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(S-LAM, mean age, 37.4 years) and 14 patients with tuberous sclerosis complex (TSC)-LAM {mean age,
35.6 years) were analyzed.

Keywords: . . Results: Pulmonary nodules (18.8%) and hepatic angiomyolipoma (AML, 24.3%) were more common in our
Lymphangioleiomyomatosis . . . . .

. patients than those in previous reports. Compared with TSC-LAM, S-LAM group had a higher frequency
Tuberous sclerosis R ? s
Computed tomography of pulmonary nodules (28.6% vs 32.3%, P<0.01) and lower frequencies of air-space consolidation (21.4%

vs 2.4%, P<0,01), pneumothorax (28.6% vs 8.1%, P=0.02), pulmonary hilar lymphadenopathy (14.3% vs
0.8%, P<0.01), renal AML(85.7% vs 17.4%, P<0.01), hepatic AML (71.4% vs 17.4%, P<0.01), and retrocrural
lymphadenopathy (14.3% vs 1.4%, P=0.04). Axial lymphatic abnormalities (i.e., thoracic duct dilatation,
lymphadenopathy, and lymphangioleiomyoma) were most common in the pelvis and tended to decrease
in incidence with increased distance from the pelvis.
Conclusion: The incidence of some CT findings in Japanese patients differed from those in previous reports.
Axial lymphatic abnormalities noted here suggest that the origin of LAM cells may be the pelvis.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction and pelvic cavity. LAM occurs in approximately 30% of females with

tuberous sclerosis complex (TSC-LAM), although LAM also occurs

Lymphangioleiomyomatosis (LAM) is an uncommon disease in
females of child-bearing age and is characterized by the prolifera-
tion of abnormal smooth muscle cells (LAM cells) in the lungs and
along the axial lymphatic system of the thorax, retroperitoneum,
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in females without TSC (i.e., sporadic LAM [S-LAM]) [ 1]. Both TSC-
LAM and S-LAM are associated with mutations in the TSC genes. A
diagnosis of LAM is usually made when warranted by clinical his-
tory and a pathognomonic appearance of pulmonary cysts on chest
computed tomography (CT) or identification in a pathology report
of LAM cells [2,3]. Recently, clinical and radiographic characteris-
tics of patients with LAM were described based on the analyses of a
large series of patients in National Heart, Lung, and Blood Institute
(NHLBI) LAM registry [4-6]. In our country, clinicopathologic find-
ings of 46 patients with LAM were already reported [2]; however,
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no comparable radiologic investigations have been done. Therefore,
we retrospectively examined the CT images from a large series of
Japanese patients with LAM to clarify the spectrum and prevalence
of radiologic findings in our country.

2. Materials and methods
2.1, Patients

This retrospective study was approved by the ethics committee
of our institution (JIRB21-134). We evaluated 138 females, includ-
ing 124 patients with S-LAM (age range, 21-61 years; mean, 37.4
years) and 14 patients with TSC-LAM (age range, 25~50 years;
mean, 35.6 years) who had undergone at least one of the follow-
ing examinations at our hospital between May 1990 and November
2009: chest CT scans (138 patients; age range, 21-61 years; mean,
37.3 years), abdominal CT scans (72 patients; age range, 22-61
years; mean, 36.9 years), and pelvic CT scans (69 patients; age
range, 22-61 years; mean, 37.0 years). All patients were studied
when there was no evidence infection and large pneumothorax
(the presence of a visible rim of =2 cm between the lung margin
and the chest wall), Thirty-three of 138 patients had smoking his-
tory (mean, 7.6 pack-vear). Each diagnosis was established based on
biopsy findings of the lungs, lymphangioleiomyoma (LALM), lymph
nodes (LNSs), and uterus, respectively, in 92, 18, 3, and 1 patients.
One patient was diagnosed based on a cytological study of the pleu-
ral fluid. Twenty-three patients did not undergo tissue biopsies,
but had characteristic clinical pictures (recurrent pneumothorax
andfor chylous pleural effusion) and CT findings (diffusely scat-
tered thin-walled pulmonary cysts). Fourteen patients with TSC
were diagnosed based on established clinical criteria [7].

2.2. CT technigue

All chest CT scans were obtained at the end of inspiration by
the patient in a supine position. The scanning protocol consisted of
reconstruction of 1-5-mm collimation sections with a high spatial
frequency algorithm at 1- or 2-cm intervals. Contrast material-
enhanced abdominal and pelvic CT scans were performed in 62
and 60 patients, respectively, 100 ml of iohexol [Omnipaque 300]
(Daiichi-Sankyo, Tokyo, Japan) or of iopamidol [lopamiron 300]
(Bayer Schering Pharma, Osaka, Japan). The remaining patients did
not receive intravenous contrast material due to a history of either
allergic reactions or poor renal function.

2.3. CTimage analysis

Four radiologists, each with over 15 years of experience in chest,
abdominal, and pelvic CT imaging, worked independently and had
knowledge of the diagnosis (LAM only). These observers, all of
whom were blinded to any other clinical information about the
patients, were divided into two groups and reviewed the images
in random order. Disagreements regarding the CT findings were
resolved by consensus between the two groups. The CT scans were
obtained on a variety of scanners. Images were evaluated on the
film images or a monitor: (chest, 30 patients on film images and 108
patients on a monitor; abdomen, 27 patients on film images and 45
patients on a monitor; and pelvis, 25 patients on film images and
44 patients on a monitor) at window settings appropriate for view-
ing the lung (window level from —500 to —~800 HU; window width
from 1000 to 2000 HU), the mediastinum (window level from 15 to
40 HU; window width from 300 to 400 HU), and the abdomen and
pelvis (window level from 15 to 40 HU; window width from 300 to
400 HU).

2.4. Chest CT image interpretation

Pulmonary cysts, noncalcified pulmonary nodules, ground-glass
opacity, air-space consolidation, thickening of the bronchovascu-
lar bundles, interlobular septal thickening, thoracic duct dilatation,
pneumothorax, pleural effusion, and lymphadenopathy (of the
pulmonary hilum, mediastinum, supraclavicular, and/or axillary
regions) were evaluated (see online supplementary materials for
further details).

2.5, Abdominal and pelvic CT image interpretation

The abdominal and pelvic CT findings included hepatic and
renal masses, LALM, lymphadenopathy (of the retrocrural space,
upper abdomen, pelvis, and inguen), and ascites. Hepatic and renal
masses were considered to represent angiomyolipomas (AMLs) if
they contained fat. More information is provided in the online sup-
plementary material.

2.6. Lymphatic lesions

Solitary masses found in LAM patients were considered to
be possible LALMs or lesions of lymphadenopathy. Therefore,
we defined “lymphatic lesions” as those involving thoracic duct
dilatation, lymphadenopathy, LALM, and/or solitary masses and
evaluated the frequency of such lesions in each part of the body.

2.7, Statistical analysis

The interobserver variation of the extent of pulmonary cysts was
evaluated using Spearman’s rank correlation coefficient. The inter-
observer variation of the extent and size of various abnormalities
was evaluated using a linear regression analysis and Bland-Altman
plots [8]. The interobserver variations among findings and the
predominant distribution were analyzed using the k-statistic. Inter-
observer agreement was then classified as poor (0.00-0.20), fair
(0.21-0.40), moderate (0.41-0.60), good (0.61-0.80), or excellent
(0.81-1.00). The frequencies of various findings were compared
using the Chi-square test with appropriate Fisher exact test, and
the extent of pulmonary cysts was compared between the S-LAM
and TSC-LAM groups using the unpaired t-test. All statistical anal-
yses were performed using the SPSS software program (version
16.0, SPSS Inc., Chicago, IL, USA). The data are expressed as the
mean + standard deviation (SD). A P-value of less than 0.05 was
considered to indicate a significant difference.

3. Results
3.1. Observer agreement

Regarding the chest CT findings, there was moderate to
excellent agreement with respect to the extent and size of
the pulmonary cysts (Spearman rank correlation coefficient,
r=0.607-0.942; P<0.001) and fair to excellent agreement for the
extent and size of abnormal lesions (linear correlation coefficient,
r=0.352-0.942; P<0.001). Agreement was fair to excellent for the
presence of abnormal findings and the characteristics of distribu-
tion (k=0.228-1.00); an exception was the presence of pulmonary
nodules (k=0.200). Regarding abdominal and pelvic CT findings,
the existence of abnormal findings generated good to excellent
agreement (k=0.655-1.00) and excellent agreement for the size
of abnormal lesions (linear correlation coefficient, r=0.947-0.966,
P<0.001), with the exception of the size of intrapelvic solitary
masses (r=0.215, P=0.580) (see online supplementary materials
for further details). Bland-Altman plots of the two groups’ mea-
surements of the extent of pulmonary cysts are shown in Fig. 1.
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Fig. 1. Bland-Altman plots of measurements averaged across the two groups, according to lesion extent and size. Solid center line represents the mean of differences, The
top dashed line shows the upper 95% limit of agreement (LOA), and the bottom dashed line shows the lower 95% LOA (4:1.96 times the standard deviation).

The mean bias between the two groups was close to zero in each
size category and also in total.

3.2. Chest CT findings

In our study, all but one patient had well-circumscribed, thin-
walled pulmonary cysts. The total extent of pulmonary cysts on
CT scans was 38.9+ 27.9% (mean % SD) (Table 1). Most pulmonary
cysts were small (<10 mm)and distributed diffusely throughoutthe
lungs. Most of our patients had randomly distributed pulmonary
cysts.

The chest CT findings other than pulmonary cysts are also
shown in Table 1. Fifty patients (36.2%) had noncalcified pulmonary
nodules; of these, 26 (18.8%) had multiple (three or more) noncal-
cified pulmonary nodules. Ground-glass attenuation and air-space
consolidation were found in seven (5.1%) and six (4.3%) patients,
respectively. Thickening of the bronchovascular bundles and inter-
lobular septal tissues were also relatively frequent (18.1% and 9.4%,
respectively). Lymphadenopathy was more common in the medi-
astinum (8.7%) than in other regions of the thorax.

A diffusely thickened mediastinum with water attenuation was
found in two patients (Fig. 2). Both patients also had pleurai effu-
sions and ground-glass attenuation.

3.3. Abdominal and pelvic CT findings

Of the 72 patients who underwent an abdominal CT, 17
(23.6%) had fat-containing masses, and three (4.2%) had uniformly
enhanced masses in the kidneys (Table 2). These findings were
thought to be indicative of AML; therefore, 20 (27.8%) patients may

have had renal AML. Renal cysts were found in 5.6% of the present
patients. Regarding the liver, 15 (20.1%) patients had fat-containing
masses, and 3 (4.2%) patients had uniformly enhanced masses
(Table 2). Therefore, the 18 (25.0%) patients considered to have
liver AML. Liver cysts and hemangiomas were found in 13.9% and
1.4% of our patients, respectively. Lymphadenopathy was more
common in the pelvis (11.6%) and abdomen (11.1%) than in other
regions (Table 3), LALM afflicted 26 of 69 patients (37.7%) who
underwent abdominopelvic CT, with LALM extending from the
abdomen to the pelvis exhibiting the highest frequency (13.0%)
(Table 3). Solitary masses were found in 14 of 69 patients (20.1%)
who underwent abdominopelvic CT (Table 3). This finding was
most frequently observed in the pelvis (11.8%). Nine of 72 patients
(12.5%) had ascites (k=0.834, P<0.001).

3.4. Lymphatic lesions

The frequencies of lymphatic lesions in various areas of the body
are shown in Fig. 3. Lymphatic lesions were most frequent in the
pelvis (43.5%), and their numbers decreased as the distance from
the pelvis increased.

3.5. Comparison of CT findings between the S-LAM and TSC-LAM
groups

Statistically significant differences distinguished the S-LAM
from the TSC-LAM groups. Tables 1-3 display those values for
pulmonary nodules, air-space consolidation, pneumothorax for-
mation, lymphadenopathy in the pulmonary hilum, renal AML,
hepatic AML, and lymphadenopathy in the retrocrural space.
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Table 1
Chest CT findings.
Findings Total (n=138) S-LAM {n=124) TSC-LAM (n=14) P-value
Pulmonary cysts
Extent (%)
Total extent 3894279 38.5::28.4 43,7:423.8 0.51
Small cysts 2784205 2704204 36.1:£21.0 0.12
Medium cysts 92+13.0 954135 63470 0.38
Large cysts 20449 21451 14423 0.60
Distribution {no. of patients)
Axial direction
Upper predominant 8(5.8) 7(5.6) 0
Lower predominant 12(8.6) 12(9.7) 0 048
Random/Diffuse 117(84.2) 104(83.9) 14{100) ’
No cyst 1(0.7) 1(0.8) 0
Horizontal direction
Central predominant 0 0 0
Peripheral predominant 0 0 0
Ventral predominant 3(2.2) 3(2.4) 0 0.87
Dorsal predominant 0 0 0 :
Random/diffuse 134(96.4) 120(96.8) 14(100)
No cyst 1(0.7) 1(0.8) 0
Pulmonary nodule 52(37.7) 42(33.9) 10{71.4) <0.01
Nodules of <10 45(32.6) 40(32.3) 5(35.7) <001
Nodules of =10 7(5.1) 2{1.6) 5(358.7) ’
Size in patients with nodules (mm) 3.8+£2.8(1,0-16.5) 34428 (1.0-16.5) 53:£2.7(1.5~10) 0.15
Ground-glass attenuation 7({5.1) 7(5.6) 0 0.36
Extent in patients with ground-glass attenuation (%) 14.3+£142 1434142 - N/A
Air-space consolidation 6(4.3) 3(2.4) 3(21.4) <0.01
Extent in patients with air-space consolidation (%) 444525 50425 39£25 0.64
Thickening of bronchovascular bundles 25(18.1) 20(16.1) 5(35.7) 0.07
interlobular septal thickening 13(9.4) 13(10.5) 0 0.20
Thoracic duct dilatation 5(3.6) 4(3.2) 17.1) 0.46
Pneumothorax 14(10.1) 10(8.1) 4(28.6) 0.02
Right side 5(3.6) 3(2.4) 2(14.3)
Left side 8(5.8) 7(5.6) 1(7.1) <0.01
Both sides 1(0.7) 0 7.1
Pleural effusion 15(10.8) 14(11.3) 1(7.1) 0.64
Right side 6(4.3) 5(4.0) 1(7.1)
Left side 8(5.8) 9(7.3) 0 0.72
Both sides 1(0.7) 0 0
Thoracic lymphadenopathy 14(10.1) 12(9.7) 2(14.3) 0.59
Mediastinum 10(7.2) NH7.3) 7Y 0.99
Pulmonary hilum 3(2.2) 1(0.8) 2(14.3) <0.01
Supraclavicular region 1(0.7) 1(0.8) 0 0.74
Axilla 1(0.7) 1(0.8) 0 0.74

N/A: not available. Data in parenthesis are percentages.

4, Discussion

OQur present studyis the first to document the results from alarge
serial study of Japanese patients with LAM. Recently, a group at the
American National Institutes of Health (NIH) reported the outcomes
for similar analyses of patients with LAM [5,6]. The pathognomonic
finding in chest CTs of patients with LAM is thin-walled pulmonary
cystsin arandom distribution. In our patients, TSC-LAM groups had
a higher extent of pulmonary cysts than in some previous reports.
The cause of this discrepancy may have been due to the small num-
ber of TSC-LAM patients in our study. Nevertheless, in our series,
the frequency of pulmonary nodules (18.8% in total, 13.7% in S-LAM,
and 64.3% in TSC-LAM) was higher than in the NIH group’s study
(3.4%in total, 1% in S-LAM, and 12% in TSC-LAM). The racial differ-
ences may be one cause of the difference between the two studies,
because this disparity in results was confirmed when we used their
definition (“multiple [three or more] noncalcified pulmonary nod-
ules”) [6].

Ground-glass attenuation and consolidation are thought to rep-
resent hemorrhage and/or edema [9]. Moreover, such findings may
also indicate lymphatic edema, because six of our patients with

these conditions also manifested interlobular septal thickening
and/or thickening of the bronchovascular bundles, which could be
an expression of interstitial lymphatic edema caused by obstruction
of the lymphatic vessels [10,11].

In our series, the frequency of mediastinal lymphadenopathy
was 8.7%, with no differences observed between the S-LAM and
TSC-LAM groups. However, pulmonary hilar lymphadenopathy was
more common in TSC-LAM than in S-LAM group [2,12]. The fre-
quencies of thoracic duct dilatation and pleural effusion found in
our patients were similar to those reported in the previous report
{6]. Two of our patients exhibited diffusely thickened mediastina
with decreased density. The cause may have been an increase of
Iymphatic fluid accumulated in the mediastinum, because pleu-
ral effusions and ground-glass attenuation present in both patients
could indicate lymphatic abnormalities.

Renal AMLis the most common tumor associated with LAM, and
the reported frequency of renal AML is up to 90% among patients
with TSC and up to 50% for patients with S-LAM [5,6,13~15]. Our
S-LAM patients had a lower frequency of renal AML than in that
of previous reports (27.8% in total, 17.4% in S-LAM and 85.7% in
TSC-LAM). The racial difference may account for this divergence.
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Fig. 2. CT images of a thickened mediastinum with decreased density. (A, B) CT images of a 41-year-old female with S-LAM, and (C, D) CT images of a 30-year-old female with
S-LAM. The CT images of both patients show thickened mediastina with decreased density (arrows). Note the coexistence of ground-glass attenuation and pleural effusion.

Hepatic AML is a rare, benign fatty tumor. The NIH group
reported the frequency of hepatic AML in LAM patients to be 8.7%,
which is lower than our findings (19.4%). In our series, hepatic AML
was more common in the TSC-LAM group than in the S-LAM group
(57.1% vs. 15.4%, respectively), and this result also differs from that
reported by the NIH (33% vs. 2%), possibly owing to racial factors.
Others found hepatic AML only in association with renal AML [16].
However, both of our two patients with TSC-LAM as well as hepatic
AML also had renal AML. Still, among the S-LAM patients, only four

of 15 patients with hepatic AML also had renal AML. Therefore, no
association was apparent between the occurrence of hepatic AML
and renal AML in patients with S-LAM.

Renal cysts are acquired lesions that are thought to evolve from
diverticula in the distal convoluted and collecting tubules [17].
The progression of diverticula into cysts seems to occur primarily
as an age-related process in association with weakening of the
tubular basement membrane [18]. As documented, the prevalence
of renal and liver cysts in Japanese females 35-40 years of age

A
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~=-== Abdomen : 41.7 % (30/72)
——mmmn Pelvis : 43.5 % (30/69)
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Fig.3. Frequency of lymphatic lesions. Lymphatic lesions were most frequently observed in the pelvis, with the incidence decreasing as the distance from the pelvis increased.
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Table 2
Kidney and liver findings.

Findings Number of patients
Total (n=72) S5-LAM (n1=65) TSC-LAM (n=7) P-value.
Kidney
AML 20(27.8) 14{21.5) 6(85.7) <0.01
Fat containing mass 16(24.6) 10{15.4) 6(85.7) <0.01
Right side 5(6.9) 4(6.2) 1(14.3)
Left side 3(4.2) 1(1.5) 2(28.6) <001
Both sides 8(12.3) 5(7.7) 3(42.9)
Fat containing mass of <10 10(15.4) 8(12.3) 3(42.9) «001
Fat containing mass of =10 5(6.9) 2(3.1) 3(42.9) :
Size of mass in patients with this finding (mm) 41.8::37.1 51.8:4:43.8 252:£119 0.17
Uniformly enhanced mass 3(4.2) 2{3.1) 1(14.3) 0.16
Right side 1(1.4) 0 1(14.3)
Left side 2(2.8) 2(3.1) 0 0.02
Both sides 0 0 0
Uniformly enhanced mass of <10 3(4.2) 2(3.1) 1{14.3) 037
Uniformly enhanced mass of =10 0 0 0 .
Size of mass in patients with this finding (mm) 158495 21.34:18 5.0 N/A
Renal artery embolization or renal extraction 5(6.9) 4(6.2) 1(14.3) 0.42
Right side 1(1.4) 0 1(14.3)
Left side 4(5.6) 4(6.2) 0 0.02
Both sides 0 0 0
Cyst 4(5.6) 3{4.6) 1(14.3) 0.29
Right side 1{14) 0 1(14.3)
Left side 2(2.8) 2(3.1) 0 0.02
Both sides 1(14) 1{1.5) 0
Cyst of <10 4(5.6) 3(4.6) 1(14.3) 0.57
Cyst of 10 0 0 0 -
Size of cyst in patients with this finding (mm) 41404 4.0£05 4.5 N/A
Liver
AML= Fat containing mass 14(194) 10(15.4) 4(57.1) 0.01
Fat containing mass of <10 11(15.3) 9(13.8) 2(28.6) <001
Fat containing mass of > 10 3(4.2) 1(1.5) 2(28.6) '
Size of mass in patients with this finding (mm) 1584193 106459 28.8+345 0.11
Cyst 10(13.9) 10(15.4) 0 0.26
Cystof <10 10(13.9) 10(15.4) 0 054
Cyst of =10 0 0 0 -
Size of cyst in patients with this finding (mm) 128+17.3 1284173 - N/A
Hemangioma 1(1.4) 1(1.5) 0 0.74
Hemangioma of <10 1(1.4) 1(1.5) 0 095
Hemangioma of =10 0 0 0 i
Size of hemangioma in patients with this finding (mm) 20.0 20.0 - N/A

N/A: not available. Data in parenthesis are percentages.

is approximately 1.5% and 2%, respectively [19). Therefore, our
results suggest the probability of a high incidence of renal and
hepatic cysts in LAM patients.

Enlarged LNs in the abdomen and pelvis have been described in
up to 40% of patients with S-LAM, with 14% occurring in the retro-
crural space, 25% in the abdomen, and 5% in the pelvis [11]. Our
results showed a relatively lower incidence of lymphadenopathy
in these regions. LALM is thought to result from the proliferation
of LAM cells in lymphatic vessels, causing dilatation and obstruc-
tion [20]. The CT scans of patients with LALM have included large,
contiguous, lobulated masses, sometimes infiltrating the retroperi-
toneum. The NIH group cited a 24.8%, frequency of LALM in LAM
patients, which is similar to our results. Solitary masses other than
LNs were apparent only in our S-LAM patients. This type of lesion
is thought to be a relatively small LALM, since most of these lesions
contain areas of low attenuation on CT. However, the LNs in LAM
patients can measure up to 4.0cm in diameter; therefore, some
of these lesions may be LNs. Unfortunately, the small number of
our TSC-LAM patients precluded a precise statistical analysis of the
difference between S-LAM and TSC-LAM.

LAM cells produce VEGF-D that induces lymphangiogenesis
where the cells proliferate. Accordingly, patients with LAM fre-
quently show such abnormalities along the axial lymphatics as
thoracic duct dilatation, lymphadenopathy, and LALM as well as
chyleleakage into the thorax and/or abdomen [21]. The frequencies

of findings related to abnormalities of the axial lymphatics in our
patients are presented in Fig. 3. Axial lymphatic abnormalities were
most common in the pelvis and tended to decrease in incidence
with increased distance from the pelvis. This result is consistent
with the histopathological incidence of lymphatic lesions identi-
fied by Kumasaka et al. in five individuals at autopsy. In their report,
the axial lymphatic system, including the retroperitoneal LNs, tho-
racic duct, mediastinal LNs, and left supraclavicular LNs, exhibited
a highrate of positive LAM lesions (88%, 100%, 68%, and 82%, respec-
tively) [21]. However, LNs belonging to the tributaries, such as the
mesenteric, axial, and cervical LNs, exhibited no or extremely low
rates of positive LAM lesions (0-14%). Taking into consideration
the lymphatic stream’s direction, we believe the results from both
radiologic and histopathologic examinations suggest that LAM cells
originate in the pelvic cavity and spread via the axial lymphatic
system. This presumption is supported by two pathologic studies:
(1) uterine and adnexal involvement by LAM is highly prevalent as
demonstrated in 9 of 10 LAM patients examined [22], and (2) LAM
lesions in pelvic and paraaortic LNs were found in three patients
with uterine cancer, although none of them had TSC or LAM in other
organs [23}].

Our study has several limitations. First, this is a retrospective,
cross-sectional study that lacks longitudinal data and also detailed
clinical information (i.e., clinical manifestation and pulmonary
function). Second, there is a selection bias because our institution



540

Table 3
Findings of lymphatic lesions.
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Number of patients

Total S-LAM TSC-LAM P-value
Lymphadenopathy
Retrocrural space (n=72) 2(2.8) 1/65(1.5) 1/7(14.3) 0.05
Lymphadenopathy of <10 2(2.8) 1/65(1.5) 1/7(14.3)
Lymphadenopathy of »10 o 0 0 015
Abdomen (n=72) 8{11.1) 6/65(9.2) 217(28.6) 0.12
Lymphadenopathy of <10 3(4.2) 2[65(3.1) 1{7(14.3) 025
Lymphadenopathy of 10 5(6.9) 4/65(6.2) 1/7(14.3) '
Pelvis (n=69) 8(11.6) 6/62(9.7) 2/7(28.6) 0.14
Lymphadenopathy of <10 2(2.9) 1/62(1.6) 1/7(14.3)
Lymphadenopathy of »10 6(8.7) 5/62(8.1) 1{7(14.3) 0.13
Inguinal region (n=69) 3(4.3) 3/62(4.8) 0 0.40
Lymphadenopathy of <10 1(1.4) 1/62(1.8) 0 084
Lymphadenopathy of »10 2(2.9) 2/62(3.2) 0 :
Lymphangioleiomyorma
Retrocrural space (n=72) 10(13.9) 8/65(12.3) 2]7(28.6) 0.24
Abdomen (n=72) 23(31.9) 21/65(32.3) 2[7(28.6) 0.84
Pelvis (n=69) 17(24.6) 15/62(23.1) 2/7(28.6) 0.75
Extent of lymphangioleiomyoma (n=69)
Only in the retrocrural space 1(1.4) 1/62(1.6) 4]
Only in the abdomen 5(6.9) 5/62(8.1) 0
Only in the pelvis 2(29) 1/62(1.6) 1/7{14.3)
From retrocrural space to abdomen 3(4.2) 2162(3.2) 1/7(14.3) 027
From abdomen to pelvis 9(13.0) 9/62(14.5) 0
From retrocrural space to pelvis 6(8.7) 5/62(8.1) 1/7(14.3)
Solitary masses
Retrocrural space (n=72) 2(2.8) 2{65(3.1) 0 0.64
Solitary mass of <10 2(2.8) 2[65(3.1) 0 090
Sotitary mass of 10 0 0 ¢ :
Size of mass in patients with this finding (mm) 220+12.0 2204120 - N/A
Abdomen (n=72) 1(1.4) 1/65(1.5) 0 0.74
Solitary mass of <10 1(1.4} 1/65(1.5) 0
Solitary mass of 210 0 Q [¢] 055
Size of mass in patients with this finding {rmm) 115 11.5 - N/A
Pelvis (n=69) 9(13.0) 7162(11.3) 2/7(28.6) 0.20
Solitary mass of <10 7(10.1) 6/62(9.7) 1/7(14.3)
Solitary mass of 10 2(29) 1/62(1.6) 1/7(14.3) 0.15
Size of mass in patients with this finding (mm) 296474 277+74 36.3+18 0,17
Inguinal region (n=69) Q 0 o} NJA
N/A: not available. Data in parenthesis are percentages.
is a referral center, and the number of TSC-LAM patients included Conflict of interest

was relatively small. Moreover, because our study was a retrospec-
tive study about the patients with LAM who were referred to the
respiratory department of our institution, relatively lower percent-
age of patients underwent abdominal and pelvic CT. However, to
our knowledge, the number of patients included to our study ranks
second to thatin the report of Avila et al. {6]. Our result is not based
on many patients with severe disease or comorbidities, because all
patients were studied when there was no evidence of large pneu-
mothorax and infection. Third, regarding evaluation of the size of
intrapelvic solitary masses, the correlation between the two reader
groups was not statistically significant(r=0.215, P=0.580), because
so few patients had this condition. Fourth, this study is a multi-
center investigation and the CT scans were obtained with a variety
of scanners. However, there was little difference in CT image qual-
ity because the scanning protocols were almost uniform. Finally,
not all findings exhibited pathologic correlations.

In conclusion, this study is the first to delineate in detail CT
findings in a large series of Japanese patients with LAM. Notably,
the incidence of some CT findings in our study differs from those
in previous reports, possibly attributable to racial variations, An
examination of lymphatic lesions suggests that LAM cells may
originate in the pelvis then spread via the axial lymphatic sys-
tem. Because medical diagnosis and treatment are subject to the
uniqueness of human populations, global comparisons significantly
enhance our ability to alleviate disease.
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Letter to the Editor

What's the role of sirolimus on the treatment of
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lymphangioleiomyomatosis (LAM)?: Merely tuning
up of LAM-associated dysfunctional lymphatic
vessels rather than cytoreduction?

To the Editor,

In a recent study, we reported the efficacy and safety of
low sirolimus doses for the treatment of lymphangioleiomyo-
matosis (LAM) [1]. One of the representative LAM patients,
JULS7 had complicated Aspergillus infection in a large destruc-
tive airspace caused by LAM in her right upper lobe while she
was being administered sirolimus and had undergone right
upper lobectomy. The sirolimus trough level in the blood was
1.2 ng/mlL. Montero et al. had previously reported the radical
reduction in the number of LAM cells in explanted lungs from
six patients treated with sirolimus before lung transplantation
{2]. On the contrary, the pathologic findings of our patient
supported the notion that sirolimus exerts cytostatic rather
than cytoreductive effects on LAM cells (Fig. 1).

LAM is associated with the dysregulated mammalian target
of rapamycin complex 1 (MTORC1) signaling, a key regulatory
pathway of protein synthesis, cell growth, and energy metabo-
lism due to TSC gene mutation. This pathobiologic mechanism is
the basis for molecular targeting of mTORC1 by sirolimus in LAM
patients. The Multicenter Intemational Lymphangioleiomyoma-
tosis Efficacy and Safety of Sirolimus (MILES) trial successfully
demonstrated that sirolimus stabilized pulmonary function in
LAM patients; however, cessation of sirolimus therapy caused
recurrence of progressive pulmonary function decline [3]. This
supports the hypothesis that sirolimus is cytostatic.

Undoubtedly, sirolimus brought a great clinical impact on
our patient since (1) she got rid of pulmonary lymphedema,
a copious amount of chylohemosputum, and supplemental
oxygen, (2) pulmonary function greatly improved, so that the
right upper lobectomy was enabled to perform, and (3} she
has been inactive for lung transplantation even after right
upper lobectomy as far as she continues to take sirolimus [1].

http://dx.doi.org/10.1016/j.resinv.2014.02.004

We tried to determine the reason for the significant clinical
impact observed in spite of the remaining large LAM cell
number. Sirclimus is reported to be a potent inhibitor of
lymphangiogenesis even at doses as low as 1ng/mL [4] as
well as to down-regulate the expression of vascular endothe-
lial growth factor receptor-3 (VEGFR-3) by lymphatic endothe-
lial cells [5]. In addition, sirolimus also decreased the serum
levels of VEGF-D, a potent lymphangiogenic growth factor
produced by LAM cells [3]. Our patient did have a lowered
serum VEGF-D level while on sirolimus [1]. Resolution of
pulmonary lymphedema as well as chylous pleural effusion
and/or ascites with sirolimus therapy has also been reported
by others [6]. Based on these findings, we hypothesize that
the patient in this case benefited greatly from the low
sirolimus doses owing to the fact that sirolimus inhibits
LAM-associated lymphangiogenesis and “tunes up” their
dysfunctional and leaky properties instead of reducing the
number of LAM cells.
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Fig. 1 - Histopathlogical findings of the resected right upper lobe post sirolimus treatment. The excised lung contained a large
number of LAM cells in the parenchyma and visceral pleura ((A) Masson-Trichrome stain). A minimal amount of collagen
tissue was noted within the LAM nodules. A high-magnification photomicrograph demonstrated bundles of spindle-shaped
cells with cigar-shaped nuclei and eosinophilic cytoplasm proliferated in a nodular and whirling pattern ((B) hematoxylin~
eosin stain). The proliferating cells were immunopositive for a-smooth muscle actin (C) as well as for HMB45 (D); therefore,
they were confirmed to be LAM cells. However, slit-like clefts within the LAM nodule, indicative of LAM-associated lymphatic
vessels, were not as noticeable as usual. This was confirmed by imunchistochemical analysis with a lymphatic endothelial
cell ((E) D2-40 immunostaining) marker,
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Abstract

Purpose  Thoracic endometriosis-related pneumothorax
(TERP) is a secondary condition specific for females, but in
a clinical setting, TERP often is difficult to distinguish
from primary spontaneous pneumothorax (PSP) based on a
relationship between the dates of pneumothorax and men-
struation. The purpose of this study was to clarify the
clinical features of TERP compared with PSP,

Methods We retrospectively reviewed the clinical and
histopathological files of female patients with pneumo-
thorax who underwent video-assisted thoracoscopic sur-
gery in the Pneumothorax Research Center during the
6-year period from January 2005 to December 2010. We
analyzed the clinical differences between TERP and PSP.
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Results  The study included a total of 393 female patients
with spontaneous pneumothorax, of whom 92 (23.4 %)
were diagnosed as having TERP and 33.6 % (132/393) as
having PSP. We identified four factors (right-sided pneu-
mothorax, history of pelvic endometriosis, age >31 years,
and no smoking history) that were statistically significant
for predicting TERP and assigned 6, 5, 4, and 3 points,
respectively, to establish a scoring system with a calculated
score from 0 to 18. The cutoff values of a calculated score
>12 yielded the highest positive predictive value (86 %;
95 % confidence interval (CI) 81.5-90.5 %) for TERP and
negative predictive value (95.2 %; 95 % C1 92.3-98 %) for
PSP.

Conclusions TERP has several distinct clinical features
from PSP. Our scoring system consists of only four clinical
variables that are easily obtainable and enables us to sus-
pect TERP in female patients with pneumothorax.

Keywords Primary spontaneous pneumothorax -
Thoracic endometriosis-related pneamothorax -
Thoracic endometriosis - Pneumothorax

Introduction

Spontaneous pneumothorax is classified into primary (PSP)
and secondary categories. PSP refers to a spontaneously
occurring air leakage into the pleural space in patients with
no clinically apparent underlying lung disease [1]. The
diagnosis of PSP is confirmed histopathologically with
subpleural blebs and bullae and no obvious abnormality in
pulmonary parenchyma [2]. Catamenial pneumothorax is a
condition limited to females and reported to account for
approximately 20-30 % of women with pneumothorax [3,
4]. It is defined simply by the onset of pneumothorax

@ Springer
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during a menstrual cycle: the pneumothorax that occurs
between 24 h before and 72 h after the initiation of menses
[5]. Because catamenial pneumothorax is usually caused by
thoracic endometriosis [6, 7], a large part of catamenial
pneumothorax is diagnosed as thoracic endometriosis-
related pneumothorax (TERP) after thoracic surgery.
However, catamenial pneumothorax may include female
patients with PSP that happens to occur in the perimen-
strual period.

TERP is defined as pneumothorax due to thoracic endo-
metriosis, and the diagnosis of TERP requires histopathological
confirmation [5]. Generally, ectopic endometrial tissues are
found in the diaphragm in TERP, whereas no abnormality in
pulmonary parenchyma is apparent. The mechanism of TERP
has been speculated as follows: (1) air enters into the thoracic
cavity from the peritoneum through a diaphragmatic defect
caused by the implantation of endometrial tissues. This airin the
peritoneum may be from outside the body and pass through
ovarian tubes [8]. (2) Alternatively, air enters into the thoracic
cavity from the airway through a defect of visceral pleura
caused by the implantation of endometrial tissues [9, 10].

Until recently, TERP had been thought to develop only as
catamenial pnewmothorax, However, Alifano et al. [11]
recently reported that 37.9 % of TERP cases developed as
non-catamenial pneumothorax. Accordingly, TERP is diffi-
cult to distinguish from PSP based on the relationship between
the calendar dates of pneumothorax and menstruation; theo-
retically, catamenial TERP, non-catamenial TERP, catame-
nial PSP, and non-catamenial PSP exist. Furthermore, TERP
is virtually indistinguishable from PSP based on the findings
of imaging tests, such as chest X-ray and computed tomog-
raphy (CT), because the amount of ectopic endometrial tissue
implanted within the respiratory system is too small for
detection by such examinations [5]. A preferable scenario is
that TERP is suspected before surgery, because the approa-
ches for therapy as well as the recurrence rate [12, 13] are quite
different between TERP and PSP.

As previously described, the clinical features of TERP are
right-sided pneumothorax and a history of pelvic endometri-
osis [5]. In contrast, patients with PSP tend to be tall [14] and
usually have a smoking history [ 15, 16]. However, few reports
have compared directly the clinical features of TERP and PSP
nor do they clarify the significance of each clinical variable.
The purpose of this study was to clarify the clinical features of
TERP compared with PSP.

Methods
Study Population

The clinical and histopathological files of all female patients
who underwent video-assisted thoracoscopic surgery (VATS)

Q_) Springer

in the Pneumothorax Research Center during the 6-year per-
iod from January 2005 to December 2010 were retrospec-
tively reviewed. The patients who were histopathologically
diagnosed as having TERP or PSP were included in this stady.
According to Alifano etal. [11], we made a diagnosis of TERP
when the existence of endometrial stroma or the endometrial
glands in the resected diaphragm and/or lung tissue was
confirmed immunohistochemically by the presence of strong
nuclear staining for either estrogen or progesterone receptors.
The diagnosis of PSP was made when (1) pneumothorax
occurred in otherwise healthy individuals with normal or
essentially normal underlying Iungs on CT images of the
chest, and (2) blebs and/or bullae were histologically con-
firmed in the resected lung specimen. In patients with PSP, we
were unable to collect information from medical records on
the relationship between the occurrence of pneumothorax and
menstrual cycle.

For patients with TERP and PSP, we compared the ages,
pneumothorax side, height, body weight, smoking habits,
history of pelvic endometriosis, number of pneumothorax
episodes before surgery, duration of follow-up after sur-
gery, and postoperative recurrence rate. We assigned the
scores to each clinical variables found to be an independent
predictor for the diagnosis of TERP, weighted according to
the beta-coefficients from the multivariate logistic model
[17]. We calculated a total score for each patient and
analyzed the performance characteristics of the score for
the diagnosis of TERP. The study was approved by the
institutional review board of Nissan Tamagawa Hospital
(approval number 12-012).

Statistical Analysis

The quantitative data are presented as mean = SD. The
differences between the patients with TERP and PSP were
analyzed using the Chi square test for categorical variables
and Student’s ¢ test for quantitative variables. A multiple
logistic regression analysis was used to assess the role of
several variables as predictive factors for TERP. The
contribution of each potential predictive factor was denoted
by an odds ratio and the associated 95 % confidence
interval (CI). A receiver operating characteristic (ROC)
curve was used to analyze the probability of TERP diag-
nosis in dependence on the calculated score. A value of
p <0.05 was considered to be significant. A statistical
software package (JMP, version 10.0.2; SAS Institute;
Cary, NC) was used for the statistical analysis.

Results

In total, 562 female patients with spontaneous pneumo-
thorax were admitted for treatment during the 6-year study
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Table 1 Characteristics of study population Table 2 Factors predicting TERP
Patients with  Patients with  p value Risk factors Odds 95 % CI p value Score
TERP PSP ratio assigned”
(n == 92) (n = 132)
Right pneumothorax 440.3 15129434 <0.01 6
Age (years) (range) BO6:k 5T 2774£98 <001 gigtory of pelvic 1151 10.2-13062  <0.01 5
(24-50) (14-67) endometriosis
Side of pneumothorax Age 231 year 780 12.1-502.1 <00l
Right 91 (98.9 %) 56 (424 %)  <0.01 No history of smoking 134 3-61 <0.01 3
Left L(L1 %) 76 (57.6 %) Number of 58 14-236 <005 NA
Height (cm) 159.0 £ 4.9 1609 4+ 59  «0.05 preoperative
Weight (kg) 49.1 + 5.7 47.6 + 6.1 0.074 pneumothorax
. . cpisodes =4
Smoking habit Height <159 1 2-14.2 05 A
= -
Current/former smoker 6 (6.5 %) 41 GL1 %)  <0.01 cight <139 cm Al 12-d2 <005 N
Nonsmoker 86 (93.5 %) 91 (68.9 %) Calculated score = Right pneumothorax (score 6 or 0) -4 history of
History of pelvic 54 (58.7 %) 323 %) <0.01 geivic cnkclipmetrio:is (S(Qj)re 5or O)j age =31 years old (score 4 or
endometriosis ) -+ no history of smoking (score 3 or 0)
The number of 8.1:+£32 284 1.6 <0.01 NA not adopted
preoperative " If each risk factor does not exist, the score “0” is given in the
pneumothorax episodes following equation
Postoperative follow-up  36.2 & 22.3 1204118 <0.01
period (months)
Number of patient with 36 (39.1 %) 23 (174 %)  <0.01

postoperative
recurrence

period. Of these, 393 patients underwent VATS for pneu-
mothorax. Ninety-two (23.4 %) of the 393 patients were
diagnosed as having TERP and 33.6 % (132/393) as having
PSP. Thirty (32.6 %) of the 92 patients with TERP had
catamenial pneumothorax with the remainder (62/92,
67.4 %) classified as non-catamenial.

Characteristics of the study population are summarized
in Table 1. The patients with TERP showed significantly
distinct features differing from those in the patients with
PSP. The TERP group was older, shorter, and usually had
right-sided pneumothorax plus pelvic endometriosis but
little or no history of smoking. Many preoperative pneu-
mothorax ecpisodes were noted. One exception was a
patient with TERP whose pneumothorax was left-sided.
The postoperative recurrence of pneumothorax was more
frequently noted in patients with TERP.

To find the predictive factors for TERP, we performed
multivariable analysis (Table 2). The right-sided pneumo-
thorax showed the greatest odds ratio among the other
predictive factors, followed by history of pelvic endome-
triosis, age >31 years, no smoking history, the number of
preoperative pneumothorax episodes =4, and height
<159 c¢m in that order.

Next, we assigned a score to each predictive factor to
establish discriminant analysis between TERP and PSP.
We excluded two factors—height and the number of pre-
operative pneumothorax episodes—from the discriminant
analysis, because these are likely to be greatly influenced

by race and the medical treatment available for pneumo-
thorax; additionally, these two factors interfered with
generalizing the outcome. Accordingly, we adopted the
four factors to which scores of 3-6 were assigned then
established a system with calculated scores from 0 to 18
(Table 2). These scores were tested at different cutoff
values. The cutoff values of a calculated score >12 yielded
the highest positive predictive value (86 % with 95 % CI
81.5-90.5 %) for TERP and negative predictive value
(95.2 % with 95 % CI of 92.3-98 %) for PSP (Table 3).
The ROC curve reflects the accuracy of the diagnostic test:
area under the curve was 0.9665 (Fig. 1).

Discussion

We found that TERP had distinct clinical features com-
pared with those of PSP, enabling us to establish a simple
scoring system to distinguish TERP from PSP. We dem-
onstrated that this system had a satisfactorily high positive
predictive value for TERP as well as a negative one for
PSP. The scoring system utilizes four clinical variables
identified here that are easily obtainable by history taking
and physical examination: the side of pneumothorax, his-
tory of pelvic endometriosis, patient age, and smoking
history. These clinical variables have been reported in the
literature to be associated with TERP or PSP [5, 14-16].
Although a concrete diagnosis of TERP is required for
histologic examination of the diaphragm or the lung tissue,
the scoring system developed here seems to be suitable for
suspecting TERP, thereby reducing the oversight of TERP
in female patients with pneumothorax.,
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Table 3 Diagnostic significance of calculated score to differentiate between TERP and PSP

Sensitivity Specificity Positive predictive value Negative predictive value
Calculated score >12 0.935 0.894 0.86 0.952
(0.902-0.967) (0.854-0.934) (0.815-0.905) (0.923-0.98)

Numbers in parentheses indicate 95 % confidence interval

1.0

0.8 -

&
<
L

Sensitivity
©

0.2 1

0.0 T T T
0.0 0.4 0.6 0.8

1-specificity

0.2 1.0

Fig. 1 ROC curve for the prediction of TERP using the calculated
score, Note that the score of 12 gives 93.5 % of sensitivity and
89.4 % of specificity. The method for calculating the score appears in
the footnote of Table 2

Catamenial pneumothorax has been reported to occur on
the right side in almost all such cases [5], and only two case
reports of left catamenial pneumothorax [9, 18] and two
case reports of bilateral catamenial pneumothorax {19, 20]
exist. However, those reports lacked information about the
histopathological diagnosis of thoracic endometriosis. This
study thus provides the first description of a left-sided
TERP based on a histopathological diagnosis. PSP has no
documented laterality so far [2]. Therefore, the presence of
left pneumothorax in females has a high diagnostic value
for PSP.

Evaluating the past history of pelvic endometriosis is
valuable for diagnosing TERP in female patients with
pneumothorax. In this study, 58.7 % (54/92) of the patients
with TERP had a history of pelvic endometriosis. The
percentage of patients with pelvic endometriosis among
those with catamenial pneumothorax varies broadly and is
reported to be 18-84 % [4, 21]. In the majority of patients
with thoracic endometriosis, the condition is believed to
have spread from pelvic endometriosis [5]. Therefore, the
variations in published results are likely due to the different
methods used to diagnose pelvic endometriosis. A defini-
tive diagnosis of pelvic endometriosis requires diagnostic

@ Springer

laparoscopy, and results from that procedure indicate that
the prevalence of pelvic endometriosis among patients of
reproductive age is 5-10 % [22]. In the present study,
2.3 % (3/132) of the patients with PSP had a history of
pelvic endometriosis.

Previous analyses of catamenial pneumothorax calcu-
lated a mean age within the 30 s with a range in such
patients from 15 to 54 years [5]. However, patients with
PSP are often in their early 20 s but rarely beyond the age
of 40 years [2]. The mean age of patients with TERP
examined in this study was approximately 10 years older
than that of patients with PSP, Therefore, it is important to
consider the patient’s age when diagnosing TERP in
female patients with pneumothorax.

Habitual smoking has been associated with a risk of
developing PSP [15, 16]; additionally, patients with PSP
tended to be taller than control patients in a previous study
[14]. Elsewhere, TERP did not correlate with either the
patients’ height or habitual smoking [5]. The results of our
study are consistent with these findings.

This study has several limitations. First, our subjects
were located at the Pneumothorax Research Center, which
is specialized for the treatment of pneumothorax and where
many patients with intractable pneumothorax are referred.
Accordingly, clinical features for TERP and PSP may be

biased. Second, we included only the patients with PSP

whose diagnoses were confirmed histologically. Because
we usually resect lung tissue only when large and/or
multiple bullae are apparent during surgery, the patients
with PSP in our study may represent a biased population
that is not representative for PSP. Third, we could not have
evaluated the significance of the onset of pneumothorax
during a menstrual cycle as a factor in differentiating TERP
from PSP, because no information about the relationship of
pueumothorax onset and menstrual period was obtainable
for the patient with PSP. Finally, because this was a ret-
rospective cohort study, a prospective study to validate our
scoring system is needed.

In conclusion, we have established a scoring system for

the diagnosis of TERP that is based on the assignment of

weighted values to easily include four clinical variables.
This system has a highly positive predictive value for
TERP as well as a negative predictive value for PSP. This
logical scheme provides a useful tool for predicting TERP
in the care of female patients with pneumothorax.
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Cystic, Nodular and Cavitary Metastases to the Lungs in a
Patient with Endometrial Stromal Sarcoma of the Uterus
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Kuniaki Seyama"® and Kazuhisa Takahashi'

Abstract

A 57-year-old woman, who had undergone hysterectomy for uterine myoma 11 years earlier presented
with cystic, nodular and cavitary lesions simultaneously visible on computed tomography images of the
chest. Histological examinations of both the resected lung and past “myoma” specimens demonstrated that
the original uterine tumor was a low-grade endometrial stromal sarcoma (ESS) that had metastasized to the
lungs. No previous reports have described the coexistence of cystic, nodular and cavitary lesions with pulmo-
nary metastasis of ESS; however, we successfully correlated the radiologic appearance with the correspond-
ing pathologic findings. Medroxyprogesterone acetate therapy has effectively kept the patient asymptomatic

for approximately five years.

Key words: pulmonary metastases, endometrial stromal sarcoma, pneumothorax, progesterone

(Intern Med 53: 1001-1005, 2014)
(DOT: 10.2169/internalmedicine.53.1946)

Introduction

Low-grade endometrial stromal sarcoma (ESS), a rare
neoplasm comprising 0.2% of all uterine cancers and 15%
of all uterine sarcomas (1), is classified separately from un-
differentiated endometrial sarcoma. Low-grade ESS is his-
tologically similar to proliferating endometrial stromal tis-
sue, exhibits little cytological atypia or pleomorphism and is
low in mitotic activity. The prognosis of patients with low-
grade ESS is favorable in general, with a 10-year disease-
free survival rates of 93% (2). However, approximately 40%
of patients with low-grade ESS develop recurrent disease af-
ter long tumor-free intervals due to the slow-growing nature
of the tumor (3). The major location of distant metastases is
the lungs, with an incidence of pulmonary metastasis of 7%
to 28% (4).

Pulmonary metastasis of low-grade ESS can manifest as
various patterns on computed tomography (CT) images of
the chest, including the presence of a solitary nodule, multi-

ple nodules, multiple cysts and reticulonodular infil-
trates (4-8). In patients with nodular pulmonary metastases
of low-grade ESS, the differential diagnosis includes benign
mefastasizing leiomyoma (BML), carcinoid tumors, scleros-
ing hemangioma and metastasis of other neoplasms. On the
other hand, cystic metastasis of low-grade ESS in the lungs
should be carefully discriminated from lymphangioleio-
myomatosis (LAM), mesenchymal cystic hamartoma and
metastasis of leiomyosarcoma. However, the simultaneous
coexistence of all of these imaging features in a single pa-
tient would result in a diagnostic dilemma.

In just such an experience, we encountered a patient with
pulmonary metastasis of low-grade ESS who presented with
cystic, nodular and cavitary lesions simultaneously. The pa-
tient had undergone hysterectomy and bilateral salpingo-
oophorectomy due to uterine leiomyoma 11 years earlier.
Pathologic and immunohistochemical examinations of her
lung specimens greatly contributed to the ability to obtain a
proper diagnosis, a rare pattern of pulmonary metastases of
low-grade ESS, and provided a plausible explanation for the
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Figure 1.

Radiologic findings in a patient with pulmonary metastasis of low-grade ESS. A: A chest

radiograph obtained in September 2008 showed a cavitary nodule in the right upper lung field (ar-
rowhead) and a solid nodule in the left middle lung field (arrow). B, C: Chest CT scans showing a
cavitary nodule (18x15 mm) with an inhomogeneous wall thickness in the S* area of the right lung
(corresponding to the shadow indicated by the arrowhead in A) and a solid nodule (20x12 mm) in the
$* area of the left lung (corresponding to the shadow indicated by the arrow in A). Note the multiple
thin-walled cysts scattered in the bilateral lung fields that are not visible on the chest radiograph.

mechanism of each imaging feature.

Case Report

A 57-year-old woman was referred to our hospital in Sep-
tember 2008 for a workup of right pneumothorax. A CT
scan of the chest revealed several nodules, cavitary lesions
and multiple thin-walled cysts. The patient’s medical history
disclosed that she was a farmer, had never smoked and
had undergone hysterectomy and bilateral salpingo-
oophorectomy for uterine myoma 11 years earlier. A physi-
cal examination was unremarkable. A laboratory examina-
tion showed a normal blood cell count with no biochemical
abnormalities. Chest radiography demonstrated a cavitary
nodule in the right upper lung field and a solid nodule in
the left middle lung field (Fig. 1A). CT imaging of the chest
supplemented these results by visvalizing a cavitary nodule
with an inhomogeneous wall thickness in the S? area of the
right lung and a solid nodule in the S* area of the left lung,
corresponding to the findings on the plain chest radiograph.
Furthermore, several other solid and cavitary nodules (not
shown) and multiple thin-walled cysts scattering throughout
the bilateral lung fields were evident (Fig. 1B, C), although
they had not been apparent on the chest radiograph. Under
suspicion of a diagnosis of metastatic malignancy to the
lungs, an enhanced CT scan of the abdomen and a whole-

body combined “F-FDG positron emission tomography
(PETYCT scan were performed. However, both imaging
studies failed to identify a possible extrapulmonary primary
lesion. Instead, the “F-FDG PET/CT scan revealed mild "F-
FDG uptake in several nodules and cavitary lesions in the
right lung; the maximum standard uptake value (SUV..)
was within the range of 1.8 to 2.5. Unfortunately, the pa-
tient’s left lung could not be evaluated on the "F-FDG PET/
CT scan since she happened to have a mild degree of pneu-
mothorax at the time of the PET examination. Thereafter,
the left pneumothorax resolved spontaneously.

In December, the patient again developed left pneumotho-
rax. Because her left lung was moderately collapsed, she
'was admitted to our hospital with a diagnosis of suspected
BML of the uteri or the coexistence of an early stage of
LAM and BML. Shortly after admission, right pneumotho-
rax also developed and resolved immediately following the
insertion of an intercostal chest tube. Meanwhile, the solid
nodule in the S* area of the left lung exhibited cavitary for-
mation (not shown). In contrast to the right pneumothorax,
the left lung remained in a collapsed state with a continuous
air leak from the chest tube. Accordingly, video-assisted tho-
racoscopic surgery (VATS) was performed for treatment as
well as further diagnosis. Consequently, partial resection of
the lingular lobe was performed, including the cavitary nod-
ule in the S* area, with reinforcement of the resection line

1002



Intern Med 53: 1001-1005, 2014 DOI: 10.216%/internalmedicine.53.1946

Figure 2. Histopathologic and immunohistochemical findings of the lingular lobe partially resected
via video-assisted thoracoscopic surgery (VATS). The nodule (Fig. 1A, C), which had developed cavi-
tary formation immediately prior to resection via VATS (Fig. 3A), was composed of dense, uniform
proliferating tumor cells with oval-shaped nuclei (A: Hematoxylin and Eosin staining, high-power
field). An immunohistochemical examination demonstrated that these cells were negative for
o~-smooth muscle actin (B: high-power field) and HMB45 (C: high-power field) and strongly positive
for CD10 (D: high-power field). Meanwhile, the nuclei were strongly positive for estrogen receptor

(E) and progesterone receptor (F).

using bioabsorbable non-woven fabric and partial ablation of
the parietal pleura.

The pathologic examination of the resected lung specimen
revealed dense and uniform proliferation of tumor cells with
oval-shaped nuclei (Fig. 2A) in both the nodular portion and
cavity wall of the left S* cavitary nodule (Fig. 3A). There
was little cytological atypia or pleomorphism, and mitosis
was scanty. However, tumor cells appeared in a whorl-like
arrangement around the vessels. An immunohistochemical
examination demonstrated the tumors cells to be negative
for a-smooth muscle actin (SMA) (Fig. 2B) and HMB45
(Fig. 2C) and strongly positive for CD10 (Fig. 2D). The cell
nuclei were strongly positive for estrogen receptor (ER)
(Fig. 2E) and progesterone receptor (PR) (Fig. 2F). Since
the immunohistochemical findings of the lungs indicated
low-grade uterine ESS, we reviewed the hysterectomized
specimen that had been diagnosed as a uterine myoma at a
local hospital 11 years earlier. That tumor also consisted of
oval-shaped cells in a whorl-like arrangement around the
vessels and exhibited expansive growth with a partly irregu-
lar border and venous invasion at the periphery. Immunore-
activity for ER, PR and CDI10 was positive, while that for
both SMA and HMB45 was negative (not éhown). There-

fore, we concluded that the uterine tumor resected 11 years
previously was a low-grade ESS that had subsequently de-
veloped pulmonary metastasis.

The cystic lesions scattered in the specimen from the re-
sected lingular lobe were composed of ESS cells and normal
alveolar septal cells. It is notable that the ESS cells fre-
quently occupied airways leading into cysts and only con-
necting portions of the cyst wall, whereas most of the cyst
wall was composed of normal alveolar septal cells (Fig. 3B).
On the other hand, numerous small nodules composed of
ESS cells, which were not evident on CT images, lay in the
parenchyma (Fig. 3C). In addition, ESS cells had infiltrated
the visceral pleura in some places, which may have contrib-
uted to the development of pneumothorax (Fig. 3D).

After establishing this diagnosis, we initiated the treat-
ment with medroxyprogesterone acetate (MPA) administered
orally at a dose of 400 mg/day. The solid and cavitary nod-
ules disappeared within three to six months according to CT
images of the chest. Some small cysts disappeared, although
most remained unchanged. As of this writing, the patient has
continued the MPA regimen and remained asymptomatic for
approximately five years since its initiation. No new metas-
tatic lesions have been identified.

1003



Intern Med 53: 1001-1005, 2014  DOI: 10.216%/internalmedicine.53.1946

Figure 3. Histopathologic lesions caused by proliferating ESS cells in the lungs. A: Macroscopic
view of the resected lingular lobe specimen showing the cavitary nodule just beneath the visceral
pleura. This nodule, which was present before VATS (Fig. 1A, C), partially underwent cavitary de-
generation. The entire cavity wall was composed of ESS cells. B: Representative photomicrograph of
a cystic lesion (approximately 5 mm in size). The cyst wall was primarily coinposed of normal alveolar
septal cells (arrowhead). ESS cells were frequently present along airways connecting to the cysts (ar-
row), although they occupied only parts of the cyst wall (Elastica van Gieson staining, low-power
field). C: Small areas of nodular proliferation of tumor cells were frequently visible in the lung paren-
chyma, although they were not clearly delineated on radiologic imaging (Elastica van Gieson staining,
low-power field). Note that the elastic fibers formerly present in the alveolar walls were condensed
towards the left side of the nodule (arrowhead) and eroded within the nodule (arrow). D: Representa-
tive photomicrograph of tumor cells infiltrating the visceral pleura. Elastic fibers in the pleura were

disrupted by ESS cells (arrowhead) (Elastica van Gieson staining, mid-power field).

Discussion

This report describes the case of a patient with low-grade
ESS and pulmonary metastasis whose CT images of the
chest showed cystic, nodular and cavitary lesions coexisting
simultaneously. Although low-grade ESS of the uterus gen-
erally has a favorable prognosis, the tumor tends to develop
pulmonary metastasis; metastasis occurs even if the primary
tumor is resected and the patient experiences a long tumor-
free interval. Aubery et al. reported intervals from hysterec-
tomy to subsequent pulmonary metastasis ranging from 2.5
to 20 years (4). Since low-grade ESS is frequently present
for long intervals before the appearance of pulmonary me-
tastasis and CT scans show such varied patterns as the pres-
ence of a solitary nodule, multiple nodules, multiple cysts
and reticulonodular infiltrates (4-8), selecting the correct di-
agnosis is often a challenge, especially when several radi-

ologic manifestations coexist. In this context, our patient is
a very rare example. Her simultaneous expression of cystic,
nodular and cavitary lesions was not only unique, but also
made the diagnosis problematic.

The mechanisms underlying the coexistence multiple le-
sions on radiologic examinations await final substantiation.
However, based on the results of the histopathologic exami-
nations in this case and the patient’s clinical course, the fol-
lowing explanations have merit. First, the patient’s cavitary
lesions apparently evolved from the nodular proliferation of
ESS cells, since a nodule in the S* area of the left lung
demonstrated cavitary changes. Other researchers have as-
serted that the pathological mechanisms underlying the cavi-
tary formation of a neoplasm include internal desquamation
of tumor cells with subsequent liquefaction (9). Further-
more, we presume that the thin-walled cysts observed in this
case developed due to the proliferation of ESS cells along
peripheral small airways followed by the destruction of pa-
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