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Background: FOLFIRINOX (FFX) and gemcitabine plus nab-paclitaxel (GN) are established first line 
therapies for metastatic pancreatic cancer (MPC). There are, however, no randomized controlled trials 
comparing FFX and GN in the first line setting and real-world data on their comparative effectiveness is 
limited. We aimed to evaluate the outcomes of patients with MPC who were treated with first line FFX and 
GN and to further characterize dose modifications, discontinuation rates due to treatment toxicity, and rates 
of hospitalizations while on treatment.
Methods: We manually abstracted data from the electronic medical records (EMR) system at Yale Smilow 
Hospital and Smilow Cancer Hospital Care Centers for patients with MPC treated with at least one cycle of 
first line FFX or GN from January 2011 to April 2019. Patients who received prior neoadjuvant or adjuvant 
FFX or GN and adjuvant gemcitabine less than 6 months prior to metastatic recurrence were excluded. The 
median time to treatment discontinuation (TTD) and overall survival (OS) were determined using Kaplan-
Meier method.
Results: We identified 363 patients for analysis; 269 (74%) patients were treated with FFX and 94 (26%) with 
GN. Median TTD was 4.8 (IQR, 2.3–8.0) months in the FFX group compared to 3.4 (IQR, 1.3–5.7) months  
in the GN group (P=0.0037). Median OS was 11.3 (95% CI: 10.7–12.9) months in the FFX group and 7.0 
(95% CI: 6.0–8.7) months in the GN group (P<0.001). Initial dose modifications occurred in 264 (98%) and 
86 (91%) of FFX and GN treated patients, respectively (P=0.001). While on treatment, 56 (60%) of GN-
treated patients had at least one hospitalization vs. 110 (41%) in the FFX-group (P=0.002). Treatment was 
discontinued due to chemotherapy toxicity in 26 (10%) and 14 (15%) among the FFX and GN cohorts, 
respectively (P=0.275).
Conclusions: Patients treated with first line FFX had increased survival and TTD compared to patients 
treated with GN despite increased dose modifications and similar rates of treatment discontinuation due 
to treatment-related toxicity. GN-treated patients were older and more likely to be hospitalized while on 
treatment. Further study evaluating comparative effectiveness between these two regimens is warranted.
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Introduction

Pancreatic cancer is the third leading cause of cancer-
related mortality in the United States and estimates suggest 
that by 2030, it will become the second leading cause 
of cancer related deaths (1,2). Although the treatment 
for localized disease is potentially curative with surgical 
resection followed by adjuvant therapy, only about 20% of 
patients have resectable disease at the time of diagnosis (3).  
Approximately 45% of patients present with metastatic 
disease and the prognosis remains poor with 5-year 
survival rates less than 5% (4). The mainstay treatment for 
patients with metastatic pancreatic cancer (MPC) remains 
systemic chemotherapy. The ACCORD trial demonstrated 
statistically superior overall survival (OS) with 5-fluorouracil 
+ folinic acid + irinotecan + oxaliplatin [FOLFIRINOX 
(FFX)] vs. gemcitabine alone (median, 11.1 vs. 6.8 months; 
HR =0.57; P<0.001) (5). This was followed by the MPACT 
trial, which demonstrated significantly longer OS with 
gemcitabine plus nab-paclitaxel (GN) vs. gemcitabine alone 
in patients with MPC (median, 8.7 vs. 6.6 months; HR 
=0.72; P<0.001) (6). Both FFX and GN have since been 
approved by the Food and Drug Administration as potential 
first-line treatment options in patients with MPC with a 
good performance status (7).

No prospective comparative trial exists between FFX 
and GN, and cross-trial comparisons are flawed due to 
differences in baseline patient characteristics. For example, 
the ACCORD trial restricted enrollment to patients  
<76 years of age and ECOG performance status <2, while 
MPACT did not exclude patients based on age and allowed 
patients with an ECOG performance status of 2. There 
have been a number of nonrandomized, retrospective 
comparisons of FFX and GN in an attempt to elucidate 
differences in safety and effectiveness. Several retrospective 
analyses evaluating outcomes from a national cancer 
registry and institutional cohorts have found comparable 
survival and safety profiles between FFX and GN (8-17).  
These studies, however, were often small in size, lacked 
details regarding dose modifications, and offered no 
insight into rates of treatment related toxicities that led 
to hospitalization or discontinuation between the two 
regimens. A further understanding of treatment and cancer-
related hospitalizations while receiving FFX or GN would 
help oncologists determine the optimal first line regimen 
to administer to their patients. Thus, the objective of 
our retrospective review was to compare OS and time to 
treatment discontinuation (TTD) and to characterize dose 

modifications, discontinuation rates due to toxicity and rates 
of hospitalizations for patients with MPC receiving FFX or 
GN as initial therapy.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-202).

Methods

Design

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional ethics review board of Yale 
University. Because of the retrospective nature of the study, 
the requirement for informed consent was waived. We 
conducted a retrospective review of clinical outcomes in 
patients with MPC treated with first line FFX or GN at 
Yale Smilow Hospital and Smilow Cancer Hospital Care 
Centers from January 2011 to April 2019. Patients were 
excluded if they received alternative first line regimens, 
prior neoadjuvant FFX or GN and adjuvant gemcitabine 
less than 6 months prior to metastatic recurrence.

Treatment

Patients treated with at least one cycle of full or modified 
dose FFX or GN were included.

Data

Individual patient data was manually abstracted from the 
electronic medical records (EMR) including demographics, 
histology, prior therapy, initial and subsequent dose 
reductions, grade 3 or greater laboratory adverse events, 
number of hospitalizations while on first line treatment, 
TTD, OS, and second line treatment data. TTD was 
defined as time from first treatment with FFX or GN to 
discontinuation for any reason, and OS was defined as time 
from first treatment with FFX or GN to death or censored 
at last contact. 

Statistics analysis

Baseline characteristic were compared between the FFX 
and GN cohorts. The χ2 or the Wilcoxon rank-sum test 
were used to evaluate for any differences in the cohorts 
for categorical and continuous variables, respectively. The 
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median TTD and OS were estimated using Kaplan-Meier 
method and compared between FFX and GN cohorts using 
the log-rank test. OS and TTD were also calculated in the 
subgroups of age ≥76 and <76 and similarly compared via 
the log-rank test. Differences in the overall rates of toxicity 
and hospitalization were also compared between the FFX 
and GN cohorts using the χ2 test.

Results

Patient characteristics

Between January 2011 to April 2019, 363 patients with 
MPC were treated with first line FFX or GN at the Yale 
Smilow Cancer Hospital or Smilow Cancer Hospital Care 
Centers. There were 269 (74%) patients treated with FFX 

and 94 (26%) with GN. The demographics and disease 
characteristics at the initiation of first line treatment are 
shown in Table 1. At the start of first line therapy, the sites of 
metastatic disease were similar across both treatment arms.

Patients in the FFX group had a median age of 64 (IQR, 
57–70) years compared with 69 (IQR, 62–77) years in the 
GN group (P<0.001). There was a significantly larger 
proportion of patients at or above the age of 76 receiving 
GN than FFX (29% vs. 10%; P<0.001).

In terms of prior therapy, 332 (91%) of patients received 
no prior therapy, 21 (5%) received surgery plus adjuvant 
gemcitabine and 10 (2%) received surgery alone.

Treatment characteristics and efficacy

FFX was delivered in 14-day cycles and the majority of 

Table 1 Demographics and patient characteristics

Variables FFX (n=269), n [%] GN (n=94), n [%] P value

Age <0.001

<76 242 [90] 67 [71]

≥76 27 [10] 27 [29]

Gender <0.017

Female 119 [44] 55 [58]

Male 150 [56] 39 [41]

Prior treatment 0.169

None 247 [92] 85 [91]

Surgery + gemcitabine 17 [6] 4 [4]

Surgery alone 5 [2] 5 [5]

Histology 0.192

Adenocarcinoma 266 [99] 92 [98]

Other 3 [1] 2 [2]

Site of tumor 0.197

Head 100 [37] 28 [30]

Non-head 169 [63] 66 [70]

Site of metastasis at 1L

Liver 202 [75] 71 [76] 0.932

Peritoneum 55 [21] 15 [16] 0.335

Lung 35 [13] 16 [17] 0.342

Lymph nodes 41 [15] 9 [10] 0.170

FFX, FOLFIRINOX; GN, gemcitabine plus nab-paclitaxel.
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patients at our institution receive the Yale modified regimen 

consisting of intravenous oxaliplatin (85 mg/m2), folinic 

acid (400 mg/m2), irinotecan (135 mg/m2), 5-flurouracil  

(300 mg/m2) bolus and a 5-flurouracil (2,400 mg/m2) continuous 

infusion for 46 hours followed by pegylated filgrastim on day 3 

or 4 in the absence of severe leukocytosis (18).
At our institution GN was typically delivered in 28-day 

cycles with doses of nab-paclitaxel (100 mg/m2) followed by 
gemcitabine (1,000 mg/m2) on days 1, 8, and 15. In the FFX 
cohort, 98% and 81% of pts had an initial and subsequent 
dose modification (P=0.001), respectively, compared to 91% 
and 63% in GN arm (P<0.001) (Table 2). The majority of 
the initial dose reduction was adhering to the Yale Modified 
FFX as outlined above.

T h e  m e d i a n  f o l l o w - u p  p e r i o d  w a s  1 1 . 3  a n d  
7.1 months in the FFX and GN groups, respectively, and 
the median follow up for patients alive as of April 2019 was  
33.9 months. During the follow-up period, death occurred 
in 262 (97%) and 89 (95%) of patients who received FFX 
and GN, respectively.

The median OS was 11.3 (95% CI: 10.7–12.9) months 
in the FFX group and 7.0 (95% CI: 6–8.7) months in the 
GN group (P<0.001) (Figure 1, Table 3). When survival was 
stratified by age, the median OS of patients under 76 was 
11.7 months in the FFX and 7.1 months in the GN cohorts, 
respectively (P<0.001). On the other hand, the median OS 
of patients at or above the age of 76 was 8.0 months and  
7.0 months in the FFX and GN cohorts, respectively 
(P=0.8719) (Figure 2, Table 3).

Table 2 Treatment characteristics

Variables FFX (n=269), n [%] GN (n=94), n [%] P value

1L initial dose modification 0.001

Yes 264 [98] 86 [91]

No 5 [2] 8 [9]

1L subsequent dose modification <0.001

Yes 219 [81] 59 [63]

No 50 [19] 35 [37]

Reason for discontinue 1L 0.275

Progression 241 [89] 80 [85]

Toxicity 26 [10] 14 [15]

Enroll in clinical trial (POLO) 2 [1] 0 [0]

2L treatment <0.001

FFX NA 15 [16]

GN 151 [56] NA

Other 18 [7] 15 [16]

None 100 [37] 64 [68]

FFX, FOLFIRINOX; GN, gemcitabine plus nab-paclitaxel.

Figure 1 Kaplan-Meier curves of OS rates in MPC patients 
receiving FFX or GN. OS, overall survival; MPC, metastatic 
pancreatic cancer; FFX, FOLFIRINOX; GN, gemcitabine plus 
nab-paclitaxel.
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The median TTD was 4.8 (IQR, 2.3–8.0) months in the 
FFX group compared to 3.4 (IQR, 1.3–5.7) months in the GN 
group, with FFX having a significantly longer chemotherapy 
duration than GN (P=0.0037) (Figure 3, Table 3).

Safety

Treatment was discontinued due to chemotherapy toxicity 
in 26 (10%) and 14 (15%) among the FFX and GN cohorts, 
respectively (P=0.275). Table 4 characterizes the specific 
toxicity that led to discontinuation in each treatment group.

Patients initially treated with GN were more likely 
to be admitted to the hospital while on treatment vs. 
patients treated with FFX (60% vs. 41%; P=0.002)  

(Table 5). Furthermore, patients on GN were also more 
likely to have multiple hospital admissions compared 
to the FFX cohort (P=0.033). The rates of treatment 
discontinuation due a hospitalization was similar between 
both FFX and GN cohorts (21% vs. 23%). Table 5 shows 
that the primary hospital admission diagnosis were similar 
across both treatment arms.

Table 5 characterizes the rates of hospital admission and 
the primary diagnosis that led to hospitalization among 
the two treatment groups as determined by admission and 
discharge notes.

There was no significant difference in the incidence of 
grade 3 or greater neutropenia, anemia or thrombocytopenia 
between the two groups (Table 5). The most common 

Table 3 Treatment efficacy

Variables FFX (n=269) GN (n=94) P value

Median TTD (months) 4.8 3.4 0.0037

Median TTD by age (months)

<76 5.2 4.2 0.004

≥76 3.2 3.7 0.440

Median OS (months) 11.3 7.0 <0.001

Median OS by age (months)

<76 11.7 7.1 0.0007

≥76 8.0 7.0 0.8719

FFX, FOLFIRINOX; GN, gemcitabine plus nab-paclitaxel; TTD, time to treatment discontinuation; OS, overall survival.

Figure 2 Kaplan-Meier curves of OS in MPC patients receiving 
FFX or GN stratified by age ≥76 and <76. OS, overall survival; 
MPC, metastatic pancreatic cancer; FFX, FOLFIRINOX; GN, 
gemcitabine plus nab-paclitaxel.

Figure 3 Kaplan-Meier curves of TTD rates in MPC patients 
receiving FFX or GN. TTD, time to treatment discontinuation; 
MPC, metastatic pancreatic cancer; FFX, FOLFIRINOX; GN, 
gemcitabine plus nab-paclitaxel.
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treatment-related grade 3 or greater laboratory adverse 
event was thrombocytopenia, which occurred in 37 (14%) 
and 12 (13%) in the FFX and GN groups, respectively.

Discussion

This study represents one of the largest single center studies 
evaluating outcomes for MPC patients treated with FFX or 
GN with access to the source data allowing a high degree 
of clinical annotation. Our study is also the first published 
“real world” retrospective study to clearly demonstrate 
statistically superior median OS of first line FFX compared 
to GN (11.3 vs. 7.0 months; P<0.001). Furthermore, 
we report that patients treated with first line FFX had 
longer treatment duration compared to GN (TTD, 4.8 
vs. 3.4 months; P=0.0037). These results are despite FFX 
treated patients having more initial and subsequent dose 
modifications compared to GN treated patients.

Although a comparative analysis of the PRODIGE and 
MPACT trials suggest that FFX may be associated with 
better OS compared to GN, the majority of retrospective 
reviews have not demonstrated superiority of FFX. 
Pacheco-Barcia et al. described increased survival with 
FFX compared to GN (14.0 vs. 7.0 months; P=0.02) at 
the 2019 ESMO annual meeting but have not published 
their findings to date (19). In contrast, a metanalysis 
that included sixteen retrospective studies comparing 
safety and effectiveness of GN vs. FFX and found no 
statistically significant difference in OS, progression-free 
survival (PFS), and toxicities between FFX and GN (20). 

However, a metanalysis of retrospective studies is limited 
by unbalanced patient populations, differing treatment 
durations, and lack of access to the source data. A separate 
study utilizing data from the Navigating Cancer database 
reported similar survival and TTD in 202 patients treated 
with either FFN or GN (median TTD, 3.4 vs. 3.8 months; 
P=0.947) (10). However, the study assessed survival by 
database persistence which is a proxy for but not a true 
measure of survival (median database persistence, 8.6 vs. 
8.6 months; P=0.534). Database persistence is an imperfect 
proxy because actions such as switching oncologists or 
leaving the EMR system due to hospice enrollment could 
have underestimated survival. Cartwright et al. published 
one of the largest retrospectives, multi-site, observational 
cohorts of patients with MPC treated with first line FFX 
(n=159), GN (n=255) and found no difference in time to 
treatment failure (TTF) or OS between the two groups (9).  
The authors, however, defined TTF as chemotherapy 
discontinuation for any reason but further insights into why 
treatment was discontinued are not provided. Furthermore, 
the study initially started with 2,901 patients, but the 
authors excluded 2,415 (83%) patients due to reasons such 
as lacking documentation of site of metastasis, missing 
histology information and clinical trial enrollment. Given 
that manual data abstraction and review was not done, the 
authors may have excluded a significant portion of patients 
that could have been included in the analysis, thus possibly 
introducing bias and distorting the survival results. Our 
retrospective study stands apart because we included all 
continuous MPC patients who met the inclusion criteria 
while also manually reviewing and abstracting individual 
patient data, thus allowing us to find the reasons for 
treatment discontinuation. We provide a high degree 
of quality control that allows for accurate data and thus 
reliable interpretation of the results.

Our study demonstrated that younger patients were 
more likely to be treated with FFX than GN. The 
survival was superior with FFX in patients younger than  
76 compared to GN (11.7 vs. 7.1 months; P<0.001), with no 
statistical difference in survival amongst the two treatment 
arms when patients were over the age of 76 (8.0 vs.  
7.0 months; P=0.871). In a pan-European questionnaire 
sent to practicing oncologists, it was found that oncologists 
considered FFX to more toxic than GN (21). The 
selection bias for FFX in younger, more fit patients has 
been described in several larger retrospective studies as 
well, suggesting oncologists are forgoing FFX in older 
patients due to concerns for increased toxicity (10,13,14). 

Table 4 Primary toxicity that led to treatment discontinuation

Toxicity FFX (n=26) GN (n=14)

Sepsis 9 0

Diarrhea 7 2

Nausea, vomiting 3 3

Fatigue 1 2

Altered mental status 2 1

Pain 0 1

Other* 4 5

*, other (FFX vs. GN): hyperglycemia (1 vs. 0); gastric outlet 
obstruction (1 vs. 0); heart failure (0 vs. 1); hypoxic respiratory 
failure (0 vs. 2); hyperbilirubinemia (1 vs. 0); pneumonitis (1 vs. 
0); small bowel obstruction (0 vs. 2). FFX, FOLFIRINOX; GN, 
gemcitabine plus nab-paclitaxel.
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Our study, however, demonstrated no major differences 
in grade ≥3 or higher hematologic adverse events between 
the two regimens. Furthermore, we also found that rates 
of treatment discontinuation for progression or toxicity to 
chemotherapy were similar between both arms, despite the 
GN cohort being older at the time of initiating therapy. 
We interpret these results as suggestive that dose modified 
FFX is a safe and effective regimen to consider in geriatric 
patients.

We are also the first to report that patients treated with 
first line GN had higher incidence of initial and recurrent 
hospitalizations while on treatment compared to FFX 
(P=0.002). This was also shown in another retrospective 
study by Chun et al., where they found interruptions of 
chemotherapy due to toxicity was more frequent in the GN 
group compared to FFX (29.3% vs. 6.8%; P<0.001) (22). 
We identified 41% of patients treated with FFX that had 
at least one hospitalization while on treatment compared 

Table 5 Safety

Variables FFX (n=269), n [%] GN (n=94), n [%] P value

Grade ≥3 neutropenia 0.312

Yes 23 [9] 5 [5]

No 246 [91] 89 [95]

Grade ≥3 anemia 0.650

Yes 27 [10] 11 [12]

No 242 [90] 83 [88]

Grade ≥3 thrombocytopenia 0.809

Yes 37 [14] 12 [13]

No 232 [86] 82 [87]

Hospital admission 1L 0.002

Yes 110 [41] 56 [60]

No 159 [59] 38 [40]

Number of hospital admits 0.033

0 158 [59] 38 [40]

1 77 [29] 40 [43]

2 25 [10] 14 [15]

3 5 [2] 1 [1]

4 3 [1] 1 [1]

Hospitalization led to 1L discontinuation 23 [21] 13 [23] –

Reason for hospital admit –

Abdominal pain/ascites 33 [30] 11 [20]

Altered mental status 8 [7] 8 [14]

Biliary complications 8 [7] 3 [5]

Infectious complications 21 [19] 11 [20]

Nausea, vomiting or diarrhea 22 [20] 14 [25]

Neutropenic fever 3 [2] 2 [4]

Other 15 [14] 7 [13]

FFX, FOLFIRINOX; GN, gemcitabine plus nab-paclitaxel.
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to 60% of patients treated with GN (P=0.002). Reported 
primary diagnoses for admission such as dehydration, 
constipation, respiratory failure, altered mental status and 
heart failure were more common reasons for a hospital 
admission in the GN group compared to the FFX group. 
Interestingly, we did not see a major difference in rates 
of treatment discontinuation due to hospitalizations, a 
surrogate for treatment related toxicity, among the two 
treatment cohorts. These findings may be reflective of an 
older patient population more commonly receiving first 
line GN who also presumably have increased comorbidities 
and fragility. Our findings regarding comparable toxicity 
and reduced hospitalizations between the two treatment 
arms despite FFX having more initial and subsequent dose 
modifications were unexpected because of the assumption 
that FFX is more toxic. Reduced hospitalization rates 
among the FFX treated patients, however, may be a 
consequence of increasing familiarity with the FFX regimen 
over the past decade leading to enhanced supportive care 
measures and anticipatory dose modifications to prevent 
toxicity. Our findings of comparable survival between FFX 
and GN in older adults (≥76), however, needs to be further 
studied as perhaps the toxicities of treating older patients 
with FFX may be overstated and actually lead to decreased 
hospitalization while on treatment, thus improving quality 
of life.

Patients initially treated with FFX had a longer TTD 
than those treated with GN perhaps led to greater 
tumor burden reduction, which is known to be critical in 
improving survival in MPC. Furthermore, the higher rates 
of receiving second line treatment and lower incidence of 
hospitalizations in the FFX cohort could also explain the 
OS difference in favor of FFX, implying that FFX treated 
patients were younger and more fit. On the other hand, it 
is possible that patients treated with GN were sicker given 
their advanced age compared to the average FFX treated 
patient, thus the chances of receiving second line treatment 
was lower in this cohort. It is important to point out, 
however, that we do not know whether starting treatment 
with FFX rather than GN prevented rapid progression and/
or clinical decline thus leading to increased opportunities 
for second line therapies.

We also describe more common FFX use than GN in 
our overall study populations, which is contrast to national 
prescribing patterns. In community practice GN was more 
frequently prescribed as described by Cartwright et al. in 
a multi-site, retrospective cohort of 486 patients treated 
in community cancer centers around the United States 

where GN was more commonly prescribed in 52% of first 
line patients compared to 33% with FFX and 15% with 
gemcitabine monotherapy (9).

At present, patients with MPC only have two first line 
treatment options. Thus, it is imperative to determine 
which MPC patients should receive FFX vs. GN. The 
strength of our study lies in the large population size 
of patients with MPC and manually abstracted patient 
level data. Data collected from the EMR represent actual 
treatment information documented as part of routine 
clinical care, and therefore demonstrate real-world clinical 
treatment patterns and outcomes as opposed to data 
obtained or collected as part of a controlled clinical trial 
or cancer registry databases. The limitations of this study 
include its retrospective design and being conducted at a 
single institution and the potential bias if there were blank 
fields or errors in the EMR database. Missing data cannot 
confirm the absence of a condition or value in patients’ 
medical histories, only that it was not documented.

Conclusions

Patients treated with first line FFX had increased survival 
and TTD compared to patients treated with GN. FFX-
treated patients were younger, less likely to be admitted to 
the hospital while on treatment and more likely to receive 
second line therapy compared to patients treated with GN. 
The rates of treatment discontinuation due to toxicity were 
similar between the FFX and GN cohorts, calling into 
question common assumptions regarding the tolerability of 
FFX. The median OS of patients treated with FFX and GN 
were similar to historical controls in randomized controlled 
trials, suggesting FFX should be considered for first line 
therapy in appropriately selected patients. Further study 
evaluating comparative effectiveness between these two 
regimens is warranted.
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