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Purpose—Advanced, unresectable pancreatic cancer is often treated with either gemcitabine
plus nab-paclitaxel (Gem/NabP) or FOLFIRINOX, although these regimens have never been
compared in a head to head trial. In this study we compared these two regimens using Veterans
Administration (VA) data and evaluated the use of a novel tumor growth formula to predict

outcomes.

Methods—We identified 670 Veterans from national VA data with unresected stage 11-1V
pancreatic adenocarcinoma diagnosed between 2003-2016 who were treated with either first-line
Gem/NabP or FOLFIRINOX. We compared overall survival (OS) and adverse events by treatment
using propensity scores (PS) to account for allocation bias. Using longitudinal CA19-9 biomarker
information we then fit the data to a novel tumor growth equation, comparing growth with OS.

Results—We found no difference in PS-adjusted (hazard ratio [HR] 1.00; 95% confidence
interval [95% CI] 0.84-1.20) or PS-matched (HR: 0.93; 95% CI: 0.76-1.13) OS between the two
treatment groups. Tumor growth analysis revealed similar growth parameter values for Gem/NabP
and FOLFIRINOX (p=0.074 for difference).

Conclusions—Gem/NabP appeared non-inferior to FOLFIRINOX for survival outcomes for
advanced pancreatic adenocarcinoma based on national VA data. Biomarker-based growth
equations may be useful for monitoring treatment response and predicting prognosis for pancreatic

cancer.

INTRODUCTION

Pancreatic cancer is the fourth leading cause of cancer death in the United States and is
expected to be the second leading cause by 2030.1 The majority of pancreatic cancers

are ductal adenocarcinomas, which are associated with a 5-year survival of less than

10%. Contributing to this poor prognosis is that most patients with pancreatic cancer are
diagnosed at advanced stage, where surgical resection is not possible and chemotherapy (in
combination with radiotherapy in some circumstances) is the standard of care. Long known
as a highly drug resistant cancer, chemotherapy regimens have been developed that show
convincing tumor shrinkage and improved survival. However, drug resistance inevitably
emerges.

Despite many attempts to improve on gemcitabine alone, it was the mainstay of
chemotherapy for advanced pancreatic cancer prior to trials showing improved survival

with the gemcitabine/nab-paclitaxel (Gem/NabP) and FOLFIRINOX regimens (folinic acid,
fluorouracil, irinotecan and oxaliplatin). The superiority of FOLFIRINOX to gemcitabine
monotherapy was established by a UNICANCER trial, which demonstrated 11.1 months

of median overall survival compared to 6.8 months, respectively.2 The use of first-line Gem/
NabP was supported in the MPACT trial, which found that this regimen improved survival
by 1.8 months compared to single agent gemcitabine, with overall survival 8.5 and 6.7
months, respectively.3 Comparison of these trial results led to the conclusion that in patients
with good performance status FOLFIRINOX was frequently optimal.# However, Gem/NabP
and FOLFIRINOX have not been compared head to head in a clinical trial for metastatic
disease although several observational studies have been conducted that directly compare
outcome differences.> 6
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Given the aggressiveness of pancreatic cancer, time to disease progression and overall
survival are appropriate outcome measures for the comparison of treatments. Previous data
from a clinical trial of advanced pancreatic cancer suggested that CA19-9 measurements
provided an early measure of treatment effectiveness and eventual prognosis.” This concept
may be further expanded by fitting novel growth analyses to longitudinal biomarker
measurements (such as CA19-9) for the evaluation of treatment response. These methods
may expedite clinical trials and/or provide additional information for guiding therapeutic
decisions. We have extensively validated a method of assessing tumor growth based on
mathematical equations describing the exponential growth of different cancer types.8-10
Both decay and growth rates are derived from equations fit to tumor measurement data,
including tumor marker data such as that provided by CA19-9.

In this study we used national data from a large cohort of Veterans with unresectable,
advanced pancreatic cancer and evaluated long-term outcomes treated with either Gem/NabP
or FOLFIRINOX. Our study had two aims: 1) to use comparative effectiveness techniques
to evaluate the relative efficacies of these regimens and to evaluate the risk of chemotherapy
toxicity and; 2) to use mathematical models of tumor burden fitted to longitudinal biomarker
data, previously unevaluated in pancreatic cancer, from our real-world cohort data to
separately measure treatment response. We also compared these tumor growth model results
to data from the pivotal UNICANCER and MPACT trials.

METHODS

Patient Selection

For this project we used national Veterans Administration Health System (VA) clinical and
administrative data present in the Corporate Data Warehouse (CDW). Using the CDW,

we identified patients with pathologically confirmed, unresected stage I1-1V pancreatic
adenocarcinoma using cancer registry data. We then limited the cohort to Veterans treated
with first line chemotherapy either Gem/NabP or FOLFIRINOX from 2003 through 2016, as
identified using either pharmacy data or relevant procedure codes.

Study Variables

We identified baseline sociodemographic variables from administrative files and cancer
registry information. Using outpatient and inpatient VA diagnostic codes we identified
comorbid illnesses registered in the 12 months prior to cancer diagnosis. We then calculated
Charlson-Deyo scores for the cohort to estimate the overall burden of comorbidities.11-13
Marital status and alcohol use were classified using data from VA oncology files. Smoking
status was determined using a published algorithm employing VA health factors data with
additional information added from the cancer registry files.24 VA laboratory data was used to
calculate glomerular filtration rate estimates (eGFR) from creatinine values. Laboratory files
were also used to collect serum bilirubin values as well as all available CA19-9 measures
for each patient. We then used VA oncology files to collect cancer data including stage and
diagnosis date.
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Lack of surgery in the initial treatment course was confirmed by reviewing registry data
and procedure claims from administrative files. Pharmacy files and procedure codes for
chemotherapy agents were reviewed to identify either concurrent use of Gem/NabP or
FOLFIRINOX agents with treatment start and stop dates. An intent-to-treat approach was
implemented for treatment assignment in the analysis and patients were assigned the first
regimen administered.

Overall survival was the primary study outcome. We also identified the occurrence of major
treatment toxicities using primary diagnostic codes from inpatient hospitalizations as a
proxy for grade 3—4 toxicity (for all complications except neuropathy, for which outpatient
codes were also used) during the six-month period after the initiation of chemotherapy.
Survival times were calculated using the date of first chemotherapy administration until the
date of death or last known date alive.

Statistical Analysis

We first tested for differences in baseline and clinical characteristic between Gem/NabP and
FOLFIRINOX treatment groups using the t-test or Wilcoxon test for normal or non-normal
continuous variables and the chi square test for categorical variables, respectively.

In unadjusted analyses we then estimated overall survival (OS) by treatment group using
Kaplan-Meier methods and compared curves using a log-rank test. To minimize allocation
bias associated with the use of either treatment we used propensity score (PS) analysis.1®
We calculated PS for each patient by determining the probability of the use of Gem/

NabP using logistic regression. Variables included in the PS were determined a priori and
included sociodemographic characteristics (age, race, sex, and marital status), smoking and
alcohol use, comorbidity score, eGFR, baseline neuropathy, significant liver disease, tumor
characteristics (overall stage, T stage and N stage), year of diagnosis, CA19-9 and bilirubin
levels. Smoking status, T-stage, N-stage, alcohol use, CA19-9, bilirubin, and creatinine all
had missing values (3%, 10%, %, 9%, 10%, 8%, 0.3%, and 4%, respectively); we used
multiple imputation methods to estimate missing values in our PS calculation. We first fitted
Cox regression models comparing OS adjusted for PS between treatment groups and then
stratified this comparison by cancer stage. We then matched subjects in the two treatment
arms by PS using a caliper value of 0.05 (based on PS standard deviation1®) to perform
similar OS comparisons (using robust standard error methods) and then to compare the
incidence of toxicity (see Table 3 for toxicity types) using logistic regression models. For
toxicities where no events were observed in the Gem/NabP group we tested for differences
in prevalence using the chi-square test.

Tumor growth models employed longitudinal CA19-9 measured during chemotherapy; the
first value was identified in the 30 days prior to the initiation of chemotherapy and the final
value up to 30 days after the last dose of chemotherapy. Using the TUMGr package for R, a
novel algorithm validated in >10 000 patients, cohort subject data was evaluated for optimal
fit to a set of four related tumor kinetics models, each based on the exponential growth and
regression pattern of cancers. 1218 The first model, gd, assumes that tumor quantity changes
during therapy due to the simultaneous occurrence of exponential decay/regression, termed
d, and exponential growth/regrowth of the tumor, termed g. In cases where the data show a
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continuous tumor burden decrease from the start of treatment, g is zero and the decay rate
estimated using only the d parameter from the dx equation. Similarly, in cases where the
data show continuous growth from the start of treatment, d is eliminated and the growth

rate estimated using the gx equation, containing only a growth term. A fourth model, gdd,
contains the parameter @ representing the proportion of tumor cells sensitive to a therapy
that influences the g term. P-values were calculated for each model fit and models were
retained under a threshold value of 0.1. If multiple model types fit for a subject, then the
model that minimized the Akaike Information Criterion was selected for final fit in each
case. Models could not be fit if there were <3 CA19-9 values or if convergence could

not be achieved. For comparison, we also obtained pivotal trial data with similar available
information for fitting of growth models from the UNICANCER PRODIGE 4/ACCORD-11
and Celgene MPACT trials of Gem/NabP and FOLFIRINOX, respectively, and data are
summarized in Table 4.2 3 We then used the Wilcoxon test to compare the growth rates
associated with the two treatment arms. Parameters g and d were then categorized into
tertiles and overall survival was compared by tertiles using Kaplan-Meier methods. Analyses
were performed using SAS 9.2, STATA 15 and R statistical packages.

RESULTS

We identified 670 Veterans who received either Gem/NabP or FOLFIRINOX for
unresectable pancreatic cancer as first-line treatment (Table 1). The median age for cohort
subjects was 64, nearly all subjects were men (96%) and the majority were Caucasian/
Hispanic (71%), although there was substantial representation of African American patients
(24%). Patients who were treated with Gem/NabP were older, more likely to be men, had
higher comorbidity scores and had lower eGFR values compared to patients treated with
FOLFIRINOX.

In unadjusted analyses of OS, we calculated a median survival for patients receiving
Gem/NabP of 7.0 months (Table 2; 95 % confidence interval [CI]: 6.1-8.2 months), not
significantly different from the median overall survival for FOLFIRINOX of 8.1 months
(95% CI: 7.5-9.2 months; p=0.22 for difference). There were also no differences by
treatment regimen in unadjusted median survival times when stratifying by stage. Gem/
NabP patients with stage Il cancer had a median survival of 10.9 months, those with stage
I11 cancer had median survival of 13.4 months and those with stage 1V disease had a median
overall survival of 5.6 months, which did not differ from median overall survivals of 13.2,
13.0 and 6.5 months respectively for stages II, 111, and 1V patients receiving FOLFIRINOX.
In propensity score adjusted analyses we still found no difference in overall survival between
the two treatment groups (hazard ratio [HR] 1.00; 95% CI: 0.84-1.20) for the overall

cohort or after stratifying by cancer stage. There were also no differences between survival
outcomes for Gem/NabP vs. FOLFIRINOX in the smaller (n=386) PS matched cohort.

Major toxicity events were less frequent for patients who were treated with Gem/NabP
compared to PS matched patients receiving FOLFIRINOX (Table 3). No renal failure,
neutropenia, cellulitis, diarrhea or sepsis were found in Gem/NabP patients compared

to 3.1%, 2.6%, 1.0%, 3.7%, 2.1% of FOLFIRINOX patients respectively (corresponding
unadjusted p-values for comparisons: 0.01, 0.02, 0.16, 0.008, and 0.04). In propensity-
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matched analyses, Gem/NabP patients were also significantly less likely to experience
dehydration (OR: 0.10; 95% CI: 0.01-0.75).

In analyses of tumor growth measured by fitting the tumor growth algorithm, 39% of
patients had insufficient or missing data for analysis. There were 134 and 165 patients
receiving Gem/NabP or FOLFIRINOX, respectively, with data that could be fit to growth
equations. Data could not be fit to an equation when levels were entirely within the normal
range (11%). Figure 1A shows examples of equation curve fits from VA patients with
pancreatic cancer. Figure 1B shows the distribution of best fits to the equations in the VA
and pivotal datasets. This analysis shows that comparable numbers of patients fit the dx
equation following Gem/NabP and FOLFIRINOX among the VA patients. Overall, more
patient data fit the gx equation in the VA data set than in the pivotal trial data. Figure 1C
shows the Kaplan-Meier analysis of survival in the Veterans with pancreatic cancer, based
on g value. Those with slowest g have the longest overall survival. Those in whom a g could
not be detected, the dx group, had a survival similar to the median tertile. This suggests
that patients whose data fit the dx equation developed disease progression soon after
discontinuing therapy. Figure 1D shows dot plots of the g values from VA data for Gem/
NabP vs. FOLFIRINOX, compared to data sets obtained from the pivotal UNICANCER and
MPACT studies. Better control of g is observed in patients treated with Gem/NabP than in
those treated with FOLFIRINOX. Median g values for Gem/NabP and FOLFIRINOX were
0.0027 and 0.0037 (Table 4; p=0.074), equivalent to a doubling time of 257 and 187 days,
respectively. A median 6 data points were available for these analyses. Growth values were
higher for both treatment groups among Veterans compared to respective clinical trial arms
(both p<0.005).

DISCUSSION

In this study we collected data from a real-world cohort of Veterans with advanced,
unresected pancreatic cancer treated with either Gem/NabP or FOLFIRINOX and compared
survival outcomes accounting for allocation bias, assessed risk of toxicity and fit these

data to a novel tumor growth equation using CA19-9 values. We found no difference in
survival outcomes when comparing these regimens, suggesting potential non-inferiority of
Gem/NabP compared to FOLFIRINOX, a regimen associated with more toxicity in our
cohort. We also found that CA19-9 measurements could inform a novel tumor growth
equation, and were directly associated with overall survival, suggesting that these methods
might be useful for evaluating treatment response.

FOLFIRINOX was established as a standard-of-care for patients with advanced pancreatic
cancer with good performance status by the results of the PRODIGE 4/ACCORD 11 trial
which randomized patients to either FOLFIRINOX or single agent gemcitabine.2 That trial
found prolonged survival (11.1 months versus 6.8 months) for FOLFIRINOX, although the
regimen was also associated with substantial toxicity. Subsequently, a large phase 111 RCT
(MPACT) comparing Gem/NabP to single agent gemcitabine found a significant, albeit less
robust difference, in survival (8.5 months versus 6.7 months) associated with combination
therapy, in a patient group with generally worse performance status than PRODIGE 4/
ACCORD 11.3 These trials have raised the issue as to which regimen is optimal for
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advanced pancreatic cancer; no head-to-head RCTs have been performed comparing Gem/
NabP to FOLFIRINOX. However, Gem/NabP has been seen as an alternative regimen, with
a more favorable toxicity profile and greater suitability in patients who are older or who have
worse performance status.1’ As seen in this study of Veterans, patients who are older or with
more comorbidities were treated with Gem/NabP, while younger and healthier patients were
treated with FOLFIRINOX. This difference was also reflected in the eligibility criteria in the
pivotal trials, creating a bias limiting direct comparison between those studies.

Several analyses have directly compared survival using non-randomized methods. A
Bayesian meta-analysis utilized a network approach to compare randomized clinical trials
to estimate the efficacy of Gem/NabP versus FOLFIRINOX. Using this evidence synthesis
approach the authors found similar effects on overall survival for both regimens and no
difference in major toxicities.18 Additionally, multiple retrospective “real-world” cohorts
with fewer patients than the current analysis have found generally similar survival results
to our analysis!®; one multisite cohort of 414 patients with advanced pancreatic cancer
(255 Gem/NabP versus 159 FOLFIRINOX) found no difference in overall survival by
study arm.> A larger study of 654 patients (337 Gem/NabP versus 317 FOLFIRINOX)
demonstrated no difference in overall survival by comparison arm and similar to our study
found higher toxicity in FOLFIRINOX-treated patients.® Previous analyses of observational
data comparing Gem/NabP to FOLFIRINOX have found a greater burden of comorbidities
in Gem/NabP treated patients, although our analysis is the first to apply causal inference
methods to minimize allocation bias related to those factors in the assignment of therapy.

Overall survival rates for patients with unresected pancreatic cancer were worse for the
Veterans in our study population than patients with similar cancer stages from clinical

trials. However, it is likely that cases from regulatory trials represented healthier patients,

as median survival rates from the Surveillance, Epidemiology and End-Results (SEER)
database are much worse. A study of advanced pancreatic cancer cases (stage I11-1V)
comparing >55,000 SEER cases to >20,000 cases from international cancer databases found
median survival rates of 5 months for patients younger than 60 and 4 months for patients
ages 60-69 during 2003-2013.20 Another SEER study describing data from unresected stage
I1-111 pancreatic cancer cases reported median survival of approximately 6 months, which
was less than what we observed.2!

We evaluated the use of a novel tumor growth algorithm (previously unapplied to pancreatic
cancer) for modeling treatment response and potentially serving as an early measure of
outcomes. The majority of cases with CA19-9 measures were fitted to the growth equations
and these equations demonstrated that parameter g, representing the rate of tumor growth,
was not controlled as well in Veterans as in the pivotal studies. For example, there were
more patients whose CA19-9 values a bet fit to the growth only equation (the gx equation).
For Gem/NabP, there were fewer patients with data fitting the regression only equation (the
dx equation) than in the pivotal trial. Although the dx cohort implies no tumor growth,

it is important to note that CA19-9 values were obtained only during therapy, and some
patients discontinued therapy at 6 months. This cohort also had a similar survival to the
entire population, suggesting that tumor growth would likely have occurred soon after
discontinuing therapy. Last, g values in the VA were inferior compared to the pivotal trials,
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particularly for FOLFIRINOX. Poorer control of tumor growth relative to the pivotal studies
suggests that the Veterans may have required more dose reductions due to comorbidities and
is consistent with our finding of more severe toxicities in FOLFIRINOX patients.

Our study benefited from a large, national sample of patients from a single health

system. We had access to detailed information regarding patient and cancer characteristics,
chemotherapy data, longitudinal laboratory measures and survival information. This allowed
us to fit a propensity score to statistically balance the treatment groups and minimize
potential confounding. Our study was limited, however, in several ways. First, despite using
methods to limit confounding, these data are still inferior to those from a randomized,
blinded, comparative trial. Next, we did not have chemotherapy dosing information, nor
were we able to determine whether subjects completed their planned chemotherapy courses
or whether regimens were modified. Given the co-morbidities prevalent in the VA patient
population, it is likely that dose reduction occurred and this will be the subject of future
investigations. Our intention-to-treat analysis, however, can be seen as conservative, as all
subjects were administered at least an initial cycle of each chemotherapy regimen. Second,
we did not have information on cancer progression, as this is not routinely recorded in

the VA cancer data. It is likely, however, that most patients died of pancreatic cancer, and
therefore overall survival is an appropriate outcome measure for evaluating therapies. In
addition, we did not have performance status data. As patients treated with Gem/NabP may
have had worse performance status, this may have been an important variable, although as
these patients did not have worse outcomes than those treated with FOLFIRINOX, it further
suggests that there may be similarity in benefits for these two regimens. Next, there were
temporal differences in the use of the two regimens (FOLFIRINOX was used more in the
early study years while Gem/NabP was used more in later years) that may have impacted
outcomes. To address this issue we included treatment year in our propensity score. In
addition, we included a broad group of tumor stages, which may have impacted the validity
of our findings; however, stage stratified analyses were internally consistent. Last, our study
cohort was predominately men; this limits the representativeness of our findings to women
who may have different responses to either therapy.

In our study comparing Gem/NabP to FOLFIRINOX for a national cohort of Veterans with
unresectable pancreatic cancer, we found no difference in survival for either regimen, and
evidence of greater toxicity for patients treated with FOLFIRINOX. These findings are
likely to explain a shift towards a higher proportion of patients with unresected pancreatic
cancer being treated with Gem/NabP over time. In patients with comorbidities, limited
performance status and/or with limited capacity to tolerate chemotherapy toxicity the use
of Gem/NabP may optimize benefits and harms compared to FOLFIRINOX. We also found
that a novel tumor growth equation fitted to data collected during chemotherapy treatment
reliably predicted survival. Further exploration of this method as a biomarker for evaluating
chemotherapy efficacy is warranted.
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Figure 1.
Tumor growth rate analysis in VA and pivotal trial cohorts based on CA19-9 data.

A. Examples of individual patient data fit to the growth rate equation noted in the panels,
from left to right: dx (decay without growth), gd (initial decay then growth), gdphi (decay
with subsequent growth reflecting heterogeneous response to chemotherapy by tumor cells)
and gx (growth only).

B. Stacked bar graph indicating the proportion of patients whose CA19-9 data were best fit
to each of the four models. This showed that there were more patients fitting the gx growth
only equation in the VA data than in the pivotal studies.

C. Kaplan-Meier curves of growth rates from Veterans divided according to tertile, with
those with the fastest g having the shortest overall survival, while those with slowest g have
the longest survival. The Kaplan-Meier curve derived from patients whose data fit only the
dx model is shown in red, overlying the middle tertile, indicating that those patients did not
have a biology different from others in whom a g could be estimated.

D. Dot plot of g values estimated from the models, with patients whose data fit only the dx
model excluded. The lowest median g is observed in the gemcitabine/nab-paclitaxel pivotal
trial data.
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Table 3.

Major toxicity events by study arm for propensity score-matched cohort

Toxicity Odds Ratio for Toxicity with Gemcitabine/Nab-Paclitaxel Vs. FOLFIRINOX  95% CI
Acute #

Renal Failure *

Neutropenia t

Anemia 0.21 0.05-1.00

Nausea/Vomiting 0.21 0.05-1.00

Dehydration 0.10 0.01-0.75

Cellulitis 7

Diarrhea §

Sepsis /

Pneumonia 0.50 0.04-5.53
Chronic

Neuropathy 0.48 0.19-1.22

#events associated with hospital admission, as a proxy for grade 3—4 toxicity.
*no renal failure in Gem/NabP versus 3.1% in FOLFIRINOX (p=0.01)

7Lno neutropenia in Gem/NabP versus 2.6% in FOLFIRINOX (p=0.02)

Ino cellulitis in Gem/NabP versus 1.0% in FOLFIRINOX (p=0.16)

§no diarrhea in Gem/NabP versus 3.7% in FOLFIRINOX (p=0.008)

/no sepsis in Gem/NabP versus 2.1% in FOLFIRINOX (p=0.04)
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