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Abstract

Purpose: Adjuvant brachytherapy (AB) with immediate (IR) and staged reconstruction (SR) are distinct treatment
modalities available for patients with recurrent soft tissue sarcoma (STS). Although SR may offer local control and tox-
icity benefit, it requires additional upfront procedures, and there is no evidence that it improves overall survival. With
the importance of value-based care, our goal is to identify which technique is more cost effective.

Material and methods: A retrospective review of 22 patients with recurrent extremity STS treated with resection
followed by AB alone. Hospital charges were used to compare the cost between SR and IR at the time of initial treat-
ment, at 6-month intervals following surgery, and cumulative cost comparisons at 18 months.

Results: Median follow-up was 31 months. Staged reconstruction (1 = 12) was associated with an 18-month local
control benefit (85% vs. 42%, p = 0.034), compared to IR (n = 10). Staged reconstruction had a longer hospital stay
during initial treatment (10 vs. 3 days, p = 0.002), but at 18 months, the total hospital stay was no longer different
(11 vs. 11 days). Initially, there was no difference in the cost of SR and IR. With longer follow-up, cost eventually fa-
vored SR, which was attributed primarily to the costs associated with local failure (LF). On multivariate analysis, cost
of initial treatment was associated with length of hospital stay (~$4.5K per hospital day, p < 0.001), and at 18 months,

the cumulative cost was ~175K lower with SR (p = 0.005) and $58K higher with LF (p = 0.02).

Conclusions: In recurrent STS, SR has a longer initial hospital stay when compared to IR. At 18 months, SR had
lower rates of LF, translating to lower total costs for the patient. SR is the more cost-effective brachytherapy approach
in the treatment of STS, and should be considered as healthcare transitions into value-based medicine.
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Purpose

The treatment of extremity soft tissue sarcoma (STS)
was historically driven by radical compartmental resec-
tions. The gold standard of treatment has shifted towards
a multidisciplinary approach, utilizing adjuvant radiation
(RT), and less radical surgery, to improve limb function
and quality of life [1,2,3,4,5]. Changes in the landscape of
healthcare are driving treatment considerations, and phy-
sicians must be mindful of value-based care. In STS, there
is evidence that the extent of surgery [6] and the type of
radiation [7] can affect both local control and health care
cost of the patient.

In recurrent STS, the addition of adjuvant immediate
reconstruction (IR) brachytherapy to surgery can offer
a local control benefit [8], but may have high acute and

long term toxicity rates requiring additional hospitaliza-
tions and procedures [9,10,11,12,13,14,15]. These compli-
cations may precipitate additional interventions that can
increase costs after initial treatment [16,17,18,19]. Recent
evidence has shown that utilizing staged reconstruction
(SR) brachytherapy can minimize toxicity when compared
to traditional IR [20]. Staged reconstruction brachythera-
py uses a temporary closure during radiotherapy, such as
negative pressure wound therapy (NPWT), minimizing
radiation to the final closure [9,10,11,12,13,14], thereby
decreasing the risk of wound complications when com-
pared to IR [20]. Since permanent pathology assessment
occurs prior to final closure in SR, re-resection of close or
positive tumor margins is possible without disrupting the
healing closure. Previous studies from our center have
shown that re-resection allowed for improved final mar-
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gin status, which may contribute to a local control benefit
in the SR group [20]. Since there is no difference in sur-
vival between these two techniques and many of the re-
currences are amenable to re-excision [20], the additional
cost of upfront procedures as required with SR may be
unnecessary.

Upfront cost is expected to favor IR, since SR may ac-
crue additional charges from NPWT expenses, hospital-
ization during radiation treatment, and the need for addi-
tional procedures (i.e., re-excisions, delayed reconstruction
surgery, etc.). This is the first study that investigates cost of
care for each reconstruction strategy, allowing for unique
interpretation of long-term cost over the entire disease
course, regardless of treatment modality. The purpose of
this study is to analyze which reconstruction strategy (im-
mediate vs. staged) is the most cost effective brachythera-
py method for the treatment of recurrent STS.

Material and methods
Population methods

After Institutional Review Board approval, recur-
rent STS patients treated with postoperative adjuvant
brachytherapy were assessed. Patient and tumor char-
acteristics, in addition to outcome and toxicity were ob-
tained by retrospective chart review. Only patients with
non-metastatic recurrent extremity soft tissue sarcoma
treated entirely at our institution, and > 12 months of fol-
low-up were included in this study to allow for consistent
and adequate time to assess long-term cost and toxicity.
Hospital charges accrued at our institution for each pa-
tient were obtained from the billing department, and pa-
tients hospitalized or treated elsewhere were excluded
from this study. We defined chronic toxicity as persistent
signs/symptoms at 1-year follow-up. Treatment includ-
ed resection followed by the insertion of a single-plane
of brachytherapy catheters, 1 cm apart in parallel. This
was then followed by adjuvant brachytherapy and the
wound was either closed at the initial operation (IR) or
at a second operation (SR). Details of the reconstruction
technique, use of NPWT, and treatment planning were
previously described [20]. High-dose-rate adjuvant
brachytherapy was delivered with %?Ir to 32-45 Gy BID
in 8-10 fractions.

Toxicities were identified from medical records fol-
lowing surgery, and were determined by new signs or
symptoms noted in the medical record, in addition to
changes in patient medications (i.e., opioids, gabapen-
tin, etc.). Toxicity was categorized as: fracture, persistent
toxicity, chronic toxicity, and wound complications. Per-
sistent toxicity, defined as unrelieved > 30 days after sur-
gery, includes persistent edema and non-healing wound.
Chronic toxicity, persisting > 1 year after surgery, in-
cludes chronic arthropathy, pain, neuropathy, and ede-
ma. Wound complications were further subdivided into
seroma, infection, and wound dehiscence. Arthropathy
was determined based on the limited limb function noted
on history and physical examination. Pain was defined
as persistent or worsening, noted by the patient, or by in-
creases in pain medication prescribed. Neuropathy was

defined by findings on history as well as physical exam-
ination findings. Fracture was noted as a complication
if the event occurred in the treated area any time after
surgery.

Statistical methods
Outcome analysis

Staged reconstruction and IR were compared in re-
gards to patient/tumor characteristics, treatment, toxici-
ty, and cost via Pearson %2 association test, Fisher’s exact
test, and Mann-Whitney U test for univariate analysis
(UVA) when appropriate. Time-to-event outcomes were
defined as the duration of time from the date of resection
to an event or last follow-up as a censoring date. These
events include local failure (LF), amputation, or distant
metastasis (DM), which define the rate of local control
(LC), limb preservation (LP), and freedom-from distant
metastasis (FFDM), respectively. Differences in the time-
to-event outcomes between SR and IR were illustrated
by Kaplan-Meier survival curves and comparisons were
made via log-rank test.

In patients with 18 months of follow-up (n = 17), the
total number of procedures (skin grafts, flaps, NPWTs,
primary closures, and additional debridement after clo-
sure) and hospitalizations (hospitalization for antibiotics,
hospital days, admissions) were also compared between
the SR and IR cohort via Mann U Whitney.

Cost analysis

Hospital charges accrued from our institution and
corresponding dates were obtained from our billing de-
partment, including all charges during inpatient and
outpatient visits. Charges accrued were adjusted for in-
flation to 2015 with a Consumer Price Index inflation cal-
culator provided by the Bureau of Labor Statistics (www.
bls.gov). To limit institutional variability in cost, patients
that were hospitalized or received treatment at an outside
facility were excluded from this study. The cost compar-
ison of patients with SR vs. IR, local failure vs. no local
failure, and amputation vs. no amputation, were calcu-
lated via Mann-Whitney U for initial treatment of recur-
rence (termed “initial treatment”: all charges accrued
from the time of surgery to first follow-up, approximate-
ly 1-month following resection), at each 6-month block
following surgery (all charges accrued 1 to 6, 6 to 12,
12 to 18, and 18 to 24 months following surgery), and for
cumulative charges at 18 months. Follow-up charges at
each 6-month block were calculated only for patients that
completed that particular follow-up block, to offset cost
discrepancies associated with shorter follow-up. Cost
was categorized into follow-up periods to help determine
where changes in cost may arise and whether they tem-
porally correlate with specific events (i.e., local failure or
amputation). Cumulative charges at 18 months capture
the majority of local failure and amputation events, while
allowing the inclusion of 77% of the cohort (1 = 17).

Predictors of cost assessed at initial treatment (from
surgery to first follow-up) and at 18 months includes:
patient characteristics (gender, previous radiation, Karn-

Journal of Contemporary Brachytherapy (2017/volume 9/number 1)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Brachytherapy+2016%3B+15%3A+495-503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brachytherapy+2016%3B+15%3A+495-503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brachytherapy+2016%3B+15%3A+495-503
http://www.bls.gov
http://www.bls.gov

22

Arash O. Naghavi, Ricardo J. Gonzalez, Jacob C. Scott, et al.

ofsky performance status [KPS], vascular disease, diabe-
tes, smoking pack years [continuous], age [continuous]),
tumor characteristics (primary site [upper vs. lower ex-
tremity], tumor size [continuous], FNCLCC grade [G3
vs. G1/2]), and treatment (final margin status [RO vs. R1
defined by ink margin], reconstruction [SR vs. IR], final
closure [flap vs. primary closure], and hospital stay at
initial treatment [initial treatment analysis only]) were
included in a multiple linear regression multivariate
analysis (MVA). To quantify the influence that events
(local failure or amputation), hospitalizations/admis-
sions, and procedures have on cost at 18 months, these
variables were also analyzed via multiple linear regres-
sion MVA. Two-sided p-values and the level of signif-
icance of 0.05 were used for defining statistical signifi-
cance, with all analyses performed using SPSS v 22 (IBM,
Armonk, NY, USA).

Results
Patient, tumor, and treatment characteristics

From 1999-2015, 145 patients underwent AB for
soft tissue sarcoma at our institution. Of these patients,
22 patients met the inclusion criteria with treatment
spanning from 2008 to 2015. Of these patients, 12 (55%)
had SR and 10 (45%) had IR, with treatment beginning
as early as 2008. The cohort has a median follow-up of
31 months. The majority of patients consisted of lower ex-
tremity disease (64%), FNCLCC grade 3 (64%), and had
been previously irradiated (77%). The patient and tumor
characteristics were relatively well balanced between SR
and IR (Table 1). At initial treatment, the SR cohort had
a higher percentage of NPWT use (75% vs. 0%, p < 0.001)
and final closure with flap reconstruction (83% vs. 20%,
p = 0.008), when compared to IR.

Reconstruction effect on clinical outcome

The overall local failure, amputation, and distant me-
tastasis rates were 36%, 36%, and 18%, respectively.The
overall actuarial rates of 2-year local control, limb preser-
vation, and FFDM were 63%, 67%, and 87 %, respectively.
At 24 months, SR was associated with a local control ben-
efit (83% vs. 40%, p = 0.039) (Figure 1A), a trending limb
preservation benefit (83% vs. 48%, p = 0.054) (Figure 1B),
and no association with FFDM (88% vs. 86%, p = 0.94).

When comparing the difference in toxicity, IR had
higher rates of chronic pain (50% vs. 8%, p = 0.056), per-
sistent edema (> 30 days: 60% vs. 17%, p = 0.074), chron-
ic edema (> 1 year: 50% vs. 8%, p = 0.056), and a trend
toward higher infection (70% vs. 33%, p = 0.198), when
compared to SR on UVA (Table 2).

Staged reconstruction was associated with a longer
initial hospital stay (10 vs. 3 days, p = 0.002), but after
18 months of follow-up, there was no longer a difference
in the total hospital stay (11 vs. 11 days, p = 0.96), with SR
averaging 1 fewer admission than IR (2 vs. 3, p = 0.48).
At 18 months following resection, there was no statisti-
cal difference in the number of total surgical procedures,
hospitalizations, or admissions between the two cohorts
(Table 3).

Reconstruction and outcomes association with cost

Overall, the cost of initial treatment was $88,460 ($48,675
to $206,263) with no significant difference between IR and
SR ($79,216 vs. $96,163, p = 0.72). The average accrued cost
following IR was modestly elevated during months 1 to 6
($43,494 vs. $26,065, p = 0.5) and 6 to 12 ($65,971 vs. $23,464,
p = 0.159), with a significantly higher cost during months
12 to 18 ($68,061 vs. $9,110, p = 0.046), compared to SR (Fig-
ure 2A).

Local failure and amputation predominantly occurred
during the first 12 to 18 months following surgery. All lo-
cal failures (1 = 8) occurred within the first 18 months fol-
lowing surgery, with 7 (88%) during the first 12 months.
Patients that underwent a local failure also experienced
a rise in cost, with a significant increase 6 to 12 months
following surgery (vs. no local failure: $90,150 vs. $15,720,
p = 0.003) (Figure 2B). Although a high percentage of
amputations occurred during the first 18 months (n = 7,
88%), there was no significant difference in cost between
patients amputated vs. non-amputated (Figure 2C). At 12
months, local failures had occurred in a high percentage
of IR patients (50%). After excluding patients with local
failure, there was no longer a significant difference in cost
between the two cohorts (all p > 0.05) (Figure 3).

Predictors of initial treatment cost

No patient, tumor, or treatment characteristics pre-
dicted for cost of initial treatment on MVA. The length of
hospital stay was the only factor independently associat-
ed with the cost of initial treatment, with an increase of
~$4500 per additional hospital day (95% CI $3K to $6K,
p < 0.001), on MVA. Staged reconstruction, when com-
pared to IR, had a significantly longer length of stay for
initial surgery (10 vs. 3 days, p < 0.001), with no discern-
able difference in initial treatment cost (p = 0.72).

Predictors of total cost at 18 months

The predictors of total cost at 18 months include pa-
tient characteristics, tumor characteristics, and initial
treatment. At 18 months, SR independently predicted
for decrease in cost of ~$178,000 (95% CI $69K to $286K,
p = 0.005). In addition, there was decreased cost with
treatment of the lower extremity (beta (regression slope)
= -$127K, 95% CI -$240K to -$13K, p = 0.033), and an in-
creased cost in diabetics (beta = $542K, 95% CI $211K to
$873K, p = 0.005), BMI 2 30 kg/m? (beta = $368K, 95% CI
$200K to 535K, p = 0.001), and FNCLCC (grade 3 vs. grade
1/2: beta = $288K, 95% CI $128 to $447K, p =0.003), on MVA.

The effects that clinical outcome and toxicity have
on the total cost at 18 months were evaluated on MVA.
This includes local failure, hospital admissions, and to-
tal procedures performed (i.e., number of primary clo-
sures, skin grafts, NPWTs, flaps, or amputations). On
MVA, local failure predicted for ~$58,000 increase in cost
(95% CI $11K to $104K, p = 0.02). In addition, there was
an increase in cost of ~$10,000 for each day hospitalized
(95% CI$7K to $12K, p < 0.001), and an additional $79,000
for each hospitalization for antibiotics (95% CI $62K to
$96K, p < 0.001).

Journal of Contemporary Brachytherapy (2017/volume 9/number 1)



Brachytherapy cost in recurrent STS

23

Table 1. Comparing initial patient, tumor, and treatment characteristics between staged (SR) and immediate

reconstruction (IR)
Factor

Total (n = 22);
median (range)

SR (n = 12);

median (range)

IR (n = 10);

median (range)

Age (years) 67 (23-94) 72 (30-86) 61 (23-94)
Time from previous surgery (months) 19 (2-231) 20 (2-119) 19 (2-231)
Number of prior resections 1(1-4) 1(1-3) 1(1-4)
Tumor size (cm) 4 (2-14.5) 3.9 (2.1-14.5) 5.3 (2-8)
KPS at surgery 95 (80-100) 100 (90-100) 90 (80-100)
Pack-years continuous 0 (0-50) 0 (0-50) 0 (0-45)
Current RT dose (Gy) 35 (32-45) 35 (35-35) 35 (32-45)
Follow-up (months) 31 (12-79) 27 (12-63) 36 (13-79)
Total; No. (%) SR; No. (%) IR; No. (%)

NPWT closure*

No NPWT 13 (59%) 3 (25%) 10 (100%)

NPWT 9 (41%) 9 (75%) (0%)
Final closure*

Primary closure 10 (46%) 2 (17%) 8 (80%)

Flap 12 (55%) 10 (83%) 2 (20%)
Gender

Female 9 (41%) 5 (42%) 4 (40%)

Male 13 (59%) 7 (58%) 6 (60%)
Race

White 21 (96%) 12 (100%) 9 (90%)

Black 1(5%) 0 (0%) 1 (10%)
Marital status

Not married 4 (18%) 2 (17%) 2 (20%)

Married 18 (82%) 10 (83%) 8 (80%)
County of residence

Other county 20 (91%) 11 (92%) 9 (90%)

County of hospital 2 (9%) 1(8%) 1 (10%)
Primary site

Upper extremity 8 (36%) 4 (33%) 4 (40%)

Lower extremity 14 (64%) 8 (67%) 6 (60%)
Tumor differentiation

Well 1 (5%) 0 (0%) 1 (10%)

Moderate 4 (18%) 3 (25%) 1 (10%)

Poor/Undifferentiated 17 (77%) 9 (75%) 8 (80%)
Re-irradiation

No prior radiation 5 (23%) 3 (25%) 2 (20%)

Re-irradiation 17 (77%) 9 (75%) 8 (80%)
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Table 1. Cont.

Total; No. (%) SR; No. (%) IR; No. (%)

Margin status (ink margin)

RO 16 (73%) 10 (83%) 6 (60%)

R 6 (27%) 2 (17%) 4 (40%)
FNCLCC grade

Gl 1(5%) 0 (0%) 1(10%)

G2 7 (32%) 5 (42%) 2 (20%)

G3 14 (64%) 7 (58%) 7 (70%)
Diabetes

No 21 (96%) 11 (92%) 10 (100%)

Yes 1(5%) 1(8%) 0 (0%)
Tobacco status

Current 2 (9%) 2 (17%) 0 (0%)

Former 6 (27%) 2 (17%) 4 (40%)

Never 14 (64%) 8 (67%) 6 (60%)
Pack-years categorized

None 14 (64%) 8 (67%) 6 (60%)

< 20 pack-years 2 (9%) 1(8%) 1 (10%)

> 20 pack-years 6 (27%) 3 (25%) 3 (30%)
Vascular disease

No 12 (55%) 7 (58%) 5 (50%)

Yes 10 (46%) 5 (42%) 5 (50%)
BMI (kg/m?)

<30 12 (55%) 6 (50%) 6 (60%)

>30 10 (46%) 6 (50%) 4 (40%)

BMI = body mass index (kg/m?), Gy — Gray, cm — centimeter, IR — immediate reconstruction, KPS — Karnofsky performance status, NPWT — negative pressure wound

therapy, No. — number, RT — radiation, SR — staged reconstruction

*Statistically significant difference between staged reconstruction and immediate reconstruction (p < 0.05)

Discussion

In the rapidly evolving healthcare landscape, it is in-
creasingly important that physicians be cognizant of cost
effectiveness, especially when various treatment options
are available. In addition to cost, it is critical we implement
treatments that will optimize disease control, survival,
and patient toxicity. This forms a fundamental philosophy
of focusing our efforts on value-based care approaches. In
the setting of STS, treatment strategies for the primary
disease may vary in their local control, but rarely differ
in survival, as many patients are amenable to salvage sur-
gery. Soft tissue sarcoma treatment has therefore shifted
to a multimodality approach with more conservative sur-
gery in an effort to minimize toxicity and optimize quality
of life [1,2,3,4]. In the era of bundle payments, in addi-
tion to efficacy and safety, physicians must also consider

cost effectiveness when choosing a treatment approach.
When considering cost, we must account for factors that
influence both the immediate and long-term expense of
treatment. In STS, there is evidence that the type of radia-
tion [7] and extent of surgery [6] can influence immediate
and long-term costs, respectively. To our knowledge, this
is the first study to evaluate the difference in initial and
long-term costs of adjuvant brachytherapy techniques
(SR vs. IR), for the treatment of recurrent STS. Our study
suggests that SR may have longer initial hospital stay,
a factor predictive of initial cost, but at 18 months, the re-
duction of toxicity and increased local control makes SR
a more cost effective treatment overall.

Factors that may influence charge accrual during ini-
tial treatment include: length of hospitalization, number
of procedures, and type of procedures [16,17,18,19]. For
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Fig. 1. Kaplan Meier comparison between staged reconstruction
(LC), and (B) limb preservation (LP)

(SR) and immediate reconstruction (IR), for (A) local control

Table 2. Comparison of toxicity between staged (SR) and immediate reconstruction (IR) (UVA)

Factor Total; No. (%) SR (n = 12); No. (%) IR (n = 10); No. (%)
Persistent edema (> 30 days)* 8 (36%) 2 (17%) 6 (60%)
Chronic edema (> 1 year)* 6 (27%) 1(8%) 5 (50%)
Chronic pain* 6 (27%) 1 (8%) 5 (50%)
Infection 11 (50%) 4 (33%) 7 (70%)
Chronic arthropathy 4 (18%) 1(8%) 3 (30%)
Chronic neuropathy 1(5%) 1(8%) 0 (0%)
Fracture 1(5%) 0 (0%) 1 (10%)
Wound complications 16 (73%) 9 (75%) 7 (70%)
Seroma 4 (18%) 2 (17%) 2 (20%)
Dehiscence 12 (55%) 5 (42%) 7 (70%)
Non-healing wound 3 (14%) 1 (8%) 2 (20%)

IR — immediate reconstruction, No. — number, SR — staged reconstruction
*Trending or significant on univariate analysis (p < 0.1)

example, Petruzzelli et al. noted a cost difference in re-
gards to reconstructive modality [21]. They found that flap
closure had increases in cost and length of hospital stay
when compared to primary closure [21]. Although, our
study showed longer initial hospital stay (10 vs. 3 days)
and higher rates of flap closures (83% vs. 55%, p = 0.003)
in the SR group, there was no significant difference in
initial cost ($96,163 vs. $79,216) when compared to IR.
Since initial hospital stay was independently associated
with initial treatment cost, we believe that the study may
be underpowered to detect the higher initial costs in the
SR group.

After the initial treatment, the cost is influenced by tu-
mor recurrence and patient toxicity, requiring additional
procedures and hospitalizations [17,19]. Consistent with
our previous study [20], this study also found that SR pre-
dicted for a local control, limb preservation, and a toxicity
benefit when compared to IR. Staged reconstruction min-
imizes radiation to the final closure and utilizes NPWT
for temporary closure [20,22,23,24,25], both of which can
improve wound healing [26,27,28]. In STS, Sakellariou
et al. showed that the use of NPWT after surgery can im-
prove length of hospitalization, complication, and infec-
tion rates, and the total cost of wound healing treatment
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Table 3. Comparison of procedures, hospitalizations, and admissions between staged (SR) and immediate

reconstruction (IR) at 18 months

Factor Total (n = 17); SR (n = 9); IR (n = 8);
median (range) median (range) median (range)

Hospital stay of initial treatment (days)** 7 (1-31) 10 (5-31) 3 (1-10)
Number of skin grafts 1(0-2) 1(0-2) 1(0-1)
Number of flaps 1(0-2) 1(0-2) 1(0-1)
Number of NPWTS 1(0-5) 1(0-5) 0(0-2)
Number of primary closures 1(0-2) 1(0-1) 1(0-2)
Number of hospitalizations for antibiotics alone 0 (0-5) 0(0-1) 0 (0-5)
Additional debridement 1(0-5) 1(0-5) 1(0-3)
Total hospital stay (days) 11 (2-31) 11 (3-21) 11 (2-31)
Total admissions 2 (1-7) 2 (1-3) 3(1-7)

IR —immediate reconstruction, NPWT — negative pressure wound therapy, SR — staged reconstruction
**Statistically significant difference between staged reconstruction and immediate reconstruction (p < 0.05), included entire cohort (n = 22); remaining variables

included patients with 18 months of follow-up (n =17)

(NPWT vs. No NPWT: $4,867 vs. $11,680, p = 0.018). In
our study, the use of NPWT and improved toxicity in the
SR cohort may also contribute to the cost benefit follow-
ing initial treatment.

In our previous study, SR allowed re-excision of close
margins after final pathologic assessment, which result-
ed in an improvement in the final margin status over IR.
After accounting for margin status, SR was independent-
ly associated with a local control benefit on MVA (HR
= 0.25, 95% CI: 0.08-0.8, p = 0.02) [20]. Although this is
a small retrospective study (n = 40), it suggests that there
may be a benefit to SR that is likely multifactorial in na-
ture [20]. The other hypothetical local control benefits
with SR include faster time to adjuvant RT [29,30] and
a decrease in wound hypoxia with NPWT, which may
lead to improved radiation efficacy [31,32]. Final margin
status is considered the primary contributor to SR’s local
control benefit and likely played a role in the lower cost
noted with SR. Although, there was no difference in the
margin status between SR and IR in our current analysis,
it should be noted that this is a subset of patients from
our previous study, and is likely underpowered to detect
a significant difference in margin status between these
two cohorts [20].

In this study, all local failures occurred during the first
18 months of follow-up, with a significant difference in
cost during months 6 to 12 following surgery for patients
that failed. The rise in cost associated with local failure
is consistent with the rise in IR cost seen in the months
following initial treatment. After excluding patients with
local failure, there was no longer a difference in cost be-
tween SR and IR. This suggests that local failure is likely
the primary contributor to the rising costs in IR following
surgery. At 18 months, SR and local failure independent-
ly predicted for total cost, with $178K cost benefit with
SR and an additional cost of $58K in patients with local
failure. Staged reconstruction had a higher initial hospi-
tal stay, NPWT use, and flap closure, but at 18 months,
there was no difference in total hospital stay, number of

NPWTs, and flaps used between the two cohorts. This
highlights how the local control and toxicity benefit in SR
may offset the initially higher hospital stay and number
of procedures, allowing for an improvement in cost at
18 months.

In our study, patients undergoing amputation had no
significant increase in treatment cost at 18 months, but this
could be due to an underpowered study or inability to ef-
fectively capture longer term expenses associated with
an amputation. In previous studies, the largest cost bur-
den with amputation is secondary to prosthesis main-
tenance [6,33,34,35]. Amputation compared to recon-
struction surgery can have up to 3 times the cost over
a patient’s lifetime [33]. The follow-up required to account
for the long-term cost contribution of amputation, is a lim-
itation of our study. In our previous study, the local con-
trol and toxicity benefit in SR translated into a limb pres-
ervation improvement (88% vs. 50%, p = 0.008) [20]. With
improved limb preservation in SR, we predict that longer
follow-up would show an even larger healthcare cost ben-
efit in favor of SR. In addition to cost, SR also had trending
improvements in toxicity, chronic pain, and limb preser-
vation. Though our study did not formally assess quality
of life surveys, subjective complications abstracted from
the patient chart can give us insight into patient’s quality
of life after treatment. This study was grossly underpow-
ered to detect a toxicity or limb preservation benefit in SR,
as was noted before [20]. Overall, we believe that SR can
offer high local control in recurrent STS, while improving
patient toxicity and cost, when compared to IR.

The limitations of this study are that it is retrospec-
tive in nature and therefore subject to selection bias, since
we cannot accurately account for all the factors influenc-
ing the decision for immediate vs. staged reconstruction.
Also, our institution does not have a prosthetics depart-
ment, which precludes the cost associated with ampu-
tations from being included in the analysis. While the
length of follow-up may be of concern, all recurrences oc-
curred within 18 months, and majority of the costs associ-
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Fig. 2. Comparison of cost for patients with A) staged reconstruction (SR) vs. immediate reconstruction (IR), B) local failure vs.

no local failure, and C) amputation vs. no amputation

ated were likely accounted for with our studies length of
follow-up (median 31 months).

Conclusions

Surgical resection and adjuvant brachytherapy are an
effective treatment for recurrent STS. When comparing

treatments with similar survival, it is important to also
evaluate toxicity, disease control, quality of life, and cost.
Staged reconstruction may be less convenient and may
have higher initial cost, but the toxicity and local control
benefit from this technique allows for a decreased to-
tal cost at 18 months. In addition, there is evidence that
staged reconstruction brachytherapy may offer improved
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Fig. 3. Comparing staged reconstruction (SR) and immediate reconstruction (IR) cost in patients with no local failure

toxicity, disease control, and limb preservation. This, in
turn, may translate into improved patient quality of life
with the potential for decreased lifetime costs associated
with amputation, such as prosthesis maintenance. There-
fore, this study suggests that SR is the more cost-effec-
tive brachytherapy approach in the treatment of STS,
and should be considered as healthcare transitions into
value-based medicine. Future studies that focus on cost
should randomize patients to staged or immediate recon-
struction to reduce selection bias.
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