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Abstract
Background  Primary pulmonary rhabdomyosarcoma (RMS), a rare soft tissue sarcoma, is characterized by a 
high recurrence rate and a poor prognosis. This systematic review aims to summarize the clinical characteristics, 
pathological features, treatment, and clinical outcomes of primary pulmonary RMS, and to analyze prognostic-related 
risk factors to provide robust evidence for future treatment strategies.

Methods  Five databases (MEDLINE, Scopus, the Cochrane Central Register of Controlled Trials, EMBASE, and Web 
of Science) were searched using the relevant terms including “pulmonary”, “lung”, “alveolar”, “ERMS”, “ARMS”, “RMS” 
and “rhabdomyosarcoma”. Cases with a definitive pathological diagnosis of RMS, complete treatment information, a 
minimum follow-up period of at least three months, and detailed follow-up records were included. The primary study 
endpoints were cancer-specific survival (CSS) and progression-free survival (PFS).

Results  22 articles spanning from 1955 to 2023 met the inclusion criteria for the systematic review. The median 
patient age was 10.5 (2.0, 52.5) years. 22 cases (78.6%) presented with respiratory symptoms due to pulmonary masses 
at the initial diagnosis. 10 cases were diagnosed with the embryonal type, and the majority (n = 20, 71.4%) underwent 
surgical treatment. The average PFS time was 60.9 ± 14.8 months. Patients at TNM stage IV were more prone to 
progression, and CSS was associated with factors including age ≥ 18 years, primary tumor size ≥ 10 cm, and non-
surgical treatment. Surgery was identified as an independent factor that could shorten progression time (HR = 4.58 
(1.32–15.90), P = 0.017) and improve tumor-related survival (HR = 8.11 (1.45–45.50), P = 0.017).

Conclusions  Patients with higher TNM stages who did not undergo surgery tended to have more aggressive tumors, 
whereas primary tumors ≥ 10 cm and ages ≥ 18 years were associated with increased tumor-related mortality. Surgery, 
the primary treatment modality, independently improved CSS rates. Exploring optimal comprehensive treatment 
strategies that combine surgery, radiotherapy, and chemotherapy represents the principal direction for future 
research.
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Introduction
Rhabdomyosarcoma (RMS), a soft tissue sarcoma origi-
nating from the malignant transformation of striated 
muscle, can also occur in anatomical areas lacking nor-
mal skeletal muscle [1, 2]. As the most common soft 
tissue tumor in childhood, RMS accounts for approxi-
mately 6.5% of pediatric tumors and represents over 50% 
of pediatric soft tissue sarcomas, while it comprises less 
than 5% of adult sarcomas [3–5]. The primary sites of 
RMS include the head and neck region (35%), followed 
by the urogenital system, the limbs, and the trunk [6, 7].

RMS is sensitive to radiotherapy and chemotherapy; 
however, single-treatment modalities offer limited 
effectiveness. A multidisciplinary treatment approach 
combining surgery, radiotherapy, and chemotherapy is 
essential. Over the past decade, major pediatric oncology 
research groups, including the Intergroup Rhabdomyo-
sarcoma Study Group (IRSG) in the United States and 
the European Pediatric Soft Tissue Sarcoma Study Group 
(EpSSG), have conducted long-term clinical studies [8–
10]. Based on factors including age, tumor size, pathol-
ogy, and clinical staging, these groups have categorized 
RMS into three risk levels: low, intermediate, and high, 
aiming to implement stratified management and com-
prehensive treatment. The precise selection of treatment 
modalities and implementation of multimodal treatment 
plans have significantly improved therapeutic outcomes 
and survival rates for RMS at various sites, with pediatric 
RMS survival now exceeding 70% [11, 12].

However, primary RMS in the pulmonary region, an 
anatomical site typically devoid of striated muscle, has 
been seldom reported in cases [13]. The profound rarity 
of primary pulmonary RMS has precluded the develop-
ment of standardized treatment strategies, contributing 
to the unpredictability of its prognosis. In this study, we 
performed a systematic review of the literature, to sum-
marize the clinical characteristics, pathological features, 
treatment modalities, and clinical outcomes of primary 
pulmonary RMS. Furthermore, we analyzed prognostic 
risk factors to provide robust, evidence-based medical 
insights for future treatment strategies of primary pul-
monary RMS, ultimately aiming to improve prognosis 
and enhance survival rates.

Materials and methods
To identify relevant literature, we utilized MEDLINE 
(OVID), Scopus, the Cochrane Central Register of Con-
trolled Trials, EMBASE, and Web of Science as data-
bases, searching for the following terms, including 
“pulmonary”, “lung”, “alveolar”, “ERMS”, “ARMS”, “RMS” 
and “rhabdomyosarcoma”. The literature search was con-
ducted using the following search strategy: (“pulmonary” 
OR “lung” OR “alveolar”) AND (“rhabdomyosarcoma” 
OR “ERMS” OR “ARMS” OR “RMS”). We focused our 

search on human studies, without restricting the types 
of clinical research, and excluded duplicate articles. Our 
systematic retrieval and screening process was carried 
out in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. All article selection processes were double-checked 
and verified by two authors (Y. Tao and W. Cheng).

Cases included in the systematic review met the fol-
lowing criteria: a definitive pathological diagnosis of 
RMS obtained through tissue biopsy or autopsy; detailed 
records of follow-up duration, survival, and recurrence 
times; complete treatment information for the patient; 
at the initial diagnosis, sufficient medical history, clinical 
presentation, and imaging evidence supported that the 
pulmonary lesion was primary rather than metastatic; 
and a minimum follow-up period of no less than three 
months, except when the patient died due to tumor-
related reasons. The final inclusion of literature relied on 
a comprehensive review to ensure that they met the entry 
criteria.

Patient information was systematically extracted from 
all cases, covering gender, age, underlying diseases, 
clinical manifestations, auxiliary examinations, histo-
pathological classification, tumor size, initial sites of 
metastasis, TNM staging, initial treatment strategies 
(such as surgery, chemotherapy, and radiotherapy), and 
follow-up duration. The TNM staging was based on the 
IRSG staging system for RMS [14, 15].

Survival information for patients was sourced from the 
literature, focusing on primary study endpoints including 
cancer-specific survival (CSS) and progression-free sur-
vival (PFS). CSS was characterized as the proportion of 
patients who did not succumb to tumor-related causes, 
while PFS was described as survival without progression. 
Kaplan-Meier survival analysis was performed on CSS 
and PFS using the collected clinical variables, and log-
rank analysis was employed to elucidate the impact of 
different variables on patient outcomes. Variables signifi-
cant in the univariate analysis (P < 0.1) were incorporated 
into the multivariate analysis to identify independent 
factors affecting CSS and PFS, with a P-value of ≤ 0.05 
considered statistically significant. Survival and Cox 
regression analyses in this study were conducted using 
IBM SPSS 29.0, whereas Kaplan-Meier curves were plot-
ted using GraphPad software.

Results
Figure  1 depicts the process of our systematic lit-
erature search and screening. From MEDLINE, Sco-
pus, Cochrane Central Register of Controlled Trials, 
EMBASE, and Web of Science, we retrieved 2429, 890, 
157, 740 and 240 articles, respectively. After removing 
493 duplicate articles and excluding 3803 articles that 
failed to meet the research criteria based on titles and 
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abstracts, we further removed 124 articles after full-text 
review for not matching the theme or targeting inappro-
priate research groups. Additionally, we excluded 11 arti-
cles with incomplete clinical data and 3 with incomplete 
follow-up data. Ultimately, 22 articles met the criteria for 
inclusion in the systematic review.

The analysis included 22 case reports on primary 
pulmonary RMS, documenting 28 patient cases. 
Table  1 summarizes all reported cases, listing authors, 

publication years, patient ages, genders, histopathologi-
cal classification, lesion sizes, sites of metastasis, TNM 
staging, initial treatments, and prognosis outcomes con-
cerning recurrence and survival. Supplementary Table 
1 compiles information on patients’ smoking histories, 
clinical manifestations, physical examinations, laboratory 
tests, imaging examinations, and diagnostic methods.

The literature reviewed in this study spanned nearly 
70 years, from 1955 to 2023. Across all 28 cases, the 

Fig. 1  Systematic review of the literature according to PRISMA. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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median patient age was 10.5 (2.0, 52.5) years, with 15 
cases (53.6%) involving patients under 18 years old. The 
male-to-female ratio was nearly equal (13:15). 17.8% of 
the patients reported a history of smoking, while five 
pediatric patients had congenital cystic adenomatoid 
malformation (CCAM), accounting for 1/3 of all pediat-
ric cases. Nearly all patients exhibited clinical symptoms 
at the initial diagnosis, with 22 cases (78.6%) presenting 
respiratory symptoms attributed to pulmonary masses, 
including cough, chest pain, shortness of breath, diffi-
culty breathing, and even spontaneous pneumothorax. 
Six patients (21.4%) experienced systemic inflammatory 
symptoms, including fever, fatigue, and weight loss; two 
cases (7.1%) reported abdominal discomfort; and one 
(3.6%) initially presented with unexplained swelling of 
the ankles, hands, and knee pain, as detailed in Supple-
mentary Table 1.

The diagnosis for all patients was ultimately confirmed 
through tissue biopsy or autopsy. Of the 18 patients 
with a clear pathological classification, 10 (55.6%) were 
diagnosed with the embryonal type, while 4 (22.2%) 
were identified as either alveolar or pleomorphic types. 
Tumor size was determined from pathological speci-
mens or, when unavailable, from imaging examinations. 
At initial treatment, all patients’ tumors measured over 
1  cm, with 6 cases (21.4%) between 1 and 5  cm, 42.9% 
between 5 and 10 cm, and 35.7% exceeding 10 cm at the 
primary pulmonary site. 10 cases (35.7%) showed local 
lymph node or distant organ metastasis at initial diagno-
sis, confirmed through imaging or surgery, with pleural 
metastasis as the most common type. TNM staging at 
diagnosis revealed that only 3 patients (10.7%) were at 
stage II, while the majority, 17 (60.7%), were at stage III.

Table 1  Cases of primary pulmonary rhabdomyosarcoma arranged by publication date
Author; Year of 
publication

Sex Age 
(years)

Histology Tu-
mour 
size 
(cm)

Metastatic site TNM 
Stage

Initial 
treatment

Recur-
rence 
(time, 
Months)

Survival 
Outcome 
(time, 
Months)

Jin et al. [20]; 2023 M 75 N/A 5–10 None 3 CT No DDD (2 M)
Nishioka et al. [13]; 2018 F 66 Alveolar 5–10 Lymphatic node 3 PC + CT No Alive (9 M)
Kandola et al. [25]; 2018 M 20 Alveolar >10 None 3 RT + CT No DDD (2 M)
Ji et al. [26]; 2013 M 51 Alveolar 5–10 None 3 CT No DDD (8 M)
Guo et al. [21]; 2013 F 3 Embryonal 5–10 Brain 4 None No DDD (1 M)
Yoko et al. [27]; 2009 M 64 N/A >10 None 3 None No DDD (1 M)
Gupta et al. [22]; 2007 M 38 Pleomorphic >10 Pleura and lymphatic node 4 SC + CT Yes (1.5 M) DDD (2.5 M)
Doladzas et al. [28]; 2005 F 2 Pleomorphic 1–5 None 3 PC + RT + CT No Alive (120 M)
Comin et al. [29]; 2001 M 62 N/A 5–10 Lymphatic node 3 PC + RT No Alive (9 M)
Agostino et al. [30]; 1997 F 2 Embryonal >10 None 3 PC + CT No Alive (72 M)
Schiavetti et al. [23]; 1996 F 2.5 Embryonal >10 None 3 PC + RT + CT Yes (14 M) DDD (14 M)
Schiavetti et al. [23]; 1996 F 1.5 Embryonal >10 None 3 PC + CT Yes (2 M) DDD (9 M)
Noda et al. [31]; 1995 M 2 Alveolar 5–10 None 3 PC + CT + RT Yes (6 M) Alive (38 M)
Doval et al. [32]; 1994 M 10 Embryonal 1–5 None 3 CRT No DDUD (36 M)
Murphy et al. [33]; 1992 F 2 Embryonal 5–10 Pleura 4 PC + CT No Alive (12 M)
Murphy et al. [33]; 1992 F 3 Embryonal 5–10 None 3 PC + CT No Alive (3 M)
Murphy et al. [33]; 1992 M 3.5 Embryonal 5–10 Pleura and lymphatic node 4 PC + CT No Alive (6 M)
Shariff et al. [34]; 1988 F 1 N/A 5–10 None 3 PC No Alive (3 M)
Allan et al. [19]; 1987 F 2.5 N/A >10 Pleura 4 PC + CT Yes (5 M) Alive (11 M)
Allan et al. [19]; 1987 F 2 N/A 1–5 None 2 PC + CT No Alive (48 M)
Avagnina et al. [35]; 1984 F 43 N/A 5–10 Small intestine 4 PC Yes (11 M) Alive (23 M)
Hartman et al. [24]; 1983 M 11 N/A 1–5 None 2 PC + RT + CT No Alive (24 M)
Hartman et al. [24]; 1983 F 13 Embryonal 1–5 None 3 PC + RT + CT Yes (40 M) Alive (60 M)
Lee et al. [36]; 1981 M 69 N/A >10 Pleura, adrenal gland and 

brain
4 None No DDD (1 M)

Thomas et al. [37]; 1981 M 2 Embryonal >10 None 3 PC No Alive (60 M)
Conquest et al. [38]; 1965 M 53 Pleomorphic 5–10 None 3 PC No DDUD 

(152 M)
Conquest et al.[38]; 1965 F 66 Pleomorphic 1–5 None 2 PC No Alive (40 M)
Gordon et al. [39]; 1955 F 20 N/A >10 Intrapulmonary metastasis 

and liver
4 None No DDD (12 M)

CRT: chemoradiotherapy; CT: chemotherapy; DDD: die due to disease; DDUD: die due to unrelated disease; F: female; M: male; N/A: not available; PC: partial 
cystectomy; RT: radiotherapy; SC: simple cystectomy
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Regarding treatment and prognosis, three patients died 
without a confirmed diagnosis and received no treat-
ment. The majority of patients (n = 20, 71.4%) under-
went surgical intervention, with all but one undergoing 
a lobectomy; the exception involved excision of only the 
pulmonary tumor. Additionally, 18 patients (64.3%) 
received chemotherapy, and 8 patients (28.6%) under-
went radiotherapy. Notably, one patient opted for con-
current chemoradiotherapy instead of surgery. The 

median follow-up duration for all patients was 11.5 (3.0, 
39.5) months. Within this cohort, 12 patients ultimately 
died, including two from non-tumor-related causes. 
Additionally, post-treatment progression occurred in 7 
patients, with a median progression time of 6.0 (2.0, 14.0) 
months. In terms of prognosis, the average PFS time was 
60.9 ± 14.8 months, while the overall survival (OS) time 
averaged 85.6 ± 16.0 months.

Cox proportional hazard univariate and multivariate 
regression analysis of factors with outcomes of PFS and 
CSS are detailed in Tables 2 and 3, respectively. Regard-
ing tumor progression post-treatment, patients at TNM 
stage IV were more prone to progression compared 
to those at stages II and III (HR = 0.30 (0.096–0.94), 
P = 0.038). Patients who underwent surgery showed a 
higher likelihood of progression compared to those who 
did not (HR = 5.76 (1.96–16.87), P = 0.001). Addition-
ally, patients with primary tumor size ≥ 10  cm tended 
to exhibit greater progression, although these results 
were not statistically significant (HR = 0.37 (0.13–1.02), 
P = 0.055). In multivariable regression analysis, sur-
gery was identified as an independent factor that could 
shorten progression time (HR = 4.58 (1.32–15.90), 
P = 0.017). Regarding CSS, factors significantly associated 
with increased tumor-related mortality included age ≥ 18 
years (HR = 0.243 (0.062–0.95), P = 0.042), primary tumor 
size ≥ 10 cm (HR = 0.20 (0.052–0.78), P = 0.020), and non-
surgical treatment (HR = 11.37 (2.84–45.52), P = 0.001), 
as detailed in Fig. 2. Multivariate analysis confirmed sur-
gery as an independent factor improving tumor-related 
survival (HR = 8.11 (1.45–45.50), P = 0.017). Additionally, 
patients with tumor size ≥ 10 cm exhibited a reduced sur-
vival rate, although this was not statistically significant 
(HR = 0.24 (0.052–1.12), P = 0.069).

Discussion
RMS is the most prevalent soft tissue malignancy in 
pediatrics, accounting for approximately half of all 
pediatric soft tissue sarcomas [16]. The primary sites of 
occurrence include the head and neck region, genitouri-
nary tract, and limbs, with pathological classifications 
primarily comprising embryonal, alveolar, and pleomor-
phic variants [5]. Primary pulmonary RMS is exception-
ally rare, with the first case reported by McDonald et al. 
in 1939 [17]. Data from the Intergroup Rhabdomyosar-
coma Study (IRS) indicate that fewer than 3% of enrolled 
patients had primary tumors in the mediastinum, pleura, 
or lungs [18]. In children, primary pulmonary RMS pre-
dominantly presents as embryonal or alveolar variants, 
whereas in adults, it is primarily seen as pleomorphic 
variants [19]. This review systematically summarizes 
global case reports of pulmonary RMS for the first time, 
analyzing its clinical and pathological characteristics, 
along with survival-related prognostic factors, to offer 

Table 2  Cox proportional hazard univariate analysis of factors 
with outcomes of recurrence and cancer-specific survival
Characteristics PFS CSS

HR (95% CI) P-value HR (95% CI) P-
value

Sex (male vs. 
female)

1.71 
(0.62–4.76)

0.30 2.138 
(0.60–7.62)

0.24

Age (<18 yrs vs. 
≥18 yrs)

0.47 
(0.17–1.31)

0.15 0.243 
(0.062–0.95)

0.042

Histology
Embryonal 1 0.45 1 0.77
Alveolar 0.86 

(0.27–2.72)
0.80 0.78 

(0.19–3.26)
0.73

Other 2.22 
(0.53–9.28)

0.28 1.52 
(0.29–7.88)

0.62

Tumor size 
(<10 cm vs. 
≥10 cm)

0.37 
(0.13–1.02)

0.055 0.20 
(0.052–0.78)

0.020

TNM stage (II, III 
vs. IV)

0.30 
(0.096–0.94)

0.038 0.45 
(0.12–1.61)

0.22

Surgery (NO vs. 
YES)

5.76 
(1.96–16.87)

0.001 11.37 
(2.84–45.52)

0.001

Radiotherapy (NO 
vs. YES)

1.086 
(0.37–3.20)

0.88 2.17 
(0.46–10.36)

0.33

Chemotherapy 
(NO vs. YES)

0.98 
(0.33–2.88)

0.97 1.37 
(0.39–4.87)

0.63

*Bold values indicate statistical significance (P < 0.05)

CI: confidence interval; CSS: cancer-specific survival; HR: hazard ratio; PFS: 
progression-free survival; yrs: years

Table 3  Cox proportional hazard multivariate regression analysis 
to determine factors of age, tumor size, TNM stage and surgery 
with outcomes of recurrence and cancer-specific survival
Characteristics PFS CSS

HR (95% CI) P-value HR (95% CI) P-
value

Age (<18 yrs vs. 
≥18 yrs)

0.95 
(0.27–3.41)

0.94 0.53 
(0.085–3.52)

0.52

Tumor size 
(<10 cm vs. 
≥10 cm)

0.54 
(0.17–1.66)

0.28 0.24 
(0.052–1.12)

0.069

TNM stage (II, III 
vs. IV)

0.48 
(0.14–1.72)

0.26 1.32 
(0.27–6.42)

0.73

Surgery (NO vs. 
YES)

4.58 
(1.32–15.90)

0.017 8.11 
(1.45–45.50)

0.017

*Bold values indicate statistical significance (P < 0.05)

CI: confidence interval; CSS: cancer-specific survival; HR: hazard ratio; PFS: 
progression-free survival; yrs: years
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insights for clinical treatment strategies for this rare dis-
ease. The study results revealed that the median age of 
patients was 10.5 (2.0, 52.5) years, with a nearly equal 
male-to-female ratio. Nearly all patients exhibited respi-
ratory system-related clinical symptoms at initial diagno-
sis, with embryonal variants being predominant.

In this cohort, the average PFS time was 60.9 ± 14.8 
months, and the OS time was 85.6 ± 16.0 months, reflect-
ing a generally pessimistic outlook. Furthermore, seven 
patients experienced progression after treatment, with 
a median progression time of 6.0 (2.0, 14.0) months. 
The high recurrence rate and rapid progression further 
underscored the lethality of primary pulmonary RMS. 
Difficulty in early diagnosis likely contributes signifi-
cantly to the poor prognosis. The onset age of primary 
pulmonary RMS peaks in children and the elderly [20]. 
Particularly for pediatric patients and infants who can-
not verbalize their symptoms, routine chest computed 
tomography (CT) screenings are seldom performed. 
Additionally, the initial symptoms of primary pulmonary 
RMS, which include non-specific respiratory manifesta-
tions like cough, chest pain, shortness of breath, and diffi-
culty breathing, are often underestimated. Patients often 
seek hospital care only when the tumor exacerbates, 
causing hypoxia or other clinical symptoms like local 
infiltration damage, thus delaying diagnosis. The rar-
ity of pulmonary RMS and challenges in determining its 
pulmonary origin also complicate pathological diagnosis. 
Some patients require referral to specialized cancer cen-
ters, which further delays early diagnosis [21]. Currently, 
no standard treatment protocol exists for primary pul-
monary RMS. Surgery is the primary treatment modality; 
however, curative resection is not feasible for all patients. 
In such cases, radiotherapy is critical for achieving local 
control [12, 22]. Furthermore, pediatric patients often 
have reduced tolerance to radiotherapy and chemother-
apy, the key treatment options, which may lead to poorer 
survival outcomes.

Regarding prognosis, univariate and multivariate anal-
yses of PFS and CSS revealed that higher TNM staging, 

primary tumor sizes ≥ 10  cm, and ages ≥ 18 years were 
associated with increased progression or tumor-related 
mortality, likely due to a positive correlation with dis-
ease severity. Additionally, surgery, the primary treat-
ment method, independently improved tumor-related 
survival and could facilitate precise pathological diagno-
sis of primary pulmonary RMS. However, several stud-
ies indicated that RMS patients, particularly adults, who 
underwent only surgery exhibited a lower survival rate 
[11, 12]. Therefore, exploring alternative treatment strat-
egies, such as radiotherapy or chemotherapy, is essential 
to improve the survival and prognosis of pulmonary RMS 
patients.

RMS is sensitive to both radiotherapy and chemo-
therapy, making them essential components of com-
prehensive treatment strategies. However, in this study, 
univariate and multivariate analyses related to survival 
revealed that neither radiotherapy nor chemotherapy 
independently improved CSS rates or reduced tumor 
progression in treated patients. In radiotherapy contexts, 
when complete tumor removal is unfeasible, radiother-
apy aids in enhanced local tumor control. The radiation 
field should encompass the grossly apparent tumor with a 
margin of normal tissue [22]. Nonetheless, for excessively 
large primary tumors, further increasing the radiation 
dose becomes impractical, thereby limiting treatment 
efficacy and emphasizing the critical role of early diag-
nosis. Furthermore, the rarity and low incidence of 
primary pulmonary RMS, coupled with the lack of 
large-scale clinical cohorts, mean that optimal radiation 
doses and fractionation schemes require further explo-
ration. Regarding chemotherapy, the standard regimen 
is Vincristine + Adriamycin + Cyclophosphamide (VAC) 
chemotherapy [6]. However, the responsiveness of pri-
mary pulmonary RMS to this treatment warrants further 
investigation, as some cases have shown tumor progres-
sion, recurrence, or metastasis during chemotherapy [20, 
23, 24]. Additionally, children exhibit poorer tolerance 
to chemotherapy than adults, which increases the risk of 
treatment-related adverse reactions.

Fig. 2  Kaplan-Meier cancer-specific survival curves of patients according to age, tumor size, and surgery. (A) Kaplan-Meier survival curves according to 
age. (B) Kaplan-Meier survival curves according to tumor size. (C) Kaplan-Meier survival curves according to surgery
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Currently, there are no guideline-recommended stan-
dard treatment protocols specifically for primary pul-
monary RMS, and the existing studies suggest a lack of 
uniform treatment strategies. We believe that surgical 
treatment remains recommended for early-stage lesions. 
Although this study, due to its limited sample size, could 
not compare the benefits of complete resection versus 
partial resection, we can infer from the experience with 
RMS in other anatomical sites that complete resection 
with a negative margin is optimal. Chemotherapy, radio-
therapy, or a combination of both should be selected 
based on the individual patient’s condition. However, 
this certainly warrants further study. Our understand-
ing of the pathophysiological characteristics of primary 
pulmonary RMS and how it differs from RMS at other 
sites remains limited. The responsiveness of pulmonary 
RMS to radiotherapy and chemotherapy requires further 
validation through animal models and large-scale clini-
cal cohort studies, a direction we will pursue in future 
research.

As the inaugural effort to systematically summa-
rize global case reports on pulmonary RMS, this study 
spanned related literature from 1955 to 2023, covering 
nearly 70 years. Regrettably, the number of cases col-
lected remained small, and the follow-up period was 
limited, suggesting that patients recorded as recurrence-
free in the literature might experience delayed recur-
rences. Additionally, the potential heterogeneity between 
cases due to such a wide age range needs to be acknowl-
edged. For example, differences in the level of radiother-
apy across different time periods, leading to variations 
in patient survival, are unavoidable. These limitations 
impede more precise subgroup analyses and contribute 
to statistical biases. Future research on primary pulmo-
nary RMS requires larger clinical cohorts and extended 
follow-up periods to more accurately evaluate risk fac-
tors affecting patient survival prognosis and to offer more 
substantive references for clinical treatment strategies.

Conclusions
Primary pulmonary RMS, a rare soft tissue sarcoma, 
is associated with high recurrence rates and poor sur-
vival outcomes. This study involved a systematic review 
of the literature, summarizing clinical characteristics, 
pathological features, treatment approaches, and clini-
cal outcomes of primary pulmonary RMS, and analyzed 
prognostic-related risk factors to inform clinical treat-
ment strategies for this condition. The findings revealed 
that patients not undergoing surgery with higher TNM 
stages tended to have more aggressive tumors, whereas 
primary tumors ≥ 10 cm and ages ≥ 18 years were associ-
ated with increased tumor-related mortality. Surgery, the 
primary treatment modality, independently improved 
CSS rates. Exploring optimal comprehensive treatment 

strategies that combine surgery, radiotherapy, and che-
motherapy represents the principal direction for future 
research.

Abbreviations
CCAM	� Congenital cystic adenomatoid malformation
CI	� Confidence interval
CRT	� Chemoradiotherapy
CSS	� Cancer-specific survival
CT	� Computed tomography
DDD	� Die due to disease
DDUD	� Die due to unrelated disease
EpSSG	� European Pediatric Soft Tissue Sarcoma Study Group
F	� Female
HR	� Hazard ratio
IRS	� Intergroup Rhabdomyosarcoma Study
IRSG	� Intergroup Rhabdomyosarcoma Study Group
M	� Male
N/A	� Not available
PC	� Partial cystectomy
PFS	� Progression-free survival
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
RMS	� Rhabdomyosarcoma
RT	� Radiotherapy
SC	� Simple cystectomy
VAC	� Vincristine + Adriamycin + Cyclophosphamide
yrs	� Years

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​8​8​7​-​​0​2​5​-​0​​5​5​2​1​-​y​ .

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
All authors contributed to the conceptualization of the study. Y.T. and W.C. 
were responsible for methodology, data curation, investigation, formal 
analysis, writing– original draft and writing– review and editing. H.Z., J.S. and 
H.G. were responsible for data curation and investigation. Z.L. was responsible 
for project administration, supervision, funding acquisition and writing– 
review and editing. All authors read and approved the final manuscript.

Funding
This work was supported by National Key R&D Program of China, Ministry 
of Science and Technology of the People’s Republic of China. (Grant No. 
2022YFC2407100, 2022YFC2407102).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 December 2024 / Accepted: 19 February 2025

https://doi.org/10.1186/s12887-025-05521-y
https://doi.org/10.1186/s12887-025-05521-y


Page 8 of 8Tao et al. BMC Pediatrics          (2025) 25:185 

References
1.	 Nguyen A, Fassas S, Freidberg N, Sullo E, Whalen M. Recurrence and treat-

ment of adult primary nonmetastatic bladder rhabdomyosarcoma: A system-
atic review. Urol Oncol. 2021;39:774–80.

2.	 Rudzinski ER, Kelsey A, Vokuhl C, Linardic CM, Shipley J, Hettmer S, et al. 
Pathology of childhood rhabdomyosarcoma: A consensus opinion docu-
ment from the children’s oncology group, European paediatric soft tissue 
sarcoma study group, and the cooperative Weichteilsarkom studiengruppe. 
Pediatr Blood Cancer. 2021;68:e28798.

3.	 Rudzinski ER, Anderson JR, Hawkins DS, Skapek SX, Parham DM, Teot LA. The 
world health organization classification of skeletal muscle tumors in pediatric 
rhabdomyosarcoma: A report from the children’s oncology group. Arch 
Pathol Lab Med. 2015;139:1281–7.

4.	 Leiner J, Le Loarer F. The current landscape of rhabdomyosarcomas: an 
update. Virchows Arch. 2020;476.

5.	 Sultan I, Qaddoumi I, Yaser S, Rodriguez-Galindo C, Ferrari A. Comparing adult 
and pediatric rhabdomyosarcoma in the surveillance, epidemiology and 
end results program, 1973 to 2005: an analysis of 2,600 patients. J Clin Oncol. 
2009;27:3391–7.

6.	 Weiss SW. Rhabdomyosarcoma. Enzinger and Weiss’s Soft Tissue Tumors. 
2001:785–835.

7.	 Healy JN, Borg MF. Paediatric nasopharyngeal rhabdomyosarcoma: A case 
series and literature review. J Med Imaging Radiat Oncol. 2010;54:388–94.

8.	 Raney B, Huh W, Hawkins D, Hayes-Jordan A, Million L, Rodeberg D, et al. 
Outcome of patients with localized orbital sarcoma who relapsed following 
treatment on intergroup rhabdomyosarcoma study group (IRSG) Protocols-
III and -IV, 1984–1997: a report from the children’s oncology group. Pediatr 
Blood Cancer. 2013;60:371–6.

9.	 Raney RB, Walterhouse DO, Meza JL, Andrassy RJ, Breneman JC, Crist WM, et 
al. Results of the intergroup rhabdomyosarcoma study group D9602 proto-
col, using vincristine and dactinomycin with or without cyclophosphamide 
and radiation therapy, for newly diagnosed patients with low-risk embryonal 
rhabdomyosarcoma: a report from the soft tissue sarcoma committee of the 
children’s oncology group. J Clin Oncol. 2011;29:1312–8.

10.	 Walterhouse DO, Pappo AS, Meza JL, Breneman JC, Hayes-Jordan AA, Parham 
DM, et al. Shorter-duration therapy using vincristine, dactinomycin, and 
lower-dose cyclophosphamide with or without radiotherapy for patients 
with newly diagnosed low-risk rhabdomyosarcoma: a report from the soft 
tissue sarcoma committee of the children’s oncology group. J Clin Oncol. 
2014;32:3547–52.

11.	 Punyko JA, Mertens AC, Baker KS, Ness KK, Robison LL, Gurney JG. Long-term 
survival probabilities for childhood rhabdomyosarcoma. A population-based 
evaluation. Cancer. 2005;103:1475–83.

12.	 Dasgupta R, Fuchs J, Rodeberg D, Rhabdomyosarcoma. Semin Pediatr Surg. 
2016;25:276–83.

13.	 Nishioka Y, Tane S, Nishio W, Tanaka H, Ogawa H, Kitamura Y, et al. A rare 
resected case of pulmonary rhabdomyosarcoma. Gen Thorac Cardiovasc 
Surg. 2019;67:1089–92.

14.	 Lawrence W, Gehan EA, Hays DM, Beltangady M, Maurer HM. Prognostic 
significance of staging factors of the UICC staging system in childhood 
rhabdomyosarcoma: a report from the intergroup rhabdomyosarcoma study 
(IRS-II). J Clin Oncol. 1987;5:46–54.

15.	 Lawrence W, Anderson JR, Gehan EA, Maurer H. Pretreatment TNM staging 
of childhood rhabdomyosarcoma: a report of the intergroup rhabdomyo-
sarcoma study group. Children’s Cancer study group. Pediatr Oncol Group 
Cancer. 1997;80:1165–70.

16.	 Pastore G, Peris-Bonet R, Carli M, Martínez-García C, Sánchez de Toledo J, 
Steliarova-Foucher E. Childhood soft tissue sarcomas incidence and survival 
in European children (1978–1997): report from the automated childhood 
Cancer information system project. Eur J Cancer. 2006;42:2136–49.

17.	 McDonald S Jr., Heather JC. Neoplastic invasion of the pulmonary veins and 
left auricle. J Pathol Bacteriol. 1939;48:533–43.

18.	 Crist WM, Raney RB, Newton W, Lawrence W, Tefft M, Foulkes MA. Intratho-
racic soft tissue sarcomas in children. Cancer. 1982;50:598–604.

19.	 Allan BT, Day DL, Dehner LP. Primary pulmonary rhabdomyosarcoma of the 
lung in children. Report of two cases presenting with spontaneous pneumo-
thorax. Cancer. 1987;59:1005–11.

20.	 Xiaoxia J, Guihua Z, Jiatai W, Xinghua Z, Xudong C, Yingze W. Clinicopatho-
logical features and prognosis of primary pulmonary rhabdomyosarcoma in 
middle-aged and elderly patients: a case report and literature review. J Int 
Med Res. 2023;51:3000605231159782.

21.	 Guo Y, Xie D, Yan J, Cai J, Yin G, Wu L. Primary pulmonary rhabdomyosarcoma 
with brain metastases in a child: a case report with medico-legal implications. 
J Forensic Leg Med. 2013;20:720–3.

22.	 Gupta A, Sharma MC, Kochupillai V, Kichendasse G, Gupta A, Atri S, et al. 
Primary pulmonary rhabdomyosarcoma in adults: case report and review of 
literature. Clin Lung Cancer. 2007;8:389–91.

23.	 Schiavetti A, Indolfi P, Hill DA, Priest JR. Primary pulmonary rhabdomyosar-
coma in childhood: clinico-biologic features in two cases with review of the 
literature–erratum. Pediatr Blood Cancer. 2009;52:146.

24.	 Hartman GE, Shochat SJ. Primary pulmonary neoplasms of childhood: a 
review. Ann Thorac Surg. 1983;36:108–19.

25.	 Kandola SK, Rai MP, Rao SL, Marinas EB. Alveolar rhabdomyosarcoma present-
ing as a lung mass: an uncommon presentation of a less common tumor. 
BMJ Case Rep. 2018;2018.

26.	 Ji G-y, Mao H. Primary pulmonary rhabdomyosarcoma in an adult: a case 
report and review of the literature. J Zhejiang Univ Sci B. 2013;14:859–65.

27.	 Yoko K, Nobuyuki K, Keisuke T, Kyosuke I, Takahashi T, Yukhiro I. A case of pul-
monary rhabdomyosarcoma diagnosed with difficulty due to hemorrhagic 
pleural effusion. J Japan Respiratory Soc. 2009;47:404–9.

28.	 Doladzas T, Arvelakis A, Karavokyros IG, Gougoudi E, Pikoulis E, Patsouris E, 
et al. Primary rhabdomyosarcoma of the lung arising over cystic pulmonary 
adenomatoid malformation. Pediatr Hematol Oncol. 2005;22:525–9.

29.	 Comin CE, Santucci M, Novelli L, Dini S. Primary pulmonary rhabdomyosar-
coma: report of a case in an adult and review of the literature. Ultrastruct 
Pathol. 2001;25:269–73.

30.	 d’Agostino S, Bonoldi E, Dante S, Meli S, Cappellari F, Musi L. Embryonal 
rhabdomyosarcoma of the lung arising in cystic adenomatoid malformation: 
case report and review of the literature. J Pediatr Surg. 1997;32:1381–3.

31.	 Noda T, Todani T, Watanabe Y, Uemura S, Urushihara N, Morotomi Y, et al. Alve-
olar rhabdomyosarcoma of the lung in a child. J Pediatr Surg. 1995;30:1607–8.

32.	 Doval DC, Kannan V, Acharya R, Mukherjee G, Chandrashekhar M, Bapsy 
PP. Bronchial embryonal rhabdomyosarcoma–a case report. Acta Oncol. 
1994;33:832–3.

33.	 Murphy JJ, Blair GK, Fraser GC, Ashmore PG, LeBlanc JG, Sett SS, et al. Rhabdo-
myosarcoma arising within congenital pulmonary cysts: report of three cases. 
J Pediatr Surg. 1992;27:1364–7.

34.	 Shariff S, Thomas JA, Shetty N, D’Cunha S. Primary pulmonary rhabdomyosar-
coma in a child, with a review of literature. J Surg Oncol. 1988;38:261–4.

35.	 Avagnina A, Elsner B, De Marco L, Bracco AN, Nazar J, Pavlovsky H. Pulmo-
nary rhabdomyosarcoma with isolated small bowel metastasis. A report 
of a case with immunohistochemical and ultrastructural studies. Cancer. 
1984;53:1948–51.

36.	 Lee SH, Rengachary SS, Paramesh J. Primary pulmonary rhabdomyosarcoma: 
a case report and review of the literature. Hum Pathol. 1981;12:92–5.

37.	 Thomas WJ, Koenig HM, Ellwanger FR, Lightsey AL. Primary pulmonary rhab-
domyosarcoma in childhood. Am J Dis Child. 1981;135:469–71.

38.	 Conquest HF, Thornton JL, Massie JR, Coxe JW. PRIMARY PULMONARY RHAB-
DOMYOSARCOMA; REPORT OF THREE CASES AND LITERATURE REVIEW. Ann 
Surg. 1965;161:688–92.

39.	 Gordon LZ, Boss H. Primary rhabdomyosarcoma of lung; report of a case. 
Cancer. 1955;8:588–91.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Clinical features, treatment and prognosis of primary pulmonary rhabdomyosarcoma: A systemic review
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


