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Abstract
FOLFIRINOX is a highly effective anticancer treatment, even in advanced pancreatic cancer, which provides a potential cure 
in patients initially treated with a palliative strategy. A 47-year-old man was found to have an unresectable pancreatic cancer 
(4 cm in size) surrounding both the superior mesenteric artery and superior mesenteric vein. A simultaneous liver metastasis 
in Segment 8, with a diameter of 17 mm, was also detected. The pancreatic tumor markers CEA, CA19-9, and DUPAN-2 
were significantly elevated to 21.7 ng/mL, 6224 ng/mL, and 1200U/mL, respectively. After 21 courses of FOLFIRINOX, 
the primary pancreatic tumor diminished in size (partial response) from 42 to 17 mm, and the liver mass almost disappeared. 
The tumor markers significantly decreased to almost normal levels. Fourteen months after the initial chemotherapy, conver-
sion surgery was performed. Upon surgical resection, the pancreatic tumor was found to be Grade 1b, and a pathologically 
complete response was observed for the liver metastasis. The patient is still alive 32 months after initial treatment with no 
recurrence. This is an informative case of a locally advanced pancreatic cancer with a synchronous liver metastasis that had 
a significant response to FOLFIRINOX, allowing for subsequent curative resection.
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MDCT	� Multi-detector computed tomography
PET-CT	� Positron emission tomography–computed 

tomography
UGT​	� Uridine diphosphate glucuronosyltransferase

Introduction

Pancreatic duct carcinoma accounts for 90–95% of pan-
creatic cancers and has a poor prognosis [1, 2]. Pancreatic 
cancer is characterized as highly invasive, frequently meta-
static, and chemo-resistant. Surgical resection is the only 
potentially curative treatment, with a survival rate of 20% 
at 5 years, but only 15–20% of newly diagnosed patients 
can benefit from it [3]. Unresectable and borderline resect-
able pancreatic cancers are often treated with neoadjuvant 
chemo- or chemoradio-therapy. A recent meta-analysis 
revealed that approximately one-third of patients with ini-
tially unresectable pancreatic cancer may convert to resect-
able cancer after neoadjuvant chemotherapy, with survival 
comparable to that of initially resectable patients [4]. Fur-
thermore, even patients with R1 resections have prolonged 
survival with adjuvant chemotherapy [5]. FOLFIRINOX [6] 
and nab-paclitaxel plus gemcitabine [7] have demonstrated 
significant anticancer effects in patients with metastatic 
pancreatic cancer, with response rates between 20 and 30%. 
Complete responses on radiological images, however, were 
described in only 4% of patients in a FOLFIRINOX phase II 
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trial of patients with advanced pancreatic cancer [8]. Thus, a 
multi-disciplinary approach, including conversion surgery, 
is required to give a potential curative chance to patients 
with metastatic pancreatic cancer. Herein, we report a case 
of successful conversion resection of locally advanced pan-
creatic cancer with simultaneous liver metastasis after FOL-
FIRINOX chemotherapy.

Case report

A 47-year-old man presented with epigastric pain. Abdominal 
ultrasound revealed a large (4 cm) irregularly shaped mass 
located in the uncinate process of the pancreas. The charac-
ter of internal echo was hypoechoic and homogenous. Multi-
detector computed tomography (MDCT) demonstrated that 
the pancreatic tumor surrounded both the superior mesenteric 
artery (the entire circumference of the vessel with extension 
to the first SMA branch) and superior mesenteric vein (focal 
vessel narrowing > 180°) (Fig. 1a, b). Additionally, a liver 
metastasis (17 mm in diameter) was detected in Segment 8 
(Fig. 1c). FDG PET-CT revealed an abnormally high uptake 
of FDG in the primary tumor, the liver metastasis, and in a 

lymph node at the origin of the jejunal arteries (#14d) with 
the SUV max (10.5, 6.8, and 4.2 at 60 min and 14.9, 9.5, 
and 6.3 at 120 min, respectively) (Fig. 2a). The pancreatic 
tumor markers CEA, CA19-9, and DUPAN-2 were signifi-
cantly elevated at 21.7 ng/mL, 6224 ng/mL, and 1200 U/mL, 
respectively. Thus, according to these radiological findings 
and laboratory data, the patient was diagnosed with locally 
advanced pancreatic cancer with a liver metastasis (UR-
LA/M). A pathological examination by EUS-FNA was not 
routinely carried out because of the risk of complications such 
as tumor implantation and bleeding in our institute. Especially 
in this case with radiologically solid findings of the pancreatic 
cancer with highly elevated tumor markers, the pathological 
examination by EUS-FNA was not performed. The liver func-
tion in the blood biochemical examination was normal, and 
the serum values of liver functional tests (AST, ALT, ALP, 
γ-GTP, CHE and T-Bil) were 15 IU/L, 12 IU/L, 163 IU/L, 
15 IU/L, 307 IU/L and 1.4 mg/dL, respectively. The uridine 
diphosphate glucuronosyltransferase (UGT) 1A1 genetic poly-
morphism was UGT1A1 (*1/*6). Chemotherapy with a modi-
fied FOLFIRINOX (oxaliplatin 85 mg/m2, irinotecan 150 mg/
m2, 5-FU 2400 mg/m2, levofolinate 200 mg/m2) was initiated. 
Because of severe neutropenia (CTCAE grade III), a dose 

Fig. 1   Unresectable primary 
pancreatic cancer and syn-
chronous liver metastasis 
on multi-detector computed 
tomography. a The pancre-
atic tumor contacted both the 
superior mesenteric artery 
(surrounding the entire vessel) 
and superior mesenteric vein 
(focal vessel narrowing > 180°). 
b Tumor involvement extended 
to the first SMA branch (J1). 
c A liver metastasis 17 mm in 
diameter was detected in Seg-
ment 8. d, e After 21 courses 
of FOLFIRINOX, the primary 
pancreatic tumor significantly 
decreased (partial response) 
from 42 to 17 mm in size. 
f After 21 courses of FOL-
FIRINOX, the liver metastatic 
mass almost completely disap-
peared (white arrow head)
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reduction (oxaliplatin 65 mg/m2, irinotecan 120 mg/m2, 5-FU 
2400 mg/m2, levofolinate 200 mg/m2) was required begin-
ning with the second course. Additionally, a peripheral neu-
ropathy (CTCAE grade II) was appeared in the third course. 
Thereafter, a peripheral neuropathy (CTCAE grade II) has 
persisted. After 21 courses over 14 months, the primary pan-
creatic tumor diminished (partial response) from 42 to 17 mm 
in size (Fig. 1d, e). The liver metastatic mass almost disap-
peared on MDCT (Fig. 1e). In addition, CEA and CA19-9 
significantly decreased into normal level and those levels 
were maintained within normal level over 6 months (Fig. 3). 
The preoperative levels of CEA and CA19-9 were 5.1 ng/mL 
and 25 ng/mL, respectively. FDG PET-CT accumulation also 
disappeared (Fig. 2b). There was no new lesion during the 
chemotherapy. A cancer board meeting including medical 

oncologist, gastroenterologist and the surgeon was hold about 
the surgical approach for this case. Thereafter, we explained 
the possibility of the surgical approach for the patient and his 
family, and they decide to do surgical approach for the pan-
creatic cancer. Fourteen months after the initial chemotherapy, 
stomach-preserving pancreaticoduodenectomy and portal vein 
resection with partial hepatectomy was performed. Contrast 
ultrasonography detected the liver metastasis as a hypoechoic 
tumor 2 mm in diameter in the kupffer phase. Pathological 
findings were tubular adenocarcinoma, moderately differenti-
ated type, 1.3 × 1.0 cm, intermediate type, INFβ, ly 0, v 0, ne 
1, mpd (–), CH (–), DU (–), S (–), RP (–), R0. In contrast to 
the preoperative image findings, the histology of the primary 
tumor according to General Rules for the Study of Pancreatic 
Cancer 2016, the 7th Edition, by Japan Pancreas Society was 
poor response to chemotherapy (Grade 1b) (Grade IIa accord-
ing to Evans criteria [9]) (Fig. 4a–c). Interestingly, a pathologi-
cally complete response (Grade 4) was observed for the liver 
metastasis, and only fibrotic scar tissue remained (Fig. 4d, e). 
Collectively, FOLFIRINOX treatment down-staged the tumor 
to ypT1, ypN0, ypM0, ypStage I. Post-operatively, S-1 was 
administrated for 6 months as adjuvant chemotherapy, and he 
is now free from anti-cancer drug. The patient remains alive 
and without recurrence 32 months after initial treatment.

Discussion

Several recent reports have described conversion surgery 
following FOLFIRINOX treatment of metastatic pancre-
atic cancer, with the hope of surgical cure [10–13]. In a 
retrospective analysis of 127 pancreatic cancer patients with 
synchronous liver metastases, Crippa et al. reported that 

Fig. 2   Accumulation of FDG 
in the PET before (a) and 
after (b) chemotherapy Upper 
panels: Accumulation of FDG 
in the primary tumor and a 
lymph node at the origin of the 
jejunal arteries (#14d) (arrow 
and arrow head, respectively). 
Lower panels: Accumulation 
of FDG in the lesion of liver 
metastasis (arrow)
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surgical resection, chemotherapy with multiple agents, ≤ 5 
liver metastases at diagnosis, and CA19-9 reduction ≥ 50% 
of baseline value were favorable and independent prognos-
tic factors [14]. Furthermore, in their sub-analysis of 56 
patients (44%) with a partial/complete response after neoad-
juvant chemotherapy, disease-specific survival significantly 
improved for the 11 patients (8.5%) who underwent surgical 
resection, compared to the remaining 45 (1-year OS: 100% 
vs. 59% and 3-year OS: 57% vs. 9%) (MST was 46 and 11 
months, respectively) [14]. They concluded that surgical 
resection of primary pancreatic tumor with or without resid-
ual liver disease can be considered in selected cases after 
primary chemotherapy and that resection is associated with 
improved survival [14]. In the present case, FOLFIRINOX 
demonstrated significant anti-cancer effects, such as tumor 
shrinkage (60% reduction in size), abatement of FDG accu-
mulation, and normalization of tumor markers. The patho-
logical findings, however, revealed that viable cancer cells 
remained (Grade 1b). On the other hand, the metastatic liver 

lesion displayed a pathologically complete response. These 
findings suggest that the tumor microenvironment, such as 
a large amount of fibrotic tissue, might contribute to differ-
ent anti-cancer effects in the primary and metastatic sites. 
As a limitation of the present case, the pathological exami-
nation of liver metastasis prior to chemotherapy was not 
performed. Therefore, we discussed with the pathological 
findings with a pathologist (TK). In this case, there were 
no underlying diseases such as liver cirrhosis and non-alco-
holic steatohepatitis in the liver that could cause liver cancer, 
although there was mild adipose tissue deposition. In addi-
tion, infiltration of inflammatory cells was mildly observed 
around the fibrotic scar tissue, and the pathological finding 
was not a typical to suspect inflammatory pseudotumor. The 
pathologist diagnosed that the fibrotic scar tissue was due to 
a complete response of the metastatic liver cancer by chemo-
therapy. Since the liver tumor disappeared by chemotherapy, 
the possibility of a primary tumor was not be completely 
excluded.

Fig. 4   Microscopic findings of the primary and metastatic lesions 
after chemotherapy. a–c Microscopic findings of the primary pancre-
atic tumor after FORFIRINOX. The histological grade was Grade 1b. 

Viable residual cancer cells were detected. d, e The liver metastatic 
lesion (black arrows) consisted of only fibrotic scar tissue. A patho-
logically complete response was obtained
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It remains unclear how to determine eligibility for con-
version surgery after chemotherapy in patients with locally 
advanced cancer. A retrospective cohort study found that 
the sensitivity and specificity of computed tomography/
magnetic resonance imaging to detect vascular involvement 
were only 71 and 58%, respectively, after down-staging 
chemotherapy [15]. Vascular involvement on imaging after 
chemotherapy often involves tumor fibrosis rather than via-
ble neoplastic cells. Multimodality neoadjuvant therapy may 
lead to a pathologically complete response in a small num-
ber of patients with borderline resectable/locally advanced 
pancreatic adenocarcinoma [16]. Several publications have 
reported successful resection of pancreatic cancer with dis-
tant metastases leading to long-term survival [17–20]. On 
the other hand, even in patients with a pathologically com-
plete response of the primary lesion following neoadjuvant 
chemotherapy, the majority of patients still have the poten-
tial to relapse locally or systemically [16]. In another report 
of pancreatic cancer patients with synchronous liver metas-
tases, ten of eleven patients who underwent conversion sur-
gery developed tumor recurrence, including liver recurrence 
in seven cases [14]. The high rate of recurrence after curative 
resection suggests the presence of occult disease or micro-
metastases at the time of surgery. To achieve a surgical cure 
by conversion surgery, such occult disease or micrometasta-
ses should be treated with neoadjuvant chemotherapy. In the 
present case, the duration of chemotherapy from induction to 
conversion surgery was 14 months. In a Japanese multicenter 
survey of 58 patients who underwent conversion surgery 
for initially unresectable pancreatic cancer because of either 
locally advanced disease (n = 41) or metastasis (n = 17), the 
overall survival was favorable in patients receiving chemo-
therapy for more than 240 days compared to those receiv-
ing chemotherapy for fewer than 240 days [21]. However, 
this report did not include patients treated with powerful 
chemotherapeutic regimens such as FOLFIRINOX and nab-
paclitaxel/gemcitabine [21]. Tumor markers are often used 
to evaluate the tumor response to therapy, and to estimate 
remaining occult disease or micrometastases. In the present 
case, the initially elevated tumor markers normalized and 
they were maintained within a normal level over 6 months 
by the time of conversion surgery. A few similar reports of 
conversion surgery and pathologically complete response 
following FOLFIRINOX indicated that tumor markers, espe-
cially CA19-9, normalized by the time of surgery [13, 22]. 
Due to the heterogeneity and small sample size of available 
retrospective series, it is difficult to definite the specific dura-
tion of neoadjuvant chemotherapy or timing of conversion 
surgery for these patients. Patient selection criteria and the 
timing of surgery should be examined in future studies.

There is no evidence of adjuvant therapy after conversion 
surgery for metastatic pancreatic cancer. For resectable pancre-
atic cancer, there are several reports about adjunctive therapy 

such as 5-FU/ folinic acid [23], Gemcitabin [5, 24], and the 
combination of gemcitabine and capecitabine [25]. In Japanese 
patients, oral administration of S-1 for 6 months as an adjunc-
tive therapy for resectable pancreatic cancer provided the sig-
nificant improvement in recurrence free survival and overall 
survival [26]. In several case reports of conversion surgery for 
locally advanced or metastatic pancreatic cancer, the usage 
of S1 as adjuvant chemotherapy has been reported [27, 28]. 
Although there is no clear evidence about an adjunctive ther-
apy after conversion surgery for metastatic pancreatic cancer, 
S1 oral administration for 6 months was performed as adjuvant 
chemotherapy in the present case. The clinical significance of 
adjuvant chemotherapy for conversion surgery for metastatic 
pancreatic cancer and its regimens should be elucidated in the 
future studies.

Conclusions

We described an informative case of locally advanced pancre-
atic cancer with synchronous liver metastasis that regressed 
with FOLFIRINOX therapy, allowing for subsequent curative 
resection. A multi-disciplinary approach to locally advanced 
pancreatic cancer with synchronous liver metastasis is neces-
sary, as a small and carefully selected number of patients with 
an excellent response to neoadjuvant chemotherapy may be 
candidates for potentially curative conversion surgery.
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