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EDITORIAL

Pancreatic cancer transcriptomes: molecular stratification in ®

the adjuvant setting

Pancreatic ductal adenocarcinoma (PDAC) remains a chal-
lenging clinical problem.® Unless there are dramatic ad-
vances in the management of the disease, it is foreseen that
PDAC may become the second cause of cancer deaths in the
Western world.>* To avoid this epidemic, progress will be
needed through multiple approaches: improved prevention
and early diagnostic strategies, molecular tumor stratifica-
tion for personalized and molecularly targeted antitumor
treatments, and development of rational and tolerable
multimodal therapies. Furthermore, it is essential to spread
the concept in the medical community that a PDAC diag-
nosis is not always a death sentence. The incremental, but
consistent, improvement in long-term survival observed in
the last few years proves that the field is moving ahead,
much like what happened approximately 20 years ago in the
treatment of colorectal cancer.

Since its approval in the late 1990s, gemcitabine has
been the main chemotherapeutic drug used in the treat-
ment of PDAC. There has been extensive research on bio-
markers predictive of response to the drug, most notably
the expression of gemcitabine metabolic enzymes such as
CDA and CDK,*’ and the transporter hENT.®° However,
despite intense efforts, robust predictive biomarkers of
response to gemcitabine have not reached routine clinical
applicability.*°

In this issue of Annals of Oncology, Nicolle et al. report on
a transcriptomic signature to predict response to gemcita-
bine in the adjuvant setting."' Independent component
analysis of RNA-seq data was used to identify signatures
associated with in vitro gemcitabine response and in vitro
duplication time using 38 cell lines, as well as in vivo tumor
response using 12 patient-derived xenografts. Notably,
there was relatively little overlap between the features
associated with sensitivity to gemcitabine in vivo and effect
on cell proliferation in vitro. Results from both models were
used to build the final GemPred signature, which was found
to be specific for sensitivity to gemcitabine.

The signature was then tested on a small (n = 67)
retrospective cohort of patients treated or not with adju-
vant gemcitabine monotherapy. As much 16% of the pa-
tients who were treated were identified as GemPred";
these patients had a significantly longer overall survival
than those who were GemPred . Among those who did not
receive adjuvant gemcitabine, the survival of GemPred™"
patients was nonsignificantly longer compared with the
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GemPred™ group. The signature was then tested in a large
multicenter retrospective validation cohort of 368 patients
who had undergone surgery with curative intent, 55% of
whom had received adjuvant gemcitabine monotherapy.
Patients who did not receive adjuvant therapy were older
and had lower frequency of lymph node involvement and
positive margins. The proportion of patients with a
GemPred" tumor signature was again 17%, all of which had
‘classical’ transcriptomic features. The significantly longer
overall survival of these patients was confirmed. A com-
bined analysis of both cohorts (n = 435) revealed that the
median disease-free survival of patients with GemPred™
tumors who had received adjuvant treatment (n = 41) was
42.5 months [95% confidence interval (ClI) 29.9 to not
reached], compared with 13.4 months (95% Cl 10.3-15.5)
for all other patients. The median overall survival of patients
with GemPred™ tumors who had received adjuvant treat-
ment was 91.3 months (95% Cl 63.1 to not reached),
compared with 31.7 (95% Cl 24-34.2) and 23.7 (95% Cl 18.4-
34.9) months for patients with GemPred™ tumors, with or
without adjuvant gemcitabine, respectively. A Cox propor-
tional hazards regression model showed that the adjuvant
gemcitabine x GemPred™ interaction term was significant
with a hazards ratio of 0.44 (P = 0.025). The GemPred
signature compared favorably with other transcriptomic
signatures derived from the analysis of gemcitabine sensi-
tivity of PDAC organoids’? and with messenger RNA
expression levels of genes involved in gemcitabine meta-
bolism (e.g. CDA, DCK) and hENT. However, GemPred and
hENT1 immunohistochemistry fared similarly as predictors
of sensitivity.

The work of Nicolle et al. has a number of strengths,
including the use of RNA isolated from formalin-fixed
paraffin-embedded tumor tissue, the robustness derived
from the use of two different genome-wide transcriptomic
approaches (microarrays and RNA-seq), the validation in an
independent cohort, and the availability of a web-based
tool for use by the community. Given the enormous ad-
vances in molecular diagnostics and bioinformatics,
including RNA-based analysis, and the increasing role of
routine molecular tumor boards, this approach demon-
strates an exciting new road to molecular-based stratified
clinical decision making in pancreatic cancer care.

However, there are also several limitations, including the
lack of comparison of the two transcriptome analytical
platforms, the failure to consider the response to gemci-
tabine in patients who received the drug upon tumor pro-
gression, and the not fully resolved issue of the possible
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prognostic component of the signature. Most relevant, the
retrospective nature of the cohorts limits evaluation of the
GemPred signature for outcome. The test cohort was fairly
small and efforts should now be made to rigorously test the
signature in prospective trials. Evaluation, if possible, in
cases from the recently presented large adjuvant trials
PRODIGE 24 and APACT may help determine the value of
the GemPred signature in the context of gemcitabine/
nab-paclitaxel combination and FOLFIRINOX-based ther-
apy, respectively. Notably, current adjuvant trial initiatives
such as ESPAC-6 have incorporated treatment-specific
signatures into the protocol, which will allow prospective
evaluation of signature-based therapy stratification.

As with many signature-based stratification approaches,
the biological nature of the signature was not explored. Will
the GemPred signature be of value in the adjuvant and the
metastatic setting? Is the signature associated with therapy
resistance, in this case gemcitabine, or with invasive/
metastatic abilities of remnant tumor cells, or other tumor
features? In this regard, the investigated cases show a
surprisingly low frequency of the basal-like subtype ac-
cording to subtyping analysis using the PURIST algorithm.*?
Thus, a better understanding of the association of GemPred-
based tumor stratification in the context of the previously
characterized molecular subtypes and the underlying tumor
biology will likely enable further refinement and develop-
ment of stratified therapeutic approaches.

What are the next steps? Two recently reported trials
have shown that combination chemotherapy with gemci-
tabine plus capecitabine' and modified FOLFIRINOX"® are
superior to gemcitabine alone in the adjuvant setting.
Therefore, gemcitabine-only adjuvant therapy is becoming a
less preferred option in the majority of patients and will
likely be applied only to patients in frail condition. It will be
interesting to see whether the GemPred signature is also
predictive of outcome in the context of gemcitabine-based
combination therapies that have been evaluated in the
adjuvant setting such as gemcitabine/capecitabine™® and
gemcitabine/nab-paclitaxel.*®

The study also raises several important questions: (i) for
application in the clinical context, is global transcriptome
RNA-seq preferable to a small gene signature, as the com-
munity has adopted for breast cancer?; (ii) will a signature
that is predictive of sensitivity in the adjuvant setting also
be predictive of response in patients with borderline
resectable (neoadjuvant) or metastatic PDAC?; (iii) while a
proportion of patients with advanced PDAC continue to be
treated with gemcitabine monotherapy, the drug is being
used more frequently in combination with nab-paclitaxel.
Will the value of the signature remain in that context?

These questions can only be answered through further
well-conducted studies. Some retrospective analyses may
shed light on these issues but prospective validation is
undoubtedly required. However, in a moving field such as
this one, a significant risk is that once prospective validation
has been performed, it may no longer be helpful because
new, better, diagnostic, and therapeutic approaches have
come along. For these reasons, it is time for us all to
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evaluate the potential of such molecular signatures and
biomarkers in a concerted approach and to incorporate
them in ongoing and upcoming state-of-the-art clinical
trials.
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