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Abstract

1 Background Persisting residual mass at treatment completion are known in rhabdomyosarcoma(RMS) who have been treated

with definitive radiotherapy to the primary site, but their prognostic significance is uncertain. Tumour response as assessed by

anatomic imaging is not prognostic and there are only limited studies based on FDG-PET response. We report the prognostic

significance of persistent FDG avidity in residual masses, assessed 3-months post completion of radiotherapy, in paediatric RMS

who have undergone definitive RT as primary local therapy. 2 Materials and Methods Children[?]15 years with Group 3 or

4 RMS treated on a uniform chemotherapy protocol, who received definitive radiotherapy for local control from June 2013-

December 2018, and had FDG-PET CT at 3-months post radiotherapy were retrospectively analysed for outcomes. 3 Results

Sixty-three children formed the study cohort, (55 Group3 and 8 Group4) FDG-PET CT scan done 3-months post-radiotherapy

showed FDG-avid residual mass in 11 patients(17.5%), morphologic only (FDG negative) residual mass in 24 patients(38.1%)

and no residual in 28 patients(44.4%). At a median follow-up of 41months (range,10-83months), 3-year Event Free Survival of

patients with FDG-avid residual are 45.5% (95%CI:23.8%-86.8%) and for those with morphologic only or no residual are 71.4%

(95%CI:59.6%-85.5%). Presence of FDG-avid residual on PET-CT scan 3-months post definitive RT [HR-2.92(95%CI:1.13-

7.57),p=0.028] and regional lymph node involvement [HR-3.14(95%CI:1.26-7.78),p=0.014] affected outcomes, which retained

significance on multivariate analysis too. 4 Conclusions Persistent metabolic activity in residual disease at the end of therapy

in RMS may portend poorer prognosis, and help identify patients who would benefit from alternative treatment strategy.
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ABSTRACT

1 Background

Persisting residual mass at treatment completion are known in rhabdomyosarcoma(RMS) who have been
treated with definitive radiotherapy to the primary site, but their prognostic significance is uncertain. Tu-
mour response as assessed by anatomic imaging is not prognostic and there are only limited studies based
on FDG-PET response. We report the prognostic significance of persistent FDG avidity in residual masses,
assessed 3-months post completion of radiotherapy, in paediatric RMS who have undergone definitive RT as
primary local therapy.

2 Materials and Methods

Children[?]15 years with Group 3 or 4 RMS treated on a uniform chemotherapy protocol, who received
definitive radiotherapy for local control from June 2013-December 2018, and had FDG-PET CT at 3-months
post radiotherapy were retrospectively analysed for outcomes.

3 Results

Sixty-three children formed the study cohort, (55 Group3 and 8 Group4) FDG-PET CT scan done 3-
months post-radiotherapy showed FDG-avid residual mass in 11 patients(17.5%), morphologic only (FDG
negative) residual mass in 24 patients(38.1%) and no residual in 28 patients(44.4%). At a median follow-
up of 41months (range,10-83months), 3-year Event Free Survival of patients with FDG-avid residual was
45.5% (95%CI:23.8%-86.8%) and for those with morphologic only or no residual was 71.4% (95%CI:59.6%-
85.5%). Presence of FDG-avid residual on PET-CT scan 3-months post definitive RT [HR-2.92(95%CI:1.13-
7.57),p=0.028] and regional lymph node involvement [HR-3.14(95%CI:1.26-7.78),p=0.014] affected outcomes,
which retained significance on multivariate analysis too.

4 Conclusions

3
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Persistent metabolic activity in residual disease at the end of therapy in RMS may portend poorer prognosis,
and help identify patients who would benefit from alternative treatment strategy.

1 INTRODUCTION

Rhabdomyosarcoma (RMS) accounts for 3.5% and 2% of malignancies in 0-14 years and 15-19 years age
groups respectively with well-established prognostic factors which include age, size, site, histology, molecular
status, clinical group and stage.(1-12) Most clinical group III patients undergo definitive radiotherapy (RT)
for local control, and persistence of mass at the completion of all therapy is well known. Initial retrospective
studies carried out on the biopsy specimens of subsets of patients with RMS and residual tumor masses
showed the presence of mature rhabdomyoblasts and did not justify radical surgeries or continuation of
therapy.(13-14) These radiographic masses can result from stromal scarring or cytodifferentiation of RMS
cells to rhabdomyoblasts post chemo-radiotherapy and has been shown to be of no prognostic significance
when assessed by anatomic imaging in a larger IRS-IV (Intergroup Rhabdomyosarcoma) study cohort.(15)
Functional imaging using 18F-FDG-PET (fluorodeoxyglucose positron emission tomography) has been used in
response assessment in limited settings such as Hodgkin lymphoma in pediatric oncology to tailor treatment,
especially due to their ability to better differentiate viable versus necrotic tissue.(16) Such studies utilizing
PET for prognostication at treatment completion are limited in RMS and are heterogeneous with respect
to the time point of assessment.(17-18) In this study, we retrospectively analysed the prognostic significance
of persistent FDG avidity in residual masses in paediatric patients with RMS. All patients had undergone
definitive RT as primary local therapy, and were analysed at a specific time point post-RT.

2 AIMS AND OBJECTIVES

Patients treated for RMS at the pediatric oncology department of our center over a 5.5-year period (June
2013-December 2018) using a uniform protocol and who received radiation therapy as definitive local treat-
ment were included. The 18F-FDG-PET CT scans performed at 3-month post completion of radiotherapy
were analyzed retrospectively. The primary objective was to assess the prognostic significance of residual
masses for event free survival (EFS). Secondary objectives were to study the overall survival (OS), incidence
of residual masses and clinical profile of the cohort.

3 MATERIALS AND METHODS

3.1 Methods

Children ([?]15 years) with biopsy proven, clinical group 3 or 4 RMS from June 2013 to December 2018 and
who received radiation therapy as definitive local treatment were included. Those who could not complete
treatment due to progression or toxic death were excluded. The study cohort had FDG-PET CT scan
done 3months post radiotherapy. Diagnosis was made by histopathology (including immunohistochemistry).
Molecular translocation studies (fusion status studies) for PAX3-FKHFR and PAX7-FKHFR was done
whenever possible. Staging was done by PET-CT scan and bilateral bone marrow aspiration and biopsies in
all.

Lymph node sampling and CSF studies for staging (in para-meningeal primary) and MRI (Magnetic Reso-
nance Imaging) for better delineation of primary tumor were performed where indicated. All patients were
treated on a uniform chemotherapy protocol consisting of 12 cycles of chemotherapy given at 3-weekly in-
tervals [either VIE-vincristine, ifosfamide, etoposide + VCD-vincristine, cyclophosphamide, dactinomycin or
VCD only (especially in infants, bladder and prostate RMS or those children with hydroureteronephrosis),
Figure 1]. Local therapy was planned after 12 weeks of induction chemotherapy. The eligible cohort received
definitive radiotherapy at a dose of 50.4Gy/28#, 1.8Gy/# using Intensity modulated RT technique (IMRT).
Metastatic sites were addressed with RT at a dose ranging from 41.4Gy/23# to 50.4Gy/28#, dose and
fractionation depending on the number of sites and response, usually timed together with RT to primary.
Disease status was assessed with 18F-FDG-PET CT done 3 months after completion of RT and patients were
classified as having either no residual, morphological residual disease with no FDG avidity (defined as no
FDG uptake greater than the background blood pool activity) or FDG-avid residual (or metabolic residual,

4
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defined as FDG uptake greater than the background blood pool activity in a residual lesion).

3.2 Statistical methods

Baseline variables and outcomes were analyzed by descriptive statistics. For survival analysis, an event was
defined as relapse, progression or death due to any cause. Event-free survival (EFS) was calculated as time
from the date of diagnosis to event. Overall survival (OS) was calculated as time from date of diagnosis to
death due to any cause, or last follow-up. All patients without an event were censored at last follow up.
Estimates of survival were computed using the Kaplan-Meier method. Prognostic variables were analyzed
using Cox regression analysis. P<0.05 was considered significant. Statistical analysis was performed using
SPSS software, version 24.

4 RESULTS

4.1 Epidemiological and clinical profile

There were 93 patients who received definitive radiotherapy for local control during the study period. Sixty-
three children with a PET-CT assessment 3months post definitive RT, formed the study cohort with a
median age of 5 years (range1-15 years) and male to female ratio of 2.1:1. Fifty-five patients had clinical
group 3 disease and 8 patients had clinical group 4 disease. The consort diagram of the retrospective study
is depicted in Figure 2. The detailed demographic and clinical characteristics are depicted in TABLE 1.

4.2 Assessment post-definitive radiotherapy by FDG-PET CT

Patients assessed with FDG-PET CT scan 3-months post-definitive RT showed FDG-avid residual masses in
11 patients (17.5%), morphological residual in 24 patients (38.1%) and no residual in 28 patients (44.4%). Of
the 11 patients with FDG-avid residual, 7 patients had residual metabolic activity at the primary site only, 2
had residual metabolic activity at the regional lymph node only, 1 at both primary and focal metastatic site
and another 1 at primary and regional lymph node. Three of 8 patients with Group 4 disease had FDG-avid
residual (1 each at primary site, regional lymph node, primary and focal bone marrow metastatic site). Of
11 patients with FDG-avid residual, molecular translocation status was available in 9, with fusion positive
RMS in 4 (PAX3-FKHFR-3, PAX7-FKHFR-1) and fusion negative RMS in 5.

4.3 Outcomes

At the time of analysis, 41 children are alive, 15 expired and 7 are lost to follow-up (last follow up more
than 12 months from the date of analysis and not able to contact via telephone). Of 15 deaths in the whole
cohort, 14 died due to disease, 1 died while on salvage chemotherapy for relapse, cause unknown. At a
median follow up of 41 months (range 10 – 83 months), 3-year EFS and OS of the whole cohort was 66.9%
(95%CI:55.9%-80.1%) and 73.6% (95%CI:62.3%-86.9%) respectively. Three-year EFS of patients with no
residual was 73.3% (95%CI:58.0%-92.6%), those with morphological only residual was 70.2% (95%CI:53.9%-
91.4%), (p=0.964) and those with FDG-avid residual was 45.5% (95%CI:23.8%-86.8%), (p=0.047). Since
the patients with no residual and morphological residual had similar 3-year EFS, when compared to those
patients with FDG-avid residual, they were grouped together for further analysis. Three-year EFS of patients
with FDG-avid residual masses was 45.5% (95%CI:23.8%-86.8%) and for those with morphological residual
or no residual was 71.4% (95%CI:59.6%-85.5%), (p=0.028) and 3-year OS of patients with FDG-avid residual
masses was 56.2% (95%CI:31.6%-100.0%) and for those with morphological residual or no residual was 76.4%
(95%CI:64.3%-90.8%), (p=0.09). The survival curves are depicted in Figure 3.

The cumulative incidence of relapse for those with FDG-avid residual was 54.5% (95%CI:13.2%-76.2%),
for those with morphological only residual and no residual were 29.8% (95%CI:8.6%-26.7%) and 26.7%
(95%CI:7.4%-42.0%) respectively. There were 6 relapses in 11 patients with FDG-avid residual, out of which
4 had FDG-avid residual in primary site only, 1 each in regional lymph-node, primary and metastatic site.
Of these 6 relapses, 3 were metastatic lung relapses (1 each with FDG-avid residual on assessment post
primary therapy present in primary site only, regional lymph-node only and primary and focal metastatic
bone marrow site), 2 were local only relapses (both had FDG-avid residual in primary site only) and 1 was

5
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regional relapse (FDG-avid residual in primary site only). The median time to relapse in this cohort with
FDG-avid residual was 2.5 months (range 0-9 months) from the completion of therapy. The details of the
relapses in the study cohort are shown in TABLE 2. Of 6 with FDG-avid residual who relapsed, 3 were
fusion positive (PAX3-FKHFR-2, PAX7-FKHFR-1), 1 was fusion negative and translocation studies were
not done in 2.

4.4 Prognostic factors

Presence of FDG-avid residual disease persisting after RT [HR-2.92 (95%CI:1.13-7.57), (p=0.028)] and re-
gional lymph-node involvement [HR-3.14 (95%CI:1.26-7.78), (p=0.014)] affected outcomes in the study popu-
lation on univariate analysis. On multivariate analysis, FDG-avid residual tumor post definitive RT [HR-2.73
(95%CI:1.05-7.10), (p=0.04)] and regional lymph-node involvement [HR-3.02 (95%CI:1.21-7.50), (p=0.018)]
retained significance for EFS. Molecular translocation status of the tumours was not available in all and
hence the prognostic significance could not be ascertained. The details are in TABLE 3.

5 DISCUSSION

Treatment of rhabdomyosarcoma has been refined over successive co-operative group trials, which have
defined the risk-adapted approach incorporating the identified prognostic factors. The presence of persistent
radiographic masses at the completion of therapy is well known in patients with clinical group 3 RMS
treated with definitive radiotherapy and chemotherapy with a reported incidence of 19% in the IRS IV study
cohort.(15) In our study cohort, the incidence of residual mass was 55.6%, higher than the above study and
therefore requires a robust tool for prognostication and further management.

Assessment of disease status at treatment completion using anatomic imaging such as CT or MRI has
not been found to be of prognostic significance in a COG study, which showed no significant indication of
lower risk of failure [HR-0.77,95%CI:0.46-1.27, (p=0.3)] nor death [HR-0.63, 95%CI:0.36-1.09, (p=0.1)] for
patients with no residual versus those with anatomic residual. The study also showed that only half of
the residual masses that were resected at treatment completion had residual viable tumor and these late
surgical resections added to morbidity without improved outcomes.(15) This lack of prognostic significance
by anatomic imaging could be due to the inability of these techniques to differentiate necrotic or fibrotic
tissue from viable tumor. Hence functional imaging utilizing FDG-PET would be a better tool to identify
patients with residual viable tumor and thereby prognosticate these patients. This has been retrospectively
analyzed in limited studies, mainly by MSKCC where in positivity on a PET done over a varying time
frame ranging from 3 days to 4.5 months after completion of RT was prognostic of LRFS (Local relapse free
survival), PFS (Progression free survival) and OS.(17-18) Based on the above studies, and keeping in with
the observation from our study that no residual and morphological only residual had similar outcomes, we
combined these groups into one for analysis.

In our study, the eligible patients were uniformly assessed at 3 months post definitive RT which would negate
the false positive FDG-avidity that could be seen if done earlier due to the metabolic effect post radiation,
giving a true estimate of FDG-avid residual. This is also timed towards the latter part of chemotherapy
before treatment completion when alternative treatment strategies could be implemented. This is more so
relevant taking into consideration that 6 out of the 11 patients with FDG-avid residual relapsed in a period of
less than 12 months, most (n=5/6, 83.3%) within 6 months of treatment completion and hence this specific
time point of assessment could guide management decisions which is warranted soon thereafter if relapse is
to be prevented. This could entail surgical resection of the residual masses if it can be carried out without
morbidity and institution of salvage chemotherapy, as the residual disease will already be resistant to the
ongoing chemotherapeutic drugs or administration of maintenance chemotherapy in a metronomic fashion
after completion of planned chemotherapy and before frank relapse, when the disease burden is low. The
latter option appears more attractive than former in the present context where metronomic maintenance
chemotherapy has already been shown to improve survival in localized high risk rhabdomyosarcoma and
application of salvage chemotherapy with its attendant toxicities might be an overkill and intolerable in this
unnavigated area, especially when delivered immediately following primary intensive chemotherapy.(19) As
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the relapses were more metastatic, local therapy in the form of surgical resection alone would not suffice.
This was also shown in the MSKCC study where 67% (18 of 27) of patients with positive post-RT PET
relapsed with a local failure rate of 27% in the cohort.(18) A larger prospective study could inform the most
appropriate approach in this context. This study also shows that there is no need for radical surgeries or
biopsies in morphological only residual masses on PET-CT.

The limitations of this study are the small sample size and the retrospective nature of the study. But
given the number of patients undergoing definitive radiotherapy in this rare disease and the fact that at
the patient level, 6 out of the 11 patients with FDG-avid residual relapsed with presence of FDG-avid
residual showing prognostic significance on multivariate analysis, there is a compelling evidence warranting
alternative strategies for this population and necessitating larger, multicenter prospective studies addressing
the issue. In this study, metastatic disease was not prognostically significant, which could probably be due
to the lesser number of Group 4 patients in the cohort and will require validation in a larger cohort.

6 CONCLUSIONS

Persistent FDG-avid residual masses at 3-months post radiotherapy in paediatric RMS may portend poor
prognosis in those receiving definitive local RT. This subset of high risk patients would benefit from alter-
native treatment strategies, and need to be identified to improve outcomes.
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TABLE 1. Demographic and clinical characteristics

TABLE 2. Site of relapses in the study cohort

TABLE 3. Prognostic factors A) Univariate analysis- EFS and OS B) Multivariate analysis- EFS and OS of
whole cohort

Figure 1. Treatment schema used in the patients

Figure 2. Consort diagram of this retrospective study

Figure 3. A) EFS of whole cohort B) OS of whole cohort C) EFS based on PET response 3 months post
definitive RT D) OS based on PET response 3 months post definitive RT
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TABLE 2.pdf available at https://authorea.com/users/321709/articles/483545-prognostic-
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definitive-radiotherapy-in-pediatric-rhabdomyosarcoma

 
Figure 1. Treatment schema of the study. VAC: vincristine- iv push D1, D8, D15 (> 

3years: 1.5mg/m2, 1-3years: 0.05mg/kg, <1year: 0.025mg/kg), actinomycin-D- iv 

push D1 (>3years/1-3years: 0.045mg/kg, <1year: 0.025mg/kg), cyclophosphamide- 

iv over 30 minutes D1 (>3years: 2200mg/m2, 1-3years: 73mg/kg, <1year: 36mg/kg) 

with iv mesna 500mg/m2 at 0,3,6,9 hours of cyclophosphamide D1, VIE: vincristine-

1.5mg/m2 iv push D1, D8, D15, ifosfamide- 1800mg/m2 iv infusion over 2 hrs with iv 

mesna 600mg/m2 at 0,3,6,9 hours of ifosfamide D1-D5, etoposide- 100mg/m2 iv over 

1-2 hours D1-D5, RT- Radiotherapy, FDG PET- Fluorodeoxy-Positron Emission 

Tomography. * Dactinomycin is omitted during concurrent RT to head, neck and 

truncal sites, and etoposide is omitted during concurrent RT to any site  

 

 

 
 

INDUCTION 
CHEMOTHERAPY

MAINTENANCE
CHEMOTHERAPY

W0         W3        W6         W9               W12        W15       W18        W21        W24      W27      W30      W33   

LOCAL THERAPY-RT

VAC VAC VAC VAC

VIE VIE VIE VIE

VAC* VAC* VAC VAC VAC VAC VAC VAC

VIE* VIE* VIE VIE VAC VAC VAC VAC

Chemotherapy  
• VIE   (vincristine, ifosfamide, etoposide)  / 
• VAC (vincristine, dactinomycin, cyclophosphamide)

based - 12 cycles

OR OR

FDG-PET CT TUMOR ASSESSMENT
FDG-PET CT
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Figure 2. Consort diagram of this study 

 

Newly diagnosed RMS treated    
(n=168)

Definitive RT
(n=93)

- Early deaths (Before local therapy) -5
- Defaulted before local therapy-3
- Referred outside-1
- Progression on chemotherapy-3

PET assessment post Definitive RT-
Study cohort

(n=63)

Registered cases of 
Rhabdomyosarcoma (RMS)    

(n=318)

- Extensive metastases, palliated-36
- Treatment outside with recurrence-46
- Second opinion-7
- For local therapy-14
- Treatment outside-11
- Defaulted-17
- Expired before treatement-1
- Others-18

FDG-avid residual
(n=11)

Relapse-6
(death-4,LFU-2)

Alive,well-5

Morphological residual
(n=24)

Relapse-7
(Death-5,LFU-2)

Alive,well-17

No residual
(n=28)

Relapse-8
(Death-6,Alive without disease-2)

Alive,well-17,LFU-3
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