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Female, 34-year-old

COVID-19 ¢ lymphangioleiomyomatosis
Dyspnea ¢ fever « hypoxemia ¢ myalgia
Sirolimus

Pulmonology

Unusual clinical course

There is growing concern about the clinical course of certain diseases in patients who are simultaneously in-
fected by SARS-CoV-2. This report is of a 34-year-old woman from Brazil with a recent diagnosis of pulmonary
lymphangioleiomyomatosis (LAM) diagnosed by raised serum VEGF-D levels and the finding of lung cysts on
computed tomography (CT) imaging, who presented with COVID-19 pneumonia.

Five months after the diagnosis of pulmonary LAM, which was based on the presence of diffuse and bilateral
cystic lesions on CT scan associated with high serum VEGF-D levels, the patient presented with worsening dys-
pnea, drop in peripheral oxygen oxygenation, fever, and diffuse myalgia. She was using Sirolimus because it
inhibits the development of LAM cells. A worsening of lung abnormalities was demonstrated in a chest CT ex-
amination, with the appearance of areas of consolidation and ground-glass abnormalities. A nasal swab sample
tested positive for SARS-CoV-2 infection using reverse-transcription polymerase chain reaction. Thus, Sirolimus
was suspended because of concern about its immunosuppressive action. She received hospital support follow-
ing the institutional protocol in force at the time, without the need for invasive mechanical ventilation. After 2
weeks, she was discharged from the hospital, with supplemental oxygen at home and return of Sirolimus.
This report has described the presentation of COVID-19 pneumonia due to SARS-CoV-2 infection in a 34-year-
old woman with a recent diagnosis of LAM involving the lungs.

Sirolimus ¢ Lymphangioleiomyomatosis ¢ COVID-19
Severe Acute Respiratory Syndrome Coronavirus 2

https://www.amjcaserep.com/abstract/index/idArt/932660
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Background

Lymphangioleiomyomatosis (LAM) is an unusual condition
where there is disordered cell growth, occurring especially in fe-
males [1,2]. Although changes in the lymphatic vessels and the
presence of abdominal tumors (such as angiomyolipomas and
lymphangioleiomyomas) can occur, pulmonary involvement is
prominent in most cases [1]. In the respiratory system, the most
common finding is the presence of multiple pulmonary cysts,
although recurrent pneumothorax and chylothorax may appear
in the course of the disease [3]. Clinically, patients with pulmo-
nary involvement by LAM manifest with dyspnea on exertion,
cough, hemoptysis, chest pain, and problems related to chylous
reflux in the airways and pleura [2]. In general, patients evolve
with continuous deterioration of pulmonary function, with pre-
dominance of an obstructive ventilatory disorder resulting from
the proliferation of immature smooth muscle cells in the air-
way wall and the formation of retention cysts [2,3]. Over time,
many of these patients may evolve with impaired gas exchange
and respiratory failure, with the terminal stage being reached
in a period ranging from a few years to about 3 decades [2-4].

In the lungs, the diagnosis of LAM is highly suggestive when
rounded, bilateral, and cystic (usually thin-walled) lesions of
different dimensions on chest computed tomography (CT)
scan are observed in adult women [3-5]. In the absence of
additional confirmatory findings of LAM (including tuberous
sclerosis complex, renal angiomyolipomas, lymphangioleio-
myomas and chylous pleural effusion), the measurement of
serum vascular endothelial growth factor-D (VEGF-D) should
be requested for non-invasive diagnostic confirmation of LAM
[6,7]. Transbronchial biopsy or video-assisted thoracoscopic
surgery can provide a definitive diagnosis, although these in-
vasive procedures should be considered in cases without ex-
trapulmonary lesions of LAM and after the measurement of
serum VEGF-D levels [5-8]. Regarding treatment of LAM, the
American Thoracic Society and the Japanese Respiratory Society
(ATS/JRS) recommend therapeutic management with Sirolimus
(high evidence) [6]. This is a mammalian target of rapamycin
(mTOR) inhibitor that also demonstrated in vitro the reduc-
tion of the inflammatory activity triggered by Middle-East re-
spiratory syndrome coronavirus (MERS-CoV) [9].

Since the beginning of the coronavirus disease 2019 (COVID-19)
pandemic, it has been observed that the lungs are among
the organs most frequently affected in infection by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [10].
Pulmonary involvement can be asymptomatic, although it can
vary between mild and moderate conditions and severe forms
requiring intensive care support [10,11]. The most common
forms of lung injury caused by SARS-CoV-2 are pneumonia,
pulmonary edema, interstitial fibrosis, and acute respiratory
distress syndrome [11].
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This report is of a 34-year-old woman from Brazil with a re-
cent diagnosis of pulmonary LAM diagnosed by raised serum
VEGF-D levels and the finding of lung cysts on lung CT imag-
ing, who presented with COVID-19 pneumonia.

Case Report

A 34-year-old non-smoker woman presented 2 years ago with
dyspnea initially due to great efforts progressing to small ef-
forts. One year later, she developed spontaneous pneumotho-
rax. A chest CT scan revealed, in addition to pneumothorax, dif-
fuse and bilateral cystic lesions (Figure 1) and the VEGF-D levels
were high (1700 pg/mL). The cranial CT scan did not show im-
ages suggestive of tuberous sclerosis complex (TSC), while the
abdominal CT scan did not show images of renal angiomyolipo-
mas. At the same time, an obstructive ventilatory disorder was
evidenced in the pulmonary function tests (PFTs), with normal
total lung capacity (TLC), increased residual volume (RV) and RV/
TLC, and diffusion capacity of the lungs for carbon monoxide
(DLco) markedly reduced (24% of the predicted value). By clini-
cal-radiological correlation, the diagnosis of pulmonary LAM was
made without association with the TSC. The patient then started
treatment with Sirolimus (1 mg per day), bronchodilators, and
home oxygen therapy (2 L/min) since she had hypoxemia at rest.

About 5 months after the diagnosis of LAM, the patient contact-
ed the assistant team by phone with concerns of diffuse myal-
gia and fever. The patient received remote care because of the
pandemic due to SARS-CoV-2, and was advised that she should
use azithromycin (500 mg per day for 5 days). However, 5 days
after the onset of symptoms, the patient presented worsening
of dyspnea and it was necessary to increase the oxygen flow
from 2 L/min to 4 L/min. Nasal swab collection was performed,
with a positive result for SARS-CoV-2 using reverse-transcription
polymerase chain reaction (RT-PCR). The test was performed
using the XGEN MASTER COVID-19 (Mobius Life Science, Inc.,
Pinhais, Parana, Brazil) kit, where the RT-PCR in which reverse
transcription and subsequent amplification of the specific tar-
get sequence takes place in the same reaction well; this RT-PCR
method has a specificity of 100% for SARS-CoV-2, a sensitivity
(limit of detection) SARS-CoV-2 (ORFlab gene) 10 copies/re-
action with probability >95%, and a sensitivity (limit of detec-
tion) SARS-CoV-19 (gene N) 50 copies/reaction with probabil-
ity 295% [12]. In addition, she had fever, non-secretive cough,
and diarrhea. Ten days after the onset of symptoms, there was
worsening of the cough with the presence of frequent hemop-
toics. On that occasion, she contacted the medical team that
opted for hospitalization in an isolation bed. On examination,
the patient was in regular general condition, afebrile, tachy-
pneic with peripheral oxygen saturation (SpO,) equal to 97%
using 4 L/min of oxygen; on respiratory auscultation, she had
diffuse breath sounds, with no adventitious sounds.
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Upon hospital admission, laboratory tests showed the follow-
ing results: polycythemia (hemoglobin=16.7 g/dL and hemato-
crit=51.6%); normal leukometry (white blood cell=3.42x103/pL
with 1.07x10°/uL of lymphocytes); platelets=170x103/uL;
D-dimer=757 ng/mL; troponin <0.1 ng/mL; lactic dehydroge-
nase=745 IU/L; aspartate aminotransferase=284 IU/L; ala-
nine aminotransferase=353 IU/L; and ferritin=1894 ng/mL. A
chest CT scan showed worsening of the underlying disease,
in addition to foci of consolidation and ground-glass opacities
(Figure 2). On the same day of hospital admission, Sirolimus
was suspended and treatment was started for possible bac-
terial pneumonia associated with cefepime (2 g every 8 h for
10 days), in addition to ivermectin (single dose) and chloro-
quine (450 mg/day) following the institutional protocol used
at that time. After 72 h of hospitalization, the patient showed
improvement in diffuse myalgia and dyspnea with reduced
oxygen flow, returning to baseline at 2 L/min and maintain-
ing SpO, equal to 97%. She remained afebrile throughout the
hospitalization without hemoptoics, with inflammatory mark-
ers and transaminases in decline until normalization. After 2
weeks of hospitalization, she was discharged from the hospi-
tal, with supplemental oxygen at home and return of Sirolimus
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Figure 1. Chest computed tomography images of the
patient when the diagnosis of pulmonary
lymphangioleiomyomatosis was made. (A) The superior
lobes show diffuse, rounded, bilateral, and thin-
walled cysts of varying sizes (arrows). (B) The average
portion of the lungs shows diffuse, rounded, bilateral,
and thin-walled cysts (arrows). (C) The lower lobes
show diffuse, rounded, bilateral and thin-walled cysts
(arrows).

(1 mg/day). The patient is under remote monitoring by our
team and has no further complications.

Discussion

LAM is an uncommon condition with disordered cell growth
that occurs most often in women of childbearing age [1]. In
addition to lesions of lymphatic vessels and neoplasms in the
abdomen (angiomyolipomas and lymphangioleiomyomas),
patients with LAM present with multiple cysts in the lung tis-
sue [1,2]. In addition to occurring sporadically, LAM can also
be associated with a hereditary neurocutaneous syndrome,
which is the TSC; the latter often presents with hamarto-
mas, brain tissue calcifications, mental retardation, and ep-
ilepsies [13,14]. The pathophysiological mechanism of LAM
includes genetic changes in the TSC; these genetic changes
cause functional loss in hamartin and tuberin proteins that
have the role of inhibiting the mTOR, a protein molecule that
regulates cell growth and multiplication [15]. In LAM, the in-
activation of TSC1 and TSC2 genes results in constant activa-
tion of the mTOR pathway [16-18]. The neoplastic cells that
cause LAM represent a clonal proliferation of smooth mus-
cle cells around the airways, blood, and lymph vessels [19].
They express VEGF-D, which facilitates access to the lymphat-
ic channels and metastatic spread [20,21]. If VEGF-D is >800
pg/mL, LAM can be identified with a sensitivity of 73% and
specificity of 100% [22]. ATS/JRS recommends the measure-
ment of VEGF-D as a non-invasive confirmatory diagnosis of
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LAM associated with a compatible chest CT scan [6]. VEGF-D
is an indicator of little improvement in drug intervention and
is related to lymphatic involvement [23].

Dyspnea on exertion, recurrent pneumothorax, chylothorax,
and abdominal tumors (including renal angiomyolipomas
and lymphangioleiomyoma) are the most common findings in
LAM [2,3]. Less commonly, fatigue, cough, hemoptysis, chest
pain, and manifestations related to chylous reflux in the pleu-
ra, pericardium, airways, and genitourinary tract can also be
seen [2]. Exacerbations of LAM have already been associated
with the use of oral contraceptives and pregnancy [24]. In the
presence of these lesions, LAM confirmation is done mainly
when chest CT shows cysts diffusely distributed through the
lungs; these cysts are usually round, of multiple sizes (1-45
mm in diameter) and have thin walls [3]. For diagnostic com-
pletion, an abdominal CT scan can also be performed to as-
sess abdominal tumors. Transbronchial biopsy or video-assist-
ed thoracoscopic surgery can provide a definitive diagnosis [4].
PFTs in patients with LAM most commonly demonstrate ob-
structive disorder [25]. As LAM becomes more severe, there
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Figure 2. Chest computed tomography images of the patient
when she had COVID-19 pneumonia 5 months after
the diagnosis of pulmonary lymphangioleiomyomatosis
(A) The superior lobes show diffuse, rounded, bilateral
and thin-walled cysts of varying sizes (arrows). (B) The
average portion of the lungs shows diffuse, rounded,
bilateral cysts (arrows), foci of consolidation in lingular
segment (star), and ground-glass opacities (circles).

(C) The inferior lobes show diffuse, rounded, bilateral
cysts (arrows) and ground-glass opacities (circles).

is a pronounced drop in both DLco and forced expiratory vol-
ume in 1 second (FEV,) [26].

Therapeutic management with Sirolimus in patients with LAM
and FEV, <70% (value in percentage of predicted) is suggest-
ed by the ATS/JRS [6]. Because Sirolimus is a potent mTOR
regulator, it inhibits the development of LAM cells [6,23]. The
Multicenter International Lymphangioleiomyomatosis Efficacy
of Sirolimus (MILES) Trial showed maintenance of baseline FEV,
values with this drug [23]. It is interesting to note that mTOR
inhibitors have also demonstrated in vitro a reduction in the
inflammatory activity triggered by MERS-CoV, suggesting new
drug targets for therapeutic intervention strategies [9].

Infection with SARS-CoV-2 can present asymptomatically, rang-
ing from mild and moderate to severe forms requiring intensive
care support [27,28]. The severe form of COVID-19 coincides
with a dramatic increase in inflammatory cytokines and other
inflammatory biomarkers [27]. Some researchers point out that
the use of mTOR inhibitors can also decrease the inflammato-
ry reaction resulting from the replication of SARS-CoV-2 and
thus change the clinical course of COVID-19 [28]. Such effects
are due to a reduction in the proliferation of T lymphocytes
and maintenance of the population of regulatory T cells, which
could, in this way, reduce the cytokine storm [29]. Evaluating
26 patients diagnosed with TSC and/or LAM using mTOR inhib-
itors (Sirolimus or Everolimus), Peron et al [30] observed that 5
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of them with symptoms suggesting COVID-19 (although with-
out laboratory confirmation) showed a benign course. More
recently, Baldi et al [31] also described 6 patients with LAM
and confirmed COVID-19 (3 of them using mTOR inhibitors); in
this case series, only 1 patient required use of supplemental
oxygen for 3 days. The use of mTOR inhibitors appears to in-
duce interferon signaling and downregulation of IL-6, causing
positive effects in limiting the initial SARS-CoV-2 infection and
in the progression of COVID-19-related pneumonia in women
with LAM [32]. In addition to acting on the immunostimulato-
ry effects of T cell response, mTOR inhibitors appear to gen-
erate a repertoire of antibodies with heterosubtypical protec-
tion in various types of viral infections, including that related
to influenza virus [33].

In the present case, few alterations compatible with pulmo-
nary SARS-CoV-2 infection were observed between chest CT
scans before and after the diagnosis of COVID-19, with the ex-
ception of the appearance of foci of consolidation and ground-
glass opacities (Figure 1). Two reasons may partially explain
this fact: a) a possible less aggressive evolution of the pulmo-
nary SARS-CoV-2 infection in patients using Sirolimus (possible
interaction between mTOR inhibitors and SARS-CoV-2 infec-
tion); and b) few changes in lung images resulting from SARS-
CoV-2 infection due to gross structural changes caused by LAM
(as also occurs in patients with extensive emphysema) [6,23].
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It is worth mentioning that severe SARS-CoV-2 infection requir-
ing hospitalization occurred in our patient, despite the use of
Sirolimus. Although there is a theoretical basis for the anti-CO-
VID-19 inflammatory activity induced by Sirolimus, it should be
emphasized that the clinical improvement only occurred after
the suspension of Sirolimus. In fact, there is a concern about
the immunosuppressive action of Sirolimus, which may increase
the risk for COVID-19 in patients with LAM [30]. Therefore, the
question remains whether the use of mTOR inhibitors can im-
prove the clinical evolution of COVID-19, and controlled longi-
tudinal trials are needed to clarify this hypothesis.

Conclusions

This report has described the presentation of COVID-19 pneu-
monia due to SARS-CoV-2 infection in a 34-year-old woman
with a recent diagnosis of LAM involving the lungs.
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