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INTRODUCTION

Pancreatic cancer, and especially pancreatic ductal adenocarcinoma, is a disease for which
novel therapies are urgently needed. Pancreatic ductal adenocarcinoma is poised to become
the second leading cause of cancer-related death by 2030, and the median overall survival
for patients with advanced, metastatic disease remains only about 12 months.23 Several
molecular profiling studies have demonstrated that up to 25% (range 12—-25%) of pancreatic
cancers harbour actionable molecular alterations,*-11 with actionability defined as a

Correspondence to: Dr Michael J Pishvaian, Department of Gastrointestinal Medical Oncology, The University of Texas, MD
Anderson Cancer Center, Houston, TX 77030, USA mpishvaian@mdanderson.org.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pishvaian et al.

Page 2

molecular alteration for which there is clinical or strong preclinical evidence of a predictive
benefit from a specific therapy (in any cancer type). The largest proportion of actionable
alterations in pancreatic cancer comes from mutations in the DNA damage response (DDR)
pathway.#-11 The clinical benefit of biomarker-targeted therapies for patients with pancreatic
cancer is starting to be realised, since robust responses have been recorded with disease-
agnostic therapies approved by the US Food and Drug Administration (FDA), such as
immune checkpoint inhibitors for mismatch repair (MMR)-deficient tumours!? and TRK
inhibitors for tumours that harbour ROS1, NTRK1, NTRKZ2, and NTRK3gene fusions.13
Additionally, anecdotal evidence suggests that patients whose pancreas tumours harbour
BRAFVB00E mytations benefit from treatment with RAF-MEK -targeted therapy.14 Finally,
patients with BRCA1 or BRCAZ-mutated pancreatic cancers have responded to single-agent
poly(ADP-ribose) polymerase (PARP) inhibitors,15-17 |eading to the US FDA approval of
the PARP inhibitor olaparib for germline BRCAI or BRCAZ2-mutated pancreatic cancers in
2019.18

Although our previous findings revealed significantly longer median progression-free
survival in patients with actionable molecular alterations who received molecularly matched
therapies than in historical controls, 19 no systematic assessment of median overall survival
with molecularly matched therapies has been presented for a population of patients with
pancreatic cancer to our knowledge. Herein, we present the results from more than 1000
patients with pancreatic cancer enrolled in the Know Your Tumor (KYT) programme in the
USA, with the analysis focused on the overall survival outcomes for patients whose tumours
harboured actionable molecular alterations and who received appropriately matched therapy.

METHODS

Study design and participants

As previously reported,19 eligible participants were patients with pancreatic cancer aged 18
years or older who called into the Pancreatic Cancer Action Network (Manhattan Beach,
CA, USA) patient central call centre and were then referred to Perthera (McLean, VA,
USA). Perthera enrolled these patients in the KYT programme through a registry protocol
approved by the New England Institutional Review Board. Perthera coordinated molecular
testing and delivered a report of molecularly tailored treatment recommendations intended
for patients and their treating oncologists. Perthera’s patient registry included an optional
consent to collect real-world outcomes longitudinally for research. The objectives of the
protocol were focused on tracking patient outcomes, including assessing the therapy choices
made by the treating physician, and evaluating patients’ median progression-free survival
and median overall survival. Patients with biopsy-confirmed cancers originating in the
pancreas, including pancreatic ductal adenocarcinoma, adenosquamous carcinoma, or acinar
cell carcinoma, were included in the analysis cohort. Patients with pancreatic
neuroendocrine tumours (which are clinically distinctly different, despite originating in the
pancreas) and other non-pancreatic tumours (eg, periampullary and biliary tract carcinomas)
were excluded from the analysis cohort.

The study protocol, amendments, and informed consent forms were approved by the New
England Institutional Review Board. Investigators obtained written, informed consent from
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each participant before enrolment. The research was done in accordance with the
Declaration of Helsinki, Council for International Organizations of Medical Sciences,
Belmont Report, and US Common Rule, as described during training in Good Clinical
Practice guidelines (Collaborative Institutional Training Initiative Program).

New tumour samples were collected from the treating physician after enrolment or from
previous archived samples stored at the patient’s institution. With few exceptions, archived
samples had to be obtained within 1 year before patient enrolment for them to be eligible for
molecular profiling. Formalin-fixed and paraffin-embedded blocks or slides were collected
from a surgical resection, a core needle biopsy, or a fine needle aspiration. Samples were
then sectioned and co-mingled to minimise section-to section cellular bias. Tumour samples
were sent to a Clinical Laboratory Improvement Amendments-certified, College of
American Pathologists-accredited commercial laboratory for clinical genomic testing.
Coverage of the genomic testing was quite uniform, with 97% of testing completed by
Foundation Medicine (Cambridge, MA, USA), 1% by Caris Life Sciences (Irving, TX,
USA), and the remaining by other laboratories, including in-house pathology departments.
Patients with homologous recombination DNA damage response and repair (DDR)
alterations were defined as harbouring pathogenic mutations in any of the following genes:
BRCA1, BRCAZ, PALBZ, ATM, ATR, ATRX, BAPI1, BARDI, BRIP1, CHEK1, CHEK?Z,
RAD50, RAD51, RAD51B, FANCA, FANCC, FANCDZ, FANCE, FANCF, FANCG, or
FANCL. Matched normal DNA analysis was not included, and the germline status of most
of the individual patients is unknown; however, germline genetic testing was encouraged,
especially for patients with DDR pathway alterations identified by tumour tissue profiling.

High microsatellite instability (MSI-H) was identified primarily via tumour genomic
profiling by the next-generation sequencing testing laboratory (either by PCR fragment
analysis [Caris Life Sciences] or through evidence of MSI-H in 114 intronic microsatellites,
as previously described?? [Foundation Medicine]). These results were corroborated by loss
of MMR protein expression by immunohistochemistry when proteomic data were available.
In a few cases, tumour samples that demonstrated MMR deficiency by
immunohistochemistry, without evidence of MSI-H by next-generation sequencing, were
interpreted to be false positives by the molecular tumour board, since low-quality tumour
tissue can result in loss of MMR protein expression.12: 20

Enrolled patients signed a Health Insurance Portability and Accountability Act waiver, and
patient coordinators received records from the treating oncologist. Given the real-world
nature of this study, no uniform baseline measurement of CA19-9 or performance status was
available; sites of metastases varied based on the timing of molecular profiling; and doses,
routes, and frequencies of the therapies administered were not defined or generally available
to record. The cost of testing was billed to patients’ insurance by the testing laboratories.

Patients and their treating oncologists were given a personalised Perthera report that
communicated the molecular testing results and detailed treatment options. Clinical and
radiographic assessments were done as deemed appropriate by the patient’s treating
oncologist. For patients who received treatment in the context of a clinical trial, eligibility
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requirements were assessed independently from participation in this study. Patient records
that detailed the ongoing treatment selections, as well as the radiology results, were obtained
by Perthera every month after delivery of the Perthera report, in order to facilitate the
longitudinal assessment of median progression-free survival and median overall survival.

A list of ranked therapy options was formulated on a case-by-case basis by a medical review
panel consisting of pancreatic cancer-focused medical oncologists, cancer biologists, and
computational biologists through a cloud-based virtual molecular tumour board.
Actionability was assessed by the medical review panel for each case based on clinical
studies that support biomarker—treatment associations. The medical review panel also
considered the patient’s past medical and treatment histories when creating treatment
recommendations, which included standard therapies, off-label therapies, and enrolment into
specific clinical trials. Therapies were defined as matched if a molecular abnormality was
linked to a specific, targeted therapy. Such therapies were mostly small molecule inhibitors,
with the exception of therapeutic antibodies, including immune checkpoint inhibitors for
MMR-deficient tumours, and anti-HER2 antibodies for HER2-amplified or HER2-activated
tumours. Notably, we and others have shown that patients whose tumours harbour DDR
mutations have a significantly better outcome with platinum-based chemotherapy than with
non-platinum-based therapy.2! However, for the purposes of this analysis, matched therapy
for DDR-deficient tumours was only defined as small molecule DDR pathway inhibitors,
including PARP inhibitors and ATR inhibitors. Patients with DDR mutations who were only
treated with chemotherapy, including platinums, were considered to have received
unmatched therapy.

The primary endpoint for this retrospective analysis was median overall survival from the
date of advanced disease until death. Secondary endpoints were median overall survival and
median progression-free survival from the initiation of second line therapy.

Statistical analysis

Given the observational nature of this study (ie, the prevalence of actionable mutations was
not yet known and the implementation of matched therapies was beyond our control), power
calculations could not be done. Thus, an arbitrary threshold of generating molecular testing
results from 1000 patients was the milestone that initiated the process of reporting these
data. Adequate follow-up of patients for median overall survival and median progression-
free survival analyses was defined as patients having outcomes documented for at least the
first line of therapy in the advanced disease setting. Only patients who underwent molecular
profiling and in whom at least one or two lines of therapy in the advanced setting were
initiated were included in the analyses of the primary and secondary endpoints. To reduce
variability due to the timing of KYT programme enrolment and biopsy obtainment and to
establish a more definitive survival starting point, we calculated median overall survival
from the date of initial diagnosis of advanced, unresectable, or metastatic (henceforth
summarised as advanced) disease at first presentation until the date of death or the last date
the patient was known to be alive. For patients who initially had resectable disease, we
calculated median overall survival from the date of diagnosis of the development of
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advanced disease until the date of death or the last date the patient was known to be alive.
We calculated median progression-free survival from the date of initiation of a particular
therapy until disease progression or patient death. Patients whose treatment was
discontinued for reasons other than disease progression or death were censored (eg,
intolerance, completed planned cycles, or paused for an extended holiday without resuming
treatment). Death and progression were considered to be events, whereas stopping treatment
due to intolerance or the other reasons in brackets above (eg, holidays or completion of
treatment) was not considered to be an event.

Because this study was done under a registry protocol with no preplanned analysis, the
analyses are post hoc, and the results herein should be considered exploratory and are
intended to guide further definitive studies. We also did an exploratory analysis of median
overall survival and median progression-free survival from the initiation of second-line
therapy to highlight a well defined subgroup of patients. In this analysis, we compared
median overall survival and median progression-free survival between patients who received
a molecularly matched therapy versus those who received an unmatched therapy, between
patients who received a molecularly matched therapy versus those who did not have any
actionable marker, and between patients who received an unmatched therapy versus those
who did not have any actionable marker.

We also used a multivariate Cox regression model accounting for potentially confounding

factors to more robustly assess the effect of molecularly matched therapies. These potential
confounding factors were sex, age at initial diagnosis, surgical status, platinum exposure in
any treatment setting, and the number of lines of treatment received in the advanced setting.

We did all statistical analyses in an R/Bioconductor programming environment?2 (R, version
3.6.1). We did survival analyses and generated Kaplan-Meier curves using the survival
(version 2.44-1.1) and survminer (version 0.4.6) R packages. We evaluated differences
between groups for statistical significance using Cox proportional hazards models (the
coxph function in the R survival package). Proportionality of hazards was assessed for each
variable and Schoenfeld residuals were visually inspected for potential time—variant biases.
Our assessment of the proportionality of hazards assumption and visual inspection of
Schoenfeld residuals showed that none were significant based on a p value threshold of 0-05
(see appendix p 5 for representative data). Computed values reported include median
progression-free survival, median overall survival, and hazard ratios (HRs) with 95% Cls,
and p values. A significance threshold for p values was arbitrarily set to 0-05 for all
statistical tests.

Role of the funding source

The funder of the study had a role in study design, data collection, data analysis, data
interpretation, and writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.
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RESULTS

Of 1856 patients with pancreatic cancer who were referred to the KYT programme between
June 16, 2014, and March 31, 2019, 1082 (58%) patients consented, underwent biopsies, and
received Perthera reports based on their molecular testing results (figure 1). The main
reasons for patient attrition included 168 patients who died before the report could be
delivered, another 48 with health concerns, and 190 who were lost to follow-up (figure 1).
Notably, although most patients had adequate insurance or were deemed to be eligible for
financial assistance through the laboratories, and patients were reassured that Perthera’s
clinical coordination team would help to negotiate to minimise the cost of molecular testing,
15 patients were not comfortable with moving forward because of the perceived risk of
financial burden and were thus excluded (three were excluded pre-consent and 12 were
excluded pre-biopsy).

For the 1028 patients with either pancreatic ductal adenocarcinoma (n=1005),
adenosquamous carcinoma (n=11), or acinar cell carcinoma (n=12), 282 (26%) tumour
profiles harboured actionable molecular alterations (figure 1; appendix p 1). We analysed
survival outcomes for an analysis cohort that included 677 patients who received at least one
line of therapy in the advanced setting and who had adequate longitudinal follow-up to
assess whether they received a matched or unmatched therapy (figure 1). In these 677
patients (table), median age at diagnosis was 62 years (IQR 56-68; range 29-90) and 359
(53%) were male. 414 (82%) of 502 patients with known ethnicity were white.

Of 189 patients whose tumours harboured actionable molecular alterations, 46 (24%)
received a molecularly matched therapy (henceforth defined as the matched therapy group)
and 143 (76%) did not receive molecularly matched therapy (henceforth defined as the
unmatched therapy group). Although patients and their physicians chose to implement
matched therapies following delivery of the Perthera report, one exception was noted in
which a patient (who was included in the matched cohort) with a germline BRCAZ mutation
had already initiated off-label olaparib before enrolling in the KYT programme. Genomic
profiling of archived tumour tissue confirmed the presence of the BRCAZ mutation, but no
potential mechanisms of acquired resistance were identified given absence of disease
progression on this therapy. The Perthera report for this patient noted that the ongoing use of
a PARP inhibitor was an appropriate choice and included clinical trials aimed at overcoming
acquired resistance to PARP inhibitors, thus justifying inclusion in the matched cohort.

At a median follow-up of 383 days (IQR 214-588), 273 (40%) of 677 patients were last
known to be alive (404 patients had died: 21 in the matched therapy group, 83 in the
unmatched therapy group, and 300 no marker group). Median overall survival was
significantly longer in the matched therapy group than in the unmatched therapy group (2:58
years [95% CI 239 to not reached] vs1.:51 years [1:33-1-87]; HR 0-42 [95% CI 0-26-0-68],
p=0-0004; figure 2). Median overall survival for the 488 patients whose tumours did not
harbour any actionable molecular alterations (henceforth defined as the no marker group)
was 132 years (95% CI 1-25-1.47), which was significantly shorter than that of the matched
therapy group (HR 0-34 [95% CI 0-22-0-53], p<0-0001) but did not differ significantly from
that of the unmatched therapy group (0-82 [0-64-1-04], p=0-10).

Lancet Oncol. Author manuscript; available in PMC 2020 October 01.
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Since median overall survival was measured from the time of diagnosis of advanced disease,
to normalise outcomes from this heterogeneous population, we did exploratory subset
analyses to examine outcomes for patients who were initially diagnosed with advanced
versus resectable disease. The median overall survival was significantly longer in the
matched therapy group compared with the unmatched therapy group and compared with the
no marker group, as determined from the time of diagnosis, in patients who were diagnosed
with advanced disease from the outset as well as in patients who were initially diagnosed
with resectable disease but with the survival analysis initiated from the time of development
of recurrent advanced disease (appendix p 2). A significant survival benefit was also seen in
patients in the matched therapy group versus the unmatched therapy group and versus the no
marker group who were diagnosed with resectable disease with the survival analysis
initiated from the time of initial diagnosis (appendix p 2).

We explored whether various baseline characteristics and treatment-related variables were
potentially confounding factors in our analyses (appendix p 3). According to Fisher’s exact
test, no significant imbalances were observed across variables such as sex (p=0-1746), age at
diagnosis (p=0-7347), or surgical status (advanced vs resectable disease; p=0-2059).
Imbalances associated with exposure to platinum agents (p=0-0035), and with having
received more two or more lines of therapy (p=0-0012) were identified and considered to be
potentially confounding factors, which motivated further analyses. A multivariate Cox
regression model comparing the matched therapy group with the unmatched therapy group
and with the no marker group to account for these five additional factors showed similar
results for overall survival as the main analysis (appendix p 4).

Patients in the matched therapy group more frequently received two or more lines of therapy
than those in the unmatched therapy group or those in the no marker group (appendix p 3).
To minimise potential bias caused by this factor, we evaluated outcomes in a secondary
analysis cohort of 410 patients who received two or more lines of therapy in the advanced
setting (figure 3). In this subgroup analysis, median overall survival was measured from the
time of initiation of second-line therapy until death (283 events: 20 in the matched therapy
group, 55 in the unmatched therapy group, and 208 no marker group) with a median follow-
up of 222 days (IQR 116-383). For the patients who received two or more lines of therapy,
the matched therapy group (n=39) had a significantly longer median overall survival than the
unmatched therapy group (n=83; 1-81 years [95% CI 1-58 to not reached] vs0-85 years
[0-63-1.08]; HR 0-37 [95% CI 0-22-0-63], p=0-0002; figure 3A). The median overall
survival for the no marker group who received two or more lines of therapy (n=288) was
0-73 years (95% CI 0-67-0-84), which was significantly shorter than the matched therapy
group (HR 0:31 [95% CI 0-20-0-50], p<0:0001) but did not differ significantly from the
unmatched therapy group (0-82 [0-64-1:04], p=0-10). Importantly, factors that were
significantly imbalanced in the analysis of median overall survival from advanced diagnosis
were not significant in the analysis from initiation of second-line of therapy (appendix p 3).
A multivariate Cox regression model taking into account sex, age at diagnosis, surgical
status, and platinum exposure showed that the significance of these differences comparing
patients in the matched therapy group with those in the other groups were relatively
unchanged in both sets of analyses (median overall survival from advanced diagnosis and
from initiation of second-line therapy; appendix p 4).

Lancet Oncol. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pishvaian et al.

Page 8

At a median follow-up of 103 days (IQR 49-185) on second line (or later) therapy, 225
progression-free survival events had occurred (18 in the matched therapy group, 54 in the
unmatched therapy group, and 153 in the no marker group). With the exception of eight
patients who received a matched therapy in the adjuvant or first-line setting, most matched
therapies were given in the second-line or later setting (data not shown). Median
progression-free survival was significantly longer with the matched therapy given in the
setting of two or more lines of therapy (n=38) compared with the longest progression-free
survival on any unmatched therapy in the unmatched group (n=84), and compared with the
no marker group (n=288). Median progression-free survival was 10-93 months (95% CI 7-83
to not reached) in the matched therapy group versus 4-53 months (4-03-6-33) in the
unmatched therapy group (HR 0-50 [95% CI 0-29-0-86], p=0-0124), and 5-37 months (4-43-
6-47) in the no marker group (0-53 [0-32-0-87], p=0-0122; figure 3B). Details of individual
matched and unmatched therapies chosen for patients whose tumours harboured actionable
alterations in the second line (figure 4A) or subsequent lines are provided in the swimmer’s
plot (figure 4B).

94 (13%) of 189 patients with actionable mutations in this analysis had mutations in the
DDR pathway. In the 94 patients whose tumours harboured actionable DDR alterations (27
in the matched therapy group and 67 in the unmatched therapy group), median overall
survival was significantly longer in those who received a matched therapy with a PARP or
ATR inhibitor than in those who received only unmatched therapies (3-81 years [95% CI
3-17 to not reached] vs1-71 years [1-46-2-70]; HR 0-48 [95% CI 0-24-0-94], p=0-033), and
than in those in the no marker group (1-32 years [1:25-1-47]; 0-31 [0-17-0-56], p=0-0001;
appendix p 6). Moreover, even in the 95 patients whose tumours harboured non-DDR
actionable molecular alterations (19 in the matched therapy group and 76 in the unmatched
therapy group), those who received a matched therapy had a significantly longer median
overall survival than those who received unmatched therapies (2:39 years [95% CI 1-99 to
not reached] vs1-31 years [1-:11-1-79]; HR 0-40 [95% CI 0-20-0-78], p=0-0076), and than in
those in the no marker group (1-32 [1-25-1-47]; 0-39 [0-21-0-74], p=0-0038; appendix p 6).

DISCUSSION

The ability of patients with pancreatic cancer to undergo tumour molecular profiling or
receive targeted therapies is a challenge in the US health-care system, and although about
25% of them have actionable alterations, less than 5% are able to receive targeted therapies
because of either the aggressiveness of the disease or logistical and economic issues.
However, our results show that patients who have actionable molecular alterations can derive
considerable benefit from receiving a matched therapy. We showed that the median overall
survival of patients with advanced pancreatic cancer who had actionable alterations
receiving matched therapy is 1 year longer than those with actionable alterations receiving
unmatched therapy, or those without actionable alterations. No other therapeutic modality
has offered an advantage of this magnitude to this patient population. Thus, these findings
set the stage for prospective clinical trials guided by molecular profiling.

As best-in-class examples, PARP inhibitors targeting germline BRCAI or BRCAZ2
mutations, TRK inhibitors for NTRKIZ, NTRK2, or NTRK3fusions, and immune checkpoint
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inhibitors for MMR-deficient or MSI-H tumours have all been recently been approved for
use in patients with pancreatic cancer.12: 13. 23 patients with these genetic alterations
constitute about 8% of the population of patients with pancreatic cancer. In more than 1000
patients with pancreatic cancer tested, our molecular tumour board assessed that 26% of the
molecular profiles harboured actionable findings. We acknowledge that only 2% of patients
who were referred to undergo molecular profiling ultimately received a matched therapy, and
143 patients with actionable molecular findings received only unmatched therapies. Patients
did not receive matched therapy because, among other reasons, the treating physician chose
not to use such therapy, access to such therapies was insufficient, or patients were unable or
unwilling to travel to enrol in a clinical trial that would have enabled access to the matched
therapy. Nevertheless, this unmatched cohort served as an important control group that
would potentially minimise any underlying patient cohort biases. Some of these patients
might ultimately receive a molecularly matched therapy as we continue to collect outcomes,
whereas others might not have a reasonable opportunity to receive a molecularly matched
therapy. The sensitivity of these analyses to the timing of molecular profiling warrants
further investigation.

Ultimately, 46 patients with actionable molecular alterations were able to receive matched
therapy. The median overall survival and median progression-free survival improvements
described herein can only be considered hypothesis generating in view of the small sample
size and exploratory nature of these analyses, but the preliminary findings might be
encouraging for the patient community. Notably, these results held true even when we
separated out the subgroup of patients whose tumours harboured DDR mutations. This
subgroup of patients is known to benefit with treatments such as platinums and DDR
inhibitors, such as PARP inhibitors, and might have skewed the results, because it was the
largest subgroup of patients with actionable mutations. However, even the patients with non-
DDR actionable alterations had a significantly longer median overall survival when treated
with an appropriately matched therapy than patients with non-DDR actionable alterations
who did not receive an appropriately matched therapy. In pancreatic cancer, reports of
profiling efforts have often been accompanied by anecdotal reports of benefit to patients who
received molecularly matched therapy. For example, Lowery and colleagues® published their
findings on IMPACT testing of patients with pancreatic ductal adenocarcinoma, and reported
on 14 patients with BRCAZ mutations, two patients with MMR deficiency or MSI-H, and
three patients with other pathway alterations, all of whom received matched therapies.
Similarly, Aguirre and colleagues* presented the molecular testing results for 71 patients
with pancreatic ductal adenocarcinoma, 21 of whom went on the clinical trials as guided by
the molecular profiling results. In both of these examples, anecdotal benefit (in most cases
clinically meaningful) for individual patients treated with molecularly matched therapy was
reported, but there was no systematic comparison with patients with a similar actionable
molecular landscape who did not receive matched therapies, as we have presented here. To
the best of our knowledge, our study is the first such comparison for patients with pancreatic
cancer, and reports data for the largest number of patients so far.

Examples of early reports, consistent with our findings, of the benefit of molecularly
matched therapy have previously been published.24-27 For example, Tsimberdou and
colleagues?* did a retrospective evaluation of patients enrolled in phase 1 trials at the MD
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Anderson Cancer Center (Houston, TX, USA). They reported that patients whose tumours
harboured actionable alterations and who received molecularly matched therapy had an
improved treatment response, time to next treatment, and an improved median overall
survival compared with patients who did not receive molecularly matched therapy.
Schwaederle and colleagues did meta-analyses of phase 1 and phase 2 trials,28 27 and in
both cases demonstrated that molecular testing coupled with molecularly matched therapy
resulted in a higher response rate, and improved median progression-free survival and
median overall survival, compared with non-molecularly matched therapy. Even though
these disease-agnostic reports support our conclusions, there are also limitations of grouping
all patients who receive matched therapy together. Figure 4 is intended in part to address this
limitation by providing examples of specific matched therapies alongside unmatched
therapies that were implemented in the real world. Ultimately, only prospective, therapeutic
interventional trials for specific biomarker subgroups of patients will definitively prove the
benefits of such therapies and are the next logical step in clinical trials for patients with
pancreatic cancer.

There are notable limitations to our study. The patients in the KYT programme are enrolled
prospectively in order to undergo molecular testing, but because this was a national registry
protocol, patients could be enrolled at any time during their pancreatic cancer disease
course, the time between signing consent and receiving further therapy was variable and
dependent on when tumour tissue was obtained to initiate testing, and the study was non-
interventional with respect to treatment availability. These factors could all introduce a bias
towards patients who received matched therapies because those patients could have
represented a more motivated subgroup (ie, patients willing to travel or push for access to a
matched therapy) with a better-preserved performance status, thus making them more
eligible for enrolment into clinical trials. However, aside from patients harbouring NTRK
alterations, because there were no approved targeted therapies in pancreatic cancer during
the time of this study, only one of the patients actually received matched therapy before
receiving the Perthera report. Additionally, the median overall survival for the unmatched
actionable cohort (1-51 years) did not differ significantly from the median overall survival
for patients with no actionable alterations (1-32 years), which supports the notion that these
patients with pancreatic cancer with actionable molecular alterations do not have a
significant motivation bias nor underpinning favourable prognostic determinant. An
additional limitation of our study is that, in many cases, the matched therapies were
combined with other therapies, including chemotherapy, making it difficult to definitively
determine the benefits of just the matched therapy. Nevertheless, because chemotherapy was
given to both matched and unmatched therapy groups (and to the no marker group), the only
variable was whether or not the patients also received the molecularly targeted therapy.
Moreover, 351 patients were not included in this analysis due to missing longitudinal data
(no documented first line of therapy), which might affect the final median overall survival
results. As part of the KYT programme, we will continue to capture the longitudinal data for
these patients in an effort to educate patients and guide future clinical trials. Finally, our
study highlights an important limitation in trying to implement molecular testing for all
patients, in that only 1082 (58%) of 1856 referred patients received a Perthera report, and
ultimately only 46 (2%) of 1856 patients received a matched therapy. Multiple barriers exist
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being able to obtain high-quality molecular testing for patients with pancreatic cancer, to

identify an actionable alteration, and ultimately to get patients access to a matched therapy.
Ongoing efforts as part of KYT and future efforts more globally will be needed in order to
realise the full benefits of molecularly matched therapy. Nevertheless, we are encouraged by
the proof-of-concept outcome results presented here, and believe that continued efforts in
this area are worthwhile and will enable more patients with pancreatic cancer to benefit from
a precision medicine approach.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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1856 patients referred to Know Your Tumor

262 excluded pre-consent
101 lost to follow-up

58 patient unsupportive
29 doctor unsupportive

| 14 unable to biopsy

13 cost concemns

18 health concerns

20 deceased

G ongoing cases

1594 consented

371 excluded pre-biopsy
74 lost to follow-up
38 patient unsupportive
42 doctor unsupportive

| 58 unable to biopsy

3 cost concerns

22 health concerns.

99 deceased

35 ongoing cases

h 4

1223 with tumour tissue for molecular profiling

141 excluded pre-report

15 lost to follow-up
5 patient unsupportive
2 doctor unsupportive

16 unable to re-biopsy
8 health concerns

49 deceased

46 ongoing cases

1082 received Perthera reports (282 with actionable molecular findings)
1005 pancreatic adenocarcinoma
11 adenosquamous carcinoma
12 acinar cell carcinoma
35 nevrcendocrine tumaour
19 other pancreaticobiliary

405 excluded
351 no documented first line of therapy
195 being followed (168 surgical candidates)
] 156 deceased (66 surgical candidates)
54 with neuroendocrine or other
pancreaticobiliary tumours

677 patients in analysis cohort (189 with actionable molecular findings)

Figurel.
Operational summary of the Know Your Tumor programme
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100 Matched therapy group vs unmatched therapy group:
HR 0-42 (95% CI 0-26-0-68); p=0-0004
Matched therapy group vs no marker group:
80— HR 0-34 (95% Cl 0-22-0-53); p<0-0001
Unmatched therapy group vs no marker group:
& HR 0-82 (95% Cl 0-64-1-04); p=0-10
s 60~
2
c
a
I -
3 40
&
204 —— Matched —+—
—— Unmatched
—— No marker L —I—.:I’_._‘_li
0 I I I I 1 1 1 1 1 1
0 05 1.0 1.5 2.0 2.5 3-0 35 4.0 4-5 50
Time since diagnosis of advanced disease (years)
Number at risk
(number censored)
Matched therapy 46 42 36 32 18 13 10 7 4 1 1
(0) (3) (4) (2) 8 ) (2) (2) 1) (2) (0)
Unmatched therapy 143 116 78 44 27 16 8 6 2 42 0
0 (@9 @) a5 @ (4) 3) ey (2) 1) (0)
No marker 488 384 241 124 63 33 22 14 10 8 5
(0) (66) (55) (39 (15 (4) (4) 3) (2) (0) (0)
Figure 2.

Overall survival.
HR=hazard ratio.
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A
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g 40
204 — Matched
—— Unmatched
—— No marker
C T T T Ll T T T 1
0 0.5 1.0 1.5 2-0 2.5 30 35 40
Time from initiation of second-line therapy (years)
Number at risk
{number censored)
Matched therapy 39 33 3 16 7 5 4 2 0
(0) (2) (4) (6) (4) (2) 1) (0) (0)
Unmatched therapy 83 49 24 11 6 1 1 0 0
(0) (15) (6) (3 (2) 3) (V)] () {0)
Nomarker 288 167 65 27 11 4 2 1 0
(©) (45) (25) (4) (3) 2} (0 (0) (0)
B
1004
. 804
=
2
S 60
Z
.g 40+
g
g
204
._\-‘_I‘—l—\_|._|
C I I T T Ll 1 1
0 2 4 6 8 10 12 14 16 18
. Time on therapy without disease progression (months)
Number at risk
(number censored)
Matched therapy ~ 38* 29 20 18 17 12 7 6 3 1
() 8 (3) (0) (0) (3) (2) (0) (1) (2)
Best unmatched 84 58 41 25 14 8 6 6 4 3
therapy  (0) (14) (2) 3) (4) (2) (2) (0) (1) (0)
Best therapy, 288 195 120 65 40 26 12 11 6 3
nomarker  (0) (61) (26) (21) {10} (8) (6) (0} (1) (1)

Figure 3.

Overall survival (A) starting from the initiation of second-line therapy and progression-free

survival (B) for the best therapy received in the second-line setting or later

Progression-free survival analyses included only one line of therapy per patient, with the
best outcome represented. If a patient rapidly progressed on their second line of therapy but
had a more durable response while on their third line of therapy, progression-free survival
for the third line of therapy is presented for that patient. HR=hazard ratio. *Progression-free
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survival data for the matched line of therapy are unavailable for one patient who received a
molecularly matched therapy in an earlier treatment setting.
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A
Actionable molecular Line of Time on Second line of therapy (advanced setting)
findings therapy  therapy
(months)
ALK fusion 2 =29 ]/ Crizotinib + IMRT + gemcitabine >
MSI-H 2 =16 | Pembrolizumab >
BRCA1 mutation 2 12 I FoLFox+ olaparib
ATM mutation 2 =11 7| Alternating chemotherapy =
BRAF mutation 2 1 | Trametinib + dabrafenib
MSI-H 2 210 | Pembrolizomab =
BRCA2 mutation 2 10 |- claparib
PALB2 mutation 2 210 | otaparib >
COK6 amplification 2 29 | Pembrolizumab >
COK6 amplification 2 28 | FOLFIRINOX =
AKT2 amplification, ATM mutation 2 =7 ] = Gemcitabine + nab-paclitaxel
BRAF mutation 2 6 ] Gemcitabine + nab-paclitaxel
AKT2 amplification 2 =6 ] => Gencitabine + nab-paclitaxel + rituximab
BRCA2 mutation 2 6 ] FOLFOX
BRCA2 mutation 2 =5 ] = FOLFIRINOX
FANCA mutation 2 4 ] FOLFIRINOX
BRAF mutation 2 4 ] Gemcitabine + nab-paclitaxel
BRCA2 mutation® 2 4 ] Cisplatin + irinotecan
CDK4 mutation, BRCA2 mutation 2 3 ] Cediranib + olaparib
BRCA2 mutation 2 22 ] => Olaparib
AKT2 amplification 2 2 i CAPEOX
ATM mutation, BRIP1 mutation 2 2 ] Miraparib + carboplatin
CHEK2 mutation 2 2 i Gemitabine + nab-paclitaxel
BRCA1 mutation 2 2 ] Gemcitabine + nab-paclitaxel
CHEKL mutation, NTRK1 fusion 2 2 ] A Entrectinib
ATM mutation 2 2 ] Gemcitabine + nab-paclitaxel
BAP1 mutation 2 1 ] Gemcitabine + nab-paclitaxel
STK11 mutation® 2 1 ] Gemcitabine + nab-paclitaxel
STK11 loss, ATM mutation* 2 1 A capeox + momelotinib
$TK11 mutation 2 1 | A Gemcitabine + nab-paclitaxel
AKT3 amplification® 2 1 ] FOLFIRINOX
BRAF mutation, COK6 amplification® 2 1 ] Gemcitabine + nab-paclitaxel
ATR mutation 2 1 ) Palbociclib + nab-paclitaxel
COK6 amplification 2 1 1 Fovrox (3 Matched therapy
ATM mutation 2 z1 = Veliparib + nivolumab [ Unmatched therapy
NTRK1 fusion 2 =1 T 2> Larotrectinib Treatment follow-up status
BRAF fusion 2 <1 11 Gemcitabine + nab-paclitaxel A Intolerance or toxicity
BRCA1 mutation 2 <1 Olaparib =-Ongoing

T T T T T T T T T 1
0 2 4 6 5 10 12 14 16 18 20 22 24
Progression-free survival (months)
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B
Actionable molecular Line of Time on Best therapy, third line or latert
findings therapy  therapy
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ATM mutation 3 222 Gemcitabine + nab-paclitaxel
STK11 loss, ATM mutation* 3 =20 Fluorouracil + liposomal irinotecan =
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COK6 amplification 3 3 Fluorouracil + liposomal irinotecan
ATM and 5TK11 mutations, CDK6 amplifications 3 2 Everolimus
COK6 amplification 3 2 Rituximab + ipilimumab + nivolumab
IDH1 mutation 3 2 BAY1436032
STK11 mutation™ 3 2 FOLFIRI
STK11 mutation 3 2 Mitomycin + fluorouracil
BRCA2 mutation® 3 2 Mitomycin + capecitabine
BRAF mutation, ATM mutation 3 2 A Olaparib
MSI-H 3 =2 2> Pembrolizumab
CDK4 amplification, AKT2 amplification 3 1 Erlotinib + gemcitabine
BRCA2 mutation, ATEX mutation 5 z1 2> Olaparib
BRAF mutation 3 1 Fluorouracil + liposomal irinotecan
CDK6 amplification, AKT2 amplification 4 =1 == BAY1217389 + paclitaxel
FANCA mutation 3 1 A Cisplatin + capecitabine
5TK11 mutation 3 1 A Everolimus + capecitabine
IDH1 mutation 3 1 Ivosidenib
BRAF fusion 3 <1 a-tocopheryloxyacetic acid [ Matched therapy
BRAF fusion 4 <1 A Trametinib + dabrafenib [ Unmatched therapy
ATM mutation 3 =1 : 2> Olaparib + carboplatin Treatment follow-up status
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3

AKT1 amplification

Figure 4.

== Temsirolimus

==>0ngoing

: 4 6 8 1

1|2 1I4 1[6 IIS 2I{)

Progression-free survival (months)

Actionable alterations alongside progression-free survival for molecularly matched and
unmatched therapies given as second-line therapy (A) or as later lines of therapy (B)
Swimmer plot highlighting examples of specific regimens documented in patients with
actionable alterations. Reasons for discontinuing therapy are shown in the key. This figure
provides examples of actual therapies that were selected in patients with actionable
mutations. All 38 patients who received a matched therapy in the second line or later are
represented here. All patients who only received unmatched therapies in second line and
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later after receipt of the Perthera report are represented here. Patients were represented only
once in either part A or B, with the exception of five patients. CAPEOX=capecitabine and
oxaliplatin. FOLFIRI=flurouracil and irinotecan. FOLFIRINOX=fluorouracil, irinotecan,
and oxaliplatin. FOLFOX=fluorouracil and oxaliplatin. IMRT=intensity-modulated
radiotherapy. MSI-H=high microsatellite instability. nab=nanoparticle albumin-bound. *Five
patients represented in both parts A and B. TOnly one line of therapy per patient is
represented, with the best outcome represented. If a patient rapidly progressed on their third
line of therapy but had a more durable response while on their fourth line of therapy,
progression-free survival for the fourth line of therapy was presented for that patient in the
swimmers plot instead (for both the matched and unmatched groups).
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Page 20

Pancreatic cancer
analysis cohort (n=677)

Patients with actionable findings (n=189)

No marker group
(n=488)

Matched therapy Unmatched therapy group
group (n=46) (n=143)

Sex

Male 359 (53%) 20 (44%) 63 (56%) 259 (53%)

Female 318 (47%) 26 (56%) 80 (44%) 229 (47%)
Age at diagnosis, years 62 (56-68) 60 (53-66) 61 (55-67) 63 (56-68)

28-59 at diagnosis 267 (39%) 23 (50%) 66 (46%) 178 (36%)

60-90 at diagnosis 410 (61%) 23 (50%) 77 (54%) 310 (64%)
Surgical status

Underwent resection 235 (35%) 19 (41%) 43 (30%) 173 (36%)

Metastatic or unresectable 442 (65%) 27 (59%) 100 (70%) 315 (64%)
History of platinum therapy

Received a platinum 492 (73%) 43 (94%) 105 (73%) 344 (70%)

No previous platinum 185 (27%) 3 (6%) 38 (27%) 144 (30%)
Lines of therapy

22 (advanced setting) 410 (61%) 39 (85%) 83 (58%) 288 (59%)

1 (advanced setting) 267 (39%) 7 (15%) 60 (42%) 200 (41%)
Ethnicity or race

White 414 (61%) 28 (61%) 77 (54%) 309 (63%)

Hispanic 21(3%) 2 (4%) 8 (6%) 11 (2%)

Black 16 (2%) 0 4 (3%) 12 (3%)

Asian 36 (5%) 1 (2%) 13 (9%) 23 (5%)

Other 15 (2%) 2 (4%) 2 (1%) 11 (2%)

Not reported 175 (26%) 13 (28%) 39 (27%) 125 (25%)

Data are n (%) or median (IQR).

Proportions might not sum to 100% as a result of rounding.
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