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PERSPECTIVES IN ONCOLOGY

Role of neoadjuvant therapy in
the management of pancreatic
cancer: 1s the era of biomarker-
directed therapy here?

E.V. Tsvetkova mp* and T.R. Asmis mD*

ABSTRACT

Pancreatic cancer is the 4th leading cause of cancer-
related death. Complete surgical resection (CRO) is
considered the only curative treatment. Most patients
present with unresectable or borderline resectable
disease. Many small phase 1/11 trials have tried to
address the role of neoadjuvant treatment using
chemotherapy with or without chemoradiation in the
management of locally advanced disease. However,
many of them looked at the rate of CRO resection and
the feasibility of such treatment. A trend for improved
overall survival has been observed in the group of
patients with borderline resectable disease who com-
pleted neoadjuvant treatment. A large proportion of
patients progress while on treatment, sparing them
from unnecessary surgery.

We searched the PubMed database (using the key
words “pancreatic cancer,” or “pancreatic neoplasm,”
or “pancreatic adenocarcinoma,” and ‘“‘neoadjuvant
treatment,” or “neoadjuvant chemotherapy,” or “neo-
adjuvant radiation therapy,” or “neoadjuvant chemo-
radiation,” or “adjuvant therapy” [all fields] and
“clinical trial” or “study”’) and abstracts presented at
the American Society of Clinical Oncology meetings
on gastrointestinal cancers. Here, we review the most
recent papers that present results on neoadjuvant
therapy in pancreatic cancer. All but one report used
overall survival as an endpoint. Unfortunately, there
are no valid biomarkers predicting tumour progres-
sion or recurrence, and response to treatment than
can help to guide therapeutic choices.

Our recommendation is to consider neoadjuvant
treatment in cases of borderline resectable disease.
In patients with primary resectable tumours, surgery
followed by adjuvant treatment and enrollment on
adjuvant treatment studies would be appropriate.
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1. BACKGROUND

Pancreatic cancer (pcc) is one of the most difficult
cancers to treat and the 4th leading cause of cancer-
related death in North America. Despite surgical
resection, radiation, and chemotherapy, more than
94% of people with pcc do not survive beyond 5
years. Estimates in 2013 suggested that 4700 people
in Canada were diagnosed with pcc, with 4300 of
them having died!. The lifetime probability of de-
veloping of pcc is about 1 in 72 for men and 1 in 69
for women!.

Most pcc patients are diagnosed with metastatic
disease at the time of presentation, with median
survival duration being 4.5 months. Palliative che-
motherapy with gemcitabine extends survival by
2 months, with only 18% of treated patients living
more than 1 year. Compared with with gemcitabine
as a single agent, recently introduced chemotherapy
regimens such as FOLFIRINOX (fluorouracil, leucovorin,
irinotecan, oxaliplatin)? and gemcitabine with nab-
paclitaxel® further improved overall survival (os) by
4.3 and 2 months respectively.

Only small proportion of patients (15%—20%) are
diagnosed with limited-stage pcc that is amenable to
resection®. Only complete surgical resection (CRO)
can be considered a curative modality, but most
resections are reported to have microscopically
positive margins (CR1), with a 74%—80% risk of
recurrence>®. Overall, 5-year post-resection survival
is 7%—24%, with a median survival of about 1 year’
given the small, but statistically significant, role of
adjuvant chemotherapy. The limitation of adjuvant
therapy is that it is often delayed because of prolonged
recovery time. As well, a patient’s tolerance to che-
motherapy and radiation therapy in the postsurgical
period is lower; only two thirds of all patients are
able to complete scheduled treatment®-.

In contrast, the potential benefits of neoadjuvant
therapy are early exposure of the patient to systemic
therapy, treatment of micrometastatic disease, bet-
ter tolerability, and reduced risk of seeding during
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surgery. Also, patients who progress on therapy can
avoid major surgery, with its associated morbidity
and mortality. However, no clear recommendations
have yet been made with respect neoadjuvant treat-
ment in pcc. All information on this topic comes from
small phase 1 trials or single-centre experiences.
many of which have endpoints other than os.

We searched the U.S. National Library of Medi-
cine’s PubMed database (key words were “pancreatic
cancer,” or “pancreatic neoplasm,” or “pancreatic
adenocarcinoma,” and “neoadjuvant treatment,” or
“neoadjuvant chemotherapy,” or “neoadjuvant radia-
tion therapy,” or “neoadjuvant chemoradiation,” or
“adjuvant therapy” [all fields] and “clinical trial” or
“study”) and abstracts presented at the American
Society of Clinical Oncology (Asco) meetings on
gastrointestinal cancers. Here, we review papers
published from 1988 onward that reported results of
neoadjuvant therapy in pcc and prognostic or predic-
tive markers to guide therapy.

2. DEFINITION OF RESECTABILITY

Per the American Hepato-Pancreato-Biliary As-
sociation, nonmetastatic pancreatic tumours can be
divided into resectable, borderline resectable, and
unresectable based on involvement of the superior
mesenteric artery and vein, the portal vein, the celiac
axis, and lymph nodes outside the resection area!®!!.
Surgical skills and techniques have significantly
improved in recent years, and pancreatectomy with
venous or portal vein resection (or both) is feasible.
The morbidity and mortality of such a procedure is
comparable to that of a standard Whipple procedure’.

More objective criteria of resectability have
been defined by the MD Anderson Cancer Center
pancreatic cancer group'?. By consensus, a tumour
is considered primary resectable if there is “no dis-
tant metastases detected, no radiographic evidence
of smv [superior mesenteric vein] and portal vein
abutment, distortion, tumour thrombus, or venous
encasement, and clear fat planes around the celiac
axis, hepatic artery, and cma [celiac mesenteric ar-
tery].” Criteria for borderline resectability include
“no distant metastases; venous involvement smv/
portal vein demonstrating tumour abutment with
or without impingement and narrowing of the lu-
men, encasement of the smv/portal vein but without
encasement of nearby arteries, or short segment
venous occlusion..., allowing for safe resection and
reconstruction; gastrointestinal artery encasement
up to the hepatic artery ... without extension to celiac
axis; tumor abutment of the smMA not to exceed > 180
degrees of the circumference of the vessel wall.” In
apparently resectable tumours, staging laparoscopy
is advised to be used selectively; in locally advanced
unresectable cancer without evidence of distant
metastatic disease, laparoscopy is suggested to rule
out subclinical metastases and to guide treatment.

Nevertheless, tumours that invade arterial structures
are associated with significantly increased morbidity
and mortality'? and are considered inoperable!'. No
satisfactory treatment modality is available for this
group of patients. Surgery with adjuvant therapy re-
sults in the best survival rate, ranging from 8 months
to 14.5 months after treatment!4-1°,

3. NEOADJUVANT THERAPY IN PRIMARY
RESECTABLE TUMOURS

Many chemotherapy regimens have been used in the
neoadjuvant treatment of primary resectable pcc:
5-fluorouacil, gemcitabine, mitomycin, paclitaxel,
platin compounds, and combinations of chemothera-
peutic agents with and without concurrent radiation.
No large trial has been reported to date; many of
published trials were phase 11 studies. Of those trials,
reported primary endpoints were the rate of local
recurrence or pathologic response (or both), safety,
and—Iess likely—survival.

A small phase 11 trial of neoadjuvant chemo-
therapy with gemcitabine and cisplatin for resectable
adenocarcinoma of the pancreatic head reported
results for 28 enrolled patients!”. Of those 28, 93%
had resectable disease on restaging. The rate of RO
was 80%, and pathologic tumour response and cy-
topathic effect were documented in 54% and 83%
respectively. In the latter two groups, disease-free
survival and os were, respectively, 9.2 months [95%
confidence interval (c1): 5.6 to 12.9 months] and 26.5
months (95% c1: 11.4 to 41.5 months), and 9 months
(95% cr1: 6.99 to 10.1 months) and 19.1 months (95%
cr: 15 to 23.1 months). The authors also reported
good tolerance, improved quality of life, and better
nutrition status in those patients.

A trial using preoperative gemcitabine-based
chemoradiation for patients with primary resectable
adenocarcinoma of the pancreatic head reported
disease progression or performance status decline
(or both) in 13 patients of 86 involved in the trial
(15%)'8. Surgery was successfully performed in 64
patients (74%); the rest of the patients were found to
have disease progression that precluded them from
surgery. Median os for all patients was 22.7 months,
and 5-year survival was 27%. For the 64 patients
who underwent surgery, median os was 34 months.

The same chemotherapy, combined with
concurrent chemoradiation using gemcitabine as
a sensitizer, was used in another trial in the neo-
adjuvant setting to treat patients with stage 1—11
resectable pancreatic adenocarcinoma!®. Of the
90 patients who entered the study, 79 completed
chemotherapy and chemoradiation. Of 62 patients
(78%) who went on to surgery, 52 (66%) underwent
pancreaticoduodenectomy. The median os for all
90 patients was 18.7 months; it was 18.7 months for
those who completed neoadjuvant treatment and 31
months for those who underwent radical surgery.
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The authors concluded that their approach did not
improve survival beyond that seen with preoperative
gemcitabine-based chemoradiation.

A small trial of neoadjuvant chemotherapy with
paclitaxel and radiation, combined with intraop-
erative electron-beam radiation therapy, reported
that the regimen was feasible??. Of 35 patients, 25
underwent laparotomy, with 5 being found to have
unresectable disease. However, toxicities such as
neutropenia, nausea, vomiting, fatigue, and anorexia
were worse than those seen with 5-fluorouracil, and
histologic response and survival were similar. Table 1
summarizes of the above-mentioned trials.

The only trial that compared neoadjuvant and ad-
juvant treatment head to head in primary resectable pcc
reported results for 458 patients with nonmetastatic pcc
who underwent resection and who received systemic
therapy?! (Table ). Most tumours in this group (79%)
were T3/4, with evidence of lymph node involvement
(64%). The rate of nodal positivity was lower in the
neoadjuvant group (45% vs. 65%, p = 0.011), which
also contained a higher proportion of individuals with
extrapancreatic extension (86% vs. 77%). The patients
receiving neoadjuvant treatment represented a small
proportion of the overall cohort (8.5%). Most patients
(64.1%) were treated with radiation therapy at some

point, but most (94%) received adjuvant radiation.
Median survival in the overall group was 19.5 months,
with improved os in the neoadjuvant group (median:
34 months vs. 19 months with adjuvant treatment,
p = 0.003). On multivariate Cox regression analysis,
neoadjuvant treatment was an independent predictor
of improved survival (hazard ratio: 0.57; 95% cr: 0.37
to 0.89; p = 0.013).

Notably, neoadjuvant treatment has also been
used in patients more than 75 years of age. Compared
with their younger counterparts, older patients were
less likely to complete therapy (72.4% vs. 89.5%,
p <0.01), and poor performance status was the most
common reason for discontinuing treatment??.

All studies reviewed—and published meta-anal-
yses of phase 1/11 trials using neoadjuvant treatment in
primary resectable pcc—reported progressive disease
in the range of 17%20% while on treatment?3-25,

4. NEOADJUVANT THERAPY IN LOCALLY
ADVANCED PRIMARY UNRESECTABLE
(BORDERLINE RESECTABLE) TUMOURS

A distinct group of patients with pcc has been recog-
nized who still have localized disease, but in whom
surgery is unfeasible because of resectability issues.

TABLET Neoadjuvant therapy in primary resectable tumours
Treatment Study  Pts  Underwent  Response Survival (months) 5-Year overall
type (m) surgery rate survival
(%) (%) Disease-free Overall (%)
Gemcitabine—cisplatin Phasen 28 93 54 9.2 (5.6-12.9) 26.5 (11.4-41.5) —
Vs. Vs.
9(6.99-10.1) 19.1 (15-23.1)
Gemcitabine-based chemoradiation Phasenn 86 74 — — 34vs.7 36 vs. 0
(p=0.001)
Gemcitabine—cisplatin — Phasenr 90 66 — — 31 vs. 187 vs. 10.5 —
gemcitabine-based chemoradiation (p<0.001)*
Paclitaxel plus radiotherapy with or without Phasen 35 20 pts 21 — — 28

intraoperative electron-beam RT

(3-year rate)

a

Pts = patients; rRT = radiation therapy.

Pancreaticoduodenectomy versus completed chemotherapy and chemoradiation versus no surgery.

TABLE I Neoadjuvant versus adjuvant systemic therapy for primary resectable tumours
Therapy type Patients Involved Median os (months)
lymph nodes
(n) (%) (%) In whole group In extrapancreatic disease
Neoadjuvant 39 8.5 45 34 31
Adjuvant 419 91.5 65 19 19
p=0.011 p=0.003 p=0.018

Neoadjuvant therapy as independent predictor of improved survival: hazard ratio: 0.57; 95% confidence interval: 0.37 to 0.89; p=0.013

os = overall survival.
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A number of chemotherapy regimens were studied in
conjunction with radiation in the neoadjuvant setting
to convert such tumours to resectability. Most of the
studies were small and included 20—40 patients. A
retrospective case review of 102 patients with pcc
treated with surgical resection reported a lower lo-
cal recurrence rate in the 42 patients treated with
neoadjuvant chemotherapy and radiation (41%) than
in the patients treated adjuvantly (5% vs. 34%, p =
0.02)%°. No data on os were reported. Another study
of 41 patients treated with neoadjuvant chemoradia-
tion using 5-fluorouracil and cisplatin reported that
only 27 patients were able to complete treatment?’.
A major response was detected in 50% of specimens,
with 1 complete response. Operative mortality was
2.8%. The rates of local recurrence and 2-year sur-
vival were 4% and 32% respectively. Many papers
report disease progression during treatment and
longer operative times and postoperative stays?%-2%,
Limitations of those studies include a small sample
size (28—39 patients), single-institution experience,
and varying endpoints.

Outcomes of extended chemotherapy for 24
weeks in patients with borderline resectable tumours
in the pancreatic head were reported at the 2014 Asco
gastrointestinal cancers meeting3?. Of 64 patients,
39 (61%) met resectability criteria and underwent
operative exploration; 31 (48%) were resected. The
CRO rate was 87%, and 3 patients (10%) experienced
a complete pathologic response. No perioperative
mortality was observed. Median os in the 64 pa-
tients overall was 23.6 months; it was 15.4 months
in unresectable patients. No data about the type of
chemotherapy used in this study were provided.

Based on the experience with FOLFIRINOX in the
metastatic setting?, multiple institutions subse-
quently introduced the regimen into neoadjuvant
treatment. In the metastatic setting, the objective
response rate was 31.6% in the FOLFIRINOX group
compared with 9.4% in the gemcitabine group,
with a survival advantage of 4.3 months?. No data
were published on stratification for response rate
in primary tumour and metastases. Dr. Conroy
kindly explained that the reported response was
observed in both primary tumours and metastases
(personal communication).

A small trial in 39 patients reported conversion
to resectability in 7 patients after chemotherapy
alone and in 3 more after the addition of radiation
therapy?’. The 1-year progression-free survival and
os were 83% (95% c1: 59% to 96%) and 100% (95%
cr: 85% to 100%) respectively. Grade 3—4 toxicities
were neutropenia (22%), febrile neutropenia (17%),
thrombocytopenia, (11%), fatigue (11%), and diarrhea
(11%). Interestingly, and despite a previously reported
increased complication rate in the postoperative pe-
riod in patients treated with stent insertion, 50% of
patients received a biliary stent that did not interfere
with treatment3!.

The most recent paper (published in The On-
cologist in 2013) reported a greater than 20% rate of
conversion to resectability, with RO resection, in 5 of
22 patients who received FoLFIRINOX and chemoradia-
tion treatment, followed by distant recurrence in 3
of the 5 within 5 months32-33,

The use of FOLFIRINOX as neoadjuvant chemother-
apy, with or without subsequent chemoradiation, has
the best reported rates of conversion to resectability
and RO resection. These trials are the only ones to
have reported no disease progression while patients
were on treatment, although both were small and had
different endpoints.

Another trial using FOLFIRINOX in the neoadjuvant
setting followed it with gemcitabine- or capecitabine-
based chemoradiation; however, disease progression
was reported in 6 of 18 patients3*. Despite the com-
mon occurrence of grades 3 and 4 toxicities that
required multiple hospital admissions, 15 of the 18
patients completed treatment. The 12 patients who
did not progress underwent CRO. Of those 12, 7
(58.3%) were alive at the time of the report, and 5
had no evidence of disease progression (median time
from diagnosis: 22 months; range: 18—35 months).
Deaths were recorded in 6 patients who did not
complete all intended therapy (time from diagnosis:
6.9—17.5 months). The authors concluded that the
treatment is safe and is associated with a favourable
resection rate in this high-risk population.

At the asco 2014 gastrointestinal cancers meet-
ing, an interesting abstract was presented on the use
of neoadjuvant chemoradiotherapy with S-1 (an oral
fluoropyrimidine) in primary unresectable pcc>. Of
28 patients, 25 completed treatment, and 24 under-
went RO resection with no operative or in-hospital
mortality. The authors concluded that this regimen
is promising for borderline resectable pcc with major
arterial or portal system involvement. The critique
of this study includes its small size and the absence
of data on survival (Table m).

The largest report on effect of neoadjuvant treat-
ment in borderline resectable pcc was presented at
the asco 2014 gastrointestinal cancers meeting°. Of
2608 patients who underwent curative-intent surgery
from 2001 to 2007, just 162 (6%) received neoadju-
vant therapy. Those patients were 28% less likely to
experience death at 1 year (hazard ratio: 0.72; 95%
cr: 0.53 to 0.97; p = 0.03), and the investigators ob-
served a trend toward a lower risk of death at 2 years
(hazard ratio: 0.82; 95% c1: 0.66 to 1.01; p = 0.07).
This population-based study was the first to suggest
improved survival in patients with pcc treated with
neoadjuvant therapy.

5. ARE ANY PREDICTIVE BIOMARKERS
AVAILABLE?

A significant proportion of patients progress or devel-
op distant metastasis while on treatment. Many study
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TABLE I Neoadjuvant therapy in locally advanced, unresectable (borderline resectable) primary tumours

Treatment Pts  Underwent  Pathologic ~ Recurrence Overall
m) surgery response rate rate survival
(%) (%) (%)
Chemoradiation with or without 102 41 — 5vs. 34 —
intraoperative radiation therapy p=0.02
(Sru—cisplatin or gemcitabine or pms 9621)?
Chemoradiation (Sru—cisplatin) 41 67.5 50 4 32%
(at 2 years) (at 2 years)
Extended chemoradiation (gemcitabine—docetaxel 64 48 10 — Median:
or SFu—capecitabine—oxaliplatin—irinotecan) 23.6 months vs. 15.4 months
in unresected group?®
FOLFIRINOX — chemoradiation 25 33 24 — —
FOLFIRINOX — chemoradiation 22 5 pts? 273 — —
FOLFIRINOX — chemoradiation 18 67 1002 Median from diagnosis:
(gemcitabine or capecitabine) 22 months
(range: 18—35 months)?
Chemoradiation (S-1) 28 24 pts 50 — —
Gemcitabine—oxaliplatin — 39 10 pts Median: 16.7 months?®

chemoradiation (gemcitabine)

2 Pancreaticoduodenectomy versus completed chemotherapy and chemoradiation versus no surgery.
Pts = patients; SFru = 5-flourouracil; FOLFIRINOX = leucovorin, SFu, irinotecan, oxaliplatin.

patients who underwent neoadjuvant chemoradiation
followed by surgery with curative intent demon-
strated disease recurrence within a few months after
treatment. The identification of markers that might
predict response to treatment (and thus conversion
to resectability) and potential for recurrence would
be helpful in making decisions about management
and avoiding unnecessary surgery>’.

Prognostic biomarkers are an intrinsic property
of the tumour that indicate its aggressiveness and
prognosticate clinical outcome. Many markers have
been investigated for their possible correlation with
the biologic behaviour of tumours or the prognosis
of patients and their response to treatment.

As a prognostic biomarker leading to treatment
optimization, KRAS was investigated in a retrospec-
tive study of 328 patients undergoing the Whipple
procedure for pcc?®. Median survival duration was
21 months for patients with KRAS-mutated tumours
(95% c1: 1040 months) and, at the time of the report,
had not been reached for patients with KRAS wild-
type tumours. Analysis showed that KRAS mutation
was not a significant factor for os.

Genetic alterations in three other commonly
mutated genes—7P53, CDKN2A4, and SMAD4
(DPC4)—are associated with the malignant behav-
iour of pcc and might therefore be useful in making
management decisions3’. The presence of circulating
tumour cells in the blood of patients with advanced
or metastatic pcc was identified as an independent
negative prognostic factor*?. Detection of such cells
before treatment was associated with inferior median

progression-free survival [66.0 days (95% c1: 44.8 to
87.2 days) vs. 138 days (95% cr1: 124.1 to 151.9 days)
in the absence of circulating tumour cells]. A report
on circulating tumour cells as a useful biomarker
for staging or for identifying micrometastases at
the time of diagnosis and as a tool for management
decision-making was presented at the asco 2014
gastrointestinal cancers meeting*!. Other biomarkers
under investigation that might potentially be prog-
nostic include Bax, Bcl-2, Ki-67, pp-EcGF, SI00A4,
and survivin, among others3742,

Reliable identification and validation of biomark-
ers predictive of chemotherapy response (so-called
predictive biomarkers) might lead to individualized
patient therapy*’. Thus, in a phase 1 clinical trial of
biomarker-directed treatment for localized pcc, the
choice of adjuvant therapy was guided by the pa-
tient’s STREET profile (SPARC, TOPOI, RRMI, ENTI,
ERCCI, TYMS)**. The selected markers were related
to commonly accepted chemotherapy regimens used
in pcc treatment. The primary endpoint was increase
in the surgical resection rate; secondary endpoints
were os and progression-free survival. Just 26 of
the preplanned 100 patients were enrolled. It is hard
to make a strong recommendation based on those
numbers. Further studies are warranted.

6. DISCUSSION AND SUMMARY

The results of treatment for advanced pcc remain
suboptimal. Surgery is the only curative modality if
RO resection is feasible. Unfortunately, even in that
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group of patients, the 5-year survival rate is about
14%, with a median survival duration of 24 months*.
In many institutions, the most common treatment
today is either chemotherapy alone or combined with
chemoradiation.

Numerous small phase 1/11 trials have reported on
neoadjuvant therapy in this setting for two distinct
groups of patients: those with primary resectable and
with potentially or borderline resectable disease. All
trials report that neoadjuvant therapy is well tolerated
and feasible to administer!”19-20-3246  and patients
receive earlier exposure to systemic therapy and
treatment for micrometastatic disease. The downside
of the approach is that surgery for nonresponders
must be delayed, and if the lack of response contin-
ues, patients might progress to an unresectable state.
However, patients who progress on treatment or who
develop distant metastasis avoid extensive surgery
that would not be curative in their circumstances,
given that micrometastases are believed to be present
at diagnosis in those patients!® 2%, On the other hand,
only one trial reported improved survival in patients
with resectable pcc who underwent neoadjuvant
treatment (median os: 34 months vs. 19 months; p =
0.003)?!. Chemoradiation does not increase the opera-
tive risk, but it does make surgeries more technically
demanding and requires a longer postsurgical stay?®.

In the treatment of borderline resectable dis-
ease, neoadjuvant therapy can downsize the tumour
and enhance the rate of RO resection??324%. When
resectability is achieved, median os appears to be
comparable to that observed in primary resectable
pcc??#6-47  The most promising chemotherapy regi-
men used in that setting is FOLFIRINOX, although that
regimen is associated with potentially severe toxici-
ties324%, Randomized controlled trial data comparing
the various chemotherapy regimens and the use of
adjuvant or neoadjuvant treatment are lacking.

Despite the description of more than 1000 mark-
ers that are related to pcc and that could potentially
predict clinical outcome, no identified biomarkers are
being routinely used in clinical practice*?. Further
studies are warranted to compare neoadjuvant with
adjuvant treatment approaches.

Our recommendation is to consider neoadjuvant
chemotherapy in the setting of borderline resectable
disease in carefully selected patients with good per-
formance status. In the metastatic setting, FOLFIRINOX
has been associated with the greatest response rate,
and so that regimen is likely the best choice of che-
motherapy. However, further study is needed.

In patients with primary resectable tumours, we
recommend proceeding with surgery, followed by
adjuvant therapy and enrolment on adjuvant treat-
ment studies such as PA.6 or ACCORD 24 (phase 111
trials comparing 6 months of adjuvant gemcitabine
or FOLFIRINOX in completely resected pcc) or Ra-
diation Therapy Oncology Group 0848 (phase 11
trial evaluating the combination of erlotinib and

chemoradiation in completely resected adenocarci-
noma of the pancreatic head).
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