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ABSTRACT

Background. Resection of initially oligometastatic pan-
creatic ductal adenocarcinoma (PDAC) following response
to first-line chemotherapy is controversial. We herein
updated a previous case series to investigate the oncologic
outcomes and preoperative factors that could drive the
decision-making process.

Methods. This retrospective analysis was limited to
patients with liver-only synchronous metastases who
experienced complete regression of the metastatic com-
ponent and underwent pancreatectomy between October
2008 and July 2020 at two high-volume institutions.
Clinical-pathologic variables were captured, and inflam-
mation-based  prognostic  scores were calculated.
Recurrence and survival analyses were performed using
standard statistical methods.

Results. Overall, 52 patients were included. FOLFIR-
INOX was the most employed chemotherapy regimen
(63.5%). Post-treatment tumor size, serum carbohydrate
antigen (CA) 19-9 and carcinoembryonic antigen (CEA)
were significantly decreased relative to baseline evaluation.
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The median time from diagnosis to pancreatectomy was
10.2 months, while the median time from chemotherapy
completion to pancreatectomy was 2 months. Major post-
operative complications occurred in 26.9% of patients,
while postoperative mortality was nil. The median disease-
free survival (DFS) and overall survival (OS) from pan-
createctomy were 16.5 and 23.0 months, respectively, and
the median OS from diagnosis was 37.2 months. At mul-
tivariable analysis, vascular resection, operative time,
prognostic nutrition index (PNI) and neutrophil-to-lym-
phocyte ratio (NLR) were associated with OS. Operative
time, platelet x neutrophil/lymphocyte count (SII), and
PNI were associated with DFS.

Conclusions. We confirm promising outcomes of selected
patients who underwent pancreatectomy following down-
staging of liver metastases. The absence of vascular
involvement of the primary tumor, good nutritional status,
and low inflammatory index scores could be useful to
select candidates for resection.

According to the current cancer statistics,' nearly 50%
of patients with pancreatic ductal adenocarcinoma (PDAC)
present with metastatic disease, mainly to the liver.
Although the diagnosis of metastatic disease has always
been considered as an absolute contraindication for resec-
tion,” there have been various reports of pancreatectomies
with synchronous liver metastasectomy in patients with
low metastatic burden (up to three lesions, defined as oli-
gometastatic PDAC hereafter). This practice, resulting in
median overall survival (OS) duration in the range from 7.6
to 14.5 months,* ' did not prompt the uptake of a selective
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resection policy because primary chemotherapy with
FOLFIRINOX or gemcitabine + nanoalbumin-bound(-
nab)-paclitaxel was associated with intention-to-treat
median OS ranging from 8 to 12 months.""'> Owing to the
high response rate of these multiagent regimens, several
patients with initially oligometastatic PDAC experienced
substantial reduction of the metastatic burden, up to com-
plete downstaging. Whether resection in this selected group
of responders could be associated with improved prognosis
has been a matter of further debate.'>™'® In a previous paper
including 24 patients who underwent resection following
chemotherapy at the authors’ institutions, we showed a
margin-free resection rate of 88%, a 17% rate of complete
pathologic responses, a median disease-free survival (DFS)
of 27 months, and a median OS of 56 months.'® Subse-
quent systematic reviews with analyses limited to patients
receiving first-line chemotherapy showed median survival
outcomes ranging from 23 to 56 months.**'

On these premises, we updated our previous series and
investigated the outcomes of patients with PDAC initially
metastatic to the liver who underwent resection following
first-line chemotherapy and complete regression of the
metastatic component. We also sought to identify preop-
erative factors that could drive the decision-making process
in this challenging clinical scenario.

PATIENTS AND METHODS

All patients with PDAC initially metastatic to the liver
who received systemic chemotherapy and subsequent
resection between October 2008 and July 2020 at the Unit
of Pancreatic Surgery, Pederzoli Hospital, Peschiera del
Garda, Verona, and the Unit of Pancreatic Surgery,
University of Verona Hospital Trust, Italy, were retro-
spectively analyzed from a prospectively collected
database. Following baseline diagnosis, patients received
first-line systemic chemotherapy either at the two hub
centers or at spoke, local institutions, according to the
patient’s area of residence. The hub centers assisted with
chemotherapy regimen recommendation and patient fol-
low-up, which was planned on a 3-month basis. Following
restaging, patients were re-evaluated by the hub centers’
multidisciplinary boards. Criteria for surgical eligibility
were disappearance of liver metastases at cross-sectional
imaging, consisting of triple phase, thin-slice computed
tomography (MDCT) and gadoxetic acid-enhanced mag-
netic resonance imaging (MRI) with diffusion-weighted
imaging. Fluorodeoxyglucose—positron emission tomogra-
phy (‘*FDG-PET) was performed to functionally
characterize a persistent liver nodule. Only patients with
negative '®FDG-PET were considered surgical candidates.

Furthermore, in secretors, a serum carbohydrate antigen
(CA19-9) decrease threshold >50% relative to baseline was
employed to define biochemical response.

Perioperative Management

The intraoperative strategy has been previously descri-
bed." Demographic and perioperative data included
chemotherapy regimen, duration of treatment, time
between diagnosis and surgery, time between last
chemotherapy and surgery, postoperative pancreatic fistula
(POPF), postoperative bleeding (PPH), delayed gastric
emptying (DGE), operative time, blood transfusion, post-
operative length of stay (LOS), and 30-day mortality.
Complications were defined according to the International
Study Group of Pancreatic Surgery (ISGPS)**** and their
severity was classified per the Clavien— Dindo system.>

After discharge, all patients were referred for adjuvant
chemotherapy if indicated. Follow-up was planned on a
3-month basis with triple-phase MDCT scan or MRI,
serum CA19-9, and outpatient or telehealth evaluation due
to distance or coronavirus disease 2019 (COVID-19)-re-
lated travel restrictions. Inflammation-based prognostic
scores known to have a role in cancer progression,
such as neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte  ratio  (PLR), platelet x neutrophil/
lymphocyte count (SII), and prognostic nutrition index
(PNI; 10 x s-albumin g/dL 4 0.005 x total lymphocyte in
peripheral blood/mm?), were calculated at baseline and
before surgery.”® Pathologic data included residual tumor
evaluation, nodal status, tumor stage per American Joint
Committee on Cancer (AJCC) criteria,>’ margin status, and
vascular and perineural infiltration. Follow-up details
included date and first site of recurrence, recurrence
treatment, and date of death. OS was calculated from the
time of diagnosis and from the time of pancreatectomy,
while DFS was calculated from the time of
pancreatectomy.

Statistical Analysis

Continuous variables were reported as means and stan-
dard deviation or median and interquartile range (IQR), as
appropriate. Student’s t-test or Mann—Whitney U test were
used to compare continuous variables. Categorical vari-
ables were reported as frequencies with percentages and
compared using Fisher’s exact test. Survival and follow-up
were calculated from the time of diagnosis to the date of
death or last follow-up. Cumulative survival was analyzed
using the Kaplan—-Meier method. Univariable and multi-
variable Cox regression models were employed to
investigate variables associated with survival. The predic-
tive values of the inflammation-based prognostic scores at
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the time of recurrence were evaluated by receiver operating
characteristic (ROC) analysis. Prognostic accuracy was
assessed by calculating the area under the curve (AUC).
Statistical analysis was performed using SPSS v.25 (IBM
Corporation, Armonk, NY, USA).

RESULTS

Overall, 52 patients were included in the present anal-
ysis. Baseline demographics and clinicopathologic
characteristics are summarized in Table 1. At the time of
diagnosis, 73.1% of patients had more than 2 liver metas-
tases, and in 54.2% of patients the primary tumor was
anatomically resectable per National Comprehensive
Cancer Network (NCCN) guidelines. FOLFIRINOX was
the most employed chemotherapy regimen (63.5% of
cases), while 26.9% of patients received gemcitabine +

TABLE 1 Baseline characteristics

Age, years [median (range)] 58 (34-77)
Sex [n (%)]

Male 30 (57.7)
Female 22 (42.3)

BMI [median (range)]

Liver metastasis [n (%)]

24.4 (17.8-35.4)

One 9 (17.3)
Two 5 (9.6)
Multiple 38 (73.1)
Tumor location [n (%)]

Head 36 (69.2)
Body and tail 16 (30.7)
Primary tumor resectability at diagnosis [n (%)]
Resectable 28 (54.2)
BLR/LAPC 24 (45.8)
Primary chemotherapy regimen [n (%)]

FOLFIRINOX 33 (63.5)
Gemcitabine + nab-paclitaxel 14 (26.9)
Gemcitabine 5(9.6)
Chemotherapy cycles [median (range)] 9.4 (1-20)
CA19-9, U/mL [median (range)] p <0.001

Baseline 1167.2 (0.6-9824)
Restaging 50.6 (0.6-277)
Normal value before surgery [n (%)] 35 (67.3)

CEA, ng/mL [median (range)] p < 0.042
Baseline 32.7 (16-45)
Re-staging 17.6 (0-37)

Significant results (p < 0.05) are highlighted in bold

BMI body mass index, BLR borderline resectable, LAPC locally
advanced pancreatic cancer, CA carbohydrate antigen, CEA carci-
noembryonic antigen

nab-paclitaxel and only 9.6% received gemcitabine alone.
Data on adjuvant chemotherapy were available for 32/53
patients (61.5%). Baseline nutritional data and inflamma-
tion scores are reported in Table 1. Post-treatment CA19-9
and carcinoembryonic antigen (CEA) were markedly
decreased relative to baseline values (from 11,167.2 U/mL
to 50.6 U/mL, p < 0.001; and from 6.7 ng/mL to 4.4 ng/
mL, p = 0.042). Notably, 67.3% of patients had normal-
ized CA19-9 post-treatment. Primary tumor size was also
markedly reduced, from 32.6 to 17.6 mm (p < 0.002). The
median interval between diagnosis and surgery was 10.2
months (range 3-32), while the median interval between
chemotherapy completion and pancreatectomy was 2
months. Time-trend analysis showed a reduction in the
period off systemic therapy (from 3.8 months in
2008-2014 to 1.8 months in 2015-2020, respectively).
Resection procedures included pancreatoduodenectomy
(PD, 69%), distal pancreatectomy (DP, 27%), and total
pancreatectomy (TP, 4%) (Table 2). Segmental vascular
resections were performed in 7 patients (13.5%). The
overall morbidity and 30-day mortality rates were 57.7%
and 0%, respectively. Major complications (Clavien—Dindo
III-1V) occurred in 26.9% of cases, the POPF rate was
13.4%, and no patients required reoperation. The mean
LOS was 14.6 days (IQR 5-60). Histopathological exam-
ination showed complete response in 17.3% of patients,
and the RO resection rate was 86.5%. The NO rate was
53.9%, with a median lymph node ratio (LNR) of 0.04.

Survival Analysis and Prognostic Factors

The median OS from the time of diagnosis was 37.2
months, while the median DFS and median OS post-pan-
createctomy were 16.5 months and 23.0 months,
respectively (Table 3, Fig. 1). Overall, 39/52 patients
experienced recurrence, mainly in the liver (48.7%), fol-
lowed by resection bed (18%), peritoneum (10.2%), other
distant sites (7.7%), and multiple sites (15.4%). Complete
pathological response did not provide a benefit in survival
relative to patients with residual tumor (36 vs. 28 months;
p = 0.972), as was for the subset of patients receiving
chemotherapy for longer than 10 months (p = 0.291). On
univariable analysis (Table 4), poor nutritional status,
inflammation parameters (PNI, NLR, and SII), vascular
resection, and omission of adjuvant chemotherapy were
associated with disease recurrence. Vascular resection,
length of operation, and microscopic vascular embolization
were associated with shorter OS. On multivariable analysis
(Table 5), vascular resection, operative time, PNI >53 and
NLR <l1.7, were independently associated with OS.
Operative time, SII, and PNI were independently associ-
ated with DFS.



8506

1. Frigerio et al.

TABLE 2 Perioperative data and pathologic details

Surgical resection

PD 36 (69.2)
DP 14 (26.9)
TP 2 (3.8)
Vascular resection

No 45 (86.5)
Yes 7 (13.5)
Median operative time, min (range) 370.9 (130-620)
Intraoperative blood transfusion

No 47 (90.4)
Yes 5 9.6)
Postoperative complications

No 22 (42.3)
Yes 30 (57.7)
Abdominal complications

No 26 (50.0)
Yes 26 (50.0)
POPF 7 (13.4)
PPH 3 5.7
DGE 9 (1.3)
Other* 7 1.4)
Clavien—Dindo >I1

No 38 (73.1)
Yes 14 (26.9)
Median postoperative stay, days (range) 14.6 (5-60)
Complete pathological response

No 43 (82.7)
Yes 9 (17.3)
R status

RO 45 (86.5)
R1 7 (13.5)
Microvascular embolization

No 23 (44.2)
Yes 29 (55.8)
Perineural infiltration

No 20 (38.5)
Yes 32 (61.5)
Nodal status

NO 28 (53.9)
N1 17 (32.7)
N2 7 (13.4)
LNR [median (range)] 0.04 (0.00-0.6)

Data are expressed as n (%) unless otherwise specified

PD pancreaticoduodenectomy, DP distal pancreatectomy, TP total
pancreatectomy, POPF postoperative pancreatic fistula, PPH post-
operative hemorrhage, DGE Delay Gastric Emptying, LNR lymph
node ratio (positive nodes/harvested nodes)

*Wound infection, anemia with no signs of bleeding, fever

DISCUSSION

The present study updates a previous analysis of pan-
createctomies for initially metastatic PDAC with complete
response of liver metastases following first-line
chemotherapy.'® Data from 52 patients showed accept-
able perioperative outcomes, with a major complications
rate of 26.9% and zero mortality. Complete pathologic
responses were 17.3%, nearly 90% of patients received a
margin-free resection. The median OS from the time of
diagnosis was 37.2 months, while the median DFS and OS
post-pancreatectomy were 16.5 months and 23 months,
respectively. Most recurrences were in the liver (48.9%),
although it was not possible to ascertain whether the dis-
ease relapsed at the initial metastatic site or as new
lesion(s). Although direct comparison with our previous
experience is not necessarily appropriate, the median sur-
vival duration herein reported is relatively shorter (37.2 vs.
56 months), yet similar to, other series of patients who
underwent resection following primary chemotherapy.'*~'®
This reflects a strict selection process based on a combi-
nation of radiologic, biochemical and clinical parameters.
At the time of diagnosis, high signal intensity on diffusion-
weighted MRI was deemed enough to define metastatic
liver lesions, with confirmation biopsy being performed in
21 patients (40.4%). In our recent practice, upfront pan-
createctomy with synchronous metastasectomy was never
an option. According to a systematic review of retrospec-
tive data, upfront resection is mostly carried out in patients
unexpectedly found with low-burden metastatic disease at
surgical exploration and was associated with median OS
duration ranging from 7.6 to 14.5 months.?® This is com-
parable with intention-to-treat survival outcomes in
randomized trials of first-line multiagent chemother-
apy.'"'? Hence, it can be argued that the principle of
upfront ‘cancer-directed surgery’ in oligometastatic PDAC
does not portend better survival rates relative to
chemotherapy alone, with the adjunct burden of a highly
morbid surgical procedure.”®

Following first-line chemotherapy for a median of nine
cycles, only patients who experienced complete radiologic
response of liver metastases were considered for surgical
exploration by our multidisciplinary boards. In the absence
of high-level evidence, the minimal acceptable degree of
residual liver disease for attempting resection has not been
clearly established. Notably, for some authors, stable dis-
ease post-treatment was not a contraindication to surgery,
with a rate of synchronous single hepatic segment or
atypical resections as high as 39%.”

Another lingering question in patients with oligometa-
static PDAC is whether a specific chemotherapy regimen is
associated with a greater response rate. Despite the fact that
this should be better addressed in a prospective fashion, in
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TABLE 3 Survival and 0S, months (range) 37.2 (26-54)
recurrence information
following pancreatectomy DFS, months (range) 16.5 (6-25)
PFS, months (range) 239 (9-46)
Survival post-pancreatectomy, months (range) 23.0 (16-40)
Recurrence [n (%)]
No 13 (25.0)
Yes 39 (75.0)
Recurrence pattern [n (%)]
Liver only 19 (48.7)
Local only 7 (18.0)
Peritoneal dissemination 4 (10.2)
Other distant site 3 (7.7)
Multisite 6 (15.4)
Interval from initial diagnosis to pancreatectomy, months (range) 10.2 (3-32)
Interval from chemotherapy completion to pancreatectomy, months (range) 2.0 (1.2-2.8)
Adjuvant chemotherapy [n (%)]
No 12 (37.5)
Yes 20 (62.5)
OS overall survival, DFS disease-free survival, PFS progression-free survival
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TABLE 4 Univariable analysis of factors associated with recurrence
and overall survival

Variable Recurrence Overall survival
CA19-9 pre-chemotherapy 0.046 0.830
CEA pre-chemotherapy 0.059 0.292
CA19-9 post-chemotherapy 0.306 0.437
CEA post-chemotherapy 0.489 0.930
Vascular resection 0.014 0.029
10 transfusion 0911 0.633
Operation time 360 min 0.787 0.010
Postoperative complications 0.572 0.910
Microvascular embolization 0.968 0.040
Perineural infiltration 0.339 0.190
N+ 0.213 0.216
LNR 0.218 0.171
Chemotherapy type 0.504 0.498
Adjuvant chemotherapy N 0.033 0.806
NLR 0.001 0.085
NLR <1.7 0.001 0.314
P/L ratio 0.066 0.679
NI 0.009 0.389
PNI 0.125 0.093
PNI >53 0.001 0.434

Significant results (p < 0.05) are highlighted in bold

NLR neutrophil-to-lymphocyte ratio, LNR lymph node ratio (positive
nodes/harvested nodes), P/L platelets/lymphocyte, SII Systemic
Inflammatory Index, PNI Prognostic Nutritional Index, CA carbohy-
drate antigen, CEA carcinoembryonic antigen

the present series there was no survival difference between
patients receiving platinum- or gemcitabine-based
chemotherapy, such that the value of a treatment regimen
as a surrogate endpoint for survival could not be ascer-
tained, with the initial choice remaining at the discretion of
the treating oncologist. Interestingly, the median interval
from chemotherapy completion to pancreatectomy became
shorter over time (<2 months in the last 5 years). While the

impact of the chemotherapy holiday has never been
investigated, it might be speculated that a certain period
off-treatment helps excluding patients with unexpected
disease progression on preoperative restaging.

Regarding biochemical response, there is no evidence as
to whether the magnitude of post-treatment CA19-9
decline could aid in the patient selection process. In
localized disease, some studies defined the optimal CA19-9
response as the presence of normal values post-treatment,*’
while others showed that a decline in CA19-9 levels >50%
was an independent predictor of post-resection sur-
vival.>%3! In the present series, the median difference
between pre- and post-treatment values was >90%, and
more than 60% of patients had normalized CA19-9 levels.
Nonetheless, neither CA19-9 decrease nor post-treatment
normalization were independently associated with survival.
Even other well-documented prognostic factors, including
N status, margin status, and complete pathologic response,
did not impact survival. Whether this depends on a peculiar
biologic behavior of initially metastatic PDAC or on the
small sample size can only be speculated. Notably, patients
undergoing synchronous vascular resection displayed sig-
nificantly worse outcomes. The presence of macroscopic
vascular involvement at the time of pancreatectomy could
be a surrogate of a more advanced disease and has been
associated with an increased rate of postoperative mor-
bidity, thereby reducing the opportunity to receive adjuvant
chemotherapy.®*** Furthermore, patients with a systemic
inflammatory state and impaired nutritional conditions
showed worse DFS and OS, as already reported in patients
with earlier-stage PDAC.?*>* In particular, the combina-
tion of lymphocytopenia and hypoalbuminemia indicates
immunosuppression and compromised immune-nutritional
status, which may lead to reduced adjuvant chemotherapy
tolerance and earlier recurrence.>> While poor nutritional
status following first-line chemotherapy can be interpreted
as a marker of a biologically aggressive disease,

TABLE 5 Multivariable analysis for the association of relevant variables with overall survival and disease-free survival

OS >12 months RR

OS >24 months RR

DFS >6 months RR

Sex (male) 0.128 - 0.026 2.2 (1.11-4.45) 0.057 -
No vascular resection 0.005 3.6 (1.46-8.81) 0.076 - 0.286 -
Operation time <330 min  0.039 1.8 (1.10-3.63)  0.032 2.5 (1.10-5.64)  0.143 -
NLR <1.7 0.007 2.5 (1.304.93) 0.019 2.5 (1.16-5.39)  0.050 2.0 (1.01-3.95)
PNI >53 0.012 2.6 (1.23-5.30)  0.008 3.1 (1.35-7.25) 0.113 -

Significant results (p < 0.05) are highlighted in bold

OS overall survival, RR risk ratio, DFS disease-free survival, NLR neutrophil-to-lymphocyte ratio, PNI Prognostic Nutritional Index
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prehabilitation programs in responders could be imple-
mented to address nutritional issues and improve the
functional capability of a patient.®

The present study has several major limitations. First, it
is retrospective and lacks a control group. Second, the
results apply to a super-selected group of initially oligo-
metastatic PDAC patients who underwent first-line
multiagent chemotherapy with complete radiologic
response of liver metastases, significant drop of serum
CA19-9 levels, and good conditional status. This is an
exiguous proportion of the whole collective of patients
with metastatic PDAC evaluated at baseline. Third, there
was no standard practice with respect to chemotherapy
regimen, duration, and time interval between chemother-
apy completion and pancreatectomy. With these limitations
in mind, we suggest that local resectability (without vas-
cular involvement), good nutritional status, and low
inflammatory index scores could be useful indicators to
select patients with oligometastatic PDAC who respond to
chemotherapy and could benefit from surgical resection.
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