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IMPORTANCE The patterns of disease recurrence after resection of pancreatic ductal

adenocarcinomawith adjuvant chemotherapy remain unclear.

OBJECTIVE To define patterns of recurrence after adjuvant chemotherapy and the association

with survival.

DESIGN, SETTING, AND PARTICIPANTS Prospectively collected data from the phase 3 European

Study Group for Pancreatic Cancer 4 adjuvant clinical trial, an international multicenter study.

The study included 730 patients who had resection and adjuvant chemotherapy for

pancreatic cancer. Data were analyzed between July 2017 andMay 2019.

INTERVENTIONS Randomization to adjuvant gemcitabine or gemcitabine plus capecitabine.

MAIN OUTCOMES ANDMEASURES Overall survival, recurrence, and sites of recurrence.

RESULTS Of the 730 patients, median age was 65 years (range 37-81 years), 414 were men

(57%), and 316 were women (43%). Themedian follow-up time from randomization was 43.2

months (95% CI, 39.7-45.5 months), with overall survival from time of surgery of 27.9months

(95% CI, 24.8-29.9months) with gemcitabine and 30.2 months (95% CI, 25.8-33.5 months)

with the combination (HR, 0.81; 95% CI, 0.68-0.98; P = .03). The 5-year survival estimates

were 17.1% (95% CI, 11.6%-23.5%) and 28.0% (22.0%-34.3%), respectively. Recurrence

occurred in 479 patients (65.6%); another 78 patients (10.7%) died without recurrence. Local

recurrence occurred at a median of 11.63months (95% CI, 10.05-12.19 months), significantly

different from those with distant recurrence with a median of 9.49months (95% CI,

8.44-10.71 months) (HR, 1.21; 95% CI, 1.01-1.45; P = .04). Following recurrence, the median

survival was 9.36months (95% CI, 8.08-10.48months) for local recurrence and 8.94months

(95% CI, 7.82-11.17 months) with distant recurrence (HR, 0.89; 95% CI, 0.73-1.09; P = .27).

Themedian overall survival of patients with distant-only recurrence (23.03months; 95% CI,

19.55-25.85months) or local with distant recurrence (23.82months; 95% CI, 17.48-28.32

months) was not significantly different from those with only local recurrence (24.83months;

95% CI, 22.96-27.63months) (P = .85 and P = .35, respectively). Gemcitabine plus

capecitabine had a 21% reduction of death following recurrence compared with monotherapy

(HR, 0.79; 95% CI, 0.64-0.98; P = .03).

CONCLUSIONS AND RELEVANCE There were no significant differences between the time to

recurrence and subsequent and overall survival between local and distant recurrence.

Pancreatic cancer behaves as a systemic disease requiring effective systemic therapy after

resection.

TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT00058201, EudraCT 2007-004299-38,

and ISRCTN 96397434.
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T
he effective treatment of pancreatic ductal adenocar-

cinomaremainshugelychallenging.1However, therehas

alsobeenconsiderableprogress towardextendingover-

all survival by improving surgical outcomes2-5 and the devel-

opment of better adjuvant6-8 and neoadjuvant9-11 therapies.

The incidence of pancreatic cancer is rising, and it is likely to

be the second leading cause of cancer death by 2030.12,13

In specialized centers, resection rates of 15% can be

achieved1,2witha5-year survival rate around 10%without ad-

juvant therapy,7,14,15 increasing to 16% to 18% with single-

agent adjuvant chemotherapy14-16 and 30% to 50% with

combination gemcitabine and capecitabine or modified

5-fluorouracil, folinic acid, irinotecan, and oxliplatin combi-

nation (FOLFIRINOX), respectively.7,8 The patterns of dis-

ease recurrence following resection include both locore-

gional failure and distant metastases. Estimates of these

patterns have been derived from several small postmortem

analyses, retrospective single-center studies,3,17-23 and pro-

spective data from the European Study Group for Pancreatic

Cancer (ESPAC) 1 trial.15 In a large retrospective study3 from

theJohnsHopkinsMedical School,692of 1103patients (62.7%)

had sufficient data for analysis. Of these, 531 (76.7%) had a re-

currence, ofwhom126 (23.7%)had local-only recurrence, 307

(57.8%) had distant-only metastases, and 98 (19%) had both

local recurrenceanddistantmetastases.3Keyfindingswerethat

liver-only recurrence,whichwas found in 134patients (25.2%),

occurred relatively early after a median of 6.9 months while

lung-only recurrence, which was found in 78 patients (15%),

occurredmuch later at amedian of 18.6months, and patients

with a positive lymph node ratio greater than 0.2 were most

likely todevelopdistantmetastatic disease, although this and

other retrospective series are limited by a significant amount

ofmissing data and other potential biases.3,17-19 These limita-

tions areminimized in large prospectivemulticenter studies.

We therefore investigated the patterns of disease recurrence

after resection of pancreatic ductal adenocarcinoma in the

large, multicenter randomized ESPAC-4 adjuvant study.7

Methods

Study Design

Thepatternofpancreatic cancer recurrencewas recordedpro-

spectively at the Liverpool Clinical and Cancer Research UK

TrialsUnit,UniversityofLiverpool, aspartof theESPAC-4trial.7

This was an international phase 3 randomized clinical trial to

compare overall survival after pancreatic adenocarcinoma re-

sectionfollowedbyadjuvantgemcitabine (controlarm)orcom-

bination gemcitabine plus capecitabine (experimental arm).

Ethical approval was obtained from the Liverpool Adult Re-

search Ethics Committee onMarch 4, 2008. Ethical approval

was also obtained in each of the other participating coun-

tries. The study conformed to the principles of the Interna-

tional Conference on Harmonization on Good Clinical Prac-

tice. Informedconsentwasobtained inwriting fromeachstudy

participant.

Patientswere followedupevery3months fromsurgeryby

standardpractice, andsuspected recurrencewasconfirmedby

cross-sectional imaging. Local recurrence was defined as ra-

diologic evidence of recurrent disease in the remnant pan-

creas, the surgical bed, or in locoregional nodes. Distant re-

currence was defined as radiologic evidence of recurrence

outside these areas. Distant recurrence was stratified by the

organ of recurrence. Only the site or sites of first recurrence

were analyzed.

The primary outcome measure was a competing risk

covariate that measured the time from surgery until either

local recurrence, distant recurrence, synchronous local, and

distant recurrence or death without recurrence. Patients

alive and without evidence of recurrence at the time of

analysis were included as censored observations. Before ran-

domization, patients were stratified by country and R0 or R1

status.24 An R0 resection was defined as the absence of any

cancer cells within 1 mm of any cut surface of the resected

specimen. An R1 resection was defined as at least 1 cancer

cell within 1 mm of any surface of the removed specimen.

Evidence of ascites, intra-abdominal, or distant metastasis

precluded enrollment, as did an R2 resection. Patients who

had received previous neoadjuvant therapy were not eligible

for inclusion. A triple-phase contrast computed tomography

scan of chest, abdomen, and pelvis was required in the 3

months before surgery to exclude preexisting metastatic dis-

ease. Tumor staging was undertaken prospectively using the

Union for International Cancer Control TNM, 7th edition,

classification of malignant tumors.25 Demographic and

pathologic variables for the study inclusion were prespeci-

fied. A pathology proforma was completed, and the full

pathology report submitted to the Liverpool Clinical and

Cancer Research UK Trials Unit before randomization could

take place. For the purposes of this study, pathology report-

ing was reexamined and restaged using the updated Ameri-

can Joint Committee on Cancer Staging Manual, 8th

edition.26 The full trial protocol is available in Supplement 1.

Statistical Analysis

Competing risks regression modeling was performed to as-

sess the impactof clinical anddemographic factorson the time

to the first event of interest, local recurrence vs distant recur-

rence vs death without known recurrence as well as median

Key Points

Question What are the patterns of disease recurrence after

resection of pancreatic cancer followed by systemic

chemotherapy?

Findings In this secondary analysis of a randomized clinical trial,

median recurrence-free survival, median survival after recurrence,

and themedian overall survival were similar. Adjuvant gemcitabine

plus capecitabine was associated with reduced rate of local

recurrence compared with gemcitabinemonotherapy and

improved overall survival.

Meaning Pancreatic cancer can be regarded as a systemic disease,

irrespective of site of recurrence, requiring adjuvant systemic

therapy after resection for effective treatment.

Patterns of Recurrence After Resection of Pancreatic Ductal Adenocarcinoma Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery November 2019 Volume 154, Number 11 1039

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2019.3337?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.3337
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.3337


andoverall survival. Clinical anddemographic covariates con-

sidered for inclusion were prespecified and included those

identified in the main trial analysis as predictive of overall

survival.7Further clinical anddemographic factorswith a sig-

nificance level of P less than .25 on univariatemodelingwere

considered for inclusion in the multivariable analysis with

models constructed using backward selection and evaluated

using theAkaike informationcriterion.27,28Keyvariables, such

as treatmentarmandresectionmargin status,were forced into

all multivariable models. Proportionality of subhazards as-

sumptionwasevaluatedafter fittingSchoenfeld residuals.Re-

sults are reported in terms of the cause-specific hazard ratios

(HR) with 95% confidence intervals. Power analysis for the

original clinical trial has beendescribedpreviously.7All analy-

seswere conducted using 2-sided significance tests at the .05

significance level. Stata, version 15 (StataCorp), and R, ver-

sion 3.3.3 (R Foundation), were used to perform all statistical

analyses.

Results

Patient Demographics

Between November 2008 and September 2014, 732 patients

were randomized, 367patients (50.1%) to receive gemcitabine

alone and 365 (49.9%) to receive combination gemcitabine

plus capecitabine. Two patients were excluded from the

full analysis set because they withdrew consent between

randomization and starting therapy (1 in each group);

(Figure 1; the CONSORT diagram is also included in the origi-

nal publication).7

Overall Survival

The median time from surgery to randomization was 65 (in-

terquartile range [IQR], 23-111) days in the gemcitabine group

and 64 (IQR, 21-111) days for the combination treatment arm.

The median follow-up time from randomization was 43.2

months (95% CI, 39.7-45.5 months). The median overall sur-

vival from the timeof surgerywas 27.9months (95%CI, 24.8-

29.9months) in the gemcitabine groupand30.2months (95%

CI, 25.8-33.5 months) in the gemcitabine plus capecitabine

group (HR, 0.81; 95% CI, 0.68-0.98; P = .03). The 5-year sur-

vival estimates were 17.1% (95% CI, 11.6%-23.5%) in the

gemcitabine group and 28.0% (95% CI, 22.0%-34.3%) in the

gemcitabine plus capecitabine group.

Patterns of Recurrence

Disease recurred in479of 730patients (65.6%). Baseline clini-

cal demographics and pathologic variables are described in

Table 1. Local recurrence occurred in 238 of these 479 pa-

tients (49.7%),distant-only recurrence in 193patients (40.3%),

and simultaneous local and distant recurrence in 48 patients

(10.0%), while a further 78 patients (10.7%) diedwithout any

identifiable recurrence. The overall median time to recur-

rence was 12.65 months (IQR, 11.86-13.50 months). Recur-

rence within 2 years of randomization occurred in 416 of 479

patients (86.8%) with recurrences, in 202 of 238 patients

(84.9%) with local recurrence, and in 214 of 241 patients

(88.8%)withdistant recurrence.Of the458patientswhodied,

380 (83.0%) had local recurrence and/or metastases prior to

death.Patientgroupswerecomparable,withnosignificantdif-

ferences in the types and extent of surgical resection be-

tween groups.

Local recurrence occurred at a median of 13.57 months

(95% CI, 12.61-14.06 months) and was statistically signifi-

cantlydifferent fromthosewithdistant recurrencewith ame-

dian of 11.27 months (95% CI, 10.38-12.55 months) (HR, 1.20;

95% CI, 1.01-1.44; P = .04). The most common oligometa-

static site among the 241 patientswithdistant recurrencewas

the liver found in 99 patients (41%) (or 20.7% of all recur-

rences), followedby lung-limiteddisease in 52 patients (22%)

(or 10.9% of all recurrences) (Table 2). Liver metastatic dis-

ease occurred soonestwith amedian of 9.66months (95%CI,

8.11-11.14months) comparedwith lungmetastases,which oc-

curredat 15.31months (95%CI, 11.76-20.00months) (HR,0.47;

95% CI, 0.33-0.68; P < .001).

Following identificationof recurrence,mediansurvivalwas

9.36 months (95% CI, 8.08-10.48 months) for local recur-

rence and 8.94 months (95% CI, 7.82-11.17 months) with dis-

tant recurrencewith no significant difference (HR, 0.89; 95%

CI, 0.73-1.09; P = .27) (Figure 2A). Patients with lung-limited

metastatic diseasehad significantly longer survival from time

of recurrence than thosewith liver-onlymetastases (HR,0.60;

95% CI, 0.40-0.90; P = .01) (Figure 2B).

Factors AssociatedWith Patterns of Recurrence

Univariate competing risk analyses of clinical and demo-

graphic factors on the risk of recurrence or death along with

the forest plot are described in eTable 2 in the Supplement

and Figure 3. Multivariable analyses identified independent

Figure 1. CONSORTDiagram of European Study Group

for Pancreatic Cancer 4

732 Randomized

1 Withdrawn

1 Patient decision

366 Analyzed

367 Allocated to arm 1 gemcitabine

358 Received allocated intervention

1 Death

8 Did not receive allocated
intervention

6 Patient decision

1 Unknown

26 Lost to follow-up

5 Transferred to another hospital

16 Unknown

11 Discontinued follow-up

11 Patient decision

1 Discharged from clinic

4 Patient too unwell

1 Withdrawn

1 Patient decision

364 Analyzed

365 Allocated to arm 2 GemCap

349 Received allocated intervention

2 Patient ill health

15 Did not receive allocated
intervention

9 Patient decision

4 Unknown

25 Lost to follow-up

5 Transferred to another hospital

16 Unknown

11 Discontinued follow-up

11 Patient decision

2 Discharged from clinic

2 Patient too unwell

Research Original Investigation Patterns of Recurrence After Resection of Pancreatic Ductal Adenocarcinoma

1040 JAMA Surgery November 2019 Volume 154, Number 11 (Reprinted) jamasurgery.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2019.3337?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.3337
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.3337


Table 1. Demographic Data of ESPAC-4 Trial Patients Grouped According to Site of Initial Recurrencea

Characteristic

No. (%)

Alive Without
Recurrence
(n = 173)

Local-Only
Recurrence
(n = 238)

Distant-Only
Recurrence
(n = 193)

Local/Distant
Recurrence
(n = 48)

Dead Without
Recurrence
(n = 78)

Total
(n = 730)

Age, median (IQR), y 63 (57-68) 63 (55-68) 66 (56-70) 66 (57-70) 64 (58-71) 64 (56-69)

Sex

Female 76 (24) 102 (32) 104 (33) 19 (6) 34 (11) 316

Male 97 (23) 136 (33) 137 (33) 29 (7) 44 (11) 414

WHO status

0 80 (26) 97 (31) 103 (33) 17 (5) 28 (9) 308

1 88 (22) 134 (33) 132 (33) 30 (7) 47 (12) 401

2 5 (24) 7 (33) 6 (29) 1 (5) 3 (14) 21

Treatment allocation

Gemcitabine 80 (22) 130 (36) 113 (31) 22 (6) 43 (12) 366

Gemcitabine plus
capecitabine

93 (26) 108 (30) 128 (35) 26 (7) 35 (10) 364

T stage

T1 25 (42) 17 (29) 12 (20) 2 (3) 5 (8) 59

T2 109 (23) 150 (32) 161 (34) 32 (7) 49 (10) 469

T3 39 (19) 71 (35) 68 (34) 14 (7) 24 (12) 202

N stage

N0 63 (46) 32 (23) 33 (24) 4 (3) 9 (7) 137

N1 87 (28) 102 (33) 92 (29) 18 (6) 31 (10) 312

N2 22 (8) 102 (37) 115 (42) 25 (9) 38 (14) 277

Stage

I 53 (43) 32 (26) 29 (24) 5 (4) 8 (7) 122

II 98 (30) 104 (31) 97 (29) 18 (5) 32 (10) 331

III 22 (8) 102 (37) 115 (42) 25 (9) 38 (14) 277

Smoker

Never 72 (24) 97 (33) 103 (35) 21 (7) 25 (8) 297

Past 77 (27) 88 (31) 88 (31) 17 (6) 31 (11) 284

Present 24 (20) 39 (32) 40 (33) 7 (5) 20 (16) 123

Diabetes mellitus

Insulin dependent 24 (26) 37 (40) 23 (25) 3 (3) 9 (10) 93

No 121 (22) 171 (32) 186 (35) 32 (6) 60 (11) 538

Non–insulin dependent 28 (29) 29 (30) 31 (32) 13 (13) 9 (9) 97

Tumor grade

Poor 48 (17) 80 (28) 125 (44) 23 (8) 34 (12) 287

Undifferentiated 2 (50) 2 (50) 0 (0) 0 (0) 0 (0) 4

Moderately 101 (28) 127 (35) 98 (27) 19 (5) 41 (11) 367

Well 20 (32) 23 (37) 17 (27) 6 (10) 2 (3) 62

Maximum tumor size

Median (IQR), mm 28 (21-35) 31 (25-40) 30 (24.5-40) 30 (25-40) 30 (25-40) 30 (24-40)

Extent of lymph resection

Extended 10 (22) 17 (37) 15 (33) 3 (6) 4 (9) 46

Radical 26 (24) 35 (32) 39 (36) 10 (9) 9 (8) 109

Standard 136 (24) 183 (32) 185 (33) 34 (6) 64 (11) 568

Portal vein resection

No 154 (25) 198 (32) 206 (33) 45 (7) 63 (10) 621

Yes 16 (16) 38 (37) 34 (33) 3 (3) 14 (14) 102

Local invasion

No 101 (27) 117 (31) 125 (33) 25 (7) 35 (9) 378

Yes 71 (20) 121 (35) 115 (33) 23 (7) 42 (12) 349

(continued)
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factors significantly associatedwith local recurrence, distant

recurrence, or deathwithout recurrence. For local recurrence

adjuvant treatment (HR, 0.77; 95% CI, 0.592-0.992; P = .04),

N1 status (HR, 1.76; 95%CI, 1.174-2.633; P = .006) andN2 sta-

tus (HR, 2.81; 95% CI, 1.859-4.258; P < .001) were significant

but R status was not; for distant recurrence, moderately dif-

ferentiatedgrade (HR,0.59;95%CI,0.355-0.982;P = .04),well-

differentiatedgrade (HR,0.61; 95%CI,0.468-0.798;P < .001),

log-adjustedpostoperativecarbohydrateantigen (CA) 19-9 lev-

els (HR, 1.32; 95%CI, 1.207-1.443;P < .001), andN2 stage (HR,

2.16; 95%CI, 1.443-3.229;P < .001)were significant; for death

without recurrence, postoperative CA19-9 levels (HR, 1.41;

95%CI, 1.226-1.628;P < .001) andN2 status (HR, 3.13; 95%CI,

1.456-6737; P = .003) were significant; and for overall sur-

vival, adjuvant treatment (HR,0.79;95%CI,0.66-0.96;P = .16),

R status (HR, 1.27; 95%CI, 1.04-1.55;P = .02),moderately dif-

ferentiatedgrade (HR,0.67; 95%CI,0.55-0.82;P < .001),well-

differentiated grade (HR, 0.4; 95%CI, 0.262-0.616; P < .001),

maximum tumor size (HR, 1.11; 95% CI, 1.02-1.19; P = .003),

postoperative CA19-9 levels (HR, 1.32; 95% CI, 1.23-1.43;

P < .001),N1 status (HR, 1.44; 95%CI, 1.056-1.96;P = .04), and

N2 status (HR, 2.10; 95% CI, 1.54-2.88; P < .001) were all

significant.

The cumulative incidence plot showing the accumula-

tionof local anddistant recurrence anddeathswithout recur-

rence, aswell as theaccumulationofdistant recurrences strati-

fied by organ, is presented in eFigure 1 in Supplement 2. The

small numberofpatientswith local anddistant recurrencedid

not allow competing risk or cumulative incidence analysis to

be performed.

Independent factors associated with poorer survival fol-

lowing recurrence were resection margin status (HR, 1.39;

Table 1. Demographic Data of ESPAC-4 Trial Patients Grouped According to Site of Initial Recurrencea (continued)

Characteristic

No. (%)

Alive Without
Recurrence
(n = 173)

Local-Only
Recurrence
(n = 238)

Distant-Only
Recurrence
(n = 193)

Local/Distant
Recurrence
(n = 48)

Dead Without
Recurrence
(n = 78)

Total
(n = 730)

Postoperative
complications

No 124 (24) 171 (33) 170 (33) 34 (6) 56 (11) 521

Yes 47 (23) 66 (32) 71 (34) 14 (7) 22 (11) 206

Type of resection

Distal pancreatectomy 19 (32) 20 (33) 17 (28) 5 (8) 4 (7) 60

Pylorus preserving
pancreatectomy

60 (24) 79 (31) 81 (32) 17 (7) 31 (12) 251

Total pancreatectomy 17 (35) 20 (41) 10 (20) 2 (4) 2 (4) 49

Classic whipple 77 (21) 119 (32) 133 (36) 24 (7) 41 (11) 370

Resection margin

R0 88 (30) 83 (29) 93 (32) 22 (8) 26 (9) 290

R1 85 (19) 155 (35) 148 (34) 26 (6) 52 (12) 440

Toxicity ≥grade 3b

No 74 (24) 91 (29) 118 (38) 25 (8) 26 (8) 309

Yes 99 (24) 147 (35) 123 (29) 23 (5) 52 (12) 421

Preoperative CA19.9
level, kU/L

<150 66 (29) 75 (33) 65 (29) 16 (7) 22 (10) 228

≥150 42 (18) 80 (35) 81 (35) 15 (7) 27 (12) 230

Postoperative CA19.9
level, kU/L

<18.7 107 (32) 102 (31) 93 (28) 18 (5) 29 (9) 331

≥18.7 51 (15) 115 (35) 121 (37) 22 (7) 44 (13) 331

Preoperative CRP
level, mg/L

<7 63 (24) 85 (32) 90 (34) 19 (7) 29 (11) 267

≥7 60 (22) 93 (33) 97 (35) 21 (8) 29 (10) 279

Postoperative CRP
level, mg/L

<5 70 (23) 112 (37) 97 (32) 16 (5) 27 (9) 306

≥5 90 (23) 114 (30) 134 (35) 29 (8) 46 (12) 384

Abbreviations: CRP, C-reactive protein; CA19-9, carbohydrate antigen 19-9;

ESPAC-4, European Study Group for Pancreatic Cancer 4; WHO,World Health

Organization.

SI conversion factor: To convert C-reactive protein to nanomoles per liter,

multiply by 9.524.

a Disease recurrence was observed in 479 patients (65.6%).

bToxicity was graded according to the National Cancer Institute Common

Toxicity Criteria, version 4.03.
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95% CI, 1.106-1.744; P = .005), moderately (HR, 0.51; 95% CI,

0.406-0.64; P < .001) and well-differentiated tumor grades

(HR, 0.47; 95%CI, 0.303-0.732; P < .001), local invasion (HR,

1.26; 95% CI, 1.018-1.554; P = .03), current smoking status

(HR, 1.46; 95% CI, 1.087-1.957; P = .01), and preoperative

C-reactive protein levels (HR, 1.22; 95% CI, 1.095-1.361;

Table 2. Sites of First Recurrence andMedian Overall Survival From Surgery andMedian Survival

After Diagnosis of Recurrence by Site

Site of Recurrence No.

Median (95% CI)

Recurrence-Free
Survival, mo

Survival After
Recurrence, mo

Overall
Survival, mo

Local only 238 13.57 (12.61-14.06) 9.36 (8.08-10.48) 24.83
(22.96-27.863)

Local and distant recurrence 48 11.99 (10.28-15.83) 8.11 (5.22-11.79) 23.82
(17.48-28.32)

Distant only 193 11.14 (10.05-12.32) 9.23 (7.82-11.43) 20.61
(18.12-23.80)

Patients with any distant
recurrence

241 11.27 (10.38-12.55) 8.94 (7.82-11.17) 23.06
(20.43-25.36)

Oligometastatic

Bone 6 NA NE NE

Distant nodal 16 10.61 (7.85-15.14) 13.17 (4.86-NE) 25.36 (14.36-NE)

Liver 99 9.66 (8.11-11.14) 8.54 (7.03-9.62) 20.43
(16.59-23.85)

Lung 52 15.31 (11.76-20.00) 15.04 (12.25-23.65) 33.47
(24.77-48.72)

Other intra-abdominal 26 14.06 (9.62-19.32) 11.17 (5.85-13.40) 29.11
(20.79-49.28)

Ovarian 2 NE NE NE

Polymetastatic

Distant nodal and bone 1 NE NE NE

Liver and bone 1 NE NE NE

Liver and lung 18 10.61 (8.97-12.94) 4.53 (2.13-6.41) 14.91
(11.83-20.99)

Liver, lung, and bone 1 NE NE NE

Liver, lung, and nodal 2 NE NE NE

Liver and nodal 2 NE NE NE

Liver and peritoneal 1 NE NE NE

Lung and nodal 7 NE NE NE

Lung and peritoneal 7 NE NE NE
Abbreviation: NE, not estimable.

Figure 2. Kaplan-Meier Curves Showing Survival From Time of Recurrence
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P < .001) (eTable 1 in Supplement 2). In this model, patients

who received combinationgemcitabineplus capecitabinehad

a21% reductionof death following recurrence comparedwith

patients treated with gemcitabine alone (HR, 0.79; 95% CI,

0.64-0.98; P = .03).

Overall Survival by Patterns of Recurrence

The median overall survival of patients with distant only

(P = .85) or local with distant recurrence were not signifi-

cantlydifferent fromthosewithonly local recurrence (Table2;

eFigure 2A in Supplement 2). Using distant nodal disease as

the referencebetween thedistantmetastasis subgroups, there

werenosignificantdifferences inoverallmediansurvival com-

pared with patients with liver only, lung only, or other intra-

abdominal recurrence, but patients with combined liver and

lung metastases had significantly shorter survival (P = .02)

(Table 2; eFigure 2B in the Supplement). Themedian survival

of patientswith lung-onlymetastaseswas 33.47months (95%

CI, 24.77-48.72months), which was significantly longer than

these with liver-only metastases, which was 20.43 months

(95% CI, 16.59-23.85 months) (HR, 0.50; 95% CI, 0.33-0.76;

P = .001).

Discussion

This study showed there were no differences attributable to

the combination regimen comparedwith gemcitabinemono-

therapy in either development of distantmetastases or death

without recurrence. However, importantly, there was a 23%

reduction in the risk of developing local recurrence, a 21% re-

ductionof death following recurrence, and an 18% increase in

overall survivalusing the combinationof gemcitabinewith ca-

pecitabine comparedwith gemcitabine alone. Almost 90%of

Figure 3. Forest Plot Comparing Competing Risks Results for Local Recurrence, Distant Recurrence, and Overall Survival (OS)

P Value
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Distant Recurrence,
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Favors Increased Death,
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Factor

(Tumor Recurrence)

Treatment allocation

Hazard Ratio

(95% CI)

GemCap vs Gem

.19Death 0.74 (0.473-1.161)

.96Distant 1.01 (0.782-1.295)

.04Local 0.77 (0.592-0.992)

.02Overall survival 0.79 (0.660-0.960)

R status

Positive vs negative

.40Death 1.23 (0.759-2.005)

.92Distant 0.99 (0.755-1.287)

.23Local 1.19 (0.899-1.566)

.02Overall survival 1.27 (1.040-1.550)

N stage

N1 vs N0

.17Death 1.70 (0.797-3.638)

.01Distant 1.41 (0.950-2.092)

.006Local 1.76 (1.174-2.633)

.04Overall survival 1.44 (1.056-1.960)

Tumor differentiation

Moderate vs poor

.04Distant 0.59 (0.355-0.982)

<.001Overall survival 0.67 (0.550-0.820)

Well vs poor

<.001Distant 0.61 (0.468-0.798)

<.001Overall survival 0.4 (0.262-0.616)

Maximum tumor size

.04Local 1.12 (1.005-1.255)

.003Overall survival 1.11 (1.020-1.190)

Postoperative CA19-9

<.001Death 1.41 (1.226-1.628)

<.001Distant 1.32 (1.207-1.443)

<.001Overall survival 1.32 (1.230-1.430)

N2 vs N0

.003Death 3.13 (1.456-6.737)

<.001Distant 2.16 (1.443-3.229)

<.001Local 2.81 (1.859-4.258)

<.001Overall survival 2.10 (1.540-2.880)

1010.1

Hazard Ratio (95% CI)
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distant recurrences occurred within 2 years of surgery, with

halfofpatientswhodeveloped livermetastasesdoingsowithin

12months. This implies thatmost patients had alreadydevel-

oped distantmetastases prior to resection,29-31 a finding con-

sistent with the significant independent association of dis-

tant metastases with N2 lymph node involvement, elevated

postoperative CA19-9 levels, and poorly differentiated tu-

mors. These findings are also supportiveof thenotion thatmi-

crometastases develop early in the pathogenesis of pancre-

atic ductal adenocarcinoma.29-31 Furthermore, this might

explain why R status is associated with survival but not with

local recurrence. Previous studies have shown that even low-

grade pancreatic intraepithelial neoplasms with oncogenic

KRASmutations canmigrate away fromtheglandular preneo-

plasm into the surrounding tissue and circulatory system rep-

resenting early epithelial-to-mesenchymal transition.30Using

autopsy and radiological data from 101 patients, Haeno et al31

proposed that pancreatic cancer grows at an exponential rate

and that cells with high metastatic competency were gener-

ated during tumor expansion in 1 in amillion pancreatic can-

cer cells. From this modeling, they predicted that even very

small primary tumors frequently produced microscopic me-

tastasis prior to surgical removal. The autopsy series also

revealed that a small subset of patients diedwith only locally

advanceddisease, suggesting that some tumorsmay lackme-

tastasis-promoting factors (orhavemetastasis-suppressing fac-

tors) or have metastases that are especially sensitive to sys-

temic therapy.31 In this study,we found that 78of 458patients

(17.0%)who died (or 10.7% of all 730 patients) did sowithout

evidence of recurrence ormetastases. This compareswith 161

of 692 patients (23.3%) in the study by Groot et al,3 and in

13 of 81 patients (16%) in 4 autopsy studies collectively.20-23

AlthoughtheassociationbetweenN2status,CA19-9,anddeath

without identified recurrence implies a proportion had un-

confirmedrecurrence, it isnotpossible to furtherelucidate this

based on the trial data.

Ofparticular importance,we found that therewereno sta-

tistically significant differences between the time to recur-

rence and subsequent and overall survival between local and

distant recurrence. It has been assumed that patientswith lo-

cal recurrencehavea less aggressive tumorbiologyandslower

growing tendency than those patients with distant metasta-

ses and might benefit from additional local treatment of re-

currence such as stereotactic body radiation therapy.3,32 The

lack of survival differences between local and distant recur-

rence in this study challenge this hypothesis. The LAP07 ran-

domized trial33 in patients with locally advanced pancreatic

cancerwithdiseasecontrolledafter4monthsof inductionche-

motherapy found no overall survival with chemoradio-

therapy compared with chemotherapy alone but with added

toxicity. Moreover, in an autopsy study Iacobuzio-Donahue

et al20 found that 30%of patients diedwith localized pancre-

atic cancer and70%diedwithmetastatic disease and that pri-

mary tumor DPC4 expression was associated with limited

metastaticdiseaseburden (<10metastases),while lossofDPC4

expression was associated with widespread metastatic dis-

ease (>1000 metastases). Although these observations sug-

gest a degree of clonality to explain the divergent patterns of

failure, they were unrelated to clinical stage at initial presen-

tation, treatment history, or histopathologic features. Simi-

larly, in this study, there were variances in the determinates

predicting local and distant recurrence and deathwithout re-

currence suggesting clonality but without significant differ-

ences in survival patterns. However, within the group of pa-

tientswithdistantmetastases, therewere significant survival

differences. Patients with liver and lung metastases had the

shortest survival of any group or subgroup. Lung metastases

occurredmuch later than livermetastases. Patientswith lung

metastases also had longer survival from time of recurrence

aswell as longeroverall survival than thosewith lung-onlyme-

tastases. This is in keepingwith 2 clinical studies3,34 and sup-

ported by experimental evidence.35,36 It now seems apparent

thatmost lungand livermetastases frompancreatic cancer are

monophyletic,with subclonesgiving rise toboth liver and lung

metastases in parallel.35Nevertheless, pancreatic cancerme-

tastases often involve seeding bymore than 1 clone, and sub-

sequent metastatic tumor growth may actually be more de-

pendent on the stromal environment of themetastatic site.36

The development of specific management strategies for pa-

tients with metastatic lung cancer are warranted.

TheupdatedAmerican Joint Committee onCancer Cancer

StagingManual, 8thedition, staging systemforpancreatic can-

cermakes a newdistinction betweenN1 (<4nodes) andN2 (≥4

nodes) disease.26 In this series,N2diseasewas associatedwith

more distant recurrence but not more local recurrence, sup-

portingtheclinicalutilityof thisupdatedstagingsystem.Aposi-

tive resectionmarginwasstronglyassociatedwithpoorerover-

all survival in themain study group. Point estimates (data not

shown) suggest this association ismaintained in patients who

develop local recurrence or death prior to recurrence but not

inpatientswhodevelopdistant recurrence. In this study,N1sta-

tus and N2 status were each independent factors significantly

associated with local recurrence along with adjuvant treat-

ment allocation, while N1 status was also an independent de-

terminate for distant recurrence. Interestingly, Honselmann

et al37 found that lymph node status was predictive of time to

recurrence but not location of recurrence.

Limitations

A number of potential confounders exist in this analysis. Be-

cause follow-upwasperformedaccording to localprotocol,not

all patientswere routinely imaged in the sameway, but thede-

tection rate for recurrence in patients who died (19.7%) ap-

proximated the rate in historical autopsy studies (16.1%).20-23

Additional treatmentwas given to 94 of 243 patients (39%) in

thegemcitabinegroupwithrelapseand77of236patients (33%)

in the gemcitabine plus capecitabine group,7 but it is unclear

whether early detection and treatment of recurrence confers

anoverall survival benefit. Trial data only captured site of first

recurrence, which was subsequently stratified as local, dis-

tant, or synchronous local anddistant. Subsequent sites of re-

currence were not recorded and so the patterns of progres-

sionfromlocal recurrencetoeventualdistant recurrenceand/or

deathwerenotevaluable. Itmaybe that capturingonly the first

site of recurrence also partly explains the lower rates of com-

bined local/distant recurrenceseen inthis seriescomparedwith
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others.3 In future, more detailed data capture on patterns of

first (and subsequent) recurrencewouldhelpbetter define the

arc of the disease. In addition, no patients in the ESPAC4 trial

received neoadjuvant therapy. The growing use of neoadju-

vant treatments are likely to affect patterns of postresection

disease recurrence, and trials of neoadjuvant therapy should

therefore capture these data to allow comparison.

Conclusions

Pancreatic cancer can still be regarded as a systemic disease

despite resection and irrespective of site of recurrence. This

supports the furtherdevelopmentofadjuvantsystemic therapy

after resection to increase the long-term survival rate.
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Invited Commentary

Pancreatic Ductal Adenocarcinoma—ESPAC…or It’s Back?
Maxwell Trudeau, BS; Charles M. Vollmer Jr, MD

In this issue of JAMA Surgery, Jones et al1 provide a detailed

accountingof recurrencepatterns of pancreatic ductal adeno-

carcinoma (PDAC) following resection. While not the pri-

mary aim of the European Study Group for Pancreatic Cancer

(ESPAC)–4 randomized clini-

cal trial,2 recurrence of PDAC

was analyzed for 732 patients

receiving adjuvant gemcitabine alone or gemcitabine plus

capecitabine. Although these agents have essentially become

obsolete with the adoption of FOLFIRINOX (fluorouracil,

leucovorin, oxaliplatin, and irinotecan) for treatmentofPDAC,

the current study manages to provoke many curiosities.

As local and distant recurrences occurred at equivalent

rates, the authors reinforce that PDAC is principally a sys-

temicdisease.While a logical assumption, the studydesign re-

sults in terminationof surveillanceon identificationof the first

metastatic event. Thus, we lack complete understanding of

whatoccurs after (seemingly) isolated local recurrence. Ifmost

of thesepatients didnot subsequently developdistantmetas-

tases,would theauthors still definepancreatic cancer as a sys-

temic disease? As this information remains elusive, it is diffi-

cult to deny the possibility that local recurrences exhibit a

different biologic profile compared with distant metastases.

In fact, the article’s own findings suggest this, as the com-

bination therapy in this studyonly significantly reduced rates

of local recurrence. This finding increases doubts that all pa-

tients progress along the same systemic disease pathwaypos-

tulatedby themonophyleticmicrometastasesmodelofHaeno

et al.3 If local and systemic recurrencebiologies are truly alike,

itwouldbe expected that theybothwouldhave similar reduc-

tions in recurrence rates.

On theotherhand,once local recurrencehasoccurred, the

authors dismiss local therapies (radiation or ablation) as ef-

fective treatment options. If we suppose that local recur-

rencehasadiscrepantbiologicalnature, it is reasonable tocon-

tend that suchapproachescouldalter the subsequentbehavior

of local recurrences, perhaps effecting progression to sys-

temic involvement.

Insteadofusingchemoradiotherapy,theauthorsreasonthat

PDAC is best treated with chemotherapy alone. Regardless of

one’s view, the field currently has limited options for effective

chemotherapy.Accordingly, thedevelopmentofdrugswith im-

proved systemic efficacy could alter our current perspectives

of adjuvant therapy. (We hope!) In that case, with better con-

trol over distant metastases, ablative therapies may be more

widely accepted as effective approaches for local disease.

While somemaynotbe fullyconvincedthatPDACiswholly

a systemic disease, this study1will surely create a provocative

dialogue.Whatever stance espoused, we can all agree that the

realnatureofthisdiseaselies inthemicro,ratherthanthemacro.
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