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Abstract
Background: Pancreatic cancer represents the third leading cause of US cancer 
deaths, with median survival <1 year. The goal of this study was to describe systemic 
treatments, healthcare utilization and costs, and overall survival among patients with 
unresectable/metastatic disease.
Methods: This study used healthcare claims for commercial and Medicare Advantage 
enrollees diagnosed with pancreatic adenocarcinoma (at index date) during January 
01 2010 to 31 May 2017. Included patients were aged ≥18 years, with continuous 
6-month preindex enrollment. Patients were excluded by resectable disease, another 
primary cancer, or pregnancy. Cohorts were based on first-line (LOT1) chemother-
apy regimen.
Results: Overall, 12 978 patients (mean age 70 years, 51% male) were included, 
among which 5610 (43%) received chemotherapy. Of those, 23% received gem-
citabine monotherapy, 22% gemcitabine-nab paclitaxel, 22% FOLFIRINOX, 3% 
FOLFOX, and 29% received other regimens. Mean LOT1 duration was 112 days; 
60% did not undergo subsequent lines of therapy. Moreover, 50% of patients had an 
emergency room visit and 45% were hospitalized during LOT1. Among treated and 
untreated patients, mean total 6-month costs were $52 101. We found that patients 
receiving FOLFIRINOX had the highest costs, whereas those who received gem-
citabine monotherapy had the lowest. Median overall survival (mOS) was 335 days 
with any first-line treatment. FOLFIRINOX-treated patients had the highest mOS 
(492  days), whereas gemcitabine monotherapy-treated patients had the lowest 
(223 days).
Conclusions: A large proportion (57%) of patients with unresectable/metastatic 
pancreatic cancer did not receive chemotherapy. Healthcare costs were higher for 
fluorouracil-based regimens, while lower for gemcitabine-based regimens. Survival 
rates were within expectations for advanced pancreatic cancer.
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1 |  INTRODUCTION

In the United States (US), pancreatic cancer is currently the 
third leading cause of cancer deaths, and is estimated to be-
come the second leading cause by 2030.1 For 2020, pancre-
atic cancer estimates include 57 600 new cases diagnosed and 
47 050 deaths due to the disease.2 Although rates of pancre-
atic cancer diagnoses have increased slightly in recent years, 
survival statistics have not improved significantly.3 This is 
true despite recent developments in chemotherapeutic op-
tions, in part because most patients can have asymptomatic 
advanced or metastatic disease. Relative 5-year survival of 
all types of pancreatic cancer was 9.3% between 2009 and 
2015; for patients with advanced or metastatic disease, the 
rate is 2.9%.3

The majority of pancreatic tumors, more than 85%, are 
adenocarcinomas arising from the ductal epithelium.4 Fewer 
than 20% of cases of pancreatic cancers present with local-
ized disease that is surgically resectable.4 For most patients 
with advanced unresectable or metastatic pancreatic cancer, 
clinical trial enrollment should be offered.5 Outside of a 
clinical trial, the initial preference is to start with chemother-
apy, according to American Society of Clinical Oncology 
(ASCO) and European Society for Medical Oncology 
(ESMO) guidelines.5,6 The optimum regimen is not es-
tablished, but may include FOLFIRINOX (fluorouracil, 
leucovorin, irinotecan, and oxaliplatin), gemcitabine-plus 
nab-paclitaxel, or in patients with a poor performance sta-
tus, gemcitabine monotherapy. Chemoradiotherapy can also 
be used for palliative purposes as initial therapy, with con-
comitant fluoropyrimidine-based and gemcitabine-based 
approaches.

Observational studies evaluating clinical and eco-
nomic outcomes in advanced (nonresectable) pancreatic 
cancer are limited. DaCosta Byfield and colleagues es-
timated costs and resource utilization associated with 
pancreatic cancer in a commercially insured US sample.7 
The mean total per-patient-per-month (PPPM) costs were 
$15 480, and for the metastatic disease treatment phase, 
$21 637.

Significant gaps exist in the literature comparing cur-
rently available agents in locally advanced unresectable 
and metastatic pancreatic cancer treated outside of the 
clinical trial setting. This study was performed to under-
stand current treatment patterns, healthcare resource use 
and costs, and survival outcomes in “real world” clini-
cal practice. The specific objectives were to describe (a) 
newly diagnosed patients with locally advanced unresect-
able/metastatic pancreatic adenocarcinoma; (b) systemic 
regimen treatment patterns by cohorts identified by initial 
line of therapy (LOT1); (c) healthcare resource utiliza-
tion and costs up to 6 months' follow-up; and (d) overall 
survival.

2 |  METHODS

2.1 | Study design

This was a retrospective database study examining treat-
ment patterns and outcomes among pancreatic adenocar-
cinoma patients with locally advanced/metastatic disease. 
The study used claims-based medical data, pharmacy data, 
enrollment information, and mortality data from 01 July 
2009 to 31 May 2017. Study subjects were commercial 
and Medicare Advantage enrollees with a diagnosis of 
pancreatic adenocarcinoma during the identification pe-
riod of 01 January 2010 to 31 May 2017. Additional out-
comes measures included healthcare utilization, costs, and 
survival.

All patients were required to be continuously enrolled in 
the health plan for at least 6 months (preindex period) before 
the first claim with a diagnosis code for advanced disease. 
During this period, preindex characteristics were described. 
The variable period following the index date was used to 
assess outcomes including healthcare utilization and costs.

2.2 | Data sources

2.2.1 | Medical and pharmacy claims data

Data regarding pharmacy and medical claims were accessed 
via a proprietary database, Optum Research Database, 
which contains medical and pharmacy claims data for pa-
tients insured by commercial and Medicare Advantage 
health plans. Medical claims include diagnosis and proce-
dure codes, and paid amounts, collected from all sites of 
healthcare. Pharmacy claims are obtained from outpatient 
prescription fills.

2.2.2 | Mortality data

Mortality data were obtained from several sources: 
the Social Security Administration Death Master File 
(SSADMF); the National Death Index (NDI); and the 
Center for Medicare and Medicaid Services (CMS  or 
MCR); and healthcare claims, as available. The NDI 
and CMS sources provide timing of deaths not always 
captured in claims and data that may be missing in the 
SSADMF. With proper linkage, CMS files establish date 
of death with a 1-month lag time, but not cause of death. 
The CMS death information was sourced from the CMS 
Health Insurance Claim Number to Medicare Beneficiary 
Identifier crosswalk. The NDI, a central index of death re-
cord information from state vital statistics offices, includ-
ing cause of death. The NDI early release version has a 
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lag time of approximately 6 months. Approval through the 
Optum data disclosure analysis process was required for 
the use of exact death dates. Only fully insured and non-
group Medicare Advantage enrollees were matched to the 
NDI for this study: 65% of the study sample who met all 
inclusion and exclusion criteria were matched per compli-
ance rules; death data were searched for up to a 2-year 
period after the last active claim date.

2.2.3 | Patient privacy and protocol review

Data were de-identified in compliance with the HIPAA 
Privacy Rule when disclosed for this research. Appropriate 
research and ethical reviews took place prior to linking with 
NDI database. Following linkage for mortality, data were de-
identified prior to delivery to the research team for analysis. 
No patient's identity or medical records were disclosed for 
the purposes of this study except in compliance with appli-
cable law.

2.3 | Inclusion and exclusion criteria

To be included in the study, subjects were at least 18 years of 
age, and had at least two non-diagnostic claims for pancreatic 
cancer in any claim position on two separate days during the 
study identification period (with date of first of these claims set 
as the index date), and had to have evidence of metastatic dis-
ease by the index date or within 60 days of index date. Patients 
were flagged for treatment with anticancer systemic therapy: 
at least 1 claim for a systemic/immuno-oncologic therapy 
during the identification period, after the index date. These 
included both National Comprehensive Cancer Network-
approved and nonapproved pancreatic cancer drugs in the first 
line of therapy. See Appendix for diagnostic codes (Tables S1 
and S2) and procedure (Table S3) codes for systemic therapy 
administration.

In addition, continuous enrollment with medical and phar-
macy benefits for at least 6 months (180 days) prior to the index 
date (baseline period) and including the index date was required. 
Variable follow-up ended on the earliest date of disenrollment 
from the health plan or 31 May 2017 or death. The start date of 
continuous enrollment before the index date (as early as 01 July 
2009) was evaluated to verify a 6-month period free of pancre-
atic cancer.

Patients were excluded by the following criteria: at least 
1 claim for pancreatic cancer-specific surgery (eg, pancreati-
coduodenectomy) before the first line of treatment; 1 claim 
for clinical trial drug in the baseline period; or evidence 
of other primary cancers (based upon systemic treatment) 
during baseline. Patients with evidence of pregnancy during 
the baseline period were also excluded.

2.4 | Measures and outcomes

2.4.1 | Patient characteristics

Baseline demographic characteristics were obtained, includ-
ing the index month/year, patient age as of the index year, 
gender, insurance type (commercial or Medicare Advantage), 
and geographic region, in accordance with the US Census 
Bureau region designations.8 The mean (±standard devia-
tion [SD]) Quan-Charlson comorbidity score was calculated 
based on the presence of diagnosis codes on medical claims 
in the preindex period, including diagnosis of metastasis.9

2.4.2 | Exposures

The start of the first LOT was identified at the date of first re-
ceived systemic anticancer therapy, including all chemother-
apeutic agents filled/infused within the first 30 days of the 
start date. The end of the LOT was identified as the earliest of 
any of the following: (a) start of a new regimen as indicated 
by initiation of a new agent; (b) gap in therapy or discontinu-
ation of all agents in the first regimen (eg, ≥60 days of no 
regimen agents); (c) end of the study period/disenrollment; 
or (d) death. Note that a LOT that ended because of disenroll-
ment was considered incomplete.

The systemic treatment regimen in the first LOT deter-
mined the exposure cohorts. Patients were assigned to a 
study cohort based on the observed initial treatment regi-
men, primarily including gemcitabine plus nanoparticle al-
bumen-bound (nab)-paclitaxel (Gem-nab-P); FOLFOXIRI/
FOLFIRINOX (includes folinic acid [leucovorin], fluoro-
uracil, irinotecan, and oxaliplatin); gemcitabine monother-
apy; or folinic acid (leucovorin), fluorouracil, and oxaliplatin 
(FOLFOX). A category of “Others” was based upon any 
other regimen of drugs observed. In addition, outcomes were 
determined among patients who did not receive any systemic 
therapeutic regimen during the study period (“No Line 1 
treatment”).

2.4.3 | Outcomes

Healthcare utilization and costs
All-cause healthcare utilization (as PPPM counts) was cal-
culated over a 6-month period. Healthcare costs were meas-
ured as total amounts over 6 months, and as PPPM amounts 
for 6 months and the full follow-up period. Utilization and 
costs are reported for patients with at least 6 months of fol-
low-up postindex (or less if the patient died within the first 
6 months). Utilization and costs were calculated for ambu-
latory visits (office and outpatient), emergency room (ER) 
visits, and inpatient stays. Costs included health plan- and 
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patient-paid amounts, adjusted using the annual medical care 
component of the Consumer Price Index for inflation be-
tween 2010 and 2016.10 Coordination of benefits payments 
was included in the costs.

Survival
To determine overall survival, the number of days was 
summed from the index date to death date as evidenced by 
death per SSADMF, NDI, CMS, or claims. Patients were 
censored at the end of the study period or the disenrollment 
date. Death was counted as an event within the main analyses.

Survival sensitivity analysis
In a sensitivity analysis to determine the effect on overall sur-
vival of censoring, patients were considered censored if they 
were alive at the end of the study period or disenrollment 
date, or 1 year post the last claims date, and were not linkable 
to external death data sources (NDI, CMS). Noncensored pa-
tients included those who had died or were linked to NDI/
CMS, with or without evidence of death.

2.5 | Statistical analyses

2.5.1 | Descriptive analysis

All study variables, including preindex and outcome meas-
ures, were analyzed descriptively. Count and proportions (n, 
%) were provided for dichotomous and polychotomous vari-
ables. Mean (SD) and median were provided for continuous 
variables. Descriptive techniques that account for length of 
observation time (PPPM amounts) were used where appro-
priate. Differences across all cohorts were determined using 
Chi-square test and analysis of variance (ANOVA).

2.5.2 | Kaplan-Meier analysis

Kaplan-Meier analysis was used to estimate overall survival. 
It was used to measure the fraction of patients surviving 
for a certain amount of time after treatment. Survival data 
were stratified based upon first-line treatment regimens (or 
no treatment). Log-rank test on the probability of death was 
performed to determine differences across the cohorts, with 
P < .05 indicating statistical significance.

3 |  RESULTS

3.1 | Study sample characteristics

Among the final analytic sample of 12 978 patients, 5610 (43.3%) 
had evidence of systemic treatment for pancreatic cancer and 

7368 (56.8%) patients did not receive any systemic anticancer 
treatment (chemotherapy) in the follow-up period (Figure 1). 
Among patients included in the analyses (n = 12 978), 1322 
(10.2%) had gemcitabine monotherapy; 1280 (9.9%) had gem-
citabine plus nab-paclitaxel (Gem-nab-P); 1234 (9.5%) had 
FOLFIRINOX; 161 (1.2%) had FOLFOX; and 1613 (12.4%) 
had other systemic treatment, with the highest percentage hav-
ing capecitabine (9.7%) or gemcitabine-cisplatin (9.5%) (Table 
S4). Among patients in the “other” group, 25% received a com-
bination which included a platinum-based agent.

Selected demographic and clinical characteristics by 
first line of therapy are shown in Table 1. The total sample 
of patients had mean age of approximately 70 years with 
a nearly equal female-to-male ratio (49:51, respectively), 
a majority (65%) had Medicare Advantage insurance cov-
erage, and 71% were located in the Midwest and South re-
gions of the United States. Among all patients, the mean 
(SD) comorbidity score was 2.86 (2.94) with a median 
score of 2.00. Among all patients included in the study, 
96.7% had distant metastasis and 2.3% had lymph node 
metastasis only at baseline. Per study design, no patients 
had surgical resection. The median continuous follow-up 
was 188 days, among the entire sample, with a median of 
116 days for the no treatment group.

3.2 | Treatment patterns

Gemcitabine (23.6%), Gem-nab-P (22.8%), and 
FOLFIRINOX (22.0%) were the most commonly selected 
regimens for LOT1; median treatment durations (includ-
ing censored lines) by LOT1 regimen are shown in Table 2. 
Those treated with Gem-nab-P had the longest median treat-
ment duration (93  days); excluding censored lines raised 
the median to 99 days. Median durations were 85 days for 
FOLFIRINOX, 71  days for gemcitabine monotherapy, 
and 65 days for FOLFOX. Among patients receiving other 
treatments, the median duration of therapy was 76  days. 
Among patients who initiated treatment with a systemic LOT 
(n = 5610), Figure 2 shows the numbers of patients who had 
1, 2, 3, or 4+ total regimens, as identified by their initial LOT. 
Among the patients who initiated one systemic LOT, 60% had 
only one LOT, 25% had two, 10% had three, and 5% had four 
LOTs during the study period.

3.3 | Healthcare resource 
utilization and costs

The use of healthcare resources (Figure  3) and their as-
sociated costs (Figure 4) were determined for patients re-
ceiving a first LOT and those not receiving any systemic 
treatment for the 6-month (or less for patients who died) 
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postdiagnosis period. Those in the FOLFIRINOX group 
had the highest counts of hospital outpatient and office 
visits. Patients with no treatment had the highest counts 
of ER and inpatient visits. The mean total all-cause costs 
among all patients (treated and untreated) were $52  101 
over 6 months postdiagnosis. Those in the FOLFIRINOX 
cohort had the highest costs ($110 834), with the greatest 
proportion (50%) attributable to outpatient care. Patients 
in the gemcitabine-only cohort had the lowest ($53 341), 
with 32% attributable to outpatient care and 45% attribut-
able to inpatient care. Among all patients studied, those 
with no first line of systemic therapy had the lowest costs 
($30 630), with the greatest proportion attributable to inpa-
tient care. The PPPM values for the 6-month period and the 
full follow-up period were similar (Table S5).

3.4 | Overall survival

Among all patients, the median overall survival (mOS) was 
263  days (8.8  months). The FOLFIRINOX cohort had a 

mOS of 492 days (16.4 months), those receiving “Other” 
regimens had 379  days (12.6  months), and the Gem-
nab-P cohort had 308 days (10.3 months). In contrast, pa-
tients receiving gemcitabine only had a median 223 days 
(7.4 months) overall survival, and patients who received no 
first-line regimen had a median of 159 days (5.3 months). 
Figure 5 provides the Kaplan-Meier proportions for over-
all survival by first-line treatment regimen. The proportion 
at risk at 300 days was 0.47 among all patients, with sig-
nificant differences detected across all cohorts (P < .001). 
The survival curves (Figure  6) are significantly different 
(P  <  .001) between patients who received any treatment 
(median 335 days [11 months]) and those who received no 
treatment (159 days [5.3 months]).

3.5 | Sensitivity analysis: survival

The sensitivity analysis examined percent of patients who 
were not censored, that is, patients who died (during the 
study period) or were available for linkage with CMS or NDI 

F I G U R E  1  Patient identification and attrition flow chart. Patients were included by evidence of pancreatic cancer, continuous enrollment in 
their health plans, and a 6-month baseline period with no claims for pancreatic cancer. Exclusion criteria were based upon evidence of pancreatic 
cancer surgery, clinical trial enrollment, or evidence of pregnancy. ICD-9-CM/-10-CM, International Classification of Diseases, Clinical 
Modification, 9th and 10th Revisions

Patients with ≥2 non-diagnostic claim for pancreatic cancer (ICD-9-CM 157.0-
157.3, 157.8-157.9; ICD-10-CM C25.0 –C25.3, C25.7-C25.9) in any claim 

position on 2 separate days during the identification period 01/01/2010—
05/31/2017 (first claim date = index date)

N = 22 507

Patients with continuous enrollment with medical and pharmacy benefits for 
≥6 months (180 days) pre-index (baseline period). Follow-up ended on the 

earliest of plan disenrollment, death, end of study period (05/31/2017)

n = 16 581

Patients with no claims for pancreatic cancer for ≥6 months 
before the index date (“newly diagnosed”) 

n = 15 619
Exclusions:

Pancreatic cancer surgery (–1646) 
Baseline clinical trial enrollment (–55)

Baseline other cancer treatment (–876)
Pregnancy (–64)Patients included in analysis

n = 12 978

Patients with systemic treatment 
as first line of therapy

n = 5610

Patients without systemic 
treatment during follow-up

n = 7368
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database versus patients who were censored (no evidence of 
death) by end of enrollment, study end date, or 1-year after 
last claim date (Figure 7). Among all patients, 63% were not 
censored and 37% were censored during the study period. 
While 47% of the total population was still alive for the total 
study cohort, in the population that were not censored, only 
22% was alive after including all the external sources of death 
data.

4 |  DISCUSSION

Despite recent developments in chemotherapeutic treatment 
of pancreatic cancer, the prognosis remains poor overall, 
especially for advanced unresectable/metastatic disease. 
Optimizing treatment toward the most cost-effective regimen 
for survival benefit is a high priority in pancreatic cancer 
care. In order to evaluate options, data obtained both in clini-
cal trial and routine practice settings are needed to analyze 
treatment course, healthcare utilization and costs, and sur-
vival. This study evaluated these measures among a sample 
of patients enrolled in commercial and Medicare Advantage 
health plans, who were treated outside of clinical trials, for 
unresectable/metastatic disease. It should be noted that, in 
our analysis, the vast majority of patients had evidence of 
metastatic disease. These results can be utilized to compare 
to clinical trials and other reports of patients with metastatic 
disease.

4.1 | Treatment patterns

Overall, 12 978 patients met criteria for the study, and 5610 
patients had a first-line systemic treatment, the most common 
being gemcitabine monotherapy, gem-nab-P, FOLFIRINOX, 
and FOLFOX; and 29% of treated patients had others (in-
cluding the highest percentage having capecitabine and next 
highest gemcitabine plus cisplatin). Mean treatment dura-
tion was 112 days, but 60% did not start a second line. The 
sample varied somewhat in age and insurance coverage type 
by treatment option, with patients receiving FOLFIRINOX 
being the youngest patients with the highest percentage 
enrolled in commercial plans, as well as having the lowest 
baseline Quan-Charlson comorbidity score. Their geographic 
distributions were consistent with the overall database and 
with the US Medicare Advantage and commercially insured 
population.11

Of particular note, 57% of patients did not receive a first-
line chemotherapeutic regimen. However, the median fol-
low-up time for untreated patients was 116 days, far shorter 
than the follow-up times (202-311 days) available for patients 
who were treated. Although the mean age among these pa-
tients was higher than the other regimen groups, it remains T
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unclear whether age, comorbid status, or any other variables 
may have influenced the patients' choices to pursue chemo-
therapy. Recent studies have explored reasons for patients with 
advanced pancreatic cancer not receiving treatment. For ex-
ample, one study demonstrated regional variation in receipt of 
treatment at all stages; among patients with stage IV disease, 
more than 40% received no treatment.12 A SEER study among 
Medicare patients observed that patients with advanced can-
cer, older age, and affected by poverty were more likely to 

receive no treatment.13 However, in contrast to this study, their 
sample of patients comprised only 25% with distant metas-
tases and the study included surgical- and radiation-treated 
patients.

The realization that >50% of newly diagnosed advanced 
pancreatic cancer patients never received any systemic ther-
apy in itself is alarming. There may be many reasons for 
this finding. One would be that the financial costs associated 
with the treatments, even in the insured population, are too 

F I G U R E  2  Numbers of patients 
who had 1, 2, 3, or 4+ total regimens, as 
identified by their first line of systemic 
treatment regimen (LOT1). Among the 
patients who initiated at least one, 60% 
had only one LOT, 25% had two, 10% 
had three, and 5% had four LOTs during 
the study period. FOLFIRINOX, folinic 
acid [leucovorin], fluorouracil, irinotecan, 
and oxaliplatin; FOLFOX, folinic acid 
(leucovorin), fluorouracil, oxaliplatin; Gem-
nab-P, gemcitabine plus nab-paclitaxel; 
gemcitabine alone; or others

Number of Patients Initiating LOTs by Initial Treatment Regimen
Number of LOTs 

Initiated, n
Gem-nab-P
(n = 1280)

FOLFIRINOX
(n = 1234)

Gemcitabine
(n = 1322)
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F I G U R E  3  Healthcare resource 
utilization for up to 6 mo postdiagnosis, 
by first line of systemic treatment (LOT1) 
regimen. Per-patient-per-month (PPPM) 
counts of utilization types by regimen: Gem-
nab-P, gemcitabine plus nab-paclitaxel; 
FOLFIRINOX, folinic acid [leucovorin], 
fluorouracil, irinotecan, and oxaliplatin; 
FOLFOX, folinic acid (leucovorin), 
fluorouracil, oxaliplatin; gemcitabine alone; 
or others, or no first-line systemic treatment 
(Tx); ER, emergency room
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high and the patients are choosing not to receive treatment 
due to inability to pay the copay or coinsurance associated 
with the treatment. It would also be concerning, but not in-
conceivable to think that these patients are not being treated 
due to the nihilism surrounding a pancreatic cancer diag-
nosis. Efforts to educate patients, as well as first medical 
points of contact (eg, primary care physicians, and gastroen-
terologists) on the proven benefits of systemic therapy must 
become a priority.

4.2 | Healthcare utilization and costs

Mean total costs among all patients (treated and untreated) 
were $52  101 over 6  months postdiagnosis. Those in the 
FOLFIRINOX cohort had the highest costs, with approxi-
mately half attributable to outpatient care. Patients receiv-
ing gemcitabine-based regimens had the lowest total costs, 
with approximately one third attributable to outpatient care. 
Among all patients studied, those with no first line of sys-
temic therapy had the lowest total costs, but the largest pro-
portion of costs attributable to inpatient care. The findings 
of this study are in alignment with expectations in terms of 
treated versus untreated patients, although comparison across 
retrospective studies is challenging due to variation in study 
period, insurance coverage of the study population, design, 
endpoints, and patient samples.

The only recent US real-world study evaluating costs 
included metastatic cancer patients treated with first-line 

Gem-nab-P or FOLFIRINOX.14 Supportive care costs and 
inpatient hospitalization rates were significantly lower with 
Gem-nab-P, although costs of drug acquisition were higher. 
Total costs of care PPPM, adjusted for covariates, were lower 
for patients treated with Gem-nab-P. In this study, no direct 
comparison was made between individual drugs, yet the 
magnitude of PPPM costs was similar to those in the compar-
ison study.14 The FOLFIRINOX cohort in this study had the 
highest PPPM outpatient costs.

Although systemic cancer treatment in general is costly,14 
the majority of costs among all patients in this study was for 
medical care, rather than pharmacy costs. In a 2013 study, 
total PPPM costs among a sample of patients with pancreatic 
cancer were comparable to those in this study, although their 
sample included all stages and did not distinguish specific 
systemic therapies.7 However, among patients in a metastatic 
phase, the largest proportion of mean costs were due to man-
agement of complications, rather than chemotherapy, similar 
to our study. Further study of costs associated with specific 
regimens is warranted, especially among older patients with 
advanced disease, for whom out-of-pocket costs, as well as 
toxicity, may be weighed against overall benefit.15

4.3 | Survival

Among the entire sample of 12 978 patients included in this 
study, the mOS was 263  days (8.8  months); however, this 
figure includes 7368 patients who had no first-line systemic 

F I G U R E  4  All-cause mean monthly 
healthcare costs (by type: office visits, 
outpatient visits, ER visits, inpatient stays, 
other medical costs, pharmacy costs, and 
total) for up to 6 mo postdiagnosis by first 
line of systemic treatment (LOT1) regimen. 
ER, emergency room; FOLFIRINOX, 
folinic acid [leucovorin], fluorouracil, 
irinotecan, and oxaliplatin; FOLFOX, 
folinic acid (leucovorin), fluorouracil, 
oxaliplatin; Gem-nab-P, gemcitabine plus 
nab-paclitaxel; gemcitabine alone; or others, 
and no first-line treatment (Tx); US, United 
States

Healthcare Costs by Initial Line of Therapy, $US, Total Costs

Type of Utilization Gem-nab-P
(n = 1280)

FOLFIRINOX
(n = 1234)

Gemcitabine
(n = 1322)

FOLFOX
(n = 161)

Others
(n = 1613)

No First Line
(n = 768)

Office visit $16 220 $20 017 $7764 $10 433 $13 714 $961 
Outpatient visit $30 474 $55 807 $17 076 $28 910 $29 645 $3773 
ER visit $1132 $847 $862 $776 $874 $585 
Inpatient stay $20 912 $24 551 $23 760 $30 740 $28 814 $23 074 
Other medical $2365 $4405 $1443 $3119 $3343 $1189 
Pharmacy $2959 $5207 $2436 $3658 $7864 $1048 
Total healthcare costs $74 061 $110 834 $53 341 $77 636 $84 253 $30 630 
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therapy. For those patients, median survival was 159  days 
(5.3 months). The longest mOS was 492 days (16.4 months) 
in the FOLFIRINOX cohort in this study, and the lowest 
was observed among patients receiving gemcitabine only 
at 223 days (7.4 months). Data for patients included in this 
study were obtained over the years 2009-2017. The most 
relevant clinical trials of systemic regimens across similar 
years reported survival data comparing fluorouracil-based 
regimens and gemcitabine-based regimens. For example, 
the PRODIGE study demonstrated higher overall survival 
with FOLFIRINOX compared with gemcitabine alone 
(11.1 months vs 6.8 months, respectively).16 The addition of 
nab-paclitaxel to gemcitabine increased the median length 

of overall survival (8.5  months) compared with gemcit-
abine alone (6.7 months) as observed in the MPACT trial.17 
Similarly, in this study, the Gem-nab-P cohort also had a 
longer median survival of 308 days (10.3 months) than pa-
tients with gemcitabine only (223 days; 7.4 months).

Comparing survival data from clinical trials to those of the 
current retrospective study is hindered by differences in study 
design, sample characteristics, and available data on deaths. 
However, similar limitations hinder comparisons among 
regimens with recent retrospective studies and systematic 
reviews/meta-analyses.18-22 Thus, conclusions regarding su-
periority of any one regimen are problematic. In a 2018 me-
ta-analysis, Hall and colleagues report that although survival 

F I G U R E  5  Overall survival analysis: risk at intervals by first-line regimen. Kaplan-Meier curve comparing overall survival across first line 
of systemic treatment (LOT1) regimens: Gem-nab-P, gemcitabine plus nab-paclitaxel; Gem, gemcitabine; FOLFIRINOX, folinic acid [leucovorin], 
fluorouracil, irinotecan, and oxaliplatin; FOLFOX = folinic acid (leucovorin), fluorouracil, oxaliplatin; others; and no first-line treatment (Tx). 
NDI, National Death Index; MCR or CMS, Center for Medicare and Medicaid Services

Time (days)
P-value0 30 60 90 120 150 180 210 240 270 300 median

Total
propor�on 1.0000 0.9033 0.7877 0.7186 0.6633 0.6200 0.5797 0.5467 0.5185 0.4937 0.4723

263.00

<.001

at risk 12 978 11 615 9881 8792 7939 7254 6644 6119 5663 5272 4930

Gem-nab-P
propor�on 1.0000 0.9883 0.9390 0.8786 0.8217 0.7620 0.6966 0.6431 0.5909 0.5418 0.5079

308.00
at risk 1280 1259 1164 1066 967 868 767 693 616 537 487

FOLFIRINOX
propor�on 1.0000 0.9967 0.9694 0.9406 0.9133 0.8650 0.8312 0.7982 0.7575 0.7249 0.6925

492.00
at risk 1234 1226 1160 1091 1023 940 875 804 735 683 628

Gem
propor�on 1.0000 0.9765 0.9027 0.8127 0.7159 0.6325 0.5817 0.5257 0.4702 0.4300 0.3847

223.00
at risk 1322 1291 1182 1052 910 792 717 636 554 498 440

FOLFOX
propor�on 1.0000 0.9752 0.9313 0.8803 0.8008 0.7462 0.7037 0.6532 0.5936 0.5396 0.5165

334.00
at risk 161 157 147 136 121 107 98 90 79 71 67

Others
propor�on 1.0000 0.9925 0.9481 0.8941 0.8320 0.7893 0.7233 0.6699 0.6357 0.6081 0.5765

379.00
at risk 1613 1596 1509 1400 1279 1187 1072 970 905 857 795

No First Line
propor�on 1.0000 0.8379 0.6700 0.5925 0.5427 0.5107 0.4816 0.4616 0.4469 0.4316 0.4210

159.00
at risk 7368 6086 4719 4047 3639 3360 3115 2926 2774 2626 2513
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rates have improved minimally over the past 30 years, only 
FOLFIRINOX has a weighted mOS over 10 months in clin-
ical trials.23

Of particular note, patients in this study who received no 
first-line regimen had a mOS of 159 days (5.3 months). This 
difference represents a substantial gap in the use of systemic 
treatment among patients with metastatic pancreatic cancer.

4.4 | Limitations

Limitations of this study included those inherent with the use 
of administrative claims, including possible coding errors 
and unrecorded care received outside the health insurance 
plan. Potential confounders, including performance status, 

stage, histology, and molecular biomarker status, were not 
available for analysis and would have impacted outcomes. 
Furthermore, provider and formulary characteristics, as well 
as information about patients' wishes or providers' approach, 
that may have influenced medication access and choice, were 
not available. Additionally, costs used in this analysis as paid 
costs to the providers, that is, the reimbursed amount based 
on negotiated rates; and serve only as a proxy for the real 
costs of medical care in this country.

Traditionally, death date may be missing for up to 50% 
of the deaths, as the SSA DMF no longer provides death 
data sourced from “electronic data capture” for second-
ary research purposes. This limitation was addressed by 
matching with the NDI database and addition of the CMS 
data source. In the population that had evidence of death 

F I G U R E  6  Overall survival analysis for any first-line treatment versus no first-line treatment. Kaplan-Meier curve comparing total patients, 
patients with at least one line of treatment (LOT), and patients with no systemic treatment (Tx). MCR or CMS, Center for Medicare and Medicaid 
Services; NDI, National Death Index

Time (days)
P-

value0 30 60 90 120 150 180 210 240 270 300
Median

OS

Total
propor�on 1.0000 0.9033 0.7877 0.7186 0.6633 0.6200 0.5797 0.5467 0.5185 0.4937 0.4723

263.00

<.001

at risk 12 978 11 615 9881 8792 7939 7254 6644 6119 5663 5272 4930
≥1 
Treatment

propor�on 1.0000 0.9882 0.9395 0.8809 0.8186 0.7606 0.7059 0.6561 0.6104 0.5731 0.5375
335.00

at risk 5610 5529 5162 4745 4300 3894 3529 3193 2889 2646 2417
No 
Treatment

propor�on 1.0000 0.8379 0.6700 0.5925 0.5427 0.5107 0.4816 0.4616 0.4469 0.4316 0.4210
159.00at risk 7368 6086 4719 4047 3639 3360 3115 2926 2774 2626 2513
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or were available for linkage to all the sources of data, the 
percentage that survived is in line with literature and the 
median survival times are also in line with current clinical 
trial literature. Finally, these results were from a managed 
care population in the US and may not be generalizable to 
other populations, such as uninsured and those with tradi-
tional Medicare insurance.

5 |  CONCLUSIONS

In this study, treatment patterns and overall survival rates 
were in line with expectations for advanced pancreatic can-
cer. Although direct comparisons were not performed be-
tween individual regimens, patients receiving gemcitabine 
monotherapy had the lowest total costs and those receiving 
FOLFIRINOX had the highest costs, among all patients who 

received first-line treatment. Notably, 57% of patients in this 
study did not receive first-line systemic therapy. Among pa-
tients who did receive first-line therapy, 60% did not receive 
subsequent therapy. These findings indicate a significant gap 
exists for future treatment options to fill.
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