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Objective

To assess the influence of resection margins on survival for
patients with resected pancreatic cancer treated within the
context of the adjuvant European Study Group for Pancreatic
Cancer-1 (ESPAC-1) study.

Summary Background Data

Pancreatic cancer is associated with a poor long-term survival
rate of only 10% to 15% after resection. Patients with positive
microscopic resection margins (R1) have a worse survival, but
it is not known how they fare in adjuvant studies.

Methods

ESPAC-1, the largest randomized adjuvant study of resect-
able pancreatic cancer ever performed, set out to look at the
roles of chemoradiation and chemotherapy. Randomization
was stratified prospectively by resection margin status.

Results

Of 541 patients with a median follow-up of 10 months, 101
(19%) had R1 resections. Resection margin status was con-
firmed as an influential prognostic factor, with a median sur-

vival of 10.9 months for R1 versus 16.9 months months for
patients with RO margins. Resection margin status remained
an independent factor in a Cox proportional hazards model
only in the absence of tumor grade and nodal status. There
was a survival benefit for chemotherapy but not chemoradia-
tion, irrespective of RO/R1 status. The median survival was
19.7 months with chemotherapy versus 14.0 months without.
For patients with RO margins, chemotherapy produced longer
survival compared with to no chemotherapy. This difference
was less apparent for the smaller subgroup of R1 patients,
but there was no significant heterogeneity between the RO
and R1 groups.

Conclusions

Resection margin-positive pancreatic tumors represent a bio-
logically more aggressive cancer; these patients benefit from
resection and adjuvant chemotherapy but not chemoradia-
tion. The magnitude of benefit for chemotherapy treatment is
reduced for patients with R1 margins versus those with RO
margins. Patients with R1 tumors should be included in future
trials of adjuvant treatments and randomization and analysis
should be stratified by this significant prognostic factor.
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Pancreatic ductal adenocarcinoma is one of the top 10
causes of cancer death in the Western world and is respon-
sible for approximately 40,000 deaths per year in Europe’?
and 28,000 deaths per year in the United States.®*® Great
improvements in immediate surgical outcome have been
shown to be directly related to greater centralization and
increased volume case load in these centers.*~® Approxi-
mately 10% to 15% of patients undergo potentially curative
surgery, but the median survival is only 10 to 18 months,
with 5-year survival rates of 17% to 24%."*2 Survival
beyond 5 years is rare.”*® Improvements in long-term out-
come have not been observed with the use of procedures
more radical than a standard Kausch-Whipple pancre-
atoduodenectomy.**** There is, however, increasing inter-
est in the potentially more promising use of various forms of
adjuvant and neoadjuvant treatment.**=26 To optimize the
use of these additional forms of treatment, an understanding
of prognostic variables is necessary.

The prognosis for patients who undergo pancreatic resec-
tion has been shown to be determined by both the patho-
logic and molecular characteristics of the resected tumor
specimen. The best pathologic predictors of survival after
surgery are the stage, grade, and size of tumor and the
resection margin status.”* Among the most notable mo-
lecular events that decrease survival are the overexpression
of isoforms of the growth factor TGFB,%” increased activity
of the apoptosis regulator Bcl-X, ,2® and certain mutation
subtypes of the K-ras oncogene (GaT, cGT, and GcT at
codon 12).%° There are two other pivotal questions that will
determine how prognostic variables will be used in the
application of (yet to be proven) adjuvant therapies. First,
what are the definitions of complete and incomplete pan-
creatic resection? Second, how should adjuvant therapy be
used in these different categories?

Increasingly accepted in pancreatic cancer surgery is the
R classification to define the extent of the resection. If there
is no microscopic evidence of tumor at any of the edges of
the resection specimen, even if there are lymph node me-
tastases, it is referred to as an RO resection. After a macro-
scopically curative resection, tumor cells may be observed
by microscopy at one or more edges of the resected speci-
men. Commonly, these are at the posterior resection margin
(fascia of Trietz) or beyond the pancreatic parenchyma
anteriorly (base of the transverse colon or posterior perito-
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neum of the lesser sac). This is known as an R1 resection.
The complex nature of the surgery required to remove a
pancreatic cancer means that sometimes the “point of no
return” has been reached but that not al tumor can be
completely removed. A common example is tumor being
left behind around the superior mesenteric vein/splenic
vein/hepatic portal vein junction or along an edge of the
superior mesenteric artery. This type of resection is called
an R2 resection.

Should patients with an R1 resection be treated in the
same way as patients with an RO resection? Should patients
with an R1 resection be considered to have advanced pan-
creatic cancer with an equally bad prognosis and offered the
same treatment as other patients with advanced pancreatic
cancer? Much of the data are based on retrospective studies
and provide a very confusing picture, which may serve only
to amplify prejudices. Early prospective adjuvant studies
concentrated on patients with negative resection margins
(R0),**78 but more recent trials have included patients with
margin-positive (R1) resections,%232>26

The European Study Group for Pancreatic Cancer’s first
trial (ESPAC-1) was a pragmatic study designed to assess
the roles of adjuvant chemoradiation and chemotherapy;
patients were stratified prospectively by resection margin
status before randomization.?>?® Hence, the trial was ideal
for identifying prognostic factors for patients after resection
of pancreatic ductal adenocarcinoma and exploring how
resection margin status influenced outcome.

On behalf of the ESPAC group, we report on the influ-
ence of resection margin status on survival for patients with
resected pancreatic cancer randomized between chemora
diation and chemotherapy treatmentsin the ESPAC-1 study,
and explore treatment effects within these subgroups.

PATIENTS AND METHODS
Patients

Sixty-one cancer centers across 11 countries recruited 541
patients with histologically proven, macroscopicaly resected
ductal adenocarcinoma of the pancreas with no evidence of
local spread or distant metastases in the ESPAC-1 trial . 2>2°
Most patients underwent a standard pancreatoduodenectomy
resection,®3! dther a classical Kausch-Whipple procedure
(52%) or pylorus-preserving pancreatoduodenectomy (36%o).
The remainder (12%) underwent a standard left or tota pan-
createctomy®! for tumors in the tail of the pancreas or large
tumors in the body of the gland, respectively.

Treatment Allocation

Randomization was stratified by randomization center
and resection margin status (RO or R1). The study aimed to
randomize 280 patients for two treatments in a 2 X 2
factorial design to examine two issues: the role of adjuvant
chemoradiation (40 Gy + 5-fluorouracil [5-FU] over 6
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Eligible patients with histologically proven
adenocarcinoma of the pancreas having
undergone potentially curative resection

Randomisation for Randomisation for Randomisation for
both CRT and CT CRT only CT only
(2x2 factorial)
n=285 n=68 n=188
Record if patient has Record if patient has
‘background’ CT or not ‘background’ CRT or not
! / \ / \ Figure 1. Randomization procedure.
OBS| |CRT CT | |CRT+CT| |No CRT CRT No CT CT
69 70 74 72 35 33 96 92
No CRT vs CRT No CT vs CT
69+74+35 vs 70+72+33 69+70+96 vs 74+72+92
178 vs 175 235 vs 238
Events (n=314, 58%): 102 vs 105 149 vs 122
RO (n=440, 81%): 146 vs 145 193 vs 193
R1 (n=101, 19%): 32 vs 30 42 vs 45

weeks, including a 2-week break) and the role for adjuvant
chemotherapy (5-FU + folinic acid, 1 week in every 4
weeks for 6 months).?>2® Although clinicians were encour-
aged to randomize into this 2 X 2 design, randomization
was restricted, and so the trial design was expanded to be
more pragmatic and to include single-arm randomization
options for chemoradiation only and chemotherapy only
(Fig. 1). This meant clinicians selected which randomiza-
tion option they wished to pursue and provided details of
any additional treatment they wished to give (i.e., back-
ground therapy) before patient entry. Patients were analyzed
according to their randomized treatment and stratified by
additional background therapy. All patients were invited to
participate in quality of life assessments, and all were fol-
lowed up at 3-month intervals until death.

Number of Patients for Comparison

The two main comparisons were between patients ran-
domized to receive chemoradiation versus no chemoradia-
tion and between those randomized to receive chemother-
apy versus no chemotherapy, combining patients from the 2
X 2 factorial design and the single-arm randomization op-
tions. Of the 541 patients, 285 patients were randomized for
both chemoradiation and chemotherapy (in the 2 X 2 fac-
torial design) and the other 256 were randomized either for
chemoradiation only or for chemotherapy only (see Fig. 1).

Overadl, 353 patients were randomized for chemoradiation:
175 were randomized to receive chemoradiation and 178
were randomized to receive no chemoradiation. Overall,
473 patients were randomized for chemotherapy: 238 were
randomized to receive chemotherapy and 235 were random-
ized to receive no chemotherapy. Among the 101 patients
with positive resection margins, 48 were randomized for
both chemoradiation and chemotherapy (in the 2 X 2 fac-
torial design), and the other 53 patients were randomized via
the single-arm randomization options for either chemora-
diation or chemotherapy. Sixty-two of the 101 R1 patients
were randomized for chemoradiation: 30 were randomized
to receive chemoradiation and 32 to receive no chemora-
diation. Eighty-seven of the 101 R1 patients were random-
ized for chemotherapy: 45 were randomized to receive
chemotherapy and 42 to receive no chemotherapy.

Statistical Analysis

The study design assumed that approximately 80% of
patients would be RO (powered to detect an increase in
2-year survival rate from 20% to 40%) and that 20% of
patients would be R1 (powered to detect an increase in
2-year survival rate from 1% to 20%). Survival was calcu-
lated from the date of resection until the date of death from
any cause or censored at the latest follow-up. Chi-square
tests were used for categorical datato compare proportions.
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Table 1. CLINICAL AND TUMOR
CHARACTERISTICS OF THE R1 AND RO
GROUPS

Margin Positive Margin Negative
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Wilcoxon two-sampl e tests were used to compare groups of
continuous measurements. Survival estimates were calcu-
lated by the method of Kaplan and Meier, and the log-rank
test®® was used to assess the differences between groups.
Cox proportional hazards modeling® was used to explore
independent predictors of survival. Hazard ratios (HR) with

gg;”ber for analysis 101 (100%) 440 (100%) 95% confidence intervals (Cl) and P values are presented,
Viale 58 (57%) 266 (61%) and HR plot_s35 by treaiments were derived to display re-
Female 43 (43%) 174 (39%) duction of risk. All analyses were carried out using SAS
Age Statistical Software (Cary, NC).
Median (yrs) 61 60
IQR 56-66 53-67
Nodal involvement
No 29 (33%) 187 (50%”) RESULTS
“Yes 59 (67%) 188 (50%) .
Tumor grade Patients
well 14 (16%) 82 (23%) _ : .
Moderate 55 (63%) 214 (59%) The median age was 60 years (interquartile range [IQR]
Poor 18 (21%) 66 (18%) 53-67), 60% of patients were men, and the median maxi-
Max. tumor size mum tumor diameter was 3 cm (IQR 2.2—4.0). Four hun-
l“é'%d'a” (om) , g_a . , g_a o dred forty patients (81%) had RO and 101 (19%) patients
Smoking o o had R1 resections. The complete table of characteristics by
Past 38 (47%) 171 (48%) the two main treatment questions is given in the trial paper
Present 20 (24%) 95 (27%) and showed that patients were balanced in terms of treat-
Never 24 (29%) 90 (25%) ment group and prognostic factors.?® Clinical and tumor
Preoperative diabetes h L. all ed bal ed b he R
No 69 (84%) 296 (80%) characteristics generally appear anced between the 0
Yes 13 (16%) 72 (20%) and R1 groups (Table 1). There was a dlightly greater
Local invasion at operation proportion of node-positive patients (67% vs. 50%; P =
No 55 (65%) 300 (85%) .01) and patients with local invasion (35% vs. 15%; P <
Tves 80 (35%) 58 (15%) 001) in the R1 ed with the RO
Involved adjacent structures ’ ) tn the group compared wi e group.
on histology
No 46 (57%) 216 (62%)
Yes 35 (43%) 135 (38%) Survival and Quality of Life
IQR, interquartile range. Theinterim trial results have been reported.?® So far there
*//Dvi%lﬁ have been 314 (58%) deaths at a median follow-up of all
re= oo 227 (42%) alive patients of 10 months (range 0—62, IQR
1-25). Sixty-six of the 101 R1 patients (65%) had died
compared with 248 (56%) of the 440 RO patients. Median
follow-up for the 35 R1 patients who were still alive was 7
Survival by Resection Margins
100 {
%
751
s
u
r
v 50
Figure 2. Survival by resecton mar- i RN Negative
gin status. | +2=7.61, p=0.006 e
25 ey
n B
g Positive
0“[ T T T T T
0 6 © 18 24 30
Months
No. at Rigk
Neg 440 334 28 126 82
Pos 161 74 36 22 1“
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Table 2. MEDIAN SURVIVAL TIMES IN MONTHS IN THE R1 AND RO GROUPS BY

CLINICAL AND TUMOR CHARACTERISTICS

Margin Positive (n = 101)

Margin Negative (n = 440)

Median S(t) HR Median S(t) HR
Total Deaths (95% CI) (95% CI) Total Deaths (95% CI) (95% CI)
Resection margin 101 66 10.9 (9.3-15.8) - 440 248 16.9 (156.3-17.9) -
Sex
F 43 29 12.1 (9.3-18.4) 1.08 174 96 19.9 (16.4-22.4) 1.18
M 58 37 10.4 (9.0-16.1) (0.71-2.27) 266 152 15.5 (18.5-17.1) (0.91-1.67)
Age
=60y 45 30 12.7 (9.1-19.5) 0.95 211 1283 17.1 (14.8-19.7) 1.02
>60y 56 36 10.7 (8.9-15.8) (0.65-1.75) 229 125 16.1 (14.0-19.9) (0.81-1.37)
Nodal involvement
No 29 19 16.3 (9.0-27.2) 1.43 187 105 17.7 (14.8-22.4) 1.49
Yes 59 44 10.7 (8.9-14.1) (0.83-5.26) 188 132 15.7 (12.9-16.9) (1.08-2.44)
Tumor grade
Well 14 9 16.1 (9.3-30.4) - 82 39 25.2 (17.3-34.1) —
Mod. 55 38 11.9(8.9-18.4) 1.26(0.66-2.40) 214 142 156.9 (14.0-17.7) 1.70 (1.26-2.29)
Poor 18 15 10.4 (7.2-12.7)  2.15(0.92-5.04) 66 50 10.1 (8.7-12.8) 2.53 (1.65-3.86)
Max. tumor size
=2.0cm 12 9 10.7 (8.7-30.4) 0.82 83 44 22.4 (17.7-25.2) 1.52
>2.0cm 68 49 11.0 (8.9-16.8) (0.51-2.22) 263 179 14.8 (18.1-16.7) (1.05-2.70)
Smoking
Never 24 19 9.0 (7.2-19.5) - 90 63 14.0 (11.4-17.5) —
Past 38 24 12.1(9.3-24.4) 0.68 (0.38-1.25) 171 109 16.9 (14.4-19.9) 0.82 (0.59-1.13)
Present 20 17 10.3(8.5-15.8) 1.19(0.57-2.47) 95 54 15.8 (12.2-22.5) 0.77 (0.53-1.12)
Preop. diabetes
No 69 48 12.7 (9.8-16.8) 1.93 296 188 16.4 (14.4-17.7) 117
Yes 13 10 7.8 (6.4-12.1) (0.77-2.17) 72 46 13.5 (12.2-19.4) (0.85-2.00)
Local invasion at op.
No 55 37 10.7 (8.9-16.8) 1.18 300 198 15.9 (14.0-17.4) 0.79
Yes 30 24 11.9 (8.7-16.7) (0.73-3.13) 53 29 20.1 (13.2-32.9) (0.61-1.09)
Involved adjacent structures
No 46 34 10.3 (8.8-16.3) 1.11 216 132 16.3 (14.0-19.7) 1.20
Yes 35 26 11.9 (8.9-16.8) (0.70-2.69) 135 95 15.7 (12.9-17.4) (0.91-1.79)

HR, hazard ratio; Cl, confidence interval.

months (range 0—62, IQR 1-21) compared with 10 months
(range 0-62, IQR 1-25) for the 192 RO patients. The
majority of all deaths, 266 (85%), were disease-related. Of
the remaining 48 deaths, there were only three treatment-
related deaths; 12 were from causes unrelated to pancreatic
cancer or the treatment given, and the causes of death in 33
other patients were not confirmed. Globally, there were no
major differencesin quality of lifein any of the randomized
groups.?®

Resection margin involvement was confirmed to be an
influential prognostic factor (Fig. 2; chi-square = 7.61, P =
.006), with a median survival of 10.9 months (95% ClI
9.3-15.8) for patients with R1 resections compared with
16.9 months (95% CI 15.3-17.9) for those with RO resec-
tions (Table 2). The 1-year survival rate for RO patients was
65.5% (95% CI 61.5-71.4%); it was 46.8% (95% Cl 36.0—
57.6%) for R1 patients. The 2-year surviva rate for RO
patients was 32.0% (95% CI 26.7-37.4%); it was 25.6%
(95% CI 15.6-35.6%) for R1 patients. Log-rank survival

analysis also confirmed tumor grade (chi-square = 24.46, P
< .001), tumor size (chi-square = 6.21, P = .013), and
nodal involvement (chi-square = 13.12, P < .001) to be
influential prognostic factors of survival.

Within most of these subgroups, patients with RO resec-
tions had an increased median survival compared with pa-
tients with an R1 resection (see Table 2), with the exception
of patients with poorly differentiated tumors, in whom there
was a very similar median survival rate: 10.1 months (95%
Cl 8.7-12.8) for RO patients and 10.4 months (95% CI
7.2-12.7) for R1 patients.

Also, in RO patients, larger tumors were associated with
shorter survival: 14.8 months (95% CI 13.1-16.7) for tu-
mors larger than 2 cm versus 22.4 months (95% CI 17.7—
25.2) for tumors 2 cm or smaller. In contrast, the median
survival was not affected by tumor size in the R1 group: for
tumors larger than 2 cm, the median survival was 11.0
months (95% CI 8.9-16.8) versus 10.7 months (95% ClI
8.7-30.4) for tumors 2 cm or smaller.
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Table 3. COX PROPORTIONAL HAZARD MODELS FOR ALL PATIENTS AND SEPARATELY
FOR THE RO AND R1 GROUPS IN WHICH TUMOR GRADE, NODAL STATUS, MAXIMUM
TUMOR SIZE AND AGE WERE FITTED

Variable Levels B se (B) Chi-square P HR (95% CI)
All Patients (n = 410, 271
deaths)
Grade well, mod, poor 0.425 0.099 18.29 <0.001 1.53 (1.26-1.86)
Nodes neg, pos 0.448 0.126 12.73 <0.001 1.57 (1.22-2.00)
Max. size continuous 0.069 0.034 410 0.043 1.07 (1.00-1.15)
Age continuous 0.016 0.006 6.45 0.011 1.02 (1.00-1.03)
Resection Margin Negative
(n = 3383, 216 deaths)
Grade well, mod, poor 0.421 0.110 14.79 <0.001 1.562 (1.23-1.89)
Nodes neg, pos 0.412 0.139 8.77 0.008 1.51 (1.15-1.98)
Max. size continuous 0.057 0.037 2.40 0.12 1.06 (0.99-1.14)
Age continuous 0.015 0.007 4.81 0.028 1.02 (1.00-1.03)
Resection Margin Positive
(n =77, 55 deaths)
Grade well, mod, poor 0.407 0.246 2.75 0.097 1.50 (0.93-2.43)
Nodes neg, pos 0.508 0.312 2.65 0.104 1.66 (0.90-3.07)
Max. size continuous 0.114 0.096 1.39 0.24 1.12 (0.93-1.35)
Age continuous 0.017 0.016 1.13 0.29 1.02 (0.99-1.05)

HR, hazard ratio; Cl, confidence interval.

Cox Proportional Hazards Modeling of
Prognostic Factors

Cox proportional hazards modeling considered all possi-
ble prognostic factors for inclusion: resection margin status,
tumor grade and size, lymph node status, smoking status,
presence or absence of local invasion, presence or absence
of preoperative diabetes, gender, and age. An initial model
based on 410 patients (271 deaths) identified grade of dis-
ease, nodal status, maximum tumor size, and age as inde-
pendent prognostic factors (Table 3). The presence of in-
creasing tumor grade, lymph node metastases, increasing
maximum tumor size, and increasing age were all associated
with reduced survival.

Resection margin status was an independent factor in Cox
regression modeling only in the absence of tumor grade and
lymph node status. Resection margin status was substituted
as a surrogate for grade of disease and nodal status in an
alternative model based on 426 patients (281 deaths) con-
sisting of maximum tumor size (chi-square = 4.54, P =
.033) and resection margin status (chi-square = 3.51, P =
.061). Noda status and tumor grade were not independent
factorsin this alternative model and were influential only in
the absence of resection margin status.

The origina Cox model of tumor grade, nodal status,
maximum tumor size, and age was then fitted to the RO and
R1 groups of patients separately to observe the influence of
these prognostic factors within each group (see Table 3).
The estimates for the RO group were calculated using 333
patients (216 deaths) and confirmed the importance of grade
of disease, nodal status, and age as influential factors in

predicting long-term survival. The prognostic value of tu-
mor size, however, was significantly reduced.

The estimates for the R1 group were calculated using a
sample of 77 patients (55 deaths). At best, grade of disease
and nodal status could be considered to be only of border-
line significance in predicting long-term survival; any real
significance was probably reduced because of the small
number of patients. The prognostic value of tumor size and
age was significantly reduced and could not be classified as
influential in terms of predicting survival of this relatively
small group of R1 patients.

Chemoradiation Treatment

Preliminary results of the ESPAC-1 trial showed no ev-
idence of a benefit for chemoradiation treatment irrespective
of RO/R1 status.?® The median survival for the 175 patients
receiving chemoradiation was 15.5 months (95% CI 13.5—
17.4); it was 16.1 months (95% CI 13.1-20.1) for the 178
patients allocated to no chemoradiation (chi-square = 1.4,
P = .24), with an HR of 1.18 (95% CI 0.90-1.55).

This result was supported in the subgroups of RO and R1
patients (Fig. 3). The 145 RO patients allocated to chemo-
radiation had a median survival of 15.9 months (95% CI
13.8-19.4) compared with 16.9 months (95% CI 13.2-21.6)
for the 146 patients allocated to no chemoradiation. Like-
wise, in R1 patients, the 30 patients allocated to chemora-
diation had a median survival of 10.9 months (95% CI
8.8—20.5) compared with 12.1 months (95% CI 9.0-18.4)
for the 32 patients randomized to no chemoradiation. The
HR plot for the chemoradiation question showed that there was
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Events/Patients CRT events Hazard Ratio & CI Reduction
CRT NoCRT (O-E) Var. CRT:No CRT (% & SD)
Margins
Positive 18/30  18/32 24 86 i -32% sd 39
(60.0%) (56.3%) :
Negative 87145  84/146 64 423 —— -16% sd 16
60.0% 57.5% R . .
( o) ) : Figure 3. Hazard ratio plot of che-
moradiation treatment.
Total
| Overall 1051175 102178 85 51.0 <I— -18%sd15.2
(60.0%) (57.3%) : (2p=.24)
—— 95% or <> 95% confidence intervals | EFEIFE SV I W B
0.0 0.5 -1.0 1.5 2.0
CRT better No CRT better

no overall benefit in favor of chemoradiation, and that
this effect was similar across the resection margin
subgroups.

Chemotherapy Treatment

The preliminary results of ESPAC-1 showed overall a
highly significant difference in survival in favor of chemo-

Survival, CTvs No CT
Resection Margin Stratification

therapy. The median survival for the 238 patients receiving
chemotherapy was 19.7 months (95% Cl 16.4—22.4) com-
pared with 14.0 months (95% Cl 11.9-16.5) for the 235
patients allocated to no chemotherapy (chi-square = 12.3%
P = .0005), with an HR of 0.66 (95% CI 0.52—0.83) in
favor of chemotherapy.

Overdll, in the RO patients, the 193 patients allocated to
chemotherapy had a survival advantage of more than 5

Events/Patients CT events Hazard Ratio & Cl Reduction
cT NoCT (O-E) Var CT:NoCT (% & SD)
Margins
Positive 30/45 27142 13 134 —— - 1% sd 2.7
(66.7%) (64.3%) :
Negative 92M93  122M93  -27.2 522 B 41% sd 11
0, 0, *
(47.7%) (63.2%) : Figure 4. Hazard ratio plot of chemother-
: apy treatment.
Total
. Overall 122/238 149/235 285 66.0 <> 35.1% sd 10.0
(51.3%) (63.4%) : (2P=.0005)
—l- 95% or <[> 95% confidence intervals | I IR I S|
0.0 0.5 1.0 1.5 2.0
CT better No CT better
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months compared with the 193 patients randomized to no
chemotherapy: 20.7 months (95% Cl 17.4-24.1) versus
15.3 months (95% CI 12.8-17.0), respectively. The effect
was |ess apparent in the smaller subgroup of R1 patients: the
median survival of the 45 patients allocated to chemother-
apy was 11.0 months (95% Cl 8.8-19.5) compared with
10.3 months (95% CI 8.5-16.3) for the 42 patients random-
ized to no chemotherapy.

The HR plot for the chemotherapy question showed an
overall reduction in the hazard of death of approximately
35% (95% CI 17—-48%) in favor of chemotherapy (Fig. 4).
The beneficial effect of chemotherapy was apparent in both
the RO and R1 subgroups, but with wide confidence inter-
vals for the R1 estimate because of the small number of
patients in that subgroup. Although the magnitude of the
benefit for adjuvant chemotherapy was reduced in the
smaller subset of R1 patients, there was no significant
heterogeneity between the RO and R1 groups.

DISCUSSION

The ESPAC-1 trid is the largest randomized trial ever
conducted in resected pancreatic cancer.>>2® Unlike previ-
ous smaller adjuvant trials that restricted recruitment to
patients with negative resection margins, '8 the ESPAC-1
trial allowed all patients to enter the study, stratifying treat-
ment allocation by resection margin status. It was antici-
pated that 20% of patients would have positive resection
margins, and this was found to be the case. The inclusion of
these patients allows the influence of resection margin status
on survival to be explored in a prospective, randomized trial
of patients with resected pancreatic cancer and to see whether
prognostic factors were similar for patients with negative or
positive microscopic resection margin involvement.

Several previous retrospective studies have examined re-
section margin status in the absence of any adjuvant treat-
ment. Trede et a,” in a study of 133 resections, and Gall et
a8 in astudy of 138 resections, both reported significantly
reduced survival outcomes in patients with resection mar-
gin-positive tumors. In a study of 75 resections using mul-
tivariate analysis, Millikan et a’ reported that both blood
transfusion and an R1 resection independently and signifi-
cantly reduced long-term survival. On a similar note,
Wenger et a,® in a study of 158 resections, reported that
tumors larger than 2 cm in diameter and again R1 resections
were associated independently with a significantly shorter
survival.

Other retrospective studies have examined the prognostic
value of resection margin status in groups of patients among
whom there were at least a reasonable number who had
adjuvant treatment on a selective basis. Geer and Brennan,®
in astudy of 146 resections, found that tumor grade, tumor
size, and lymph node status were powerful and independent
predictors of survival. Neither resection margin status nor
the use of adjuvant treatment had any bearing on long-term
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survival 2 In the study by Nitecki et a,® no patient with an
R2 resection survived beyond 18 months, and the use of
adjuvant treatment also made no difference to survival
outcome. Willet et a®® reported no significant survival
difference between patients who did or did not receive
adjuvant chemoradiotherapy; survival was largely dictated
by resection margin status, with no patient with a positive
resection margin surviving much beyond 3 years. Yeo et
a,* in astudy of 174 resections, reported four factors to be
of independent predictive power for prognosis: tumor size,
intraoperative blood loss, adjuvant treatment (mostly che-
moradiation followed by chemotherapy), and resection mar-
gin status.

From these studies, it might be concluded that the outcome
in patients with a positive resection margin is poor and that
perhaps even full adjuvant trestment is of no benefit. In con-
trast to the study by Willet et a,* the UKPACA study found
surprisingly good surviva in patients with R1 resections who
had received a combination of chemoradiation followed by
chemotherapy.?® This finding seems to be supported by the
first results from the ESPAC-1 trial, where patients with R1
resections appear to benefit from adjuvant chemotherapy
treatment.

In this uniquely large prospective study of the 541 resec-
tions in the ESPAC-1 trial, we found that tumor grade and
size, lymph node involvement, resection margin status, and
age were significant survival predictors by log-rank analy-
sis. In the Cox proportional hazards modeling, resection
margin status ceased to be of independent prognostic sig-
nificance in the presence of tumor grade and nodal status. It
is interesting that resection margin status was a significant
independent prognostic factor only when tumor grade and
lymph node involvement were both absent from the model.
There is an extremely important implication to this obser-
vation, which is entirely consistent with the findings of Geer
and Brennan.® These data suggest that R1 status in resected
pancreatic ductal adenocarcinoma is linked to the underly-
ing biologic phenotype. In effect, this hypothesis says that
R1 tumors behave asif they tend to be poorly differentiated
and tend to have lymph node metastases. These findings
would argue against R1 status being linked to other contin-
gencies, such as surgical technique or that it is somehow a
random occurrence. Whereas R2 resections might be related
to tumor size, this study has clearly shown that is not the
case for R1 resections.

The treatment effects were similar within the subgroups
of patients with negative and positive resection margins for
both the chemoradiation and chemotherapy questions. The
statistical magnitude of the chemotherapy benefit was
smaller for the resection margin-positive patients, probably
because of the smaller numbers of patients in this group.
Patients with positive resection margins in this prospective
study had much better survival (to 2 years at least) than
many retrospective studies would have suggested.”-2036-38
Although the magnitude of the survival effect was not as
large as that seen in patients with resection margin-negative
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tumors, this is not surprising. Moreover, this would be
consistent with our hypothesis that R1 status reflects the
biologic state of the tumor.

For the overall ESPAC-1 study, there were two main
findings.>>?® First, adjuvant chemoradiotherapy (either
alone or in combination with follow-on chemotherapy) did
not improve 2-year survival rates. Second, there was strong
evidence that adjuvant chemotherapy might prolong sur-
vival. We observed a confounding negative effect by che-
moradiotherapy on the benefit of chemotherapy alone. Al-
though the benefit of chemotherapy was observed in the
larger overall analysis, this was not as clearly apparent in
patients randomized to the 2 X 2 factoria design. Thus, we
concluded that there was uncertainty as to the size of the
chemotherapy effect, requiring further confirmatory con-
trolled trials of chemotherapy versus surgery aone.

The results of the ESPAC-1 study are consistent with the
prospective randomized controlled trial of Bakkevold et
al,*® which showed some survival benefit for adjuvant che-
motherapy, and the EORTC trial,*® which found no benefit
for adjuvant chemoradiotherapy. The original GITSG tri-
al,*®*" which pioneered the concept of combined adjuvant
chemoradiotherapy and follow-on chemotherapy, contained
only 43 patients. Treated patients (n = 21), comprising only
RO cases, achieved a median survival of 20 months. In the
ESPAC-1 study, patients with RO tumors randomized to
chemotherapy (n = 193) had a median survival of 20.7
months (95% CI 17.4-24.1).

Yeo et a'° support combined adjuvant chemoradiother-
apy and follow-on chemotherapy, but their conclusion is
largely based on a retrospective biased study. Despite the
selection bias, the median survival in their study of patients
receiving combination chemoradiotherapy and follow-on
chemotherapy was no better than that of patients random-
ized to chemotherapy in the ESPAC-1 study.® There might
be criticisn that neither the EORTC trid'® nor the
ESPAC-1 trial®® used sufficient radiation doses for an op-
timum effect; however, this argument does not explain the
apparently beneficial result of the same radiation dose given
in the GITSG study.*®*’ The introduction of the conformal
radiotherapy beam technique enables more radiation to be
delivered to targeted areasin the abdomen.?* However, even
with intensive chemoradiotherapy (50.4-57.6 Gy to the
pancreatic bed, 50.4-54.0 Gy to regional nodes, and
23.4-27 Gy to the liver) followed by protracted venous
infusion with 5-FU and folinic acid, survival was not sig-
nificantly better than in the no-treatment group.*®

A more recent report by the same group®* of 23 patients
with pancreatic cancer compared “low” with “high” radia-
tion dosage in an intensive combination adjuvant regimen.
All patients received a continuous infusion of 5-FU and
folinic acid during radiation treatment 5 days per week and
then 1 month later, four cycles of the same chemotherapy
regimen for 2 weeks out of every 4. “Low” radiotherapy
comprised 23.4 Gy to the whole liver, 50.4 Gy to regiona
nodes, and 50.4 Gy to the tumor bed. “High” radiotherapy
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comprised 27.0 Gy to the whole liver, 54.0 Gy to regiona
nodes, and 57.6 Gy to the tumor bed. The overall median
survival was 15.9 months, with little difference in median
survival between the low-dose and high-dose groups (14.4
vs. 16.9 months, respectively). An overal median survival
of 15.9 months using this intensive combination adjuvant
regimen contrasts with a median overall median survival of
19.7 months (95% Cl 16.4—22.4) for a simpler chemother-
apy regimen in the ESPAC-1 trial. The lower 95% CI
actually exceeds the median survival of patients given the
intensive combination regimen. Moreover, in the ESPAC-1
trial there was no detrimental effect on quality of life from
chemotherapy.

Although there has been much interest in other ways of
delivering radiotherapy, any perceived advantages remain
unconvincing. The use of intraoperative radiotherapy does
not seem to have any survival advantage over conventional
postoperative radiotherapy for resectable tumors.?* Simi-
larly, the use of neoadjuvant chemoradiation does not pro-
duce a survival benefit compared with postoperative che-
moradiation, even with a comparison biased in favor of the
neoadjuvant technique.?

Thus, in our view, future studies of adjuvant treatment in
pancreatic cancer should focus on chemotherapy regimens.
We would not recommend further use of adjuvant radio-
therapy, not only because of a lack of proven benefit but
also because it may have a reduced survival effect in pa-
tients due to receive follow-on chemotherapy.®® The lack of
benefit of radiotherapy may simply be due to the delay in
instituting effective chemotherapy, or some other reason.
The ESPAC-2 tria isfocusing on adjuvant regional chemo-
therapy. The ESPAC-3 tria is recruiting 990 patientsinto a
three-arm trial comparing the chemotherapy regimen used
in ESPAC-1 (bolus 5-FU and folinic acid) versus gemcit-
abine versus control (resection and observation only). The
use of a control arm is essential to confirm the beneficial
effect of chemotherapy and to obtain a true measure of its
effect in the absence of the confounding influence of
chemoradiation.

To improve outcome in pancreatic cancer, other large
randomized controlled trials are required. In these studies
we should investigate the behavior of R1 tumors in much
more detail. For this reason, we would strongly advocate
stratifying randomization and analysis by resection margin
status in future prospective randomized trials.

In conclusion, this study has confirmed that R1 pancreatic
tumors represent a biologically more aggressive cancer ben-
efiting from resection and adjuvant chemotherapy. Al-
though the magnitude of the response to adjuvant chemo-
therapy in patients with R1 tumors was less than those with
RO tumors, there was dtill a trend in favor of treatment.
Patients with R1 tumors should be included in future trials
of adjuvant treatments and randomization and analysis
should be stratified by this significant prognostic factor.
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Discussion

Pror. H. OserToP: | want to congratulate John Neoptolemos and the
members of the European Study Group for Pancreatic Cancer very much
with this significant paper. | had the opportunity to read this paper and
enjoyed it very much. This paper is part of the ESPAC-1 study. That isthe
largest randomized controlled study on the use of adjuvant chemoradiation
and/or chemotherapy in pancreatic cancer. We have not seen the definitive
paper; most of us look forward to this so that we can decide on good
evidence about adjuvant therapy in pancreatic cancer. So far, on the basis
of the same level 1 (two studies) and level 2 evidence, pancreatic surgeons
have adifferent policy toward adjuvant therapy in Europeand inthe U.S.A.
But the present study is in fact an analysis of a subgroup with positive
resection margins and negative resection margins. | think that the power
calculation for the study (ESPAC-1) is based on the endpoint survival of
the whole group, and my comment is whether the authors can make the
conclusion, as they do, that postoperative chemotherapy is beneficial for
thisrelatively small subgroup of margin-positive resection. It now showsin
the data.

My first question deals with the definition of positive resection margins.
Not only surgeons and surgical techniques were different in this study, but
also the handling by the pathologists in the various institutions. Was the
incidence of positivity (~20% for the whole group) different in the various
institutions? And my second question along thislineis: what was meant by
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local invasion that was seen in 35% of the margin-positive resections and
in 15% of margin-negative resections? Obviously, 15% of this local inva-
sion could be resected radically. Were there any vascular resections in this
group?

| thank you for the opportunity to discuss this paper and congratul ate the
ESPAC on this excellent study.

ProF. A. M. M. EGGERMONT: The essential question is whether or not
there was dtratification in the design of the randomized process was
stratified for microscopic radical and nonradical tumors. If not, a subgroup
analysis as performed in this study is only hypothesis-building at best.

ProF. J. P. NEOPTOLEMOS (CLOSING): On behalf of al my colleagues from
ESPAC throughout Europe, we greatly value the kind reception for this
study by the European Surgical Association and the pertinent questions
from Prof. Huug Obertop and Prof. Alex Eggermont.

The power calculations for ESPAC-1 were based on the overall group
survival. Within the context of the 2 X 2 factorial design, we had originaly
planned to recruit 280 patients, of whom 20% would have a positive
microscopic (R1) resection margin and the remainder would be entirely
clear (RO). Patients were prospectively stratified by resection margin status
(RO vs. R1) and then randomized to treatment. The conduct of the trial was
controlled by an Independent Data and Safety Monitoring Committee
(IDSMC); members of the ESPAC-1 Working Party were never aware of
the progress of the trial except in terms of numbers recruited. On reaching
the accrual target of 280 patients, the IDSMC recommended continuation
of the trial. There were several such reviews, each with the same recom-
mendation. The trial was stopped after nearly 600 patients had been
randomized in order to prevent further patients being given radiotherapy.

As a consequence, we have prospectively studied 541 patients with
pancresatic ductal adenocarcinoma randomized to different adjuvant thera-
pies and stratified by resection margin status, 101 with positive margins.
Not only isthistrial by far the largest ever randomized adjuvant trial, but
it is also the largest to look at resection margins specifically.

The statistics clearly showed a similar effect of the treatments irrespec-
tive of the RO/R1 status. Chemoradiotherapy was of no vaue at all in any
group! There was a benefit in all groups from chemotherapy.

Although the differences may seem small in absolute terms, the numbers
of cases included along with the design makes ESPAC-1 an extremely
powerful study with conclusions of colossal strength. There was no heter-
ogeneity in the prevalence of resection margin status by country, center, or
any other variable. “Local invasion” was that which was observed at
operation, and “adjacent structure involvement” was that determined by
histologic examination.

At the present time, we have not specifically analyzed outcomes in
relation to vascular resections per se.

Why Americans from the U.S.A. behave differently from Europeans
with regards to adjuvant treatment for pancreatic cancer is an interesting
question. The importance of the ESPAC-1 trial results published in the
Lancet is that we can achieve median survivals with chemotherapy alone
that are at least as good as U.S.A. studies using incredibly high doses of
hyperfractionated chemoradiotherapy (as well as chemotherapy), and we
can do this with excellent quality of life. Indeed, what is worrying is that
chemoradiotherapy may have an adverse effect on the benefits of chemo-
therapy, possibly by delaying its first use.

The hypothesis that resection margin status refl ects the biologic nature of
the tumor is novel, interesting, and exciting.

ESPAC are planning further randomized trials; indeed, ESPAC-3, which
compares adjuvant 5-FU/folinic acid versus gemcitabine versus control, is
aready well underway in centers in Europe, Canada, Australia, and New
Zeaand.

All future adjuvant trials (such as ESPAC-3) must prospectively stratify
by resection margin status; much will then be greatly learned from these
single studies as well as from meta-analyses. In this respect some U.S.A.
randomized controlled studies would be welcome.



