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Background and objectives: Pre-operative chemoradiation (preop CRT) plus intraoperative electron
irradiation (IOERT) has been used in the multidisciplinary treatment for patients with locally advanced
unresectable or borderline resectable pancreas cancer. This review was performed to evaluate survival,
relapse patterns and prognostic factors in patients treated with curative intent.
Methods: Between January 2002 and December 2010, 48 patients with locally advanced pancreatic ductal
adenocarcinoma received preop CRT prior to an attempt at resection and IOERT. 31/48 (65%) patients
proceeded to curative-intent surgical resection. Resection status prior to preop CRT was locally unresectable
(20 patients) and borderline resectable (11 patients). Preop CRT (45-50.4 Gy/25-28 Fx in 27/31) was
delivered with concurrent 5FU or gemcitabine-based regimens. Subsequent gross total resection was
achieved in 16 patients (R0, 11; R1, 5). IOERT was delivered in 28 patients (dose, 10-20 Gy). 16 patients also
received adjuvant post-operative systemic chemotherapy. Outcomes evaluated include survival, local failure
in the EBRT field (LF), central failure in the IOERT field (CF), and distant metastases.
Results: Resection status was predictive for survival and for patterns of relapse. For patients with at least
a gross total resection after preop CRT (R0/R1; n=16) vs. no resection (n=15), both median and overall
survival were improved (median 23 vs. 10 months; 2-year, 40% vs. 17%; 3-year, 40% vs. 0%; P=0.002). Liver
or peritoneal relapse was documented in 22/31 patients (71%); LF/CF in 5/26 (16%).
Conclusions: Long term survival and disease control are achievable in select patients with borderline
resectable or locally unresectable pancreas cancer when gross total surgical resection is achieved after preop
CRT. Continued evaluation of curative-intent combined modality therapy is warranted in this high risk
population, but additional strategies are needed to improve resectability and disease control.
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Introduction
In locally unresectable pancreas cancer, the use of external
beam irradiation (EBRT) with concurrent chemotherapy
results in a doubling of median survival when compared
with surgical bypass or stents alone and an increase in 2 year
overall survival (OS) from 0-5% to 10-20% (1-4). However,
five-year OS is rare, and local control is low even with doses
of 60-70 Gy in 1.8-2 Gy fractions over 7-8 weeks (3-4).
The combination of EBRT and intraoperative electrons
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has resulted in an improvement in local control in IOERT
series from Massachusetts General Hospital (MGH), Mayo
Clinic and other institutions (5-10). This did not, however,
translate into major improvements in either median or
two-year survival.
In an attempt to improve patient selection and survival,
investigators from Mayo Clinic Cancer Center - Rochester
(MCCC-R) delivered the concurrent chemoradiation
component of treatment before restaging, exploration and
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IOERT in a series of 27 patients (11). Although two-year
survival appeared to be improved with the altered sequence
of preoperative treatment followed by IOERT, this was
presumably due to altered patient selection, as the relative
incidence of liver plus peritoneal relapse did not change (14
of 27 patients at risk or 52%).
Our institution has used the sequence of preoperative
chemoradiation (preop CRT) followed by restaging, surgical
exploration with resection and IOERT, as indicated, for
select patients with locally advanced pancreas cancer. This
retrospective review was performed to evaluate survival,
relapse patterns, tolerance and prognostic factors.
Methods and materials
Between January 2002 and December 2010, 48 patients with
locally advanced unresectable or borderline resectable
pancreatic ductal adenocarcinoma (ACA) received preop
CRT prior to an attempt at resection and IOERT. Resection
was not attempted in 17 of the 48 patients for the following
reasons: disease progression at restaging in 12 (9 patients,
preoperative imaging; 3 patients, peritoneal seeding at
laparoscopy prior to surgical exploration and attempted
resection); patient declined surgery, 2; medically inoperable,
3. A retrospective review of the 31 patients who underwent
attempted resection is presented here.
Patient and disease factors
Patient factors were evaluated with regard to sex, age and
performance status (Table 1). There were 13 females and 18
males with median age of 64 (range, 41-85). Performance
status (PS) was 0 or 1 in all patients (PS 0 =18, PS 1 =13).
Information that was collected with regard to potential
disease prognostic factors included: resection status prior to
preop CRT, site of lesion, grade and CA 19-9 level (Table 1).
Site of the primary lesion was in the pancreatic head in
20 patients and body in 11 patients. The tumor grade
was moderately differentiated ductal ACA in 5 patients,
poorly differentiated in 18 patients, and not specified
in 8 patients. Resection status prior to preop CRT was
categorized by the surgeon, radiologist, and radiation
oncologist as locally unresectable in 20 patients and
borderline resectable in 11. Prior to 2007, definitions of
borderline resectable were not standardized, but the local
strategy was to consider tumors involving but without
encasement of the celiac or superior mesenteric artery and
amenable to possible venous resection/reconstruction.
In more recent years, definitions of borderline resectable
disease became standardized as described in the
publication of Varadhachary et al. (12).
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Treatment information
Treatment factors were collected with regard to irradiation,
surgery and chemotherapy (Table 1). This included type of
concurrent chemotherapy [gemcitabine vs. 5-fluourouracil
(5-FU)], dose and method of EBRT, degree of surgical
resection (R0, R1, R2, unresectable), dose of IOERT,
and use of maintenance chemotherapy. The concurrent
chemotherapy was 5-FU-based in 11 patients [protracted
venous infusion (PVI), 6; capecitabine, 2; 5-FU/Oxaliplatin,
3] or gemcitabine-based in 18 patients (weekly single-agent
gemcitabine, 12; gemcitabine doublet, 2). The type of
concurrent chemotherapy was unknown in 2 patients who
received the preop CRT at another institution.
EBRT was delivered at our institution for 27 patients
and at outside institutions for 4 patients. Treatments
were designed using high energy photons and either 3-D
conformal, multi-field techniques (27 patients) or intensity
modulated radiation therapy (4 patients). Treatment fields
included both the primary tumor and nodal areas at risk.
Techniques used in our institution have been described in
detail in prior publications and will only be summarized
(1,6,9,11). The EBRT dose was 45-50.4 Gy in 25-28 fractions
(Fx) of 1.8 Gy in 27 patients. A boost field was carried to
54-56 Gy in 28-30 Fx in 2 patients. The EBRT dose was <45 Gy
in 2 patients because of intolerance to the treatment
(39.6 Gy/22 Fx; 43.2 Gy/24 Fx).
Surgical resection was feasible in 17 of 31 patients after preop
CRT (R0 in 11 patients; R1 in 5; R2 in 1) and the lesion was
unresectable in 14 patients. Whipple resection was performed in
9 patients with primary lesions in the head of pancreas, and the
other 8 patients had a distal pancreatectomy with splenectomy
for primary lesions in the body of the pancreas. A vascular
sleeve resection and reconstruction was necessary in 2 patients
(superior mesenteric vein - 1; left renal vein - 1).
IOERT was given as a component of treatment in 28 of
31 patients. IOERT was delivered with a mobile electron
accelerator (Mobetron®; Sunnyvale, Ca). The IOERT dose
was based on both the extent of resection and the dose of
preop EBRT: R0 resection, 12.5 Gy; R1, median 12.5 Gy
(range, 10-15 Gy); R2, 15 Gy; unresectable 17.5 Gy (n=2)
or 20 Gy (n=12). IOERT energy was based on the depth of
the tumor bed or unresected tumor, and IOERT applicator
size included the tumor bed or unresected tumor with a 1-cm
margin (e.g., 4 cm tumor/tumor bed =6 cm applicator).
Systemic maintenance chemotherapy was preferred
in all patients but given in only 16 of 31 (unknown in 3).
Maintenance chemotherapy was gemcitabine-based in all
patients who received additional therapy. Neoadjuvant
chemotherapy was given prior to preop CRT in 7 patients
consisting of several cycles of gemcitabine plus nabpaclitaxel.
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Table 1 Patient, disease and treatment characteristics

Table 1 (Continues)

Characteristics

Characteristics

Patient factors:

No. pt
31

Sex

16/31

Gemcitabine based

16
12

Female

13

None

Male

18

Unknown

PS

No. pt

Maintenance chemo

3

No., number; pt, patients; PS, performance status; CCRT,

0

18

concurrent chemoradiation; PVI, protracted venous infusion;

1

13

IOERT, intraoperative electron irradiation; EBRT, external

Disease factors:

beam irradiation; chemo, chemotherapy; ^sleeve resection

Resection status

of vessel

Borderline

11

Unresectable

20

Site of primary
Head

20

Outcomes

Body

11

Outcomes evaluated include survival [overall (OS) and
disease-free (DFS)], disease relapse [local failure in the
EBRT field (LF), central failure in the IOERT field (CF)
and distant metastases (DM)] and treatment tolerance
(during preop CRT, the peri-operative period, and the
30-day post-operative period). OS and DFS were calculated
with the Kaplan-Meier method (13). Differences between
Kaplan-Meier curves were calculated with the log-rank test
(univariate analyses). Both survival and time to relapse were
calculated from initiation of treatment.

Histology
Ductal ACA

31

Grade, ductal
Moderate
High
Unknown
CA 19-9
<90
>90
Unknown
CCRT
Gemcitabine based

5
18
8
7
23
1
31
18

PVI 5-FU

6

5FU/Oxaliplatin

3

Capecitabine

2

Uncertain

2

EBRT dose

31

54-56 Gy/28-30 Fx
45-50.4 Gy/25-28 Fx
39.6-43.2 Gy/22-24 Fx
Degree of resection

2
27
2
31

R0

11

R1

5

R2
Unresectable
Type of resection

1
14
17/31

Whipple

9

Distal pancreatectomy

8

Vascular resection^
IOERT dose, Gy
10, 12.5
15, 17.5
20

2
28/31
12
4
12

Table 1 (Continued)
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Results
Patient status was evaluated at time of analysis with median
follow-up of 19 months for all patients and 31 months
for survivors. Median survival for the entire group of 31
patients was 19 months with 2-year OS of 31% and 3-year
OS of 16% (Table 2, Figure 1A). Three patients were alive
with no evidence of disease (31, 33, 79 months), 2 alive with
disease relapse (22, 21 months). Twenty-three patients were
dead of disease (median 17 months, range, 4-75 months);
two had died with no evidence of disease at 4 months
(massive CVA) and 7 months (perforated viscous due to
stent) and 1 had died with an uncertain status at 14 months.
Resection status was the only significant predictor for
survival (Table 2). When an R0 or R1 resection was achieved
vs. R2 resection or unresectable disease, 2-year OS was
48% vs. 13% and 3-year OS was 36% vs. 0% (Figure 1B;
P=0.002 log-rank). An OS advantage approached statistical
significance for patients considered borderline resectable
vs. unresectable in pre-treatment evaluation (Figure 1C;
2-year OS 63% vs. 15%, P=0.06 log rank). Other factors
such as sex, site of the primary lesion, initial CA 19-9 level,
change in CA 19-9 level with therapy, type of concurrent
chemotherapy during EBRT, or maintenance chemotherapy
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Table 2 Survival by prognostic factor
Survival
Prognostic factor

No. pt

Overall (%)

Median (mo)

2-yr

3-yr

P-value (log-rank)

Sex
Female

13

17

21

0

Male

18

20

38

29

Head

20

19

34

17

Body/tail

10

18

27

18

0.72

R0

11

23

50

33

0.007

R1

5

17

40

40

15

10

13

0

5FU-based

11

17

18

0

Gemcitabine-based

18

21

44

35

2

18

0

Gem-based/other

16

19

37

16

None

12

18

27

27

3

18

0

0

31

16

0.13

Site of primary

Resection status

R2/unresectable
Concurrent chemo

Uncertain

0.21

Maintenance chemo

Unknown
Total

31

19 mo

0.65

No. pt, number of patients; mo, months; yr, year; Gem, gemcitabine; chemo, chemotherapy

Table 3 Patterns of relapse by resection status
Resection status

No. pt

CF/LF
0

Patterns of relapse No. [%]
Liver/PS
8 [73]

Lung/med

R0

11

3 [27]

R1

5

1 [20]

3 [60]

2 [40]

R2

1

0

1

0

Unresectable

14

4 [29]

10 [71]

6 [43]

Total

31

5 [16]

22 [71]

11 [35]

No. Pt, number of patients; CF, central failure in IOERT field; LF, local failure in EBRT field; PS, peritoneal seeding; med, mediastinum

(yes/no) were not prognostic for improved OS (Table 2).
The DFS at 1 and 2 years was 64% and 20%, respectively,
with a median of 13 months. No factors, including extent of
surgical resection, predicted for improved DFS.

24/31 patients (77%). Sites of metastatic failure included the
liver (11 patients), peritoneum (10 patients), or lung/pleura/
mediastinum (10 patients). Abdominal relapse in the liver or
peritoneal cavity was documented in 22 of 31 patients (71%);
the incidence did not differ by resection status, as noted in Table 3.

Disease relapse
Sites of relapse were evaluated in the total group of 31 patients
(Table 3). LF/CF was documented in 5 of 31 patients (16%).
The incidence of LF/CF in patients who underwent
resection (1/17; 6%) was lower compared to patients
with unresectable disease (4/14; 29%), but this difference
was not statistically significant. DM was documented in

© Pioneer Bioscience Publishing Company. All rights reserved.

Treatment tolerance
Preop CRT was generally well tolerated. The EBRT dose
was attenuated to <45 Gy/25 Fx in 2/31 patients (6%; Table 1)
because of gastrointestinal intolerance (39.6 Gy/22 Fx;
43.2 Gy/24 Fx). Peri-operative morbidity and mortality also
were analyzed. Grade 3 or 4 peri-operative morbidity was
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% Surviving

A

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

4 patients at post-operative day 49 with a gastro-jejunostomy
leak]. An additional 3 patients required re-admission for ileus,
dehydration or abscess within 30 days but were managed
conservatively. There were no peri-operative deaths.
Discussion
EBRT plus chemotherapy
0

No. at risk 31

% Surviving

B

10

20

26

14

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

30
40
Months
9

4

50

60

3

3

R0/R1
R2/NR

P =0.002

0

10

20

30
40
Months

R0/R1 16

16

11

7

R2/NR 15

10

4

3

50

60

3

3

50

60

No. at risk

% Surviving

C

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

4

BR
UR

P =0.06

0

10

20

30
40
Months

BR

11

10

8

6

3

2

2

UR

20

17

7

4

1

1

1

No. at risk

Figure 1 Overall survival (OS) of (A) entire cohort (n=31)
treated with neoadjuvant therapy; (B) by extent of resection. R0/
R1 resection (red, n=16) vs. R2 resection/Unresectable (blue,
n=15) P=0.002 log-rank; (C) by pre-treatment extent of disease.
Borderline resectable (BR, red, n=11), Unresectable (UR, blue,
n=20); P=0.06 log-rank

seen in 7/31 patients (23%). Re-operation was required in
4 patients [3 of 4 within 30 days: pancreatic leak/wound
infection (1 patient), wound dehiscence (1 patient), wound
dehiscence and small bowel obstruction (1 patient); 1 of
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Long-term disease-control and survival are infrequent for
patients with locally unresectable pancreas cancer treated
with EBRT or CRT alone. CRT results in a doubling of
median survival when compared with surgical bypass or
stents alone (3-6 months vs. 9-13 months) and an increase in
2-year OS from 0-5% to 10-20% (1-4). Five-year survivors
are rare, however, and local control is not common. Even
with EBRT doses of 60-70 Gy in 1.8 to 2 Gy fractions, local
failure was documented in at least two-thirds of the patients
in a series from Thomas Jefferson University (3,4).
EBRT plus IORT
The combination of EBRT plus intraoperative electrons for
patients with locally unresectable pancreas cancer resulted
in an improvement in local control in IOERT series from
MGH, Mayo and other institutions (5-10). This did not,
however, translate into major improvements in either
median or two-year survival.
In the most recent update of results from Massachusetts
General Hospital, 150 patients with locally unresectable
pancreas ductal ACA received IOERT as a component of
treatment from 1978 to 2001 in conjunction with EBRT
and 5-FU based chemotherapy (14). Long-term survival was
seen in 8 patients and 5 were alive at or beyond the 5-year
interval. Actuarial 1-, 2-, 3- and 5-year OS for the 150
patients was 54%, 15%, 7% and 4% respectively and median
survival was 13 months. Survival was significantly related to
the diameter of the IOERT treatment applicator (surrogate
for tumor size). In the 26 patients treated with a 5 or 6 cm
applicator, 2- and 3-year OS were 27% and 17%; 0/11
patients treated with a 9 cm diameter applicator survived
beyond 18 months and those treated with a 7 or 8 cm
applicator had intermediate survival (P<0.05).
In the initial Mayo Clinic Cancer Center—Rochester
(MCCC-R) IORT series of patients with locally unresectable
pancreas ACA, IOERT usually preceded EBRT (6).
When results were compared with EBRT ± 5-FU (no
IOERT), local control at one year was 82% for EBRT plus
IORT ± 5-FU versus 48% for EBRT ± 5-FU; at two years
it was 66% versus 20%, respectively (P=0.0005). The
improvement in local control did not, however, translate into
a difference in either median or two-year OS (13.4 months
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median OS with IOERT versus 12.6 months without; 12%
versus 16.5% 2-year OS). The lack of survival improvement
was related to a high incidence of abdominal failure in
both groups of patients (20 of 37 IOERT patients, or 54%
developed liver or peritoneal metastases versus 68 of 122 or
56% in non-IOERT patients).
Pre-operative therapy
In an attempt to improve patient selection and survival,
investigators from MCCC-R delivered the EBRT plus
chemo before restaging and exploration (11). In 27 patients
with locally unresectable pancreas ACA who received
IOERT after preoperative CRT, local control was achieved
in 21 patients (78% with actuarial rates of 86% and 68% at 1
and 2 years, respectively). Median survival was 14.9 months
with this sequence and 2 and 5 year OS were respectively
27% and 7%. These findings were compared with results
in 56 patients who had IOERT before receiving the high
dose external component at Mayo or elsewhere (median OS
10.5 months, 2 year OS 6%, P=0.001). In an earlier analysis
of 37 patients treated solely at Mayo with the latter sequence,
median and 2 year survival were respectively 13.6 months
and 12%. Although 2-year OS appeared to improve with
the altered sequence of preoperative CRT followed by
IOERT, this was likely due to altered patient selection
as the rate of liver plus peritoneal relapse did not change
(14 of 27 patients at risk, 52%).
Aristu et al. from Spain reviewed 47 patients with locally
unresectable ACA treated with EBRT in combination with a
variety of chemotherapy regimens including 5FU, cisplatin,
gemcitabine, docetaxel, or paclitaxel (15). After neoadjuvant
therapy, 12 patients were felt to be potentially resectable,
and surgical resection was achieved in 9 patients. Surgical
exploration was undertaken in an additional 21 unresectable
patients, and 6 received IOERT (median dose 16 Gy, range,
10-29 Gy). Median survival was 23 months and 10 months
for resected or unresectable patients, respectively. OS at
3 years was 48% when resection was achieved, but none of
the unresected patients were alive at 2 years.
Additional series have evaluated the benefits of preop
CRT without IOERT for patients initially deemed to be
surgically unresectable, realizing that this definition may
differ markedly by institution and also by surgeon within a
given institution. Snady et al. reported on a patient cohort
treated with split course XRT concurrent with 5FU and
cisplatin (16). Of the initial 68 patients, 30 patients (44%)
underwent surgical exploration, and, of these, resection
was successfully achieved in 20 patients. Survival was
significantly longer in patients where resection was achieved
compared to no resection (median, 2-year, and 3-year overall
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survival: 31 vs. 21 months; 61% vs. 34%; 32% vs. 13%).
Interestingly, patients who underwent resection after preop
CRT were found to have longer OS compared to a cohort
of patients who had been deemed resectable at diagnosis
and underwent primary resection (median, 2-year, and
3-year OS: 14 months, 31%, 14%.) Ammori and colleagues
at the University of Michigan reviewed their experience of
67 patients with locally unresectable disease treated with
gemcitabine and preop RT (17). After initial pre CRT,
17 patients underwent exploration and resection was
achieved in 9 patients with median OS 17.9 months. Median
survival in unresected patients was 11.9 months.
Borderline resectable disease
A consensus definition of borderline resectable disease has
been a relatively recent development (18). This group of
patients would appear to be ideal candidates for preoperative
treatment strategies. Katz and colleagues at MD Anderson
Cancer Center have reported the largest experience thus
far (19). Their prospective database was retrospectively
reviewed for patients who were not candidates for primary
surgery and treated with preoperative chemoradiation
strategies. Among this cohort of patients who received
neoadjuvant therapy were 84 patients with anatomically
borderline resectable disease. After preop CRT, 32 patients
underwent surgical resection (31 R0/1 R1). Median survival
in resected patients was 40 months compared to 15 months
for unresected patients.
A small experience of only 13 patients with radiographic
borderline resectable disease was reported by Brown et al.
from Fox Chase Cancer Center (20). Treatment regimens
included 50.4 Gy EBRT with either gemcitabine or 5FUbased concurrent chemotherapy followed by a median of
3 cycles of full dose chemotherapy, which was typically
gemcitabine-based. Surgery was then performed at a median
of 8 months from diagnosis. Of the 13 patients treated
with neoadjuvant therapy and surgery, 8 patients were alive
without disease at 24 months follow-up.
Recently, Barugola and colleagues from Italy compared
the outcomes of 41 patients diagnosed with unresectable
or borderline resectable pancreatic cancer and who were
treated either with neoadjuvant chemotherapy alone or with
chemoradiation followed by successful surgical resection to
362 resectable patients treated with upfront surgery (21).
There was no increase in operative morbidity or mortality.
Compared to patients receiving neoadjuvant chemotherapy
alone, neoadjuvant chemoradiation significantly improved
both the rate of pathologic complete response (0% vs.
12.5%; P=0.03%) and the rate of R0 resection (35% vs.
96%; P<0.001). No statistically significant difference in OS
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survival was observed between the patients who received
neoadjuvant therapy group and those treated with upfront
surgical resection (median survival 35 vs. 27 months; P=0.74).
Therefore, despite imaging suggestive of greater local
disease, neoadjuvant chemoradiation could be successfully
combined with surgical resection to achieve equivalent
results as primary surgery.
Current series
For select patients with borderline resectable or locally
unresectable pancreas cancer, we have used only the
sequence of preoperative CRT followed by restaging,
surgical exploration with resection/IOERT, as indicated. Of
the 48 patients who received preop CRT, 31 proceeded to
surgical exploration, and an R0/R1 resection was achieved
in 16 patients. IOERT was included in the treatment for 28
of the 31 resected patients. Extent of surgical resection was
the most important factor impacting survival with a 3-year
OS of 36% after R0/R1 resection (Figure 1B). Despite the
use of IOERT in the setting of unresectable disease, no
patients were alive at 3 years after R2 resection or with
unresectable disease. These findings are consistent with
other studies in the literature described above. In addition,
abdominal relapse in the liver or peritoneal cavity has been
documented in 22 of 31 patients (71%) in the current
series. These relapse rates parallel findings in multiple prior
analyses from MCCC-R that include both resectable (22)
and unresectable pancreas cancer patients (6,8,11).
The current series is limited by its retrospective nature
and limited patient numbers. Although dedicated pancreatic
CT and MRI imaging was used throughout the study
time period, the imaging technology has improved and
the sequence protocols have evolved significantly over the
past decade. The definitions of locally unresectable vs.
borderline resectable disease were not standardized based
on strict radiographic criterion during much of the early
time period studied. However, decisions regarding the use
of neoadjuvant therapy were made in a multidisciplinary
setting. Our findings are consistent with and add to the
limited data available for this patient population.
Conclusions
The current series confirms that long-term survival and
disease control are achievable in select patients with
borderline resectable or locally unresectable pancreas cancer
(1-12,14,19,23-32). Therefore, continued evaluation of
curative-intent combined modality therapy is warranted in this
high-risk population of patients. Although some investigators
have deleted irradiation as a component of treatment for
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patients with locally unresectable cancers, the phase III trial
from the Eastern Cooperative Oncology Group (E4201)
demonstrated an advantage in OS with involved field EBRT
plus concurrent gemcitabine compared to gemcitabine alone
(P=0.04, 2-sided log rank) for such patients (33).
Survival appears to be better in patients with resection
after full-dose preoperative CRT in the current MCCC-A
series and is a sequencing strategy that will be continued
in our institution. Preop CRT has also been a preferred
strategy for this group of patients in other institutions, in an
attempt to improve resection rates (19,23-32,34-36). Preop
CRT is the preferred treatment at MD Anderson Cancer
Center (MDACC) even for patients with resectable cancers,
based on imaging criterion (23-27,35,36).
Additional strategies are needed, to improve both
resectability rates after preoperative CRT and disease control
(local, distant). Improvements in imaging continue to allow
better selection of patients in whom gross total resection
alone or plus IOERT may be feasible after preoperative
treatment for initially unresectable or borderline resectable
pancreas cancers.
However, significant improvements in long-term survival
for borderline resectable and unresectable pancreatic cancer
patients will not occur until abdominal and systemic relapse
rates can be markedly reduced with more effective systemic
therapy. In patients with resected pancreas cancer, adjuvant
gemcitabine has been shown to improve both DFS and OS
when compared to surgery alone in phase III trials (37,38).
A recent phase III trial has demonstrated that combination
chemotherapy with the FOLFIRINOX regimen improved
survival compared to gemcitabine alone in the setting of
metastatic disease but has been tested only in a limited
fashion in the adjuvant/neoadjuvant setting. The incidence
of abdominal relapse may be decreased either by utilizing
more aggressive or new regimens of systemic therapy (39)
and/or regional therapy (intrahepatic, intraperitoneal) and
evaluating altered sequencing of treatment with regard
to systemic and local components of treatment. Targeted
therapies (e.g., epidermal growth factor receptor (EGFR)
inhibitors, vascular endothelial growth factor (VEGF)
inhibitors) and pancreas cancer vaccines are also being
evaluated in an attempt to improve systemic disease
control (40). Gemcitabine plus nab-paclitaxel has shown
substantial anti-tumor activity in a phase I/II trial in
metastatic pancreas cancer patients with an overall response
rate of 48% (39); gemcitabine alone has comparative
response rates of 5-15%. A >20% decrease in CA 19-9
values was found in 92% of patients. Data in additional
patients accrued to the trial was consistent with initial
results and is the basis for a phase III trial.
Delivery of several cycles of gemcitabine-based systemic
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therapy prior to concurrent CRT is being evaluated in
our and other institutions (MDACC, UCSF, other) in
an attempt to achieve better systemic control of micrometastases prior to consolidating the local-regional
component of treatment (41,42). As more effective
concurrent CRT and systemic therapies are developed, both
disease control and survival outcomes should improve in
patients with locally unresectable and borderline resectable
pancreas ACA.
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