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Abstract

Background: Pancreatic cancer is mostly diagnosed in an advanced stage and
treated with systemic therapy with palliative intent. Nowadays, the doublet
chemotherapy of Gemcitabine and nab-paclitaxel (Gem-Nab) is one of the most
frequently used regimens worldwide, but is not ubiquitarily available or reim-
bursed. Therefore, we compared the clinical efficacy of Gem-Nab to a historical
control of patients treated with gemcitabine and oxaliplatin (Gem-Ox) at our ter-
tiary cancer center, which was the standard treatment prior to the introduction
of FOLFIRINOX.

Methods: This single-center retrospective real world study includes 121 patients
diagnosed with locally advanced or primary metastatic pancreatic adenocarci-
noma who were treated with chemotherapy doublet, with either Gem-Nab or
Gem-Ox in palliative first-line. Survival rates were analyzed using the Kaplan-
Meier method, and comparisons were made with log-rank tests. Gem-Ox was
considered as standard first line therapy at our institution for patients who were
deemed fit for doublet chemotherapy between the years 2006 to 2012. These pa-
tients were compared to a cohort of patients treated with the new standard first-
line therapy of Gem-Nab between 2013 and 2020.

Results: A total of 554 patients with pancreatic cancer of all stages were screened,
and 73 patients treated with Gem-Nab and 48 patients treated with Gem-Ox in the
palliative first-line setting were identified and included in this analysis. Patients
receiving Gem-Ox had a statistically significantly better performance score
(ECOG PS) when compared to the Gem-Nab group (Odds ratio (OR) 0.28, 95% CI
0.12-0.65, p=0.005), more often suffered from locally advanced than metastatic
disease (OR 3.10, 95% CI 1.27-7.91, p=0.019) and were younger in age (OR 0.95,
95% CI 0.91-0.99, p=0.013). Median overall survival (OS) of the whole study co-
hort was 10.3months (95% CI 8.5-11.6). No statistically significant difference in
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OS could be observed between the Gem-Nab and the Gem-Ox cohort (median OS:
8.9months (95% CI 6.4-13.5) versus 10.9 months (95% CI 9.5-13.87, p=0.794, HR
1.27,95% CI 0.85-1.91)). Median progression-free survival (PFS) was 6.8 months
in the entire cohort (95% CI 4.9-8.4). No statistically significant difference in PFS
could be observed between the Gem-Nab and the Gem-Ox cohort (median PFS:
5.8 months (95% CI 4.3-8.2) versus 7.9 months (95% CI 5.4-9.5) p=0.536, HR
1.11, 95% CI 0.74-1.67). Zero-truncated negative binomial regressions on OS and
PFS adjusting for gender, age, performance status (ECOG PS), and CA19-9 levels
yielded no significant difference between Gem-Nab or Gem-Ox.

Conclusion: From our analysis, we could evidence no difference in outcome
parameters in this retrospective analysis despite the worse prognostic pattern
for GemOX. Therefore, we suggest Gem-Ox as potential first line treatment op-
tion for inoperable locally advanced or metastatic pancreatic cancer, especially if
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1 | INTRODUCTION
Pancreatic cancer (PC) represents the third leading cause
of cancer-related mortality, which is predicted to further
increase in coming years due to rising incidence.” Progress
in the development of novel drugs has been low, and prog-
nosis is still dismal. According to Global Cancer Statistics
2020, there have been 495,773 new reported pancreatic
cancer (PC) cases and 466,003 deaths from PC worldwide.>

PC is mostly diagnosed in an advanced stage with
symptoms appearing late in the course of disease.
Sensitive and specific screening examinations are missing
although efforts to utilize circulating tumor DNA together
with protein-based tumor markers have been made.* As
a consequence, more than 80% of patients do not qualify
for curative resection at initial diagnosis and therefore are
treated with palliative intent.’

For decades, 5-FU monotherapy was the standard
of care, followed by gemcitabine in 1997 resulting in a
median survival duration of 5.65 and 4.41 months for
gemcitabine-treated and 5-FU-treated patients, respec-
tively (p=0.0025).° Compared to the former treatment
standard gemcitabine, the chemotherapy doublet gemcit-
abine plus nab-paclitaxel (Gem-Nab) also demonstrated a
survival benefit (median OS: 8.5 vs. 6.7 months, HR 0.72;
p<0.001) and a superior PFS (5.5 vs. 3.7months, HR 0.69;
p<0.001), respectively, when compared to gemcitabine
alone (Gem) in palliative first-line.”

Based on the abovementioned positive clinical phase
III trial result, the current ESMO and ASCO guidelines
recommend Gem-Nab besides modified FOLFIRINOX

Gem-Nab is not available.

gemcitabine, GEMOX, nab-paclitaxel, oxaliplatin, pancreatic cancer, treatment costs

(mFOLFIRINOX, a triple therapy containing 5-FU,
Irinotecan, Oxaliplatin) as first-line palliative treatment
options for fit patients with advanced pancreatic cancer.®®

Due to fewer side effects in regard to grade 3 or 4
neutropenia, thrombocytopenia, febrile neutropenia, di-
arrhea and due to recommended G-CSF usage with (m)
FOLFIRINOX protocol, Gem-Nab is currently used as
first-line therapy regimen in the majority of cases in most
European countries.'® Furthermore, Abrams et al reported
that first-line administration of Gem-Nab increases and is
currently the most commonly used regimen in the United
States since 2014.'! However, due to the costs of nab-
paclitaxel globally, not all patients have access to Gem-
Nab and some agencies are critical concerning financial
impact on the healthcare system (e.g., NICE presents final
draft guidance on nab- Paclitaxel for PC on September 17,
2015).

Before the advent of Gem-Nab and mFOLFIRI-
NOX as standard first line regimens, the combination of
Gemcitabine and Oxalipatin (Gem-Ox) was frequently
employed as first-line regimen in patients who were
deemed fit for doublet chemotherapy due to its supposed
superior clinical efficacy when compared to single agent
Gemcitabine.

Our treatment decisions, at that time, were supported
by historical results.

Louvet et al. comparing Gemcitabine monotherapy
with Gem-Ox reported patients treated with Gem-Ox
(n=157) had a superior response rate compared to Gem
(n=156) (26.8% vs. 17.3%, respectively; p=0.04), the me-
dian OS for Gem-Ox and Gem was 9.0 and 7.1 months,
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respectively (p=0.13) showing a trend toward clinically
meaningful improvement.'*

In 2007, Zhao et al. published the results of a study
including 30 patients with advanced PC, treated with
Gem-Ox. Their findings showed an encouraging response
rate (20%), suggesting that Gem-Ox may be an effective
alternative chemotherapy regimen.'?

Furthermore, indirect evidence from the adjuvant ther-
apy setting showed a promising 70% 1-year relapse-free
survival with postoperative Gem-Ox followed by Gem +
Radiotherapy suggesting high efficacy.'*

Due to these data, we frequently employed Gem-Ox
as first line palliative therapy in the years 2006 to 2012,
until in 2013 Gem-Nab became available to all our
patients.

In this unicentric study, we retrospectively evaluated
the clinical outcome of patients with locally advanced or
primary metastatic PC treated with either Gem-Nab (2006
to 2012) or with Gem-Ox (2013 to 2020) as palliative first-
line chemotherapy.

2 | METHODS

In this single-center retrospective study, patients with
pancreatic adenocarcinoma were included, who had been
treated at the Department of Internal Medicine III at the
Paracelsus Medical University Salzburg, Austria.

All patients over the age of 18 with pathologically
proven locally advanced or primary metastatic pancre-
atic adenocarcinoma could be included. This retrospec-
tive analysis was approved by the Ethics Committee
of the provincial government of Salzburg, Austria
(415-EP/73/795-2018).

Patient data were obtained from medical records at
the Department of Internal Medicine III of the Paracelsus
Medical University Salzburg, Salzburg, Austria.

We retrospectively evaluated patient characteris-
tics, Eastern Cooperative Oncology Group (ECOG)
performance score (PS),'* date of diagnosis, start of
palliative systemic first-line treatment, subsequent
therapy protocols, PFS and OS based on review of pa-
tients' medical records, chart review, and radiology re-
ports. OS was calculated from the date of diagnosis of
primary metastatic or locally advanced PC until the
day of death from any cause. The PFS was defined as
the period between the start of therapy and the date
of disease progression or death. Patients without any
event (OS/PFS) at time of analysis were censored
accordingly.

Dose modifications were made at the discretion of
the treating physician. In case of chemotherapy induced
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peripheral neuropathy, Oxaliplatin or Nab-Paclitaxel may
have been reduced in dose or discontinued, while continu-
ing Gemcitabine therapy alone.

As per our institutional standard treatment was con-
tinued until disease progression, unacceptable toxicities
or patient wish.

Palliative first-line therapy included Gem-Nab
(Gemcitabine 1000mg/m* and Nab-Paclitaxel 125mg/
m?, respectively, on Days 1, 8, and 15 (every 4weeks))
and Gem-Ox (Gemcitabine 1000 mg/m?* and Oxaliplatin
100 mg/m?, respectively, on Days 1 and 8 (every 3 weeks)).
Tumor markers were routinely assessed at baseline and
before each treatment cycle.

2.1 | Statistics

Data analysis for this retrospective study was descrip-
tive in nature. OS and PFS estimates were obtained using
Kaplan-Meier (KM) method, and the log-rank test was
applied to test for differences in the survival curves. The
test for the proportional hazard assumption indicated a
significant deviation (for OS: x*=3.981, df=1, p=0.0046;
for PFS: x*=7.305, df=1, p=0.007). Consequently, ad-
ditional statistical tests and procedures were applied to
confirm the robustness against nonproportional hazard
rates. Namely, the weighted Cox-Regression was used to
identify the impact of covariates on OS and PFS and zero-
truncated negative binomial regressions were applied to
consider OS and PFS more strictly. A p-value of <0.05
was considered to be statistically significant. All statisti-
cal analyses were performed with R 4.1.2 (R Core Team
2021).1

3 | RESULTS

3.1 | Patient characteristics
Between 2006 and 2020, 554 patients with PC were treated
at Department of Internal Medicine III of the Paracelsus
Medical University Salzburg and screened for inclusion
into this retrospective analysis. From this cohort, 140 pa-
tients were treated with Gem-Nab or Gem-Ox. Patients,
with upfront surgery receiving Gem-Ox as adjuvant ther-
apy were excluded (n=19). Therefore, 121 patients with
locally advanced (n=26; 21%) and metastatic (n=95; 79%)
disease undergoing systemic treatment with palliative in-
tent were included in our analysis (See Table 1 Consort
Diagram).

Gem-Nab was applied to 73 patients (60%) and 48
patients (40%) received Gem-Ox as palliative first-line



SCHLICK ET AL.

MWI LEY_Cancer Medicine

Open Access.

therapy. None of our patients were still on treatment at
the time point of data analysis. For patient baseline char-
acteristics, please see Table 2.

Patients receiving Gem-OX had a statistically signifi-
cantly better ECOG PS compared to the Gem-Nab group
(p=0.005), and were younger in age (p=0.013). In the
Gem-Ox group 32 patients (66%) and in the Gem-Nab
group 35 patients (48%) received a subsequent therapy
(p=0.07). More patients in the Gem-Ox group had lo-
cally advanced disease at the start of palliative front-line
therapy compared to the Gem-Nab group (33% vs. 14%,
p=0.019).

TABLE 1 Consortdiagram.

* 554 Pancreatic Cancer J

¢ 140 Pancreatic Cancer treated with
Gem-Nab/Gem-Ox

¢ 121 Pancreatic Cancer with Gem- W

. 19 Pancretic Cancer excluded due to
surgery in curative intent

Nab/Gem-Ox in primary metastatic
or locally advanced setting

TABLE 2 Patient baseline characteristics.

Gemcitabine and

Median cycle number applied for Gem-Nab was 5.2
with applications on d1, 8, and 15 and 4,8 for Gem-Ox (d1
and 15).

3.2 | Survival

Median OS of the whole study cohort was 10.3months (95%
CI 8.5-11.6). Median OS did not statistically significantly
differ between the Gem-Nab group and the Gem-Ox group
(8.9months vs. 10.9months; p=0.794; HR; 1.27; 95% CI
0.85 to 1.91; Figure 1). Median PFS in the entire cohort was
6.8months (95% CI 4.9-8.4). Median PFS in the Gem-Nab
group was not superior to the Gem-Ox group (5.8 months vs.
7.9 months; p=0.536; HR, 1.11;95% CI10.74 to 1.67; Figure 2).

Due to the descriptive nature of the results presented
so far, a weighted Cox-regression and zero-truncated nega-
tive binomial regression were used as robustness checks or
mild sensitivity analysis (Table 3). With the weighted Cox-
regression, the nonproportional hazard rates are consid-
ered as well as covariates influencing the survival curves.
The zero-truncated negative binomial regression estimates
the potential change in the survival days by the covariates.
Both procedures would require more data to provide robust
results, and interpretation is descriptive at most.

Gemcitabine and Nab-

Characteristic Oxaliplatin, N=48 Paclitaxel, N=73 Overall, N=121% p-valueb
Gender 0.281
Male 24 (50.0%) 45 (61.6%) 69 (57.0%)
Female 24 (50.0%) 28 (38.4%) 52 (43.0%)
Age at diagnosis 0.013
Mean (SD) 65(9.35) 69 (9.11) 67 (9.41)
Median (Range) 67 (41.00, 80) 71 (37.00, 85) 69 (37.00, 85)
ECOG Performance status 0.005
ECOG0+1 29 (64.4%) 17 (33.3%) 46 (47.9%)
ECOG 2+3 16 (35.6%) 34 (66.7%) 50 (52.1%)
CA 19.9 Median 0.259
Mean (SD) 11,902 (58,036.39) 26,111 (77,885.48) 20,331 (70,566.67)
Median (Range) 424 (1.00, 400,000) 1155 (1.00, 413,000) 641 (1.00, 413,000)
Subsequent systemic therapy 0.066
No 16 (33.3%) 38 (52.1%) 54 (44.6%)
Yes 32(66.7%) 35 (47.9%) 67 (55.4%)

0.019
Locally advanced 16 (33.3%) 10 (13.7%) 26 (21.5%)
Metastatic disease 32 (66.7%) 63 (86.3%) 95 (78.5%)

n (%); c (“Mean (SD)”, “Median (Range)”).
PPearson's chi-squared test; Welch two sample t-test.
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FIGURE 1 The median OS for all Strata ~ Gemcitabine & Oxaliplatin (Gem-Ox) == Gemcitabine & Nab-Paclitaxel (Gem-Nab)
patients was 10.3 months. Hazard ratios
are based on a weighted Cox-regression.
1.001
No. of Median overall
Treatment patients survival
month (95% ClI)
Gem-Ox 48 10.92 (9.50—13.87)
Gem-Nab 73 8.90 (6.40—13.47)
0.751 Hazard ratio for overall survival of Gem-Nab over Gem-Ox,
: 1.27 (95% Cl, 0.85-1.91, p = 0.246)
2
3
[\
S
60501 -----------FEEEEe :
2 AL
: n
(73] o
1 1
1 1
1 1
1 1
1 1
log-rank test Vo
0.251 ' '
p=0.794 .
¢
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
0.001 : i
0 3 6 9 12 15 18 21 24 27 30 33 36
Time in month
Number at risk
8
g
o =| 73 63 46 34 27 21 10 8 5 4 4 4 2
0 3 6 9 12 15 18 21 24 27 30 33 36

Time in month

Number of censoring

|

4 | DISCUSSION

In our retrospective analysis, we found no evidence of
superiority of Gem-Nab over Gem-Ox in regard to PFS
(p=0.536; HR: 1.11; Figure 2) or OS (p=0.794; HR: 1.27;
Figure 1).

In the Gem-Nab arm, there were more patients with a
worse ECOG performance status and older age compared
to the Gem-Ox group. Furthermore, locally advanced dis-
ease at treatment start with palliative intent was more fre-
quently found in the Gem-Ox group, and we observed a
trend that fewer patients in the Gem-Nab arm compared
to the Gem-Ox group received a subsequent systemic

6 9 12 15 18 21 24 27 30 33 36
Time in month

therapy. We cannot rule out a potential bias of the above-
mentioned findings in favor of the Gem-Ox group in re-
gard to clinical outcome. However, Gem-Ox was given in
the time period from 2006 to 2012, when second-line treat-
ment with 5-Fluorouracil and nanoliposomal irinotecan
was not yet known or available. In contrast hereto, patients
in the Gem-Nab group were treated between 2013 and
2020, 20% of whom received 5-Fluorouracil and nanolipo-
somal irinotecan as subsequent therapy. Furthermore, the
advancements of supportive care over time are thought to
positively impact survival of cancer patients in general.'”
Polychemotherapy, like Gem-Nab, is the current stan-
dard of care and recommended by ASCO, NCCN, and
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Strata

Gemcitabine & Oxaliplatin (Gem-Ox) =+ Gemcitabine & Nah-Paclitaxel (Gem-Nab)

FIGURE 2 The median PFS for all
patients was 8.1 months. Hazard ratios are

based on a weighted Cox-regression.
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No. of Median progression
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ESMO guidelines based on positive Phase III trial results,
for fit patients with advanced pancreatic cancer as it sig-
nificantly increases survival compared to monotherapy
with gemcitabine and due to its potential to maintain
quality of life.”'® Gem-Ox, however, is not endorsed by
NCCN guidelines.

Our results are in line with the literature. A Chinese
single center experience concerning outcome of (m)
FOLFIRINOX, Gem-Nab and Gem-Ox in unresectable
pancreatic cancer was reported: In this analysis, the me-
dian OS times were 11.1, 10.1 and 10.2months (p=0.75)
in the Gem-Nab, mFOLFIRINOX and Gem-Ox cohort,

respectively.'’ Furthermore, Louvet et al. reported a me-
dian OS for Gem-Ox of 9.0 months."?

4.1 | Limitations of this study

The first limitation of this analysis is its retrospective and
unicentric nature. Secondly, patient numbers in each
treatment arm can be regarded as rather low constrain-
ing inferential statistics. Third, the hazard ratios of both
treatment groups are nonproportional implying limita-
tions in the graphical interpretation of the Kaplan-Meier
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Variablen n HR p-value
GemNab (ref. GemOX) 118 1.21 } ; i 0.388
Female (ref. male) 118 0.76 11 4 { 0.203
ECOG at first line start 118 1.00 + 0.826
CA 19-9 at first line start 118 1.00 t 0.202
Age at diagnosis 118 1.01 ! 0.540
0.8 1.2 1.6

curves. We applied weighted Cox-Regression and zero-
truncated negative binomial regression to validate the
findings from the analysis of the Kaplan-Meier curves.
Although we are confident that our results support our
main statistical claim of only minor differences between
Gem-Ox and Gem-Nab treatment, the results need to be
interpreted with caution and we urge to consider the re-
ported results as preliminary findings. Ideally, our find-
ings have to be further validated in a prospective trial
including a larger cohort.

4.2 | Novelty of results

Summarizing the key finding of the results, Gem-Nab and
Gem-Ox treatment show only minor differences in overall
survival and progression-free survival time. In most
models, the differences are not statistically significant, and
therefore, it seems plausible to consider both treatments
as similar effective. In our opinion, these reported data
are of clinical significance especially for patients not
having access to novel chemotherapeutic agents like
nab-paclitaxel. Oxaliplatin is a valid combination with
Gem in this setting in order to guarantee application of a
chemotherapy doublet and increasing response rates and
survival.
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