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Abstract: In this case report, we describe a tortuous, yet rare, treatment process of the
patient. The ﬁrst biopsy of the patient suggested inﬂammatory myoﬁbroblastic tumor, ALK
(D5F3) positive. Considering the benign progression of the disease, and no indication for
surgical resection, oral prednisone was given ﬁrst. However, the disease rapidly progressed,
and a second biopsy revealed a pulmonary sarcomatoid cancer. Since the biopsy was ALK
(D5F3) positive, the effect of crizotinib treatment was signiﬁcant, though crizotinib resistance unfortunately only occurred after 4 months. The third biopsy pathology was performed
and conﬁrmed lung adenocarcinoma. After switching to pembrolizumab treatment, the
lesions were signiﬁcantly reduced after four courses of treatment. The current condition of
patient persisted in partial response.
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A 49-year-old Chinese male suffered with cough and shortness of breath. A chest
CT scan indicated a right lower lobe mass combined with the enlargement of
multiple lymph nodes at mediastinal and right hilar. No abnormalities were found
in either the head MRI or bone PET-CT scan. Bronchoscopy examination revealed
that the mass of basal segment of the right lower lobe occluded the trachea, and the
pathology suggested inﬂammatory myoﬁbroblastic tumor (IMT) (Figure 1A).
Immunohistochemistry (IHC) staining revealed the following: TTF-1(+), P43(+),
ALK(D5F3) (+) (Figure 1B). We suggested taking oral prednisone in the ﬁrst
month at 50 mg per day, then reducing the dose in the following 20 days at
30 mg per day. Fifty days after taking prednisone, the patient experienced wheezing
and difﬁculty breathing. Chest CT scan showed there were multiple metastatic
nodules of the lungs and right lower lobe obstructive pneumonia with atelectasis
(Figure 2A–C). Accordingly, a second bronchoscopy examination was conducted,
revealing that the trachea was completely blocked by the mass of basal segment of
the right lower lobe. Biopsy was performed and pathology showed a malignant
spindle cell tumor, which could be considered as pulmonary sarcoma-like carcinoma (PSC) (Figure 1C). IHC: TTF-1(+), CK7(-), Ki-67(index about 10%),
SMA (+). A second-generation gene sequencing revealed EML4-ALK fusion
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Figure 1 Three biopsy pathological diagnosis results of the patient.

(Figure 3A and B). Tumor mutation burden was 11.6 Mbs/
MB and PD-L1 detection was negative (Figure 1D).
Immunocytoplasmic detection showed that CD8+ T cells
accounted for 9.07% of the total number of nuclear cells
(Figure 1E). Considering the poor effect of prednisone
treatment, we switched to oral crizotinib at 250 mg twice
a day. After taking crizotinib for 8 weeks, re-examination
of chest CT scan showed the enlarged mediastinal lymph
nodes shrank, and right lung obstructive pneumonia was
signiﬁcantly better than before. We assessed the condition
as partial response (Figure 2D–F). After taking crizotinib
for 4 months, a re-examination of chest CT suggested that
mediastinal and hilar lymph nodes were larger than before,
and right lung obstructive pneumonia increased more than
before, showing partial atelectasis (Figure 2G–I). We discontinued the crizotinib and did a third biopsy to clarify the
mechanism of drug resistance. The pathology conﬁrmed
lung adenocarcinoma (Figure 1F). IHC: TTF-1(+),
CK-7(+), P40(+). The tumor tissue second-generation gene
sequencing revealed EML4-ALK fusion and ALK-L1196M
mutation (Figure 3C). Tumor mutation burden was 10.4
Mbs/MB. However, Ceritinib was not approved in China.
According to the history of the patient – which had a speciﬁc
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manifestation of multiple tumor components, high tumor
mutation burden (TMB) values, and high-density inﬁltration
of CD8+ T cells – we issued pembrolizumab to the patient
(200 mg pembrolizumab was dissolved in 0.9% normal saline
100 mL), and the intravenous infusion was completed within
half an hour. The intravenous infusion was given one time
every 21 days. After two cycles of pembrolizumab, the chest
and abdomen CT showed an increase and fusion of mediastinal lymph nodes (Figure 2J–L), but the patient reported signiﬁcant improvement in physical strength. Considering the
pseudo-progression of the lung lesions, the use of pembrolizumab was continued. After four cycles of pembrolizumab,
the patient’s self-reported physical strength and appetite
improved signiﬁcantly, and there was no obvious discomfort.
With an ECOG of 0 points, the chest CT showed the mediastinal lymph nodes were signiﬁcantly reduced (Figure 2M–O),
which were assessed as a partial response. The patient engaged
in continuous follow-up until then.

Discussion
IMT is a low-grade malignant tumor. Most IMTs have
benign behaviors while they can also be localized invasion
(<5%)1. The lung is the most common organ affected by
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Figure 2 Chest CT scan evolution of the tumors.

IMTs, and the incidence rate is about 0.04–0.7%. IMT is
characterized by the mixing of myoﬁbroblastic spindle
cells with hyaluronic stroma and varying degrees of
inﬂammatory inﬁltration. Cofﬁn CM et al found that
about 44–61% of IMTs showed ALK fusion gene
rearrangement,2 and lung IMT had a higher positive ratio
of ALK expression. At present, it is difﬁcult to treat the
disease for those patients who are unable to meet the
surgical requirements since hormone and chemotherapy
efﬁcacy is unclear. Hiroyuki Mano named this kind of
tumor “ALKoma”, which carries the abnormal ALK
fusion gene as an essential growth driver and shares the
activated ALK gene.3 Wu et al followed up the efﬁcacy of
crizotinib in nine patients with ALK-positive IMT. The
objective response rate was 66.7%, showing good clinical

OncoTargets and Therapy 2019:12

efﬁcacy for ALK inhibitors.4 This patient had a signiﬁcant
response after oral administration of crizotinib, which is
consistent with the “ALKoma” theory. However, his PFS
was only 3 months. After gene sequencing of the drugresistant lung puncture biopsy, an ALK L1196M mutation
was found, which is the resistance mechanism of crizotinib-related ALK kinase region mutation.4 There are no
reports on the use of PD-1 monoclonal antibody in IMT
treatment, and it is expected that PD-1 monoclonal antibody can become the future therapeutic direction of IMT.
PSC is a rare subtype of non-small cell lung cancer
(NSCLC), accounting for approximately 0.4% of all lung
malignancies.5 Histologically, PSC is often characterized
by the mixing of conventional components of NSCLC
with sarcomatoid components or heterologous sarcoma
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Figure 3 IGV screenshots (EML4-ALK) of the fusion sample.
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tissue. TP53 is the most common mutated gene of PSC,
followed by KRAS and PIK3CA, with the ALK fusion
gene having also been reported.6 Greta Alì et al reported
the ﬁrst double primary tumors case that had positive
EML4-ALK rearrangement, conﬁrming the lung sarcomatoid carcinoma and lung adenocarcinoma by pathology.7
Patients with PSC are not sensitive to conventional radiotherapy, which may be associated with the high frequency
of KRAS mutations, leading to a difﬁculty in treatment and
poor prognosis. Filippo Lococo et al found that the TMB
value in PSC patients was quite high, and the use of
immunotherapy might be a new possibility for treatment.6
Three large multi-center international trials - CheckMate
057, KEYNOTE-010, and POPLAR - have demonstrated that
PD-1/PD-L1 inhibitors in patients with EGFR mutations or
ALK fusion are less effective than wild-type patients.8–10 The
recently published ATLANTIC study found that patients with
ALK-rearranged NSCLC had a higher frequency of PD-L1
overexpression than patients with EGFR-mutant NSCLC,
though Duvalumab was only observed to be effective in
EGFR-mutant NSCLC patients, suggesting that they had differing immunobiology.11 It is currently accepted that immunological checkpoint inhibitors are not effective in patients
with ALK-rearranged NSCLC. However, in this case, the
ALK-positive patient was treated twice with immunological
checkpoint inhibitors (keytruda), and the lesions were signiﬁcantly reduced, which was considered to be associated with
high TMB and abundant CD8+ T cell inﬁltration. This result
suggests that clinicians should assess TMB and immune
microenvironment in patients with targeted drug-resistant
ALK-positive malignancies.
Since there was no surgical indication in this patient,
the three pathology specimens were small specimen
biopsies of the primary tumor. Therefore, there was
not a sufﬁcient amount of tissues to evaluate the clonal
relationship between the three tumors by array comparative genomic hybridization. By identifying changes in
the genome copy numbers, this method can determine
whether the three tumors are multiple primary tumors.
Moreover, three different pathological ﬁndings in the
same site showed that the patient’s tumor was highly
heterogeneous, suggesting that clinicians should use
gene mutation detection and immune microenvironment
detection for such patients. The precise tumor treatment
plan (basket plan), which is based on molecular pathology rather than the malignancy of traditional pathological types, will be the future direction of development.
The ﬁrst clinical trial of the basket plan, NCI-MATCH,
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is still underway, and it is expected that the results of
the trial will be announced soon.12

Conclusion
When the treatment of malignant lung tumors is not
effective, a second biopsy, or even multiple biopsies,
should be performed in time. Further, the gene mutation
detection and immune microenvironment detection
should also be performed. From our experience, PD-1/
PD-L1 mAb may be the best choice for high heterogeneous tumor tissues.

Informed consent
Written informed consent had been provided by the patient
to have the case details and any accompanying images
published. This was an observational case report and institutional approval was not required, because all treatment
received by this patient is standard therapy, including the
crizotinib and pembrolizumab.
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