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Introduction

Pancreatic ductal adenocarcinoma (PDAC) com-
monly presents at an advanced, unresectable dis-
ease stage. This year, an estimated 57,600 adults
in the USA will be diagnosed with PDAC and
47,050 deaths will result [1]. Only 10% are
detected at an early, surgically resectable disease.
Their 5-year survival with current therapies is
suboptimal at 30-40% [2]. Therefore, multimo-
dality approaches that include neoadjuvant and
post-operative adjuvant chemotherapy are critical
options to consider along with surgical resection.
The advent of high-resolution imaging has out-
lined definitions such as “resectable,” “borderline
resectable,” and “locally advanced unresectable”
PDAC phenotypes. These definitions and their
management need to be individualized and will
be discussed in the following sections.

Definition of Resectability

At the current time, modern imaging including
contrast-enhanced, pancreas-protocol computer-
ized tomography (CT) scan of the abdomen, tho-
racic imaging, detailed history and physical,
tumor markers such as CA 19-9 level are ade-
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quate for preoperative evaluation. The role of
endoscopic ultrasound for staging is limited.
Multi-detector CT scan with protocols optimized
for pancreatic imaging provides a detailed assess-
ment of tumor approximation to superior mesen-
teric artery (SMA), the superior mesenteric vein
(SMV) and SMV-portal vein confluence
(SMV-PV), the celiac artery, and the hepatic
artery [3]. CT imaging is also valuable to detect
extra-pancreatic tumor dissemination and con-
genital arterial or venous variants. Resectable
PDAC includes no abutment of SMA, celiac or
hepatic artery, and <50° narrowing of SMV or
SMV-PV (Fig. 12.1).

Adjuvant Therapy

PDAC is considered a systemic disease, even at
an early resectable stage. This may explain why
surgery as initial therapy for pancreatic cancer
does not result in a cure for the majority of
patients. There has not been any remarkable
improvement in survival after resection over the
past three decades. However, surgical morbidity
and mortality have improved dramatically over
the past decade and in high-volume centers, the
perioperative mortality associated with pancreat-
icoduodenectomy is 1% [4]. A retrospective
review of the National Cancer Data Base (2004—
2014) included 5279 PDAC patients who had
surgery alone and 4537 who received adjuvant
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chemotherapy [5]. The primary surgical approach
was Whipple procedure in 61% of pts. Adjuvant
chemotherapy was associated with improved
overall survival irrespective of disease stage
when compared with those undergoing surgery
alone (median overall survival for surgery alone
was 14 months vs. 21 months, for those receiving
adjuvant chemotherapy; p < 0.001). Although
these figures support the use of adjuvant chemo-
therapy, these data suggest that in the real-world
setting, the clinical impact of surgery and adju-
vant therapy has been modest over the past three
decades. Phase III adjuvant trials for PDAC are
depicted in Table 12.1. As suggested here, we
may have reached a plateau in terms of overall
survival improvement with adjuvant chemother-

Fig. 12.1 Resectable pancreatic cancer

apy for PDAC. Two recent adjuvant studies, the
adjuvant nab-paclitaxel trial for PDAC (APACT)
study with gemcitabine and nab-paclitaxel and
PRODIGE trial with FOLFIRINOX are excep-
tions in this regard and suggest that better patient
selection as a result of improved diagnostic stag-
ing may be accounting for the better survival fig-
ures in these two recent trials.

The APACT trial randomized 866 patients
after resection to gemcitabine alone or gem-
citabine with nab-paclitaxel [6]. The primary
study endpoint was independent reviewer
assessed progression-free survival (IR-PES) and
866 patients were randomized. Median
IR-assessed PFS was 19.4 months with the com-
bination vs. 18.8 months with gemcitabine alone
(HR, 0.88; p = 0.1824). Investigator-assessed
PFS was 16.6 months vs. 13.7 months (HR, 0.82;
p =0.0168) in the study and control arms, respec-
tively. Overall survival was 40.5 months vs.
36.2 months (HR, 0.82; 0.680—p = 0.045) in the
study and control arms, respectively. This study
although negative for its primary endpoint dem-
onstrated that IR-PFS is not an appropriate end-
point in adjuvant PDAC as progression is often
diagnosed on clinical grounds by treating clini-
cian (such as by rising tumor markers or by
increasing cancer related symptoms).

Conversely, the PRODIGE trial yielded a clin-
ically and statistically meaningful improvement
with modified-FOLFIRINOX chemotherapy as

Table 12.1 Phase III clinical trials of adjuvant therapy in pancreatic adenocarcinoma

Patients

Trial (n) Treatment regimen Median survival (p value)

GITSG [9] 43 Observation vs. chemoradiation 11 vs. 20 months (0.03)

RTOG 9704 538 Gemcitabine + chemoradiation vs. 17.1 vs. 18 months

[10] 5-fluorouracil + chemoradiation (0.12)

CONKO-001 354 Observation vs. gemcitabine 20 vs. 22.8 months

[11] (0.01)

ESPAC-1[12] | 289 Observation vs. chemotherapy vs. radiation 15.5 vs. 20.1 months
(0.009)

ESPAC-3 [13] | 1088 Fluorouracil vs. gemcitabine 23 vs. 23.6 months
(0.39)

ESPAC-4 [14] 732 Gemcitabine + capecitabine vs. gemcitabine 28 vs. 25 months
(0.032)

PRODIGE [7] 493 FOLFIRINOX vs. gemcitabine 51 vs. 35 months
(0.003)

APACT [6] 866 Gemcitabine + nab-paclitaxel vs. gemcitabine 40.5 vs 36.2 months
(0.045)
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compared with gemcitabine in a phase III trial of
493 PDAC patients in France [7, 8]. The median
disease-free survival was 21.6 months in the
modified-FOLFIRINOX group and 12.8 months
in the gemcitabine group (H.R. 0.58; p < 0.001).
The median overall survival was 54.4 months in
the  modified-FOLFIRINOX  group and
35.0 months in the gemcitabine group (H.R 0.64;
p =0.003). This regimen is now considered as the
standard of care as adjuvant therapy for PDAC
patients with Eastern Co-operative Oncology
Group (ECOG) performance status 0-1. In the
above two trials, improved survival is noted both
in the study and control arms as compared with
historical controls. This improvement may also
be on account of better patient selection for sur-
gery, improved imaging techniques, and enhanced
post-operative care.

Borderline Resectable PDAC

“Resectability” in PDAC requires lack of vascu-
lar involvement, particularly of the SMA, celiac
and hepatic artery as described above and patent

SMV-PV system [15]. Locally advanced and
unresectable, however, included clinical presen-
tations with significant vascular compromise.
With increasing clinical experience, it became
evident that there was a third, intermediate cate-
gory where resection is still feasible in some
cases with vascular reconstruction. This has now
become possible due to multi-detector CT imag-
ing that offers higher resolution images of the
tumor vessel interface, with accurate assessment
of the degree of abutment and encasement of
adjacent vessels. Thus, tumors that have a limited
degree of arterial abutment are now considered
borderline resectable and are considered for
neoadjuvant treatment protocols for tumor
“downstaging” prior to resection (Fig. 12.2)
[16]. Several systems have been proposed for
classification of borderline resectable PDAC;
the most recent International Consensus
Guidelines are presented below [17]. These
guidelines recognized that anatomical consider-
ations by themselves could not determine resect-
ability and both tumor biology and underlying
medical conditions have to be accounted for
within the classification.

Fig. 12.2 Borderline resectable pancreatic cancer. (a) Before treatment. (b) After neoadjuvant therapy
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The consensus guidelines defined patients
with borderline resectable PDAC according to
the three distinct dimensions: anatomical (A),
biological (B), and conditional (C). Anatomic
factors include tumor abutment with the superior
mesenteric artery and/or celiac artery of less than
180°, tumor abutment with the SMV/SMV-PV
but with proximal and distal ends amenable to
reconstruction, this included bilateral narrowing
or occlusion without extending beyond the infe-
rior border of the duodenum. Biological factors
include potentially resectable disease based on
anatomic criteria but with clinical findings suspi-
cious of distant metastases or regional lymph
nodes metastases or serum carbohydrate antigen
(CA) 19-9 level more than 500 units/ml.
Conditional factors include the patients with
potentially resectable disease based on anatomic
and biologic criteria but with ECOG performance
status of 2 or more. These patients are best treated
with neoadjuvant therapy.

Neoadjuvant Therapy for PDAC

The rationale for neoadjuvant therapy for patients
with resectable pancreatic cancer includes: (a)
the potential for downstaging to maximize the
chances of a margin-negative (R0) resection (b)

treating micrometastatic disease early, (c) admin-
istering “adjuvant” therapy in a preoperative set-
ting when it is better tolerated, and (d) using this
approach to gauge the aggressiveness of the can-
cer and thereby select for surgery the patients
who have the greatest likelihood of a favorable
outcome. We have successfully completed five
trials (Table 12.2) of neoadjuvant therapy for
pancreatic cancer at the M.D. Anderson Cancer
Center and our current treatment paradigm is
based on the results of the same [18-21]. This is
the largest reported single-center experience with
neoadjuvant therapy for pancreatic cancer. Our
studies have helped us stratify patients with sur-
gically resectable cancer into two groups: (a)
those who are likely to benefit from surgery (in
our experience 75% of surgically resectable cases
can undergo successful pancreaticoduodenec-
tomy after neoadjuvant therapy) and (b) those for
whom surgical resection is unlikely to be clini-
cally beneficial (25% cannot undergo surgery
after neoadjuvant therapy). In our recent study of
neoadjuvant gemcitabine + radiation for patients
with operable pancreatic cancer, the median sur-
vival duration was 34 months in patients who
underwent surgical resection and 7 months in
patients who did not [2]. The 5-year survival rates
for those who did and did not undergo resection
were 36% and 0%, respectively.

Table 12.2 Clinical trials of neoadjuvant therapy for pancreatic cancer at M.D. Anderson Cancer Center

5-FU 5-FU Paclitaxel

50.4 Gy 30 Gy 30 Gy Gem-XRT Gem-Cis XRT
No. of patients 28 35 37 86 90
Overall survival (mo) NA NA 12 23 17
No. who completed all 17(60) 20(57) 20(54) 64 (74) 52 (66)
treatment including PD (%)
No. histologic response 7 (41) 4 (20) 4/19 (21) 37(58) 31 (60)
IIB-IV/total resected (%)
No. SMA margin positive 3(18) 2 (10) 6/19 (32) 4(6) 1(2)
(%)
No. death during treatment | 1 (4) 0 0 1(1) 1(1)
(%)
Median survival of patients | NA 25 19 34 31
who completed all
treatment (mo)
Median survival of patients | NA 7 10 7.1 10.5
who did not complete all
treatment (mo)
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The use of neoadjuvant therapy in the case of
borderline resectable PDAC is intuitive given the
expectation that most but not all will undergo sub-
sequent surgery. However, patients with borderline
resectable disease are at a high risk for a margin
positivity (R1) due to abutment with the vascula-
ture, they require complex vascular reconstruction
and have a high predilection for occult metastatic
disease. As depicted in Table 12.2, an estimated
60-75% of patients receiving neoadjuvant therapy
undergo subsequent resection. Prior neoadjuvant
studies for PDAC are depicted in Table 12.3.

Majority of these studies were retrospective
although some were prospective, single-arm tri-
als. Until recently, there have been no random-
ized, prospective clinical trials of neoadjuvant
therapy vs. upfront surgery.

The PREOPANC trial is the first randomized
clinical trial of preoperative chemoradiotherapy
vs. upfront surgical resection for resectable and
borderline resectable PDAC [39]. This trial was
conducted in 16 centers in Europe and 246 eligi-
ble patients were randomized to chemoradiother-
apy, which consisted of three courses of
gemcitabine, the second combined with
15 x 2.4 Gy radiotherapy, followed by surgery
and four courses of adjuvant gemcitabine vs.
immediate surgery and six courses of adjuvant
gemcitabine. On intention to treat analysis, there
was no median overall survival difference
between the two arms [16.0 months with preop-
erative chemoradiotherapy and 14.3 months with
immediate  surgery (hazard ratio, 0.78;
p = 0.096)]. A larger fraction of patients in the
preoperative group received an RO resection in
the immediate surgery cohort (P < 0.001).
Preoperative chemoradiotherapy was associated
with significantly better disease-free survival and
locoregional failure-free interval as well as with
significantly lower rates of pathologic lymph
nodes, perineural invasion, and venous invasion.

As expected, not all patients receiving neoad-
juvant therapy received surgical resection. Of the
119 patients who received neoadjuvant therapy,
72 (60%) were operated. This subgroup of
patients with tumor resection followed by adju-
vant treatment experienced a significantly
improved median overall survival of 35.2 months

in the preoperative chemoradiotherapy group and
19.8 months in the immediate surgery group
(HR, 0.58; p =0.029). The proportion of patients
who suffered serious adverse events was higher
in the neoadjuvant group 52% versus 41%
(P = 0.096). Similar findings were reported by
the ESCPAC-5 phase II trial where 90 patients
with borderline resectable PDAC were random-
ized to immediate surgery, or neoadjuvant gem-
citabine with capecitabine, FOLFIRINOX, or
chemoradiation [40]. One year survival rate was
40% for immediate surgery and 77% for neoadju-
vant therapy. Log-rank analysis showed an
HR = 0.27, p < 0.001 in favor of neoadjuvant
therapy.

These randomized clinical trials confirmed
several points noted earlier in the prior non-
randomized trials: (1) Neoadjuvant therapy offers
survival advantage over upfront resection for
PDAC patients with non-progressive disease
after chemoradiotherapy, (2) neoadjuvant therapy
is the preferred option for borderline resectable
disease, and (3) chemoradiotherapy results in
higher toxicity but this does not preclude
surgery.

Role of Neoadjuvant Chemotherapy
without Radiation

Neoadjuvant chemotherapy alone, without radio-
therapy was examined in the prospective phase II
SWOG 1505 clinical trial [41]. In this study, 147
patients with resectable PDAC were randomized
to preoperative FOLFIRINOX or gemcitabine
and nab-paclitaxel. Each treatment arm included
the same regimen administered post-operatively
and the primary study endpoint for 2-year overall
survival. Resection was successfully performed
in 70% of the patients who received neoadjuvant
therapy. The two-year survival was similar (42%
with FOLFIRINOX and 48% with gemcitabine
and nab-paclitaxel, p = 0.12). There were no sig-
nificant median overall survival differences
between the two arms. At the current time, there
are insufficient data to recommend chemotherapy
vs. chemoradiotherapy as the preferred neoadju-
vant modality prior to resection.



144

S.Lee and M. Javle

Table 12.3 Prior studies of resectable pancreatic cancer

Type of neoadjuvant

Study N therapy Resection rate | Median survival (months)
Ammori et al. 67 Chemoradiation 9 (13%) 17.6 (surgery); 11.9 (no
(2003) [22] RO: 6 (9%) surgery)
Katz et al. (2008) | 160 Chemoradiation 66 (41%) 40.0 (surgery); 13.0 (no
[16] RO: 62 surgery)
(39%)
Marti et al. 26 Chemotherapy 4 (15%)RO: 13.0 (all patients); 12.0-62.0
(2008) [23] Chemoradiation 3(11%) for resected group
Massucco et al. 28 Chemoradiation 8 (29%)RO: >21.0 (surgery); 10.0 (no
(2006) [24] 7 (25%) surgery)
Landry et al. 21 Chemotherapy 5 (24%)RO0: 26.3 (surgery)
(2010) [25] Chemoradiation 3 (14%)
Brunner et al. 12 Nelfinavir 6 (50%)RO: NA
(2008) [26] chemoradiation 6 (50%)
Leone et al. 39 Chemotherapy 11 (28%) 31.5 (surgery); 12.3 (no
(2012) [27] chemoradiation RO: 9 (23%) | surgery)
Chun et al. T4 Chemoradiation 74 (all 23 (surgery); 15 (no surgery)
(2010) [28] patients)
RO: 44
(59%)
Stokes et al. 41 Chemoradiation 16 (46%) 23 (surgery); 12 (no surgery)
(2011) [29] RO: 12
(29%)
Leeetal. (2012) |18 Chemotherapy 15 (83%) 23.1 (surgery); 13.2 (no
[30] RO: 13 surgery)
(72%)
Kang et al. 67 Chemoradiation 32 (48%) 26.3 (surgery)
(2012) [31] RO: 28
(41%)
Takahashi et al. 80 Chemotherapy 43 (54%) 25 (surgery)
(2013) [32] Chemoradiation RO: 43
(54%)
Chuong et al. 57 Chemotherapy 32 (56%) 19.3 (surgery)
(2013) [33] Chemoradiation RO: 31
(54%)
Kim et al. (2013) |39 Chemotherapy 24 (62%) 25 (surgery)
[34] Chemoradiation RO: 21
(54%)
Rose et al. 64 Chemotherapy 31 (48) 23.6 (all patients); 15.4 (no
(2014) [35] RO: 27 surgery)
(42%)
Golcher et al. 66 (33 upfront, 33 Chemotherapy RO: 17 17.4 (neoadjuvant)
(2015) [36] neoadjuvant) Chemoradiation (52%) 14.4 (upfront surgery)
RO: 16
(48%)
Jang et al. (2018) |35 (17 upfront, 18 Chemotherapy RO: 14 21 (neoadjuvant)
[37] neoadjuvant) Chemoradiation (82%) 12 (upfront surgery)
RO: 6 (33%)
Motoi et a. 362 (180 upfront, 182 | Chemotherapy NA 36.7 (neoadjuvant)

(2019) [38]

neoadjuvant)

26.6 (upfront surgery)
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Our treatment paradigm for resectable and
borderline resectable disease, outside of a clinical
trial includes a sequential approach of systemic
chemotherapy, followed by chemoradiation and
subsequent surgical resection. For patients who
are not enrolled in a clinical trial, we offer induc-
tion chemotherapy with FOLFIRINOX or gem-
citabine with nab-paclitaxel for 8 weeks followed
by restaging CT scans. A multi-disciplinary deci-
sion follows regarding subsequent plan for sys-
temic chemotherapy or consolidative
chemoradiation. For patients experiencing a defi-
nite radiological response and robust CA 19-9
decrement, further chemotherapy is offered.
Others without a radiologic response or with sta-
ble disease are offered chemoradiation. Patients
experiencing systemic disease progression with
distant metastases are no longer considered as
surgical candidates and are offered second-line
chemotherapy or clinical trials.

Radiation therapy along with concurrent
5-fluorouracil or capecitabine is typically admin-
istered in a dose of 50.4 Gy to the pancreatic
head, body, or tail (depending on the tumor loca-
tion) along with the vasculature: celiac artery,
SMA, and SMV. Thus, the field targets area of
local spread; in addition, only suspicious nodes
are targeted and not the entire nodal basin which
also spares toxicity. Restaging CT scans are typi-
cally obtained 6-8 weeks after completion of
chemoradiation and before planned surgical
resection.

Locally Advanced PDAC

These cancers would typically be considered as
unresectable and are treated with systemic che-
motherapy, sometimes followed by consolidative
chemoradiation. Recently, locally advanced
PDAC has been further subclassified into types A
and B [42, 43]. Type A includes higher degree of
SMA, hepatic arterial, or celiac abutment that is
still amenable to vascular reconstruction, whereas
type B is unresectable. This segregation has
resulted from the fact that some patients with
lower vascular compromise experience radiolog-
ical improvement after multiagent chemotherapy

and radiation. The type of surgery required
includes complex vascular reconstruction and
accompanied with morbidity and mortality and
should be restricted to high-volume centers.

What Is the Role of Radiotherapy
in the Neoadjuvant Setting
for PDAC?

Iacobuzio-Donohue and colleagues demonstrated
in rapid autopsy series that 30% of patients with
PDAC die of local invasion and not distant failure
[44]. Tt is important to note that most local recur-
rences develop within millimeters of the SMA
and celiac artery because these vessels are imme-
diately adjacent to a surgical margin and PDAC
frequently extends along the perivascular nerves.
Local control is therefore an important goal of
therapy and is facilitated by radiotherapy. There
has been one randomized, controlled trial to our
knowledge investigating the role of radiotherapy
vs. chemotherapy alone for PDAC.

The locally advanced PDAC (LAPO7) phase 3
randomized trial enrolled 449 patients with
locally advanced, unresectable disease who
received gemcitabine + erlotinib alone or fol-
lowed by consolidative chemoradiation with
50.4 Gy [45]. The primary outcome was overall
survival and there was no significant survival dif-
ference between the chemotherapy vs. chemora-
diation arms. However, chemoradiotherapy was
associated with decreased local progression (32%
vs 46%, P = 0.03) and no increase in grade 3 to 4
toxicity, except for nausea. Although LAPO7 was
a study for unresectable locally advanced PDAC,
the study results suggest that an improvement
in local control from radiotherapy may result in
incremental clinical benefit in earlier stage
PDAC. Conventional external beam radiotherapy
was used in this trial. However, there may be
clinical advantages with the use of Intensity
Modulated Radiation Therapy (IMRT) or
Stereotactic Body Radiotherapy (SBRT), which
can provide high doses over short periods of
time. Phase II trials of SBRT suggest this
approach is feasible and results in clinical bene-
fit. Herman et al. treated 49 patients with locally
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advanced PDAC with gemcitabine followed by
SBRT (33.0 gray [Gy] in 5 fractions) [46]. After
SBRT, patients received maintenance therapy
with gemcitabine till progression. The median
overall survival was 13.9 months and 80% were
free of local disease progression. These encour-
aging data led to the Alliance A021501 trial of
neoadjuvant SBRT followed by surgical resec-
tion for borderline resectable PDAC [47]. This
study was unfortunately discontinued as on
interim analysis, futility boundary for RO resec-
tion was reached. SBRT may be potentially infe-
rior to chemoradiotherapy as concurrent
chemotherapy may offer a systemic antitumor
effect. Neoadjuvant SBRT cannot be recom-
mended at this time for resectable or borderline
resectable PDAC outside the context of a clinical
trial. However, concurrent chemoradiotherapy in
a dose of 50.4 Gy is commonly used in our prac-
tice at MD Anderson Cancer Center along with
capecitabine in the neoadjuvant setting for resect-
able and borderline resectable PDAC.

Histopathologic Assessment
Following Neoadjuvant Therapy

Histopathologic assessment of the PDAC speci-
men after neoadjuvant therapy is complicated.
The current College of American Pathology
(CAP) grading for tumor response assessment is
uniform across several cancers including esopha-
gus, stomach, pancreas, and rectum. The assess-
ment compares residual tumor with background
fibrosis as follows: Grade 0, no viable residual
tumor (pathologic complete response); Grade 1,
marked response (minimal residual cancer with
single cells or small groups of cancer cells);
Grade 2, partial response (residual cancer with
evident tumor regression, but more than single
cells or rare small groups of cancer cells); and
Grade 3, poor or no response (extensive residual
cancer with no evident tumor regression). This
grading scheme for tumor response is the same as
those used for carcinomas of esophagus, stomach
and rectum in the current CAP protocols.
However, there has been very limited prognostic
validation of this grading and our retrospective

data indicate no survival differences between
grades 3 and 4. Therefore, we have proposed an
alternative three-tier system as below: Histologic
tumor response grade (HTRG) 0, no viable resid-
ual tumor (pathologic complete response); HTRG
1, marked response (less than 5% viable tumor
cells, minimal residual cancer with single cells or
small groups of cancer cells); HTRG 2, moderate
to poor response (>5% residual tumor cells).
This system has been validated in a cohort of 223
PDAC resection specimens after prior neoadju-
vant therapy [48, 49].

Tumor Surveillance in PDAC Using
Circulating DNA (ctDNA)

CA19-9 is the most commonly used marker in
pancreatic cancer with a sensitivity and specific-
ity of 79-81% and 82-90%, respectively [50,
51]. However, it is not useful as a screening
marker with a low positive predictive value (0.5—
0.9%) and does not accurately predict prognosis
[52, 53]. It is commonly elevated in other dis-
eases such as biliary obstruction, cholangitis, and
pancreatitis [54, 55], complicating clinical
assessment of pancreatic cancer.

Tumor-specific DNA mutations can be
detected in the cell-free component of peripheral
blood in patients with advanced cancer [56]. This
circulating tumor DNA (ctDNA) allows for non-
invasive molecular characterization of tumors
that provides indication to targeted therapies [57—
59]. In addition to this therapeutic role, ctDNA
has been supported as a biomarker and an inde-
pendent prognostic marker in pancreatic adeno-
carcinoma. In a study of 104 patients with
advanced pancreatic cancer, 50% of patients had
detectable ctDNA levels, and 45% and 42.3% of
patients revealed TP53 and KRAS mutation. This
study showed worse overall survival (8.4 vs.
16 months, p < 0.0001) and progression-free sur-
vival (3.2 vs. 7.9 months, p < 0.0001) in patients
with ctDNA positive patients, compared with
negative patients [52].

Another study validated a role of ctDNA as a
prognostic marker in 112 patients with localized
pancreatic cancer. Positive ctDNA detection in
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the pre- and post-operative settings was associ-
ated with worse recurrence-free survival and
overall survival. All the patients (13/13, 100%)
with detectable ctDNA post-operatively had
recurrence, and seven patients had recurrence
while receiving gemcitabine-based adjuvant che-
motherapy [60]. A meta-analysis of ctDNA in
patients with resectable pancreatic adenocarci-
noma confirmed that patients with detectable
ctDNA had a higher risk for disease recurrence
than those without detectable ctDNA (pre-
surgery, HR 1.96, 95% CI 0.65-5.87; post-
surgery HR 2.20, 95% CI 0.99-4.87).

Obtaining a sufficient biopsy tissue for molec-
ular or pathology tests is often times not feasible
in localized pancreatic cancer. For example, fine
needle aspiration via endoscopic ultrasound or
resection of pancreatic tumors with less viable
cells status post-neoadjuvant chemotherapy
sometimes provides insufficient tissues for
molecular tests [61]. In this clinical scenario,
ctDNA can be useful and lead to identification of
actionable mutations, offering more therapeutic
options such as targeted therapy or clinical trials.
These mutations include cMET (2.5%), FGFR2
(1.2%), NTRK fusion (6%), mTOR (2%), or
HER?2 expression and amplification (2-6%) [62].

Neoadjuvant Therapy Followed by
Metastasectomy for PDAC

Metastasectomy of an oligometastatic disease
with liver or lung lesions has resulted in survival
benefit in other cancer types. More than 50% of
patients with colorectal cancer present with a
metastatic disease at baseline, and the most com-
mon metastatic sites are the liver and lungs [63].
Resection of metastatic liver lesions offers five-
year survival rate ranging from 24% to 58% [64,
65], while systemic chemotherapy alone has
10-11% [66]. Pulmonary metastasectomy is also
considered for surgically fit patients with resect-
able lung metastases, and it confirmed survival
benefit [67, 68].

The tumor biology of pancreatic adenocarci-
noma is generally more aggressive than that of
colorectal cancer for which liver and lung metas-

tasectomy has offered survival benefit. In pancre-
atic adenocarcinoma, up to 12% of patients with
no radiologic evidence of metastases in the pre-
operative setting are later found to have liver or
peritoneal metastases in the exploratory laparos-
copy [69]. Survival benefit from metastasectomy
is conflicting, and there have been no randomized
controlled trials to clearly define clinical out-
comes after metastasectomy [70]. The NCCN
guideline does not recommend surgical resection
in cases of distant metastases [71]. Surgery of the
primary pancreatic tumor is challenging with a
mortality rate ranging from 7.3% to 22.9% (5%
in high-volume centers) [72, 73]. Therefore, syn-
chronous (or even metachronous) resection of the
primary pancreatic tumor and metastatic lesions
can lead to a higher mortality rate. The liver is the
most commonly affected metastatic site from
pancreatic adenocarcinoma with the peritoneum
and lungs following [57, 74], and many studies of
hepatic metastasectomy have been published.

In a retrospective analysis of 6 European pan-
creas centers, 69 patients underwent synchronous
resection of liver metastatic lesions and the pri-
mary pancreatic tumor, and clinical outcomes
were compared with the other 69 patients who
only underwent surgical exploration without
tumor resection. Overall survival appeared to be
prolonged in the group of resected patients (14
vs. 8 months, p < 0.001). Patients with a primary
tumor in the head of the pancreas had survival
benefit, but those with the tumor in the body or
tail of the pancreas did not (14 vs. 15 months,
p=0.31). Although this study showed a clear sur-
vival benefit in patients who had synchronous
resection of hepatic lesions and the primary
tumor in the head of the pancreas, a strong con-
clusion cannot be drawn due to the limitations of
retrospective study and a potential for selection
bias [75].

Crippa et al. also investigated clinical out-
comes in patients who received neoadjuvant che-
motherapy followed by surgical resection of liver
metastatic lesions. This study included 127
patients who received systemic chemotherapy
including gemcitabine. Chemotherapy response
rate was 44% (7% complete response and 37%
partial response). After 12 months from the initial
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diagnosis, surgical resection was performed for
11 patients. In this subgroup, median survival
was longer (46 vs. 11 months, p < 0.0001) for
patients undergoing resection. Of note, patients
who received multiple chemotherapeutics (HR,
0.512) and surgical resection (HR, 0.360) had
longer overall survival, while those with more
than 5 metastatic lesions (HR, 3.515) and CA19-9
reduction less than 50% (HR, 2.708) had shorter
overall survival. This study demonstrates a subset
of patients with good response from chemother-
apy may potentially benefit from surgical resec-
tion of the metastatic and primary pancreatic
tumors [76].

Patients with isolated pulmonary recurrence
are known to have better overall survival [77]. A
study of 40 patients with isolated pulmonary
recurrence  showed median survival —of
22.5 months (95% CI 19.1-31.8) after diagnosis
of pulmonary metastasis. Patients with less than
10 lung metastases (31.3 vs. 18.7 months,
p = 0.003) and a unilateral localization of lung
involvement (31.3 vs. 21.8 months, p = 0.03) had
longer survival [78]. In a retrospective study of
31 patients with isolated lung metastasis, nine
patients underwent surgical resection after pul-
monary recurrence. The median time from the
resection of the primary pancreatic tumor to pul-
monary metastasis was 34 months. The median
overall survival was longer in patients who had
pulmonary metastasectomy than those who did
not (51 vs. 23 months, p = 0.04). Median relapse-
free survival was 29 vs. 14 months (p < 0.001).
There was a trend toward greater 2-year survival
after relapse in the patient group with pulmonary
metastasectomy, compared with those who did
not undergo surgery (40 vs. 27%, p =0.2) [79].

Above studies demonstrate that metastasec-
tomy can be performed in PDAC in patients with
favorable biology and response to systemic che-
motherapy [70]. Patients with isolated, metachro-
nous pulmonary metastasis after prior
pancreatectomy have experienced clinical benefit
including improved survival [79]. However, there
have been no randomized clinical trials or pro-
spective studies to better assess survival out-
comes from metastasectomy in patients with
stage IV pancreatic adenocarcinoma. At this

point, the NCCN does not recommend surgical
resection in patients with metastatic pancreatic
adenocarcinoma. In our practice, we will con-
sider resection of isolated, metachronous pulmo-
nary metastases in patients who have undergone
prior pancreatic surgery although this cannot be
regarded as standard of care.
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