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Abstract

Background: Adjuvant chemotherapy is the standard of care for resected pancreatic ductal
adenocarcinoma (PDAC). It is estimated that only 40-80% eligible patients initiate intended
adjuvant chemotherapy. Completion rates are largely unknown.

Methods: A retrospective analysis of outcomes of patients with resected PDAC over an 8-year
period at H. Lee Moffitt Cancer Center (MCC) was performed.

Results: From a total of 309 patients, 299 were included for further analysis. 242 (81%) initiated
adjuvant therapy (AT) and 195 (65%) completed the intended course. The median time-to-
initiation of AT was 53 days (7.6 weeks). The most common reasons for early discontinuation of
AT (n = 47) were toxicity (n = 29), disease recurrence (n = 9), patient decision (n = 4), unrelated
comorbidities (n = 3), and death (n = 1). Completion of AT was an independent predictor of
overall survival (OS) and recurrence-free survival (RFS) on multivariable analysis (OS: HR 0.41,
Cl10.27-0.61, p< 0.001; RFS: HR 0.52, Cl 0.36-0.76, p < 0.001). Factors associated with early
termination of AT were vascular resection (OR 0.29, Cl 0.13-0.67, p=0.004) and administration
of AT with local oncologist as opposed to MCC (OR 0.41, Cl 0.21-0.82, p=0.010).

Conclusion: Completion of AT is associated with improved survival in patients with resected
PDAC. Factors associated with an inability to complete AT include vascular resection and
administration of AT with local care team in the patient’s community.

Introduction

Surgical resection combined with adjuvant chemotherapy is recommended as standard of
care for localized pancreatic adenocarcinoma? based on large randomized trials
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demonstrating improved disease-free and overall survival.>- Despite this, recurrence rates of
50-90% have been reported.2:3

In recent years, there has been increased emphasis on value-based medicine and high-quality
cancer care.19 Bilimoria and colleagues created a list of 43 high-validity pancreatic cancer-
specific quality indicators and encouraged hospitals to use these to monitor and improve
care. Listed among these metrics were administration of adjuvant chemotherapy (with or
without radiation) and time to initiation of AT relative to surgical resection.1! In 2007, an
analysis using NCDB data reported that only 40% of patients received any adjuvant
chemotherapy.12 Based on linked data from NSQIP and the NCDB, 62% of patients initiated
AT following an uncomplicated post-operative course, but this rate decreased to 44% in the
setting of a serious complication.13 Many experts in the field now recommend that receipt of
AT be monitored as a quality metric.14

Additional efforts have focused on the significance of timing of AT. Retrospective analysis
of the ESPAC-3 trial and data from the Central Pancreas Consortium (CPC) both report that
delay in initiation of AT was not associated with worse survival.118 |t is hypothesized that
the more sensitive quality metric is successful completion of intended AT. It is easy to track
whether and when adjuvant chemotherapy is initiated, but information on completion rates,
treatment interruptions, and dose reductions are not available in typical administrative
databases. The only reliable insights we have into completion rates for AT are from clinical
trials, which are unlikely to reflect cancer care in the “real world.” We hypothesize that
successful completion of intended AT is associated with both the quality of care delivery and
tumor biology, making it a useful metric of patient outcome.

The aim of this study was to capitalize on the granularity of a single institution experience to
assess outcomes associated with initiation and completion of intended oncologic therapy.
Additionally the aim was to identify barriers to successful initiation and completion of
intended therapy.

Study population

An IRB-approved, retrospective cohort study of 309 patients who underwent surgical
resection for pancreatic adenocarcinoma over an 8-year period from January 2008—
December 2015 at MCC was performed (Fig. 1). All patients who were treated with curative
intent and underwent pancreatoduodenectomy, distal pancreatectomy, or total/completion
pancreatectomy were included. Minimally invasive and open approaches were included, as
were patients treated with neoadjuvant therapy (NAT). Patients found to have stage 1V
disease on final pathology of frozen section specimens were excluded. Patients were also
excluded from analysis if there was insufficient AT data.

Description of postoperative outcomes and covariates

Primary outcomes were completion of AT, RFS and OS. Preoperative variables included age,
sex, BMI, Charlson Comorbidity Index CCI,17 diabetes, pre-operative lab values, presence
of a biliary stent, and neoadjuvant treatment approach. Operative data assessed included
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vascular resection, minimally invasive versus open approach, estimated blood loss, and
operative time. Pathologic variables assessed were tumor size, margin status, lymph node
yield and involvement, presence of lymphovascular and perineural invasion, and final AJCC
TNM pathologic stage.

Postoperative complications were recorded based on Clavien-Dindo classification!8 and
pancreatic-specific complications included fistula, hemorrhage, delayed gastric emptying,
biliary, and chyle leak. Outcome variables included length of stay, 90-day readmission, and
survival data were recorded. OS was defined as the time from first treatment to death, and
RFS as the time from resection to recurrence or last contact or death. Data was recorded on
whether patients initiated AT, and if so, whether it was completed. Initiation and completion
data was collected for both chemotherapy and radiation. In addition, the presence of dose
reduction and treatment interruptions was also recorded for both chemotherapy and
radiation. Completion of AT was specifically defined as completion of all treatment as
planned by treating oncologist. Clinic notes were reviewed to confirm the treatment plan
prior to initiation of therapy. Most commonly, the plan for AT consisted of 6 months of
gemcitabine-based chemotherapy, but there was heterogeneity among the treatment
regimens over the duration of the study. Early recurrence defined as within 4 months of
resection occurred in 11 patients (4%). Approximately half of these patients continued with
palliative intent chemotherapy and the remaining patients received no further treatment.
Patients that developed an early recurrence were classified as not completing AT. The most
common treatment plan for patients treated in the NAT setting was two months of upfront
therapy followed by four months of AT. Total neoadjuvant therapy was not offered during
the study period. Location of AT (MCC versus outside facility) was also documented. Date
of last follow up was identified in EMR based on last clinic visit or date of death.

Statistical analysis

Data analyses were performed using SAS version 9.4. Continuous variables were expressed
as median and categorical variables were expressed as percentages. Continuous variables
were compared with the Mann-Whitney U test and categorical variables were compared
using the chi-square or Fisher exact test as appropriate. Multivariable models were designed
to include factors the investigators considered likely to be associated with the primary
outcomes. Univariable and multivariable Cox proportional models were constructed to
analyze association of predictive variables with OS and RFS. To avoid overfitting the data,
we analyzed 12 variables, noting that there were 192 events for RFS and 170 events for OS.
Analysis of factors associated with failure to complete AT was conducted using univariable
and multivariable logistic regression model. Backward elimination of nonsignificant factors
(0 < 0.25) was utilized in both the Cox and logistic regression models. Relative risks were
reported as odds ratio (OR) or hazard ration (HR) with a 95% confidence interval (ClI). An
association was considered statistically significant if p< 0.05.
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Patient characteristics

In total 309 patients were identified. Two were excluded due to stage 4 disease and eight due
to insufficient data. Of the 299 patients with PDAC that underwent pancreatectomy with
curative intent, 242 (81%) initiated AT and 57 (19%) received no AT. Among the 242
patients that initiated AT, 47 (16%) were not able to complete the intended course. This
yielded an overall completion rate of 65% (n = 195). A total of 196 (66%) patients
underwent upfront resection and the remaining 103 (34%) were treated with NAT.

Median time-to-initiation of chemotherapy was 7.6 weeks (53 days). 45% (n = 133) of
patients were treated with adjuvant chemotherapy and 37% (n = 109) underwent adjuvant
chemotherapy and radiation. The remaining patients received no AT. The most commonly
initiated adjuvant regimens were gemcitabine monotherapy (n = 108) and gemcitabine with
5-FU based chemoradiation (n = 88). 80% of patients treated with adjuvant chemotherapy
alone received gemcitabine monotherapy and 81% of patients with adjuvant chemotherapy
and radiation received gemcitabine with 5-FU based chemoradiation. The most common
neoadjuvant regimen was gemcitabine, docetaxel, and capecitabine with stereotactic beam
radiation (GTX + SBRT). The median duration of adjuvant chemotherapy (AC) was 18.7
weeks (131 days) and adjuvant chemoradiation (ACR) was 21 weeks (147 days).

Baseline patient characteristics are reported in Table 1 with data included for the overall
cohort, patients who did not receive AT, patients who needed to terminate AT prematurely,
and patients who completed all intended AT. Several factors were associated with omission
of AT, including age (p = 0.001), Charlson comorbidity index (p = 0.002), grade 3-4 surgical
complications (p=0.001), and 90-day readmission (o= 0.001).

Overall and recurrence-free survival

Median OS for the entire cohort was 24 months. 30-day mortality was 1.9% and 90-day
mortality was 2.9%. Patients who received no AT had the worst median survival (14
months). Patients who initiated AT had an OS of 26 months. Patients who initiated, but did
not complete AT had an OS of 15 months while those who completed AT had median OS of
28 months.

During the follow up period, 69% of patients presented with recurrent disease. Sites of first
metastatic recurrence included liver (n = 65), lung (n = 38), peritoneum/omentum (n = 21),
multifocal (n = 13), and other (n = 18). Among patients with disease recurrence, 16% (n =
29) presented with isolated local recurrence. Analysis of factors associated with survival are
shown in Table 2.

Predictors of inability to complete AT

Reasons sited for failure to initiate chemotherapy or failure to complete it once initiated are
detailed in Table 3A. Interruptions in therapy and dose reductions are detailed in Table 3B.
Analysis of predictors of failure to complete AT is summarized in Table 4.
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Discussion

This study suggests that completion, and not just initiation, of intended AT is associated with
a significant survival advantage among patients with PDAC. A retrospective analysis of the
ESPAC-3 trial reported that completion of all six intended cycles of AT was an independent
predictor of survival after pancreatectomy.!® This study is the first to explore this finding
outside of a clinical trial in patients treated at a high volume cancer center in the United
States. As completion data is not typically recorded in large databases, “real world”
completion rates of AT for pancreatic cancer are largely unknown. Overall a completion rate
of 65% was achieved, which is similar to the ESPAC-3 trial (68% completion rate.) 19% of
patients in the current study received no AT and 16% did not complete the intended course.
A single institution analysis of 113 patients that underwent resection with curative intent for
PDAC at Seoul National University Bundang Hospital also reported a similar completion
rate of 63%.19 To the authors’ knowledge, these are the only reports in the literature that
include data on completion of AT for pancreatic cancer.

The underutilization of both surgery and AT for stage I/11 PDAC is well documented.11:12.20
An AT initiation rate of 40% is frequently cited.12 Under-utilization is often amplified
among elderly, poor, and minority patients.21-23 However, recent reports are somewhat more
encouraging with linked data from the NCDB and NSQIP reporting AT initiation rate of
58%13 and analysis from the CPC reporting AT initiation rate of 80%.16 The MCC rate of
81% is in line with the CPC data.

This study is the first to independently evaluate clinical predictors of early termination of
AT. Vascular resection/reconstruction and pursuit of AT with a local care team in the
patient’s community are independent predictors of early termination of AT on multivariable
analysis. Interestingly, vascular resection was not associated with an inability to initiate AT
in this series, but was highly associated with an inability to complete therapy once it was
initiated. These findings may be driven by the aggressive tumor biology and disease burden
in patients who require vascular resection. As performance of a vascular resection did not
limit patients’ ability to initiate chemotherapy, it is possible the association with completion
is not related to the increased surgical complexity with resultant late-term complications.
Notably, reasons for early termination of therapy were reviewed in these patients and were
similar in nature and frequency to those in the overall cohort. Further analysis is needed to
better explain these findings.

Pursuit of AT therapy with a local oncologist in the patient’s community was also
significantly associated with inability to complete the full course of AT. This study
represents the first report of such an association. A precise explanation for this finding is
difficult to pinpoint. A recent NCDB analysis of 32,521 patients with resected PDAC
reported that patients from remote areas are less likely to initiate AT and had worse survival.
24 One explanation is that there is significant selection bias among patients treated a tertiary
care centers. Specifically, patients with greater social and financial resources, and better
baseline health may seek AT at NCI-designated cancer centers. Completion of AT is
physically, psychosocially, and financially challenging for patients and the option of
completing therapy closer to home relieves some of this burden and should be encouraged
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when appropriate. Additional resources and support may be needed to allow more patients to
complete the intended course of therapy.

Treatment at MCC may favor patients who live in the Tampa metropolitan area as opposed
to more rural regions. Nationally, patients treated at NCI-designated cancer centers tend to
be younger, white, and have fewer comorbidities compared with patients treated at other
centers.2526 While many factors, including physician bias and financial incentives, can drive
decision-making in cancer care and could influence these findings, investigation of these
was beyond the scope of this work. Several factors were not significantly associated with
decreased completion rates. In agreement with other reports,13-27:28 grade 3-4 post-operative
complications were associated with omission of all AT. However, surgical complications
were not associated with completion of AT once it was begun.

The median time-to-initiation of AT was 7.6 weeks in this series, which is similar to what
was reported by the CPC.16 Patients were divided into two groups according to whether they
initiated AT before or after 9 weeks. There was no significant difference in completion rates
or OS between patients that initiated AT before or after 9 weeks. The optimal timing of AT
has remained an area of uncertainty, with some reports demonstrating no significant
difference in OS with later initiation of AT,1516.29 while others have reported better survival
outcomes with earlier initiation.1939 Earlier initiation of chemotherapy may eradicate
residual tumor cells and combat the high rates of distant failure among patients with PDAC.
However, a less aggressive approach allows patients to fully recover in hopes of better
tolerating a full course of AT with minimal interruptions in therapy or dose reductions.
Although time to initiation of AT has been identified as a useful quality metric in other
malignancies, such as breast and colon cancer,31-34 there is insufficient data to support its
use as a quality metric for PDAC.

Receipt of NAT was not associated with completion of AT, but was associated with

improved OS and RFS. It is our institutional practice to recommend AT to all patients
regardless of whether they were treated in a neoadjuvant setting. No patients in this study
were treated with a total neoadjuvant approach. Given the national trend toward increased
utilization of NAT, we felt our analysis would be more relevant to current clinical practice if
patients who were treated in the neoadjuvant setting were included. Despite a paucity of
randomized trials to support a neoadjuvant approach, several groups have advocated for
increased utilization of NAT regardless of primary tumor extent.35-37 This remains an area of
significant debate.37:38

In summary, this study has identified completion and not just initiation of intended AT as a
useful quality metric associated with improved OS for patients with resected PDAC. Both
initiation and completion of AT should be carefully monitored. Controversy remains over the
reliability of time-to-initiation of AT as a quality metric and the available data do not support
its use. Two predictors of early termination of AT were identified, including performance of
vascular resection/reconstruction and receipt of ATwith local care team. These findings
should be taken into consideration when counseling patients about AT. Furthermore,
clinicians must ensure that patients social, financial, and medical resources are optimized in
attempt to maximize the number of patients that are able to complete the recommended AT.
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This study is exposed to the usual limitations of a retrospective single-institution analysis.
There is the potential for significant unmeasured bias and confounding. Data from a single

ce

nter are unlikely to accurately reflect the entire spectrum of surgical management of

PDAC at a wide range of centers. In addition, significant advances have been made in recent

ye

ars with respect to chemotherapy. Thus, both the NAT and AT regimens administered to

patients in this study vary considerably from what is utilized today. However, as more
effective systemic options are developed, it is expected that the findings supporting the
importance of completing AT will only become more relevant.
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307 patients underwent
pancreatectomy for localized
PDAC from 1/2008-12/2015

8 patients excluded
(AT data
unavailable)

Eligible patients

n=299

/N

Page 10

No AT Initiate AT

n=57 (19.1%) n=242 (80.9%)

Initiated, but did
not complete AT
n=47 (15.7%)*

Figure 1.

Complete AT
n=195 (65.2%)*

Study design. Abbreviations PDAC, pancreatic ductal adenocarcinoma; AT, adjuvant
therapy. *Percentage is of eligible patients.
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