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Background: Despite advances in therapy, nearly
30% of children with rhabdomyosarcoma experience
progressive or relapsed disease, which is often fatal.

Patients and Methods: To facilitate the development
of a retrieval therapy protocol, we studied potential risk
factors that were predictive of survival after first re-
lapse in 605 children who were enrolled onto three
consecutive Intergroup Rhabdomyosarcoma Study
Group protocols.

Results: The median survival time from first recur-
rence was 0.8 years; the estimated percentage of pa-
tients who survived 5 years from first recurrence was
17% 6 2% (mean 6 SD). Univariate analysis showed
that tumor histology was an important predictor of
5-year survival (P F .001): the 5-year survival rate was
64% for patients with botryoid tumors (n 5 19), 26% for
patients with embryonal tumors (n 5 313), and 5% for
patients with alveolar or undifferentiated sarcoma (n 5
273). Further analysis identified prognostic factors
within histologic subtypes (P F .001). For patients with
embryonal tumors, the estimated 5-year survival rate
was 52% for patients who initially presented with stage

1 or group I disease, 20% for those with stage 2/3 or
group II/III disease, and 12% for those with group IV
disease. For patients with stage 1/group I disease,
estimated 5-year survival rates were higher for patients
with local (72%) or regional (50%) recurrence than for
those with distant (30%) recurrence. Among patients
with alveolar or undifferentiated sarcoma, only the
disease group predicted outcome: the 5-year survival
estimate was 40% for group I versus 3% for groups II
through IV. We identified a ‘‘favorable risk’’ group
(approximately 20% of patients) whose 5-year esti-
mated survival rate was near 50%; for all other pa-
tients, the estimated survival was near 10%.

Conclusion: This analysis demonstrates that the prob-
ability of 5-year survival after relapse for rhabdomyo-
sarcoma is dependent on several factors at the time of
initial diagnosis, including histologic subtype, disease
group, and stage. These findings will form the basis of a
multi-institutional risk-adapted relapse protocol for
childhood rhabdomyosarcoma.

J Clin Oncol 17:3487-3493. r 1999 by American
Society of Clinical Oncology.

RHABDOMYOSARCOMA (RMS) is the most common
soft tissue sarcoma in children and adolescents and

accounts for 5% of all childhood tumors.1 The use of
combined-modality therapy comprising chemotherapy, radia-
tion therapy, and surgery has improved the long-term
survival rates of these patients from approximately 25% in
1970 to more than 70% currently.1,2 However, 30% of
patients continue to experience relapses, and 50% to 95% of
these patients die of progressive disease.1,3,4 The identifica-
tion of prognostic factors for patients with relapsed or
progressive RMS would allow the development of risk-
directed therapies.

To identify prognostic factors for these patients, the
Intergroup Rhabdomyosarcoma Study Group (IRSG) retro-
spectively analyzed the records of children who were
initially treated on three modern consecutive multi-
institutional combined-modality therapy protocols (ie, IRS-
III, 1984 through 1991; IRS-IV pilot, 1987 through 1991, or
IRS-IV, 1991 through 1997) and who experienced disease
relapse or progression and whose first event was not death.
Known prognostic factors at time of diagnosis include the
extent of disease (group), disease stage (presurgical extent of
disease and disease characteristics), tumor site, tumor histol-

ogy, and specific therapy used.5,6 We analyzed the relation-
ship of these factors, site of relapse, and the duration of first
remission to determine which factors, if any, were associated
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with survival after relapse. Our findings indicate that sets of
patients can be readily identified for risk-directed retrieval
therapy at the time of relapse.

PATIENTS AND METHODS

Patients

Of the 2,364 patients on the IRS-III, IRS-IV pilot, and IRS-IV
protocols, 605 (25.6%) experienced disease progression or relapse. In
all of these patients, death was not the first event and follow-up data
from the time of treatment failure was available. Patients excluded from
this analysis included those who experienced a toxic death (including
second malignancy) as a first event, patients who did not initially
respond to therapy and who did not have an identified date of
progression before death, and patients who died of disease but for whom
a recurrence date was unavailable or unknown. Clinical, pathologic, and
treatment variables at the time of initial diagnosis were analyzed and
correlated with information regarding the duration of survival. The
patient variables analyzed included age, sex, primary tumor site,
histologic subtype (botryoid, embryonal, alveolar or undifferentiated
sarcoma), IRSG group at time of initial diagnosis (I through IV), and
disease stage (1 through 4).2 We also analyzed the type of treatment
regimen used: vincristine and dactinomycin–based (VA); vincristine,
dactinomycin, and cyclophosphamide (VAC) or VAC-like (ifosfamide
instead of cyclophosphamide), VAC alternating with doxorubicin and
cyclophosphamide (VAdrC) with or without cisplatin or etoposide, or
‘‘up-front window’’ therapy followed by standard VAC therapy. Other
variables analyzed included site of failure (local, regional, distant) and
time to initial recurrence (duration of first remission). Tables 1 and 2
describe the group and staging systems used by the IRSG. Initial group,
pathologic diagnosis, and adequacy of radiotherapy and chemotherapy
were centrally reviewed by the IRSG Surgical, Pathology, Radio-
therapy, and Chemotherapy subcommittees.

Statistical Analysis

Survival after relapse was measured from the time of first progression
or recurrence of disease after initial diagnosis until death or until the
date of last contact if the patient was alive at last report. All deaths were
counted as failures whether or not they were disease-related. Estimates
of the distribution of survival from first relapse were calculated using
the Kaplan-Meier method,7 and confidence intervals for specific
estimates of survival from relapse were calculated using Greenwood’s
formula for the variance of the estimates.8 Comparisons of survival after
relapse among patient groups were made using the log-rank test.8

RESULTS

Demographic and Clinical Features of the Study Group

The clinical characteristics of the 605 patients who
experienced disease progression or relapse are listed in Table
3. The median age at diagnosis was 8 years (range, 0 to 20

years). There were 347 males, and 441 were white. The most
common initial primary tumor sites were the extremities
(n 5 158; 26%), the parameningeal region (n5 113;19%),
and the retroperitoneum (n5 77;13%). Tumors were
botryoid in 19 (3%) cases and embryonal in 313 (52%), and
alveolar or undifferentiated sarcoma was present in 273
(45%). The median time to treatment failure for the entire
group of patients was 1.1 years (range, 1 week to 9 years);
95% of all failures occurred within 3 years from the start of
treatment. Sites of failure included local (n5 209; 35%),
regional (n5 96;16%), distant (n5 250;41%), and un-
known (n 5 50;8%) locations. Forty-three percent of
patients were treated on the IRS-III protocol, 24% on the
IRS-IV pilot, and 33% on IRS-IV (Table 4). Fourteen
percent of patients were treated with a VA-based regimen,
37% were treated with a VAC or a VAC-like regimen, and
25% received VAC alternating with VAdrC with or without
cisplatin or etoposide. The remaining 24% received two
courses of up-front window therapy followed by standard
VAC therapy. Forty-eight patients were assigned to receive
regimens that did not include radiotherapy at the time of
initial diagnosis (patients with group 1 disease on the IRS-III
protocol; patients with stage 1/2–group I disease on IRS-IV;
and patients with vulvar/vaginal primary tumors who achieved a
complete response after chemotherapy on IRS-IV).

The median survival time from first recurrence or progres-
sion for the entire relapse population was 0.82 years, with an
estimated 5-year survival rate from first recurrence of 17%
(95% confidence interval [CI], 14% to 21%) (Fig 1). The
median follow-up for patients who survived after relapse
was 4.7 years (range, 0.8 to 12.6 years).

Table 1. IRSG Surgicopathologic Grouping System

Group I Localized disease, completely resected
Group II Microscopic disease remaining with or without completely resected

regional nodal disease
Group III Incomplete resection or biopsy with gross residual disease
Group IV Distant metastases present at onset

Table 2. IRSG Pretreatment Tumor-Node-Metastasis Staging System

Stage Sites Invasiveness* Size

Nodal Status
and

Metastases†

1 Orbit/eyelid, head and
neck (excluding PM),
GU (excluding blad-
der/prostate)

T1 or T2 All N0 or N1 or Nx/M0

2 Bladder/prostate,
extremity, PM, other
(trunk, retroperito-
neum, etc)

T1 or T2 # 5 cm (a) N0 or Nx/M0

3 Bladder/prostate,
extremity, PM, other
(trunk, retroperito-
neum, etc)

T1 or T2 # 5 cm (a)
. 5 cm (b)

N1/M0
N0 or N1

4 All T1 or T2 a or b N0, N1/M1

Abbreviations: PM, parameningeal; GU, genitourinary.
*T1, confined to organ of origin; T2 extends beyond organ of origin.
†N, nodal involvement; N0, no nodal involvement; Nx, nodal involvement

unknown; N1, involved nodes; M0, no metastases; M1, metastases.
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Factors Predictive of Survival After Recurrence

The histologic subtype of the tumor at the time of initial
diagnosis was strongly associated with survival after recur-
rence (P, .001) (Fig 2). The five-year survival rate from the
time of recurrence for patients with botryoid tumors (n5

19) was 64% (95% CI, 40% to 88%), compared with 26%
(95% CI, 21% to 31%) for those with embryonal tumors
(n 5 313) and 5% (95% CI, 2% to 8%) for patients with
alveolar or undifferentiated sarcoma (n5 273).

Table 3. Clinical Characteristics of 605 Cases
of Recurrent or Progressive Pediatric RMS

Characteristic No. of Patients % of Patients

Age
, 5 years 195 32
5-9 years 144 24
10-14 years 157 26
15-20 years 109 18

Sex
Male 347 57
Female 258 43

Initial primary tumor site
Extremity 158 26
Parameningeal 113 19
Retroperitoneal 77 13
GU–non-B/P 51 8
GU-B/P 50 7
Head and neck 42 7
Orbit 25 4
Other 89 15

Histology
Alveolar or undifferentiated sarcoma 273 45
Embryonal 313 52
Botryoid 19 3

Study
IRS-III 258 43
IRS-IV pilot 147 24
IRS-IV 200 33

IRS clinical group
I 54 9
II 55 9
III 269 45
IV 227 37

Type of relapse
Local 209 35
Regional 96 16
Distant 250 41
Unknown 50 8

IRS tumor-node-metastasis stage
1 102 17
2 50 8
3 215 36
4 219 36
Unknown 19 3

Abbreviations: GU–non-BP, genitourinary, non–bladder/prostate; GU-BP,
genitourinary, bladder/prostate.

Table 4. Initial Protocol and Regimen Assignment of 605 Patients
Who Later Experienced Relapse

Protocol and Regimen No. of Patients

IRS-III (N 5 258)
Reg 31 (VA) 26
Reg 32 (VA 1 RT) 43
Reg 33 (VAAdr 1 RT) 11
Reg 34 (VAC 6 Adr 2 DTIC 1 RT) 24
Reg 35 (VAdrC 1 CDDP 6 VP16 1 RT) 54
Reg 36 (VAdrC 1 CDDP/VP16 1 RT) 64
Reg 37A (VAdrC 1 CDDP 6 VP16 1 RT) 5
Reg 37B (VAdrC 1 CDDP 6 VP16 1 RT) 14
Reg 38 (VAdrAC 1 CDDP 1 RT) 17

IRS-IV pilot (N 5 147)
Reg 39A (VAC 1 RT) 30
Reg 39B-C (VIE 1 RT) 8
Reg 39B-H (VAI 1 RT) 18
Reg 39C (VIE 1 RT) 13
Reg 39F (ID-VAC 1 RT) 78

IRS-IV (N 5 200)
Reg 40/41/45 (VAC 1 RT) 47
Reg 42/46 (VAI 1 RT) 35
Reg 43/47 (VIE 1 RT) 36
Reg 44 (VA 6 RT) 16
Reg 48 (VM-VAC 1 RT) 35
Reg 49 (IE-VAC 1 RT) 31

Radiotherapy* (N 5 605)
Yes 557
No 48

Regimen (N 5 605)
VA 85 (14%)
VAC or similar regimen 222 (37%)
VAdrAC 2 VAC 6 other agents 154 (25%)
Window 1 other 144 (24%)

Abbreviations: Reg, regimen; V, vincristine; A, actinomycin D; RT, radio-
therapy; Adr, doxorubicin; C, cyclophosphamide; DTIC, dacarbazine; CDDP,
cisplatin; VP16, etoposide; I, ifosfamide; E, etoposide; M, melphalan.

*As originally assigned at the time of protocol registration.

Fig 1. Progression-free survival curve for all patients treated on the
IRS-III, IRS-IV pilot, and IRS-IV protocols who experienced relapse or disease
progression.
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The small numbers of patients with botryoid tumors (n5 19)
precluded the analysis of prognostic factors within this histologic
subset. However, further subset analyses demonstrated distinct
prognostic features within the embryonal and alveolar or undiffer-
entiated sarcoma histologic subtypes, as discussed later.

Factors Predictive of Survival After Recurrence in
Patients With Alveolar or Undifferentiated Sarcoma

Among patients with alveolar or undifferentiated sar-
coma, the 5-year survival rate after first recurrence was
significantly better (P, .001) for those with group 1 (n5
16, or 40%; 95% CI, 14% to 65%) than for those with group
2, 3, or 4 disease (n5 257, or 3%; 95% CI, 0.4% to 5%)
(Fig 3). Five-year survival was not affected by the site of
recurrence (local, regional, distant), site of primary disease,
duration of initial remission, age, or type of therapy. Median
survival after treatment failure was longer for patients who
had a local recurrence and for those who had a late (more
than 1.5 years after initial therapy began) failure (P5 .002

andP , .001, respectively), although their 5-year survival
rate was not substantially different from that of other
patients. Patients with stage 2 tumors (n5 16) experienced
improved survival after disease recurrence or progression
when compared with patients with tumors in other stages
(P , .001); however, seven of these patients had group I
tumors, which may account for their improved survival.
Except for the small number of patients with group I tumors,
no other sets of patients with alveolar or undifferentiated
sarcoma and favorable outcome were identified.

Factors Predictive of Survival After Recurrence
in Patients With Embryonal Histology

Both IRSG stage and group at the time of initial diagnosis
were significantly associated with outcome in children with
embryonal tumors (P, .001) (Figs 4 and 5). Patients with
stage 1 or group I tumors (n5 85) had a 5-year survival rate
after recurrence of 52% (95% CI, 41% to 65%). Favorable
outcome extended to patients with stage 1/group I, stage
1–group II/III, and stage 2/3–group I disease at the time of
diagnosis. For patients with stage 2/3–group II/III tumors
(n 5 123), the estimated 5-year survival from the time of
recurrence was 20% (95% CI, 13% to 28%), and for those
with group IV disease (n5 94), it was 12% (95% CI, 5% to
19%). Further analysis showed that type of recurrence was
predictive of outcome only for patients with stage 1 or group
I tumors (P5 .001) (Table 5). In this group, 5-year survival
estimates were better after a local recurrence (72%; 95% CI,
57% to 91%) or a regional recurrence (50%; 95% CI, 26% to
75%) than after a distant recurrence (30%; 95% CI, 12% to
49%) (Fig 6).

Age between 5 and 9 years was also associated with improved
survival after relapse among patients with stage 1 or group I
embryonal tumors (P5 .03). Most patients in this subgroup
(nine of 12) hadlocal recurrence of primary orbital tumors.

Fig 3. Progression-free survival according to initial clinical group for
patients treated for alveolar or undifferentiated RMS on the IRS-III, IRS-IV
pilot, and IRS-IV protocols who experienced relapse or disease progression.

Fig 4. Progression-free survival according to initial clinical group for
patients treated for embryonal tumors on the IRS-III, IRS-IV pilot, or IRS-IV
protocols who experienced relapse or disease progression.

Fig 2. Progression-free survival according to tumor histology at presenta-
tion for patients treated on the IRS-III, IRS-IV pilot, and IRS-IV protocols who
experienced relapse or disease progression. Bot, botryoid; EMB, embryonal;
ALV/UND, alveolar or undifferentiated sarcoma.
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Impact of Initial therapy on Survival After Relapse

We found that initial treatment was predictive of survival
after recurrence only for ‘‘favorable patients,’’ those patients
whose expected 5-year survival rate was 40% or more (Table
5). The survival benefit after relapse was most evident for
patients with orbital primary tumors who had received VA as
part of their initial therapy (5-year survival rate, 86%; 95%
CI, 67% to 99%). The 5-year survival estimates were lower
for children who had received VA therapy for tumors in
other sites (52%;95% CI, 38% to 67%) or who had been
treated with VAC or similar therapy regardless of primary
tumor site (46%; 95% CI, 25% to 66%). The remaining 14
patients within this subgroup who received VAC and doxorubi-
cin, with or without cisplatin and with or without etopside, had
the worst outcome (5-year survival rate, 29%; 95% CI, 3% to

55%). These findings, however, should be interpreted within
the context of the type of initial therapy delivered, which in
this case was risk-directed. Because most patients received
radiotherapy, it was not possible to analyze the relationship
between radiotherapy and outcome after relapse.

DISCUSSION

This large retrospective analysis identified prognostic
factors that can be used in combination to provide the basis
for risk-adapted retrieval therapy for pediatric RMS. Table 5
illustrates the proposed risk-stratification model based on
our findings. Clinical features identified at the time of initial
diagnosis can be combined with tumor characteristics and,
in some cases, the site(s) of recurrence to reliably define
prognostic subgroups.

Patients initially diagnosed with botryoid, stage 1, or
group I tumors who experience a local or regional relapse or
those diagnosed with group I alveolar or undifferentiated
sarcoma (approximately 20% of patients who have relapses)
have an estimated 5-year survival rate after relapse of
approximately 50%. These findings justify an aggressive
retreatment approach designed to improve their relative
favorable outcomes. Consideration of each patient’s initial
therapy might help in selecting retreatment agents that have
known activity against RMS and that had not been used
extensively in initial therapy, such as the anthracyclines,1,9

ifosfamide with or without etoposide,10-12 and topoisomer-
ase I inhibitors.13-16

The approximately 80% of patients with recurrent disease
who are not in the prognostically favorable categories
described above fare poorly, with an overall 5-year survival
rate estimate of approximately 10%. Experimental therapies
may be appropriate for these patients. Potentially curative
strategies might include a series of up-front window therapy

Fig 5. Progression-free survival according to initial tumor-node-
metastasis stage for patients treated for embryonal tumors on the IRS-III,
IRS-IV pilot, or IRS-IV protocols who experienced relapse or disease progres-
sion.

Fig 6. Progression-free survival according to site of relapse (local,
regional, or distant) among patients treated for group I/stage 1 embryonal
tumors on the IRS-III, IRS-IV pilot, or IRS-IV protocols who experienced
relapse or disease progression.

Table 5. Factors Predictive of Survival After Relapse of Pediatric RMS

Category
No. of
Patients

Estimated 5-Year Survival Rate
From Time of Recurrence (%)

Favorable 120* 51†
Botryoid histology (all stages/

groups) 19 64
Embryonal histology (stage 1 or

group I) 85 52
Local recurrence 34 72
Regional recurrence 19 50
Distant recurrence 26 26

Alveolar or undifferentiated his-
tology (group I) 16 40

Unfavorable 485* 10†
Embryonal histology (stage 2/3–

group II/III) 134 20
Embryonal histology (group IV) 94 12
Alveolar or undifferentiated his-

tology (groups II, III, and IV) 257 3

*Total number of patients.
†Overall survival rate.
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trials to better define the clinical activity of novel com-
pounds.10,17,18There is currently no evidence to support the use
of high-dose chemotherapy with autologous stem-cell support.

Outcomes after relapse of pediatric RMS have not been
well documented. A previous IRSG report by Raney and
coworkers3 described 98 patients who had relapsed while in
complete remission after treatment on the IRSG-I protocol
(1972 through 1978). Thirteen experienced a local relapse,
and 85 had regional and/or metastatic recurrence. Ninety of
the patients were retreated with individualized therapy, and
33 (37%) achieved a second complete response. However,
only five (5.5%) remained tumor-free at the time the article
was published. Three of these five had been retreated with
regimens that included doxorubicin and radiotherapy. Pa-
tients who relapsed after completing therapy and those
whose site of recurrence could be completely excised
appeared to fare better than others. Klingebiel et al4 reported
the clinical outcome of 44 children with soft tissue sarcomas
(30 RMSs) who had relapsed after treatment with a VAdrC-
like regimen. Systemic retreatment included use of ifosfa-
mide, carboplatin, and etoposide. Local therapy was nonuni-
form and included radiotherapy (45 Gy), regional
hyperthermia, and/or surgery. All patients with embryonal
RMS and 11 of the 13 children with alveolar RMS had a
complete or partial response. Patients with embryonal tumors
and those whose salvage regimens included irradiation fared
significantly better than did other subgroups of patients.

Our study demonstrates that children with botryoid and
embryonal RMS fare better after disease recurrence than do
those with alveolar or undifferentiated sarcoma. However,
the apparent benefit of adding radiotherapy in the retreat-
ment regimen, as reported by Klingebiel et al,4 cannot be
determined in our series because of the absence of complete
and comparable data. A more recent detailed report of the
Malignant Mesenchymal Tumor Study 84 described 5-year
survival rates of 0% after distant recurrence and 41% after
local recurrence of nonmetastatic RMS at the time of
diagnosis.19 Local relapse was more common among pa-
tients with localized tumors; in this set of patients, those who
had initially been treated with chemotherapy alone fared
better than those who received radiotherapy and chemother-
apy as part of their initial treatment (46%v 29%, respec-
tively). In our series, outcome was shown to be influenced
by the site of recurrence only among patients who had
embryonal stage 1 or group I tumors. The inclusion of
radiotherapy in the initial treatment regimen did not appear
to affect survival rates after relapse.

This report lacks detailed information about the specific
elements of retreatment for our study group, and the use of
different salvage therapies may have confounded our analy-

sis of clinical outcomes. However, most of these patients
were treated in member institutions under the supervision of
pediatric oncologists, and the retrieval pattern and outcome
of specific patient sets are consistent with those reported in
the literature. For example, patients with orbital primary
tumors who received VA as part of their initial therapy had
an excellent outcome after relapse (5-year survival rate, 86%), as
did similar patients in the Malignant Mesenchymal Tumor Study
84.20The favorable outcome of these patients might be related to
the relatively nonintense initial therapy most of them received
(VA only), or alternatively, it may simply reflect the more
favorable tumor biology of this patient subset.

We found that approximately two thirds of patients with
botryoid tumors can be successfully retreated after relapse.
This finding is not surprising, because botryoid tumors tend
to occur in prognostically favorable sites such as the vagina,
are known to respond well to initial treatment, and rarely
recur. When relapse does occur, this favorable phenotype
appears to persist. Surgical excision of recurrent tumors is
often possible and is often followed by chemotherapy that
combines agents previously used with those not previously
used. Patients whose primary tumors occur in favorable sites
or are completely excised (group I) also have a relatively
good prognosis after relapse, especially if the recurrence is
local. Finally, patients with group I alveolar or undifferenti-
ated sarcoma also appear to have a relatively favorable
outlook after relapse. Most of these patients received initial
irradiation on the IRSG-III protocol and intensive chemother-
apy on the IRS-III, IRSG-IV pilot, and/or IRSG-IV studies.
There were too few patients in this category to reliably
ascertain whether treatment history or site of relapse is
important to the subsequent possibility of cure.

The IRSG is currently developing a relapse protocol that
includes up-front window therapy using irinotecan, a new
topoisomerase I inhibitor that has shown very high levels of
antitumor activity against xenografted human embryonal
and alveolar RMSs.15,16,18In fact, tumors that are resistant to
other topoisomerase I inhibitors such as topotecan have been
shown to remain sensitive to this agent. Window therapy
will be followed by induction therapy with agents not
previously used and given as drug pairs. Thus patients with
more favorable prognoses will receive intensive multiagent
chemotherapy with radiotherapy and/or surgery when fea-
sible. For those with unfavorable prognoses, such therapy
will be followed by dose-intensified chemotherapy and
maintenance therapy with agents such as etoposide. The
study is expected to yield information that will be useful for
the treatment of newly diagnosed patients while contributing
to improved cure rates after relapse.
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APPENDIX
Participants in the Intergroup Rhabdomyosarcoma Study Group Trial

Participants in this Intergroup Rhabdomyosarcoma Study Group trial include the following: Richard J. Andrassy, MD, M.D. Anderson Cancer
Center, Houston, TX; Carola A.S. Arndt, MD, Mayo Clinic, Rochester, MN; Scott Baker, MD, University of Minnesota Hospital, Minneapolis, MN;
Frederic G. Barr, MD, PhD, University of Pennsylvania School of Medicine, Philadelphia, PA; W. Archie Bleyer, MD, M.D. Anderson Cancer Center,
Houston, TX; John C. Breneman, MD, Barrett Clinical Cancer Center, Cincinnati, OH; Julia A. Bridge, MD, University of Nebraska Medical Center,
Omaha, NE; Peter J. Houghton, PhD, St. Jude Children’s Research Hospital, Memphis, TN; Karen Lindsley, MD, University of Washington Medical
Center, Seattle, WA; Michael P. Link, MD, Stanford University Medical Center, Stanford, CA; William H. Meyer, MD, University of Oklahoma
Health Sciences Center, Oklahoma City, OK; Jeff Michalski, MD, Mallinckrodt Institute of Radiology, Washington University School of Medicine,
St. Louis, MO; Sharon B. Murphy, MD, Children’s Memorial Hospital, Chicago, IL; Charles N. Paidas, MD, Johns Hopkins Hospital, Baltimore, MD;
Leslie Robison, PhD, University of Minnesota, Minneapolis, MN; Eric Sandler, MD, Nemours Children’s Clinic, Jacksonville, FL; Lynn Smith, MD,
University of Utah, Salt Lake City, UT; Poul H.B. Sorensen, MD, PhD, British Columbia Children’s Hospital, Vancouver, BC, Canada; Lisa A. Teot,
MD, University of Rochester Medical Center, Rochester, NY; Timothy Triche, MD, Childrens Hospital Los Angeles, Los Angeles, CA; Teresa J.
Vietti, MD, St. Louis Children’s Hospital, St. Louis, MO; and David Walterhouse, MD, Children’s Memorial Hospital, Chicago, IL.
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