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Background: In retroperitoneal sarcoma (RPS), the optimal extent of resection must balance adequate
disease control with potential for morbidity. We sought to study the frequency and outcomes after a
Whipple procedure or pancreaticoduodenectomy (PD) in patients undergoing resection for primary RPS.
Methods: Participating referral centers within the Trans-Atlantic Retroperitoneal Sarcoma Working
Group provided retrospective data from January 2007 to December 2016 for patients with primary RPS
who underwent PD along with the total number of consecutive resections done during the same time
period. Data from participating centers were combined for analysis.
Results: In total, 29 patients underwent PD among 2068 resections performed for primary RPS (1.4%).
The predominant histologic subtypes were liposarcoma and leiomyosarcoma. All PD patients underwent
concomitant resection of additional organs (median: 2, range: 1e5), including 13 patients (45%) who also
received vena cava resection. Definitive evidence of microscopic invasion of the duodenum or pancreas
was seen in 84% of patients. Postoperatively, 10 patients (34%) had major complications including 8 (28%)
that developed a clinically-significant pancreatic leak. One postoperative death (3.4%) occurred. With a
median follow-up of 4.8 years, 19 patients (66%) developed disease recurrence. The patterns of
recurrence were dependent on histologic subtype.
Conclusion: Although infrequent, when PD is done for primary RPS, resection of additional organs is
often required and major complication rates are moderate. The recurrence rate is overall high and the
pattern of recurrence is dictated by histologic subtype.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical
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Introduction

Soft tissue sarcomas are rare malignancies that together repre-
sent only 1% of all solid cancers in adults. Although soft tissue
sarcomas can develop at any anatomic location, 15e20% occur in
the retroperitoneum [1,2]. Surgery is the mainstay of treatment and
the only chance for cure; however resection of retroperitoneal
sarcoma (RPS) is often challenging due to the large size of the
tumors and the potential involvement of major organs and vessels.
Complete resection of RPS is critical. The optimal extent of resection
in RPS must balance adequate oncologic disease control with
morbidity, including the potential for complications. Although
there are some retrospective data to support the utility of radiation
therapy for local control [3,4], results of an ongoing prospective
trial (STRASS) are still pending. The role of systemic therapy in RPS
is currently limited [5,6].

The Whipple procedure or pancreaticoduodenectomy (PD) is in
itself a complex operation most frequently performed for adenocar-
cinoma or neuroendocrine tumors affecting the head of the pancreas
or duodenum. In RPS, this operationmay be indicated for right-sided
tumors that abut these structures. In some cases the need for PD
may be obvious preoperatively based on symptoms (e.g. bleeding,
obstruction) or clear evidence of invasion by cross sectional imaging
or endoscopy (Fig. 1). For the majority of RPS patients however,
obvious organ involvement is not seen and the decision to perform
PD ismade intraoperatively.Whenperformed, the combination of PD
with RPS resection significantly increases the complexity and
Fig. 1. Case example of a patient with retroperitoneal leiomyosarcoma who required pancre
was evident by preoperative cross sectional imaging. The tumor involved the inferior vena ca
mesenteric vessels (star). D. Endoscopic view of tumor invasion of the duodenum. E. Gross
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magnitude of the operation. To date there are only case reports and
small case series [7e11] of this unique cohort of patients.

In 2013, the Trans-Atlantic Retroperitoneal Working Group
(TARPSWG) was formed as a multi-institutional, international
collaboration dedicated to improve our understanding of RPS and
to optimize the treatment of this rare disease [12]. Several original
studies and consensus guidelines have been published by the group
to help guide the surgical management of RPS [13e17]. In the
current study, through the combined efforts of TARPSWG referral
centers, we were able to collectively identify a substantial number
of primary RPS cases in which PD was performed during resection.
We sought to define the frequency of these cases and to study the
outcomes after surgery.

Methods

Participating TARPSWG centerse each a sarcoma referral center
- were asked to identify and provide study cases of patients with
primary RPS who underwent PD as a component of their RPS
resection, from January 2007 to December 2016. Each center also
provided data for total number of primary RPS resections done over
the same time period (¼ denominator) and the total number by
histologic subtype. With this design, patients who were unresect-
able were not included. Appropriate ethical and institutional
approvals for this study was obtained by each participating center.

In each study case (¼ PD during primary RPS resection), clini-
copathologic data were collected including patient age, sex,
aticoduodenectomy for complete resection. A-C. Tumor involvement of adjacent organs
va (arrow), duodenum (arrowheads) and head of pancreas, coming close to the superior
tumor after en bloc complete resection.
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Table 1
Frequency of whipple cases by institution and histologic subtype.

Characteristic No. Total %

All institutions combined 29 2068 1.4
INT 10 418 2.4
Candiolo 5 203 2.5
Curie 3 240 1.3
Emory 3 63 4.8
MGH 2 96 2.1
UCD 2 37 5.4
Moffitt 1 176 0.6
NKI-AVL 1 119 0.8
LMU 1 68 1.5
USC 1 29 3.4
Royal Marsden 0 403 0.0
Toronto 0 155 0.0
Ottawa 0 61 0.0

All histologic subtypes combineda 26 1828 1.4
DD 12 658 1.8
LMS 11 369 3.0
WD 2 354 0.6
Other 1 447 0.2

Abbreviations: RPS retroperitoneal sarcoma, INT Istituto Nazionale dei Tumori,MGH
Massachusetts General Hospital, UCD University of California at Davis, NKI-AVL
National Cancer Institute-Antoni van Leeuwenhoek, LMU Ludwig Maximilian
University, USC University of Southern California, DD dedifferentiated, LMS leio-
myosarcoma, WD well differentiated.

a Total number of cases by histologic subtype was not available from 1 institution
(Curie); these patients (3 w/DD out of 240 RPS cases total) were excluded from this
analysis.

Table 2
Patient, tumor and treatment data.

Characteristic No (%)

No. of patients 29
Age, mean 59.5
Male: Female 14:15
Histologic Subtype
LiposarcomaeDD 15 (51.7)
Leiomyosarcoma 11 (37.9)
LiposarcomaeWD 2 (6.9)
UPSa 1 (3.4)

Tumor Size, median, range, cm 15.0; 5-55
TreatmenteSurgery
No. of other organs resected, median, range 2; 1-5
Colon 24 (82.7)
Kidney 23 (79.3)
Inferior vena cava 13 (44.8)
Whipple only 0 (0)

Complete Resection (R0/R1) 27 (100)b

Complications of Surgery
No. of patients with any complication 16 (55.2)
Clavien-Dindo grade 3 or higher 10 (34.4)
Reoperation 5 (17.2)
Pancreatic Leakc 8 (27.6)
Grade B 5 (17.2)
Grade C 3 (10.3)

Death after Surgery 1 (3.4)
TreatmenteChemotherapy (any)
No. of patients 16 (55.2)

TreatmenteRadiation (any)
No. of patients 13 (44.8)

Abbreviations: DD dedifferentiated, WD well differentiated, UPS undifferentiated
pleomorophic sarcoma.

a MDM2-negative, confirming not liposarcoma.
b Margin data was not available from 1 institution (UC Davis).
c International Study Group of Pancreatic Fistula classification (Bassi et al., 2017).
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histologic subtype, tumor size, margin assessment, number and
type of organs resected (in addition to PD), along with receipt of
chemotherapy or radiation therapy at any time during treatment.
Histologic subtype was determined based on the resection spec-
imen by a sarcoma pathologist. If needed, molecular testing
(e.g. MDM2) was used to confirm the diagnosis. Presence of
resected organ involvement was also assessed histologically per
institutional protocol, by the sarcoma pathologist.

Data were also collected regarding the presence and severity of
any postoperative complication within 30 days of surgery or at any
time. These were graded using the Clavien-Dindo scoring system
[18] and considered “major” if Grade 3 or higher. Similarly, the
presence and severity of postoperative pancreatic leaks were
collected and graded based on the updated scoring system from the
International Study Group of Pancreatic Fistula [19,20]. Grades B
and C were considered “clinically-significant.”

Statistical analysis

Spearman test was used to test the correlation between the
frequency (%) of PD cases and the total number of RP resections.
Fisher's exact test was used to test the relationship between
demographics, clinical characteristics and histologic subtype.

Patient outcomes were determined based on the presence and
type of recurrence (local versus distant) and vital status. Overall
survival was calculated from the date of surgery to the date of death
or the last date that patients were known to be alive. Time to
recurrence was calculated from the date of surgery to date of
recurrence or the last follow-up date. Recurrence free survival was
calculated to date of recurrence or death whichever was observed
first. Kaplan-Meier plots were used to estimate the probability of
overall survival, time to recurrence, and recurrence free survival.
The logrank test was used to test the association of histologic
subtype with overall survival, time to recurrence, and recurrence
free survival.

Results

Frequency of PD

In total, 29 cases of patients with primary RPS who underwent
PD during resectionwere identified from 2007 to 2016 and included
in this study. These cases came from 10 sarcoma referral centers. An
additional 3 sarcoma referral centers did not have any cases. In total,
the denominator of all consecutive primary RPS resections during
the same time period was 2068, resulting in an overall PD frequency
of 1.4%. The frequency of PD cases by referral center is shown in
Table 1. Of note, three centers with the highest frequency of PD cases
(range: 3.4e5.4%) had among the lowest total denominator of RPS
resections, however there was no significant correlation between
the frequency of PD cases and the total number of RPS resections
over all 13 centers (p ¼ 0.20, correlation coefficient �0.38). By
histologic subtype, the frequency of PD was higher in leiomyo-
sarcoma (3.0%) and dedifferentiated (DD) liposarcoma (1.8%), while
PD was rarely done in well differentiated (WD) liposarcoma and
other histologic subtypes (p ¼ 0.002) (Table 1).

Clinicopathologic data

The patient and tumor characteristics for the 29 cases are shown
in Table 2. The histologic subtypes were predominantly lip-
osarcoma and leiomyosarcoma (97%) with one case of undifferen-
tiated pleomorphic sarcoma. In addition to PD, all 29 patients
underwent concomitant resection of a median of 2 other organs,
the most common of which were colon (83%) and kidney (79%).
Please cite this article in press as: TsengWW, et al., Pancreaticoduodenect
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Almost half of the patients (45%) received additional resection of
the inferior vena cava. Complete gross resection (R0/R1) was ach-
ieved in all patients. Analysis of available pathology data demon-
strated that in the majority of patients (84%), there was at least
definitive evidence of microscopic involvement of either the
omy in the surgical management of primary retroperitoneal sarcoma,
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duodenum or pancreas (Fig. 2). For 72% of patients, there was clear
organ involvement of the pancreas.

Complication rate

Within 30 days after surgery, approximately half of the patients
(55%) had a complication of any severity, including 34% that
experienced a major (Grade 3 or higher) complication. After PD
reconstruction, 28% of patients developed a clinically-significant
(Grade B or C) pancreatic leak. One patient (3.4%) died in the
postoperative period (on day 51) due to sepsis.

Of note, there appeared to be a trend for increased complication
rates (any grade) for patients who had received neoadjuvant
radiation therapy (7 out of 9 patients ¼ 78%) compared to those
who did not (9 out of 20 patients ¼ 45%, p ¼ 0.13). There was no
association between receipt of neoadjuvant chemotherapy (in 9
patients) and complication rate (p ¼ 0.45). Neither neoadjuvant
radiation therapy or chemotherapy was associated with major
complications or pancreatic leak (data not shown).

Oncologic outcomes

At a median follow-up of 4.8 years, 66% of patients developed
disease recurrence. Recurrence-free survival, overall survival,
and crude cumulative incidences of local recurrence and distant
metastasis by histologic subtype are shown in Fig. 3. After RPS
resection which included PD, histologic subtype is strongly asso-
ciated with the pattern of recurrence. Most notably, among patients
with leiomyosarcoma, there were no local recurrences; however 6
out of 11 (55%) of patients developed distant recurrence.

Discussion

To date, the current study with 29 patients represents the
largest cohort of cases in which a Whipple procedure or PD was
performed as a component of resection of primary RPS. This was
made possible through efforts of a multi-institutional collaboration
Fig. 2. Microscopic evidence of tumor involvement among study patients. A. Pie charts sho
pathologic data was not available for 4 patients. B and C. Representative histology im
peripancreatic tissues. Pancreas is noted with a star.
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(TARPSWG) for these rare cancers. Previously, only case reports and
small case series with at most 4 patients have been reported, to
our knowledge [7e11]. The current study allowed us to more
thoroughly evaluate the role of PD in the management of RPS,
including a better assessment of complication rates and a com-
parison of oncologic outcomes by histologic subtype.

In this study, our findings suggest that overall, the frequency of
PD in primary RPS resection is exceedingly low (1.4%) at sarcoma
referral centers. In comparison, data from prior studies have shown
that the frequency of nephrectomy and colectomy are much higher
[1,2]. We recognize that the decision to perform PDmay be affected
by many factors including differences in institutional approaches
to RPS and the individual surgeon's familiarity with surgical
management of the duodenum and head of pancreas. The latter,
which may require intraoperative consultation with a hep-
atobiliary/pancreas surgeon, is critical to decidewhether PD is truly
needed or alternatively, a partial organ (PD-sparing) resection can
be done in safe and oncologically appropriate fashion.

For patients in this study, the necessity of PD is supported by the
available pathology data (Fig. 2). If there was not already gross
(macroscopic) organ involvement seen intraoperatively, the
majority of patients in our study had definitive evidence of
microscopic involvement of either duodenum or pancreas. Even in
the remaining patients without microscopic organ involvement by
tumor, the argument can be made that surrounding tissue infil-
tration justifies the need for PD to optimize local control. In these
cases (Fig. 2C), performing a more conservative operation might
otherwise leave microscopic disease behind.

When PD is performed in combination with RPS resection, the
current study demonstrates that additional organ resection
(including vena cava) is likely needed and that the rates of a major
complication are moderate (34% Grade 3 or higher). This rate for a
combined operation of this magnitude is expected to be higher
than reported rates for RPS resection, in general. Based on a na-
tional surgical quality database, RPS resection was associated with
an 11% severe morbidity rate [21]. Similarly, more recent data from
TARPSWG found that among 1007 resections, Grade 3 or higher
wing relative frequencies by organ. No patients had bile duct involvement. Complete
ages showing tumor (liposarcoma) involvement of the pancreas and infiltration of

omy in the surgical management of primary retroperitoneal sarcoma,
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Fig. 3. Oncologic outcomes among study patients. A. Overall survival (OS) and recurrence free survival (RFS) for the all patients. B. OS by histologic subtype. C. Crude cumulative
incidence (CCI) of local recurrence (LR) and D. distant metastasis (DM) by histologic subtype. Note that there were no local recurrences in patients with leiomyosarcoma (dotted
arrow). For B-D, patients with well differentiated liposarcoma (n ¼ 2) and undifferentiated pleomorphic sarcoma (n ¼ 1) were excluded. Abbreviations: DD dedifferentiated
liposarcoma, LMS leiomyosarcoma.
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postoperative complications occurred in 16.4% of patients [15]. In
fact, in this prior TARPSWG study, performance of a Whipple pro-
cedure in itself was a significant independent risk factor for com-
plications. Overall, operative mortality rate was 1.8%, compared to
the current study (3.4%) with the addition of PD.

In looking specifically at postoperative pancreatic leak rate, the
observed rate of 28% in the current study also appears to be higher
than that generally seen in PD performed for pancreatic malig-
nancies. In a recent meta-analysis, Grade B or C pancreatic leaks
occurred in 12.4% of patients who underwent PD [22]. In RPS
patients, the pancreatic duct is non-dilated and soft, a situation
comparable to that in patients with neuroendocrine tumors. The
rate of pancreatic leak rate after PD in these patients ranges from 11
to 47% based on single institutional series [23e26]. In a recent
series of 97 patients with neuroendocrine tumors who underwent
PD, pancreatic leak occurred in 29%; this rate increased to 39%
when PD was combined with either vascular and/or additional
organ resection [26]. In comparison with the latter situation, our
observed pancreatic leak rate seems appropriate.

Given these complication rates, is PD during RPS resection
justified to improve oncologic outcome? In this study, for all 29
patients complete gross resection (R0/R1) was achieved and
approximately half also received chemotherapy or radiation ther-
apy (Table 2); yet with arguable optimal disease control, we still
observed a high recurrence rate of 66% at a median follow-up of 4.8
years. One possible consideration is that irrespective of treatment,
RPS patients that need PD may have tumors with inherently more
Please cite this article in press as: TsengWW, et al., Pancreaticoduodenect
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aggressive disease biology. This hypothesis is supported by the fact
that in addition to PD, all 29 patients also had some additional
organ resection highlighting that the tumors were at least locally
aggressive to begin with. Locally aggressive tumors, with at least
histologic evidence of organ invasion has been shown to be an
independent predictor of worse prognosis [27].

Not all RPS are alike; the importance of disease biology and
specifically, histologic subtype in determining the patterns of
recurrence after resection has been previously reported [13,28,29].
This was also quite evident in the current study even with just 29
patients. Our findings (Fig. 3) confirm those from recent larger
series that indeed, dedifferentiated liposarcoma recurs both locally
and at distant sites, while leiomyosarcoma recurs predominantly
(in this study, exclusively) at distant sites. Interestingly, the lack of
local recurrence in leiomyosarcoma after PD suggests that perhaps
for this histologic subtype, aggressive resection with PD may be
indicated to provide definitive local control. These patients should
ideally also receive chemotherapy either in the neoadjuvant or
adjuvant setting for systemic control.

The impact of radiation therapy for RPS patients who potentially
need PD is unclear. In RPS in general, the utility of radiation therapy
is currently being evaluated in the STRASS trial (NCT01344018), a
multicenter randomized trial of neoadjuvant radiation therapy
followed by resection versus resection alone. In the current study, 9
of the 29 patients (31%) received neoadjuvant radiation therapy
then resection which included PD. Post hoc subgroup analysis
seemed to suggest a trend for increased time to local recurrence
omy in the surgical management of primary retroperitoneal sarcoma,
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(data not shown) but at the potential cost of more complications of
any grade (not major) in patients who received neoadjuvant
radiation versus those who did not. However, these results were
not statistically significant due to the low numbers of patients.

Overall, we believe this study provides meaningful insight into
the role of PD in the surgical management of primary RPS; however
there are limitations. First, the retrospective design of the study
introduces bias and may underestimate, for example, the compli-
cation rates. Second, although all contributing institutions are
recognized as sarcoma referral centers, the volume of total RPS and
PD cases varied by center. In fact, one center (INT Milan) alone
contributed 34% of the total PD cases to this study. Third, stan-
dardized pathologic review across all centers would have been
more ideal.

To more definitively study the utility of PD in primary RPS
resection, a prospective study comparing PD to PD-sparing resec-
tion is needed. In this proposed study, patients should have tumors
which abut the duodenum and head of pancreas without obvious
clinical or radiological evidence of invasion. After resection, for PD
patients, a pre-determined, standardized protocol for histologic
assessment of organ involvement should be instituted with, if
feasible, centralized blinded pathologic re-review. This and other
prospective trials are planned through TARPSWG.

Conclusion

In some patients with obvious organ involvement, PD may be
necessary to achieve complete resection in primary RPS; however
for the majority of patients, performance of PD should be
approached cautiously given the high complication and recurrence
rates. More data and ideally, a prospective study are needed,
particularly to determine if there is a benefit for specific histologic
subtypes.
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