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Background: Inflammatory myofibroblastic tumor
(IMT) is an uncommon tumor of extrapulmonary
and pulmonary tissues with an unpredictable clin-
ical course, occasional recurrences, and rare malig-
nant transformation. Clonal abnormalities with re-
arrangements of chromosome of 2p23 and the ALK
gene have been reported in a few cases. The purpose
of this study is to investigate whether these are
consistent abnormalities among IMTs or represent
a distinct subset. Design: Formalin-fixed, paraffin-
embedded archival tissue sections from 47 IMTs in
40 patients were immunostained with monoclonal
antibodies against ALK and p80. Fluorescence in
situ hybridization for ALK rearrangements was
done on 22 IMTs from 19 patients. Findings were
correlated with clinical features and outcome. Re-
sults: ALK positivity was observed in 17 of 47 IMTs
(36%) and p80 positivity in 16 of 47 IMTs (34%).
Fluorescence in situ hybridization showed ALK re-
arrangements in nine cases (47%), aneuploidy in
three cases (16%), and no rearrangement in seven
cases (37%). IMTs with ALK abnormalities by im-
munohistochemistry and/or fluorescence in situ hy-
bridization originated in the abdomen/pelvis/retro-
peritoneum, chest, and extremities. The mean age
was 6.6 years, with a male/female ratio of 1.3. 64%
of patients had no evidence of disease at last follow-
up, 45% had one or more recurrences, and 18%
displayed histologic evidence of malignant transfor-
mation. The IMTs without ALK abnormalities oc-
curred in older children, were more frequent in
females, and had fewer recurrences. However, in

this group of 40 patients, the differences between
the groups with and without ALK abnormalities did
not have statistical significance. Aneuploidy without
ALK abnormalities was associated with malignant
transformation in three of five cases. Conclusions:
Abnormalities of ALK and p80 and evidence of chro-
mosomal rearrangements of 2p23 occur in a signif-
icant proportion of IMTs. These changes are most
frequent in abdominal and pulmonary IMTs in the
first decade of life and are associated with a higher
frequency of recurrence. These findings confirm the
neoplastic nature of a subset IMT with ALK abnor-
malities and suggest that aneuploid IMT is a subset
with more aggressive clinical behavior.

KEY WORDS: Inflammatory myofibroblastic tumor,
ALK gene rearrangements, ALK immunohisto-
chemistry.

Mod Pathol 2001;14(6):569–576

Inflammatory myofibroblastic tumor (IMT), a tu-
mor of myofibroblastic spindle cells accompanied
by a variable inflammatory infiltrate of plasma cells,
eosinophils, and lymphocytes, occurs in pulmonary
and extrapulmonary sites, recurs locally, manifests
systemic symptoms, and rarely undergoes malig-
nant transformation (1– 4). The search for histologic
prognostic features has proven elusive (5, 6). One of
the fundamental controversies surrounding IMT is
whether it is a neoplasm or a reactive pseudotu-
morous proliferation (2, 7, 8).

Limited information is available about the cyto-
genetic findings in IMT. Several case reports and
small series have reported karyotypic abnormali-
ties, which are summarized in Table 1 (4, 9 –13).
These reports indicate that at least some IMTs have
clonal aberrations involving the short arm of chro-
mosome 2 in region p21-p23 and support the con-
tention that IMT is a neoplasm.

Chromosome 2p23 is the site of the human ALK
gene, which codes for anaplastic lymphoma kinase
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(14). ALK is a tyrosine kinase receptor and a mem-
ber of the insulin growth factor receptor superfam-
ily. Clonal abnormalities of ALK are typically asso-
ciated with anaplastic large cell lymphoma (ALCL),
which has a characteristic translocation t (2;5)(p23;
q35) in about 40% of cases (15–20). Recently variant
translocations have been cloned in ALCL (21–26).
The t(2;5) in ALCL results in novel fusion proteins,
with constitutive active ALK tyrosine kinase do-
main. One hypothesis for the pathogenesis of ALCL
is that the fusion proteins from the translocations
lead to abnormal intracellular phosphorylation and
neoplastic transformation.

Recently antibodies to the protein product of the
ALK gene have been developed that detect both
ALK expression associated with the t(2;5) and other
abnormalities that may result in deregulation of the
ALK gene (19, 20, 27–30). The t(2;5) is associated
with nuclear and cytoplasmic immunoreactivity for
two antibodies, ALK-1, a monoclonal antibody, and
p80NPM/ALK, a rabbit polyclonal antibody. Variant
translocations involving chromosome 2 and other
chromosomes in addition to chromosome 5 are
associated with cytoplasmic ALK-1 reactivity in
ALCL (19, 25, 28).

The purposes of this study are to further investi-
gate the neoplastic versus pseudotumorous nature
of IMT by looking for evidence of chromosome
rearrangements of 2p23 with involvement of the
ALK gene and to assess whether IMTs with ALK
rearrangements or deregulation constitute a dis-
tinct clinical and pathological subset.

MATERIALS AND METHODS

Case Selection
Formalin-fixed, paraffin-embedded archival tis-

sue from 47 IMTs in 40 patients was obtained from
the consultation and institutional files of the au-
thors. Twenty-six of the cases were previously pub-
lished (1). Flow cytometric ploidy analysis was pre-
viously published for 24 cases (6). Clinical data were
obtained by review of medical records or through
communication with primary care physicians, sur-
geons, or referring pathologists. All pathology re-
ports and representative microscopic slides were
reviewed. Histologic features of IMT have been pre-
viously published (1). Metaphase cytogenetics was

performed using standard methods at the time of
initial evaluation in two cases, one of which was
previously published (9).

Immunophenotypic Studies
Immunohistochemical studies were performed

on 47 samples from 40 patients using formalin-
fixed, paraffin-embedded tissue sections, a stan-
dard avidin-biotin peroxidase complex technique,
and an automated immunostainer (Ventana Medi-
cal Systems, Tucson, AZ). The polyclonal antibody
p80NPM/ALK was obtained from Monosan, Uden,
The Netherlands, and the working dilution was
1:60. The monoclonal ALK-1 antibody was provided
by David Mason, M.D., Oxford, England, and the
working dilution was 1:40 (29, 30, 31). Appropriate
positive and negative controls were used. Reactivity
was interpreted as positive or negative; positive
cases were further scored with 11 representing less
than 25% positivity, 21 representing 25 to 75% pos-
itivity, and 31 representing more than 75% positiv-
ity. Cases with positive staining were assessed as to
the localization of staining to cytoplasm, nucleus,
or both.

Fluorescence In Situ Hybridization (FISH)
for ALK

Nuclei were prepared from paraffin-embedded
tissue of 22 samples from 19 patients as described
previously (32). Paraffin embedded tissue blocks
were sectioned at 50 millimicrons, and 3 to 4 sec-
tions were used to prepare nuclei. The sections
were deparaffinized twice in xylene for 30 minutes
and 10 minutes, followed by rehydration in 100%,
95%, 75%, and 50% ethanol in water for 5 minutes
each. Tissue sections were digested with Carlsberg
solution (0.1% Sigma protease XXIV, 0.1 M Tris, 0.07
M NaCl, pH 7.2) for 1 to 2 hours at 37°C. The result-
ing nuclear suspensions were vortexed for 20 min-
utes and filtered through a 50 micron nylon mesh.
The nuclei were washed once in phosphate-
buffered saline and fixed in methanol and acetic
acid (3:1).

For FISH, the nuclear suspensions were pipetted
on Vectabond treated slides (Vector Laboratories,
Burlingame, CA) and air dried overnight. The nuclei
were then treated with 50% glycerol/2 3 SSC for 10
minutes at 90°C and denatured for 10 minutes in
70% formamide/2 3 SSC at 70°C. FISH was per-
formed with the ALK probe purchased from Vysis
Incorporated (Downers Grove, IL) according to
their protocol. Two hundred or more nuclei were
scored from each case. The ALK FISH probe gener-
ally appears as two distinct signals adjacent to each
other (red and green). When there is DNA rear-
rangement around the ALK region, the probe signal

TABLE 1. Cytogenetic Findings in Inflammatory

Myofibroblastic Tumor

der 9 from t(2;9)(q13;p22) Treissman, 1994
del (2) (p23) Hojo, 1995
t(1;2)(q21;p23),del (4) (q27) Snyder, 1995
Complex clonal aberrations (2 cases) Sciot, 1997
Complex clonal aberrations, with involvement

of 2p22 and 2p24 (2 of 3 cases)
Su, 1998

Clonal aberrations involving 2p23 (3 cases) Griffin, 1999
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splits. FISH was interpreted as normal without re-
arrangement when two signals without splits were
present, aneuploid without rearrangement when
more than two signals without splits were present,
and positive for ALK rearrangement when a split
signal was present.

Molecular Genetic Studies
Twenty-one specimens from 19 patients were as-

sessed using polymerase chain reaction (PCR) for
clonal rearrangements of the T-cell receptor
gamma-chain gene as previously described (33). All
extracted DNA was checked for amplifiability using
a beta-globin PCR.

Statistical Analysis
x2 and t test analyses were performed, and 95%

confidence limits from the binomial theorem were
calculated.

RESULTS

Clinical Data
Clinicopathologic features, outcome and pres-

ence or absence of ALK abnormalities are summa-
rized in Table 2.

The 40 patients with IMT ranged from newborn
to 28 years of age at diagnosis, with a mean age of
8 years. There were 18 males and 22 females (male-
to-female ratio 0.8). Thirty tumors (75%) originated
in the abdomen, pelvis, or retroperitoneum. Five
(13%) arose in the lung, three (7%) arose in the
mediastinum and thorax, and two (5%) arose in the
extremity. Follow-up information was available for
31 of 40 patients. At last follow-up, 26 patients

(84%) had no evidence of disease. Ten patients
(32%) experienced one or more recurrences, and
five patients (16%) had tumors with histologic evi-
dence of malignant transformation and multiple
recurrences. Among the five patients with malig-
nant transformation, two had IMTs with ALK ab-
normalities and three had aneuploid IMTs without
ALK abnormalities (see below).

x2 analysis did not confirm any association be-
tween sex (P 5 .26), site (P 5 .74), recurrence (P 5
.27), or malignant transformation (P 5 .29) and the
presence of ALK abnormalities. The unpaired t test
did not show any significant difference in mean age
between IMTs with and without ALK abnormalities
(P 5 .32).

Pathologic Findings
All of the IMTs consisted of spindled myofibro-

blastic cells accompanied by an inflammatory infil-
trate of plasma cells with or without lymphocytes
and eosinophils (Fig. 1). The histologic features
were identical to previous detailed descriptions (1,
6). Histologic criteria for malignant transformation
included increased cellularity, increased numbers
of ganglion-like plump polygonal or round cells
associated with necrosis, large prominent nucleoli,
and variable numbers of mitoses, including atypical
mitotic figures (1, 6).

Immunohistochemical findings were obtained
for 47 samples from 40 patients. 16 samples (34%)
displayed immunoreactivity for both ALK-1 and
p80. One sample (2%) was immunoreactive for
ALK-1 and had no immunostaining for p80. 30 sam-
ples (64%) were nonreactive for both ALK-1 and
p80. All of the cases with immunohistochemical
reactivity for ALK-1 and/or p80 displayed cytoplas-
mic staining without any nuclear staining (Fig. 2).

Abnormal karyotypes were obtained in two cases.
One IMT from the abdomen had a karyotype ofTABLE 2. Clinicopathologic Features of Inflammatory

Myofibroblastic Tumor with and without

ALK Abnormalities

Total
Patients
(n 5 40)

ALK
Abnormality

(n 5 14)

No ALK
Abnormality*

(n 5 26)

Mean age 8 y 6.6 y 8.7 y
Male:female ratio 0.8 1.3 0.6
Site

Abdomen/pelvis/retro-
peritoneum

30 (75%) 11 (78%) 19 (73%)

Chest 8 (20%) 2 (14%) 6 (23%)
Extremity 2 (5%) 1 (7%) 1 (4%)

Outcome
No evidence of disease 26 (84%) 9 (64%) 17 (85%)
Recurrence** 10 (32%) 5 (45%) 4 (20%)
Malignant
transformation

5 (16%) 2 (18%) 3 (15%)

Unknown 9 3 6

* Includes five cases with aneuploidy (two by flow cytometry, three by
FISH) but no evidence of ALK abnormalities (see text).

** Five patients with recurrence became free of disease after reexci-
sion; five others (two aneuploid, two with ALK abnormalities, one without
either) developed malignant transformation with recurrences.

FIGURE 1. Inflammatory myofibroblastic tumor consists of a
combination of spindled myofibroblastic cells and an inflammatory
infiltrate with plasma cells.
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43– 46, x, -y, i(8)(q10),-22, 1r, 1mar, inc (ALK split
by FISH) and were previously published (9). The
other, from the lung, had a karyotype of 46, xx,
der(22;4;?)(p21;q21;?), der(4)t(2;4;?). Both cases
were immunoreactive for ALK-1 and p80, and both
had ALK rearrangements by FISH. One case was
previously reported (9).

FISH
FISH revealed two distinct adjacent red and

green fusion signals in 7 of 22 samples (7 samples
from 7 patients). These were interpreted as normal
and not rearranged around the ALK region. Four
samples had 9 to 87% of cells with more than two
fusion signals, indicative of aneuploidy without re-
arrangement around the ALK region; these four
samples were from three patients. One of the ane-
uploid samples was from a patient with recurrent
IMT whose initial tumor had a normal, diploid pat-
tern by FISH. Ten samples had 9 to 64% cells with a
split probe signal indicative of DNA rearrangement
around the ALK region (Fig. 3); these 10 samples
were from nine patients. The split signals were gen-
erally seen in large cells. These findings are sum-
marized in Table 3.

Comparison of immunohistochemistry and FISH
results for 19 cases with ALK abnormalities by ei-
ther method is shown in Table 4. In general, the
immunohistochemistry and FISH correlated well,
with similar results in 89% of cases. x2 analysis
revealed a strong association between positivity
with immunohistochemistry for ALK and p80 and
with FISH positivity (P 5 .00058). Only 2 of 19 cases
(10%) did not correlate. One case with rearrange-
ment by FISH had negative immunohistochemistry,
and one with no rearrangement by FISH displayed
immunoreactivity for ALK-1 and p80. These dis-
crepancies may reflect the technical challenges of
ALK immunohistochemistry on referral cases and
of FISH on nuclei retrieved from formalin-fixed,
paraffin-embedded tissues. None of the aneuploid
cases demonstrated immunoreactivity for ALK-1 or
p80.

Molecular Genetic Studies
PCR for clonal rearrangement of the T-cell recep-

tor gamma-chain gene was performed in 21 sam-

FIGURE 2. Immunohistochemistry in inflammatory myofibroblastic
tumors. A, ALK-1 cytoplasmic positivity. B, p80 cytoplasmic positivity.

FIGURE 3. Fluorescence in situ hybridization with the ALK probe
shows a split of the red and green fusion signals in tumor cell nuclei.

TABLE 3. Fluorescence In Situ Hybridization for ALK

Rearrangements in 19 Patients*

ALK rearrangement** 9 (47%)
Aneuploidy 3 (16%)
No rearrangement 7 (37%)

* There were 22 samples from 19 patients; numbers and percentages in
the table are for patients.

** Two cases were previously reported (Griffin, 1999).

TABLE 4. Comparison of Immunohistochemistry and

FISH for ALK Abnormalities*

ALK-1 and p80 pos ALK-1 and p80 neg

FISH 8 (42%) 1 (5%)
pos

FISH 1 (5%) 9 (47%)
neg

* Total: 19 cases. Two cases had FISH data previously reported (Griffin,
1999).

FISH 5 fluorescence in situ hybridization.
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ples from 19 patients. All of the samples yielded a
polyclonal smear pattern indicative of absence of
clonal rearrangements of the T-cell receptor gene.

Comparison of IMTs with and without
ALK Abnormalities

Cases with ALK abnormalities detected by either
FISH or immunohistochemistry or both, were com-
pared with cases without evidence of ALK abnor-
malities. Fourteen of 40 patients (35%) had ALK
abnormalities and 26 of 40 (65%) had no detectable
abnormalities with the methods used. Comparison
of age, sex distribution, site, and outcome are
shown in Table 2. Patients with IMT with ALK ab-
normalities were younger, had a slight male pre-
dominance, and a similar anatomic distribution.
There was a higher percentage of recurrence in
comparison with those without ALK abnormalities.
The frequency of malignant transformation was
similar in both groups. However, among the five
patients with malignant transformation, three had
aneuploidy, two of which lacked evidence of ALK
rearrangements. The differences in age, sex, site,
and recurrence among the 40 patients did not reach
statistical significance by x2 analysis and unpaired t
test. The 95% confidence limits demonstrated that
IMT occurred more often in the abdomen (ob-
served 75%; limits 58.8 to 87.3%) than in the chest
(observed 20%; limits 9.1 to 35.6%) and extremities
(observed 5%; limits 0.6 to 16.9%).

Five patients with IMT had aneuploidy, three by
FISH and two by flow cytometry (previously pub-
lished, Ref. 6). A total of 37 samples from 33 patients
were assessed for aneuploidy, 21 samples in 19
patients by flow cytometry (previously published,
Ref. 6), and 22 samples in 19 patients by FISH; 6
samples in 5 patients were studied with both tech-
niques. These five patients ranged from two to 16
years of age at diagnosis, with a mean of 8 years.
There were one male and four females (male-to-
female ratio 0.25). The aneuploid IMTs were lo-
cated in the abdomen, pelvis, or retroperitoneum in
two cases (40%), chest in two cases (40%), and
extremities in one case (20%). Outcome informa-
tion was available for four of five patients. One
patient had no evidence of disease at last follow-up.
Three of the five patients with aneuploid IMT (75%)
had recurrences and histologic evidence of malig-
nant transformation. All five aneuploid cases lacked
evidence of ALK gene rearrangement by immuno-
histochemistry or FISH.

DISCUSSION

IMT is classified with intermediate neoplasms in
the current World Health Organization Histological
Typing of Soft Tissue Tumors (34). It occurs in

pulmonary and extrapulmonary sites, is associated
with recurrences and systemic symptoms, rarely
undergoes malignant transformation, and is com-
posed of differentiated myofibroblastic spindle cell
accompanied by numerous plasma cells and/or
lymphocytes and eosinophils (1, 3–5). Some of the
persistent uncertainties about IMT are whether it is
a benign, indeterminate, or malignant neoplasm,
whether it represents a neoplastic or reactive pro-
cess, what is the significance of multifocal or met-
astatic disease, and whether histologic-prognostic
features can be identified (2, 7, 8). Recent studies
have suggested that the combination of ganglion-
like cells, aneuploidy, and p53 expression are asso-
ciated with more aggressive clinical behavior (5, 6,
35).

Several case reports and small series of IMT in
the past decade have provided cytogenetic evi-
dence for a clonal origin (4, 9 –13). The clonal ab-
normalities identified in these reports have varied,
but have had in common aberrations involving
chromosome 2p21–24. FISH with a probe flanking
the ALK gene at 2p23 demonstrated rearrangement
associated with ALK expression by immunohisto-
chemistry in three cases (9). A single case of IMT
has been reported with a translocation involving
12q15 and an intragenic rearrangement of high mo-
bility group I-C (36). Concurrently with the present
report, tropomyosin (TPM)-ALK fusions involving
TPM3-ALK and TPM4-ALK oncogenes were re-
ported in two abdominal and one pulmonary IMT
(37). In this series, 64% of IMT displayed ALK im-
munoreactivity but only 27% had ALK fusions by
RT-PCR screening for TPM3-ALK and TPM4-ALK.
These findings support the concept that IMT is
clonal in origin, that ALK rearrangement may be a
common theme among this type of neoplasm, and
that the ALK fusion genes or ALK expression may be
a diagnostically useful molecular marker.

The present study of 47 samples of IMT from 40
patients revealed ALK abnormalities by immuno-
histochemistry and/or FISH in 35% of the IMTs
from 40 patients. Immunoreactivity for ALK-1
and/or p80 was detected in 36% of the 40 patients’
IMTs, and 47% had ALK rearrangement by FISH (P
5 .00058). 10% lacked correlation of ALK deregula-
tion by FISH versus immunohistochemistry. Com-
parison of clinicopathologic features and outcome
suggested that IMTs with ALK abnormalities may
occur at an earlier age, have a male predilection
and recur more frequently. However, in this sample
of 40 patients, the differences between IMTs with
and without ALK abnormalities did not reach sta-
tistical significance. Aneuploidy by FISH was not
associated with ALK rearrangement, but aneuploid
IMT was more frequently associated with recur-
rence and histologic evidence of malignant trans-
formation. One IMT that was aneuploid by flow
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cytometry displayed immunoreactivity for ALK-1
and p80, but could not be evaluated by FISH.

It has been suggested that 2p23 contains a gene
or regulatory region involved in the pathogenesis of
IMT, analogous to the situation for ALCL (9). ALCL
comprises a cytologic and morphologic spectrum
with many morphologic variants, including a rare
sarcomatoid variant that overlaps histologically
with IMT (18, 38, 39). Despite morphologic diver-
sity, ALCL has characteristic clinical features and
outcome. Most ALCL are derived from T-cells but
have a better prognosis than other T-cell lympho-
mas. ALCL frequently presents with an advanced
stage, extranodal involvement, and noncontiguous
nodal involvement. There is a bimodal age distri-
bution with peaks in the third and seventh decades.
Systemic symptoms, similar to those seen in
Hodgkin’s disease and some cases of IMT, are
found in 40% of ALCL. Despite a tendency for pre-
sentation at high stage and frequent relapses, the
prognosis is relatively favorable. Like IMT, ALCL
may undergo spontaneous regression (18, 39).

The translocation t(2;5)(p23;p35) has been re-
ported in 15 to 65% of cases of ALCL and variant
translocations involving chromosome 2 and other
chromosomes have been reported (14, 18, 19, 25,
27, 28). The t(2;5) breakpoint was cloned in 1994
and results in fusion of the NPM gene on chromo-
some 5q35 to a kinase gene, ALK, on chromosome
2p23 (14). This leads to expression of a fusion pro-
tein p80 NPM/ALK. The immunoreactivity for ALK
and p80 in ALCL is nuclear and cytoplasmic (19, 29,
40). Although correlation is good between the two
antibodies, ALK staining is stronger and easier to
interpret. The p80 fusion protein-positive ALCL has
been noted to occur in a younger age group with a
more favorable outcome and classic lymphohistio-
cytic or small cell morphologic variants (27, 30).
Good correlation has been noted between immu-
nohistochemical staining for antibodies to p80 and
ALK, and reverse transcriptase-PCR covering the
fusion junction of p80 mRNA (40). Based on studies
of ALCL, it appears that a variety of genes are ca-
pable of deregulating ALK expression (19, 20, 29,
28).

Rare examples of a sarcomatoid variant of ALCL
have been reported (38, 39). The cytogenetic, ALK
immunoreactivity, and molecular features of this
variant are unknown, but there are overlapping his-
tologic and immunohistochemical features with
IMT. The histologic findings of large oval pleomor-
phic and spindle tumor cells with a storiform pat-
tern and focally myxoid stroma raise the question of
a relationship to IMT and other pleomorphic mes-
enchymal tumors of soft tissue. The absence of
T-cell gene rearrangements in the present series of
cases provides evidence that IMT is not a T-cell
malignant neoplasm or a sarcomatoid variant of

ALCL. However, it raises the question of whether
there are similar molecular genetic aspects of each
tumors that result in morphologic and clinical
similarities.

This study demonstrates that a significant subset
of IMTs are neoplasms with consistent aberrations
of chromosome 2p23 and that a second subset lacks
evidence of 2p23 abnormalities but is aneuploid
and potentially more aggressive. A third group lacks
evidence of aneuploidy or ALK abnormalities with
the techniques we used. Whether the third subset is
characterized by one or more chromosomal aber-
rations involving regions other than 2p23 is as yet
unknown, but the findings suggest a similarity to
the ALK-positive and ALK-negative groups of ALCL.
There are no distinguishing histologic characteris-
tics to explain the genetic heterogeneity or varia-
tions in clinical features. Based on our findings, a
significant proportion of IMTs join ALCL as a mem-
ber of the group of neoplasms with ALK gene in-
volvement. A tentative analogy can be drawn be-
tween IMT and ALCL and the EWS family of
tumors, in which the EWS gene is involved a group
of morphologically similar but clinically and patho-
logically distinct lesions. Perhaps there is a family of
neoplasms, the ALK family, of which ALCL (ALK
lymphoma) and IMT with ALK abnormalities are
the first recognized members. The recent finding of
ALK tyrosine kinase gene expression in neuroblas-
toma (41) and the identification of specific TPM3-
ALK and TPM4-ALK oncogenes in IMT (37) further
support this hypothesis. The recognition of specific
gene fusion partners of ALK rearrangements in IMT
is incomplete, although a recent study has sug-
gested TPM involvement. Whether a specific type of
ALK gene fusion has clinical and prognostic signif-
icance for IMT remains a matter for further
investigation.
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