JOP. ] Pancreas (Online) 2016 Mar 07; 17(2):230-236.

CASE REPORT

Spleen-Preserving Distal Pancreatectomy after Chemotherapy
for Initially Unresectable Pancreatoblastoma in a 3-Year-Old Girl,
Paying Attention to Long-Term Change in Spleen Volume and Venous
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ABSTRACT

Background The long-term outcomes and validity of the Warshaw operation for childhood pancreatoblastoma remain uncertain.
Case presentation Here we report a case of an initially unresectable pancreatoblastoma, curatively resected using spleen-preserving distal
pancreatectomy with the Warshaw technique after effective chemotherapy in a 3- year-old girl. She was admitted with a large abdominal mass.
The tumor arose in the body of pancreas and extended into the pancreatic head and tail, with involvement of the portal vein and splenic vessels
and abutment to the common hepatic artery. Because total pancreatectomy and splenectomy with combined resection of the portal vein and
common hepatic artery would have been needed to achieve complete resection, the patient initially received combination chemotherapy’ with
cisplatin and 4-0-tetrahydropyranyl adriamycin for down-sizing. After completion of chemotherapy, the tumor showed a great reduction in size,
allowing for complete resection and splenic preservation using the Warshaw operation for distal pancreatectomy. The postoperative course
was uneventful, and the patient received adjuvant chemotherapy successfully. The patient has been disease-free for 39 months postoperatively,
without any late complications such as gastric bleeding. Splenomegaly and the formation of perigastric varices and venous periportal collateral
circulation was noted. Conclusion The Warshaw operation was a feasible and acceptable procedure for pancreatoblastoma in a pediatric patient.
Aggressive chemotherapy followed by curative-intent pancreatectomy will be a promising treatment strategy for advanced pancreatoblastoma
to preserve remnant pancreatic function and quality of life in children.

INTRODUCTION often after splenectomy for a hematological condition than
after trauma [5]. Patients undergoing treatments such as
chemotherapy and radiotherapy are at increased risk of
OPSI [4]. The most common indications for splenectomy
in children are hematologic disease and splenic trauma
[6]. Distal pancreatectomy with splenectomy, although
an uncommon procedure in children, causes asplenia in
children with malignant pancreatic neoplasms or trauma
to the pancreatic body and/or tail. Because children with
malignant pancreatic neoplasms are at greater risk of
developing OPS], it is necessary to preserve the spleen
duringdistal splenectomy aslongas oncological advantages
are not lost. Spleen-preserving distal pancreatectomy that
preserves the splenic vessels is reported to be a useful

The spleen is an essential part of the lymphoid system
for the defense against encapsulated bacteria. Patients
with functional or anatomic asplenia are at a significantly
increased risk of overwhelming infection, particularly
involving the encapsulated bacteria Streptococcus
pneumoniae and Haemophilus influenzae [1, 2].
Overwhelming post-splenectomy sepsis (OPSI) is a critical
infection that can progress rapidly and has a high mortality
if treatment is delayed [3]. Children aged <2 years are
at an especially greater risk of developing the condition
[4]. Overwhelming post-splenectomy sepsis occurs more
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required for such patients. In this situation, the Warshaw
technique, a spleen-preserving distal pancreatectomy
with combined resection of the splenic artery and vein, is
feasible.

Pancreatoblastoma, which is a rare neoplasm mainly
occurring in children, has often already advanced to
the point of being unresectable at the time of diagnosis.
Down-sizing chemotherapy for large or locally advanced
tumors is the treatment of choice to help achieve complete
resection. Combination chemotherapy with cisplatin
and doxorubicin is effective for initially unresectable or
marginally resectable pancreatoblastoma [10-15], but
there have been only a few reports describing its use in a
neoadjuvant setting [10, 11, 13]. This report describes a
case of advanced pancreatoblastoma successfully resected
with the Warshaw operation after effective chemotherapy
in a 3-year-old girl. To our knowledge, ours is the first
report of long-term outcomes and the validity of the
Warshaw operation for childhood pancreatoblastoma.

CASE REPORT

A three-year-old girl presented with a large abdominal
mass. She had a past history of left hydronephrosis and
pervasive developmental disorders. The family history
was free of known cancer. Physical examination revealed
a well-defined, smooth surfaced and elastic hard mass
measuring 10x8 cm? in the mid-epigastrium. Laboratory
examination showed elevated serum alpha-fetoprotein
(AFP) level (125 ng/mL; normal range: 0-28.5 ng/mL).

Abdominal computed tomography (CT) revealed a
heterogeneously enhanced tumor in the upper abdomen
measuring 14.0x12.1x6.4 cm® The superior mesenteric
vein and splenic vein were involved in the tumor and were
narrowed. The splenic artery and common hepatic artery
were tightly adhered to the tumor (Figure 1). Magnetic
resonance imaging (MRI) demonstrated a large tumor

J

Figure 1. Pathological findings obtained by needle biopsy: Pathological examination of specimens obt:

with heterogeneous high intensity in diffusion-weighted
image (DWI) arising from the pancreatic body. There was
no evidence of distant metastasis or metastasis to the
lymph nodes.

Pathological examination of specimens obtained by
core needle biopsy showed solid epithelial cell cords with
acinar differentiation and partly squamoid corpuscles
separated into distinct lobules by fibrous stroma.
Immunohistochemical staining of the tumor cells showed
positive AFP, alphal-anti-trypsin, chymotrypsin, and
partly positive CD56 and synaptophysin in the acinar
regions, positive beta-catenin in the squamoid corpuscles,
and Periodic Acid-Schiff (PAS)-positive granules in the
cytoplasm of the acinar-like cells (Figure 1). A definitive
diagnosis of pancreatoblastoma was made.

Preoperative Treatment Course

First, we considered that a total pancreatectomy and
splenectomy with combined resection and reconstruction
of the portal vein and common hepatic artery would
have been needed for complete resection of the tumor,
which would result in an extreme form of pancreatogenic
diabetes. Considering the patient’s quality of life and
operative risk, we wanted to avoid total pancreatectomy
and combined resection of the hepatic artery. Therefore,
to shrink the tumor, we initially treated her with three
courses of CITA therapy (intravenous injection of CDDP 80
mg/m? on day 1 and 4'-O-tetrahydropyranyl Adriamycin
(THP-ADM) 30 mg/m? on days 2 and 3). The change of
serum AFP level after treatment is shown in Figure 2.
After completion of three cycles of CITA therapy, serum
AFP decreased to within the normal range, and abdominal
CT demonstrated that the tumor shrunk markedly from
14.0 cm to 5.6 cm. Tumor contact with the common hepatic
artery became unclear at that point, and the patency
of the portal vein was drastically improved (Figure 3).
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staining, (b.). Immunohistochemical staining of the tumor cells shows positive AFP, (c.). chymotrypsin, (d.). alphal-anti-trypsin, (e.). Periodic Acid-Schiff

(PAS, (f.). and beta-catenin.

JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 17 No. 2 - Mar 2016. [ISSN 1590-8577] 231



JOP. ] Pancreas (Online) 2016 Mar 07; 17(2):230-236.

200
CDDP/
-| THP-ADM l l l l l
150
£ l
o ]
[T
g
° 100
E
[}
5
£
=
& 50
(/2]
0 — T T T T

0 2 4 6 8

Time after initial treatment (Months)

Figure 2. Change of serum AFP level after treatment. For shrinking of
the tumor, three courses of CITA therapy (intravenous injection of CDDP
80 mg/m? on day 1 and THP-ADM 30 mg/m? on days 2 and 3) were
administered. After completion, the serum level of AFP decreased to
within the normal range. Two courses of CITA therapy were added as
adjuvant therapy.

Abdominal MRI confirmed the reduction in tumor size, but
the tumor’s high-intensity heterogeneous enhancement
by contrast medium remained. The radiographic response
to chemotherapy was partial response (PR) according to
the RECIST criteria [16]. As the tumor was considered
resectable after completion of chemotherapy, the patient
was transferred to the department of pediatric surgery in
our hospital.

Operative Finding

The patient was placed in a supine position, and a
7-cm upper abdominal transverse incision was made.
The tumor was adhered tightly to the mesocolon of the
transverse colon and to the posterior wall of the stomach.
Because an invasion of the tumor to the mesocolon was
suspected, the root of the middle colic artery and vein,
and its right and left branches were divided to remove the
affected mesocolon, while preserving the marginal vessels.
A part of the seromuscular layer of the stomach invaded
by the tumor was dissected and the defect was closed
with interrupted sutures. The portal vein was carefully
dissected from the pancreas and spared, as the tumor did
not invade it directly. After incising the lesser omentum,
the common hepatic artery and root of the splenic artery
were isolated. The pancreatic parenchyma was transected
just above the right edge of the portal vein and the main
pancreatic duct was divided. The resected margin at the
head of the pancreas was sent for frozen-section pathology,
and was determined to be negative for malignancy.
Because the inferior mesenteric vein was involved in the
tumor, it was divided. The origins of the splenic artery
and vein were divided. The common hepatic artery was
preserved as there was no invasion by the tumor. The distal
pancreas was mobilized and carefully detached from the
retroperitoneal membrane. The short gastric vessels and
left gastroepiploic vessels were preserved. Finally, several

branches of the splenic artery and vein were ligated and cut
at the hilum of the spleen and the resected specimen was
removed en bloc. Blood flow inside the spleen was easily
detected by intraoperative Doppler ultrasonography after
removal of the resected specimen. The duration of surgery
was 6 hours, and blood loss totaled 340 mL. A closed drain
was placed just below the cut end of the remnant pancreas
and removed on postoperative day 3. It was confirmed that
glucose tolerance was preserved even after oral intake was
started.

Pathological Findings

The tumor was encapsulated and nodular, and
measured 5.2x7x3.5 cm? The tumor tissue showed a
lobular structure divided by dense fibrous tissue (Figure
4a). Each lobule of the tumor was mainly composed of a
solid alveolar structure and partly of an acinar structure
(Figure 4b). Necrosis with migration of foamy histiocytes
and hemosiderin-laden macrophages were seen within
the tumor (Figure 4c). A pathological diagnosis of
pancreatoblastoma was made. Margins were free from
tumor cells upon microscopic examination.

Postoperative Course and Adjuvant Chemotherapy

The postoperative course was uneventful, and the
patient was transferred to the department of pediatrics
on postoperative day 3 for adjuvant chemotherapy. She
completed two cycles of CITA therapy. The comparison
of CT scans from 1 week, 11 months, and 39 months
after surgery is shown in Figure 5. The volume of the
spleen and platelet count were also monitored. Because
it was previously reported that the spleen/liver (S/L)
ratio negatively correlates with the platelet count more
accurately than does spleen volume [17], we calculated

Figure 3. Comparison of CT scans before and after chemotherapy. (a,
b.). Before chemotherapy, showing a heterogeneously enhanced tumor
in the upper abdomen, measuring 14.0 x 12.1 x 6.4 cm® The common
hepatic artery ((a.). black arrowheads) is adhered to the tumor. The
superior mesenteric vein and splenic vein are involved in the tumor with
narrowing of the veins ((b.). black arrows). (¢, d.). After chemotherapy,
showing that the tumor maximum size decreased from 14.0 cm to 5.6 cm.
The tumor contact with the common hepatic artery became unclear ((c.).
black arrowheads), and the patency of the portal vein improved ((d.).
black arrows).
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Figure 4. Pathological Findings. (a.). The tumor tissue shows lobular structure divided by dense fibrous tissue. (b.). Each lobule of the tumor is mainly
composed of solid alveolar structure and partly of acinar structure. (c.). Necrosis with migration of foamy histiocytes and hemosiderin-laden macrophages.

the S/L ratio to monitor hemodynamic change of the portal
venous system and platelet count. Volume measurements
were derived from CT images of the spleen and liver at
several time points after surgery. Prior to surgery, the S/L
ratio was 0.25 (Figure 5a).

There was no hypoperfusion indicating splenic
infarction, and the preservation of the short gastric and left
gastroepiploic vessels was confirmed by CT scan 1 week
after surgery, although the spleen was slightly enlarged
and venous periportal collateral circulation was detected,
reflecting the hemodynamic change immediately caused
by the Warshaw operation (Figure 5b). On CT imaging
performed 11 months after surgery, perigastric varices
along the lesser curvature of the stomach were detected
and venous collaterals along the portal vein were further
developed (Figure 5c). Splenic volume increased to 166
ml, and the S/L ratio also increased to 0.346. On CT scan
performed 39 months after surgery, the perigastric varices
and venous collaterals along the portal vein did not change
remarkably (Figure 5d). Splenic volume increased to
265 mL, and the S/L ratio gradually increased to 0.518,
reflecting the progression of sinistral portal hypertension.
Chemotherapy-induced thrombocytopenia was seen 3
months after surgery by 6 months postoperatively, the
platelet count recovered and reached approximately
only half the level of the immediate postoperative count
(Figure 5a). There was no recurrence in the remnant
pancreas. The patient has been disease-free for 39 months
and has not suffered any late complications such as gastric
bleeding. Her serum AFP remains within normal limits.

DISCUSSION

Children aged <2 years are at greater risk of OPSI, and
preoperative chemotherapy contributes to an increased
riskof OPSI[4].Inthe present case, the patient was a 3-year-
old girl and had received preoperative chemotherapy. If

distal pancreatectomy with splenectomy was performed
for the present case, there was a possibility that serious
post-splenectomy sepsis would occur and adjuvant
chemotherapy could not be continued. Autologous splenic
transplantation is a treatment option to preserve splenic
function, performed mainly for patients with severe
splenic trauma. It is usually done by transplanting part of
the splenic tissue into pouches created in the omentum [19,
20]. The extent of possible immunoprotection provided
by autologous splenic transplantation is unknown, and
whether the regenerating tissues are able to prevent severe
infection and reduce the morbidity and mortality rates
from OPSI remains unclear [21]. Therefore, we considered
that a spleen-preserving distal pancreatectomy was
necessary in the present case. Currently, two procedures
are established to preserve the spleen during distal
pancreatectomy: one meticulously separates the splenic
artery and vein from the pancreas by dividing each of the
many small branches between the pancreas and vessels
[22]; the other dissects and resects the splenic artery and
vein but carefully preserves the collateral blood supply
of the spleen from the short gastric and gastroepiploic
vessels, often referred as the Warshaw operation [23, 24].
For some cases of pancreatoblastoma with involvement
of the splenic artery and vein (e.g., the present case),
preservation of the splenic vessels is not possible because
it would increase surgery time and blood loss to divide and
spare the splenic artery and vein from the tumor. For such
cases, the Warshaw operation for distal pancreatectomy is
an acceptable procedure (especially in children), with the
oncological advantages of removing lymphatics along the
splenic artery and vein, as well as preserving the spleen.
The Warshaw operation was based on the conservation of
the short gastric and gastroepiploic vessels. The original
1988 paper describing the Warshaw operation describes
the main collateral supply as the short gastric vessels,
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Figure 5. Comparison of CT scans performed before and 1 week, 1, and 3 years after surgery. Chemotherapy-induced thrombocytopenia was observed by
3 months after surgery. Platelet count then recovered and reached approximately half the level of the postoperative count by 6 months, and thereafter did
not vary. (a.). The splenic volume and spleen/liver volume ratio (S/L ratio) increased gradually. Venous collaterals along the portal vein were identified on
CT scan performed on postoperative day 7 ((b.). black arrows). (c.). Eleven months after surgery, they were further developed ((c.). black arrows). (d.).

Thirty-nine months after surgery, they had not changed remarkably.

although it also describes that the left gastroepiploic vessels
should be identified and preserved [23, 24]. However,
the most recent experimental and clinical investigations
demonstrated that the left gastroepiploic artery was the main
collateral vessel to the spleen after a spleen-preserving distal
pancreatectomy with resection of the splenic vessels [25].
Therefore, it is very important to incise the retroperitoneum
along the pancreatic margin and mobilize the spleen carefully,
so both the short gastric vessels and left gastroepiploic
vessels are preserved. The color and size of the spleen should
be assessed and blood flow confirmed at the splenic hilum by
intraoperative Doppler ultrasonography.

Since the initial Warshaw paper, several studies have
verified that distal pancreatectomy with preservation of
the spleen using the Warshaw operation is associated with
shorter surgical time, decreased blood loss, and shorter
hospital stay compared with distal pancreatectomy with
splenectomy. The risk of postoperative failure due to
splenic infarction is relatively low with the Warshaw
operation [26, 27]. In terms of the long-term outcome after
the Warshaw operation, the studies describe that while
perigastric varices were identified in 25-30% of patients
by abdominal CT, the varices were asymptomatic and did
not cause bleeding [26, 28]. The study retrospectively
describing the hemodynamic changes in splenogastric
circulationreported thatabdominal CT revealed perigastric
varices in 70% of patients and submucosal varices in
20%. Gastrointestinal bleeding from gastric varices only
occurred in one patient [29]. These studies suggest that
the development of perigastric varices frequently occur
after the Warshaw operation.

In the present case, follow-up contrast-enhanced
CT did not show any hypoperfusion in the spleen. The
preservation of the short gastric vessels, gastroepiploic

vessels and remnant splenic vessels of the splenic
hilum were confirmed. However, the development of
perigastric varices and periportal collateral formation
was detected and gradually progressed over the first
year postoperatively, reflecting progression of sinistral
portal hypertension caused by hemodynamic change. As
previously reported, the S/L ratio negatively correlates
with platelet count after orthotopic liver transplantation.
Patients with a postoperative S/L ratio >0.35 tend to
have lower platelet counts [17]. In the current case, as the
splenic volume increased, the S/L ratio gradually increased
up to 0.518, resulting in thrombocytopenia. Although
no complications have been detected at 39 months
postoperatively, further periodical follow-up with CT will
be needed to continue to observe outcomes. The Warshaw
operation was considered acceptable for the present case
because splenic preservation was beneficial to prevent
fatal postoperative infections, enabling the completion
of adjuvant chemotherapy. To our knowledge, this is the
first paper showing that the Warshaw operation is a safe
and acceptable procedure for pancreatoblastoma, even in
a 3-year-old child. Further evaluation of late outcome and
accumulation of cases will be warranted to elucidate the
feasibility of the Warshaw operation for children.

Pancreatoblastoma is an extremely rare malignant
pancreatic tumor, mainly presenting in childhood, but it is
the most common malignant pancreatic tumor occurring in
children younger than 10 years [30]. The most important
prognostic factor is complete resection of the tumor. The
prognosis for unresected cases and incompletely resected
casesisextremelypoor.Apreviousreportdescribedthatthe
5-year survival rate for resected cases was 65%, whereas
for patients with unresectable pancreatoblastoma, there
were no survivors at 5 years [15]. Adjuvant chemotherapy
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is also recommended for resected cases, because these
lesions have a high recurrence rate and patients must
be followed closely [30]. At the time of diagnosis, many
patients are evaluated as initially having unresectable
tumors due to local extension or distant metastasis
[30, 31]. Chemotherapy or radiotherapy is required to
shrink tumors and good responses to chemotherapy are
noted in the pediatric group [32]. Cisplatin, Adriamycin,
4'-0-tetrahydropyranyl Adriamycin (THP-ADM), etoposide,
cyclophosphamide, and vincristine have been reported to be
effective chemotherapeutic agents [10].

To our knowledge, there have been nine pediatric
patients with initially unresectable or marginally
resectable pancreatoblastoma who underwent successful
pancreatectomy after preoperative chemotherapy [10, 13,
33-37]. These cases comprised six boys and three girls with
an average age of 6.3 years. Preoperative chemotherapy
was performed because of locally advanced tumors in
five cases, liver metastasis in two cases, lymph node
involvement in two cases, lung metastasis in one case,
and a tumor thrombus in the portal vein in one case. The
regimen included cisplatin and Adriamycin for five cases,
cyclophosphamide, etoposide and THP-ADM for two cases,
isofosfamide, vindesine and carboplatin for one case and
an unclear protocol for one case. Operative procedures
involved pylorus-preserving pancreaticoduodenectomy
(PPPD) with resection of the upper jejunum and right
hemicolectomy and combined resection of the portal
vein for one case, pancreaticoduodenectomy (PD) for
one case, distal pancreatectomy for one case, regional
pancreatectomy for one case, central pancreatectomy for
one case, and unclear procedures for three cases. Most of
the resected cases received postoperative chemotherapy
with good outcomes. All patients were alive at the time of
publication, and mean survival time after surgery was 60
months (range: 5-120 months for seven cases, unclear for
two cases).

In the present case, the portal vein was occluded
by the tumor and the tumor contacted the splenic
artery and common hepatic artery. Resectability
was initially impossible according to the National
Comprehensive Cancer Netwrok (NCCN) guidelines
of pancreatic adenocarcinoma [38]. Moreover, the
tumor extended though the entire pancreas so that a
total pancreatectomy and splenectomy with combined
resection of the portal vein and common hepatic artery
were needed toachieve curative resection without tumor
spillage. Considering the quality of life and surgical risk,
a total pancreatectomy with combined resection of
major vessels should be avoided for a child, if possible.
Therefore, we decided to choose chemotherapy as an
initial treatment to reduce tumor volume. Consequently,
aggressive chemotherapy with cisplatin and THP-ADM
was effective and enabled us to perform complete
resection with no residual tumor cells. Importantly, our
preoperative treatment was feasible and safe without
serious adverse events and consequently allowed us to
avoid total pancreatectomy with combined resection of

the portal vein. Furthermore, adjuvant chemotherapy
with cisplatin and THP-ADM was smoothly achieved
postoperatively. 4'-O-tetrahydropyranyl Adriamycin
was discovered by Umezawa et al. in 1979 during
a search for new anthracycline antibiotics among
4'-0-substituted compounds with less toxicity than other
anthracycline anticancer drugs. In its preclinical studies,
this compound possessed similar antitumor efficacy as
Adriamycin [39]. CITA therapy, a combination therapy
with THP-ADM and cisplatin, is well known as an effective
protocol for hepatoblastoma based on the result of
cooperative treatment studies conducted by the Japanese
Study Group for Pediatric Liver Tumor (JPLT-2) [40], but
its effect on pancreatoblastoma has remained unclear.
The current report demonstrated that preoperative CITA
therapy can be a safe and efficient regimen for initially
unresectable pancreatoblastoma, even in a neoadjuvant
setting. More trials of preoperative chemotherapy will be
warranted to establish a standard treatment protocol in
the management of advanced pancreatoblastoma.

CONCLUSIONS

In conclusion, we treated a case of advanced
pancreatoblastoma, resected curatively after effective
chemotherapy with a good outcome after a spleen-
preserving Warshaw operation for distal pancreatectomy
in a 3-year-old girl.

The down-sizing chemotherapy followed by
curative-intent pancreatectomy is a promising
strategy for marginally resectable or unresectable
pancreatoblastoma. The Warshaw operation is a safe
and acceptable procedure for pancreatoblastoma
invading the splenic artery and vein to preserve the
spleen, even in pediatric patients.
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