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Significance of this study

ABSTRACT

Objective To date, there are no predictive biomarkers
to guide selection of patients with gastric cancer (GC)
who benefit from paclitaxel. Stomach cancer Adjuvant
Multi-Institutional group Trial (SAMIT) was a 2x2
factorial randomised phase Il study in which patients
with GC were randomised to Pac-S-1 (paclitaxel +S-1),
Pac-UFT (paclitaxel +UFT), S-1 alone or UFT alone after
curative surgery.

Design The primary objective of this study was to
identify a gene signature that predicts survival benefit
from paclitaxel chemotherapy in GC patients. SAMIT

GC samples were profiled using a customised 476

gene NanoString panel. A random forest machine-
learning model was applied on the NanoString profiles
to develop a gene signature. An independent cohort of
metastatic patients with GC treated with paclitaxel and
ramucirumab (Pac-Ram) served as an external validation
cohort.

Results From the SAMIT trial 499 samples were analysed
in this study. From the Pac-S-1 training cohort, the random
forest model generated a 19-gene signature assigning
patients to two groups: Pac-Sensitive and Pac-Resistant.

In the Pac-UFT validation cohort, Pac-Sensitive patients
exhibited a significant improvement in disease free survival
(DFS): 3-year DFS 66% vs 40% (HR 0.44, p=0.0029). There
was no survival difference between Pac-Sensitive and Pac-
Resistant in the UFT or S-1 alone arms, test of interaction
p<0.001. In the external Pac-Ram validation cohort, the
signature predicted benefit for Pac-Sensitive (median PFS
147 days vs 112 days, HR 0.48, p=0.022).

Conclusion Using machine-learning techniques on
one of the largest GC trials (SAMIT), we identify a gene
signature representing the first predictive biomarker for
paclitaxel benefit.

Trial registration number UMIN Clinical Trials
Registry: C000000082 (SAMIT); ClinicalTrials.gov
identifier, 02628951 (South Korean trial)

INTRODUCTION

The identification of predictive biomarkers to
personalise treatment of patients with gastric

1218 Jeeyun Lee, "’
3,12,20,21,22

What is already known on this subject?

» Paclitaxel is an active chemotherapeutic agent
in the treatment of gastric cancer (GC).

» Stomach cancer Adjuvant Multi-Institutional
group Trial (SAMIT) was a randomised 2x2
factorial phase Il trial, studying the role of
adjuvant paclitaxel in patients with GC.

» There are currently no biomarkers for selecting
patients with GC who benefit from paclitaxel

» Machine-learning modelling using genomic
data is an emerging and novel strategy to
identify gene signature based predictive
biomarkers

What are the new findings?

» NanoString transcriptomic profiling was
performed on SAMIT surgical resection samples.

» Using the trial’s 2x2 factorial study design, a
gene signature predicting paclitaxel survival
benefit was developed with a random forest
machine-learning method.

» The model was validated internally within
SAMIT samples, and independently in an
external validation cohort.

How might it impact on clinical practice in the

foreseeable future?

» These findings represent the first predictive
biomarker for paclitaxel benefit in GC.

» Given the rising utilisation of taxanes in GC
in the adjuvant and perioperative setting, this
biomarker may guide in identifying patients
who benefit from taxane based therapy,
following further validation in prospective trials.

cancer (GC) is challenging due to the complex
genomic and molecular landscape of this malig-
nancy.! Adding chemotherapy to surgery has
improved patient with GC survival, when admin-
istered in either the perioperative or postoper-
ative setting.” Besides S-fluorouracil (5FU) and
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platinum, taxanes have demonstrated activity in patients with
GC, with docetaxel and paclitaxel both showing a survival
benefit in first-line and second-line treatment of patients with
metastatic GC, respectively.® * Recently, the use of docetaxel has
shown survival improvements when combined with SFU and
platinum-based therapy in the perioperative setting (FLOT4).?
The triplet regimen of 5FU/platinum/docetaxel is considered
a standard of care in several Western nations.* Similarly, in
Japan, addition of docetaxel to S-1 adjuvant chemotherapy
has demonstrated a survival benefit.® However, other GC trials
investigating the role of taxanes in the adjuvant and metastatic
setting were unable to demonstrate survival improvement.” ®
These contradictory results underpin the urgent clinical need
for predictive biomarkers to identify patients who will benefit
from taxane chemotherapy. While there are data for biomarkers
predicting SFU and platinum benefit, there are currently no
predictive biomarkers for taxane therapy in GC described in
the literature.”™"

Stomach cancer Adjuvant Multi-Institutional group Trial
(SAMIT) was a phase III randomised trial conducted in Japan,
to assess superiority of adjuvant sequential treatment (pacli-
taxel followed by UFT or paclitaxel followed by S-1) compared
with monotherapy (UFT or S-1 alone), and to assess the non-
inferiority of UFT compared with S-1 after curative surgery."*
UFT is an oral combination of uracil (an inhibitor of dihydropy-
rimidine dehydrogenase (DPD)) and tegafur (a SFU prodrug).'’
S-1 is an oral combination of tegafur, gimeracil (a DPD inhibitor)
and oteracil (a compound that localises preferentially to the gut
and inhibits orotate phosphoribosyl-transferase, reducing activa-
tion of SFU and gastrointestinal toxicity).'® The clinical results
of SAMIT, reported in 2014, showed that sequential paclitaxel
did not improve disease-free survival (DFS) and UFT was not
non-inferior to S-1."

Taxanes are thought to exert their anti-cancer effects through
aberrant stabilisation of microtubules, leading to defects in chro-
mosome segregation, mitotic arrest and activation of the spindle
assembly checkpoint, where prolonged activation results in cell
death. Studies in patients with breast cancer suggest that altered
expression of genes involved in the spindle assembly checkpoint
may affect cellular sensitivity to paclitaxel,’” ** and immunogenic
cell death after chemotherapy.” 2° We hypothesised that in GC
the expression of genes involved in chromosomal stability and/or
immunogenic cell death may predict benefit from paclitaxel. We
aimed to test this hypothesis using samples and clinical data from
the SAMIT trial. Findings from the SAMIT study were validated
in an independent phase 2 GC trial cohort from South Korea.

METHODS

SAMIT trial

SAMIT trial was a 2X2 factorial design phase III study
conducted in Japan.' In total, 1495 patients were randomised
to either single agent UFT (UFT arm), single agent S-1 (S-1 arm)
or sequential paclitaxel-S-1(Pac-S-1 arm) or sequential pacli-
taxel-UFT (Pac-UFT arm).

Surgical sample processing and RNA extraction for biomarker
cohort

Formalin-fixed, paraffin-embedded (FFPE) blocks or unstained
cut sections from gastrectomy specimens were collected from
Japanese sites participating in the SAMIT study.RNA was
extracted from the primary tumour and prepared for NanoS-
tring profiling (online supplemental methods).

NanoString analysis
A custom designed NanoString (NanoString Technologies, USA)
panel of 476 genes was used (online supplemental table 1). Gene
ontologies were broadly categorised into
1. Genes involved in the spindle assembly checkpoint.
Genes with therapeutic implications in GC.
Genes involved in the GC tumour microenvironment.
Genes relevant to oncogenic signalling pathways.
Genes with frequent genomic alterations in GC.
Immune-related genes in GC.
DNA damage repair genes.
Genes with reported predictive benefit in GC chemotherapy
from the literature.
Quality control (QC) analyses between triplicates and correc-
tions for batch effects are described in the supplement (online
supplemental methods and figure S1). Normalised NanoString
gene expression data and correlative clinicopathological charac-
teristics are provided in online supplemental table 1.

Sl B i

Gene signature development using machine-learning models
The random forest method uses an ensemble of classification
trees of several variables.”! Metrics for measuring the predic-
tive performance included accuracy, precision, recall, F-measure
and area under curve (AUC). The F-measure has been shown
to handle class imbalances in the dataset better than positive
predictive value and accuracy.®* %

Random forests return a prediction from a collection of clas-
sification trees (in our analyses we used ntree=3000) (online
supplemental methods). Each tree is grown by using a bootstrap
sample of the data set and, only a random subset of the original
variables is examined at each node. Multiple iterations of the
random forest algorithm were run, performing a variable impor-
tance analysis and eliminating variables that did not contribute to
the classification resulting in improved predictive performance.**
The model was trained based on a DFS< or =2 years classifier.
As the random forest algorithm works best when trained on
equally sized groups, this clinically relevant cut-off of DFS was
also selected to create relatively equal groups.® A sensitivity and
variable importance analysis for F-measure was performed to
identify the optimal number of genes to be included in the gene
signature. The classes identified by the gene signature derived
from the random forest algorithm were labelled ‘Pac-Sensitive’
(paclitaxel-sensitive, ie, those patients that derive a survival
benefit from paclitaxel) and ‘Pac-Resistant’ (paclitaxel-resistant,
ie, those patients that lack a survival benefit from paclitaxel).
The randomForest R package was used.

Creation of training and validation cohorts for machine
learning

The aim was to train the random forest model on a training
cohort to generate a classifier, which would then be applied on
a validation cohort to confirm accuracy, F-measure and AUC of
the classifier. The classifier would then be tested on an ‘external
independent validation cohort’ (described in the next section).
AUC was calculated using a time-dependent receiver operating
characteristic (ROC) curve for 2-year DFS, using the risksetROC
package.

We took advantage of the unique 2x2 factorial design of
the SAMIT trial. Essentially, each arm of the study could func-
tion as individual cohort of patients for training and valida-
tion. As SAMIT was a randomised phase III trial, the cohorts
(arms) would be well balanced with respect to confounding
factors. Thus, two paclitaxel treated (Pac-S-1 and Pac-UFT) and
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two paclitaxel untreated (S-1 and UFT) cohorts were formed.
Tumour samples from one paclitaxel treated arm would be used
to train the model, while the other would be used to validate the
classifier. Since S-1 currently represents the standard of care for
GC chemotherapy in Japan, we elected to use the Pac-S-1 arm
(n=128) as the training cohort and the Pac-UFT arm (n=123) as
the validation cohort. We also tested the interaction between the
classifier and treatment with paclitaxel by applying the classifier
on the non-paclitaxel containing arms (S-1 and UFT).

External independent validation South Korean paclitaxel-
ramucirumab trial cohort (Pac-Ram)

Data for this validation cohort were derived from a single-arm
non-randomised phase II trial of patients with GC with meta-
static disease treated with paclitaxel and ramucirumab (n=47).%
Patients with metastatic GC who had progressed on at least 1
line of chemotherapy which included platinum/fluoropyrimidine
were enrolled in a phase II trial at the Samsung Medical Center,
South Korea. All patients provided written informed consent
before enrolment. A tumour biopsy was obtained between day
—42 and day 1 prior to initiation of study treatment. Intrave-
nous paclitaxel and ramucirumab were administered until docu-
mented disease progression, unacceptable toxicity or patients’
refusal was reported. RNA-Seq was performed and data were
aligned to GENCODE V.19 transcript annotation using STAR.
Transcripts per million abundance measure were generated using
RSEM. RNA-seq transcripts mapping to genes profiled using
the NanoString panel were extracted. Random forest classifiers
trained on the SAMIT study were applied to the normalised
RNA-seq data to predict benefit from paclitaxel therapy.

The Cancer Genome Atlas analysis

Gene expression data and clinical data for the The Cancer
Genome Atlas (TCGA) stomach adenocarcinoma (STAD) cohort
were downloaded from Firebrowse.® Illumina HiSeq RNA-
SeqV2 RSEM normalised gene values were used and applied
through a similar pipeline as the Pac-Ram cohort RNA-Seq
samples for generation of the random forest gene signature.
HER2 status of TCGA STAD samples were derived from the
HER?2 index of Li et al.”” The HER2 index is an expression-
based classifier reflecting the HER2-enriched transcriptional
pattern for tumours harbouring HER2 aberrations. A cut-off
0.75 was used to classify samples as positive.

Statistical analyses

The primary objective of this translational study was to iden-
tify a gene signature generated by a machine-learning model
that predicts survival benefit from paclitaxel chemotherapy in
patients from the SAMIT trial, and to validate these findings in
an independent GC patient cohort.

All analyses were done using R (V.3.6.1) with statistical signif-
icance set at two-tailed p<0.035. Fisher’s exact test was used to
evaluate associations with categorical variables. Kaplan-Meier
curves with log-rank statistics were used to compare overall
survival (OS), DFS in the SAMIT cohort and progression-free
survival (PFS) in the Korean cohort. OS was calculated from the
date of randomisation to the date of death by any cause, DFS
was calculated from the date of randomisation to the date of
first event (relapse of stomach cancer, death from any cause or
occurrence of a second cancer), PFS was calculated from the date
of first dose of paclitaxel/ramucirumab to the date of disease
progression or death from any cause). The assumption of propor-
tional hazards was checked using the scaled Schoenfeld residuals

method and was supported. Cox regression was performed to
present HRs and 95% confidence intervals (CI). Univariate and
multivariate analysis for DFS was performed.

RESULTS

SAMIT biomarker cohort characteristics

RNA was extracted from 552 GC resection samples (37% of the
whole SAMIT trial population) and profiled by a custom-made
NanoString assay. 53 samples (10%) failed QC and were excluded
from further analyses leaving a total of 499 GCs for final analyses
(figure 1A). There were no statistically significant differences in
patient characteristics between the original SAMIT trial population
and subset of patients in the biomarker cohort (online supplemental
table S2). Patient characteristics were well balanced between the
arms in the biomarker cohort (table 1). Median age was 65 years
(range 29-80 years) and 69% (n=343) were male. The median
follow-up time was 60.5 months (IQR: 47.5-78.3 months), and
there were no survival differences between the biomarker cohort
and original SAMIT trial population (online supplemental figure
S2). There were also no differences in the clinicopathologic char-
acteristics of the samples that failed QC and the ones that did not
(online supplemental table S3).

Development of a predictive gene signature of paclitaxel
benefit using random forest analysis

NanoString profiles did not reveal any significant differences
in gene expression between treatment arms, and none of the
single gene expression levels were associated with DFS by Cox
univariate regression after correction for multiplicity using the
false discovery rate method (online supplemental table 1 and
figure 2A).

To identify gene signatures for paclitaxel-benefit, we found
that application of the machine-learning approach by randomly
dividing SAMIT samples into training and validation cohort
failed to deliver a gene signature that could be validated in the
Pac-Ram external cohort (online supplemental methods). We,
therefore, decided to take advantage of the unique 22 factorial
design of the SAMIT trial, with each arm of the study repre-
senting an individual cohort. The cohorts were well balanced
with respect to clinicopathological factors (table 1). Using the
Pac-S-1 arm (n=128) as the training cohort, we labelled patients
as Pac-Sensitive if they derived a survival benefit from paclitaxel
and as Pac-Resistant if they did not have a survival benefit from
paclitaxel (DFS= or <2 years) (figure 1B).

From the Pac-S-1 cohort, random forest and variable impor-
tance analysis identified the top genes contributing to the model,
on which the classifier was trained. A sensitivity analysis using
different numbers of genes within the signature was performed,
using F-measure and accuracy (online supplemental figure S3),
to decide on the optimal number of genes within the signature.
A 19-gene signature (random forest gene signature) trained
on the Pac-S-1 cohort and tested on the Pac-UFT validation
cohort (n=123) had the highest accuracy and F-measure, and
was selected for further analysis. In the Pac-UFT arm, patients
classified as Pac-Sensitive by the random forest gene signature
had a significantly longer DFS compared with those classified
as Pac-Resistant: 3-year DFS 66% (Pac-Sensitive) vs 40% (Pac-
Resistant) (HR 0.44, 95% CI 0.25 to 0.76, logrank p=0.0029)
(figure 2B). Accuracy of the random forest gene signature in the
Pac-UFT validation cohort was 0.61, F-measure was 0.71 and
AUC was 0.75 (95% CI 0.50 to 0.99).

Clinicopathological features of the Pac-Resistant patients in
Pac-UFT revealed no significant differences when compared

678

Sundar R, et al. Gut 2022;71:676-685. doi:10.1136/gutjnl-2021-324060


https://dx.doi.org/10.1136/gutjnl-2021-324060
https://dx.doi.org/10.1136/gutjnl-2021-324060
https://dx.doi.org/10.1136/gutjnl-2021-324060
https://dx.doi.org/10.1136/gutjnl-2021-324060
https://dx.doi.org/10.1136/gutjnl-2021-324060
https://dx.doi.org/10.1136/gutjnl-2021-324060
https://dx.doi.org/10.1136/gutjnl-2021-324060
https://dx.doi.org/10.1136/gutjnl-2021-324060

A
South Korean Cohort
Pac-Ram
(n=47)
External Validation Cohort
Pac-S-1 Pac-UFT S-1 UFT
(n=373) (n=374) (n=374) (n=374)

I I I [

[ FFPE block assessment and RNA extraction ]
Pac-S-1 Pac-UFT S-1 UFT
(n=143) (n=139) (n=136) (n=134)

[ [ I I

[ NanoString Profiling J

Qc fail Qc fail
(n=12) (n=10)

[ Final Analysis ]

I I | [
Pac-S-1 Pac-UFT S-1 UFT
(n=128) (n=123) (n=124) (n=124)

Training Cohort Validation Cohort Paclitaxel Treatment Interaction Test Cohort
B

@ Establish

machine learning
training cohort

| PAC S-1 H PAC-UFT H S-1 H UFT |

Q Training

SAMIT  PACS-1—> @

2year DFS

¥

Pac-Sensitive

¥

Pac-Resistant

Random Forest Training

3000 trees

5

Gini variable

Variable Importance

!

° 19-gene classifier -> Random forest gene-signature

o Validation

@ PAC-UFT

n=123

SAMIT

Figure 1  Flow chart of sample analysis from SAMIT trial A: In total, 1495 patients were randomised after surgery in the SAMIT trial to four arms
(UFT alone, S-1 alone, Pac-UFT and Pac-S-1). After assessment of formalin-fixed paraffin embedded blocks (FFPE) for tumour content, RNA was
extracted and available for 552 samples which were profiled using the NanoString platform. After quality control postprofiling, 499 samples were
included in the final analysis. (B) Samples from the Pac-S1 arm were selected to train the random forest machine-learning model. Samples were
trained using a 2-year DFS to define Pac-Sensitive and Pac-Resistant groups. Using 476 genes in the custom-made NanoString panel, a variable
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importance analysis was performed, and the top 19 genes selected. The final model was retrained with these 19 genes to generate a random forest
gene signature. This signature was then applied on the Pac-UFT arm as an internal validation cohort and the S-1 and UFT arms to test for interaction

with paclitaxel treatment. The Pac-Ram samples were tested as an external validation cohort. SAMIT, Stomach cancer Adjuvant Multi-Institutional

group Trial.
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Table 1 Patient characteristics of biomarker cohort of SAMIT study
UFT s-1 Pac-UFT Pac-S-1
(n=124) (n=124) (n=123) (n=128)
Factors n % n % n % n % P value
Age Median (range) 65 (29-80) 65 (38-80) 66 (30-80) 67(37-80) 0.78
Gender Male 87 70 77 62 86 70 93 73 0.31
Female 37 30 47 38 37 30 35 27
Performance status 0 107 86 103 83 101 82 105 82 0.77
1 17 14 21 17 22 18 23 18
Histological type Differentiated 45 36 52 42 49 40 55 43 0.73
Undifferentiated 77 63 70 56 n 58 72 56
Other 1 1 2 2 2 2 1 1
T stage pT1 2 2 4 3 0 0 0 0 0.69
pT2 40 32 38 30 32 26 42 33
pT3 77 62 80 65 83 67 81 64
pT4 5 4 2 2 7 6 4 3
N stage pNO 17 14 25 20 34 28 28 22 0.19
pN1 46 37 51 4 4 33 39 31
pN2 59 47 46 37 46 38 55 43
pN3 2 2 2 2 1 1 5 4

American Joint Committee on Cancer/Union for International Cancer Control (AJCC/UICC) sixth edition.

with Pac-Sensitive patients (online supplemental table S4). When
clinical features of the Pac-UFT cohort were considered, in both
univariate and multivariate survival (DFS) analysis, depth of
invasion (pT), lymph node status (pN) and random forest gene
signature were significant predictors of survival (table 2). After
adjusting the survival model for depth of invasion and lymph
node status, the random forest gene signature remained signifi-
cantly associated with survival (HR 0.45, 95% CI 0.26 to 0.80,
p=0.006).

Validation of the random forest gene signature in an
independent external cohort

After successful internal validation of the random forest gene
signature, we tested the signature in an independent external
cohort (Pac-Ram cohort). In the Pac-Ram cohort, the random
forest gene signature predicted that patients with Pac-Sensitive
GC have longer PFS compared with patients with Pac-Resistant
GC (median PFS 147 days vs 112 days, HR 0.48, 95%CI 0.25
to 0.91, logrank p=0.022) (figure 2C). In the Pac-Ram cohort,
F-measure was 0.62, accuracy 0.64 and AUC was 0.88 (95% CI
0.68 to 1.0). This suggests that the random forest model trained
on the Pac-S1 cohort identified a robust classifier which was
able to predict paclitaxel benefit in both, the internal and the
external validation cohorts. There was no association between
the random forest gene signature and radiologically measured
objective response rates in the Pac-Ram cohort.

To study the interaction of the random forest gene signature
with paclitaxel treatment, we ran the model on the UFT alone
and S-1 alone arms of the SAMIT study and compared results
to the Pac-UFT arm. There was no survival difference between
patients with Pac-Sensitive and Pac-Resistant GC in the UFT or
S1arms (HR 0.99, 95%CI0.55 to 1.83, p=0.99)(supplementary
figure S4). The test of interaction for the paclitaxel containing
regimens with random forest gene signature was significant
(p<0.001). The test for heterogeneity to validate the interaction
of paclitaxel on DFS was significant (p<0.001). These findings
suggest that the random-forest gene signature is predictive for
survival benefit with paclitaxel treatment and is not merely a
prognostic biomarker.

Transcriptomic characteristics of GC classified by the random
forest gene signature

To understand the expression profiles of individual genes
within the random forest gene signature, the 19 selected genes
were studied in greater detail in the entire SAMIT dataset.
The 19 genes in the signature include: CD209, TOP3B, BCL2,
MCM2, RADYA, IL10, HLA-DMB, MCM10, PTPRC, FANCM,
ADORA2A, MS4A1, FANCG, CD3G, DSCR6, TBX21,
ZWILCH, IL17A and FCGR3A. Heatmaps of genes split by
Pac-Sensitive and Pac-Resistant GC revealed some differences
in gene-expression profiles, although these are unlikely to
have led to separate clusters using traditional unsupervised
hierarchical clustering techniques (online supplemental
figure SA). Pairwise comparisons of genes revealed that some
genes were significantly higher expressed in Pac-Sensitive
GC compared with Pac-Resistant GC (or vice-versa), while
others had similar median expression levels between the two
groups (online supplemental figure 5B). These findings high-
light the importance of considering multigene interactions for
the generation of a signature, which may be achieved through
machine-learning pattern recognition.

We tested the random forest gene signature on TCGA STAD
samples (n=375), and 76% were classified as Pac-Sensitive.
Of the four TCGA subtypes: chromosomal instable (CIN),
genome stable (GS), microsatellite instable and Epstein-Barr
virus associated,”® GS GC were more frequently classified as
Pac-Resistant than Pac-Sensitive (25% vs 9%), while CIN GC
were more frequently classified as Pac-Sensitive (64% vs 51%;
Fisher’s exact p=0.0019) (figure 3A). Mutation counts were
higher in the Pac-Sensitive group (Wilcoxon p=0.00031)
(figure 3B). There were no differences in the HER2 status
between Pac-Sensitive and Pac-Resistant GC (Fisher’s exact
p=0.68) (figure 3C).

Finally, the association between the Pac-Resistant/Pac-
Sensitive groups and immune-related gene expression profiles
was explored. The customised NanoString panel used in this
study included 79 immune-related genes. In the SAMIT samples,
Pac-Sensitive GC had a higher expression of markers of cytolytic
T-cells such as CD8A and PRF1 (figure 3D).”’ The expression
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Figure 2 Performance of random forest gene signature. (A) Heatmap of NanoString expression profiles from SAMIT samples by treatment arm.
NanoString gene expression is represented in columns, scaled. Blue to red denotes transcript expression, with blue indicating low gene expression
and red indicating high gene expression. There is no global difference in gene expression profiles between the four arms. (B) Kaplan-Meier curve

of disease free survival (DFS) of patients classified by the random forest gene signature as either Pac-Sensitive (blue) or Pac-Resistant (red) in the
validation Pac-UFT arm. A 3-year DFS 66% (Pac-Sensitive) vs 40% (Pac-Resistant) (HR 0.44, 95% Cl 0.25 to 0.76, logrank p=0.0029) (C) Kaplan-Meier
curve of progression-free survival (PFS) of patients classified by the random forest gene signature as either Pac-Sensitive (blue) or Pac-Resistant (red)
in the external validation Pac-Ram cohort. Median PFS 147 days vs 112 days, HR 0.48, 95% Cl 0.25 to 0.91, logrank p=0.022. SAMIT, Stomach cancer
Adjuvant Multi-Institutional group Trial.
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Table 2 Univariate and multivariate survival analysis in Pac-UFT

Factors Univariate Multivariate

N=123 HR (95% ClI) P value HR (95% CI) P value
Random forest gene signature 0.44 (0.25 t0 0.76) 0.0038 0.42 (0.24 t0 0.76) 0.0037
Pac-Sensitive versus

Pac-Resistant

Age 1.00 (0.97 to 1.03) 0.79 0.99 (0.96 to 1.03) 0.70
Gender: Female versus male 0.70 (0.38 t0 1.28) 0.25 0.57 (0.30 to 1.09) 0.09
ECOG Performance Status: PS 1 versus PS 0 1-27 (0.66 to 2.47) 0.47 1.43 (0.70 to 2.91) 0.33
Histology 1.43 (0.81 to 2.51) 0.22 1.55 (0.85 t0 2.81) 0.15
Undifferentiated/others versus differentiated

Depth of invasion pT3/4 vs pT1/2 2.48 (1.17 t0 5.26) 0.018 2:43 (1.12 t0 5.26) 0.024
Lymph node status pN2/3 vs pNO/1 2.89 (1.69 to 4.94) <0.001 2-56 (1.47 to 4.48) <0.001

AJCC/UICC sixth edition.
Significant p values (< 0.05) in bold.

of immune checkpoints genes such as CTLA-4, PD-1 and LAG3
was also higher in Pac-Sensitive GC. Similar associations with
the expression of immune-related genes were also observed in
the Pac-Ram and TCGA datasets (figure 3E,F).

DISCUSSION

The 2x2 factorial trial design of the SAMIT study and the rela-
tively large number of collected tumours provided a good exper-
imental setting to search for biomarkers of paclitaxel benefit in
patients with resectable GC. The SAMIT trial design allowed
the creation of training and validation cohorts treated in a
uniform manner with balanced patient and tumour character-
istics between treatment arms. The presence of paclitaxel and
non-paclitaxel containing treatment arms allowed us to distin-
guish between the predictive and prognostic value of potential
biomarkers, and to identify treatment interactions specific to
paclitaxel. Given the limited amount of FFPE tissue collected
from the trial patients, we chose to create a customised NanoS-
tring panel to investigate the expression of a relatively large
number of genes to identify biomarkers of paclitaxel benefit.
The NanoString platform has proven to provide reliable results
when performed on RNA extracted from FFPE tissue. Previous
studies have shown good correlation between NanoString and
RNASeq results in GC.*° 3! Based on these data, we used RNA-
seq data from a separate trial of GC patients treated with pacli-
taxel (and ramucirumab) as external validation.

A comprehensive literature review was performed to select the
probes for the NanoString panel, covering a range of mecha-
nisms of action of paclitaxel and cell death, GC-specific onco-
genesis and other previously proposed predictive markers of
taxane benefit. We chose a machine-learning model to identify
a gene signature that was potentially predictive of paclitaxel
benefit. The random forest method has been used by other
groups as a reliable machine-learning algorithm for gene classi-
fier creation.’”** One advantage of the random forest method is
the ability to incorporate a large number of variables (in this situ-
ation, genes) in the model. Few algorithms can process data with
a variable size which is much larger than the number of samples
in the training dataset and continue to demonstrate significant
predictive performance.**

Recently, a four gene classifier was described to predict benefit
of adjuvant chemotherapy in GC.** This classifier was the first
to suggest that GC patients classified as ‘immune high’ and low-
risk derive no benefit from adjuvant cytotoxic chemotherapy
after curative D2 gastrectomy. It is interesting to note that the
gene signature identified in our study includes immune related

genes such as CD209, a dendritic-cell marker, T-cell surface
glycoprotein gamma chain CD3G and interleukin genes IL10
and IL17A.* *° The Pac-Resistant and Pac-Sensitive GC also
appeared to have different expression of other immune-related
genes including immune checkpoints and markers of T-cell cyto-
lytic activity.”” *' Other studies have suggested that patients with
immune cell-rich colorectal cancers do not benefit from chemo-
therapy.>” Our random forest gene signature included cell-cycle
checkpoint gene RAD9A and BCL2, a regulator of apoptosis.*® *
RADYA is a component of the 9-1-1 DNA clamp, which has
multiple roles in DNA repair. As Pac-Sensitive tumours had
higher levels of RADYA, it could be possible that paclitaxel
induced DNA damage in the setting of high RAD9A expression
increases mitotic cell death. RAD9A has also been reported to
bind and neutralise BCL2, thereby inducing a proapoptotic
state.* Targeting the BCL2 pathway has been shown to reverse
paclitaxel resistance in oesophageal cancer cell lines.*! TOP3B, a
DNA topoisomerase enzyme included in our gene signature, was
found to be prognostic when overexpressed in ovarian cancer.*
It is likely that there are interactions, yet to be fully defined,
between several genes in these important pathways which subse-
quently lead to sensitivity or resistance to paclitaxel.

An important point of consideration is the similarities and
differences between the SAMIT trial patients and the external
Pac-Ram cohort. Both cohorts included GC patients treated
with paclitaxel. However, in SAMIT, paclitaxel was combined
with SFU based chemotherapy, while in the Pac-Ram cohort
paclitaxel was combined with ramucirumab, an anti-angiogenic
monoclonal antibody. SAMIT was a study of patients treated
in the adjuvant setting including earlier stage tumours, while
Pac-Ram comprised patients with late stage GC treated in the
metastatic setting after progression on first-line platinum-based
chemotherapy. While DFS was used to measure survival in the
SAMIT study, PFS was measured in the Pac-Ram clinical trial.
Despite these differences, the random forest gene signature was
able to predict paclitaxel benefit in both cohorts. The supporting
data from the S-1/UFT arms suggests that the signature is not
a prognostic biomarker. These findings suggest that this signa-
ture is relatively specific for predicting benefit from paclitaxel
chemotherapy in GC. Our ability to analyse RNA from only a
subset of the original trial population is a limitation of this study.
However, clinicopathological variables and survival were similar
between our biomarker study cohort and the original cohort. As
the paclitaxel-containing cohorts in our study were combined
with various other agents (S-1, UFT and ramucirumab), the
effects of these agents on the performance of the random forest
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Figure 3  Transcriptomic characteristics of random forest gene signature. (A) Alluvial plot of TCGA STAD samples by gastric cancer (GC) subtype.
TCGA samples (n=375) were divided into Pac-Sensitive and Pac-Resistant by the random forest gene signature. These groups were correlated with
TCGA GC subtypes chromosomal instable (CIN), genome stable (GS), microsatellite instable (MSI) and Epstein-Barr virus associated (EBV). There was
a statistically higher proportion of GS patients in the Pac-Resistant group (Fisher's exact p=0.0019). (B) Violin plot of mutation count between Pac-
Sensitive and Pac-Resistant TCGA samples. Mutation count was higher in the Pac-Sensitive group (Wilcoxon p=0.00031). (C) Alluvial plot of TCGA
STAD samples by HER2 status. Samples were correlated with HER2 status, with no significant difference. (D) Volcano plot comparing immune-related
gene expression between Pac-Sensitive and Pac-Resistant in SAMIT. X-axis: log, fold change (log,FC) of gene expression between Pac-Sensitive and
Pac-Resistant. Y-axis: log,, adjusted p values after false discovery rate correction. Genes of interest have been annotated within the plot. Grey dots
represent genes with similar expression in Pac-Sensitive and Pac-Resistant GC. Blue dots represent genes which are overexpressed in Pac-Sensitive
GC. Red dots represent genes which are overexpressed in Pac-Resistant GC. (E) Volcano plot of immune-related genes comparing gene expression
level between Pac-Sensitive and Pac-Resistant in Pac-Ram cohort. (F) Volcano plot of inmune-related genes comparing gene expression level
between Pac-Sensitive and Pac-Resistant in TCGA STAD samples. SAMIT, Stomach cancer Adjuvant Multi-Institutional group Trial; STAD, stomach
adenocarcinoma; TCGA, The Cancer Genome Atlas.
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gene signature could not be fully determined due to the lack of
a GC patient cohort treated with paclitaxel alone. The accuracy
and F-measure in our internal validation cohort was moderate
(0.61 and 0.71, respectively). The signature, however, was vali-
dated in an external cohort, and further study is required to
improve these metrics. As a precedent, similar measurements
have been seen in more robust and validated tests such as Onco-
type Dx in breast cancer, a tool to predict for lack of benefit for
chemotherapy in hormone receptor positive breast cancer.*® In
the initial oncotype Dx report performed on National Surgical
Adjuvant Breast and Bowel Project B-14 and B-20 studies, accu-
racy was 72% and F-measure was 76% (calculated from data
provided in manuscript), which is similar to our study. Another
limitation of this study is the post hoc nature of this transla-
tional analysis. A prospective clinical trial would be required to
confirm the clinical utility of this gene signature.

In conclusion, this study is the first and largest performed to
identify a gene signature predictive of paclitaxel benefit in GC.
Given the increasing use of taxanes in GC in the adjuvant and
perioperative setting, this biomarker has significant potential
to guide clinicians in identifying patients with GC who might
benefit from taxane based therapy. Validation of the gene signa-
ture in prospective trials is warranted.
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