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Abstract
Background: Immunotherapy (IT) has led to improved survival in several common cancers but success in
pancreatic ductal adenocarcinoma (PDAC) has been limited. We analyzed if combination IT-
chemotherapy (IT-CT) is associated with improved survival compared to chemotherapy alone (CT) in
patients with metastatic PDAC.                                                                                 

Methods: The National Cancer Database (2004-2016) was queried for patients who were diagnosed with
metastatic PDAC. Patients were categorized by treatment group: CT only and IT-CT. Patients were
excluded if they received radiation or a surgical procedure. The primary outcome was overall survival.

Results: A total of 59,289 patients were identi�ed, of whom 58,947 (99.4%) received CT and 342 (0.6%)
received IT-CT. The IT-CT group was younger, had fewer comorbidities, and was more often treated at an
academic center. The utilization of multi-agent chemotherapy was similar between the groups. Median
survival of patients treated with IT-CT was longer than CT alone (7.9 vs 6.3 months, p=0.005). On
multivariable analysis, receipt of IT-CT was associated with a survival advantage as compared to CT
(HR=0.86, 95% CI 0.76-0.97) when adjusting for demographics and type of chemotherapy regimen.

Conclusions: In patients with metastatic PDAC, it appears that combination IT-CT may be associated with
a survival advantage compared to CT alone. 

Background
Multi-agent chemotherapy remains the backbone of systemic treatment for patients with pancreatic
ductal adenocarcinoma (PDAC).[1] FOLFIRINOX (5-�uorouracil, leucovorin, irinotecan, oxaliplatin),
gemcitabine with nab-paclitaxel, and gemcitabine with capecitabine have demonstrated a survival bene�t
over gemcitabine monotherapy in patients with metastatic PDAC.[2–4] Despite modest advances in the
effectiveness of chemotherapeutics, further combinations are unlikely. Multi-agent chemotherapy is
associated with severe toxicities, which have been reported in the majority of patients receiving
FOLFIRINOX.[2, 5] Alternative treatment strategies are needed. There has been improvement in overall
survival of other solid tumor malignancies over the past decade, such as melanoma, renal cell carcinoma,
lung cancer, and bladder cancer, with the introduction of therapy targeting various immune system
checkpoints.[6–9] Immunotherapy aims to boost a patient’s immune system to enhance tumor
recognition and destruction.[10–14] Unfortunately, no such success has been realized in the treatment of
PDAC to date.[15–21]

A previous retrospective analysis of patients with PDAC who underwent a pancreatectomy in the National
Cancer Database (NCDB) demonstrated an association between improved overall survival and adjuvant
immunotherapy-chemotherapy as compared to adjuvant chemotherapy alone.[22] To our knowledge,
there has not been a report on the impact of immunotherapy in metastatic PDAC patients using a large
administrative database. The primary aim of this study was to use the NCDB to determine if the addition
of immunotherapy to chemotherapy was associated with a survival advantage in patients with
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metastatic PDAC. In addition, we aimed to identify potential disparities in receipt of immunotherapy
based on sociodemographic characteristics.

Methods
Institutional assurances. The Institutional Review Boards at our institutions have deemed that
retrospective analyses of public, anonymized data sets are exempt from review.

Data source. The NCDB is a nationwide database, jointly maintained by the American College of
Surgeons and the American Cancer Society. This database receives patient information from
Commission on Cancer-accredited hospitals across the nation and contains de-identi�ed information on
approximately 70% of all new malignancies diagnosed in the United States each year. The accuracy of
the data reported, statistical analyses performed, and conclusions drawn are not monitored nor veri�ed
by the American College of Surgeons or American Cancer Society. The NCDB Participant User File data
dictionary contains de�nitions of variables used in this study.[23]

Patient cohort. Adult patients diagnosed with PDAC were identi�ed between 2004 and 2016, using
International Classi�cation for Diseases in Oncology (3rd Edition) codes 8140 and 8500. Only patients
with metastatic (stage IV) disease at diagnosis were included. Patients were excluded from the analysis if
they underwent a surgical procedure, if they received radiotherapy, if the type of chemotherapy
administered (single-agent or multi-agent) was not recorded, or if data on immunotherapy administration
was missing (consort diagram, Fig. 1). For this analysis, we utilized data on sociodemographic (age, sex,
race, insurance status, education quartile, income quartile, Charlson-Deyo comorbidity index) and clinical
characteristics, facility type (academic, community, comprehensive community, integrated), and
treatment information.

Exposure. Patients with PDAC were categorized into two treatment groups: those who received single- or
multi-agent chemotherapy (CT) alone or immunotherapy (IT) and CT (IT-CT).

Outcomes. The primary outcome in this study was overall survival, de�ned as the number of months
from the patient’s date of diagnosis to either their date of death or last follow-up. Cancer-speci�c
outcomes were not evaluated because the NCDB does not capture data pertaining to recurrence or cause
of death.

Statistical analysis. Clinical and demographic data were compared between the treatment groups; the
Wilcoxon rank-sum test was used to compare continuous dependent variables. Pearson’s Chi-square test
was used to compare categorical variables. Multivariable logistic regression was used to determine the
association between immunotherapy usage and demographic characteristics and clinical variables.
Median survival was analyzed using the Kaplan-Meier estimate and compared by the log-rank test.
Multivariable Cox proportional hazards regression models were used to calculate hazard ratios (HRs) and
95% con�dence intervals (95% CI) for the association between the three treatment groups and survival,
adjusting for sex, age, race (white, other), type of hospital (academic, other), insurance status (private,
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other), Charlson-Deyo comorbidity score (0, ≥ 1). The NCDB does not include survival data for patients
diagnosed in 2016, thus these patients were not included in survival analyses. StataSE v16.0 (Statacorp
LLC, College Station, TX) was used for statistical analyses and a p-value < 0.05 was used to indicate
statistical signi�cance.

Results
Demographic and clinical data. A total of 59,289 patients were identi�ed, of whom 58,947 (99.4%)
received CT and 342 (0.6%) received IT-CT (Table 1). Patients who received IT-CT were younger (64 vs 66
years, p = 0.002), more likely to be white, and more likely to have private insurance compared to those
who received CT. Patients who received IT-CT had fewer comorbidities than patients who received CT
(Charlson-Deyo score = 0: 76.3% vs 68.9%, p = 0.007). The majority of patients in the IT-CT group were
treated at academic hospitals (56.6% IT-CT vs 39.7% CT, p < 0.001). Usage of multi-agent chemotherapy
was similar between the groups.
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Table 1
Summary of demographic and clinical data among patients with metastatic PDAC (NCDB, 2004–2016)
Characteristic IT-CT

(n = 342)

CT

(n = 58,947)

p

Age (years; median, range) 64 (21–86) 66 (18–90) 0.002

Male 187 (54.7%) 32,058 (54.4%) 0.913

Race/Ethnicity     0.008

White 278 (81.3%) 44,770 (75.9%)  

Black 21 (6.1%) 6,960 (11.8%)  

Hispanic 18 (5.3%) 2,465 (4.2%)  

Other 25 (7.3%) 4,752 (8.1%)  

Primary Insurance Payor     0.001

None 4 (1.2%) 1,744 (3.0%)  

Private 168 (49.1%) 23,236 (39.4%)  

Medicare 140 (40.9%) 29,183 (49.5%)  

Medicaid, Other 30 (8.8%) 4,784 (8.1%)  

Education: <6.3% of population w/o high school diploma 113 (33.5%) 15,862 (27.3%) 0.031

Income: ≥$63,333 annual household income 151 (45.1%) 22,149 (38.2%) 0.001

Charlson-Deyo score = 0 261 (76.3%) 40,639 (68.9%) 0.007

Facility type     < 0.001

Community 25 (7.5%) 4,744 (8.1%)  

Comp Community 97 (29.0%) 22,899 (39.3%)  

Academic/Research 189 (56.6%) 23,126 (39.7%)  

Integrated Network 23 (6.9%) 7,537 (12.9%)  

Distance to hospital (miles; median, IQR) 17.8

(6.7,46.6)

10.1

(4.5,24.2)

< 0.001

Tumor size (mm; median, IQR) 40 (30,52) 38 (30,51) 0.520

Multi-agent chemo 228 (66.7%) 37,043 (62.8%) 0.144

Single-agent chemo 114 (33.3%) 21,904 (37.2%)  



Page 6/16

Factors associated with utilization of immunotherapy. Multivariable logistic regression analysis was
used to determine what factors were associated with the administration of IT (Table 2). Advanced age
and greater comorbidity score were associated with a decreased likelihood of receiving IT. Treatment at
an academic facility was associated with an increased likelihood of receiving IT (OR = 1.95, 95% CI 1.58–
2.41). There was no association between receipt of IT and sex, race, or insurance payor.

Table 2
Multivariable logistic regression analyzing utilization of immunotherapy

among patients with metastatic PDAC (NCDB, 2004–2016).

  OR 95% CI p-value

Age 0.99 0.98 1.00 0.046

Female vs male 1.01 0.82 1.25 0.929

White vs other race 1.30 0.99 1.71 0.055

Private insurance vs other 1.23 0.96 1.56 0.100

Top 2 income quartiles vs bottom 0.86 0.66 1.12 0.277

Top 2 education quartiles vs bottom 1.34 1.03 1.74 0.031

Academic facility vs other 1.95 1.58 2.41 < 0.001

Charlson-Deyo score ≥ 1 vs 0 0.77 0.60 0.99 0.040

Survival analyses. Patients who received combined IT-CT had longer median overall survival than
patients treated with CT alone (7.9 vs 6.3 months, p = 0.005; Table 3, Fig. 2). The two-year survival rates
were similar (IT-CT: 7.32%, CT: 7.01%). Of note, there was an additional group of patients who received
immunotherapy without chemotherapy. This group (n = 17) had a median survival of 5.2 months.

Table 3
Summary of median survival among patients with

metastatic PDAC strati�ed by treatment group (NCDB,
2004–2015).

Treatment n Median IQR p

IT-CT 268 7.9 4.8 13.1 0.005

CT 52,344 6.3 3.2 11.7

IT only 17 5.2 2.7 15.5 ---

Additionally, we performed a subgroup analysis for patients diagnosed in 2010 or later as both
FOLFIRINOX and gemcitabine/nab-paclitaxel were introduced around that time.[2, 3] We found that the
median survival of patients who received IT-CT increased to 9.7 months and was longer than those who
received CT only (6.8 months, p = 0.017, Table 4, Fig. 3)
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Table 4
Summary of median survival among patients with

metastatic PDAC strati�ed by treatment group (NCDB,
2010–2015).

Treatment n Median IQR p

IT-CT 152 9.7 5.1 15.1 0.017

CT 32,666 6.8 3.3 12.9

A multivariable Cox regression analysis examining overall survival in the treatment groups is shown in
Table 5. IT-CT was associated with a survival advantage relative to CT alone (HR = 0.86, 95% CI 0.76–
0.97). Patients with advanced age, those treated at non-academic facilities, and those with a greater
Charlson-Deyo score also had an associated survival disadvantage. Those who received multi-agent
chemotherapy had an associated survival bene�t (HR = 0.65, 95% CI 0.64–0.66).

Table 5
Multivariable Cox proportional hazards regression analyzing overall survival

between treatment groups (NCDB, 2004–2015).

  HR 95% CI p-value

IT-CT vs CT 0.86 0.76 0.97 0.015

Age 1.01 1.00 1.01 < 0.001

Female vs male 0.93 0.91 0.95 < 0.001

Academic facility vs other 0.83 0.82 0.85 < 0.001

Private insurance vs other 0.94 0.92 0.96 < 0.001

Charlson-Deyo score ≥ 1 vs 0 1.13 1.11 1.15 < 0.001

Multi-agent chemotherapy vs single-agent 0.65 0.64 0.66 < 0.001

Discussion
In recent years, immunotherapy has revolutionized the �eld of oncology. Several malignancies in which
immunotherapy has improved survival, such as melanoma, lung, and renal cell carcinoma, are well-
vascularized, highly immunogenic, have a high mutational burden, and have a microenvironment
conducive to immune cell survival and function.[24, 25] Despite encouraging results in other
malignancies, immunotherapy has not demonstrated e�cacy in the majority of PDAC patients. More
recently, olaparib (a poly (adenosine diphosphate–ribose) polymerase (PARP) inhibitor) was approved for
utilization in patients with metastatic pancreatic cancer. There was no difference in median survival as
compared to placebo (18.9 months vs 18.1 months), but olaparib was associated with an greater
progression-free survival (7.4 months vs 3.8 months).[26] Of note, olaparib was only approved for
patients with BRCA (breast cancer gene)-mutated pancreatic cancer, which accounts for just 5% of cases.
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[27] The median survival of both arms in the aforementioned study were greater than the current analysis.
To be included in this trial, patients had to complete 16 weeks of chemotherapy, likely preventing
enrollment of patients with poor performance status or rapidly progressive disease. Therefore, these
results are not broadly generalizable to the majority of patients with metastatic PDAC.

In our study, we report that the addition of immunotherapy to chemotherapy was associated with a
survival advantage in patients with metastatic PDAC. Median overall survival was approximately
1.6 months longer in the IT-CT group. This is concordant with a recent report which demonstrated that the
combination of immunotherapy and chemotherapy in the adjuvant setting was associated with improved
survival compared to adjuvant chemotherapy alone (5-year overall survival: 30.3% vs 20.6%).[22] The
associated survival advantage among patients who received adjuvant IT-CT as compared to adjuvant CT
was greater in magnitude relative to the �ndings in our study. We hypothesize that this discrepancy may
be due to the effectiveness of treatments based on disease burden. For example, when compared to
single-agent gemcitabine, FOLFIRINOX lead to a 19.4 month survival advantage in the adjuvant setting,
but just a 4.3 month advantage in metastatic PDAC.[2, 5] It is possible that our current �ndings, as well as
those reported in the adjuvant setting, are false positive results, attributable to randomness in a relatively
small sample size or unappreciated confounders.

Numerous immune targets have been studied in PDAC. A phase II trial in patients with metastatic PDAC
who failed �rst-line chemotherapy received durvalumab, a monoclonal antibody targeting PD-L1
(programmed death-ligand 1); however, this trial was terminated due to a response rate of 0%.[18]
Cytotoxic T-lymphocyte-associated protein-4 (CTLA-4), another immune checkpoint, has been shown to
downregulate immune responses. A single-arm clinical trial which combined ipilimumab (a CTLA-4
antagonist), nivolumab (a PD-1 (programmed cell death protein 1) antagonist), and radiation in patients
with metastatic PDAC demonstrated an objective response rate of just 14% and a progression-free
survival of 76 days.[19] A recent phase I trial examining the safety of nivolumab, nab-paclitaxel, and
gemcitabine in patients with advanced PDAC did not show a survival bene�t as compared to historic
survival data without nivolumab.[28]

De�ciencies in mismatch repair with subsequent microsatellite instability (MSI) are often found in
cancers and cause numerous genetic mutations, activating a patient’s anti-tumor immune response.[29] A
pivotal trial administered pembrolizumab (a PD-1 antagonist) to patients with metastatic cancer and
demonstrated a disease control rate of 75% and a reported objective response rate of 62% in those with
pancreatic cancer.[30] A follow-up trial, which also administered pembrolizumab to MSI-high/mismatch
repair-de�cient advanced cancers, reported an objective response rate in tumors of pancreatic-origin of
just 18% with progression-free and overall survival of two and four months, respectively.[17] Importantly,
only 1–2% of PDAC tumors are MSI-high and/or mismatch repair-de�cient.[31] It should be emphasized
that the impact of immunotherapy on PDAC with MSI remains unproven, and the incidence of these
tumors is extremely rare. One potential explanation for the discrepancy in effectiveness of
immunotherapy relative to other cancers is due to the austere tumor microenvironment of PDAC, which
includes a dense stromal compartment, low nutrient concentrations, and relative hypoxia.[15, 32]
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Patients’ immune cells, which immunotherapies rely upon, are likely less effective under these harsh
conditions, since they are not well adapted to survive in this harsh environment.[32, 33] A recent study by
our group demonstrated that among all active phase III trials in the United States, 37% targeted the
immune system.[34] While our data show that some patients bene�t from immunotherapy, the two-year
survival rate was just 7%. Thus, ongoing research efforts may want to investigate other potential targets.

Our study also highlights disparities in utilization of immunotherapy. We found that advanced age and
greater comorbidity index were associated with a decreased utilization of IT. Higher level education and
receiving treatment at an academic center were associated with increased IT utilization. Disparities in
cancer are well-studied and previous reports have shown variations in therapies administered and
survival based on race and socioeconomic status.[35, 36] Studies have recommended multiple strategies,
including insurance reform, improved access to quality care with community outreach, improved access
to novel therapies, increased emphasis on prevention and screening, and diversi�cation of employees in
the healthcare �eld, to reduce disparities in cancer care.[37–39] Previous reports identi�ed that Black and
Asian patients, those who live alone, were unmarried or did not have children, had government issued
insurance, or had issues performing their activities of daily living were more likely to decline all treatment.
[40, 41]

Although our study includes data on a large number of PDAC patients, there are limitations. Importantly,
the use of immunotherapy is not common therefore the IT-CT treatment group is small in comparison to
those who received CT alone. Based on limitations inherent to NCDB studies, including the lack of
granularity of the data, we cannot comment on speci�c treatment details, such as the type of
chemotherapy or immunotherapy received, whether the immunotherapy was part of a clinical trial, how
many cycles of chemotherapy were completed, the genetic make-up of a patient’s tumor (BRCA mutation,
MSI status, etc.), and why immunotherapy was administered (progression of disease, patient desire,
clinical trial, etc.). Also, the NCDB only includes data on the �rst six months of treatment, therefore a
subset of patients in the CT group may have received IT later in their treatment course. Details of a
patient’s performance status are not recorded in the NCDB, thus Charlson-Deyo scores were used as a
surrogate. The NCDB only receives data from Commission on Cancer-accredited hospitals and only
captures 70% of cancer diagnoses. Therefore, these data cannot truly be generalized to all hospital
systems and patients. We also cannot account for incorrect data within the database. Despite these
limitations, our study reports a thorough analysis of the utilization of immunotherapy in patients with
metastatic PDAC and demonstrates there may be a subset of patients who respond to immunotherapy.

Conclusions
In patients with metastatic PDAC, the addition of immunotherapy to chemotherapy was associated with
improved median survival but a similar 2-year survival rate. Future research is needed to identify
strategies that both stimulate entry of anti-tumor immune cells into the PDAC microenvironment and
increase the anti-tumor capabilities of these cells.
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Figures

Figure 1

Consort diagram of study population
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Figure 2

Kaplan-Meier estimates of survival by treatment group (NCDB, 2004-2015).
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Figure 3

Kaplan-Meier estimates of survival by treatment group (NCDB, 2010-2015).


