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Abstract

Background: Pancreatic ductal adenocarcinoma (PDAC) has a poor prognosis, with a 5-year 

overall survival rate of 10%. In November 2018, NCCN recommended that all patients with 

PDAC receive genetic counseling (GC) and germline testing regardless of family history. We 

hypothesized that patients with PDAC were more likely to be referred for testing after this change 

to the guidelines, regardless of presumed predictive factors, and that compliance would be further 

improved following the implementation of a hereditary cancer clinic (HCC).

Methods: We conducted a single-institution retrospective analysis of patients diagnosed with 

PDAC from June 2017 through December 2021 at University of California, Irvine. We compared 

rates of genetics referral among patients in different diagnostic eras: the 18-month period before 

the NCCN Guideline change (pre-NCCN era: June 2017 through November 2018), 14 months 

following the change (post-NCCN era: December 2018 through January 2020), and 18 months 

after the creation of an HCC (HCC era: June 2020 through December 2021). Family and personal 
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cancer history, genetics referral patterns, and results of GC were recorded. Data were compared 

using chi-square, Fisher exact, and multivariate analyses.

Results: A total of 335 patients were treated for PDAC (123 pre-NCCN, 109 post-NCCN, and 

103 HCC) at University of California, Irvine. Demographics across groups were comparable. Prior 

to the guideline changes, 30% were referred to GC compared with 54.7% in the post-NCCN era. 

After the implementation of the HCC, 77.4% were referred to GC (P<.0001). The odds ratio (OR) 

for referral to GC among patients with a positive family history of cancer progressively decreased 

following the change (pre-NCCN era: OR, 11.90 [95% CI, 3.00–80.14]; post-NCCN era: OR, 3.39 

[95% CI, 1.13–10.76]; HCC era: OR, 3.11 [95% CI, 0.95–10.16]).

Conclusions: The 2018 updates to the NCCN Guidelines for PDAC recommending germline 

testing for all patients with PDAC significantly increased GC referral rates at our academic 

medical center. Implementation of an HCC further boosted compliance with guidelines.

Background

Hereditary pancreatic cancer is defined as pancreatic adenocarcinoma (PDAC) due to a 

specific genetic defect.1 Research estimates that 10% to 20% of PDAC cases are hereditary, 

with the treatment approach often differing based on the presence or absence of genetic 

mutations.2–4 In particular, BRCA1, BRCA2, PALB2, and CDKN2A are among the growing 

list of genes that have been implicated in PDAC. Mutations leading to deficiency in 

homologous recombination repair, including BRCA1, BRCA2, and PALB2, are common.5 

Notably, studies show that BRCA mutations confer a prognostic benefit.2 The median 

overall survival (OS) for patients with a BRCA1 or BRCA2 mutation is 14 months 

compared with approximately 9 months across all patients with PDAC.6–8 Patients with 

homologous recombination deficiencies, whose treatment regimens included platinum-based 

therapies such as oxaliplatin and cisplatin, have demonstrated significant improvements in 

OS compared with those whose regimens did not (23.8 vs 8.3 months).9 PARP inhibitors, 

directed at tumors with germline mutations, have also shown increasing success in treating 

PDAC.10,11 These agents are typically used in patients with BRCA mutations during the 

maintenance period following platinum-based therapy.5,12 These advances have prompted 

deeper exploration into the molecular genetics of PDAC as a gateway to new therapeutic 

options.8 More recently, immunotherapy has shown promise in treating BRCA-mutant 

PDAC as well, but more data are needed.13

Contrary to popular belief, clinical factors such as family history of cancer and young 

age of onset are not reliable predictors of which patients may carry a pathologic germline 

mutation.3 Misconceptions surrounding which populations are more likely to have abnormal 

genetic testing results have been a barrier to both referral to genetic counselor on the 

provider’s behalf and attendance on the patient’s part.14 The literature shows typical rates 

of genetic testing of patients with PDAC to be quite low; a large study looking at the 

years 2015 through 2017 found that 32% were referred, and only 19% completed testing.15 

It is worth noting that studies have identified individual-level barriers, which include the 

perceived cost of genetic testing, misconceptions about the testing process, fear of genetic 

discrimination, and distrust of the medical system.16 Furthermore, patients might not always 

understand the need or benefit of genetic testing. At an institutional level, other barriers, 
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such as the shortage of genetic counselors, contribute to a prolonged wait time for an 

appointment, underreferral, and underutilization of genetics services.17

On November 8, 2018, NCCN released an update to the NCCN Clinical Practice Guidelines 

in Oncology (NCCN Guidelines) for Pancreatic Adenocarcinoma stating that all patients 

with PDAC should receive germline genetic testing regardless of family history.18 This 

contrasts with previous guidelines recommending germline testing only for those patients 

who had a personal or family history of cancer meeting specific criteria.

At University of California, Irvine (UCI), a hereditary cancer clinic (HCC) was implemented 

in June 2020. The approach of the HCC was multifaceted, with the primary goal 

to provide a conduit of communication between oncologists and genetic counselors, 

thereby standardizing the process of referral to their services. UCI’s HCC expands on an 

interdisciplinary approach to testing known as the tandem model19 (Figure 1). The goal 

was to increase patient testing by developing standardized protocols for sample collection, 

genetic testing, and review of results. Prior to being seen at the HCC, charts are sorted based 

on patient need. At the HCC, the medical oncologist provides initial genetic counseling 

(GC) to patients based on their family history and presenting cancer. This involves reviewing 

patients’ cancer risk, implications for their relatives, guidelines for testing, and benefits of 

germline sequencing. Additionally, during this session patients are consented and samples 

are collected, thereby decreasing the time between the decision to test and subsequent 

execution. Lastly, results are discussed with the patients, and further counseling regarding 

need for preventive care or testing for their family is provided when appropriate.

We hypothesized that patients with PDAC were more likely to be referred to a genetic 

counselor after the change to the NCCN Guidelines regardless of presumed predictive 

factors, such as personal or family history of relevant cancer, and that this compliance would 

be further improved following the implementation of the HCC.

Methods

We conducted a single-institution retrospective analysis of patients diagnosed with PDAC 

from June 2017 through December 2021. Using the retrospective data provided by UCI’s 

cancer registry, 335 patients were identified with a diagnosis of PDAC and having at least 

one visit with a medical or surgical oncologist in the outpatient setting. Patients who had 

received only an inpatient consultation were excluded. Patients were divided into time 

periods based on their date of pathologic diagnosis.

We reviewed the electronic medical records and documented demographic characteristics, 

including age at presentation, ethnicity/race, family history of any cancer, family history 

of BRCA-related cancers (breast, ovarian, PDAC, and prostate) in first-degree and second-

degree relatives, prior personal history of cancer, and referral to GC. Further information 

on attendance of a counseling session by any health care provider and completion of actual 

testing was also obtained. Cases in which patients were directly tested by their cancer 

care provider were included regardless of whether they ultimately saw a licensed genetic 

counselor. For those who underwent genetic testing, results were noted if available. We 
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compared rates of genetic referral among patients based on their diagnostic eras, which we 

determined to be the 18-month period prior to the November 2018 NCCN Guideline change 

recommending referral to GC for all patients with PDAC (pre-NCCN era: June 2017 through 

November 2018), 14 months following this guideline change (post-NCCN era: December 

2018 through January 2020), or 18 months after the creation of an HCC (HCC era: June 

2020 through December 2021).

We used descriptive statistics to analyze the characteristics of these patients. Statistical 

tests were conducted using a 2-sided Fisher exact test and chi-square test, whichever was 

appropriate, to compare 2 groups in each of categorical variables using SAS 9.4 (SAS 

Institute Inc.). This retrospective study was approved by the UCI Institutional Review Board.

Results

Patient Characteristics

We identified 335 patients diagnosed with PDAC at a large academic cancer center. Of 

these individuals, 123 were diagnosed in the pre-NCCN era, 109 in the post-NCCN era, 

and 103 in the HCC era. Patient demographics were similar across all 3 time periods 

(Table 1). The median age at diagnosis for the entire cohort was 69 years. Among those 

found to have a deleterious germline mutation, the median age at diagnosis was 64 

years. Data pertaining to the clinical stage at diagnosis were also obtained. Patients were 

categorized as either nonmetastatic (resectable, borderline resectable, or locally advanced) or 

metastatic at presentation. In the pre-NCCN era, 42% of patients had metastatic disease 

at diagnosis compared with 40.2% in the post-NCCN era. In the HCC era, 29% had 

evidence of metastasis at presentation (P=.121). In the pre-NCCN, post-NCCN, and HCC 

eras, respectively, 66.7%, 66.1%, and 78.1% were seen at least once by medical oncology 

(P=.108) rather than by surgery alone. Of all patients whose genetic testing results were 

known, 9 (15%) had a mutation in the DNA damage repair pathway (ATM or BRCA1/2), 

2 (3%) possessed hereditary Lynch syndrome mutations (MLH1, MSH2, MSH8, or PMS2), 

and 5 (8%) had “other” known mutations.

Referral Patterns

Overall, 54% of patients were referred to GC, 67% of which attended their initial 

consultation. Of these, 88% had germline testing and 21% had a deleterious mutation related 

to PDAC. Of mutation-positive patients in the pre-NCCN and post-NCCN eras, 100% had a 

known family history of cancer compared with 86% in the HCC era (P= 1.00). There was no 

significant difference in referral rates among those seen by medical versus surgical oncology 

(52.5% vs 59.5% referred, respectively; P=.408).

When analyzed in relation to the transition point of the NCCN Guidelines in 2018 (Table 

2), data showed that 30% were referred to GC prior to this point, whereas 54.7% were 

referred to GC in the 14-month post-NCCN era. After implementation of the HCC, 77.4% 

were referred to GC. The P value comparing all 3 proportions was <.0001, showing that 

there was a statistically significant increase in the proportion of patients referred following 

the NCCN changes. The odds of being referred to GC were 2.816 times higher in the 
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post-NCCN era compared with the earlier pre-NCCN era (95% CI, 1.34–5.66; P <.0001). 

Moreover, the odds of referral following the HCC intervention were 2.835 times higher 

than the post-NCCN era (95% CI, 1.406–5.839; P <.0001). Of referred patients in the 

pre-NCCN, post-NCCN, and HCC eras, attendance rates were 83.3%, 96.3%, and 74.1% 

(P=.04), respectively.

A similar proportion of those who attended counseling in the pre-NCCN, post-NCCN, 

and HCC eras proceeded with genetic sequencing (100%, 91.7%, and 92.9%, respectively; 

P=.841). A decreasing proportion of patients tested were found to possess a deleterious 

germline mutation related to PDAC; these were 33.3%, 27.3%, and 15.8% in the pre-NCCN, 

post-NCCN, and HCC eras, respectively. However, this difference was not statistically 

significant (P=.382).

Referral patterns were also assessed according to each patient’s family history. Of 124 

patients referred, 93 had a family history of cancer (75%). In the pre-NCCN era, the odds of 

referral to GC in patients with a positive family history of cancer compared with no family 

history was 11.90 (95% CI, 3.00–80.14). The odds of being referred based on family history 

progressively decreased in the eras following the NCCN changes; in the post-NCCN era, the 

odds ratio (OR) was 3.39 (95% CI, 1.13–10.76), whereas in the HCC era the OR was 3.11 

(95% CI, 0.95–10.16), though not statistically significant.

Data on prior personal history of cancer were also collected. Of 124 patients referred, 23% 

had a personal history of cancer other than PDAC. For these individuals, the OR for referral 

decreased from the pre-NCCN era (OR, 2.88; 95% CI, 0.86–9.69) to the HCC era (OR, 2.60; 

95% CI, 0.64–17.59); however, this was not statistically significant. Focusing on the patients 

with a family history of BRCA-related cancer (PDAC, breast, ovarian, or prostate), the odds 

of referral in the pre-NCCN era were 6.324 (95% CI, 1.24–47.21) compared with 2.67 (95% 

CI, 0.83–9.73) in the post-NCCN era and 3.77 (95% CI, 1.08–17.74) in the HCC era.

When assessing GC referral patterns after implementation of the HCC, data showed a 

significant increase in referrals (40.9% before HCC vs 77.4% after; P<.0001; Table 3).

Survival

Survival analysis showed no difference in OS of patients in the pre-NCCN, post-NCCN, and 

HCC eras. One-year survival rates were 69%, 79%, and 73%, respectively (P=.14; Figure 

2). The probability of dying was 1.33 times higher in the pre-NCCN era compared with 

post–guideline changes (95% CI, 0.97–1.82; P=.08; data not shown).

Discussion

Recent advancements in molecular sequencing have provided prognostic information about 

disease biology and led to meaningful opportunities for targeted therapy across a wide 

variety of cancers. Actionable data on hereditary cancer syndromes associated with PDAC, 

however, are still desperately needed. Following the 2018 NCCN recommendations for 

germline testing of all patients with PDAC, there was a marked increase in the proportion 

of patients referred to GC at our tertiary academic medical center (30.0% vs 54.7% and 
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77.4% for the pre-NCCN vs post-NCCN and HCC eras, respectively; P<.0001), indicating 

compliance with guidelines. A lesser proportion of patients attended their GC appointments 

during the HCC era (74.1%) compared with the prior time periods (83.3% pre-NCCN and 

96.3% post-NCCN). Given the overlap between the HCC era and COVID-19 pandemic, 

this significant difference is likely attributable to the patients’ ability to mail in their DNA 

samples without having to “attend” in-person appointments as in prior eras. In the HCC 

era, approximately 3 of every 4 patients with PDAC received a GC referral. This begs the 

question of what barriers to physician referral exist and what steps can be taken to facilitate 

easier access to GC.

Significant barriers to genetic testing have frequently been described in the literature, with 

many related to the current national shortage of genetic counselors. The National Society of 

Genetic Counselors recently conducted a study assessing such barriers.20 Long wait times 

were cited as an important deterrent to referring patients despite clear clinical indications to 

do so. Data on national average wait times for initial GC consultations are lacking. At UCI, 

there was an average wait time of 74 days, with results taking up to 5 weeks to report. A 

total of 36% of patients presented with metastatic disease, which is consistent with national 

statistics. This implies that there is a limited window of opportunity for a patient to undergo 

testing before potentially passing away. Health care providers, regardless of specialty, should 

therefore start the process of referral to GC early to maximize the patient’s opportunity for 

testing. In our study, the percentage of patients seen at least once by medical oncology in 

consecutive eras was 66.7%, 66.1%, and 78.1%, with the remaining significant proportion 

seen by surgery alone. This indicates that many patients are diagnosed with PDAC by 

non-oncologists. This illustrates the importance of empowering all members of the medical 

team, including surgeons and gastroenterologists, to refer patients to GC or perform the 

testing themselves.

Since the NCCN Guidelines changes, multiple institutions have modified their modes of 

referral from the traditional model to a tandem or triage approach.19 In 2 recent studies 

trialing in-clinic testing by non-GC providers, germline testing substantially increased (3.5-

fold to 6.5-fold) following intervention when compared with the traditional model.15,21 

Another study highlighted that rates of GC at their institution were steadily increasing every 

year from June 2019 through June 2021 without the implementation of an automated referral 

system, yet it remained suboptimal at 61%.22

In 2019, faced with the nationwide scarcity of genetic counselors and increased need for 

GC, our institution implemented an HCC. In this model, a medical oncologist acts as a 

coordinator between the different teams involved in patient care. Notably, at the HCC, the 

medical oncologist who treats most patients with PDAC can provide genetic counseling and 

testing to patients. In doing so, the wait time for genetic testing is significantly reduced 

because consenting patients are tested in their initial diagnostic appointments. This may 

also address the barrier of high cost to the patient. Recent data have shown that models 

requiring genetic counselor input prior to testing create barriers specifically for low-income 

populations.23 Bypassing the need for clinician referral has been shown to increase uptake 

and improve time to testing.24 Implementation of the HCC increased rates of genetic testing 
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significantly (Table 3). These data provide a quantitative measure of success in actively 

implementing important changes to NCCN Guidelines.

Although predominantly only patients with a personal or family history were being referred 

prior to the guideline changes, this factor became less important in subsequent eras. Based 

on emerging data showing family history to be a poor predictor of which patients possess a 

deleterious mutation, it is crucial to consider any patient with PDAC to be a candidate for 

germline testing.3

In a recent prospective, multisite study evaluating the prevalence of pathologic germline 

variants in patients with PDAC, 15.2% were found to possess a deleterious mutation.25 This 

value was significantly lower than that found among the patients in our pre-NCCN and 

post-NCCN eras, in which 33% and 27% were found to be mutation-positive, respectively. 

This is likely because the patients being referred in earlier eras were a highly selected 

population that was more likely to have a positive personal or family history of cancer. 

Prevalence progressively decreased in consecutive time periods as testing was expanded, 

eventually resulting in a proportion (16%) closer to the expected rate of approximately 15%.

Although patients possessing a BRCA mutation have been shown to respond better to 

treatments such as PARP inhibitors and platinum agents, our median OS did not improve 

despite identifying more BRCA mutations.26 This is consistent with the findings of the 

POLO trial, which demonstrated a better progression-free survival but not OS in patients 

with hereditary PDAC receiving the PARP inhibitor olaparib.27 Across all eras, patients 

presenting with deleterious germline mutations had a younger median age at the time of 

diagnosis than the general cohort (64 vs 69 years). Importantly, young age at presentation 

is a positive prognostic indicator for PDAC. A 2020 study found that the 5-year survival 

of patients with PDAC aged 20 to 40 years was nearly 3 times that of those aged 

>40 years.28 A recent retrospective chart review of 133 patients found that patients with 

pathologic germline variants in DNA mismatch repair genes had a significantly better OS 

than those without.29 Most notably, demographics, including patient age, were similar in 

both groups. This supports a biologically based survival benefit, such as less aggressive 

tumor characteristics.2 Furthermore, it is well established that patients with a homologous 

recombination repair gene mutation have improved survival compared with those without 

when treated with first-line platinum chemotherapy. Therefore, prompt genetic testing and 

identification of patients with such mutations helps maximize survival.9,22,30 These findings 

warrant concerted efforts to identify patients with germline mutations because their tumor’s 

unique biologic profile may significantly alter their disease course.

One limitation of this study is the lack of data available on patient compliance following 

their referral to GC. Patients often switched oncology providers or were lost to follow-

up. This resulted in a significant proportion of patients with unknown data. Potential 

confounding factors included differences in insurance coverage for testing across eras. 

Additionally, costs of genetic testing have generally decreased in recent years.31 Although 

data on changes in insurance coverage and the price of genetic testing across our specified 

time periods are lacking, it is important to consider these factors as potential confounders 

in this study. Other factors to consider include that patients and physicians at this large 
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academic cancer center may be better informed about the potential therapeutic implications 

of discovering deleterious mutations; they may therefore be more willing to use these 

services than the average institution. Additionally, data on the prevalence of deleterious 

mutations were limited by a small sample size of germline-tested patients, especially in the 

earlier eras when testing rates were low. Lastly, in later eras, patients tended to have panels 

of genes tested rather than individual genes.

Conclusions

The 2018 changes to the NCCN Guidelines recommending germline testing for all patients 

with PDAC significantly increased GC referral rates at this academic medical center. The 

implementation of an HCC further boosted compliance with guidelines.
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Figure 1. 
Genetic testing flowchart showing traditional model versus hereditary cancer clinic model.

Abbreviation: PDAC, pancreatic ductal adenocarcinoma.
aComposed of oncologists, surgeons, and genetic counselors.
bAverage wait time for genetic counseling appointment at the University of California, 

Irvine from 2019 through 2023.
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Figure 2. 
Kaplan-Meier analysis of overall survival.

Abbreviation: HCC, hereditary cancer clinic.
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