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Abstract

Background When distal pancreatectomy is carried out
for left-sided pancreatic cancer, splenectomy is usually
performed not only for margin-negative resection but also
for effective clearance of the splenic hilar lymph nodes
(LNs). However, the incidence of splenic hilar LN metas-
tasis in these patients has not been definitively determined.
Methods From April 2010 to June 2011, in a pilot study,
we analyzed the medical records of twelve patients who
had undergone radical antegrade modular pancreatosplen-
ectomy. Potential remnant soft tissue around the splenic
hilum, which would be left following an extended War-
shaw’s procedure, was dissected and sent to a pathologist.
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Three Japanese medical centers conducted a retrospective
survey of splenic hilar lymph node metastasis in left-sided
pancreatic cancer to support our study.

Results In the pilot study, all twelve patients had ade-
nocarcinoma with a median tumor size of 2 cm. Six
patients had LN metastasis and a median number of 4
splenic hilar LNs were evaluated; however, no splenic hilar
LN metastasis was noted. In the Japanese multicenter
survey (n = 85), only four patients had splenic LN
metastasis. Small (<3 cm) and proximal (neck/body) left-
sided pancreatic cancer might not be associated with
splenic hilar LN metastasis (P < 0.05).

Conclusions In well-selected left-sided pancreatic cancer,
the incidence of splenic hilar LN metastasis is low enough
that splenectomy-omitting radical distal pancreatectomy
would be feasible. The rationale for routine splenectomy
should be re-evaluated, and the oncologic effects of the
preserved spleen need to be investigated further.

Keywords Pancreatic cancer - Lymph node metastasis -
Distal pancreatectomy - Splenectomy - Spleen-preserving

Introduction

It has been established that splenectomy must be included
not only for margin-negative resection but also for effec-
tive regional lymph node (LN) clearance when performing
a distal pancreatectomy for pancreatic cancer in the body
or tail of the pancreas. For example, if the pancreatic
cancer is near the splenic hilum, or directly invading the
spleen, a splenectomy should be performed because it can
facilitate a margin-negative en-bloc resection. Even for a
tumor that has developed in the body of the pancreas away
from the splenic hilum, a splenectomy has been routinely
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recommended under the rationale of effective regional LN
clearance, especially that of splenic hilar LNs. However,
we would like to ask the following questions about this
traditional concept. Is the actual incidence of splenic hilar
LN metastasis so frequent that we should perform routine
splenectomy? If this is not so, and a sound surgical tech-
nique for splenectomy-omitting radical distal pancreatec-
tomy does exist, should splenectomy always be included in
radical surgery for left-sided pancreatic cancer?

As Crippa et al. [1] referred to distal pancreatectomy as
an “extended” distal pancreatectomy when the pancreas
was divided at the level of the superior mesenteric vein
(SMV)-splenic vein (SV)-portal vein (PV) confluence, we
may also designate Warshaw’s procedure [2] (a distal
pancreatectomy with segmental resection of both the sple-
nic artery and vein) as an “extended” Warshaw’s procedure
[3, 4], when the pancreas is divided at the level of the SMV—
SV-PV confluence with the splenic artery and vein securely
controlled at the origin of the vessels. If we add a regional
lymph node dissection around the common hepatic artery,
celiac axis, and superior mesenteric artery to this technique,
as is done in radical antegrade modular pancreatosplenec-
tomy (RAMPS), this “modified” extended Warshaw’s
procedure is exactly same as that of RAMPS for treating
pancreatic cancer, except that splenectomy is omitted. We
would like to name this procedure (extended Warshaw’s
procedure with regional lymph node dissection) “RAMP
(radical antegrade modular pancreatectomy)” because it
does not include splenectomy in the concept of RAMPS
(RAMPS — splenectomy = RAMP). We hypothesized this
splenectomy-omitting radical distal pancreatectomy,
RAMP, would be feasible if the incidence of splenic hilar
LNs metastasis were not so high, and it might also be
applicable to well-selected left-sided pancreatic cancers.

In this study, we present our preliminary data suggesting
the potential feasibility of radical oncologic surgery without
splenectomy in patients with left-sided pancreatic cancer,
derived from our analysis of surgical specimens resected
after RAMPS. In addition, we also provide data from three
Japanese centers supporting our hypothesis and discuss the
feasibility of splenectomy-omitting radical distal pancrea-
tectomy in well-selected left-sided pancreatic cancer.

Patients and methods

Single-center [Severance Hospital (Yonsei University
Health System; YUHS)] pilot study

Patients

We prospectively collected the medical records of patients
who underwent RAMPS for left-sided pancreatic cancer
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between April 2010 and June 2011 and analyzed their
clinicopathologic characteristics, with special reference to
splenic hilar LN metastasis. Patients with pancreatic can-
cers directly invading the splenic hilum or spleen were
excluded from this study.

Surgical specimens

The surgical specimens were trimmed before they were
sent for pathologic examination. Potential remnant soft
tissue around the splenic hilum, which would be left fol-
lowing the extended Warshaw’s procedure, was dissected
and sent for pathologic examination to confirm LN
metastasis of splenic hilar LNs in distal pancreatic cancer.
The specimen was re-arranged in such a way as if the
spleen was left intact to evaluate the feasibility of the
procedure without splenectomy (Figs. 1, 2). Our Institu-
tional Review Board Committee approved this study
protocol.

Japanese multicenter survey of splenic hilar lymph
node metastasis in left-sided pancreatic cancer

A standardized case report form was requested from three
Japanese medical institutions (Kansai Medical University,
Nara Medical University, and Nippon Medical School)
which agreeed with our present clinical hypothesis. Each
center was known to be performing more than 30 pan-
creatoduodenectomies annually for pancreatic pathology.
The clinicopathologic data of the patients who had
undergone radical distal pancreatosplenectomy for left-
sided pancreatic cancer during the 5-year period from
January 2005 to December 2010 were retrospectively
investigated. The data for the enrolled patients had to
fulfill the following criteria: ductal adenocarcinoma was
proven by pathologic examination and mapping of LNs
was done before the specimen was sent to the pathologist.
By summarizing our preliminary results and the data from
the three Japanese centers, we intended to investigate the
actual incidence of splenic hilar LN metastasis and to
analyze the risk of splenic hilar LN metastasis in left-
sided pancreatic cancers.

Statistics

Categorical variables are expressed as frequencies with
percentages, and continuous variables as means =+ stan-
dard deviation (or medians with ranges). The »* test
(Fisher’s exact test if needed) and Student’s ¢ test were
applied for statistical comparisons. P values of less than
0.05 were regarded as indicating significant differences.
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Fig. 1 Case simulation—pilot study. Specimen retrieved by anterior modified extended Warshaw procedure (solid line) (a). Soft tissue
radical antegrade modular pancreatosplenectomy (RAMPS) (dashed dissection around the splenic hilum (b, c). Dissected soft tissue was
line indicates tumor location) and potential soft tissue left after the sent for pathologic examination (d)

Fig. 2 Rearrangement based on
theoretical surgical scheme in
left-sided pancreatic cancer
(RAMP)—rpilot study. The
spleen may be saved by
performing the modified
extended Warshaw’s procedure
(RAMP) for left-sided
pancreatic cancer. On
pathologic examination,
potential soft tissue left after
RAMP had no lymph node
metastasis. The resection
margin of the pancreas and
tangential margin were all
negative in this case

Results pancreatic ductal adenocarcinoma. Six patients were
male and six were female. The median age of the
Feasibility of RAMP in well-selected left-sided patients was 65 years (range, 35-75 years). Ten patients
pancreatic body cancer—single-center (YUHS) study had pancreatic cancer in the body of the pancreas, and
two had pancreatic cancer in the tail. Four
General characteristics of patients patients underwent surgery following neoadjuvant che-

moradiation therapy. All patients underwent radi-
The pathologic examination of resected surgical cal surgery based on the concept of anterior RAMPS
specimens showed that all twelve patients had [5].
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Table 1 Clinicopathologic characteristics of RAMPS (Severance Hospital, Korea, pilot study)

Case no. Age (years) Gender Tumor size (cm) Location Operation T-stage N-stage # 10-LNs
(splenic hilar soft tissue)
1* 62 F 0.8 Body RAMPS T1 NO (0/6) 0/5
2 56 F 4 Body RAMPS T3 N1 (2/17) 0/4
3 72 F 2.2 Body RAMPS T3 NO (0/12) 0/2
4% 71 M 0.9 Body RAMPS T1 NI (1/17) 0/6
5 60 M 1.9 Body RAMPS T3 NO (0/12) 0/4
6 68 M 1.5 Body RAMPS T3 N1 (1/25) 0/6
7 71 M 3 Tail RAMPS T3 N1 (5/19) 0/1
8 62 M 2, 1.7 Body/tail RAMPS T3 N1 (1/29) 0/6
9 35 F 2.1 Body RAMPS T2 NO (0/20) 0/5
10° 65 F 2 Body RAMPS TO NO (0/5) 0/1
11 75 M 2 Body RAMPS T3 N1 (1/11) 0/1
12¢ 60 F 1.2 Body RAMPS T1 NO (0/19) 0/3

#10-LN splenic hilar lymph node, RAMPS radical antegrade modular pancreatosplenectomy

* Preoperative chemoradiation therapy

® This patient received preoperative chemoradiation therapy and pathologic examination revealed no residual cancer

Tumor characteristics and frequency of splenic hilar (No.
10) lymph node metastasis The median tumor size was
2 cm (range, 0.8—4 cm), and the median number of
retrieved LNs was 17 (range, 5-29). Four patients
underwent RAMPS following neoadjuvant chemoradiation
therapy; three of these four patients presented T1 stage
cancer and one was shown to have no residual cancer. Six
patients were found to have LN metastasis. Soft tissue
around the splenic hilum, which would be potentially left
intact after the extended Warshaw’s procedure, was
evaluated for No. 10 LN metastasis. A median of 4
(range, 1-6) splenic hilar LNs were microscopically
examined, and no splenic hilar LN metastasis (0 %) was
observed (Table 1).

Feasibility of RAMP in well-selected left-sided
pancreatic cancer—Japanese multicenter survey study

General characteristics of patients

Clinicopathologic data of resected left-sided pancreatic
cancer were retrospectively collected from a total of 85
patients in the multicenter survey study. Forty-five patients
(52.9 %) were male and forty (47.1 %) were female, with a
mean age of 67.4 £ 9.0 years. Table 2 lists the pathologic
characteristics of the resected left-sided pancreatic cancers.
The mean tumor size was 3.1 & 1.3 cm, and the mean
number of retrieved LNs was 20.2 & 11.7. Thirty-seven
patients (43.5 %) were found to have LN metastasis (pN1).
A mean of 3.3 &+ 5.6 splenic hilar LNs were microscopi-
cally evaluated, and 4 patients (4.7 %) were reported to
have splenic hilar LN metastasis.
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Relationship of splenic lymph node metastasis with clini-
copathologic characteristics All tumors in the patients
with splenic hilar lymph node metastasis were located in
the tail of the pancreas near the splenic hilum (range,
0-1.5 cm from the splenic hilum), and most of them
required combined adjacent organ resection such as that of
the colon, left adrenal gland, and stomach, for margin-
negative surgery (Table 3). On analysis of splenic hilar
LN metastasis according to tumor location pancreatic
cancer near the tail of the pancreas showed a significantly
higher incidence of splenic LN metastasis comparing with
that in proximal left-sided pancreatic cancer (neck or
body, 0 vs. 10.5 %, ;(2, Fisher’s exact test, P = 0.029).
Patients who only underwent distal pancreatosplenectomy
for margin-negative resection (DPS only) showed a rela-
tively lower incidence of splenic hilar LN metastasis in
comparison to those who had combined adjacent organ
resection with DPS (1.7 vs. 11.1 %, P = 0.092,). Tumor
size less than 3 cm was significantly related to a low
incidence of splenic hilar LN metastasis (0 vs.10.8 %,
P = 0.032, Table 4).

In addition, it was noted that none of the patients with
proximal left-sided pancreatic cancers (neck and body) was
found to have splenic hilar LN metastasis, even in patients
requiring combined adjacent organ resections (12 patients).

Discussion
RAMPS is thought to be a reasonable approach for margin-

negative resection and systematic LN dissection in treating
left-sided pancreatic cancer [6, 7]. Unlike pancreatic head
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Table 2 Validating the concept of RAMP in well-selected left-sided pancreatic cancer (Japanese multicenter survey)

Institution A (N = 32)

Institution B (N = 36) Institution C (N = 17)

Study period 2005-2010 2005-2010 2007-2010
DPS only DPS + ¢ DPS only DPS + ¢ DPS only DPS + ¢

Number of patients 16 16 27 9 15 2
Tumor location

Neck 1 1 0 1 0 0

Body 8 5 17 5 11 0

Tail 3 3 7 1 2 2

Body + tail 14 7 3 2 2 0
Tumor size (cm)* 27+ 1.0 42+ 1.7 2.6 £ 1.0 344+09 2.7 +09 48 +04
pT stage

Tl 2 5 0 1 0

T2 6 2 1 1 1 0

T3 8 10 21 8 13 2

T4 0 3 0 0 0
pN stage

NO 8 6 20 7 6 1

N1 8 10 7 2 9 1
Total number of retrieved LNs 259 + 132 189 £ 13.2 157 £ 6.5 19.7 £ 99 149 £ 9.7 7.0+ 42
Number of retrieved #10 LNs 52 +9.0 33+82 2.6 £2.1 37+23 30£35 1.0+ 14
Patients with #10 LN metastasis 0 1 1 1 0 1
#10 LN metastasis (%) 0 6.25 3.7 11.1 0 50

DPS distal pancreatosplenectomy only, DPS + ¢ DPS with adjacent organ combined resection, #/0 LN splenic hilar lymph node

* Significant differences of tumor size between DPS and DPS + ¢ groups were noted in each group (Student’s ¢ test, P = 0.007 (institution A),

P = 0.036 (institution B), and P = 0.007 (institution C)

cancer, there have been no precise studies concerning LN
involvement in carcinoma of the body and tail of the
pancreas. However, Fujita et al. [8] recently reported that
absence of LN metastasis was noted in the No. 10 node
group in pancreatic cancers in the body and even those in
the tail (absent in 37 No. 10 nodes in body cancers, 31 No.
10 nodes in body-tail cancers, and 40 No. 10 nodes in tail
cancers). Interestingly, Nakao et al. [9] also observed a low
incidence of LN metastasis in the hilum of the spleen (one
out of 30 patients, 3.3 %). In our pilot study metastasis in
the No. 10 LN was not found in any instances. In addition,
data from the present Japanese multicenter survey showed
a low incidence of No. 10 LN metastasis in resected left-
sided pancreatic cancers (Tables 2, 3). Regardless of
whether there had been combined resection of an adjacent
organ, the proximal part of left-sided (neck or body) pan-
creatic cancer was not accompanied by No. 10 LN
metastasis (Table 4). Therefore, we would like to say that
the rationale of routine splenectomy for clearing No. 10
LNs in the treatment of left-sided pancreatic cancer may
have been based on an overestimation of the incidence of
metastasis in No. 10 LNs.

There are several historical lessons about organ-preser-
vation in pancreatic cancer surgery. In the past, we know
that many surgeons preferred the conventional pancreato-
duodenectomy (PD) in treating pancreatic head cancer
because of a fear of incomplete LN dissection around the
prepyloric area. However, the oncologic outcome was
shown to be similar in both PD and pylorus-preserving
pancreaticoduodenectomy (PPPD) [10, 11], and the inci-
dence of peripyloric LN metastasis in pancreatic head
cancer was reported to be less than 6 % [12, 13]. Now,
PPPD (so-called hemigastrectomy-omitting PD) has been
accepted as a safe oncologic modality [14, 15]. In addition,
powerful randomized control studies have shown that
pancreatic cancer in the head of the pancreas treated with
extended LN dissection did not show improved survival
outcomes compared with standard procedures [16—18].
Applying these lessons for treating left-sided pancreatic
cancer, a mandatory splenectomy for potential LN clear-
ance around the splenic hilum may also not be beneficial,
and our present observations and literature review sug-
gestthat splenectomy-omitting radical distal pancreatec-
tomy could be performed with an overall risk of splenic
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Table 3 Clinicopathologic characteristics of patients with splenic hilar lymph node (#10 LN) metastasis

Patient  #10 Age Tumor  Location Distance between tumor Operation  Other LN status Combined
no. LN (years)/ size edge and splenic hilum resection (@)
status gender (cm) (cm)
171 37/M 4 Tail 0* DPS only #8 LN (6/10), #11 LN (1/4) NA
2 2/8 64/M 5 Body + tail 1.5 DPS + ¢ #8 LN (0/4), # 9 LN (0/4), Left adrenal
#11 LN (0/3), #15 LN (0/ gland/
4) colon
3 12 75/M 5 Tail 0* DPS + ¢ #11 LN (0/2) Colon
173 76/M 33 Tail 0* DPS + ¢ #8 LN (0/3), #11 LN (0/11), Stomach/
#14 LN (0/1) colon

NA data not available, DPS distal pancreatosplenectomy only, DPS + ¢ DPS with adjacent organ combined resection

# Tumor attached to or invaded splenic hilum

Table 4 Splenic hilar lymph node metastasis according to tumor
location, operation mode, and size

#10-pN status P value
#10-pNO #10-pN1
Tumor location
Neck/body 49 0 0.029
Tail/body + tail 32
Operation mode
DPS 57 1 0.092
DPS + ¢ 24 3
Tumor size (cm)
<3 48 0 0.033
>3 33 4

#10-pN 0 or pNI pathologic status of splenic hilar lymph node
metastasis, DPS distal pancreatosplenectomy only, DPS 4+ ¢ distal
pancreatosplenectomy combined adjacent organ resection

hilar LN metastasis of less than 5 %. However, according
to the results of our multicenter survey, if we were to select
the proper patients, the actual risk of splenic LN metastasis
after RAMP would be nearly null (Table 4).

A significant increase in postoperative morbidity [19]
and inferior survival outcomes following splenectomy have
been demonstrated in gastric [20] and colon cancers [21].
In 1999, Schwarz et al. [22] demonstrated the detrimental
effects of a splenectomy on oncologic outcomes after the
resection of pancreatic adenocarcinoma. They concluded
that a splenectomy should be avoided in treating exocrine
pancreatic cancer at any location, except in cases of tumor
proximity or invasion. Although the effects of splenectomy
on the antitumor immune system in vivo remain contro-
versial, some experimental evidence suggests that the
spleen plays a very important role in the antitumor immune
system, and that splenectomy could encourage further
hepatic or pulmonary metastasis [23-25].
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The present study was basically a retrospective design.
Also, the protocols for pathologic assessment of the
retrieved LNs and surgical specimens might have been
different in each institution. Especially, No. 10 LNs were
always retrieved in resected specimens, so it is not clear
whether No. 10 LNs were contaminated by some part of
No. 11 LNs; it is also not clear whether patients with
spleen preserved by means of RAMP will survive
without significant spleen-related morbidity. However,
our present observations are very provocative and surely
should be readdressed in a future prospective trial. We
suggest that a future prospective study should confirm
the technical feasibility and safety of RAMP; determine
the appropriate tumor conditions for RAMP, such as the
optimum distance from the tumor edge to the splenic
hilum for splenectomy-omitting radical left-sided pan-
createctomy; and determine the potential immunologic
role of the preserved spleen in treating left-sided pan-
creatic cancer. If a future study based on our present
concept of RAMP could give sound answers to these
questions, our goal would be a prospective randomized
comparative study of RAMPS and RAMP in well-
selected left-sided pancreatic cancers.

In conclusion, under the rationale of potential LN
metastasis in the splenic hilar areas in left-sided pancreatic
cancer, most patients might undergo an unnecessary sple-
nectomy. Our present study suggests a splenectomy-omit-
ting radical pancreatectomy, RAMP, would be also feasible
for treating well-selected left-sided pancreatic cancers
because splenic hilar LN metastasis is rare. The role of
routine splenectomy in the treatment of left-sided pancre-
atic cancer needs to be re-evaluated. Splenectomy, instead
of being performed as a routine procedure, should be rec-
ommended only for patients with direct tumor invasion of
the splenic hilum, proximity of the primary cancer to the
spleen, and suspicion of splenic hilar LN metastasis on
preoperative imaging studies. The oncologic and tumor
immunologic effects of preserving the spleen in treating
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left-sided pancreatic cancer should be fully investigated in
future studies.
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