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ABSTRACT

Introduction. Chemotherapy is increasingly administered

prior to resection in patients with early-stage pancreatic

adenocarcinoma, but the national prevalence of this prac-

tice is poorly understood. Our objectives were to (1)

describe the utilization of upfront chemotherapy manage-

ment of stage I pancreatic cancer; (2) define factors

associated with the use of upfront chemotherapy and sub-

sequent resection; and (3) assess hospital-level variability

in upfront chemotherapy and subsequent resection.

Methods. The National Cancer Database was used to

identify patients treated for clinical stage I pancreatic

adenocarcinoma. Outcomes were receipt of upfront

chemotherapy and surgical resection after upfront

chemotherapy. Associations between patient/hospital fac-

tors and both initial management and subsequent resection

were assessed by multivariable logistic regression.

Results. A total of 17,495 patients were included, with

26.6% receiving upfront chemotherapy. Upfront

chemotherapy was more likely in patients who were

C 80 years of age (odds ratio [OR] 1.64, 95% confidence

interval [CI] 1.39–1.93), had T2 tumors (OR 2.56, 95% CI

2.36–2.78), or were treated at a low-volume center (OR

2.10, 95% CI 1.63–2.71). Among patients receiving

upfront chemotherapy, only 33.5% underwent subsequent

resection. Resection was more likely in patients with T1

tumors (OR 1.22, 95% CI 1.04–1.43) and in those treated at

high-volume centers (OR 4.03, 95% CI 2.90–5.60). Only

20.4% of hospitals performed resection in[ 50% of

patients after upfront chemotherapy.

Conclusion. Rates of surgical resection after upfront

chemotherapy are relatively low, and the proportion of

patients who eventually undergo resection varies consid-

erably between hospitals. The use of surgery after upfront

chemotherapy in resectable pancreatic cancer should be

considered as an internal quality-of-cancer-care measure.

Pancreatic cancer continues to be a leading cause of

cancer death in the US, with an estimated 56,770 new cases

and 45,750 deaths in 2019.1 Despite an improved under-

standing of the molecular drivers of pancreatic cancer,

5-year survival has remained low.2,3 In the treatment of

locoregional tumors, surgical resection offers the only

opportunity for a cure. Studies have suggested improving

postoperative survival rates, with 5-year survival of

10–30%.4–6

While surgical resection and adjuvant chemotherapy has

remained the standard of care for resectable pancreatic

adenocarcinoma, there has been increasing interest in the

study and utilization of neoadjuvant therapy for

resectable tumors.7,8 Both the National Comprehensive

Cancer Network and American Society of Clinical

Oncology practice guidelines have integrated neoadjuvant

therapy as a consideration in resectable tumors.8,9 These
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guidelines are designed to allow for early testing of tumor

biology, potentially avoiding unnecessary surgery in

patients who may ultimately develop rapidly progressive

disease.10,11

Despite the growing body of evidence surrounding

neoadjuvant therapy and evolving guidelines for

resectable disease, national utilization of chemotherapy as

the initial treatment modality in resectable pancreatic

cancer is poorly described. This is especially important

given previous descriptions of underutilization of surgery

in resectable disease,12 which may be further exacerbated

by shifting treatment paradigms. The objectives of this

study were to (1) describe the utilization of upfront

chemotherapy in the management of clinical stage I pan-

creatic cancer; (2) define factors associated with the use of

upfront chemotherapy and subsequent resection; and (3)

assess hospital-level variability in upfront chemotherapy

and subsequent resection.

METHODS

Data Source and Study Population

The 2005–2015 National Cancer Database (NCDB)

participant user file was the dataset for this retrospective

cohort study. This time period was chosen to encompass

the majority of the contemporary prospective reports on

neoadjuvant chemotherapy in pancreatic cancer that have

led to broad acceptance and utilization of neoadjuvant

therapy for pancreatic adenocarcinoma,13 while allowing

for adequate follow-up. The NCDB is sponsored by the

Commission on Cancer of the American College of Sur-

geons and the American Cancer Society, and uses trained

registrars to capture approximately 30% of hospitals and

70% of newly diagnosed cancers nationally.3,14 Data are

abstracted by trained and periodically audited registrars.

The population for this study was patients with clinical

stage 1 pancreatic ductal adenocarcinoma (T1N0M0 or

T2N0M0), as defined by the American Joint Committee on

Cancer (AJCC) 7th Edition, who underwent some treat-

ment for their disease.13,15,16 Patients were excluded if they

did not receive care at the reporting facility or if they were

identified in the NCDB as not being surgical candidates

(due to age, comorbidities, or early mortality). These

selection criteria were intended to minimize the inclusion

of patients who may be too frail to undergo surgical pro-

cedures. Records with International Classification of

Disease for Oncology, 3rd Edition, pancreatic adenocarci-

noma histology codes, including cyst-associated

adenocarcinoma, were selected. Cases were excluded due

to a lack of documentation regarding chemotherapy or

radiation (n = 1718), surgery (n = 66), or

hospital/socioeconomic characteristics (n = 359; approxi-

mately 10% of eligible records).

Outcomes

The primary outcomes of interest were receipt of upfront

chemotherapy and surgical resection following upfront

chemotherapy. A patient was considered to have undergone

upfront chemotherapy if either chemotherapy or chemora-

diotherapy was listed before surgery on the NCDB

treatment sequence variable, or if the number of days from

diagnosis to receipt of chemotherapy was smaller than the

number of days to surgery. Among those patients receiving

upfront chemotherapy, subsequent resection was defined

by a documented definitive surgical procedure after receipt

of chemotherapy.

Covariates: Patient Sociodemographic and Clinical

Characteristics

Patient-level variables of interest included patient sex,

age, race/ethnicity, year of treatment, Charlson–Deyo

Score (a composite measure of pre-existing medical

comorbidities), and socioeconomic variables.17 Disease-

related factors included clinical T stage and tumor location

(head, body, tail, and other/overlapping). Hospital-level

variables included hospital type (academic vs. non-aca-

demic), yearly pancreatectomy volume over the study

period (\ 5 per year, 5–9 per year, 10–19 per year, and

C 20 per year), and census region. Hospital-level rates of

upfront chemotherapy and subsequent resection were cal-

culated. Hospital-level rates of both outcomes are

presented for the entire cohort and in a subset of hospitals

with at least 10 cases.

Statistical Analysis

Associations between patient/hospital characteristics

and both outcomes were assessed by multivariable logistic

regression models with robust standard errors adjusted for

patient clustering within hospitals. Serial hierarchical

logistic regression models were then constructed to assess

the relative contribution of patient and hospital factors to

the variation in hospital-level use of upfront chemotherapy

and subsequent resection. These analyses allow for

assessment of how much hospital variation in an outcome

(e.g. use of upfront chemotherapy) is explained by differ-

ences in a group of predictors (e.g. patient/case mix).

Empty models were used to quantify the variance due to

hospital-level random effects. Two subsequent models

were constructed, first adding patient characteristics and,

subsequently, hospital characteristics. The decrease in

hospital variance attributed to hospital-level random effects
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was then calculated as previously described, yielding the

contribution of patient and hospital factors to the overall

hospital variation.18,19 Tests of significance were two-

sided, with p-values considered significant at the 0.05 level.

Statistical analyses were performed using Stata version

15.1 (StataCorp LP, College Station, TX, USA). This study

was considered non-human subjects research by the

Northwestern Institutional Review Board and was therefore

exempt from approval.

RESULTS

Patient Cohort Characteristics

A total of 17,495 patients with pancreatic adenocarci-

noma at 1147 hospitals met the inclusion criteria, with

35.4% of the cohort coming from the first half of the study

period (2006–2010) and 64.6% coming from the second

half of the study period (2011–2015). Most patients had T2

disease (68.7%) and 53.4% were treated at an academic

facility. Additional cohort characteristics can be found in

Table 1.

Factors Associated with Receipt of Chemotherapy

or Radiation as Initial Therapy

Overall, 26.6% of patients received upfront

chemotherapy, 48.7% of whom received multi-agent regi-

mens. Patients were more likely to receive upfront

chemotherapy if male (odds ratio [OR] 1.11, 95% confi-

dence interval [CI] 1.04–1.20), C 80 years of age (OR

1.64 vs. age 50–59 years, 95% CI 1.39–1.93), non-His-

panic Black (OR 1.25 vs. non-Hispanic White, 95% CI

1.10–1.42), treated in more recent years (OR 1.14, 95% CI

1.03–1.26), had T2 disease (OR 2.56, 95% CI 2.36–2.78),

or were treated at hospitals performing less than five pan-

createctomies per year (OR 2.10 vs. hospitals

performing[ 20 pancreatectomies, 95% CI 1.63–2.71).

Patients were less likely to undergo upfront chemotherapy

if they were from high-income areas (OR 0.78 vs. low-

income areas, 95% CI 0.65–0.94), had more comorbidities

(OR 0.82 vs. no comorbidites, 95% CI 0.75–0.90), or had

pancreatic tail lesions (OR 0.33 vs. head lesions, 95% CI

0.28–0.39). Sensitivity analyses excluding patients[ 80

years and patients with T2 tumors yielded no qualitative

changes in other results (Table 2).

Factors Associated with Surgical Resection After

Upfront Chemotherapy

The overall rate of surgical resection after upfront

chemotherapy was 33.5%. Patients were more likely to

TABLE 1 Cohort characteristics [N = 17,495]

n (%)

Individual characteristics

Sex

Male 8582 (49.1)

Female 8913 (50.9)

Age, years

\ 50 781 (4.5)

50–59 2984 (17.1)

60–69 5615 (32.1)

70–79 5768 (33.0)

80? 2347 (13.4)

Race/ethnicity

Non-Hispanic White 13,805 (78.9)

Non-Hispanic Black 1702 (9.7)

Hispanic 1375 (7.9)

Asian 336 (1.9)

Other/unknown 277 (1.6)

Median household income, USD

\ 38,000 2779 (15.9)

38,000–47,999 4035 (23.1)

48,000–62,999 4668 (26.7)

63,000? 6013 (34.4)

Local high school diploma, %

[ 93 4671 (26.7)

87–93 5872 (33.6)

79–87 4406 (25.2)

\ 79 2546 (14.6)

Insurance status

Private insurance 5797 (33.1)

Medicare 10,160 (58.1)

Uninsured/Medicaid 1099 (6.3)

Other/unknown 439 (2.5)

Charlson–Deyo Score

0 11,109 (64.0)

1 4796 (27.4)

2? 1509 (8.6)

Year of treatment

2006–2010 6194 (35.4)

2011–2015 11,301 (64.6)

Pathologic T stage

T0/T1 2481 (31.3)

T2 12,014 (68.7)

Tumor location

Head 11,880 (67.9)

Body 1596 (9.1)

Tail 1980 (11.3)

Other/overlapping 2039 (11.7)

National Use of Chemotherapy in Initial Management of Stage I Pancreatic Cancer 911



undergo subsequent resection if female (OR 1.17, 95% CI

1.03–1.33) or were treated in more recent years (OR 1.90,

95% CI 1.59–2.27). Increasing odds of subsequent resec-

tion were observed based on pancreatectomy volume, from

15.8% in hospitals performing less than five pancreatec-

tomies per year, to 31.1% if 5–9 pancreatectomies were

performed (OR 2.17, 95% CI 1.65–2.86), to 40.9% if

10–19 pancreatectomies were performed (OR 3.31, 95% CI

2.44–4.49), and to 49.1% if C 20 pancreatectomies were

performed (OR 4.03, 95% CI 2.90–5.60). Patients were less

likely to undergo resection after upfront chemotherapy if

C 80 years of age (OR 0.17 vs. age 50–59 years, 95% CI

0.13–0.24), non-Hispanic Black (OR 0.77 vs. non-Hispanic

White, 95% CI 0.60–0.99), Hispanic (24.1%; OR 0.70,

95% CI 0.52–0.94), were from areas with the least edu-

cation (OR 0.61 vs. most educated, 95% CI 0.45–0.82), or

uninsured (OR 0.59 vs. privately insured, 95% CI

0.43–0.80). Sensitivity analyses excluding patients[ 80

years of age and patients with T2 tumors yielded no

qualitative changes in other results (Table 3).

Hospital Variation in Use of Upfront Chemotherapy

and Subsequent Resection

Including all 1147 hospitals, the median hospital-level

use of upfront chemotherapy was 28.6% (interquartile

range [IQR] 11.8–50.0%, range 0–100%). The median

hospital-level rate of subsequent surgical resection was 0%

(IQR 0–36.8%, range 0–100%) (Fig. 1a). Overall, 535

hospitals (46.6%) had no documented resections after

upfront chemotherapy, while 337 hospitals (29.4%) per-

formed a resection on more than half of such patients.

When limiting analyses to hospitals with at least 10 cases,

similar variation was observed in the use of upfront

chemotherapy (n = 417, median 22.2%, IQR 13.8–35.3%,

range 0–96.2%) (Fig. 1b) and subsequent resection

(n = 114, median 40.0%, IQR 26.7–54.5%, range

0–93.8%) (Fig. 1c).

Variation Attributable to Patient and Hospital Factors

Overall, 2.5% of variation between hospitals in the use

of upfront chemotherapy was attributable to patient factors

(e.g. patient age, comorbidities, and T stage), 19.4% was

attributable to measured hospital factors (e.g. hospital type

and volume), and the remaining 78.1% was due to

unmeasured factors (Fig. 2a). For subsequent surgical

resection, 22.2% of hospital-level variance was attributed

to patient factors, 42.8% was attributed to hospital factors,

and 35.0% was due to unmeasured factors (Fig. 2b).

DISCUSSION

In this study, 26.6% of patients with stage I pancreatic

adenocarcinoma and no documented surgical contraindi-

cation received upfront chemotherapy. Only 33.5% of

patients managed with upfront chemotherapy underwent

subsequent resection. Both the use of upfront chemother-

apy and subsequent resection rates increased in more recent

years and were associated with advanced patient age,

higher clinical T stage, and sociodemographic factors.

There was considerable hospital variation in both the use of

upfront chemotherapy and subsequent resection, with only

a small fraction of hospital-level variation being explained

by differences in patient characteristics. To our knowledge,

this study represents the most comprehensive modern

assessment of variation in national management patterns in

stage I pancreatic cancer.

It is unsurprising that there has been a significant

increase in the use of upfront chemotherapy in early-stage

cancers in recent years. Studies have highlighted the ben-

efits of early incorporation of systemic therapy into the

treatment pathway of even resectable pancreatic cancer,

including avoiding delays in systemic therapy that will

almost certainly be necessary, and avoidance of the mor-

bidity of surgery in patients with extremely aggressive

tumor biology.10,11 These benefits are especially important

TABLE 1 continued

n (%)

Hospital characteristics

Hospital type

Academic 9348 (53.4)

Non-academic 8147 (46.6)

Yearly pancreatectomy volume

\ 5 4375 (25.0)

5–9 3066 (17.5)

10–19 3091 (17.7)

20? 6963 (39.8)

Hospital region

New England 821 (4.7)

Middle Atlantic 2901 (16.6)

South Atlantic 3801 (21.7)

East North Central 3321 (19.0)

East South Central 1210 (6.9)

West North Central 1584 (9.1)

West South Central 1366 (7.8)

Mountain 646 (6.7)

Pacific 1845 (10.6)
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TABLE 2 Factors associated with the use of upfront chemotherapy in patients with clinical stage I pancreatic adenocarcinoma

Rate (%) All stage I patients

[N = 17,495]

Excluding[ 80 years of age

[n = 15,148]

Excluding[ 80 years of age and T2

tumors [n = 4785]

OR (95% CI) p Value OR (95% CI) p-Value OR (95% CI) p-Value

Overall 26.6

Individual characteristics

Sex

Male 27.5 1.11 (1.04–1.20) 0.003 1.11 (1.03–1.20) 0.006 1.29 (1.10–1.50) 0.001

Female 25.7 1.0 REF 1.0 REF 1.0 REF

Age, years

\ 50 26.0 0.99 (0.82–1.20) 0.940 0.99 (0.83–1.19) 0.931 0.80 (0.53–1.20) 0.278

50–59 25.5 1.0 REF 1.0 REF 1.0 REF

60–69 25.0 1.00 (0.89–1.12) 0.958 1.00 (0.89–1.12) 0.960 1.02 (0.79–1.32) 0.893

70–79 25.4 1.05 (0.92–1.20) 0.491 1.05 (0.92–1.21) 0.454 1.11 (0.83–1.48) 0.473

80? 34.6 1.64 (1.39–1.93) \ 0.001 – – – –

Race/ethnicity

Non-Hispanic White 26.2 1.0 REF 1.0 REF 1.0 REF

Non-Hispanic Black 31.0 1.25 (1.10–1.42) 0.001 1.23 (1.08–1.41) 0.001 1.01 (0.73–1.39) 0.971

Hispanic 27.4 1.04 (0.89–1.20) 0.637 1.03 (0.87–1.21) 0.744 1.18 (0.89–1.58) 0.252

Asian 20.2 0.73 (0.53–1.01) 0.057 0.75 (0.53–1.05) 0.091 1.21 (0.68–2.15) 0.520

Other/unknown 21.7 0.81 (0.61–1.07) 0.135 0.79 (0.58–1.07) 0.132 0.87 (0.48–1.60) 0.663

Median household income, USD

\ 38,000 29.2 1.0 REF 1.0 REF 1.0 REF

38,000–47,999 28.8 1.00 (0.88–1.13) 0.974 0.98 (0.86–1.12) 0.738 1.00 (0.76–1.33) 0.974

48,000–62,999 26.6 0.89 (0.78–1.02) 0.098 0.88 (0.76–1.02) 0.087 0.82 (0.61–1.11) 0.203

63,000? 23.9 0.78 (0.65–0.94) 0.010 0.76 (0.62–0.93) 0.008 0.61 (0.42–0.89) 0.010

Local high school diploma, %

[ 93 24.2 1.0 REF 1.0 REF 1.0 REF

87–93 27.4 1.02 (0.86–1.20) 0.841 1.04 (0.93–1.16) 0.527 0.91 (0.72–1.15) 0.412

79–87 26.6 1.06 (0.91–1.22) 0.459 0.89 (0.77–1.02) 0.105 0.75 (0.57–0.99) 0.043

\ 79 29.0 0.93 (0.81–1.06) 0.271 0.96 (0.80–1.16) 0.682 0.80 (0.56–1.14) 0.211

Insurance status

Private insurance 24.8 1.0 REF 1.0 REF 1.0 REF

Medicare 26.7 0.99 (0.89–1.10) 0.839 0.99 (0.89–1.11) 0.871 1.02 (0.81–1.28) 0.891

Uninsured/Medicaid 28.7 1.07 (0.90–1.27) 0.446 1.08 (0.91–1.28) 0.372 1.09 (0.77–1.53) 0.635

Other/unknown 41.9 2.13 (0.87–5.22) 0.098 2.08 (0.84–5.14) 0.113 2.67 (0.95–7.51) 0.063

Charlson–Deyo Score

0 27.7 1.0 REF 1.0 REF 1.0 REF

1 24.2 0.82 (0.75–0.90) \ 0.001 0.82 (0.74–0.90) \ 0.001 0.81 (0.66–1.00) 0.046

2? 25.8 0.90 (0.79–1.03) 0.128 0.90 (0.78–1.04) 0.149 1.00 (0.75–1.33) 0.999

Year of treatment

2006–2010 25.4 1.0 REF 1.0 REF 1.0 REF

2011–2015 27.2 1.14 (1.03–1.26) 0.012 1.17 (1.05–1.30) 0.003 0.93 (0.78–1.11) 0.415

Pathologic T stage

T0/T1 15.5 1.0 REF 1.0 REF – –

T2 31.6 2.56 (2.36–2.78) \ 0.001 2.57 (2.35–2.81) \ 0.001 – –

Tumor location

Head 28.2 1.0 REF 1.0 REF 1.0 REF

Body 28.1 1.00 (0.88–1.15) 0.963 1.00 (0.86–1.17) 0.978 0.87 (0.64–1.17) 0.353
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when considering evidence that full courses of adjuvant

chemotherapy are often not completed, especially in

patients who experience surgical complications.20

A striking result of this study is the low rate of subse-

quent surgical resection after upfront chemotherapy, even

when limited to a population that should have high rates of

resectability. Even when accounting for patients who may

have progressed to unresectable disease while receiving

upfront chemotherapy, the observed resection rate in this

study is lower than would be anticipated based on the lit-

erature, where the resection rate after neoadjuvant therapy

is generally more than 50% in borderline resectable cases

and approaches 75% in patients who were initially resect-

able.13 Unfortunately, the NCDB dataset does not possess

the granularity of data required for detailed reviews of local

progression of disease while receiving upfront

chemotherapy. Previous studies have highlighted the

national underuse of surgery in the management of stage I

pancreatic cancer,12 and these results may reflect persistent

erroneous biases against surgical therapy in pancreatic

adenocarcinoma.

This study also indicates persistent disparities in the

management of early-stage pancreatic cancer, with both

racial minorities and socioeconomically disadvantaged

patients being less likely to undergo surgical resection after

upfront chemotherapy. Previous work has demonstrated

disparities in access to surgical evaluation, higher rates of

refusal of surgical management, and worse overall out-

comes in these populations.21–24 Further qualitative and

quantitative studies are required to better understand these

persistent disparities in cancer care.

Finally, hospital-level factors associated with both the

use of upfront chemotherapy and subsequent resection

were revealing, with low-volume centers being more likely

to use upfront chemotherapy and less likely to subse-

quently perform surgery. This pattern implies that a large

fraction of patients at these facilities may be receiving

chemotherapy as definitive management despite having

potentially resectable primary tumors, although this is

difficult to ascertain directly through the NCDB. Moreover,

analysis of hospital variation showed that hospital-level

differences were driven primarily by the hospital itself (e.g.

volume) or unmeasured factors (e.g. surgeon/oncologist

TABLE 2 continued

Rate (%) All stage I patients

[N = 17,495]

Excluding[ 80 years of age

[n = 15,148]

Excluding[ 80 years of age and T2

tumors [n = 4785]

OR (95% CI) p Value OR (95% CI) p-Value OR (95% CI) p-Value

Tail 12.3 0.33 (0.28–0.39) \ 0.001 0.35 (0.30–0.42) \ 0.001 0.45 (0.31–0.64) \ 0.001

Other/overlapping 29.7 1.10 (0.98–1.23) 0.100 1.10 (0.97–1.24) 0.157 0.98 (0.77–1.25) 0.875

Hospital characteristics

Hospital type

Academic 24.4 1.0 REF 1.0 REF 1.0 REF

Non-academic 29.1 0.87 (0.71–1.05) 0.152 0.85 (0.70–1.04) 0.114 0.98 (0.76–1.25) 0.842

Yearly pancreatectomy volume

\ 5 36.5 2.10 (1.63–2.71) \ 0.001 1.79 (1.39–2.31) \ 0.001 1.65 (1.20–2.28) 0.002

5–9 23.4 1.11 (0.86–1.45) 0.422 1.04 (0.79–1.36) 0.782 1.09 (0.77–1.54) 0.624

10–19 25.5 1.22 (0.93–1.61) 0.149 1.16 (0.87–1.53) 0.311 1.03 (0.73–1.47) 0.852

20? 22.2 1.0 REF 1.0 REF 1.0 REF

Hospital region

New England 35.6 1.32 (0.88–1.97) 0.181 1.31 (0.86–2.00) 0.201 1.19 (0.69–2.05) 0.527

Middle Atlantic 22.6 0.80 (0.58–1.09) 0.158 0.79 (0.57–1.09) 0.153 0.81 (0.55–1.21) 0.308

South Atlantic 27.7 1.0 REF 1.0 REF 1.0 REF

East North Central 26.8 0.90 (0.65–1.26) 0.544 0.88 (0.63–1.25) 0.484 0.88 (0.56–1.38) 0.575

East South Central 27.9 0.97 (0.73–1.29) 0.846 1.03 (0.77–1.36) 0.855 1.08 (0.71–1.62) 0.721

West North Central 25.8 0.91 (0.68–1.21) 0.512 0.90 (0.67–1.21) 0.497 0.71 (0.45–1.12) 0.138

West South Central 27.3 0.88 (0.57–1.35) 0.562 0.93 (0.59–1.44) 0.733 1.21 (0.69–2.13) 0.502

Mountain 24.3 0.71 (0.48–1.07) 0.105 0.73 (0.49–1.10) 0.131 0.45 (0.24–0.82) 0.009

Pacific 26.0 0.86 (0.66–1.12) 0.269 0.81 (0.62–1.07) 0.140 0.72 (0.50–1.05) 0.088

OR odds ratio, CI confidence interval
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TABLE 3 Factors associated with resection after upfront chemotherapy in patients with clinical stage I pancreatic adenocarcinoma

Rate (%) All stage I patients

[N = 17,495]

Excluding[ 80 years of age

[n = 15,148]

Excluding[ 80 years of age and T2

tumors [n = 4785]

OR (95% CI) p-Value OR (95% CI) p-ValueOR (95% CI) p-Value

Overall 33.5

Individual characteristics

Sex

Male 33.6 1.0 REF 1.0 REF 1.0 REF

Female 33.4 1.17 (1.03–1.33) 0.016 1.20 (1.04–1.38) 0.012 1.38 (0.99–1.92) 0.055

Age, years

\ 50 43.4 0.95 (0.69–1.30) 0.734 0.94 (0.68–1.29) 0.683 0.51 (0.21–1.23) 0.133

50–59 45.3 1.0 REF 1.0 REF 1.0 REF

60–69 42.4 0.88 (0.71–1.10) 0.259 0.90 (0.73–1.12) 0.336 0.85 (0.52–1.41) 0.539

70–79 29.6 0.55 (0.44–0.68) \ 0.001 0.56 (0.45–0.70) \ 0.001 0.46 (0.28–0.75) 0.002

80? 11.5 0.17 (0.13–0.24) \ 0.001 – – – –

Race/ethnicity

Non-Hispanic White 35.1 1.0 REF 1.0 REF 1.0 REF

Non-Hispanic Black 29.6 0.77 (0.60–0.99) 0.046 0.82 (0.64–1.06) 0.135 0.71 (0.33–1.49) 0.363

Hispanic 24.1 0.70 (0.52–0.94) 0.017 0.73 (0.53–1.00) 0.048 0.56 (0.30–1.06) 0.075

Asian 22.1 0.53 (0.28–1.01) 0.052 0.51 (0.26–1.00) 0.049 1.02 (0.27–3.91) 0.975

Other/unknown 45.0 1.45 (0.80–2.65) 0.223 1.50 (0.77–2.90) 0.230 1.22 (0.30–4.95) 0.781

Median household income, USD

\ 38,000 27.8 1.0 REF 1.0 REF 1.0 REF

38,000–47,999 32.0 1.10 (0.87–1.40) 0.433 1.09 (0.85–1.40) 0.497 1.00 (0.54–1.85) 0.994

48,000–62,999 33.7 1.06 (0.81–1.39) 0.670 1.06 (0.80–1.39) 0.697 0.91 (0.48–1.74) 0.785

63,000? 37.8 1.10 (0.80–1.50) 0.569 1.10 (0.79–1.54) 0.572 1.10 (0.56–2.17) 0.772

Local high school diploma, %

[ 93 38.7 1.0 REF 1.0 REF 1.0 REF

87–93 33.2 0.79 (0.66–0.94) 0.008 0.77 (0.63–0.93) 0.007 0.70 (0.42–1.17) 0.176

79–87 34.0 0.93 (0.73–1.17) 0.515 0.90 (0.70–1.16) 0.408 0.74 (0.40–1.35) 0.323

\ 79 25.2 0.61 (0.45–0.82) 0.001 0.57 (0.41–0.80) 0.001 0.38 (0.20–0.72) 0.003

Insurance status

Private insurance 43.8 1.0 REF 1.0 REF 1.0 REF

Medicare 28.4 0.81 (0.67–0.98) 0.027 0.78 (0.64–0.94) 0.012 0.68 (0.43–1.08) 0.100

Uninsured/Medicaid 31.4 0.59 (0.43–0.80) 0.001 0.58 (0.43–0.79) 0.001 0.70 (0.32–1.50) 0.355

Other/unknown 31.5 0.60 (0.35–1.03) 0.062 0.59 (0.35–1.01) 0.054 0.59 (0.28–1.25) 0.170

Charlson–Deyo score

0 33.1 1.0 REF 1.0 REF 1.0 REF

1 36.2 1.18 (0.99–1.40) 0.066 1.14 (0.95–1.37) 0.154 0.88 (0.57–1.35) 0.553

2? 28.7 0.87 (0.67–1.13) 0.305 0.79 (0.60–1.03) 0.078 0.50 (0.28–0.87) 0.015

Year of treatment

2006–2010 23.1 1.0 REF 1.0 REF 1.0 REF

2011–2015 38.8 1.90 (1.59–2.27) \ 0.001 1.99 (1.67–2.38) \ 0.001 1.80 (1.25–2.60) 0.002

Pathologic T stage

T0/T1 36.1 1.22 (1.04–1.43) 0.015 1.26 (1.06–1.49) 0.007 – –

T2 32.9 1.0 REF 1.0 REF – –

Tumor location

Head 36.2 1.0 REF 1.0 REF 1.0 REF

Body 25.2 0.66 (0.52–0.83) \ 0.001 0.61 (0.48–0.78) \ 0.001 0.86 (0.48–1.53) 0.614
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preferences) rather than the patient population. Similar to

our overall findings, it is unlikely that individual-level local

progression of disease while receiving upfront

chemotherapy would explain this hospital-level relation-

ship. This indicates that national treatment patterns are

driven more by hospital and physician practice patterns

than individual treatment plans.

In aggregate, the results of this study highlight the

potential need to develop quality measures around surgical

resection after upfront chemotherapy in patients who are

clinically classified to have early-stage, resectable cancer.

Such measures likely should not assess the use of upfront

chemotherapy as guidelines are continually evolving and it

is impossible to capture the nuance of individual patient

treatment decisions in even a robust dataset. Rather, such

measures may define goals for the overall rate of resection

in patients managed with upfront chemotherapy. While

overall resection rates are low after upfront chemotherapy,

the fact that many other hospitals achieved relatively high

rates of surgical resection implies the potential for

improvement at hospitals with lower resection rates.

This study has limitations. The dataset does not allow

for reliable delineation between neoadjuvant intent and

definitive chemotherapy or radiation therapy, likely caus-

ing underestimation of subsequent resection rates.

However, we believe our conservative approach is war-

ranted in this cohort (stage I patients without documented

surgical refusal or contraindication), most of whom are

likely to have resectable primary tumors, as it could be

argued that definitive chemotherapy is inappropriate in this

patient population. However, the inclusion criteria of the

study should make that fraction relatively small. Second,

the NCDB dataset is limited in that there is no information

on patient preferences (e.g. patient requests on treatment

sequence), exclusion from surgery due to treatment adverse

effects, or if there was local progression of disease while

receiving chemotherapy. We do not believe this would

systematically bias the results as such factors would be

unlikely to cluster within hospitals. Additionally, the

NCDB does not capture the specific chemotherapeutic

regimens, which should be explored in future studies.

Finally, there were many hospitals with relatively few

cases, making estimations of hospital-level rates somewhat

TABLE 3 continued

Rate (%) All stage I patients

[N = 17,495]

Excluding[ 80 years of age

[n = 15,148]

Excluding[ 80 years of age and T2

tumors [n = 4785]

OR (95% CI) p-Value OR (95% CI) p-ValueOR (95% CI) p-Value

Tail 36.2 1.07 (0.80–1.43) 0.660 0.97 (0.72–1.30) 0.823 1.05 (0.52–2.11) 0.896

Other/overlapping 23.3 0.58 (0.47–0.72) \ 0.001 0.55 (0.44–0.68) \ 0.001 0.53 (0.32–0.85) 0.009

Hospital characteristics

Hospital type

Academic 43.8 1.0 REF 1.0 REF 1.0 REF

Non-academic 23.6 0.92 (0.70–1.21) 0.569 0.89 (0.67–1.16) 0.384 0.61 (0.35–1.06) 0.079

Yearly pancreatectomy volume

\ 5 15.8 1.0 REF 1.0 REF 1.0 REF

5–9 31.1 2.17 (1.65–2.86) \ 0.001 2.12 (1.60–2.80) \ 0.001 1.83 (1.01–3.31) 0.048

10–19 40.9 3.31 (2.44–4.49) \ 0.001 3.11 (2.26–4.28) \ 0.001 2.57 (1.29–5.10) 0.007

20? 49.1 4.03 (2.90–5.60) \ 0.001 3.65 (2.61–5.11) \ 0.001 2.38 (1.24–4.58) 0.009

Hospital region

New England 34.6 1.16 (0.64–2.10) 0.621 1.21 (0.67–2.18) 0.520 0.98 (0.31–3.07) 0.977

Middle Atlantic 36.5 1.04 (0.65–1.67) 0.856 1.05 (0.66–1.67) 0.830 1.14 (0.57–2.25) 0.713

South Atlantic 32.8 1.0 REF 1.0 REF 1.0 REF

East North Central 39.7 1.36 (0.88–2.12) 0.166 1.37 (0.89–2.13) 0.154 1.07 (0.51–2.24) 0.854

East South Central 25.2 0.62 (0.37–1.03) 0.065 0.64 (0.38–1.08) 0.094 0.75 (0.32–1.78) 0.518

West North Central 35.2 0.96 (0.58–1.58) 0.863 0.96 (0.58–1.58) 0.863 1.12 (0.50–2.47) 0.787

West South Central 31.4 0.93 (0.60–1.43) 0.733 0.94 (0.60–1.45) 0.766 0.89 (0.42–1.87) 0.761

Mountain 27.4 1.05 (0.73–1.52) 0.776 1.03 (0.70–1.51) 0.872 0.62 (0.21–1.86) 0.395

Pacific 26.9 0.91 (0.59–1.41) 0.687 0.93 (0.60–1.43) 0.730 0.46 (0.21–1.02) 0.057

OR odds ratio, CI confidence interval
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unstable. This was mitigated by sensitivity analyses

including only hospitals with at least 10 cases, which

yielded qualitatively similar results.

CONCLUSION

Upfront chemotherapy is used in more than one-quarter

of patients with stage I pancreatic adenocarcinoma, and the

proportion of patients who eventually undergo resection in

this group is very low overall. Hospital variation in both

the use of upfront chemotherapy and subsequent resection

is largely independent of differences in patient populations,

implying that variation is mostly due to hospital and

physician practice patterns. New quality metrics assessing

the rate of surgical resection after upfront chemotherapy in

patients with potentially resectable pancreatic adenocarci-

noma may be necessary.
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