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The majority of intermediate risk Rhabdomyosarcoma (RMS) patients have gross residual disease 

(Group III) after their first operative procedure. It is currently not known if local control rates can 

be maintained when, following induction chemotherapy, the radiation therapy (RT) dose is 

decreased after a delayed primary excision (DPE). To answer this question we evaluated patients 

enrolled on COG D9803 (1999-2005) who had Group III tumors of the bladder dome, extremity, 

or trunk (thorax, abdomen, pelvis) were candidates for DPE at week 12 if the primary tumor 

appeared resectable. RT dose was then adjusted by the completeness of DPE: no evidence of 

disease (NED) 36 Gy, microscopic residual (MR) 41.4 Gy, and gross residual disease (GRD) 50.4 

Gy. A total of 161 Group III patients were evaluated (24 bladder dome, 63 extremity, and 74 

trunk). Seventy-three patients (45%) underwent DPE which achieved removal of all gross disease 

in 61 (84%) who were then eligible for reduced RT dose [43/73 received 36 Gy, 19/73 received 

41.4 Gy]. The local 5-year failure rate (0% for bladder dome, 7% for extremity and 20% for trunk) 

was similar to IRS-IV, which did not encourage DPE and did not allow for DPE adapted RT dose 

reduction. In conclusion, DPE was performed in 45% of Group III RMS patients with tumors at 

select anatomic sites (bladder dome, extremity and trunk), and 84% of those who had DPE were 

eligible for RT dose reduction. Local control outcomes were similar to historic results with RT 

alone.
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Introduction

Rhabdomyosarcoma (RMS) comprises 2.9% of all pediatric cancers with an annual 

incidence in the United States of 4.3 per million children.1,2 Comprehensive reviews of 

RMS biology and therapy have recently been published. The survival for children with RMS 

has improved over the last five decades.3 Optimal treatment of RMS includes chemotherapy 

and local control, with surgery and/or radiation therapy (RT). However, the late effects 

among survivors are a matter of concern. Approximately half of survivors of childhood 

sarcoma have at least one major adverse outcome in their health status illustrating the need 

to develop less toxic treatments that are still effective.4-6

Local control of RMS may be attained through surgery, definitive RT, individually or in 

combination. A combined modality approach may optimize local control yet minimize the 

potential morbidity associated with each individual modality. Previous Intergroup 

Rhabdomyosarcoma Study (IRS) protocols used radiation doses based upon the extent of 

tumor present prior to starting chemotherapy: 41.4 Gy for patients with microscopic disease, 

and 50.4 Gy for gross residual tumor.7 The excellent local control results obtained in these 

trials presented the opportunity to investigate selectively decreasing the RT dose for patients 

with minimal residual disease achieved by delayed primary excision (DPE).

For RMS, primary excision should be attempted only when complete resection can be 

achieved without significant functional or cosmetic sequelae. In most cases of large and/or 

invasive tumors the initial procedure is limited to biopsy alone. After induction 
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chemotherapy local tumor control may also be achieved with RT alone or in conjunction 

with DPE. RT can be associated with significant late effects, particularly in young 

children.8-12 Surgery also can be associated with significant late effects, particularly if 

organs are sacrificed.13 In an effort to minimize RT toxicity, many European RMS trials 

have utilized RT selectively.14-15 In a Children's Oncology Group (COG) trial of low risk 

RMS patients, reduction of RT dose based upon the completeness of surgical resection of 

the primary tumor prior to chemotherapy did not compromise local control, failure free 

survival (FFS) or overall survival (OAS).16 The COG Soft Tissue Sarcoma Committee 

(STS)tested the local control strategy of DPE and RT dose reduction in select intermediate 

risk RMS patients to assess the ability of DPE to achieve complete resection at anatomic 

sites likely to be amenable to DPE without loss of function and to evaluate local control 

rates. This local control paradigm has potential benefit to the patient since DPE may 

facilitate local control. In addition, patients that have DPE may be able to receive decreased 

RT dosing in an effort to minimize the long term complications associated with higher dosed 

RT. Our hypothesis is that the combination DPE and modulated RT may maintain local 

control yet reduce the incidence of chronic health conditions and second malignancies 

associated with current treatment paradigms.

Patients and Methods

Eligibility/Patient Classification

COG D9803, a trial for intermediate-risk RMS, has previously been described in detail.15 

Patients were randomly assigned to 1 of 2 treatment regimens: vincristine, dactinomycin, 

and cyclophosphamide (VAC) without or with topotecan (VAC/VTC). Since the 

chemotherapy regimens did not result in significant differences in outcome, patients from 

both treatment algorithms were combined for this analysis. Informed consent was obtained 

from patients, their parents, or both, according to guidelines of the National Cancer Institute 

(NCI). Patients were assigned a presurgical stage 18 and a postsurgical clinical group 19. 

Stage and group were reviewed by surgical members of the STS Committee. Evaluation of 

DPE pathology specimens occurred at the treating institution.

The patients considered for DPE, as specified in the protocol, were group III patients with: 

alveolar RMS (ARMS), head/neck (non-orbital, non-parameningeal) primaries, superficial 

sites, negative regional nodes; ARMS, vagina/vulva/uterus primaries, negative regional 

nodes; embryonal RMS (ERMS) or ARMS, bladder dome, extremity or trunk. These 

anatomic sites were identified prospectively as having the potential to be amenable to DPE 

with acceptable surgical morbidity.

Primary Tumor Treatment

The primary tumor treatment algorithm is outlined in Figure 1. Patients were evaluated for 

response to induction chemotherapy at week 12. Oncologic resection of the tumor was then 

encouraged for the candidate anatomic sites if organ preservation without loss of form or 

function was likely. The decision to perform DPE was entirely the decision of the treating 

institution and surgeon. The reasons why DPE was not performed in individual patients is 

unknown. The study was approved at over 150 institutions and no single institution or 
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surgeon contributed a disproportionate share of the patients to this DPE analysis. Post-

operative RT dose was determined according to the amount of residual tumor following 

DPE (36 Gy if the tumor was completely resected with negative margins (NED), 41.4 Gy for 

microscopic residual tumor (MR) or clinical complete remission by imaging criteria with 

biopsy confirmation, or 50.4 Gy for those without DPE or with DPE in which gross residual 

disease (GRD) remained post-operatively. RT began 2-3 days after completion of week 12 

chemotherapy if no biopsy or DPE was performed or 2-3 weeks after surgery for those who 

underwent DPE. Three-dimensional conformal RT was recommended using megavoltage 

photon and/or electron beams. The irradiated volume was determined by the initial, pre-

chemotherapy extent of disease plus a 1.5 to 2 cm margin. Volume reduction was permitted 

for patients whose total dose was 50.4 Gy. The initial planning volume was reduced to the 

original gross tumor volume plus 5 mm after a tumor dose of 36 Gy (if node-negative) or 

41.4 Gy (if node-positive).

Radiotherapy Quality Assurance

All RT materials including diagnostic imaging and dosimetry were reviewed by members of 

the STS radiation oncology committee. The quality criteria have previously been 

described.16 Appropriate RT was defined as RT that did not have major deviations.

Statistical Methods

Data are presented as counts and percentages. The distributions of categorical patient 

characteristics were compared based on DPE status and based on RT delivery using Fisher's 

exact test. Time to local recurrence was estimated using cumulative incidence curves. Local 

recurrence was defined as the time from DPE to any recurrence of disease that included the 

primary site. Local recurrence that occurred in combination with regional or distant 

recurrence as a first progression event were included in the local recurrence rate. Outcome 

data are reported through June 30, 2008, at which point, follow-up ranged from 0 to 9.2 

years with a median of 5.5 years. A p-value < 0.05 was considered statistically significant.

Results

Patient Population

A total of 164 (of 451 total Group III) patients (36%) were eligible for study inclusion based 

upon the site of primary tumor. The number of patients at each tumor site who underwent a 

DPE is summarized in Table 1. A total of 73 of 164 patients (45%) underwent DPE. None of 

the three patients with head/neck or vagina/vulva/uterus primary sites had DPE performed; 

these 3 patients were excluded from further analysis, leaving 161 patients in the study 

population. The patient demographics and disease characteristics for this cohort are 

presented in Table 2. There were no disease or patient characteristics that predicted which 

patients would receive optimal local therapy (DPE results of NED or appropriate RT) 

although it should be noted that patients who were classified as CR at week 12 were more 

likely to be NED and receive appropriate RT. The same patient and disease characteristics 

did not show any differences between patients who underwent DPE vs. no DPE (data not 

shown).
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Local Management by Site of Primary Tumor

Bladder dome—DPE at week 12 was performed in 12/24 (50%) of patients. Tumor 

response at week 12 was similar between those with and without DPE. Operative procedures 

included 7 partial cystectomies and 5 cystoscopies with either tumor resection/fulguration (2 

patients) or biopsy (3). Nine of the 12 pathology specimens (75%) contained viable tumor. 

Post operatively 6 patients were categorized as NED and 2 still had MR. None of the 

operative procedures at week 12 resulted in loss of function. Therefore, 8 (67%) of patients 

who underwent DPE were eligible for a reduced dose of RT (6 patients at 36 Gy and 2 at 

41.4 Gy). Of the patients that underwent DPE and who had complete information regarding 

the RT administered 6/11 (54%) received appropriate RT compared to 3/8 (38%) that did 

not have a DPE.

Extremity—A total of 31/63 (49%) patients underwent DPE at week 12. Patients that 

underwent DPE were less likely to have a CR by imaging (p=0.0012) and a tumor that 

invaded adjacent structures (p=0.04). DPE procedures included three amputations, one 

excisional biopsy and 27 wide excisions (87% of patients), resulting in 23 patients (74%) 

achieving NED, 5 (16%) MR, and 3 (10%) with GRD. Five DPE procedures resulted in loss 

of function, including the 3 amputations. These amputations were all planned and not a 

result of surgical complications. In total, 28 (90%) patients were eligible for a reduced dose 

of RT (36 Gy [n=23 patients] or 41 Gy [n=5]). Of the patients that underwent DPE and who 

had complete information regarding the RT administered 18/28 (64%) received appropriate 

RT compared to 10/28 (36%) that did not have a DPE.

Trunk—A total of 30/74 (41%) underwent DPE at week 12. The imaging response at week 

12 was similar between those who had DPE and those who did not. DPE procedures 

included two biopsies and 28 resections, 2 of which resulted in removal of a vital structure 

and loss of function (1 hysterectomy and 1 abdominal perineal resection). DPE resulted in 

14 patients (47%) achieving NED, 11 (37%) with MR, and 5 (16%) in GRD. Of the 30 

patients 25 (83%) of patients were eligible for a reduced dose of RT (14 patients to 36 Gy 

and 11 to 41 Gy). The frequency of appropriate RT was similar between patients who did or 

did not receive DPE.

Summary of DPE at Week 12 for All Sites

Of the 161 patients eligible at study entry, 73 underwent DPE (46%). The distribution of 

surgical results (GRD, MR, NED) is similar across extremity, bladder and trunk. (p=0.10, 

Table 3). Overall, 10% had loss of function as a result of DPE. A total of 58 (79%) 

pathology specimens contained viable tumor. There was no correlation between imaging 

response at week 12 and the presence of viable tumor (p=0.1156). As a result of DPE, 84% 

of patients were eligible to receive a reduced dose of RT, including 59% who were eligible 

to receive 36Gy. Although not specifically recommended, additional surgical procedures 

later in therapy were performed in 5/73 (7%) of patients who had DPE and 32/88 (36%) who 

did not have DPE at week 12.
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Summary of RT for All Sites

The majority of patients (77%) received RT as part of their therapy. For patients that 

underwent week 12 DPE, 81% received RT, with 70% considered appropriately 

administered. (Table 4)Administered RT was least likely to be considered appropriate for 

patients with bladder tumors. The appropriateness of RT administration was not dependent 

upon the RT dose required. Among both DPE and no DPE patients, RT was omitted in 21% 

of cases and was more common in extremity lesions.

Local control rates

The 5 year cumulative local failure rate at each tumor site was 0% for bladder dome, 7% 

(95% CI, 0-21%) for extremity and 20% (95% CI, 0-44%) for trunk. For comparison, a 

similar but not identical population of Group III RMS patients treated on IRS-IV had 5 year 

cumulative local failure rates of 19% for bladder/prostate (not exclusively bladder dome), 

7% for extremity, and 14% for “other” sites.20

Discussion

We evaluated the feasibility, acute morbidity, and local control success of DPE at selected 

anatomic sites, with the subsequent dose of RT being determined based upon the 

completeness of resection. Our results show that: 1) 45 % of the patients eligible for DPE 

underwent the procedure, 2) 79% of pathology specimens obtained at DPE contained viable 

tumor, 3) 84% of DPE patients were eligible to receive a reduced dose of RT as a result of 

gross total tumor resection, 4) RT was appropriately administered in 70% of patients, and 5) 

local control rates at these selected anatomic sites were similar to IRS-IV, a study that did 

not include planned DPE and used higher doses of RT.

All cancer therapy is associated with significant short and long term morbidity and 

mortality.5 Depending upon the site and dose as well as patient age, RT can be associated 

with a variety of late-effects in survivors of RMS.6,11,12 Therefore, the goal of treatment 

protocols for patients with traditionally good outcomes is to reduce the overall burden of 

therapy.4

In an effort to decrease RT related morbidity by decreasing RT dosing yet maintaining good 

local control rates, two recent COG STS studies including the current D9803 and low risk 

study D9602 provided the option of adjusted RT dose based upon the extent of resection at 

DPE.16-17 D9602 and D9803 RT doses were based on studies suggesting efficacy in 

controlling local disease with 30-36 Gy for microscopic disease.21-23 European multicenter 

trials also supported this approach.14,24 However, eliminating radiotherapy for group II/III 

patients has been shown to result in high local failure rates.4,14,25 A lower RT dose could 

result in decreased late tissue injury especially in infants, although this remains 

speculative.26-30 Currently we lack metrics sufficient to detect clinically relevant differences 

in late effects in patients receiving doses of 36 vs. 50.4 Gy. Although it is reasonable to 

accept that any reduction in RT dosing, so long as adequate local control is maintained, is 

beneficial and desirable. In addition, it is not clear what the combined long-term morbidity 

of DPE and reduced-dose RT will be and this will be further evaluated in upcoming studies.
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The results of radiologic imaging can be misleading about the presence of viable tumor. 

Prior IRS/COG studies have failed to show a correlation between outcome and imaging 

response after induction chemotherapy 31 or at the completion of planned therapy.32 These 

findings are in contrast to the predictive value of imaging in the Cooperative Soft Tissue 

Sarcoma Studies.24 There are several possible explanations for this apparent discrepancy 

that have been discussed previously.32 Reductions in RT dose based on observing a 

radiographic CR must therefore be considered cautiously.

In our series, 79% of pathology specimens contained viable tumor after 12 weeks of 

systemic therapy. This is consistent with previous reports of delayed surgery in IRS-IV 

patients where only 59% of tumors contained viable tumor, although these patients had 

received RT.33 Patients with no viable tumor had better FFS rates than patients with viable 

tumor at DPE. Viable tumor was present in 50% of patients who underwent biopsy or 

resection of residual masses after completing all protocol specified treatment.32 These 

results differ from IRS-III, in which DPE was suggested after RT and 20 weeks of 

chemotherapy, where 12% and 25% of patients in CR and PR had viable tumor, 

respectively.34, 35 The value of histological verification of CR is uncertain.36 In addition, 

this requires distinguishing viable tumor from benign differentiating rhabdomyoblasts.37

In D9803 45% of Group III patients eligible for DPE received an operative procedure, most 

commonly a resection. This frequency of DPE is similar to previous IRS protocols where 

DPE was encouraged. IRS-III (1984-1991) recommended DPE in patients whose mass had 

not disappeared after 20 weeks of chemotherapy and RT. In IRS- III, 90/153 patients (59%) 

with Group III disease underwent a DPE.34-35 In this cohort, 46% of patients with a PR by 

imaging criteria were in complete pathologic remission and another 28% were converted to 

NED by excision of residual tumor. In addition, 30% of patients with NR were in complete 

pathologic remission and another 43% were converted to NED. A much lower rate of DPE 

was observed in the RMS low risk study D9602. Thirty-nine Group III patients at sites other 

than orbit or vagina were eligible for DPE but only 7 (18%) underwent DPE.16 This lower 

rate of DPE is most likely related to the high frequency of CR by week 12, the favorable 

outcome in low-risk patients, and the higher morbidity associated with resection at these 

sites. The reasons that DPE are not performed will be evaluated in the next intermediate risk 

study.

As attempts are made to modify local tumor therapy to better reflect the severity of disease 

for the patient, the rate of local recurrence becomes a good indicator of efficacy. Our 

approach in D9803 demonstrated local control rates similar to IRS-IV (which used similar 

systemic chemotherapy and had similar outcomes) for these select sites of disease.17, 34 

Local control was least effective in trunk lesions as expected since these are frequently large 

and invasive tumors involving major vital organs thus limiting RT and resection.38 

However, it is important to note that direct statistical comparison to IRS-IV is not possible. 

IRS-IV did not distinguish bladder dome from all bladder/prostate patients, and the category 

of “other” primary site is the closest to the trunk category used for the present analysis. We 

did not compare DPE local control to no DPE local control within D9803 given the small 

number of patients would preclude any meaningful statistical conclusions to be reached and, 

since the treatment was not randomized, a significant amount of bias would have entered 
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into the analysis. Nonetheless, even without a direct statistical comparison to IRS IV our 

data support the conclusion that for patients with primary sites amenable to surgery, DPE 

with adjusted RT dose results in local control rates similar to that achieved with 

conventional RT doses. There is other supporting evidence to substantiate our conclusions. 

Similar findings and conclusions were reached in low risk RMS patients (D9602), in which 

the 5 year cumulative local failure rate was 15% in the 62 patients treated with the same 

local control paradigm utilized in D9803 (week 12 DPE and modulated RT).16, 39 This local 

failure rate in low risk patients was similar to expected results based on IRS-III and IV. In 

addition, the FFS (89%) and OAS (97%) were similar to IRS III, suggesting that RT dose 

reduction did not adversely impact outcomes. Our conclusions are further supported by 

contemporary European studies. The CWS-81 Protocol utilized a treatment paradigm similar 

to D9803.40 The local failure rate in these 87 patients was 18% for Stage 2-3 patients. 

Although these results are similar to our own, this patient population is very different in that 

all patients were eligible for DPE, rather than selected sites, and other non-RMS soft tissue 

sarcoma histologies were included.

Although the rates of appropriate RT was lower in the bladder and extremity patients they 

still maintained good local control rates. This should not be interpreted as minimizing the 

importance of RT. Instead it should illustrate the importance of a collaborative approach 

utilizing both operative resection and RT in varying amounts to achieve local control. There 

is data from IRS IV to suggest that patients who did not receive RT benefited from resection 

(unpublished data). Conversely, the importance of RT, even after gross total resection 

initially, to optimize local control is illustrated by a recent review of 83 Group II 

(microscopic residual disease) patients who had local recurrence; most (55%) did not 

receive appropriate RT.25 Similar findings are observed when RT is omitted after DPE. In 

125 patients with Group III intraabdominal RMS, progression-free survival was 73% in 

patients who had complete surgical resection and RT, compared to 40-48% in patients with 

complete resection but no RT.41 Similar findings were described in 27 patients who 

underwent DPE but no RT of whom 30% had a local relapse, compared to only 8.3% that 

received RT.15

Our series has several limitations. A minority of all Group III RMS patients were 

prospectively considered candidates for DPE due to anatomic site constraints. Extrapolation 

of these results to other anatomic sites is unproven. Future studies are needed to explore the 

role of DPE at more surgically challenging primary sites. Patients were non-randomly 

selected for DPE and although there were no differences in patient or disease characteristics 

between those that received DPE compared to no DPE the rationale for not performing DPE 

are unknown. The ability to resect tumors is surgeon-dependent and may have varied. 

Although the short-term morbidity of DPE (as measured by function loss) was low, it is not 

clear that the late effects of the combination of DPE and reduced dose RT will be less than 

standard dose RT alone.

In conclusion, for carefully selected Group III RMS patients at candidate anatomic sites, 

DPE is feasible, often permits an RT dose reduction, and this RT dose reduction after DPE 

does not compromise local control compared to treatment with conventional dose RT alone. 

Based upon our results upcoming intermediate risk RMS studies will again be utilizing this 
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local control paradigm to achieve good local tumor control with the anticipation of 

decreased long term health conditions in RMS survivors.
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Abbreviations

RMS rhabdomyosarcoma

RT radiation therapy

DPE delayed primary excision

NED no evidence of disease

MR microscopic residual

GRD gross residual disease

FFS failure free survival

OAS overall survival

VAC vincristine, dactinomycin, and cyclophosphamide

VAC/VTC without or with topotecan

ARMS alveolar RMS
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ERMS embryonal RMS

COG Children's Oncology Group

STS COG Soft Tissue Sarcoma Committee
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Novelty/Impact

In pediatric patients with rhabdomyosarcoma (RMS) we showed that delayed primary 

excision (DPE) of RMS at selected anatomic sites, with the subsequent dose of 

radiotherapy (RT) being determined based upon the completeness of resection is feasible, 

often permits an RT dose reduction, and this RT dose reduction after DPE does not 

compromise local control compared to treatment with conventional dose RT alone.
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Figure 1. 
Local control algorithm for COG D9803. Delayed Primary Excision (DPE), complete 

response (CR), partial response (PR) radiation therapy (RT).
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Table 1

Patients eligible for Delayed Primary Excision (DPE) at each primary tumor site. Alveolar rhabdomyosarcoma 

(ARMS), embryonal rhabdomyosarcoma (ERMS), parameningeal (PM)

Anatomic Site Number Eligible 
For DPE

Number Undergoing DPE 
During Phase 1 of Therapy 

(percent)

I. ARMS, Group III, Head/Neck (non-orbital, non-PM) primaries, superficial sites, 
negative nodes

2 0 (0%)

II. ARMS, Group III, Vagina/Vulva/Uterus primaries, negative nodes 1 0 (0%)

III. ERMS or ARMS, Group III, Bladder Dome 24 12 (50%)

IV. ERMS or ARMS, Group III, Extremity 63 31 (49%)

V. ERMS or ARMS, Group III, Trunk/Retroperitoneum/Perineal/Perianal/Intra-
thoracic/GI/Biliary

74 30 (41%)

Total 164 73 (45%)
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Table 3

Results of DPE for each primary tumor site. GRD, gross residual disease; MR, microscopic residual disease; 

NED, no evidence of disease.

Primary Site Total DPE (%) DPE Outcome

GRD (%) MR (%) NED (%)

Bladder 12/24 (50%) 4/12 (33%) 2/12 (17%) 6/12 (50%)

Extremity 31/63 (49%) 3/31 (10%) 5/31 (16%) 23/31 (74%)

Trunk 30/74 (41%) 5/30 (16%) 11/30 (37%) 14/30 (47%)

Total 73/161 (46%) 12/73 (16%) 18/73 (25%) 43/73 (59%)
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Table 4

Results of RT after DPE for each tumor site. There was one patient in bladder, 3 patients in extremity, and 6 

patients in trunk for whom RT information was incomplete and therefore could not be classified by RT 

administered.

Primary Site Total Eligible for RT Dose Reduction (%) RT Administered

Appropriate RT (%) Major Deviation (%) No RT (%)

Bladder 8/12 (67%) 6/11 (55%) 1/11 (9%) 4/11 (36%)

Extremity 28/31 (90%) 18/28 (64%) 2/28 (7%) 8/28 (29%)

Trunk 25/30 (83%) 20/24 (83%) 3/24 (13%) 1/24 (4%)

Total 61/73 (84%) 44/63 (70%) 6/63 (9%) 13/63 (21%)
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