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Take Home Messages
•	 Resection with 6 months adjuvant combination chemotherapy provides the 

best chance for long term survival.
•	 There is no role for adjuvant chemoradiation.

Pearls and Pitfalls
•	 Local recurrence occurs a little later than metastatic disease but is not asso-

ciated with a better overall survival.
•	 R1-direct margin is associated with local recurrence and is associated with 

overall survival.
•	 Local recurrence cannot be used as a surrogate marker for improved over-

all survival.
•	 Lung metastasis is associated with longer survival than local recurrence or 

liver metastasis.

Future Perspectives
•	 Identifying which patients are more likely to respond to FOLFIRINOX or 

gemcitabine-capecitabine as first line chemotherapy.
•	 Association of chemotherapy responsiveness to molecular subtyping.
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48.1  �Introduction

Pancreatic cancer is one of the most lethal cancers and is predicted to become the 
second most common cause of cancer related deaths in the United States by 2030 
[1]. There has been only very modest improvement in overall 5 year survival for all 
stages increasing from under 4% to around 9% in the past decade [2, 3]. The genetic 
characteristics of pancreatic cancer are now well characterized with distinct high 
frequency of KRAS, TP53, CDKN2A, and SMAD4 mutations and/or loss of het-
erozygosity, along with molecular subtyping into classical and basal categories [4–
9]. Despite an increasing use of next generation sequencing based on these scientific 
advances only a minority of assay results lead to a change in clinical management 
with limited clinical efficacy, with the exception of the uncommon situations in 
patients with NRG1-fusions in KRAS wild-type tumors and patients with germline 
BRCA-mutated metastatic pancreatic cancer [10–13]. There is however increasing 
success using combinations of chemotherapy in the advanced setting [3, 14–17]. 
Despite remarkable improvement of surgical techniques, surgery by itself only pro-
vides relatively little extension of life expectancy with a 5-year survival rate of only 
8% or less with resectable disease [17, 18].

48.2  �Adjuvant Therapy Trials in Pancreatic Cancer

The groundbreaking studies of the European Study Group of Pancreatic Surgery 
(ESPAC) transformed our understanding of adjuvant chemotherapy in pancreatic 
cancer, prompting the development of further types of chemotherapy and also more 
advanced techniques in surgery and the evolution of neoadjuvant therapy [3, 17–23]. 
Table 48.1 provides an overview of trials investigating adjuvant therapy after pri-
mary resection [18–40].

The ESPAC-1 trial, a multicenter randomized controlled trial of 545 patients uti-
lized a two-by-two factorial design in 289 patients, randomizing each patient twice 
to either 5-fluorouracil (5-FU) with folinic acid for 6 months versus observation, or 
chemoradiotherapy (20 with 5-FU radiosensitization) versus observation, plus addi-
tionally another 256 patients into a single randomization, comprising 68 patients 
randomly assigned to chemoradiotherapy or no chemoradiotherapy and 188 to che-
motherapy or no chemotherapy [18]. Early publication was recommended because 
of the lack of evidence to support the use of adjuvant chemoradiation after a median 
follow-up of 10 months, with a median survival of 15.5 months in 175 patients with 
chemoradiotherapy versus 16.1 months in 178 patients without chemoradiotherapy. 
There was evidence of a significant survival benefit for adjuvant chemotherapy with 
a median survival of 19.7  months in 238 patients with chemotherapy versus 
14.0  months in 235 patients without chemotherapy [18]. With mature follow-up 
47 months in the pure 2 × 2 factorial design section the estimated 5-year survival 
rate was 10% among patients assigned to receive chemoradiotherapy and 20% 
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among patients who did not receive chemoradiotherapy, 21% among patients who 
received chemotherapy and 8% among patients who did not receive chemotherapy 
[19]. The survival benefit of chemotherapy persisted after adjustment for major 
prognostic factors [19].

The Charité Onkologie (CONKO)-001 trial randomized 186 patients to adjuvant 
gemcitabine for 6 months and 182 to observation. Disease free survival, the primary 
end-point with a median follow-up of 53  months was 13.4  months in the gem-
citabine group, significantly longer than the 6.7 months in the observation group. 
There was no significant difference in median overall survival between the gem-
citabine group with 22.1 months versus 20.2 months in the observation group, nor 
in 5-year survival at 22.5% and 11.5% respectively [30]. At subsequent median 
follow-up time of 136 months, the 5-year overall survival of 20.7% in the gem-
citabine and 10.4% was statistically significant [31].

The ESPAC-3v2 trial (2000–2007) showed gemcitabine not to be superior to 
5-FU with a median overall survival rate of 23.6 months versus 23.0 months but 
with less cumulative toxicity [21]. Furthermore, additional analysis of the ESPAC-3 
data was able to show that the completion of 6 cycles of chemotherapy, but not early 
initiation was associated with improvement in overall survival [22]. Presumably, 
because without full recovery from surgery, the completion of the recommended 
number of chemotherapy cycles is less likely because of accumulating fatigue and 
therefore insufficient to treat occult systemic disease. Combining the control arms 
from ESPAC1 and ESPAC3v2 also established that adjuvant 5-FU with folinic acid 
was superior to observation [22].

The combination of gemcitabine and capecitabine has been shown to be an effec-
tive regimen in the advanced setting [12]. The ESPAC-4 trial included 730 patients, 
366 of which were randomly assigned to gemcitabine, and 364 to gemcitabine and 
capecitabine. Patients eligible had to be >18 years of age and needed to have an R0 
or R1 resection, but there were no other major exclusion criteria such as low carbo-
hydrate antigen (CA)19-9 levels [23]. The median overall survival was 28.0 (95% 
CI  =  23.5–31.5) months in the gemcitabine and capecitabine group versus 25.5 
(95% CI 22.7–27.9) months in the gemcitabine group. The number of grade 3–4 
adverse events was similar in both groups [23]. The substantive improvement sur-
vival of single agent chemotherapy and then doublet chemotherapy compared to 
chemoradiotherapy or no adjuvant therapy is shown in Fig. 48.1 and Table 48.2.

The JSAP-05 trial randomized 182 patients to neoadjuvant chemotherapy with 
S-1 plus gemcitabine and 180 patients to upfront surgery in resectable and border-
line pancreatic cancer followed by 6 months adjuvant chemotherapy with S-1 [41]. 
In the neoadjuvant group 140 (76.9%) were resected compared to 129 (71.6%) in 
the upfront surgery group. What remains unexplained is that the adjuvant S-1 arm 
had a median survival of only 26.6 months, since the JASPAC-01 trial showed a 
median overall survival of 46.5 months in patients randomized to adjuvant S-1 [36].

In 2011, a new therapy regimen based containing oxaliplatin, irinotecan, fluoro-
uracil, and leucovorin (FOLFIRINOX) was introduced in patients with metastatic 
pancreatic cancer [13]. An improved survival in the FOLFIRINOX group in 
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relatively fit patients with metastatic disease was observed compared to gem-
citabine, however the more aggressive scheme of FOLFIRINOX was associated 
with significantly higher rates of grade 3–4 toxicity events and reduced quality of 
life [42]. To reduce side-effects, modified versions of FOLFIRINOX (mFOLFIRI-
NOX), e.g. without the 5-fluorouracil bolus, with lower irinotecan dose or obliga-
tory hematopoietic growth factor Pegfilgrastim have been described [43]. In a 
retrospective review of 60 patients with metastatic pancreatic cancer, a modified 
FOLFIRINOX had similar efficacy in metastatic disease while reducing toxicity 
and improving safety profiles [43].

The French-Canadian PRODIGE [Partenariat de Recherche en Oncologie 
Digestive] 24-ACCORD [Actions Concertées dans les Cancers Colorectaux et 
Digestifs] 24 and CCTG PA.6 [Canadian Cancer Trials Group Pancreatic 
Adnocarcinoma] trial showed that in a selected group of macroscopically resected 
patients the estimated 5-year survival rate could be pushed towards 50% with a 
modified FOLFIRINOX regimen—the best 5-year survival ever reported. The 
investigators randomized 493 patients to receive either mFOLFIRINOX or gem-
citabine for 24 weeks. Patients with CA19-9 > 180 U/ml within 21 days before 
randomization and WHO performance status of >1 were not eligible for random-
ization. Median survival reached 54.4 months in the mFOLFIRINOX group com-
pared to 35  months in the gemcitabine group. Interestingly, while the median 

Fig. 48.1  Kaplan Meier survival estimates in the ESPAC trials (From Neoptolemos JP, et  al. 
Lancet. 2017;389(10073):1011–24. Supplementary appendix)
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disease free survival in the gemcitabine group was similar to the previous trials, 
median overall survival was longer, potentially pointing to the selected patient 
population or frequent use of mFOLFIRINOX in patients showing relapse [39]. It 
should be noted that mFOLFIRINOX is suitable only for relatively fit patients 
applicable to around 30–40%, the remainder needing to be given gemcitabine and 
capecitabine.

In patients with metastatic pancreatic cancer increased survival has also been 
shown with nanoalbumin-bound (nab)-paclitaxel plus gemcitabine [14]. The APACT 
study assessed effects of nab-paclitaxel and gemcitabine versus gemcitabine mono-
therapy in surgically resected pancreatic cancer patients. Exclusion criteria were 
CA19-9 levels ≥100 U/ml and ECOG performance status ≥1, with a primary end-
point of disease-free survival. There were 866 patients randomized with median 
disease-free survival of 19.4 months in the nab-paclitaxel and gemcitabine group, 
not significantly different from 18.8 months in the gemcitabine group, hazard ratio 
of 0.88, 95% CI = 0.729–1.063 (P = 0.1824) [40]. As the primary end-point was not 
met the use of nab-paclitaxel as adjuvant treatment in pancreatic cancer is not 
approved by the Federal Drugs Administration.

Table 48.2  Five year overall survival rates in the ESPAC trials

Trial Treatment

Number of 
patients 
(total = 2092)

5-Year overall 
survival (95% 
confidence 
interval)

Stratified 
log-rank 
χ2 P-value

ESPAC-1 Neoptolemos 
et al. [18]
Neoptolemos 
et al. [19]

5-fluorouracil/
folinic acid

149 21 
(14.6–28.5) %

7.03 0.030a

No chemotherapy 143 8.0 
(3.8–14.1) %

Chemoradiotherapy 
(5-fluorouracil 
Radiotherapy)

145 10.8 
(6.1–17.0) %

ESPAC-3 Neoptolemos 
et al. [21]

Gemcitabine 539 17.5 
(14.0–21.2) %

0.74 0.390a

5-fluorouracil/
folinic acid

551 15.9 
(12.7–19.4) %

ESPAC-4 Neoptolemos 
et al. [23]

Gemcitabine 366 16.3 
(10.2–23.7) %

4.61 0.032b

Gemcitabine and 
capecitabine

364 28.8 
(22.9–35.2) %

From Neoptolemos JP, et al. Lancet. 2017;389(10073):1011–24. Supplementary appendix
aStratification factor: resection margin status
bStratification factors: resection margin status and country

J. P. Neoptolemos et al.



753

48.3  �Adjuvant Chemoradiotherapy Trials 
in Pancreatic Cancer

Adjuvant chemoradiation is still used in some countries, especially the USA, and the 
National Comprehensive Cancer Network guideline lists adjuvant chemoradiation 
as an option, although no evidence level for this recommendation is provided [44]. 
European and UK guidelines do not support the use of adjuvant chemoradiation for 
pancreatic cancer [45, 46]. Previous studies such as the EORTC 40891 (1987–1995), 
ESPAC-1 (1994–2000), and RTOG 9704 (1998–2002) trials failed to show improved 
survival using adjuvant radiotherapy and or chemoradiation either with or without 
additional chemotherapy [18, 19, 28, 29, 33, 34]. The Gastro-Intestinal Study Group 
(GITSG) trial 9173 randomized 43 patients to split-course radiotherapy with radio-
sensitising 5-FU and maintenance systemic weekly 5-FU after surgery or surgery 
alone. There was a survival benefit for adjuvant treatment, with a median survival of 
20 versus 11 months and a 2-year survival of 42% vs. 15%, respectively [24]. A 
further 30 patients were added to the adjuvant therapy arm, and the outcome became 
modified to a median survival of 18 months and a 2-year survival of 46% [25]. The 
GITSG trial only included negative resection margins, thereby preselecting a prog-
nostically favorable group. A Phase III multicenter trial by the European Organization 
for Research and Treatment of Cancer trial (EORTC) randomized 218 patients with 
T1-2,N0-1a, M0 pancreatic ductal adenocarcinoma and T1-3, N0-1a, M0 periampul-
lary adenocarcinoma, either to adjuvant chemoradiotherapy as in the GITSG trial but 
without maintenance chemotherapy, or to observation [28, 29]. There were 114 
patients with pancreatic ductal carcinoma, of whom 60 were randomized to treat-
ment and 54 to observation with median survivals of 17.1 and 12.6 months, respec-
tively [28]. This difference was not statistically significant (P = 0.09) [28]. After a 
median follow-up of 11.7 years, 173 deaths (79%) were then reported but with the 
overall survival still did not differ sufficiently between the chemoradiation treatment 
versus the control groups confirming the previous short-term analysis, indicating no 
benefit of adjuvant chemoradiation over observation in patients with resected pan-
creatic cancer or periampullary cancer [29]. The ESPAC 1 trial also reported no 
significant difference in survival between patients randomized to chemoradiotherapy 
(as in the GITSG trial), with a median of 15.5 months versus 16.1 months for patients 
randomized to no chemoradiotherapy (P = 0.24) [18]. The RTOG 0848 trial, a large 
randomized phase III study with 952 patients that investigates the value of additional 
chemoradiation for patients with no progression after standard adjuvant chemother-
apy with gemcitabine is currently ongoing.

Radiotherapists from the USA especially have been critical of the ESPAC trials 
whilst promoting non-significant findings such as those from the RTOG 9704 adju-
vant chemoradiation trial [33, 34, 47]. In the RTOG 9704 trial there was no signifi-
cant difference in survival between patients randomized to chemoradiation plus 
fluorouracil and those randomized to chemoradiation plus gemcitabine with a 
median overall survival of around 16  months, identical to that of patients who 
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received chemoradiation in the ESPAC-1 trial [18, 19]. This was after exclusion of 
87 of the 531 patients that had already been randomized in RTOG 9704 to ensure 
that all of those eventually analyzed had adhered to the protocol. In comparison, 
patients randomized in the ESPAC-1, ESPAC-3 and ESPAC-4 trials to single agent 
chemotherapy (either 5-fuorouracil or gemcitabine) had survival rates of 
21–26  months with 5  year survival rates of 16–18% based on intention to treat 
analysis (even if reduced doses or no adjuvant therapy was received) and a median 
survival rates of 28 months with 5 year survival rates of and 29% respectively in 
those randomized to gemcitabine and capecitabine [18, 19, 21, 23]. No randomized 
adjuvant chemoradiation trial has even got close to matching these survival data. In 
experimental studies the pancreata of genetically engineered KC mice exposed to 
radiation had significantly more advanced pancreatic intraepithelial lesions and 
more invasive cancer foci than pancreata of control mice, and as a corollary radia-
tion exposure reduced median survival by more than 6 months [48]. Radiotherapists 
have been criticised in an editorial in the Journal of the National Cancer Institute for 
“few good data, much debate” [49]. A network meta-analysis from 2013 for adju-
vant treatments for resected pancreatic cancer by Liao et al. concluded that chemo-
therapy with fluorouracil or gemcitabine was the optimum adjuvant treatment for 
pancreatic cancer and reduced mortality after surgery by about a third whilst chemo-
radiation plus chemotherapy was less effective in prolonging survival and was more 
toxic than chemotherapy alone [50].

48.4  �Local/Distant Recurrence

A secondary analysis of ESPAC-3 has demonstrated that resection margin (R) 
involvement, specifically R1-direct tumor margins, poor tumor differentiation, posi-
tive lymph node status, WHO performance status ≥1, maximum tumor size, and an 
R1-direct posterior resection margin were all independently significantly associated 
with reduced overall and recurrence-free survival [51]. Moreover, overall R1-direct 
positive resection margin status, positive lymph node status, WHO performance 
status ≥1, and R1-direct positive superior mesenteric/medial margin resection sta-
tus were all significantly associated with local recurrence [51].

A further secondary analysis of ESPAC-4 demonstrated that there were no sig-
nificant differences between the time to recurrence and subsequent and overall sur-
vival between local and distant recurrence [52]. The median overall survival of 
patients with distant-only recurrence (23.0 months) or local with distant recurrence 
(23.8 months) was not significantly different from those with only local recurrence 
(24.8 months). Patients with metastases to the lungs had a much longer survival 
compared to those with local recurrence or metastases to other sites such as the 
liver. Gemcitabine plus capecitabine had a 21% reduction of death following recur-
rence compared with monotherapy. Thus, pancreatic cancer appears to behave as a 
systemic disease requiring effective systemic therapy after resection [53].
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These studies show that a positive resection margin is associated with a reduction 
in overall survival, for example in the ESPAC-4 trial a reduction in 5-year survival 
from 40% to 20% [23]. Whilst a positive resection margin is also associated with an 
increased likelihood of local recurrence, this of itself is not the contributor to 
reduced survival, but rather reflects the increased likelihood of systemic disease [51, 
52]. Thus, strategies aimed at local control, may reduce subsequent local progres-
sion, but will not improve overall survival.

48.5  �Prognostic Factors

It is very important to be aware of key prognostic factors when comparing survival 
outcomes from different trials and differing therapeutic regimens as this will have a 
powerful effect on survival outcomes. Multivariate analysis of 17 prospectively 
determined clinical, biochemical, pathological and treatment factors in the ESPAC-4 
trial, identified the following as independent prognostic risk factors: gemcitabine 
plus capecitabine treatment, R1 resection margin, postoperative CA19-9 levels, 
moderately well differentiated tumors, poorly differentiated tumors, undifferenti-
ated tumors, positive lymph nodes, and maximum tumor size [23]. In a single center 
cohort study from the Nanjing University Pancreas Center comprising 432 patients 
who had resected pancreatic cancer (2009–2014), the independent predictive factors 
for overall survival also included adjuvant chemotherapy along with the preopera-
tive neutrophil-lymphocyte ratio and CA19-9 levels, tumor differentiation, tumor 
stage, lymph node ratio, microscopic nerve and vascular invasion and the presence 
of metastases [53].

Unlike a number of other trials, the ESPAC trials did not have restrictive criteria 
which otherwise are liable to produce favorable outcomes. Figure 48.2 illustrates 
survival by postoperative CA19-9 levels in the ESPAC-4 trial [23]. The CONKO-001 
trial excluded patients with postoperative CA19-9 levels >92.5 KU/L [30]. Exclusion 
of patients in the ESPAC-4 trial by postoperative CA19-9 levels >92.5 KU/L would 
directly result in improved survival rates in both arms of the trial [23]. The APACT 
trial also restricted patients to the trial with postoperative CA19-9 levels <100 KU/L 
leading to apparently favorable survival rates [40]. Clear resection margin R0 rates 
were 83% in CONKO-001, 87% in JASPAC-01, and 76.3% in APACT [30, 36, 40]. 
The PRODIGE-24/CCTAG-PA6 trial had 57.2% R0 resections with the effect for 
mFOLFIRINOX being strongest for R1 resections [39]. On the other hand, ESPAC-4 
had only 40% R0 resections and with a 5-year survival estimate in R0 patients of 
40% in patients given gemcitabine plus capecitabine [23]. Lymph node clear N0 
was present in 28.2% of patients in CONKO-001, 37.1% in JASPAC-01, 25.5% in 
the PRODIGE-24/CCTAG-PA6 trial, and 28.7% in APACT. In the ESPAC-4 trial 
only 19.6% of patients had an N0 resection but in these the 5-year survival rate 
nearly reached 50% [23]. Restrictive selection criteria will also result in a higher 
proportion of patients with a normal postoperative CA19-9 level, even if this was 
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not a specific selection criterion, for example, this was found in 77% of patients in 
the JASPAC-01 trial [36]. In APACT 80.4% had a postoperative CA19-9 level 
<37 KU/L [40].

48.6  �Conclusion

Significant progress in the treatment of pancreatic cancer has been made in the last 
20 years [3, 17, 54]. A major impact has been the dramatic improvements in surgical 
technique, management of post-operative complications facilitated by the central-
ization of pancreatic cancer surgery [17, 54–56]. The development of international 
guidelines for the definition of surgical techniques and postoperative complications 
for pancreatic cancer has been essential for objective assessment of outcomes help-
ing to drive technical progress. This has been most noticeably from the International 
Study Group on Pancreatic Surgery that includes definitions on the extent of pancre-
atectomy and lymphadenectomy, the pancreatic anastomosis and post-operative 
complications including pancreatic fistula, hemorrhage, and delayed gastric empty-
ing [57–67]. The impact of next generation sequencing to improve survival by tar-
geted therapy has so far proved to be rather limited [3, 10–13, 17]. The major impact 
on improvement on survival by systemic therapies has come from chemotherapy [3, 
17, 68]. This approach may offer further opportunities to improve survival even 
more by the use patient-derived tumor organoids from pancreatic cancer as pre-
clinical models to predict response to chemotherapy [69].

Fig. 48.2  Kaplan Meier survival estimates for postoperative carbohydrate antigen (CA)19-9 lev-
els by quartile (25%) levels, 1–4 (Q1, Q2, Q3, and Q4) in the ESPAC4 trial (From Neoptolemos 
JP, et al. Lancet. 2017;389(10073):1011–24. Supplementary appendix)
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