We also analyzed
CEBPA and NPM1 mutations, which are established favor-
able prognostic factors; however, none of the patients har-
bored these mutations, except for one EVI1" patient harbor-
ing double CEBPA mutations.

Next, clinical outcomes were compared between EVI1*
patients and EVI{1- patients (Figure 1). In the AMLL-
rearranged AML cohort (n=50), EVI1* patients had a signif-
icantly worse EFS than EVI1~ patients (P<0.0001) (Figure
1A). However, OS did not differ significantly between the
two groups (P=0.054) (Figure 1B). Among several types of
MLL-rearrangements, MLL-AF9 was the most common
translocation (n=29, 58 %) (Table 1). Therefore, clinical out-
comes in the cohort of MLL-AF9 positive patients were
compared between EVI1* patients (n=11) and EVI{ patients
(n=18). The results showed significant differences in EFS
(P<0.0001) and OS (P=0.0008) (Figure 1C and D). By con-

trast, no differences in EFS (P=0.36) or OS (P=0.57) were
observed among patients with AILL-rearranged AML after
excluding MLL-AF9 positive patients (Figure 1E and F). The
clinical outcomes associated with each type of AMLL-
rearrangement could not be analyzed because of the small
sample size. Multivariate Cox regression analysis, including
FLT3-ITD, WBC count, and age identified EVI1* as the only
prognostic factor predicting poor EFS in the total cohort of
MLL-rearranged AML (hazard ratio (HR), 4.94; P<0.01) and
in the MLL-AF9 positive cohort (HR, 33.81; P<0.01), but
not OS (Online Supplementary Table S1).

These results suggest that EVI1 overexpression is an
independent adverse prognostic factor because of its asso-
ciation with reduced remission duration in pediatric
patients with MLL-rearranged AML, especially in patients
harboring MLL-AF9. A recent large study identified several
novel prognostic MLL-rearranged subgroups, including a
favorable-risk MLL-AF14q positive subgroup and a poor-risk
MLL-AFé6 positive subgroup.” However, MLL-AF9 positive
patients are categorized as an intermediate risk group, and
this subgroup may be dichotomized as a favorable and
poor-risk subgroup based on EVI1 expression levels. Pre-
treatment screening for EVI1 expression should be consid-
ered in patients with /LL-rearranged AML to enable better
risk assessment and alternative consolidation therapies to
be considered. Our results need to be confirmed in larger
studies because of the limited case numbers.

From a biological viewpoint, the ‘evil’-like adverse effects
of EVI1 in patients with MLL-AF9-positive AML were par-
tially elucidated in a recent study in which EVI1 positive
cells harboring MLL-AF9 showed distinct morphological,
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molecular, and mechanistic differences from EVI1 negative
cells.”” Moreover, EVI1 overexpression has been linked to
CD52 overexpression, which could be a therapeutic target
for monoclonal antibody treatment." Further investigation
is required to identify novel prognostic factors in the vari-
ous subgroups of MLL-rearranged AML and to develop
therapeutic strategies effective for patients with EVI1 over-
expression.
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Prognostic model for predicting overall survival in
children and adolescents with rhabdomyosarcoma

Limin Yang', Tetsuya Takimoto' and Junichiro Fujimoto'

Abstract

Background: The purpose of this study was to develop a prognostic model for the survival of pediatric patients
with rhabdomyosarcoma (RMS) using parameters that are measured during routine clinical management.

Methods: Demographic and clinical variables were evaluated in 1679 pediatric patients with RMS registered in the
Surveillance, Epidemiology, and End Results (SEER) program from 1990 to 2010. A multivariate Cox proportional
hazards model was developed to predict median, 5-year and 10-year overall survival (OS). The Akaike information
criterion technique was used for model selection. A nomogram was constructed using the reduced model after
model selection, and was internally validated.

Results: Of the total 1679 patients, 543 died. The 5-year OS rate was 64.5% (95% confidence interval (Cl), 62.1-67.1%)
and the 10-year OS was 61.8% (95%Cl, 59.2-64.5%) for the entire cohort. Multivariate analysis identified age at diagnosis,
tumor size, histological type, tumor stage, surgery and radiotherapy as significantly associated with survival (p < 0.05).
The bootstrap-corrected c-index for the model was 0.74. The calibration curve suggested that the model was well
calibrated for all predictions.

Conclusions: This study provided an objective analysis of all currently available data for pediatric RMS from the
SEER cancer registry. A nomogram based on parameters that are measured on a routine basis was developed. The
nomogram can be used to predict 5- and 10-year OS with reasonable accuracy. This information will be useful for
estimating prognosis and in guiding treatment selection.

—

Keywords: Rhabdomyosarcoma, Cancer, Nomogram, Overall survival

Background

Rhabdomyosarcoma (RMS) is the most common soft-
tissue sarcoma in children and adolescents and accounts
for 3% of all pediatric tumors [1]. Approximately 350
children are diagnosed with RMS in the United States
every year [2]. Incidence peaks at a very young age. Be-
cause RMS is derived from immature striated skeletal
muscle, this disease can occur at any site in the body.
Prognosis of RMS has improved significantly, with
multidisciplinary management accounting for most of
the increase in survival rate. Since 1972, the Intergroup
Rhabdomyosarcoma Study Group (IRSG) has conducted
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a series of clinical trials and published a series of treat-
ment guidelines for different primary sites. As a result,
the long-term survival rate of these patients has nearly
tripled from approximately 25% in 1970 to more than
70% in the 1990s [3,4].

The rarity of this disease means that most information
regarding survival is derived from these clinical trials.
However, overall survival (OS) results differ between
clinical trials and population-based cancer registries be-
cause of important differences between patients treated
in routine practice and those treated in clinical trials.
For example, IRSG reports showed a 5-year OS of 70%
in the 1990s [3,4], while, even in the 2000s, the 5-year
OS was only approximately 50% in children with RMS
according to population-based data [5]. Clinical trials
may select participants based on strict inclusion criteria,
which consider the extent of disease, previous history of
treatment, comorbidities, psychosocial conditions and
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other factors [6]; patients in a poor condition may thus
be excluded from the protocol. OS in trials may there-
fore not reflect the prognosis of patients who receive
treatment in a community setting.

Individualized estimation of the prognosis could be use-
ful for counseling cancer patients on treatment selection
and for optimizing therapeutic approaches [7]. However,
to the best of our knowledge, there is currently no such
estimation tool for RMS based on patients from the gen-
eral population. In this study, we analyzed the OS in chil-
dren and adolescents with RMS using population-based
data collected by the Surveillance, Epidemiology, and End
Results (SEER) program of the National Cancer Institute
(NCI) [5], and constructed a nomogram based on vari-
ables collected from the routine cancer registry, with the
aim of providing clinicians and patients with a practical
clinical tool to predict survival.

Methods

Study population

The data were derived from the SEER program, which
collects demographic, diagnostic and treatment informa-
tion on all newly diagnosed cancer patients residing
within specific US geographic regions. Registry data are
submitted without personal identifiers to the NCI, and
these data are publicly available for research purpose.
Because all information in public-use SEER database re-
mains de-identified, approval by an ethics committee
was not necessary to perform the analysis [8]. All au-
thors have signed the data-use agreement and got per-
mission from SEER program to use this data.

Using the SEER registry public database, we identified
patients with RMS diagnosed from 1990 to 2010 [5].
Children diagnosed with malignant, first primary RMS
and aged 0-19 years were eligible for this analysis. In
this study, eligible RMS cases had International Classifi-
cation of Childhood Cancer (ICCC) code I1Xa, corre-
sponding to ICO-O-3 morphology codes: 1) RMS not
otherwise specified 8900/3; 2) pleomorphic RMS adult-
type 8901/3; 3) mixed-type RMS 8902/3; 4) embryonal
RMS 8910/3; 5) spindle cell RMS 8912/3; 6) alveolar
RMS 8920/3; or 7) embryonal sarcoma 8991/3. Patients
were excluded from the analysis if the diagnosis was
made at autopsy or by death certificate only. Patients
with no confirmation of diagnosis by microscopy were
also excluded. After selection, there were 1679 cases left
in the cohort. The flow chart for data selection is shown
in Figure 1.

Data analysis

In the description of variables and calculation of OS, age
at diagnosis was classified as 0-4, 5-9, 10~14 or 15-19
years. Age at diagnosis was treated as a continuous vari-
able in multivariate analysis. Other clinical factors
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Patients diagnosed with maliganant rhabdomyosarcoma
between 1990 and 2010
(n=2912)

Y

Exclude autopsy only and death certificate only
{n =2901)

N

Exclude diagnostic without microscopically confirmed
(n = 2880)

A

Select first primary only
(n = 2645)

N

Patients aged 0-19 years
(n = 1679)

Figure 1 Flow chart for the creation of the Surveillance,

Epidemiology, and End Results (SEER) data set.

included primary tumor site, histologic tumor subtype,
tumor stage, tumor size, surgery and radiotherapy (RT).
Primary tumor sites were classified as favorable or un-
favorable based on the criteria for staging of pediatric
tumors [9]. The head and neck (nonparameningeal),
genitourinary (non-bladder/prostate), and bile duct re-
gions were defined as favorable sites, all other sites were
defined as unfavorable, and an unknown site was regarded
as a missing value. Histology was classified as embryonal,
alveolar or other histological subtype. Histological sub-
types with RMS not otherwise specified were treated as
missing values. Tumor stage was classified according to
the SEER historic staging system. Cases with insufficient
information to define the stage were regarded as having a
missing value. Tumor size was truncated at 20 cm and
was grouped into three levels for both character descrip-
tion and calculation of OS: 1) 0-4 cm; 2) 5-9 cm; and
3) 210 cm. Size was treated as a continuous variable in the
multivariate model.

Statistical methods

All missing values were imputed with the ‘transcan’
function of the rms package [10]. OS was calculated by
the Kaplan-Meier product-limited method. Survival
curves were compared using the log-rank test. Cox pro-
portional hazard regressions were performed to assess
the effects of covariates on OS. For continuous variables,
we fitted restricted cubic splines with three knots at
10%, 50% and 90% empirical quantiles. We also consid-
ered the interaction effect between surgery and RT. The
proportional hazard assumption was justified by examin-
ing residual plots. The Akaike information criterion was
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utilized for model selection. We constructed a nomo-
gram with the beta coefficients of variables in the re-
duced model.

The model was internally validated. We generated 200
bootstrap samples to determine the calibration and dis-
crimination of the model. Calibration refers to the ability
of a model to make unbiased estimates of outcome. Cali-
bration was assessed using a calibration curve generated
by plotting the model-predicted 5-year and 10-year sur-
vival probabilities against the observed probability, as
calculated by the Kaplan-Meier method. The prognostic
accuracy of the model was quantified by computing the
concordance index (c-index) described by Harrell et al.
[11]. The c-index is a discrimination measure that esti-
mates the probability that, of two randomly chosen pa-
tients, the patient with the higher predicted survival will
outlive the patient with the lower predicted survival.
The c-index ranges from 0.5 (no discrimination) to 1.0
(perfect discrimination).

All statistical analyses were conducted using R version
3.1.0 software (Institute for Statistics and Mathematics,
Vienna, Austria; www.r-project.org) [12]. The model and
nomogram were constructed using the R package rms
[10]. All statistical tests were two-sided, and values of p
< 0.05 were considered significant.

Results

Patient demographics are listed in Table 1. A total of
1679 pediatric patients with RMS were included in the
study. Approximately 38.1% of the subjects were aged
0-4 years, 23.2% were 5-9 years, 20.6% were 10-14
years and 18.1% were 15-19 years. There were 974
(58.0%) boys, and 705 (42.0%) girls. The majority of pa-
tients were white (75.9%). Approximately 61.1% of RMS
occurred at unfavorable sites. Around 59.0% of patients
were diagnosed with embryonal RMS, 33.2% with alveo-
lar RMS and 7.7% with other RMS. Based on SEER sta-
ging, 33.4% of patients had localized tumors, 34.9% had
regional RMS and 31.7% had metastasis. More than half
(62.8%) of the patients had received RT, and 59.1% re-
ceived surgery.

The 5-year OS rate for the entire cohort was 64.5%
(95% confidence interval (CI), 62.1-67.1%) and the 10-
year OS rate was 61.8% (95%CI, 59.2-64.5%). Five- and
10-year OS rates by characteristic are listed in Table 1.
Sex and race had no influence on OS. Prognosis wors-
ened with increasing age; young children (0-4 years)
had a better prognosis than adolescents (15-19 years),
with 5-year OS of 71.3% and 47.9%, respectively. Chil-
dren with embryonal RMS had a longer survival than
those with alveolar RMS, with estimated 5-year OS of
73.5% and 46.3%, respectively. Patients with localized tu-
mors had a better prognosis (5-year OS of 84.0%) than
those with regional disease (72.4%) or distant metastasis
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(35.7%). RMS at favorable sites had a better prognosis
than that at unfavorable sites (p <0.001). Patients with
surgery had improved survival compared with those
without surgery (p <0.001). RT showed a weak but sig-
nificant association with prognosis; 5-year OS was 65.6%
in patients with RT compared with 62.7% in those with-
out RT (p =0.045).

Multivariate analysis was performed using a Cox pro-
portional hazards regression model. We pre-specified
nonlinearity for age at diagnosis and tumor size vari-
ables, and considered the effect on prognosis of the
interaction between surgery and RT. Residual plots indi-
cated that the proportional hazards assumption held.
After model selection, we obtained a reduced model
Beta coefficients and hazard ratios of variables are listed
in Table 2.

The nomogram included age at diagnosis, size, tumor
site, stage, histological type, surgery and RT (Figure 2).
To use the nomogram, we drew a vertical line to the
point row to assign point values for each variable,
summed the point values for each variable to obtain
total points, and then dropped a vertical line from the
total points row to get the 5- and 10-year OS rates.

The model was internally validated. Discrimination
suggested good accuracy with a bootstrap-corrected c-
index of 0.74, which denotes 74% probability that, of two
randomly selected patients, the patient who survives lon-
ger will have a higher survival probability than the pa-
tient with shorter survival. The calibration plots for 5-
and 10-year OS are shown in Figure 3. Points in the cali-
bration plot were close to the 45° line, which suggested
that the model was well-calibrated for all predictions.

Discussion

The current study evaluated OS among pediatric pa-
tients with newly-diagnosed RMS in a population-based
dataset, and constructed a nomogram to predict 5- and
10-year OS. This prognostic tool will be useful for esti-
mating prognosis and guiding treatment selection.

The rarity of this disease means that most published
studies are retrospective analyses of clinical studies, or
small, single-institution, observational studies. Results
from a single institution often fail to identify a true rela-
tionship between outcome and risk factors because of
the small sample size and short follow-up period. Our
analyses were based on the SEER database, which is con-
sidered to be the largest cancer registry. Reports from a
population-based cohort have the advantage of including
many more patients, thus increasing the power to esti-
mate the true effects of risk factors on survival. More-
over, unlike most results from clinical studies, analysis of
a population-based database includes not only those
treated using formal protocols, but also those excluded
from protocols because of comorbidity, tumor stage, or
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Table 1 Patient demographics and overall survival
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All patients 5 Years OS (%) 10 Years OS (%) p

Characteristics No. Events Rate 95%Cl Rate 95%Cl

Entire cohort 1679 543 64.5 62.1-67.1 61.8 59.2-64.5

Age (years) <0.001
0-4 639 173 713 67.5-75.2 69.1 65.2-73.2

5-9 390 97 73.2 68.5-78.2 68.8 63.6-74.5

10-14 346 134 56.4 509-62.6 524 46.6-59.0

15-19 304 139 47.9 42.1-546 473 41.5-54.0

Tumor size (cm) <0.001
0-4 618 116 795 76.0-83.1 77.1 734-81.1

5-9 675 237 61.6 57.7-65.7 576 53.5-62.1

210 386 190 459 40.7-51.7 44.4 39.1-50.3

Sex 031
Male 974 306 657 62.5-69.1 625 59.1-66.1

Female 705 237 63.0 59.2-67.0 60.8 56.8-65.0

Race 0.359
White 1274 407 65.2 62.4-68.1 62.2 59.2-65.3

Black 277 88 64.0 58.0-70.7 62.2 55.9-69.2

Others 128 48 587 50.0-69.0 56.6 47.5-67.5

Site <0.001
Unfavorable 1026 406 56.6 53.2-599 535 50.1-57.1

Favorable 653 137 771 73.6-80.7 746 70.8-78.5

Stage <0.001
Localized 561 83 84.0 80.7-875 81.1 77.3-85.1

Regional 586 152 724 68.6-76.5 68.5 64.3-73.1

Distant 532 308 357 31.5-405 344 30.1-39.2

Histology <0.001
Embryonal 991 249 735 70.6-765 708 67.6-74.1

Alveolar 558 263 46.3 419-51.2 432 38.7-48.3

Others 130 31 731 64.9-82.3 714 62.9-81.0

Surgery <0.001
None 686 294 520 480-56.2 504 464-547

Surgery 993 249 732 70.2-76.3 69.9 66.3-73.0

Radiotherapy 0.045
None 625 213 627 58.7-67.0 60.8 56.6-65.3

Radiation 1054 330 65.6 62.5-68.9 62.3 59.1-65.8

0OS, overall survival; Cl, confidence interval.

other factors. The reported results thus represent the full
spectrum of the disease. Furthermore, SEER data are
high quality and are collected in a uniform manner with
uniform data standards. Quality control ensures that the
SEER program has a relatively low rate of errors in the
cancer registry [6].

Our study cohort included 1679 RMS patients and 543
deaths, which sample size was adequate to establish a
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reasonable model. The outcome measure of OS is one
of the most useful pieces of information for counseling
and is commonly used to develop staging schemes. Al-
though the nomogram is not perfectly accurate, the
error bars in the calibration plot suggest that predictions
from the nomogram are within approximately 5% of
the actual probability on average, and the bootstrap-
corrected c-index of 0.74 suggests that the nomogram
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Table 2 Cox proportional hazards muitivariate regression
model parameters

Covariate Beta coefficient Hazard ratio 95% Cl p
Age —0.037% - - 0.154
Age’ 0.089% - - 0013
Size 0006 - - 0.095
Size! -0.004" - - 0359
Favorable site -0.204 082 065-1.02 0076
Stage

Regional 0.404 1.50 1.13-1.98  0.004
Distant 1.259 352 264-470 <0.001
Histology

Alveolar 0497 1.64 135-200 <0.001
Other -0.135 0.87 0.59-1.29 0499
Received surgery ~0612 0.54 040-0.72 <0.001
Received RT -0.632 053 042-068 <0.001
Interaction terms

Surgery X RT 0.564 1.75 1.24-250  0.002

Cl, confidence interval; RT, radiotherapy.

*Age was modeled using a restricted cubic spline function with three knots,
which yields two independent beta coefficients, annotated as Age and Age'.
**The hazard ratio varies continuously with age.

*Size was modeled using a restricted cubic spline function with three knots,
which yields two independent beta coefficients, annotated as Size and Size'.
" The hazard ratio varies continuously with size.

has good ability to discriminate among patients. This ac-
curacy is comparable with most published nomograms
for cancer prognosis.

The prognostic nomogram is a model-based tool to pre-
dict patient outcome. It directly quantifies the prognosis
of individual patients based on proven prognostic factors.
Different from a staging or scoring system, a nomogram
considers multiple commonly available prognostic vari-
ables simultaneously, including continuous variables. Indi-
vidual predictions are expressed on a probability scale,
making it more easily understood by patients and clini-
cians than relative rates or hazard ratios [13]. A nomo-
gram has the potential to stratify patients for clinical
studies, meaning that treatment regimens can be tested in
more homogenous populations. Selecting high-risk pa-
tients based on predictions from a nomogram can also
help to improve trial efficiency; for example, trials evaluat-
ing a treatment strategy could target patients with poor
prognoses. Identifying high-risk patients for trial recruit-
ment using a nomogram will increase the power to detect
differences among treatment effects, thus reducing the re-
quired sample size. This method has been used in pro-
spective randomized trials [14].

There is increasing interest in personalized medicine.
A number of cancer nomograms to predict prognosis
have been published in recent decades, such as for
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prostate, breast, soft-tissue sarcoma, and other cancers,
including our previous nomogram for thyroid cancer
[7,15-23]. To the best of our knowledge however, the
nomogram constructed in this study represents the first
OS nomogram for pediatric RMS that is generalizable to
the population.

The results of the Cox model identified age at diagno-
sis, stage of tumor, tumor size, histological subtype and
treatment as important predictors of RMS survival in
pediatric patients. The findings are expressed consist-
ently in the nomogram. For example, adolescence, dis-
tant disease, large tumor size, alveolar RMS and no
treatment, which were associated with a reduced survival
based on the model, were given larger points in the
nomogram. Meanwhile, a larger total point indicates a
lower OS.

Simplicity is a strength of our model. Unlike models
that aim to identify associations between prognosis and
risk factors, predictive models should focus more on ac-
curacy and parsimony [24]. Complex models including a
number of variables may be abandoned in clinical prac-
tice. In contrast, the nomogram developed in this study
relies on limited variables that are routinely available
from the tumor registry, making it easy for clinicians to
use to calculate survival for individual patients.

Adult RMS was not included in this model. Pediatric
and adult RMS have different clinical characteristics and
prognoses. For example, pleomorphic RMS is common
among adult patients, but is seldom seen in pediatric pa-
tients. Additionally, adult patients have a poorer re-
sponse to chemotherapy. Research has suggested that
increased levels of a resistance-related protein in adult
embryonal and pleomorphic RMS compared with
pediatric RMS may explain the reduced response to
chemotherapy [25]. Information regarding chemotherapy
and variables in the protein level was not available in the
current study and it was therefore not possible to adjust
for these potential effects on prognosis in the SEER co-
hort. Moreover, adult RMS may have lower pathologic
accuracy compared with pediatric RMS [9]. We there-
fore excluded adult RMS from the current analysis to
avoid these confounders and bias and to increase the ac-
curacy of the model.

Although our nomogram showed reasonable accuracy
for predicting OS, care should be taken when using a
nomogram for counseling. Because it is impossible to in-
clude all risk factors, the prognostic predictive value of a
nomogram should not be used as the sole basis for
selecting a treatment regimen; treatment should be se-
lected based on not only the expected value from the
nomogram, but also taking into account other prognos-
tic factors and quality of life.

There were some limitations to our study. First, the
SEER public dataset does not include information on
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chemotherapy, comorbidity and surgical margins, which
are viewed as important prognostic variables. This infor-
mation would be useful for refining the predictive model.
Second, although we restricted our cohort to patients
diagnosed after 1990, the study period still spanned
approximately two decades, during which time there have
been improvements in surgery, chemotherapy and RT.
Our nomogram thus tends to underestimate current OS.
Third, unlike IRSG clinical trials, the SEER program does

not utilize a central pathology review to minimize mis-
classification [6]. Finally, we used internal validation to
evaluate the accuracy of the model, and external validation
based on independent data would be useful to validate the
model further.

Conclusions
In conclusion, we used a population-based dataset to es-
tablish and internally validate a model to estimate the

1.0

0.6

0.4

Fraction surviving 10 years

0.0

T
0.0

T T T T

T
02 04 06 08 1.0

Predicted 10 years overall survival

Figure 3 Calibration plot. (A) Five-year overall survival; (B) 10-year overall survival. The grey line is the “ideal” line if there is a perfect match
between predicted and observed survivals. Vertical amows represent 95% confidence intervals of observed survival. Dots correspond to apparent

A
o
A
o 9 %
g ° ¥
) /
o ©
£ o %
=2
2 /
3 T
e O ~
S Y
3
©
& 3 t
o
o
T T T T T
00 02 04 06 08 10
Predicted 5 years overall survival
predictive accuracy. X marks the bootstrap-corrected estimates.

63



Yang et al. BMC Cancer 2014, 14:654
http://www.biomedcentral.com/1471-2407/14/654

probability that a pediatric patient will be alive 5 and
10 years after being diagnosed with RMS. This study
represents an objective analysis of all currently available
data from the SEER cancer registry. The model shows
good ability to discriminate among patients, with a
c-index of 0.74. This predictive tool may be useful for
patient counseling and to enable more individualized
treatment planning.
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Abstract

The Tokyo Medical University Hospital in Japan and the Lund University hospital in Sweden have recently initiated a
research program with the objective to impact on patient treatment by clinical disease stage characterization
(phenotyping), utilizing proteomics sequencing platforms. By sharing clinical experiences, patient treatment
principles, and biobank strategies, our respective clinical teams in Japan and Sweden will aid in the development of
predictive and drug related protein biomarkers.

Data from joint lung cancer studies are presented where protein expression from Neuro- Endocrine lung cancer
(LCNEQ) phenotype patients can be separated from Small cell- (SCLC) and Large Cell lung cancer (LCC) patients

by deep sequencing and spectral counting analysis. LCNEC, a subtype of large cell carcinoma (LCC), is characterized
by neuroendocrine differentiation that small cell lung carcinoma (SCLC) shares. Pre-therapeutic histological
distinction between LCNEC and SCLC has so far been problematic, leading to adverse clinical outcome. An
establishment of protein targets characteristic of LCNEC is quite helpful for decision of optimal therapeutic strategy
by diagnosing individual patients. Proteoform annotation and clinical biobanking is part of the HUPO initiative
(http//www.hupo.org) within chromosome 10 and chromosome 19 consortia.

Keywords: Cancer diseases; Protein quantification; Proteomics; Mass spectrometry; MRM; Biobanking; HUPO

TMU/LUH - A Joint clinical center effort Today we have a lack of protein biomarker-, and im-
The Tokyo Medical University Hospital, a pioneer in  aging diagnostics within most cancer disorders. New
lung cancer treatment and surgery forms a center effort  clinical tools are expected to be used as early indicators
jointly with Lund University Hospital to build an expert  of disease, or, as personalized indicator assays for tar-
capability resource. This joint establishment will inten-  geted and stratified disease phenotype drug treatments
sify the utility of cancer expertise and experiences in  in the near future. There is also a poor understanding of
both Japan and Sweden to benefit cancer patients. Clin- the mode of drug action mechanisms, by commonly
ical samples will be sampled from the hospitals with  used therapies, which is also true for new drugs intro-
dedicated quality protocols and standard operating pro-  duced to the market. The actual targeted cells-, and pro-
cedures (SOPs) by automated processing. These samples  teins within disease, and the actual drug interactions are
will be archived in Biobank storages, and will be built as by no means understood for most medicines used in
a resource for R&D studies [1]. today’s therapies. These drug characteristics are needed
for both efficacy-, and safety improvements, and also
requested by regulatory authorities like; FDA/EMA/
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increasing successes, in both Japan, North America and
Europe. The new generation of drugs with mono-specific
affinity will require more in depth knowledge in order to
provide a tailor made cure to all patients taking the drug.
The aim and purpose of the Swedish-Japanese research
program is to develop new insights into disease presen-
tation and the disease progression. These objectives are
intimately linked to the classification of patients that
presents similar pathologies in disease. The stratification
of these patients is an added value to both the healthcare
sector as well as the drug industry, as it will point to the
ability to optimize the treatment of cancer patients. A
cornerstone of the Japanese-Swedish hospital initiatives
will be to develop new Multiple Reaction Monitoring
(MRM) Multiplex analysis methods for cancer, that
can be used in combination with CT-imaging and patho-
physiology diagnosis. At present, there is a lack of
disease specific radiographic markers or protein/peptide
biomarkers. These new biomarkers should be introduced
into routine clinical practice to support clinical decision
making for the management of common diseases that
are consequent to life styles, but also to genetic heritage.
The developed methods and technologies outlined here
will bring new opportunities for describing the indices of
pathogenesis that are associated with the processes of
early disease development. Our research teams have
previously been successful in presenting lung cancer bio-
marker candidates [2-4]. We propose to continue devel-
oping new Protein Biomarker Diagnosis Panels that can
measure novel patterns of structural and functional
marker expression that precede and predict certain dis-
ease development. The biology change within disease
will be followed by alterations due to drug intervention.
Drug compound localization in pulmonary tissue will be
characterized in lung cancer and COPD tissue by im-
aging mass spectrometry. The aim is to further probe
the drug and metabolite(s) content and distribution in
tissues. Following administration and drug exposure,
drug parent ion (m/z) and fragmented daughter ions will
be analyzed by spatially localization, after scanning the
histology section in the MALDI instrument at single cell
level [5,6]. The joint teams will also focus on excellence
in biological and medical mass spectrometry, that pro-
vides health care institutions with expertise in clinical
proteomics, drug imaging and mass spectrometry aiming
at developing new diagnostic tools that can be integrated
in routine clinical medicine. We have a major challenge
in modern healthcare in both Japan and Sweden, to pro-
vide the right medicine to the right patient at the right
time. Targeted treatment defined as “Personalized medi-
cine” is becoming the next generation of drugs where
drug efficacy and patient safety, is expected to predict
the stratified treatment. In these developments, it is ex-
pected that patients will benefit by effective curing, and
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society will benefit by financial resources with increased
efficiencies at a lower cost.

Global healthcare and drug developments

There is a highly unmet need within the healthcare sec-
tor that calls for an increasing world-wide demand for
new medicines and curative therapies to aid in the treat-
ment of cancer patients.

We need to utilize and apply cutting edge research
with state-of-art facilities more efficiently and drive op-
portunities that can be used in order to impact on pro-
viding quality care that extend prognosis.

In this respect, the pharmaceutical industry and its
drug product provider responsibility is under major re-
structuring. The main objective for pharmaceutical in-
dustry is to provide more specific and more efficacious
drugs by targeted treatment, i.e. by Personalized Medi-
cine (PM), and to provide the diagnostic test that will
direct the right patient group to the right drug. We out-
lined the directives of these principles recently in a white
paper [7], predicting a future link in-between PM and
diagnostic guidance. Today, this is an accepted concept
and is being applied in Japan as the first country;
The Clinical Practice Guideline, (from The Japan Lung
Cancer Society (https://www.haigan.grjp/modules/guideline/
index.php?content_id=3)).

In practice this means and results in that the Biomarker
diagnostic research is increasing. Companion diagnostics
is an area of impressive growth, where the pharmaceutical
industry, the biotech sector, and academia are investing
considerable resources.

The national healthcare expenses are also increasing for
most countries in the western world, where the US
is in the lead, spending >17% national healthcare expenses/
GDP (Shown in Figure 1). The growth is almost 5% over
the last two decades. Japan reaches almost 10% which is
very similar levels of healthcare budgets as Sweden. The
Japanese healthcare expense was 38.6 trillion yen in 2011
and 40 trillion yen in 2013. This cost continues to increase
by 1 trillion yen/year, looking at the recent three years.
Interestingly, China and Russia are on the lower end of
healthcare spending with 5% and 6%, respectively.

The expenses that each country needs to provide for
their respective healthcare is tightly associated with the
development of new medicines.

Currently, the global pharmaceutical industry is
worth $300 Bill, and is expected to be rising to $400
Bill by 2015. In addition, the market size for pharma-
ceuticals now exceeds $1 trillion and is continuously
growing. This industry is very profitable, and currently
employing about 1.5 million people within the US and
EU-countries.

In this regards, the R&D investments in within this
industry have consistently managed to grow with
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Figure 1 Statistical presentation of national healthcare spending/GDP in countries in-between 1995-2012.

investments made within the biomedical sciences,
having a total spend on R&D with more than $100
Bill, per annum.

As the Research and Development phases of drug de-
velopment is a long-term investment for the pharma in-
dustry, taking into account that most drugs fail long
before getting to market, there is an incentive strive to
find new strategies and operating principles.

Cancer research

Cancer diseases are some of the most costly for our soci-
eties. Processes essential to growth and replication of
tumor cells and the maintenance of their supportive
microenvironment such as the angiogenesis are today
target strategies for cancer therapy.

Established chemotherapeutic agents and many novel
agents in developments are directed towards various as-
pects of these essential cellular processes.

Over the years, we have been involved in developments
associated with target proteins, possessing key regulatory
functions in cancer [3,8,9]. They are as follows;

Growth factor signaling such as EGFR
VEGFR1, VEGFR2 and VEGFR3
RAS-RAF pathway

ERK-pathway

FGER

PDGFR

BRAF

TGFB
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As these growth factors stimulate cell growth by inter-
acting with internal domains of the trans-membrane re-
ceptors, we will sequence the variety of targeted proteins
in order to get a better understanding of the underlying
tumor mechanisms. Previous data has been guiding in
this respect [10,11].

Other oncological processes that will be directed within
the joint cancer studies incorporate;

a) metastasis

b) angiogenesis that includes VEGF

¢) DNA replication, including transcription and repair

d) histone acetylation and de-acetylation that can be
mapped by mass spectrometry

Upon growth factor receptor binding to targets such
as EGE, FGF, and TGFB, the activation of tumor biology
is initiated [3,5,6,8,12]. This ligand-receptor complex for-
mation also imposes conformational changes of the re-
ceptor which will result in an activation of the transfer
of phosphate groups. The autophosphorylation loop of
the kinase is the target area of mass spectrometry deep-
mining of these regions within the protein sequence
[13-15].

Establishing the identity of the amino acids that are
phosphorylated is of high interest.

By dedicated clinical study materials from various
patient groupings our objective is to map the receptor-
ligand interactions. The glycolytic post-translational-
modifications (PTM) of any given ligand activator will
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be directly linked to the binding affinity. The PTM sta- We have followed up with new protein sequencing ex-
tus of the receptor itself has also proven to be of major  periments where the expression specificity of the LCNEC
importance to the signaling mechanisms [16]. We re-  phenotype can be identified, as shown in Figure 2. A clear
cently outlined a strategic overview of key protein tar-  differential expression pattern can be seen in comparison
gets, playing a key role in pancreatic cancer [16]. The to LCC and SMC. The difference in expression constitutes
TGEF-B receptor and TGF- B ligand has a direct role in  proteins with both medium-, as well as low-abundant ex-
the development of lung cancer as well as other cancer  pression (unpublished data).
forms [15]. Interestingly, these LCNEC Carcinoid tumors originate
On a molecular level, the intracellular targets, with  from cells that belong to the diffuse neuroendocrine sys-
specific assigned function in cancer are enzymes which  tem. These cells resembles nerve cells in certain ways,
activities catalysis the signaling cascade through the cel-  but they are also alike hormone-making endocrine cells
lular regions reaching the nucleus. We have previously in other ways. This phenotype of tumor cells are local-
been working with ERK and MAPKAP signaling, as well  ized throughout the body, found in organs like the lungs,
as ZAP70. ZAP70 is a key target in a number of cancer intestines, as well as the stomach [2].
types and is responsible for the autophosphorylation, of
specific threonine positions within the protein that can be
determined [13,14]. The stoichiometric distribution of Protein deep sequencing platform and biobanking
phosphor-groups being post-translationally modified has ~ Mining the data output from protein deep sequencing
been pioneered by our research team. Sequencing of the  studies is an intense research activity where the chromo-
target peptide of this tyrosine kinase can be accomplished = some initiative has presented impressive novel annotation
by both ESI- as well as MALDI- mass spectrometry. deliveries [17-21]. The HUPO database; NextProt provides
We recently reported on the development of bio-  evidence detail on status output of chromosome 10 and 19
markers on the newly identified neuroendocrine pheno-  (http://www.nextprot.org).
type within lung cancer [4], also denamed “The diffuse Currently the remaining unknown proteins, coded by
neuroendocrine system”. the human genome are 27% [17].

[ LCC LCNEC SCLC

HIHIHIHHHHI

Figure 2 Deep sequencing of proteins in LCNEC patient samples in comparison to LCC and SCLC.

69



Nishimura et al. Clinical and Translational Medicine 2014, 3:38
http://www.clintransmed.com/content/3/1/38

Page 5 of 7

Human Prot. DB

e £X
PGPVPPPAARPLAAPGPSPL

A) Sequence DB Search

PVPGRHGGRRGDAVV'LGQ
DHQVLGVFGTGFFRGLPGDY

Peptides

The protein

’ FGX@'DL‘&E‘FFLQ&YE
! Search e ——
Engine
| | " | Spectral library
R EEL
» \
MS/MS il

Ranked peptide list

B) Spectral library Search |

C) Sequence-tag/hybrid Search

D) De novo sequencing

BESTSEQUENCE MATCH ERETIE. o
VSTPNVSVVDLTCR <] s
ISLLDAQSAPLR

1.3

CDVVSNTIIAE

1.1

Figure 3 Workflow with LC-MS platform integrated to search engines for the annotation of proteins.
.

These are recent data generated from the Proteome
Exchange database and include post-translational modi-
fications as well as splice variants and protein isomers
[22]. Details of the experimental outputs were published
in a special issue in 2014, presenting the major develop-
ments from the C-HPP chromosome teams [18,19,21,23].
22 global chromosome team published papers on the
novel annotations, including database reports with neXt-
Prot, PeptideAtlas, and CAPER.

A recent development was made jointly by the TMU-
LUH research teams, assigning a specific protein deep
sequencing platform and work-flow. We are currently
applying the process in lung cancer studies where we
target novel proteoforms of missing gene coded proteins.
The workflow process as we currently use in laboratories
in both Tokyo and Lund is depicted in Figure 3.

Large scale Biobanking is presently an intense clinical
activity in hospitals around the world. Recently, Bio-
banking was recognised by the TIME Magazine as One
of; “10 Ideas Changing the World Right Now”. We will
continue to establish biobank capabilitiesis, a first step
towards realizing the vision of a comprehensive access
to TMU-LUH biobank samples. We will combine these
samples with health register data, thereby identifying
correlations in-between clinical variables and disease
presentations in patients. Currently we are using a re-
source driven sample collection, as outlined in Figure 4.
We are coordinating sample collections in-between
TMU and LUH, utilizing robotic -80 °C sample handling
systems as previously described [1,24-27]. The ultra-low
temperature storage is essential as it ensures the stability
of proteins within the clinical samples. Blood samples

Internal
Grant Review
Application Board

Figure 4 Exploring new governance paradigms for Biobanks.

Biobank
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will be processed by robotic liquid handling and ali-
quoted in 384-sample tube systems, developed by our
research team [25]. The 384 high-density rack system
will provide a cost-benefit advantage, and expected to
become a new standard in modern biobanking. This allows
HUPO to easily process Biobank samples globally.
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