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Abstract: Pulmonary blastoma (PB) is a rare aggressive lung malignancy with a poor prognosis. 

Surgical resection is the treatment of choice for localized disease, and there are no standard 

treatment guidelines for metastatic PB. Due to its rareness, its molecular profile has not been 

elucidated. We present the first case of classic biphasic pulmonary blastoma (CBPB) with 

CD74–ROS1 rearrangement in a 44-year-old Asian female with stage IV disease diagnosed 

using capture-based ultra-deep targeted sequencing. It has been reported that ROS1 rearranged 

lung adenocarcinoma and squamous cell carcinoma are sensitive to crizotinib, an ALK/MET/

ROS1 multitargeted tyrosine kinase inhibitor. However, its efficacy has not been reported in 

CBPB patients harboring ROS1 rearrangement. This CBPB patient was given crizotinib and 

she achieved partial response after 1 month of treatment. We report the first clinical evidence 

of efficacy shown by crizotinib for targeting CD74–ROS1 fusion in CBPB.

Keywords: classic biphasic pulmonary blastoma, ROS1 rearrangement, crizotinib, targeted 

DNA sequencing

Introduction
Pulmonary blastoma (PB), comprising approximately 0.25%–0.5% of all lung malig-

nancies, is a rare aggressive primary lung tumor and portends a poor diagnosis reflected 

by a 5-year survival rate of 16%.1 Since its first identification, Barnard described it 

as “lung embryoma” based on the histologic resemblance of the tumor to fetal lung 

tissue.2 There are only about a few hundreds of cases reported worldwide. PB has 

been subdivided into three categories based on the tissue components. Classic biphasic 

pulmonary blastoma (CBPB) is characterized by its biphasic feature of both epithelial 

and mesenchymal malignant components. Well-differentiated fetal adenocarcinoma is 

a monophasic PB comprising epithelial malignant component only, which was recat-

egorized as a variant of adenocarcinoma in 2004 by the World Health Organization. 

Pleuropulmonary blastoma is a childhood tumor showing features of mesenchymal 

malignant components only.3 Pleuropulmonary blastoma is a distinct entity that occurs 

in children aged ,15 years; well-differentiated fetal adenocarcinoma and CBPB mainly 

occur in adults, with a median age of 43, and predominantly in smokers.

CBPB is characterized by a biphasic feature of both epithelial and mesenchymal 

components, resembling the fetal lung tissue.4 It typically presents with cough, hemop-

tysis, dyspnea or chest pain due to tumor impinging the bronchi or pleura. Average age 

at diagnosis is 40 years. Surgical excision is the optimal treatment choice for local-

ized disease, and there is no standard treatment available for patients with metastatic 
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disease. Prognosis for CBPB is poor, with two-thirds of 

patients dying within 2 years and the 5-year survival is only 

16%. CBPB prognosis is determined by the size of the tumor 

and metastasis status at the time of diagnosis.

ROS1, first discovered as the oncogene product of an 

avian sarcoma RNA tumor virus, encodes an orphan receptor 

tyrosine kinase, which belongs to the insulin receptor family 

with downstream signaling via MAPK, PI3K-mTOR and 

JAK-STAT pathways.5 Its activation by chromosomal 

rearrangement was observed in a variety of cancers, including 

non-small cell lung cancer (NSCLC).6 Nowadays, there has 

been an ever-surmounting body of clinical data supporting 

the efficacy of crizotinib, an ALK/MET/ROS multitargeting 

tyrosine kinase inhibitor, in adenocarcinoma and limited 

cases of squamous cell carcinoma patients harboring ROS1 

fusion.7,8 Thus, the US Food and Drug Administration 

approved crizotinib as a treatment for patients with ROS1-

positive metastatic NSCLC in March 2016. However, its 

efficacy has not been reported in patients with PB.

In this case report, we present the first CBPB case har-

boring CD74–ROS1 fusion, which responded to crizotinib. 

To the best of our knowledge, this is the first clinical evidence 

of efficacy shown by crizotinib targeting CD74–ROS1 fusion 

in CBPB.

Case presentation
A 44-year-old Asian woman with no history of smoking 

presented to the outpatient clinic with intermittent cough, 

bloody sputum and left chest pain that lasted for 1 month. 

Chest computed tomography scan revealed a mass with 

its largest diameter measuring 5.8 cm, located in the left 

upper lobe and extending into the chest wall with pleu-

ral invasion and rib metastases (Figure 1). Computed 

tomography-guided biopsy followed by hematoxylin–eosin 

staining revealed a mixture of malignant epithelial and 

mesenchymal components. The mesenchymal component 

consisted of round and shuttle cells with atypia nuclear and 

visible karyokinesis; in contrast, the epithelial component 

consisted of tubular and glandular structures (Figure 2A). 

Immunohistochemistry showed the tubular epithelial com-

ponent to be positive for epithelial marker cytokeratin and 

negative for vimentin, while the mesenchymal blastematous 

malignant component showed reverse expression (negative 

cytokeratin, diffusely positive for vimentin), as shown in 

Figure 2B and 2C. The morphologic appearance combined 

with the immune profile of the tumor was diagnostic of 

CBPB. The patient was diagnosed with stage IV cT3N1M1b 

CBPB according to the clinical Tumor–Node–Metastasis 

staging system seventh edition.

Figure 1 responses of a CD74–ROS1 fusion patient with pulmonary blastoma to crizotinib.
Notes: Computed tomography scans of the chest were obtained at baseline and after 1 month of treatment with crizotinib. (A) Chest computed tomography revealed a soft 
tissue mass in the left upper lobe abutting the anterior–lateral pleura. (B) Computed tomography of the chest at 1 month after receiving crizotinib treatment displayed significant 
left lung lesion shrinkage compared to baseline. The patient achieved pr with 34.4% shrinkage of tumor size. The red marked up area indicates the size of tumor lesion.
Abbreviation: pr, partial response.
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Capture-based ultra-deep targeted sequencing was 

performed on tissue biopsy using a panel consisting of 

all exons and critical introns of 295 cancer-related genes, 

spanning 2.02 MB of human genome. Our data revealed 

the presence of CD74–ROS1 rearrangement, joining intron 

7 of CD74 with intron 33 of ROS1, with an allelic fraction 

of 43.6% (Figure 3). No other crizotinib-targeted molecular 

alteration was observed. The patient was given treatment with 

crizotinib (250 mg, twice daily), and she achieved partial 

response 1 month after treatment initiation. She achieved 

Figure 2 photomicrographs showing the representative histologic appearance of pulmonary blastoma.
Notes: (A) Malignant epithelial elements in undifferentiated mesenchymal stroma stained by H&e (200×). (B) The malignant glandular component was diffusely positive for 
the epithelial marker CK (40×). (C) The stromal blastematous malignant component was diffusely positive for mesenchymal stromal marker vimentin (100×). The yellow 
arrows indicate the positive cells stained by relevant markers.
Abbreviations: CK, cytokeratin; H&e, hematoxylin–eosin.

Figure 3 The IGV screenshots display the reads from next-generation sequencing and reveal harbouring of CD74–ROS1 fusion.
Note: Intron 7 of CD74 is joined with intron 33 of ROS1.
Abbreviation: IGV, Intergrative Genomics Viewer.
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reduction in pleural effusion and 34.4% shrinkage of tumor 

size, accompanied by alleviation of symptoms such as 

coughing, thoracalgia and dyspnea (Figure 1). However, 

she finally developed progressive disease with enlarged left 

lung lesion and increased left pleural effusion, achieving 

a progression-free survival of 3 months. At progressive 

disease, sequencing of liquid biopsy revealed the newly 

acquired ROS1 site mutation G2032R, which was reported 

as the most pronounced resistant mutation of crizotinib.9

patient consent
This study was approved by the Institutional Review Board 

at the Tianjin Medical University Cancer Institute and 

Hospital. The patient provided written informed consent 

and gave permission for the use of biopsies and publication 

of case details.

Discussion
ROS1 rearrangements were found in a variety of human cancers 

beside NSCLC, including gastric adenocarcinoma, colorectal 

cancer, melanoma, cholangiosarcoma, glioblastoma, ovarian 

cancer, angiosarcoma, inflammatory myofibroblastic tumor 

and epithelioid hemangioendothelioma.6,10–13 In this study, we 

reported the first clinical CBPB case with CD74–ROS1 fusion 

identified by capture-based ultra-deep targeted sequencing. 

This finding has provided us the possibility that ROS1 

fusion may also function as a driver mutation in other rare 

cancer types beside the most mainstream type of NSCLC.

PB is a rare aggressive form of neoplasm, comprising 

0.25%–0.5% of all primary lung malignancies with a poor 

prognosis.1 Standard targeted therapy guidelines are not 

available for CPBP. Surgery is the treatment of choice for 

localized disease. A mean survival of 33 months was reported 

in 66 resected cases, compared to 2 months in 17 unresected 

patients.14 Both chemotherapy and radiotherapy have been 

utilized in advanced patients with varying results. Larsen 

and Sorensen reported a 16% overall response rate to che-

motherapy in a cohort of 43 CBPB patients.14 No chemo-

therapy agent has been shown to be superior to others, while 

most studies have shown lack of response to radiotherapy.15 

Surgery is the preferred treatment, often with postoperative 

adjuvant chemotherapy and/or radiotherapy.16 No treatment 

guidelines have been established for metastatic CBPB.

The rapid development of next-generation sequencing 

technologies has greatly revolutionized our ability to char-

acterize cancers. Remarkable advances in targeted therapy 

have been made and have benefited many molecularly 

defined mainstream subsets of NSCLC patients. However, 

the evidence to effectively target gene alterations in clinical 

PB, which is rare, has been poorly reported. Carboplatin, 

paclitaxel and bevacizumab were reported to be effective 

in a pulmonary patient with distant metastasis, but failed 

after four courses of chemotherapy.17 Sorafenib showed 

efficacy in a rare case of renal metastasis of biphasic PB, and 

the tumor size decreased sufficiently.18

ROS1 rearrangements, occurring in 1% of patients with 

NSCLC, have been reported to be sensitive to crizotinib.19 

To the best of our knowledge, this is the first report of CD74–

ROS1 rearrangement identified in a CBPB patient, who 

responded to crizotinib, providing a novel option for treating 

CBPB patients. We also found that CD74–ROS1, a driver gene in 

other subtypes of NSCLC, can act as a driver gene in CBPB.
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