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Pancreatic cancer is th& feading cancer cause mortality in both men and evorPancreatic cancer is usually diagnosed in the
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Summary

advanced setting, and only 10-15% of patients pitesiéh operable disease. About 25% are locallyaaded and unresectable and
the rest are metastatic. Studies presented at0th@ Rmerican Society of Clinical Oncology (ASCO) Arah Meeting highlighted
both current treatment options and promising ntvedapeutic agents and approaches.

What We Knew before ASCO 2010

There has been modest improvements in the median
survival of patients with locally advanced pancieat
Improved
compared to radiation alone was demonstrated in the
1981 Gastrointestinal Tumor Study Group (GITSG)
study with a median survival of 10 months for patise
treated with combined modality therapy. The regentl
completed Eastern Cooperative Oncology Group

cancer.

gemcitabine alone.
What We Learned at ASCO 2010

survival with chemoradiation
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Treatment of Locally Advanced Disease

(ECOG) 4201 study was under-enrolled but showed a
median survival of 11.2 months for patients receyvi
chemoradiationversus 9 months for patients receiving

Several of the studies presented focused on tgeatin
locally advanced pancreatic cancer with chemotherap
alone, while others addressed the use of novel
chemotherapeutic or targeted agents in combination
with radiation therapy and chemotherapy (Table 1).

with

sorafenib

Abbreviations ASCO: American Society of Clinical Oncolog
ECOG: Eastern Cooperative Oncology Group; uPA: inasde-
type plasminogen activator
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Chemoradiation versus Chemotherapy Alone

Abstract #4060. Randomized phase 1 trial with an uPA
inhibitor (WX-671) in patients with locally advanced
nonmetastatic pancreatic cancer [1]

As an orally available prodrug of WX-UK1, WX-671

exhibits inhibition of urokinase-type plasminogen
activator (uPA) which reduces baseline pancreatic

cancer cell invasion [2]. As shown by Ertongairal.

[3], WX-UK1 demonstrated that this compound

Table 1 Notable studies in locally advanced pancreaticeapresented at the 2010 ASCO Annual Meeting.

Abstract# Title Number of Study type
Author patients

#4060 Randomized phase Il trial with an uPA inhibitor (V8X1) in patients with locally 95 Prospective
Heinemanret al. [1] advanced nonmetastatic pancreatic cancer Randomized; phase ||
#4058 A multicenter phase |l trial of S-1 with concurreatliotherapy for locally advancec 61 Prospective
lokaet al. [7] pancreatic cancer Single arm; phase I
TPS222 A Cancer Research UK multicenter randomized phlasteidy of induction 76 Prospective

Mukherjeeet al. [11] chemotherapy followed by gemcitabine- or capeaitediased chemoradiotherapy for
locally advanced nonmetastatic pancreatic cancer

Randomized; phase I
(in progress)

#4139 Phase | study of sorafenib (S) with gemcitabinel{&ed radiotherapy (G-RT) in 27 Prospective
Andersoret al. [16] patients (pts) with locally advanced unresectablecpeatic adenocarcinoma (LAUPC) Dose escalation; phase |
e14680 Phase | study of capecitabine and erlotinib witliatherapy in locally advanced 8 Prospective
Jianget al. [20] nonoperable pancreatic cancer Dose escalation; phase |
el4504 Chemoradiotherapy versus gemcitabine-based cherapthi patients with 267 Retrospective

Nio et al. [5] unresectable, locally advanced pancreatic cancer Review
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inhibited in vitro tumour cell matrigel invasion by a
variety of human cancer cell lines. WX-UK1, a
derivative of 3-aminophenylalanine in the L-
conformation with inhibitory antiproteolytic propass,
selectively inhibited tumour-related proteases firais

and humans and when administered for 35 days it
impaired primary tumour growth and metastasis of

BN472 rat breast cancer in a dose-dependent manner

(minimum inhibitory dosage: 0.15 and 0.3 mg/kg/day)
[4]. Ninety-five patients with locally advanced
unresectable pancreatic cancer were randomized to
three cohorts receiving WX-671 at 0, 200 mg and 400
mg daily oral doses and weekly gemcitabine 1,000
mg/nt i.v. each [1]. The results showed an increase in
overall survival from 10.2 months (gemcitabine &jpn
to 13.5 months for the combination of gemcitabind a
WX-671. One-year survival increased from 37% with
gemcitabine to 53% when combined with 400 mg WX-
671.

Abstract €14504. Chemoradiotherapy  versus
gencitabine-based chemotherapy in patients with
unresectable, locally advanced pancreatic cancer [5]

Nio, et al. reviewed 267 patients with locally advanced
pancreatic cancer who received chemoradiothevapy
gemcitabine based chemotherapy as first line tlyerap
[5]. Their results showed a no significant diffecea in
long term outcomes with the two groups.

Discussion. This study is retrospective and some
patients were treated with non-standard regimand) s
as gemcitabine with S-1 and S-1 with radiation. The
overall survival figures are on the high side fath
arms. It is not clear whether induction chemothgrap
was used before chemoradiation, or whether
maintenance chemotherapy was given equally in both
arms. ECOG E4201 utilized gemcitabine-based
chemotherapy and modern radiation techniques and

doses. The study was underpowered, but there was a

significant survival benefit for chemoradiation. tBa
from a larger Japanese randomized study addressing
this question is pending [6].

76 locally

advanced

pancreatic
cancer

7\

Gemcitabine
300 mg/m®
weekly 1.v.

Capecitabine
830 mg/m?
bid po

5.5 weeks of conzolidation radiation therapy
50.4 Gy 1n 28 fractions

Figure 1. Design of the ongoing UK SCALOP phase Il studyj{11
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Novel Radiosensitizers

Abstract #4058. A multicenter phase Il trial of S-1 with
concurrent radiotherapy for locally advanced
pancreatic cancer [7]

S-1 (TS-%, Taiho Pharmaceutical, Tokyo, Japan) is an
orally active combination of tegafur (a prodrugttisa
converted by cells to fluorouracil), gimeracil (an
inhibitor of dihydropyrimidine dehydrogenase, which
degrades fluorouracil), and oteracil (which intsbibhe
phosphorylation of fluorouracil in the gastrointeat
tract, thereby reducing the gastrointestinal te@ffects

of fluorouracil) in a molar ratio of 1:0.4:1 [8]t has
been recently shown to be marginally effective and
well tolerated in the second-line setting in patenith
gemcitabine-refractory advanced pancreatic career a
monotherapy [9]. loka&t al. conducted a phase Il study
on 61 chemo-naive patients with locally advanced
pancreatic cancer treated with oral daily doseS-df
80 mg/nt bid during radiation therapy and continued
with a maintenance dose (80 mdlday for 28 days
with a 2 week rest) [7]. Radiation therapy consishé
50.4 Gy delivered in 28 fractions with no elective
nodal irradiation. Their results showed median ealu
of progression free survival of 9.7 months and of
overall survival of 16.2 months and a 1-year suavof
71.7%. Elevated pretreatment levels of CA 19-9 tgrea
than 100 U/mL decreased by 50% in 34 out of 42
patients. Grade 3-4 toxicity included leucopenia6in
patients and anorexia in 4 patients. One patiesd df
duodenal and biliary perforation.

Discussion.This single-arm study yielded a promising
median survival of 16.2 months with an acceptabiy |
level of toxicity. As there is evidence that S-1 is
metabolized differently in non-Asian patients [10],
further study in non-Asian populations is warrantiéd
would also be interesting to consider integratidi®d
into a gemcitabine-based regimen, although thisldvou
undoubtedly add to toxicity. Overall, this data eprs
very promising.

Abstract TPS222. A Cancer Research UK multicenter
randomized phase Il study of induction chemotherapy
followed by gemcitabine- or capecitabine-based
chemoradiotherapy for locally advanced nonmetastatic
pancreatic cancer [11]

The combination of gemcitabine, capecitabine and
radiation therapy in the adjuvant setting has been
shown to be relatively active and a well tolerated
regimen with a median progression free survival of
21.7 months and median overall survival of 45.9
months [12]. Mukherjeet al. are conducting a Cancer
Research UK funded National Cancer Research
Institute study using a two-arm randomized phase |l
trial [11]. Of the patients who respond or who have
stable disease after 16 weeks of GemCap induction
chemotherapy, 76 will be randomized to 5.5 weeks of
consolidation radiation therapy consisting of 5G¥¢

in 28 fractions with either gemcitabine 300 mg/m
weekly or capecitabine 830 mgfnbid (Figure 1).
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Blood samples from the trial will be stored for e
translational studies.

Discussion.Both capecitabine [13] and gemcitabine
have shown promise as radiosensitizing agents in
locally advanced pancreatic cancer [6]. The use of
period of induction chemotherapy prior to
chemoradiation has been proposed as a way of
selecting patients with favorable disease biology f
more aggressive local therapy, but this approach is
supported only by retrospective data [14]. Thislgtis
useful in that it will provide a prospective evdioa of

the use of induction chemotherapy, and in that
capecitabine may represent a more tolerable oral
alternative to gemcitabine for radiosensitizatibg][

Addition of Biological Agents to Chemoradiation

Abstract #4139. Phase | study of sorafenib (S) with
gemcitabine (G)-based radiotherapy (G-RT) in patients
(pts) with locally advanced unresectable pancreatic
adenocarcinoma (LAUPC) [16]

Around 90% of pancreatic cancer (PC) carriesrdse
oncogene mutation, leading to constitutive actomatf

the Ras-Raf-MAPK signal transduction pathway.
Sorafenib, an oral multi-tyrosine kinase inhibitdrB-

raf, VEGFR2, and PDGFR-B, has vitro activity
against pancreatic cancer cell lines and xenograft
models dependent on mutant Ras activation [17].
Combined with gemcitabine, it resulted in growth
delays of pancreatic tumor xenografts. Andersbal.
hypothesized that combining sorafenib with radiatio
might improve patient outcomes, as radiation can
induce an increase in VEGF [18] and activate the
proto-oncogene serine/threonine kinase Raf [19].
Twenty-seven patients with locally advanced
unresected pancreatic cancer were treated with01,00
mg/nt i.v. weekly gemcitabine x3 every 4 week/cycle
for 1 cycle, followed by weekly 600 mgfmwith
concurrent intensity modulated radiotherapy (IMRT)
50 Gy to the gross tumor volume in 25 fractionsurf-o
cycles of weekly gemcitabine followed. They recdive
400 mg bid of sorafenib which was dose escalated
during radiotherapy in a "3+3" design from 200 quky

400 mgqd and 400 mdpid, with expansion at maximal
tolerated dose. Despite an encouraging activity of
median progression free survival of 11 months and
overall survival 16 months, around 8 patients had
increased gastrointestinal toxicity, two patientad h
hemorrhagic gastropathy, 4 patients had ulcers, one
patient had perforated colon diverticuli, and oa&gnt

had rectal bleeding. One patient died due to
Pseudomonas infection.

Discussion. The toxicities observed in this trial are
concerning. While early studies of gemcitabine with
radiation showed high levels of in-field gastrostieal
toxicity, subsequent studies have been conducted
demonstrating that gemcitabine at 600 or even 1,000
mg/nt can be safely delivered during radiation therapy.
The possibility that sorafenib is responsible foe t
enhanced toxicity cannot be ignored. Although the
survival data is intriguing, further investigatiois
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needed before proceeding to a higher level of adini
testing.

Abstract €14680. Phase | study of capecitabine and
erlotinib _with radiotherapy in locally advanced
nonoper able pancreatic cancer [ 20]

To test safety and feasibility of the combinatioh o
capecitabine and erlotinib with radiotherapy Jiang.
adopted a "3+3" dose escalation design with the
following dose distributions: dose level I: capabine
600 mg/m bid, erlotinib 100 mg daily; level II:
capecitabine 700 mg/Arbid, erlotinib 100 mg daily;
level I1I: capecitabine 825 mg/nbid, erlotinib 100 mg
daily; level IV: capecitabine 925 mgfnbid, erlotinib
100 mg. Capecitabine and erlotinib were administere
daily from Monday through Friday, concurrent with
radiotherapy for 50.4 Gy. Three patients have been
recruited in level | and 5 patients in level Il vibne
patient requiring dose reduction due to grade 3eau
and one-week treatment interruption at dose ldvel |
Discussion.This study adds to the small but growing
body of literature on erlotinib as a radiosenditigi
agent in pancreatic cancer [21]. While prelimindaga
has in general been moderately promising, it is
noteworthy that radiation, capecitabine, and eribti
all have the potential to cause significant (and
potentially additive) gastrointestinal toxicity.

Conclusions

The 2010 ASCO Annual Meeting highlighted certain
studies in locally advanced pancreatic canceratetn

its early phase of accrual and some completed ones
with meaningful results. Although some of the stsdi
reviewed above have shown significant increases in
overall survival, none of these regimens can be
considered ready for testing in the phase Il
cooperative group setting. The role of systemicahg

and radiotherapy with its different timing, dosirand
scheduling in locally advanced pancreatic candér st
needs to be defined. Evolving novel therapeutimege
like the uPA inhibitor WX-671 have demonstrated
promising results in its early phase studies amthéun
validates the potential benefit of identifying and
exploiting new therapeutic targets in this diseddee
conference also highlights the growing need toecoll
tissue specimens for further translational studia®en
though there are still unanswered questions on the
specific combined modality that will have an impant
locally advanced pancreatic cancer, it cannot lgede
that results from these studies will contributebtdter
therapies that will improve survival.

Conflict of interest The authors have no potential
conflicts of interest

References

1. Heinemann V, Ebert MP, Pinter T, Bevan P, Nevillé,Nala
C. Randomized phase Il trial with an uPA inhibi{@¥X-671) in
patients with locally advanced nonmetastatic patiarecancer. J
Clin Oncol 2010; 28(15 Suppl):4060.

315



JOP. J Pancreas (Online) 2010 Jul 5; 11(4):313-316.

2. Sawai H, Liu J, Reber HA, Hines OJ, Eibl G. Actieat of
peroxisome  proliferator-activated  receptor-gamma crehses
pancreatic cancer cell invasion through modulatioh the
plasminogen activator system. Mol Cancer Res 20D&659-67.
[PMID 16547153]

3. Ertongur S, Lang S, Mack B, Wosikowski K, Muehlemwg,
Gires O. Inhibition of the invasion capacity of ciaoma cells by
WX-UK1, a novel synthetic inhibitor of the urokires/pe
plasminogen activator system. Int J Cancer 20040:8156-24.
[PMID 15170662]

4. Setyono-Han B, Sturzebecher J, Schmalix WA, MuekénB,
Sieuwerts AM, Timmermans M, et al. Suppression aif lsreast
cancer metastasis and reduction of primary tumaeawt by the
small synthetic urokinase inhibitor WX-UK1. ThromHaemost
2005; 93:779-86. [PMID 15841327]

5. Jiang Y, Kimchi E, Gusani NJ, Mackley HB, Stavel@¥carroll
K. Phase | study of capecitabine and erlotinib waHiotherapy in
locally advanced nonoperable pancreatic cancetinJGhcol 2010;
28(Suppl):e14680.

6. Loehrer PJ Sr, Powell ME, Cardenes HR, Wagner k||IBIM,
Ramanathan RK, et al. A randomized phase Il stafdyemcitabine
in combination with radiation therapy versus geatuite alone in
patients with localized, unresectable pancreaticea E4201. J Clin
Oncol 2008; 26(15 Suppl):4506.

7. loka T, Ikeda M, Ito Y, Yonemoto N, Nagase M, Yantqoet

al. A multicenter phase |l trial of S-1 with concemt radiotherapy
for locally advanced pancreatic cancer. J Clin Org@10; 28(15
Suppl):4058.

8. Shirasaka T, Shimamato Y, Ohshimo H, Yamaguchi IsktoKT,
Yonekura K, Fukushima M. Development of a novehfasf an oral
5-fluorouracil derivative (S-1) directed to the @atiation of the
tumor selective cytotoxicity of 5-fluorouracil byvo biochemical
modulators. Anticancer Drugs 1996; 7:548-57. [PN3EB2723]

9. Todaka A, Fukutomi A, Boku N, Onozawa Y, HironakaY&sui
H, et al. S-1 monotherapy as second-line treatrfi@ntadvanced
pancreatic cancer after gemcitabine failure. Jiglid Oncol 2010;
40:567-72. [PMID 20189975]

10. Ajani JA, Faust J, lkeda K, Yao JC, Anbe H, Carr, Kt al.
Phase | pharmacokinetic study of S-1 plus cispletipatients with
advanced gastric carcinoma. J Clin Oncol 2005; 2Z3/655. [PMID
16145066]

11. Mukherjee S, Hurt C, Griffiths G, Crosby T, Staffud, Bridges
S, et al. A Cancer Research UK multicenter randechiphase ||
study of induction chemotherapy followed by gentuit@- or
capecitabine-based chemoradiotherapy for locallyvaaded
nonmetastatic pancreatic cancer. J Clin Oncol 2028(15
Suppl):TPS222.

12. Desai S, Ben-Josef E, Griffith KA, Simeone D, Gigmn JK,
Francis IR, et al. Gemcitabine-based combinatioenaitherapy
followed by radiation with capecitabine as adjuvanéerapy for
resected pancreas cancer. Int J Radiat Oncol Bimls F2009;
75:1450-5. [PMID 19409732]

13. Saif MW, Eloubeidi MA, Russo S, Steg A, ThorntorFijeash
J, et al. Phase | study of capecitabine with cornzohradiotherapy
for patients with locally advanced pancreatic can@xpression
analysis of genes related to outcome. J Clin OR@6b; 23:8679-87.
[PMID 16314628]

14. Moureau-Zabotto L, Phélip J, Afchain P, Mineur Lndké T,
Vendrely V, et al. Concomitant administration ofekly oxaliplatin,
5FU continuous infusion and radiotherapy in loca#igvanced
pancreatic cancer (LAPC): A GERCOR phase Il stuidglin Oncol
2006; 24(18 Suppl):4039.

15. Krishnan S, Rana V, Janjan NA, Varadhachary GR,rAnbtese
JL, Das P, et al. Induction chemotherapy seledienqta with locally
advanced, unresectable pancreatic cancer for dpberzefit from
consolidative chemoradiation therapy. Cancer 2000:47-55.
[PMID 17538975]

16. Anderson S, Cardenes HR, Akisik F, Johnston EL[ICR,
Perkins SM, et al. Phase | study of sorafenib (B) wemcitabine
(G)-based radiotherapy (G-RT) in patients (pts) hwibcally
advanced unresectable pancreatic adenocarcinomdRCA J Clin
Oncol 2010; 28(15 Suppl):4139.

17. Wallace JA, Locker G, Nattam S, Kasza K, Wade-Olike
Stadler WM, et al. Sorafenib (S) plus gemcitabi@g for advanced
pancreatic cancer (PC): A phase Il trial of theugnsity of Chicago
Phase Il Consortium. J Clin Oncol 2007; 25(18 Su$p08.

18. Lund EL, Hgg A, Olsen MW, Hansen LT, Engelholm SA,
Kristiansen PE. Differential regulation of VEGF, Hllpha and
angiopoietin-1, -2 and -4 by hypoxia and ioniziadiation in human
glioblastoma. Int J Cancer 2004; 108:833-8. [PM#712484]

19. Kasid U, Suy S, Dent P, Ray S, Whiteside TL, Sturgw.
Activation of Raf by ionizing radiation. Nature 196382:813-6.
[PMID 8752275]

20. Nio K, Ueno H, Okusaka T, Morizane C, Hagihara Anio S,
et al. Chemoradiotherapy versus gemcitabine-basechatherapy in
patients with unresectable, locally advanced paticreancer. J Clin
Oncol 2010; 28(Suppl):e14504.

21. Chang BW, Saif MW. Combining epidermal growth facto
receptor inhibitors and radiation therapy in paaticecancer: small
step or giant leap? JOP. J Pancreas (Online) 2aD9231-6. [PMID
19454812]

JOP. Journal of the Pancreas - http://www.jopliek-Vol. 11, No. 4 - July 2010. [ISSN 1590-8577] 316



