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Major amputation was once a mainstay of therapy for

extremity sarcoma (ES). Wardrop published the first

illustration of amputation for a fungating ‘‘soft cancer’’ in

1809.1 A critical step in the transition from amputation to

limb-sparing surgery was the recognition that inherent

tumor biology, rather than local disease control, was the

primary determinant of overall outcome. In 1982, Rosen-

berg and colleagues published a seminal, randomized

controlled trial evaluating limb-sparing surgery with adju-

vant radiotherapy compared with major amputation.2 There

was no difference in disease-specific survival (DSS) or

overall survival (OS) between treatment groups. Subse-

quent improvements in surgical technique, including soft-

tissue flap reconstruction and nerve and vessel grafting,

allowed for more aggressive resections while preserving

critical structures and, importantly, limb function,

expanding the range of tumors operable with limb-sparing

techniques.3 In addition, advances in neoadjuvant/adjuvant

therapies including external-beam radiotherapy (EBRT)

and brachytherapy expanded treatment options while pro-

viding excellent local disease control, reducing the need for

reoperation and recurrent treatment.4,5 Finally, isolated

limb perfusion with melphalan and tumor necrosis factor

alpha (TNFa), the latter not Food and Drug Administration

(FDA) approved in the USA, has also been shown to

provide value regarding local control for inoperable or

locally advanced ES for patients treated in Europe.6

Amputation is rarely indicated for primary management

of ES in the modern era. Nonetheless, a subset of patients

still undergoes amputation, though the current indications

and outcomes are not well delineated. This issue of Annals

of Surgical Oncology includes two studies that further

clarify the contemporary role of amputation for ES. Smith

and colleagues from the Royal Marsden Hospital in Lon-

don, UK analyzed their experience of all major

amputations for ES over a 10-year period to provide an up-

to-date assessment of amputation indications and out-

comes.7 Van Houdt and colleagues from Mount Sinai

Hospital and University of Toronto in Toronto, Canada

focused specifically on the utility of hindquarter amputa-

tion for proximal lower extremity sarcoma.8

Between 2004 and 2014, 69 patients underwent major

amputation at the Royal Marsden Hospital (including 23

for primary localized disease from 556 patients undergoing

curative-intent surgery, for an amputation rate of 4.1%).

Overall, 85.5% of amputations were performed with

curative intent (primary localized 33.3%, or recurrent

localized, 52.2%) while 14.5% had metastatic disease. The

most common indications for amputation in patients with

primary localized disease were extensive involvement of

the limb girdle, multiple muscle compartment involvement,

multifocality, and unsuitability for limb-sparing surgery,

typically due to lack of a salvage option. Indications were

similar for recurrent localized disease. Tumor size was

significantly larger for patients undergoing primary

amputation compared with those with recurrent disease

(16.0 cm vs. 9.3 cm, p = 0.007). In the recurrent disease

group, 100% had undergone prior surgery in the tumor bed,

75% were previously treated with local EBRT, and 25%

had already received isolated limb perfusion, decreasing

the potential for further limb salvage. In contrast, for

patients with metastatic disease, palliative amputation was

� Society of Surgical Oncology 2017

First Received: 3 October 2017;

Published Online: 27 November 2017

C. P. Raut, MD, MSc

e-mail: craut@bwh.harvard.edu

Ann Surg Oncol (2018) 25:351–353

https://doi.org/10.1245/s10434-017-6243-2

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-017-6243-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-017-6243-2&amp;domain=pdf
https://doi.org/10.1245/s10434-017-6243-2


performed for very different indications: fungating lesions,

intractable pain, and pathologic fracture.

Amputation was generally well tolerated, with only

14.5% experiencing a Clavien–Dindo grade II–IV mor-

bidity, and only one patient died within 30 days of surgery.

For patients with primary and locally recurrent disease, the

3-year local-recurrence-free survival (LRFS) rates were

72.9 and 97.0%, distant-metastasis-free survival (DMFS)

rates were 33.4 and 57.2%, and OS rates were 30.5 and

62.8%, respectively (p = NS). The 3-year OS rate for all

patients with localized disease (primary and locally

recurrent) was 50.3%, whereas no patients undergoing

palliative amputation for metastatic disease survived

beyond 24 months (median OS 6 months). When com-

paring the 23 patients treated with curative-intent

amputation for primary localized disease with those treated

with curative-intent limb-sparing surgery, patients under-

going amputation had larger tumors (16.0 cm vs. 9.0 cm,

p = 0.003) and higher-grade disease (69.9% vs. 41.1%,

p = 0.009). There was no difference in LRFS, though

patients undergoing amputation had significantly worse

DMSF and OS.

In our own experience at Brigham and Women’s

Hospital and Dana-Farber Cancer Institute, we found that

among 54 patients undergoing amputation for ES over a

10-year period, indications for amputation were similar to

those reported from the Royal Marsden Hospital.9 In

addition to the categories described by Smith and col-

leagues, we also reported another category of patients

undergoing amputation—those with distal sarcomas

involving the hand or foot. Unlike other patients with

primary ES requiring amputation, these hand/foot sarcoma

patients generally had small tumors and better OS.

The detailed analysis by Smith and colleagues provides

several insights into the role of amputation for ES in the

modern era.7 For patients with potentially curative disease,

most amputations are indicated for large and invasive

tumors that preclude limb salvage despite contemporary

techniques. We recommend multidisciplinary evaluation

for all patients under consideration for potential amputation

to fully explore all potential treatment options, and a sec-

ond-opinion surgical consultation may be useful. Patients

treated with amputation have worse survival, presumably

due to their inherently worse tumor biology, and most

recurrences are detected within the first 2 years following

amputation. Thus, these patients should undergo close

surveillance. For patients with metastatic disease, ampu-

tation solely provides symptomatic relief with little

prospect of survival beyond 2 years.

Van Houdt and colleagues provide a focused analysis on

78 patients undergoing hindquarter amputation/external

hemipelvectomy between 1989 and 2015.8 As is the case of

other forms of ES, limb- and girdle-sparing operations for

ES in this location have been shown to provide similar

oncologic outcomes compared to hindquarter amputation,

though with improved function. However, despite advances

in surgical techniques and nonsurgical therapies, a subset

of patients is still treated with this morbid operation.

In this series, 62 (79%) patients were treated with

curative intent; common indications included extensive

neurovascular involvement and lack of a reconstructive

option. The remaining 16 (21%) patients with metastatic

disease underwent amputation, most commonly for

intractable pain or pathologic fracture. There was no dif-

ference in clinicopathologic factors between patients

presenting with localized versus metastatic disease. As

expected, and similar to the findings from Royal Marsden,

patients presenting with metastatic disease had signifi-

cantly worse survival. For patients with localized disease,

5-year LRFS, DMFS, and OS rates were 85, 49, and 41%,

respectively. There was no difference in OS between

patients with primary or recurrent localized disease. On

univariate analysis, the combination of age[65 years and

tumor diameter C 15 cm was associated with significantly

worse DMFS [hazard ratio (HR) 2.93] and OS (HR 2.42).

The complication rate was high, as expected, with nearly

50% of patients developing local wound complications,

and 6% of patients died in the hospital.

This Toronto study provides several insights into sur-

gical management of pelvic girdle sarcoma. First, for

appropriately selected patients, there is potential for rea-

sonable survival outcomes. In their review, 25% of patients

with localized disease at time of surgery were alive

10 years later. Second, elderly patients with large tumors

are likely to do worse; therefore, consideration of palliative

therapies may be more appropriate for this subset of

patients. Third, patient selection remains critical for this

cohort, as wound complication and mortality rates are quite

high. In particular, patients with cardiovascular disease or

comorbidities that affect wound healing should also be

considered for nonoperative interventions. Fourth, postop-

erative rehabilitation can be lengthy, which should be

balanced against expected survival. Finally, for patients

under 45 years of age, over half retain good functional

status, including ambulation with a cane and resumption of

nonstrenuous daily activities.

As both groups of authors acknowledge, these studies

have several limitations. Both are retrospective in nature,

limited by relatively small sample sizes, underpowered,

and subject to inherent bias.

Nonetheless, taken together, the descriptive nature of

both studies provides useful insights into indications, out-

comes, and reasonable expectations when pursuing

amputation for ES in the modern era. Thankfully, ampu-

tations are not needed for most sarcomas, as they were in

the 1800s and 1900s. Amputation should always be
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considered a procedure of last resort in patients with ES,

but may be reasonable in carefully selected patients with

localized primary or recurrent disease without limb salvage

options. In patients with metastatic disease, the potential

palliative benefit should be weighed against potential

complications, length of rehabilitation, and the expected

short postoperative survival.
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