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a b s t r a c t 

Background: Although current guidelines recommend multimodal therapy for all patients with pancreatic 

ductal adenocarcinoma, it is unclear the extent to which clinical stage I patients are accurately staged and 

how this may affect management. 

Methods: In this retrospective cohort study of 4,404 patients aged 18–79 years with clinical stage 1 (ie, 

T1N0 or T2N0) pancreatic ductal adenocarcinoma treated with upfront resection in the National Can- 

cer Database (2004–2014), understaging was ascertained by comparing pretreatment clinical stage with 

pathologic stage. The association between adjuvant treatment and overall risk of death among true stage 

I and understaged patients was evaluated using multivariable Cox regression. 

Results: Upstaging was identified in 72.6% of patients (62.8% T3/4, 53.9% N1) of whom 69.7% received 

adjuvant therapy compared with 47.0% with true stage I disease. Overall survival at 5 years among those 

with true stage I disease was significantly higher than those who had been clinically understaged (42.9% 

vs 16.6%; log-rank, p < 0.001). For true stage I patients, adjuvant therapy was not associated with risk of 

death (hazard ratio: 1.07, 95% confidence interval: 0.89–1.29). For understaged patients, adjuvant therapy 

significantly decreased risk of death (hazard ratio: 0.64, 95% confidence interval: 0.55–0.74). 

Conclusion: The majority of clinical stage I pancreatic ductal adenocarcinoma patients actually have 

higher-stage disease and benefit from multimodal therapy; however, one third of understaged patients 

do not receive any adjuvant treatment. Clinicians should discuss all potential treatment strategies with 

patients (in the context of the acknowledged risks and benefits), including the utilization of neoadjuvant 

approaches in those presenting with potentially resectable disease. 

Published by Elsevier Inc. 
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Pancreatic ductal adenocarcinoma (PDAC) is estimated to be re-

ponsible for more than 40,0 0 0 deaths in the United States and
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s the fourth leading cause of cancer death. 1 In large part, this is

ecause patients often present with advanced disease at diagnosis,

nd PDAC typically responds poorly to available systemic therapy

egimens. Because of its aggressive nature, current recommenda-

ions for the management of PDAC include the use of multimodal

herapy (MMT). 2 However, despite recent advancements in the

hemotherapeutic agents available to treat patients with PDAC, 5-

ear survival rates remain poor ( < 10% overall and < 30% for those

ith localized disease), with a slight increase in the mortality rate

ver the past decade. 1,3 , 4 

The traditional paradigm for the curative management of pa-

ients presenting with early-stage and/or potentially resectable dis-

ase has been upfront surgical resection followed by adjuvant ther-

py. 5 However, although the benefit of adjuvant systemic therapy

as been clearly established, between 40% and 50% of patients in

DAC trials failed either to initiate or to complete all intended cy-

les of adjuvant therapy, and only 50% of patients in the general

https://doi.org/10.1016/j.surg.2018.08.003
http://www.ScienceDirect.com
http://www.elsevier.com/locate/surg
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community receive postoperative adjuvant therapy. 6-9 In addition,

recent data suggest half of clinically node-negative patients treated

with upfront surgery are in fact node positive on final pathology;

furthermore, nodal downstaging occurs in 38% of patients treated

with neoadjuvant therapy. 10 As such, because of the low rate of

MMT completion in the postoperative setting, if clinical staging

modalities consistently understage PDAC patients believed to have

early-stage or potentially resectable disease, a number of patients

who might otherwise be considered for neoadjuvant therapy could

be treated with a surgery-first approach, resulting in underutiliza-

tion of MMT in a significant proportion of those who may be likely

to benefit from it. 

At present there are 2 important, but as yet unanswered ques-

tions regarding the optimal management of patients with stage I

PDAC: First, the extent to which current clinical staging modalities

are associated with understaging is unclear. Second, because only

∼10% of patients in published adjuvant trials have stage I disease,

the generalizability of the benefit of adjuvant therapy in these pa-

tients has not been well characterized. In this context, the goals

of this study are to (1) describe the frequency with which clini-

cal stage I patients are understaged (ie, in actuality have more ad-

vanced disease on final pathology); and (2) evaluate whether there

is a benefit associated with adjuvant therapy among patients with

true stage I disease. Our hypotheses were that the majority of pa-

tients with stage I disease are understaged and that adjuvant ther-

apy is beneficial in all patients with PDAC. 

Methods 

Data 

This was a retrospective cohort study using the National Can-

cer Data Base (NCDB). The NCDB is a prospectively maintained,

hospital-based registry collecting data on more than 70% of inci-

dent cancers diagnosed annually. Data are contributed from more

than 1,500 Commission on Cancer–accredited centers in the United

States. The NCDB is a joint project of the American College of Sur-

geons Commission on Cancer and the American Cancer Society.

This study was approved by the institutional review board of the

Baylor College of Medicine and the Michael E DeBakey VA Medical

Center Research & Development Committee. This study is reported

in accordance with STROBE (Strengthening the Reporting of Obser-

vational Studies in Epidemiology) guidelines. 

Study subjects 

Between 2004 and 2014, 242,240 patients between 18 and 79

years of age with a diagnosis of PDAC were identified. Standard

sequential exclusions when using NCDB data were then applied

and are illustrated in Fig. 1 . The exclusion based on treatment at

the reporting facility was to enhance the accuracy of treatment

ascertainment. Exclusions regarding death within 30 days of diag-

nosis and patients for whom definitive surgical resection was not

performed were to ensure that our cohort included patients who

were potential candidates for curative treatments. Our decision to

exclude patients who underwent non-oncologic resections or in

whom this could not be ascertained also served to ensure that the

value of adjuvant therapy as part of multimodal curative treatment

could be evaluated. Patients treated neoadjuvantly ( n = 483) were

excluded because prior work has indicated poor negative predictive

value for clinical nodal staging in PDAC patients, and a 38% rate of

nodal downstaging is observed after neoadjuvant treatment. 10 As

such, it would not be possible to ascertain which neoadjuvantly

treated patients were truly stage I on final pathology. Therefore,

this exclusion was to allow the accurate identification of patients

as having true stage I or having been understaged. 
ariables 

The NCDB provides information on demographic, clinical, and

umor data, as well as all forms of cancer-directed therapy. Edu-

ation and income are derived from the 2012 American Commu-

ity Survey. A Charlson-Deyo index is provided and used to quan-

ify the burden of comorbid conditions. Two forms of staging data

re also provided: (1) clinical —based on the best available staging

ata prior to the initiation of the first course of treatment—and

2) pathologic . As all patients in the study were considered to have

linical stage I disease, pathologic staging information was used to

ategorize patients as having true stage I disease or having been

linically understaged. 

All patients were categorized based on the types of treatment

hey received. Primarily, patients were categorized as having un-

ergone surgery alone or surgery plus adjuvant therapy. As all pa-

ients in this cohort underwent upfront resection, the definition of

djuvant therapy was chemotherapy or radiation therapy adminis-

ered postoperatively. MMT was defined as the use of both surgery

nd any form of adjuvant therapy. NCDB does not provide informa-

ion on whether patients who received radiation were treated with

ystemic therapy followed by concurrent chemotherapy and radia-

ion or only concurrent chemotherapy and radiation. Therefore, as

s routinely done using NCDB data, patients were categorized as

aving received radiation or not. 

nalysis 

Standard descriptive statistics were used to evaluate categori-

al and continuous variable distributions. A nonparametric test of

rend was used to evaluate proportional changes over time. The

rimary outcome of interest was overall survival (OS). The Kaplan-

eier method and log-rank test were used to compare OS distri-

utions. The association between the use of adjuvant treatment

nd risk of death was evaluated using multivariable Cox regres-

ion. Risk of death among those with true stage I disease and those

atients who were clinically understaged were evaluated using 2

eparate models. Model covariates were selected in a nonparsi-

onious fashion and included age, sex, race, insurance type, in-

ome, education, comorbidity, rurality, treatment facility type, tu-

or site, histologic grade, and margin status. The assumption of

roportional hazards was evaluated graphically. To address under-

ying survivor treatment bias, a 90-day landmark was applied. 11 

Our cohort included 14.1% of patients with at least 1 missing

ovariate data point. To address missing values, modeling was con-

ucted in a case-complete fashion and by using multiple impu-

ations by chained equations. Similar results were obtained, and

hus, imputed results are presented. Statistical comparisons were

-sided and considered significant at P values < .05. All analyses

ere performed using STATA Version 14.0 (StataCorp, College Sta-

ion, TX). 

esults 

A total of 4,404 surgically resected patients with clinical stage I

isease were identified. Demographic and clinical characteristics of

he study cohort are presented in the Table 1 . The distribution of

en and women was nearly equal. Roughly 84% were white and

0.4% were black. Most (80.3%) of the patients had proximal tu-

ors. The majority (82.8%) had moderate or poor histologic dif-

erentiation. More than one third (36.5%) of patients were treated

ith surgery alone. Among those who received adjuvant treatment,

9.3% received radiation (with or without chemotherapy), 66.2%

eceived single-agent chemotherapy, and 26.7% received multiagent

hemotherapy. 
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Fig. 1. Flow diagram of study cohort definition. 
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The proportion of patients who were clinically understaged (ie,

nal pathology was not consistent with stage I) and the type of un-

erstaging (ie, T or N stage) are illustrated in Fig. 2 . Higher-stage

isease on final pathology was identified in 72.6%. With respect

o T stage, 62.5% had been clinically understaged, with 97.4% hav-

ng T3 and 2.6% having T4 tumors. For N stage, 53.7% had been

linically understaged. The MMT strategies used are illustrated in

ig. 3 and significantly differed ( P < .001) between patients with

rue stage I disease and those who were upstaged. Among patients

ho were truly stage I, 53.0% received no adjuvant therapy, 23.2%

djuvant chemotherapy only, 20.6% both adjuvant chemotherapy

nd radiation, and 1.2% adjuvant radiation without chemotherapy

ie, chemotherapy was not reported as having been administered).

or patients who had been clinically understaged, 30.3% received

o adjuvant therapy, 34.9% adjuvant chemotherapy, 33.8% both ad-

uvant chemotherapy and radiation, and 1.0% adjuvant radiation

ithout chemotherapy. Among patients who truly had pT1/2 tu-

ors but had nodal disease on final pathology (ie, upstaged based

n nodal status), adjuvant therapy was used in 69.8%. Among pa-

ients who were truly node negative but had upstaging of their

rimary on final pathology, adjuvant therapy was used in 65.1%.
uring the study period, the proportion of patients with true stage

 disease who received MMT was unchanged (44.1% vs 39.8%, trend

est: P = .38). By comparison, the proportion of understaged pa-

ients treated with MMT significantly decreased (70.9% vs 65.3%,

rend test: P = .004). 

The 5-year OS among those with true stage I disease was sig-

ificantly higher than that of those who had been clinically un-

erstaged (42.9% vs 16.6%, log-rank: P < .001). Among those who

ere truly stage I, 5-year OS was not significantly different ( Fig. 4 )

hether adjuvant therapy was or was not used (47.7% no adju-

ant vs 41.5% adjuvant, log-rank: P = .07). The use of adjuvant ther-

py was not significantly associated with risk of death in these

atients (hazard ratio: 1.07, 95% confidence interval: 0.89–1.29).

mong those who had been clinically understaged, 5-year OS was

ignificantly improved with the use of adjuvant therapy (15.3% no

djuvant vs 18.4% adjuvant, log-rank: P < .001). Similarly, adju-

ant therapy was associated with a significant 36% decrease in the

isk of death (hazard ratio: 0.64, 95% confidence interval: 0.55–

.74). We performed 2 sensitivity analyses. First, we compared the

S between true stage I patients who were treated with adjuvant

hemotherapy only and those treated only with resection. Second,
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Table 1 

Demographic and clinical characteristics of the study cohort 

Overall (n = 4,404) True stage I (n = 1,207) Understaged (n = 3,197) 

Demographics 

Mean age ± SD, y 64.5 ± 9.6 64.1 ± 10.0 64.6 ± 9.4 

Age (%) 

≤60 y 32.4 33.5 32.0 

61–65 y 17.4 16.6 17.7 

66–70 y 19.0 18.8 19.1 

71–75 y 17.7 17.8 17.6 

> 75 y 13.5 13.3 13.5 

Male sex (%) 48.7 47.1 49.3 

Race (%) 

White 84.3 83.8 84.5 

Black 10.4 11.2 10.1 

Other 4.3 4.1 4.4 

Missing 1.0 0.9 1.0 

Insurance status (%) 

Insured 40.9 40.9 40.8 

Medicare/Medicaid 54.9 54.3 55.2 

Uninsured 2.4 2.7 2.4 

Other 1.2 1.4 1.1 

Missing 0.6 0.8 0.6 

Income ∗ (%) 

≥$63 0 0 0 34.1 32.7 34.6 

Missing 1.9 2.4 1.8 

Education ∗ (%) 

< 7% 24.9 23.5 25.5 

Missing 1.9 2.4 1.8 

Rurality (%) 

Metropolitan 52.4 47.3 54.3 

Urban 28.4 30.9 27.4 

Rural 15.3 16.9 14.7 

Missing 4.0 4.9 3.6 

Comorbidity index (%) 

0 62.7 63.5 62.4 

1 29.0 28.7 29.2 

≥2 8.3 7.9 8.5 

Facility 

Hospital type (%) 

Academic/Research 59.4 57.0 60.3 

Comprehensive Cancer Center 26.1 28.6 25.2 

Community Cancer Center 2.7 2.3 2.8 

Other 10.9 10.5 11.0 

Missing 1.0 1.6 0.8 

Clinical 

Grade (%) 

Well 9.7 16.9 7.0 

Moderate 49.8 43.2 52.2 

Poor/undifferentiated 33.0 23.2 36.6 

Missing 7.6 16.7 4.1 

Surgical margin (%) 

Positive 19.1 7.8 23.4 

Missing 1.0 1.3 0.9 

Primary location (%) 

Proximal 80.3 71.3 83.8 

Distal 18.0 25.9 15.0 

Unknown 1.7 2.8 1.2 

Surgical resection (%) 

Whipple 70.2 61.1 73.6 

Distal 16.5 23.9 13.7 

Total 13.4 15.1 12.7 

∗ Based on 2008–2012 American Community Survey data. For income, the percentage of patients whose area of 

residence (based on ZIP code) had a median household income ≥$63,0 0 0 (adjusted for 2012 inflation) is presented. 

For education, the percentage of patients whose area of residence (based on ZIP code) had < 7% adults who did 

not attain a high school education is presented. 
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we compared the OS between true stage I patients whose adjuvant

therapy included radiation and those treated only with resection.

There were no significant differences for either comparison. 

Discussion 

Despite the advent of new systemic therapies and an increas-

ing appreciation for the importance of MMT in the management

of PDAC patients, there has been little improvement in survival
ver time. 1 , 3-5 The reasons for this are multifactorial and include

ggressive tumor biology, a predilection for early metastasis that

s often occult at the time of presentation, and resistance to cur-

ent adjuvant therapy regimens. However, pretreatment staging is

lso an important factor that is used to inform clinical decision

aking at the time of presentation, and as such, the accuracy

f this information can greatly influence the sequence of treat-

ents patients receive. Whereas in prior work we evaluated nodal

taging for PDAC and the degree to which neoadjuvant therapy is



K.A. Baugh et al. / Surgery 165 (2019) 307–314 311 

Fig. 2. Final pathologic stage among clinical stage I patients. 
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ssociated with nodal downstaging, in our current study we aimed

o characterize the extent to which patients presenting with clin-

cal stage I disease (ie, patients who traditionally have been man-

ged with upfront resection) actually have true stage I disease and

he benefit associated with MMT. 10 Because data from the exist-

ng adjuvant trials are based on a very small proportion of stage I

atients, our current study of more than 1,200 PDAC patients with

rue stage I disease provides 2 novel and important conclusions.

irst, nearly three quarters of clinical stage I patients actually have

igher-stage disease on final pathology, nearly half of whom are

ode positive. Second, although adjuvant therapy is currently rec-

mmended in the management of all PDAC patients, our findings

uggest it may not be beneficial in those who truly have stage I

isease. 

Currently, adjuvant therapy is considered an important and

eneficial part of MMT for patients with PDAC and is recom-

ended for all patients, regardless of stage. 2 CONKO-001 demon-

trated a 5-year OS survival benefit among patients treated

ith adjuvant gemcitabine relative to resection alone (20.7%

nd 10.4%). 6,12 ESPAC-4 reported a survival benefit associated

ith the use of a multiagent adjuvant regimen (ie, gemcitabine

nd capecitabine) compared with single-agent gemcitabine alone

28.8% vs 16.3%). 13 However, only a small proportion of enrolled

atients in these 2 trials had early-stage disease—T1/T2 tumors ac-

ounted for only 14% of the CONKO-001 cohort, and only 3% of pa-

ients in ESPAC-4 had stage I disease. These small numbers of pa-

ients with early-stage PDAC in these trials are likely attributable

o the fact that greater than 80% of incident PDAC cases present

s regional or distant disease. 1 Given the extremely low accrual

f patients with stage I disease in existing PDAC adjuvant trials,

t seems unlikely a randomized trial to further evaluate this topic

mong such patients could ever be performed. 

Decisions regarding the use of MMT in the management of

atients with PDAC, including the use of neoadjuvant therapy,
re typically based on the best available information regarding

tage of disease at presentation. It is therefore important to un-

erstand how well contemporary clinical staging modalities per-

orm in patients for whom upfront resection is being considered.

urrently, computed tomography or magnetic resonance imaging

aired with adjunctive endoscopic ultrasound are recommended as

art of preoperative or pretreatment staging. 5 However, paramount

o accurate staging and, thus, determination of resectability is pre-

ise discernment of primary measurements, vascular invasion, and

odal status. Recent meta-analyses have found relatively poor pos-

tive predictive value for computed tomography in determining re-

ectability ranging from 61% to 81% (ie, between 19% and 39%

f patients have more advanced disease than is detected by this

odality alone). 14,15 Endoscopic ultrasound is another commonly

sed preoperative staging modality that provides local anatomic

etails and offers the added benefit of tissue biopsy. However,

mong patients believed to have resectable disease on CT, it does

ot clearly provide additional information or value in ascertaining

esectability—an estimated 13% of those with an endoscopic ultra-

ound predicting unresectable disease are actually resectable, and

0% of those with an endoscopic ultrasound predicting resectable

isease are actually unresectable. 15 Our finding that T understaging

as detected in nearly two thirds of patients would appear to cor-

oborate these data regarding the limitations of contemporary clin-

cal staging modalities. Another likely contributory factor is in prior

terations of the American Joint Committee on Cancer (AJCC) pan-

reatic cancer staging guidelines distinguishing between T1/2 and

3 tumors was dependent on the identification of extra-pancreatic

xtension. By comparison, in the most recent edition of the AJCC

taging guidelines, this same distinction is based purely on the size

f the primary tumor. It seems likely this change will improve the

ccuracy of T staging and help to more clearly identify patients

ho may have stage I disease—at least, based on the status of their

rimary tumor. With respect to regional nodal staging, our group
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Fig. 3. Treatment strategies utilized among true stage I and upstaged patients. XRT, radiation therapy. 

Fig. 4. Overall survival of true stage I and upstaged patients stratified by the use of adjuvant therapy. 

 

 

 

 

 

 

 

 

h  

W  

p  

o  

p  

d  

r  

B  

1  
recently evaluated a large cohort of PDAC patients with stage I–II

disease and found contemporary preoperative staging modalities

have poor negative predictive value (49.8%), indicating nearly half

of patients found to be clinically node negative are actually node

positive. 10 

Taken together, these data suggest that clinicians are frequently

treating “early-stage” PDAC patients who actually have more ad-

vanced disease than suggested by preoperative staging modali-

ties. Given the high degree of clinical understaging among our co-
ort of clinical stage I patients, an important question emerges:

hat is the optimal approach to the management of patients who

resent with clinical stage I disease? Our data suggest that ∼73%

f these patients will actually have higher-stage disease on final

athology and clearly benefit from the use of MMT. However, our

ata also indicate that MMT is underused in these patients, with

oughly 30% not receiving adjuvant therapy after upfront resection.

etween half and two thirds of patients in CONKO-001, ESPAC-

, ESPAC-3, and ESPAC-4 completed all intended cycles of adju-
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ant therapy. 6-7 , 12-13 , 16 Not surprisingly, this is also an issue in the

eneral community, where over the past 2 decades, less than 50%

f patients received adjuvant treatment after resection. 9,17 As such,

n ongoing debate regarding the optimal management of PDAC pa-

ients presenting with potentially resectable disease is how best

o use MMT—upfront resection followed by adjuvant treatment or

eoadjuvant treatment? 

Although neoadjuvant treatment is increasingly used in the

anagement of patients presenting with borderline resectable dis-

ase, it is now also included in the recently released American So-

iety of Clinical Oncology management guidelines for patients pre-

enting with resectable disease. 18 In this regard, greater utilization

f neoadjuvant treatment could be a feasible approach to increase

he proportion of patients who complete MMT. In fact, because

f the traditionally high rate of noncompletion of adjuvant ther-

py after upfront resection and because the majority patients be-

ieved to have early-stage disease in actuality have more advanced

isease, a strong argument should be made that presently all pa-

ients presenting with PDAC, regardless of perceived stage, should

e considered for neoadjuvant therapy, preferably in the context of

 clinical trial. This is particularly relevant given that our findings

n the lack of benefit of adjuvant therapy in patients with true

tage I disease cannot be extrapolated to imply a lack of benefit for

eoadjuvant therapy. Although recent changes to the AJCC staging

ystem may improve the accuracy of T staging, in the absence of

ontemporary clinical staging modalities that are more robust for

dentifying nodal metastases, it is unclear that additional effort s to

dentify patients who could have true stage I disease on the basis

f T stage will help to inform decisions about the need for adjuvant

herapies. By comparison, in patients for whom upfront resection

s performed and are found on final pathology to have true stage

 disease, our data suggest older adjuvant regimens are unlikely

o be beneficial and more modern regimens should be considered

nstead. Many patients in our cohort may have been treated with

lder systemic therapy regimens (given our study period), and as

uch, our findings regarding the lack of benefit for adjuvant ther-

py in patients with true stage I disease may not generalize to

ewer, more efficacious regimens. However, although more effec-

ive, these regimens can be more difficult for patients to tolerate,

specially in the postoperative setting; thus, when being consid-

red, they may be best administered and tolerated as neoadjuvant

herapy. 

These findings need to be interpreted in the context of several

imitations. The NCDB does not indicate the type of preoperative

maging modality used to ascertain clinical staging for each pa-

ient. However, NCDB clinical staging data are based on the best

vailable information used by the care team for treatment planning

nd therefore likely provide an accurate reflection of actual clinical

ractice and the real-world effectiveness of contemporaneous clin-

cal staging modalities used in the general community. Informa-

ion on the specific chemotherapy regimen used and the number

f cycles of chemotherapy received is not available, which could

ave influenced our findings regarding the lack of benefit of ad-

uvant therapy in true stage I patients. However, in trials compar-

ng single-agent gemcitabine with multiagent regimens in both the

etastatic and adjuvant settings, the observed difference in me-

ian overall survival was limited to between 2 and 4 months. 3-4 , 13 

ata regarding the intent of treatment, clinical decision-making,

nd patient preferences are not provided. Postoperative complica-

ions are not reported by the NCDB. Because of the retrospective

ature of the study, selection bias in estimating the associated ben-

fit of adjuvant therapy (specifically, survivor-treatment bias; ie,

atients who did well postoperatively, did not have complications,

nd survived the perioperative period would be more likely to re-

eive adjuvant treatment) is a potential concern. However, we ap-

 

lied a 90-day landmark in all survival analyses to help mitigate

to the extent possible) the impact of such bias. Finally, NCDB does

ot provide any information on disease recurrence or disease-free

urvival. 

Data from ongoing trials investigating preoperative FOLFIRINOX

nd gemcitabine/nab-paclitaxel with or without radiation treat-

ent for resectable PDAC will likely provide important informa-

ion that can help to optimize MMT for patient with PDAC. 19-22 

ut, because stage I patients represent a very small proportion of

hose enrolled in randomized PDAC adjuvant trials and because of

he previously described nodal downstaging effect of neoadjuvant

reatment, these studies will be unlikely to truly address the ben-

fit of MMT in this subgroup of patients. As such, our results add

mportant information to the ongoing conversation around the use

f neoadjuvant treatment, rather than upfront surgical resection, in

atients presenting with resectable disease. Because a future ran-

omized trial focused on stage I patients seems unlikely, our work

rovides useful data that should be used at the point of care to

nform discussions with patients about the likelihood of upstaging,

he benefits of MMT, and the possibility of over- or undertreatment

nd to better personalize MMT for PDAC patients in the context of

heir personal preferences and risk tolerance. 
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