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Abstract

Background Idiopathic chronic eosinophilic pneumonia (ICEP) is a rare disease characterized by pulmonary
radiological alterations, peripheral eosinophilia, and demonstrated pulmonary eosinophilia. Oral steroids (OSs) are

the standard management, but relapses occur in up to 50% of patients during the decrease or suspension of steroids,
usually requiring reinitiation of treatment, exposing patients to secondary events derived from the management.
Management with monoclonal antibodies has been proposed in these cases to control the disease and limit the sec-
ondary effects. The objective is to describe the extent and type of evidence regarding the use of monoclonal antibod-
ies for ICEP.

Methods A panoramic review of the literature was performed. Observational and experimental studies of pediatric
and adult populations that managed recurrent ICEP with monoclonal antibodies were included. Data search, selec-
tion, and extraction were performed by two independent reviewers.

Results 937 studies were found. After applying the inclusion and exclusion criteria, 37 titles remained for the final
analysis: a retrospective, observational, real-life study, two case series publications, and 34 case reports published

in academic poster sessions and letters to the editor. In general, the use of monoclonal antibodies approved

for severe asthma could be useful for the control of ICEP, since most of the results show a good response for clini-
cal and radiological outcomes. Biological drugs seem to be a safer option for controlling relapses in ICEP, allowing
lowering/suspension of OSs, and sometimes replacing them in patients intolerant to them, patients with significant
comorbidities, and patients who have already developed adverse events.

Conclusion The extent of the evidence supporting management of ICEP with monoclonal antibodies against IL-5
and IgE (omalizumab) is limited, but it could be promising in patients who present frequent relapses, in cortico-
dependent individuals, or in patients in whom the use of steroids is contraindicated. The extent of the evidence
for management with dupilumab is more limited. Studies with better design and structure are needed to evalu-
ate quality of life and outcomes during a clear follow-up period. To our knowledge, this is the first scoping review
of the literature showing the extent of the evidence for the management of ICEP with monoclonal antibodies.
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Background

Eosinophilic pulmonary diseases comprise a rare and
heterogeneous group characterized by eosinophilic infil-
trate in the lung parenchyma as found in bronchoalveo-
lar lavage (BAL) (generally at a proportion>25%) or by
biopsy. In most cases, there is peripheral eosinophilia
(>500% 10 cells/L) [1, 2]. According to the existence of
a specific cause, it is classified as primary or secondary.
The etiology is broad and includes fungal and parasitic
infections, drugs, toxins, autoimmune inflammatory dis-
eases, and neoplasms, among others. When there is no
evidence of underlying disease, it is classified as primary
or idiopathic, so this is diagnosed by exclusion [1-3].

Eosinophilic pneumonia is a primary disorder that can
be acute or chronic. Acute eosinophilic pneumonia has
an acute, rapidly progressive presentation with fever,
severe hypoxemia, and respiratory failure [2, 4]. It is more
common in adults, affecting men most often. Generally,
there is no history of asthma. It responds strongly to sys-
temic steroids, without relapses and with resolution of
the acute event [2, 4, 5].

Idiopathic chronic eosinophilic pneumonia (ICEP), or
Carrington syndrome, is a rare disease with unknown
prevalence. It has a subacute presentation, with chronic
respiratory symptoms such as cough, fatigue, fever, dia-
phoresis, arthralgia, and weight loss [1-4]. During the
progression of the disease, there may be loss of lung
function in 10% of those affected [6—8].

ICEP has a very low incidence in the pediatric popu-
lation [9, 10]. In adults, it affects women: men at a 2:1
ratio, is found in patients with a history of asthma in up
to 75% of cases, and can accompany severe asthma [2—4].
On chest X-ray and computed tomography (CT), alveolar
and interstitial infiltrates are observed with a predomi-
nance of the bilateral, subpleural alveolar pattern in the
upper lobes, which may be migratory. The infiltrates are
distributed in the periphery, yielding an image that has
been called the photographic negative of pulmonary
edema; they can appear in superposition with an organ-
ized pneumonia or predominate with a ground-glass
appearance [2, 11, 12].

Oral steroids (OSs) for 3 to 6 months are the standard
management of ICEP [5, 13]. There is generally a favora-
ble response with remission of symptoms and resolu-
tion of radiographic findings. Some patients may require
longer management, of 1 to 3 years, at which time side
effects of the OS can arise [5, 6, 13]. In addition, relapses
of the disease occur in up to 50% of cases during the
decrease or suspension of steroids, requiring restart of
the drug to control the disease [6, 13].

The potential deleterious side effects of OS have made
it necessary to evaluate additional treatments that
allow us to control the disease and avoid complications
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[6, 14, 15]. Treatment with monoclonal antibodies for
ICEP has been proposed based on current knowledge
of severe asthma, eosinophil biology and T2 inflam-
mation [6, 15, 16]. The first of these for severe asthma,
omalizumab, binds to immunoglobulin E (IgE). The
recently approved anti-IL-5 drug mepolizumab binds
to interleukin-5 (IL-5), reslizumab is an intravenous
drug with the same mechanism of action as mepoli-
zumab, and benralizumab binds to the IL-5 receptor.
Finally, dupilumab binds the IL-4 receptor, blocking
IL-4 and IL-13 action, reducing airway eosinophilia in
most patients [6, 16, 17]. All of them are useful and safe
for the management of severe asthma, but their useful-
ness in the management of ICEP is unknown (Table 1).

In this scoping review, the extent of the evidence for
the use of monoclonal antibodies in patients with ICEP is
evaluated, the types of studies on this subject are defined,
and their main findings are summarized.

Materials and methods

Search strategy

The electronic search was carried out without time lim-
its for English-language articles in the EMBASE, OVID,
PubMed, Scopus, and LILACS databases. The terms
used for the search were ((“Pulmonary Eosinophilia”) OR
(“Carrington syndrome”)) AND (“Antibodies, Monoclo-
nal, Humanized” OR “Antibodies, Monoclonal, Murine-
Derived” OR “Antibodies, Monoclonal”). In conducting
this scoping review, the parameters proposed by Arksey
and O’Malley, 2005 [18] were considered.

Selection of studies and data collection

The search was carried out by two independent observ-
ers (IC and AM). The selected articles were reviewed by
both of them, who screened each article for the inclusion
criteria. A third independent reviewer (AG) resolved any
eligibility disagreements.

Eligibility criteria

Analytical and observational studies were included. These
could be cohort studies and case reports published in
journals, academic sessions of poster presentations, and
letters to the editor. They had to address pediatric and
adult patients with the diagnosis of ICEP who required
management with monoclonal antibodies. Annexes and
supplementary materials were also included. Articles that
did not fall under this topic, literature reviews, duplicate
publications, and articles without full text available were
excluded.

Study selection and data abstraction
For the case reports, the observers recorded details about
the publication (title, first author, date of publication),
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Table 1 Monoclonal antibodies for the management of severe asthma

Monoclonal Antibody Mechanism of action and route of administration

Omalizumab

Human monoclonal antibody IgG1k, subcutaneous.

It binds to free IgE by inhibiting its binding to high- and low-affinity IgE receptors (FceRl and CD23). This reduces the expres-
sion of the aforementioned receptors in mast cells, basophils, and dendritic cells, limiting the type 2 immune response medi-
ated by IgE. It also modulates the production of interferon-alpha (IFN-a) dendritic cells, reducing virus-induced exacerbations.

Mepolizumab

Humanized monoclonal antibody IgG1k, subcutaneous.

It inhibits the maturation, activation, proliferation, and recruitment of eosinophils. It binds to a specific epitope of IL-5, pre-
venting its interaction with the IL-5 receptor (IL-5Ra).

Reslizumab

Humanized monoclonal antibody IgG4k, intravenous.

It inhibits the maturation, activation, proliferation, and recruitment of eosinophils. It binds to IL-5, preventing its binding
to IL-5Ra. It's in vitro affinity for IL-5 and its ability to suppress proliferation is greater than that of mepolizumab.

Benralizumab

Humanized monoclonal antibody IgG1k, subcutaneous.

It binds to the alpha subunit of the receptor (IL-5Ra) avoiding the transduction of eosinophil survival signals. In addition, there
is an amplified apoptosis mechanism induced by the activation of the FcyRllla (CD16a) receptor, mediated by natural killer
cells and macrophages through a process called antibody-dependent cellular cytotoxicity. It reduces eosinophils and baso-

phils.

Dupilumab Human monoclonal antibody IgG4, subcutaneous.
It binds to the alpha subunit of the IL-4 receptor (IL-4Ra) shared by IL-4 and IL-13, thereby inhibiting the type 2 immune
response. Simultaneous receptor blockade occurs in hematopoietic and nonhematopoietic cells.

Modified from Agache et al.

details about the participants (number of patients
included, demographic characteristics), the biological
studied, the duration of follow-up, outcomes, and any
adverse events reported. Of the identified studies and
case series, the study design, follow-up, number of par-
ticipants, variables analyzed, intervention, outcomes and
results were recorded. Tables 2, 3, 4, 5 and 6 summarize
the studies and case reports recorded.

Statistical analysis

Normally distributed dichotomous variables are reported
as n (%) and continuous ones as median (IQR) or mean
(SD). Statistical analyses were performed with Stata® 14.0
(Stata Corp., 2014, College Station, TX, USA).

Results

The search strategy yielded 937 results. After applying
the exclusion criteria, 39 manuscripts were obtained, to
which six articles were added that were found in the bib-
liographic references. More detailed analysis excluded
eight articles, leaving 37 titles for the final analysis: a ret-
rospective observational study done in real time, two case
series, and 34 case reports. One patient was described by
two articles, a first report and a follow-up report. The
flow chart in Fig. 1 shows the selection process in detail.
Studies published up to December 2022 were included.

A total of 63 patients received monoclonal antibody
management, but one publication did not describe how
the allocation was done for the 12 patients who received
a biological. The median age was 49 years (57.5-31),
and 70.5% were women. Regarding the assigned treat-
ment, 31 patients received mepolizumab, 14 received

benralizumab, five received omalizumab and only one
received dupilumab. With mepolizumab, some patients
were given the approved dose for granulomatosis with
polyangiitis (EGPA) and others were given the approved
dose for severe eosinophilic asthma. There were three
case reports in which patients received more than one
monoclonal antibody. Two patients switched from
mepolizumab to benralizumab and reslizumab respec-
tively. The first switched because of relapse after 24
months on mepolizumab and achieved adequate control
with benralizumab [32]. The second patient switched to
mepolizumab due to anaphylaxis and had good tolerabil-
ity and adequate disease control with reslizumab [33].
The last patient switched from omalizumab to mepoli-
zumab after failing to achieve a clinical response after
12 months on omalizumab, and reported a complete
response after 12 months on mepolizumab [49].

In the open, retrospective, real-life study conducted
by Brenard et al., 10 patients were included with relaps-
ing ICEP and did not include patients with hypereosin-
ophilic syndrome (HES) or EGPA. Six patients received
mepolizumab at a dose of 100 mg every 4 weeks, and four
received 300 mg every 4 weeks. The median follow-up
was 9 months after the start of mepolizumab [19]. There
were no significant differences in disease response by
dosage. With both doses, a significant reduction in the
annual relapse rate was observed with mepolizumab,
both falling to a value of 0 [19]. In seven of eight patients
evaluated by CT, complete resolution was found after the
6th month on mepolizumab. Two patients were evalu-
ated with a chest radiograph at 6 months, and no altera-
tions were found. The decrease in OS dose began after



Page 4 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

‘SIUDAD
AIBPUODSS SNOLISS
pey jualied oN
‘syuaned

||e Ul pasea129p SO
'sasdejai ou
SIEWEIEW] |

‘PIey [e3

-16ojoydAsd pue uon
-ouny buny buipnpul
‘sabueyd [ea1ulp pue
[ed160joIpe) ul
AVEIVVETNe e [WV]]
pauleisns pey |1y
‘ApN3s ay3 Ul

SJUSAS Alepuodas
pey jualied oN
"2UI|Dap 3y} Jo ddue
-13|01 0} aNp SIsOP
MO U ING ‘SO 400}
[111s Juaned auo Ajuo
YIUoW Y19 oyl 1y
‘yiuowl pig ayi e
syusijed g Ul uon
-doNpal 350p SO
‘PUNOJ DI9M
SuofeIa)|e ou pue
syauow 9 1e Aydeibo
-Ipel Yiim palen|eAs
21oMm syuaied om|
‘qewnzijodaw Jo
Yiuouwl Y19 ay3 Jaye
‘uonnjosal 33|d
-wod pey | Aq
pa1en|eAs g Jo /
‘syuow ¢ e sjyd
-0UISOd U 35ea103(
‘uofdNpal

31el asdejal [enuuy
‘qewnzijodsw jo
S950P U9aMI2Q $20UD
-1241p JuedyIubIs oN

paqISaP 10N

‘qeuwnz
-llodaw a10j9q
asdejas |

59| 1B pey ||v-
“uond3yUl Jo
95U35Ge Y3 Ul
sabueyo | Jo
oiydesboipel ‘sjyd
-oulsoa Areuow|nd
paseadul Yyum
(eaudsAp ‘ybnod)
swolduwiAs :asdejoy
sainsodxa pue
'S9NIPIGIOWOD

‘1D ‘uonouny bun)
v "eljiydouisos
[esayduad

%0¢ >1vg ul
sjiydouisos jo
10dai e 1o ‘Apnis
Vg e aAey 10U
pIp oym syusied
‘SWoIpuAs dljiyd
-0uIs0aIadAH

suon
-eJIpPaU J9Y10 01
AK1epuodas sbuipuld-
SUOIDYUI-

(s 1eay) JusW
-9A|OAUl UBBION|INA-
LLdi

-OY49dd pue
SIOUQIYUE MY 0}
paiejas eljiydo
-UISO3 YIIM SIUD1Ied-

ploJa)
-SO2[1102 JO UOIS
-uadsns 1o asea1d9p
‘sasdejal 'ssbueyd
[ed160joydAsd ‘|ed
-ui> ‘ea1bojolpes ul
AVETIVEYNe e (V1]

[ea16ojolq

943 uo 3jiym dn-moj
-|04 15€| 9Y1 18 pUE
[eabojoiq ayp
Buniels 91049q

1D Aq paienjeas
‘suolsal bun -
gewnz

-ljodaw Jo 1ie3s ay3
J12)4e pue 210§9q
SPI0I91SOD11I0D
DIWRISAS JO 95 -
a1el

asdejal [enuuy -

uonedojje
JUSWILSI} 3Q1IISIP
A341 Op J0U ‘s3s0p
3qlIOsap 10U Op
AayL
gewnzijeiuag
gewnzijodapy

(dwoipuAs orjiyd
-ousoasadAy pue
VdD3/SHoam ¢ A19Ad
Bw o€ :s1uaned 1
‘BLIYISE 3I9ASS 10}
950p panroidde
'syualied 9) syam

7 A19AS Bw 00|
gewnzijodaly

2260|010 POAIRII

Z1 ‘sxusned €6 paq1dsap 10N

(W z1-9) syow
6 qewnzijodaw Jo
uonenuy e
dn-moj|o UBIPSN

(Uswiom ‘qewnz|jodaw jo
G'Usw G) 0| [eIOL 11B3S 0} SISOU
‘papnPxa  -Help Woly syuoul

z'syusned gl 6 dn-mojo4 uelpay

EIEN
350D 9AND2ds0.1aY

(Apnas

dyI|-|ea1) Apnis
9A1103ds011R) ‘[9ge)
-uado Jayudnnpy

ol
L COC SHION 73 UBISY

Tol]
020¢ 219 pieuaig

s)nsay

sa|qenep

papnpx3

sawodinQ

UOIUAAIDIU|

syuedpiied dn-mojjo4

ubisaq

Apmg

43D 4o WusWabeURW 3U 10} SIIPOQIIUE [BUO|DOUOW JO 31135 3SBD pUe SAIPNIS ¢ djqeL



Page 5 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

“UMBIPYLM SeM
PI0J315021110D
DIWS1SAS "uoNONpPaI
[lydou|soa syaam
1 ‘gewnzijodaw Jo
1ie1S Y1 Jaye
sasde|as INoy1M
'sn1JjjaW sa12qelp 7
2dA1 yam uaned v
“UMBIPYIIM SBeM
PI0J21SOD11I0D
DIWRISAS "UORdNPal
1ydouISOa SyaaMm
1e ‘gewnzijodaw Jo
14e1S 8y) Jayje
s9s5dejal INOYIM ‘aIn
-|lej 11e3Y pue ‘BlWSp
-|dijJadAy ‘uolsuay
-19dAY yum juaned ¢
‘SaNUIIUOD

uondNPaJ S0P INq
'PI01315021110D DU}
-SAS JO [PMEBIPYIIM
919|dWwod ou |

a19y1 ‘s|iydouisos jo
2DUSqY ‘qewnzijel
-usq buiuels Jaye
sasdejal INoY1m
'S3NIPIGIOUWIOD 1IN0
-Yimausiied ¢
“UMBIPYLM SeM
PI0J315021310D DU}
-sAS 'sjiydoulsoa Jo
95U3sqe pue |AJ4 Ul
SHOIM { 1B JUSW
-anoidwl| ‘gewnzijel
-usq buiuels Jaye
sasdejal INoY1m

SPIOJA1S JO UoleNn
-|ul J91Je sabueyd Jo
AVEIWEY oo [1V]]

9557 < S|Iydouisoa
wg ‘0001 <eyd
-0UISOd ‘| ) UO s31e)}
-|yut Areuoud|nd
‘SH99M 7 <ybnod

EENENTY
JIWISAS Y10 pue

'Ydav 'vdo3
's95e35|p dseled

ENel
1013150211102 JO
uondNPal 1o ‘jemelp

SEEI
8 K1ans bul 0g uayy
'SISOP € X SHIIM {7
AI9AS bW Q€ gewnz
-llelusg i/ pue

/9 pabe uswom

[4S RIS ASEIE]
Bw 00| gqewnz

pl[ele]le]le}

GI-UR PaAIRRI
‘(sesdejai z < pey
9) sasde|a1 7| SIS

SUIUOW / |4 Judned
SYIUOW 6 1€ 1UDned

‘s919qeIp ¢ Do §/E<0 yum  's9502AW ‘sBNIp 01 -yim ‘sjiydousos uj -ljoda / pue -oubeIp 9yl YIM  SYIUOW {:7 JUdlied ISIIEN Tial
2dA1 yum 1uaiied ‘| s1ualied anp sbulpul{  aseadsp ‘sasdelay 89 pabe usw ¢ sjuaned O€  SYIUOW 8| JUSled  3seD) 9AdadsoNRY 2207 '|e 32 odlyse]
s)nsay sa|qeliep papnpx3 sawodnQ UOUAAIRIU| syuedpiieq dn-mojjo4 ubisaqg Apms

(panunuod) Z 3jqey



Page 6 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

dn-moj|o4 Jo
syuowl
¥z pue’s‘9ie
JusWwaAoIdw
[ed160)
uswiesly  -Olpel pue [ed SEEI
usw Buiiels J;aye  -uld pauleisns syuowl sasdejal g Alana bwi g
Buljpuey bul -leanrJaye  (DL) SYUoW SYIUOW 7 PIOJS)  JUSWIBRI O 1R [ DV Yim s|dinw uay3 ‘sasop
‘loz] zz0T -INp SIUSAS SYIUOW G /1B UONN|OSaS  -SOD[1I0D JO UO  UOHe[IUl Jaye  juswaroidull eWYISY PlO € 10} SHIIM
‘|e 19 m3jebuy 9SI9APR ON  PaqUISp 10N UOIEZI[BULION 919|dwoD  -dNpal SMO||Y SUON 919|dwo) sIeaf 7G '9lrWwaq  SYIUOW ¢ | KI9A3 Bul 0¢
ploa1s
JIWISAS B YUM
1usWean
1dsooe jou
[e2160] PId Ve
-0Ig Ajuo ‘wiy obJiapun jou sasop
‘[s7] zzoT SHIIM G 1 21e21pUl J0U 1iR1S Jaye SY9IM 7 18 pIqg ‘plo sieak € 10} 'SY99M 1
‘e 19 UePeYzZ| PaQLUISIP ION  PRGHISIP 10N PaGHISIP 10N UOIIeZI[PWION pip A3y SUON  JuawaAocidul| | € '9ewiaS syauoul € | KI9A3 bWl €
vdl
obJiapun jou
piq sasde|al
SEEI Sy9am g 1e 1usanbald eipaul
(Z8'SA  81e UOINN|OSI ojewoydwiAse S11130 djiyd
Z01) M 219|dwod yim pa1Ie1S SeM 'SH9IM 7 1B -OUISOI ‘BUIYISE
‘7] 0Z0T Z1euon syeam z e |edibojoiq syl ueIS Iaye  juawanoiduwl 2I9A3S 'P|O syuow a50p
‘12 0JOWOS| PagUISIP 10N PaqUISIPION  -ONPaJ ONJ4  Juawaroudwi]  ‘paredipul J0N SUON woldwAS  sieak 86 ‘9jeuwa ¥ | 9|buis bw og
SPI0J21SOD[1I0D
JJWISAS Bul
YoaM  -1Je1sal pasnyal
[e2160] 1514 3y ul ‘asdejay Aep
yiuow auo e -oiq Ajuo ‘wiy uopens  /sanaiebp Q| pauon
‘el ocoe JusWanoldwl 91edIpuliou 1le)s Jsye -ujupe Joayje Jayows 'p|o syluow -Uaul 8sop ou
‘B33 0WNZ| PaguISIP ION PagUISIP 10N PagISIp 10N JuedyIubIS pip Ay SUON  luswanrocidwl| Sieak ¢ ‘9w 6 | ‘350p 3|buIS
SENEEN
SPsnw ‘uied
paddols uayy 195u0Jaye  1yblam ‘uonn| SYoaM 8 A1aA9
Buljpuey bul R o ‘syauow { Jayye A|21eIpaWWl  -0A9 JUspuUadap usy3 sasop
22l 1207 -INP SIUSAS  1IRIS U1 J9Ye  1IelS Ayl Jaye psonpalsem  Uo[epIUlJsye  Juswaroidull 021110 'pjo € 10} SHIIM
‘e 19 °A ‘plreg 9SI9APR ON  JuswiaAcidw|  JuswaAcidw|  paqLISIp 10N 350P SO sasdejal ON woldwAs  sleak gl ‘slepy syiuow 8 | KI9A3 bWl 0
SIUDAD E| uonduny sbuipuy  Pp10J315011110D swoldwAs [ea160|01q
9SIDNPY Jo Ayjend pun |edibojoipey J1wd)sAs sasdejay Kiojesidsay 19)e
ERITEYETEY] sanipiqiowo)  dn-mojjoy  syuedpnied
yodai ase) SsawodnQ /xas/aby  jo uoneing Jo JIaquinN sasoq

43D 4O usWabeuRW 3 J0) qeuNzIeluaq Jo syodal ased € ajqeL



Page 7 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

pa1ie1s 1 buo| moy 110dai 10U s90Q

(UsbAxo 10y

AVEIY

-alinbal uabAxo
‘9UIoIpUAS Bul
-ysnd ‘sa1aqelp

pa9U SS3|)  PRONPUI-PIOIAIS
TL€l 6107 1212 39aM B ulyim ‘p|o s1eak paquosap SHIM
OpadNeS-eIDIED  P3QLISIP ION  PaUISSP 1ION  PaqUISSP 10N PaqUISSPION  PaquISSPION  PaguUIsSpIoN  luswsnoidul] L€ ‘Slewa4 10N ¥ Klans bul g
1uspuadap odn
-10D) "sieak-yded
‘fogl 0zoe e HRIS Byl Iaye O IMows pjo paquosop pauon
‘le19 ebelg  PaquUISIP 10N PaGUISIPION  PRgUOSSP ION  P3GUISSPION  PagUISSPION  PaguISplON  Juswanoidw|  sieak /G Bely 10N -USW 10N
SHOIM
1e UOIIN|OSal
Buljpuey bul Buljpuey soye  219|dwod yum paLIe1S SeM ewyise
‘[67] 120T -INp S1USAS SEaM e eamelsye  [edibojoig sy 1ie1S Jaye 39am e 2I9ASS "P|O SHIM
‘|e 19 eMeZRA 9SI9APE ON  PagUISOP 10N Juswiaroidwl]  JuswLAoidul|  "paledipul 10N SUON  Juswanroidw| Sieak O/ ‘Sjew syluow 7| ¥ A1aAs Bw 0g
eluadoa1so
‘s919qelp g 2dAy
‘9duapuadap
021110D) ‘Aydon
sasdefal 1no -19dAy a1e3s01d
-YHM Jusw ‘uoissaidap SEEN
-abeuew yum ‘A1a1Xue ‘eWwazdd g Alana bwi og
L JuaW L JuaW panuiuodD EVVI[SIET I uayy ‘sasop
‘[87] Lzoz me -1ea1] Jaye -1e31] Jayje S{9OM RIS DYl Jale , 1IeIS 9yl Jae ‘eWYISY p|o € 10} SHIIM
SPIY g IMSYIY  PagUISIP ION  PagHIsap 10N Juswanoidu uonN|oSaY € 1B UodNPaY SUON  JuswaAoidw|  sIeaK /G DBl SYIUOW QE Alans bul o
SijoIyduoIq
o Jljiydoulsoa
Buipuey bui o L JUBW  [emeIpyIIM pue ‘BUIYISE DI9ADS
‘[£2) 120t -INp S1UaAd LJUSW  1es 9y Jaye -1eal Jaye AUEREETY) , LBIS JaYRe  , 1IE1S AY3 Udye ‘p|o sieak paquosap 3qOsap 10U
‘|e 32 oueye] 3SI9APE ON -anoidw)  Juswsroidu uonn|osay pajeisjoL SUON  Juswanoiduwi €8 's|ewa 10N od
SJUIAD EN| uonduny sbuipuy  Pp10J335011340D swoydwAs [ea160]0iq
EHEY Y Jo Ayjend fun |edibojoipey S1wa3sAs sasdejpy  Asojesdsay 1syje
ERVEIETET] sanipiqiowo)  dn-mojjoy  sjuedpn.ed
11odai ase) sawodINQ /xas/aby  jo uoneing Jo JIaquinN sas0Qg

(PanuNUOd) € 3jqey



Page 8 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

9zl
-la1oeleyd Io
puedxa 10U op

Ady11nq ‘|ed o AE}
-160|01g 21 Jo [EMBIPYLM pUR . -pusdsp 0o
‘[g€] L1zoz  uoisuadsns ayy paquIsap paquIsap AVERIETS) 1ieIS IR 1IeIS 91 Udlje ‘eWYISY "Plo SEEI
DN pasned | 10N Paqudsap 10N 10N pa1el9|0] SUON  1uswaAoidw| SEEY ST syluou / | #AIAS bw Q|
Kiserd
-owlayy [eiyo
-uolq paiinbai
sny|lPwW
[ea1b0ojo1q a3 sa1aqelp | adAy
» Jusw pun.els Aq 2 JUSW  'PLUYISE 9J9ASS
‘€] 020T paquIsap -1ea11 Iaye pamoj|oy o LBIS J2)yP -1eai] Jaye ‘PO sieak paquIsap asop
219 14solQ  Paqgldsap 10N JON  paquosap 10N uopn|osay ‘papuadsng SUON  JuswaAosdw| /G '9pwia 10N | 3|buls bw ool
gewnz
-lIs9y Yim
SJUSAS ON 'pan
-UIUODSIP Sem QUDe 's3108Y
syuow gewnz plobuiysnd
91e gewnz -11S3Y Yum ‘sasdejas Juanb SEEN
-ljodawl yum asdejal | -3} ‘sieak-yoed ¥ K19Aa BY/Bw ¢
sixe|Aydeue syuowl ‘qewnz 8¢ I2ows gewINZI|say
p|iw pue . Cleuoisuadsns -ljlodsw jJo 's9190eIp 7 uay ‘syruow
Te€] uonoeal s paquosap 1ie1s 2y} Jaye 'Sy9am z 18 uopenul Jaye yeam gie  adAl plo sieak 9 10} SHaM ¥
[ AR ERIIES uondaful JON PaqudsapION  IuswsaAoidw]  uondNpal 350 QUON  juswWaAoIdw| v 'SlPWe4  Syuow f| L Aians bl 001
abuel
|0J3U0D Ul
ENe[JEIPEMI 1DV buidasy
uolsuadsns pue ‘Tuawanoidwil
JVEREET0) asdejas Iy YoM g 1SN
Bulpuey bul pa1el9|0] obuel uay3 ‘sasop
-INp SIUAAD ‘syuowl |0J3U0D Ul € 10} SHIIM
3SI9APE ON PaUISIP  SUOIIRISYE OU  SUO[IRIS} e OU 71 18 uols 195U0 YUm 1OV Yum Klans bul g
Buipuey bul 10N pey 1 pey 3 -uadsns yum osdejas | SYIUOW {18 BUIYISE 2I9ASS paquasap gewnzieiuag
‘[z€] 0z0T -INp S1USAS paquUIsap  SYUoW f 1B SyIUoW 4 e 3UIPIP MOJS peis Jaye  Juswanoidull ‘p|O sieak JON SHOIM
‘|B 39 NZIWIYS 35I9APE ON 10N  Jusawanoidw| uofn|osay SEMIET o]} SUON JuedyIubIs 8G '9lPWa{  Sywow 7 | A19A3 Bw 0oL
SJUDAD EI| uonpduny sbuipuy Pp10J315011110d swoldwAs [ea160|01q
9SIDAPY Jo Ajend puny |edibojoipey J1wd)sAs sasdejay  Kiojesidsay 19ye
ERIEIETET] sanipiqiowo)d  dn-mojjoy  syuedppaed

yodai ase)

sawodnQ

/xas/aby jo uoneing

40 JaquinN sasoq

43D 4o uswabeurw sy} 1oj geunzijodaw jo suodal ase) ¢ ajqel



Page 9 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

Syuow ¢ 1e syiuow
pauleisns 0l e uols 2duapuadapod
SYUOW 7 10} ‘syuow 7| 1e -uadsns yim -1110D) PWYISY SHIIM 8 KA
pauleisns uonn|osal aulpap ‘plo s1eak 97 uayi sasop
Buipuey bul ‘sLauow 7| e a19|dwod pajess|o| o '9]BWa4:z 3seD 71 10§ S39IM 1
-INp SIUaAS Juswanoldw]  ‘syuow 9¢ 1e ‘syuowl 1els ayy Jaye ‘sisoubelp 1oy Klans Bl 001
95I9APE ON paquIsSIp  “Syuowl 9f 1e pauleIsns 0l e uols peisIaye  Juswanoidw|  Asdoiq Jo Tyg SHOIM 8 KA
Bulpuey bul 10N pauleIsNs  ‘syIuoW 4| e -uadsns Yyum SUON o ON PWYISY uay} sasop
‘l6€] -INp S1USAS paquIsIp  ‘syiuoul | 1e uonn|osal aulpep 1UBIS SR 1IRIS 91 Udlje PIOSIEIA T SYIUOW 7 1 10} SHIIM
1 70T e 32 01eS 35I9APE ON JON  Juswaroidw| 219|dwod pajessjol SUON  Juswanoidw| ‘Se L 9SeD  SYIUOW O 7 Kiens buw ool
JusW
-aA0idwl 1IN0
-YIM gewnz
-[ewQ yum
1uswabeuew
paniadal ‘bul
-puewsp uab
-AX0 ‘uone|lqy
. » USDBAX0 meip [eLi1e "ewiyise
[eMEIPYIM pUR -yum Aayy  uspuadapodn
[8€] 10T paqLOsSap paquIsap AVEREETo) o HEISJSYR  ‘LIBISOYIUaYe  -I0D) 'PlO SIedk EEIN
‘le32 jediuag  paquosap 10N JON  paquosap 10N 10N pajessjol SUON  Jusawanoidw| 99 'glPWa{  Syow 7| I pAIRASWOOL
o JUBWIE3N) uolssaidap
-150d 97/ 0} ‘snyjjlow
1uawiealtald sa1aqelp ¢ 9dA
%09 W0y ‘SRIUIYL ‘BWYISY
EEE4=N D) ‘plo sieak gy
» JusWiean o ‘3B i 958D
-150d 958 01 SasED Yi10q Ul . SaIEN
Juswieanald 1D pue  |emeipyum pue . S9130PIQ 7 2dAL
[/€] 10T paqLOsSap %GG woly  Aet-x Ul uon AVERIET0) 1ieiS ISR 1IRIS 9yl Jdye 'p|O s1eak 95 syuow 9 SYEEIN
‘B33 1ss0geep3  paqguosap 10N 0N LA4:L 9seD -BZ|[BWION SEMIET o]} SUON JUuswaAoidw|  ‘Sjewa4:| 3seD)  SYIUOW G| 7z ¥ Aens bu ool
ureb
1yb1om pue
8 yuow 1e BIULIOSU|
uonen|ul Iaye Juedyiubis ‘A121XUe pue
SYIUOW G UoIs Hulaq uonen uolssaidap pauon
‘o] paquIsap paquosap -uadsns pue  uonenul Jae -luJaye  Jolepy plo sieak -UaW 350p ou
7707|212 edA)  Pagudsap 10N JON Paquosap 10N JON JU92sap smojly  sasdepioN  Juswanoiduwl 8¢ '9PWa syuow 6 I 'syoam ¢ A19Ag
SJUIAD e} uonduny sbuipuy  p10J3)S0D13110d swoldwAs [ea160|01q
9s49ApY Jo Ajend Bfun [esibojoipey J1wd3sAs sasdejay  AKiojesidsay isye
ERVEIETET] sanipiqiowod  dn-mojjoy  syuedpnaed
1iodai ase) sawo0dINQ /xas/aby  jo uoneing Jo JaquinN sasoQg

(panunuod) ¢ ajqey



Page 10 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

e

[EMEIPYLM pUP

e

SEEI
9 UBY1 $S3| Ul
7) sosdejai ¢
S ewyIsy

‘] 6107 paqLsap paqIdsaP AVERIETS) Jels Jaye  1eis 9yl Jaye ‘p|O sleak EEIN
BIDSIUUPW  PagUIsap 10N JON Pagudsap 10N 10N paielajol SUON  Juswanoldw| /¥ '9leWwa{  sywow 7| | ¥ A19A9 Bw 001
suoleu
-1PN|eY palejai
-ploJas pue
£ 'f1a1xue ‘ewyisy
ey paqLsap paquIssp ¥ uadsap 14e3S 9y JaLe 'p|O sleak paqudsap EEIN
6107 e 39 S2UOf  PagLISaP 10N JON Paglosap 10N 10N pa1RIDIOL  PaQUISIPION  IudWwaAcIdW| GG ‘9w 10N I A1ond B Qo€
|013U0D
o1enbape ul s1s010d0150
1usulean 1DV Yum  ‘elwsdA|biadAy
Buljpuey bu flusw  bBupJeis Joye pa1Ie)S Sem syauow 'NLH ewyisy
eyl 0202 -INP SIUSAD paqLsap -1eal) 1oye syuow ¢ |edibojolq ay el Jaye € Jaye uswW ‘plO sieak SEEI
e 19 BPAIYNID 3sJaApe ON JON  Juswanoiduw| uonN(osay  "pa1edIpul JON SUON -anoidwi| 66 '9leWa4  sywow | I A19A9 Bw 001
e
[EMEIPYIM pUB LJUSW  Juspuadapod
14 paqLsap paqsap uondNpPaI » Hels Jaye -1eal} Jaye  -110D) Plo Ssieak paq1sap pa1ed
0707 |R 1D UPSY  Pagudsap 10N JON Paguosap 10N 10N pajeldjol SUON  Juswanoldw| [ '9]ewsa 10N l -lpul 950p ON
ERIEIE Y]]
PI0JR1ISODIH0D)
“K1aIxuUe ‘spuIyl
‘sieussp
L JUBW  Didole ‘euyIsy
‘[ov] 0202 151099 paqLsap paquUIsap  9SeaIdIP PIoI} o Mels Jaye -1e3l} Joye ‘p|O sleak SHOIM
‘1212 Buysty 9sIaApe ON JON Paqgusap 10N JON  -SOD[10D SMO||Y SUON  Juswanoldw GG 'deWR4  Syluow g| I A19nd B Qo€
SJUIAD e} uonduny sbuipuy  p10J3)S0D13110d swoldwAs [ea160|01q
9s49ApY Jo Ajend Bfun [esibojoipey J1wd3sAs sasdejay  AKiojesidsay isye
ERIIEIETEY] sanpiqiowo)  dn-mojjoy  syuedpiied
110dai ase) sawodnQ /xas/aby  jo uoneing Jo Jaquiny sasoQ

(panunuod) ¢ ajqey



Page 11 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

Tvleloc
e18 dUIMET]

‘9] 610z orow
-16NG 19 0Awo|

‘[svleloz
[P 19 SOPUIN

Bulpuey bul
-INp S1UaAS
35I9APE ON

paqLsap 10N

paq1sap 10N

PaqLIS3P
JON Pagldsap 10N

paquosap £ usw
10N -anoidw|

paqIDsSap 10U

17 958D

qdd

/G 1 uaw

-1ean isod

‘qdd

00€ <ON34

paquosap  Juaulieanaid
10N 1] 958D

Syuow g 1e
JuswaAoIdwil
uedyIubIg

usw
-anoidu|

paqLIsap
10N

1USDS3P SMOJ|Y

po1iels sem
|ed16ojoiq 2y}
‘pa1e2IpUl JON

suojosiupaud
sAep a1eulaye
/Bbw G 01
35e2I09p pale
-19]0] :Z 35BD

‘AlpIgiowod |ed

-Ibojoreway Aq
pauiel

-ulew s1ing
aul|Dap paie
-19]0 1| 3seD

uoljenul laye
sasde|al oN

uoneniul Jaye
sasdejal ON

1ie1S Jaye
SUON

ERlIE]
-puadapodnio)
‘Asdoiq bun| Aq
sisoubelg
JIOUIS-XD
‘obunid
Jejnpou pue
QPWINZI|0

“pan yum

19SUO Jalje 1uswabeuew ul

skep / uaw
-anoidw
uedyIubIg

e

1eis ayy Jaye
1uswaAoldw|

[ea160joiq 3y
Buiiels 1ayje
SHOIM § JUSW
-anoudwy
wedyIubIs

SI31|0D 2A1BIADN
dgH Pl Sieak
61 Slews
SiIjolyduoIq
ljiydoulsoa
‘BLIYISE DI9ADS
‘p|o SIeak

09 'sjewia
sasdejal

92141 'SLOT Ul
pasoubelq

'sso| bunieay
[BIN3ULIOSUS
'SIIUIYJ ‘BUlyISe
21BI3||eUON
‘plosieak |7
‘3w 7 958D
sasdejal

oML Z1oZ Ul
pasoubeiq
‘eJndind ojuad
-01A>0qWioIy}
J1yredolpl ‘sdA
-|od |eseu yim
SIHUIYJ DIUOIYD
‘SuIY) 'ewyIsy
‘P|O SIeAK S
ClIENENHIEN -3}

SYIUOW 9

SYyiuow

syuow ¢

panuiuod
QeunzIjopaA
EENee)

3q1IDsap 10U Op

L Aoyl

'S950p
l 3qIOSap 10N

SEEI
Z v Aiens bw ool

ERTEIETEY]
yodai ase)

[SUEYVES
9SIDAPY

E| uonpuny
jo fujenp fun

sbuipuy
|ed16ojolpey

P1043150d1340
J1wlsAs

sasdejay

swoldwAs
fiojesidsay

sawodnQ

sanipiqiowo)
/x9s/3by

[ea160|01q
19yye
dn-mojjoy
jo uoneing

syuedpnied

Jo ssquinN sasoqg

(panunuod) ¢ ajqey



Page 12 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

paliess 3 buo| moy 140dal Jou s90q ,

JusW
Juswieal] [e> -abeuew yum
Bulpuey bul Buinieis ssyfe  -1bojoiq sy 01 pPaNUIIU0D ‘sasdejal
‘8] -INp S1USAS paqLOsap SYIUOW € P3UDUMS SeM )| 1Iels ay3 Jaye SY9IM {1 PWIYISY "P|O SHOIM
810z |e12 0L 35I9APE ON JON paquosap 10N uonn|osay  ‘paredIpul 10N SUON uonn|osay  sIeak g9 'deKy  SyUowW €1 | A19A9 Bw 0oL
SJUDAD | uoiduny sbuipuy Pp10J315011110d swoldwAs [ea160|01q
9SI9APY jo Ayjend puny |edibojoipey J1wd)sAs sasdejay  Kiojesidsay 19ye
ERIEICTET] sanipiqiowod  dn-mojjoy  syuedpaed
1odai ase) sawodINQ /xas/aby  jo uoneing Jo JaquinN sasoQ

(panunuod) ¥ 9lqel



Page 13 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

SUyuow /| 1e
sasdejal 1no
-yum
puiddos Jayy
o Uon
-ellUl JaYe syuowl
. SEEI 77 10} 350p
‘|eMBIPYIM pUR M3} e JuaW Sules ay3 1e
JUadSap  Melsal ayliaye  -aaoidudl Yyim asdejas saye
1eisal Iaye Hunesa|ol sieak 7 ‘lemelp 1ie1say
sleak z1e ‘asdejal 1aye sasdejal Ino -YUM Jaye ‘SYIUOW g1 10}
uonezijewlou 1ie153l -Yam syuowl uawiieal] w
‘asdejal oYy saJinbal 3| ‘pareisal s 01 asdejoy UONeZIISUSS /N1 62 [9A9)
‘SYIUoW /| 18 “SHIM 11 0S [eMBID . Usbiajjeoise sis 36| |p103 42d
‘151 zzoz uojezijewliou M3JBISYE  -UUMBUlJale  ‘uelsayliaye  -0lodoaisQ plo 950 "SH99M 7
‘e 19 9WYSN PaquISIP ION  PagUISIP JON  PagISap 10N a19|dwod U959 Syluow Q| JuswaAoidw| SIeaA g9 '9leWwaq  SylUoW 69 | A1ans Bw 0og
syuowl
7 10} syoam
7 KI2n9 05|
suabia| RVENNEYEY
-|eOISE 01 UONRZ 36/ |e10y 42d
14R1S 943 WO} YIUOW dUO 1B -1}ISUDS ‘PWYISY 950 "SYIuoWw
YIUOW 3UO UoIs AVETIEY NN e [U1] ‘plosieak g € 10} SHIIM 7
Buljpuey bul -uadsns yum a19|dwo) ‘JeN 7 958D K1ans bw 57z
-INP SIUSAD 1U3259pP SMO||Y ‘Syuow ‘SUSbII 19A3)
95I9APE ON SYIUOW G 1  "UOIeIMUII9Ye  UO[BIUlISYEe 6 1e 219|dwod  -|eoI9e O} uonez 36/ |ero1 4od
Bujpuey bul JuswiaAoldw|  SYIUOW G Uols sasdejal oN Bueq  -1ISUSS ‘eWYISY 950Q syuow
‘[0s] -INP SIUSAS  PagUISIP 10N  PagUISIPION  SYIUOW G 1e -uadsns pue  uonenIul ISR ‘LIe1S DY) Jaye ‘plOSIBIA /| Syow Qg 6 10 SHIM 7
Z10Z |8 1 ulys 9SI9APR ON  PIQUISSP ION  PaQHISIP 10N JUsWaAoidW| USSP SMO||Y sasdejal oN  1uswaAoidw| ‘DeN L 9SeD  Syluow g€ 7 AN bw Q0§
syuow 7| e gewnz
uoliezijewlou -ljlodaw jo
‘qewnzijodsw  ueisayiiaye  qewnzijodsw
buniels 1oye SYIUOW 47| Bup.els saye qewnz
syuow ¢ uoAN|osal  SYIUOW 4 UOIS -ljodaw jo
Juswanoidw| 919|dwod -uadsns pue uonenul Jo Asdoig Aq
gewnz gewnz uononpai SPaMm aye  sisoubelq sdA
-l[eWO Yum -l[PWO Yum SMO||Y swoydwiAs oN -lod 1noyum YoM
syyuowl syyuowl ) puadsns o} ‘qewnz siIsnuisoulyl Klana buw 00|
Bujjpuey bul Z1ay1bul Z1 2y bul SMOJje Ing -l[PWO YUM  DIUOIYD ‘BWYISY gewnzijoday
6¥) -INp SIUSAS -Inp Jusw -Inp Jusw '950p 3y1 JO 1usWaA0IdWI ‘plosieak  syuow g| "SOOM §
6107 e 1@ un 9SI9APR ON  pPaguisspioN  -aAoidwjoN  -2Ao0iduwll ON uondNPaY  1els Ja1je UON |enJed 8y ‘Slews4  sywow 7| | AiaAs Bw gL
sjuand ayl uonpuny sbuipuy  p104a1S0d1110 swoydwAs [ev160jo1q
9SIDAPY Jo flend punq |edibojoipey J1wd)sAs sasdejpy  Auojesidsay 19)e
ERTEYEIEY] sanIpiqiowo) dn-mojjo}  sjuedpnaed

140dai ased

sawodiInQ

/xas/aby  jo uoneing

40 JaquinN sasoq

43D 4o JuswabeurW 3y} Joj geuwnzijewo jo suodal ase) § ajqel



Page 14 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

paiels 31 buo] moy 1iodai 10U $90(Q ,

uopenun
-UuodsIp |1aun
7S] JusWIeal) 3y} syuow 9
€107 Sa4ewod Bulysiuy jo eay.liousue KIBAS %05
13 obuiwog %99M Yl 9U1 1B SYyUow G| Jaye ploJa1s pue 95e3109p
‘[eg]  Bulpuey bul . lusWw uoisuasdsns pue sasdejal oN . uolssaldaq uay3 ‘syruow
7107 ueledoy -INp SIUSAD -1eai1 Jaye JUSDSSP  LPIS QU1 USYE  "1IEIS Syl de ewyIsy p|o Q| 10} M
-20] 13 eAey| 9SI9APE ON  P3QLISIP ION  PaqDSap 10N uonN|osay pajessjol SUON Juswanoldwl] sSIeak 9¢ ‘Sjewa4  SYIIOW Gf | AIans bw Qog
1s1) Juedsuesy
1s113ued  BunjuQ SIIAL
-sues} oy -dunfuodoulyl (pauon
[eMBIPYIAL  ‘Buuyise DIBIs| |y -uswi Jou
eslzioz e SYIUOW 7 18 "Hels yy Jsye ‘plosieak  pagudsap 950p)
OUPLIOS PUIART  P3QIISIP ION  PagUISIP JON  PaqUIsSap 10N PagLIsap 10N [EMBIPYIAL  MelS IS)e sUoN  luduwanroidul| GG ‘ajewa 10N | gewnzijewQ
[SUEYE) EN| uoppuny sbuipuy  p1013)SODI3110D swoydwAs [e>160j01q
9sI9ApY Jo fyjend puny |esibojoipey J1wa3sAs sasdejay  Aiojesidsay isyje
ERIEIETEY] 1p1giowod dn-mojjoy sjuedpiaed
1iodai ase) S3Wo02NQ /xas/9by  jo uoneing Jo JaquinN sasoq

(panunuod) g ajqey



Page 15 of 20

(2024) 24:74

Murillo et al. BMC Pulmonary Medicine

aunods
-0[242 10 'sp1o
-131S DIUUDISAS

‘Juswabeuew

aulodsopAd Ul dloiqgiue 0} syiuow
Buljpuey bul 95e2U09p pue asuodsal oN 910} SY9aM ¢
[s9] -INP SIUSAD SHOIM 7 1 [BMBIPYIM Jels Jaye SHOIM 7 18 'p|o sJeak K19nd B 00¢
0202 13|Mmo4 9SISAPR ON  P3QUISIP JION  PagUIssp 10N Juswanroidu) paieldjol SUON  Juswanoiduw| L1 '9ewaS syuow 7| | gewn|dng

SJUDAD | uonduny sbuipuy  p10431501310> swoldwAs |ea160jolq

9SI9APY jo Ayjend funi |edibojoipey J1wa3sAs sasdejpy  A1ojexdsay 19yje

ERITEIETCY] sal}pIgIowod) dn-mojjoy  sjuedpiyied

1odai ase) sawodnQ /xas/aby  jo uoneing Jo Jaquiny sasoQ

d3DI Jo Wuswabeuew ayy Joj gewn|idnp jo uodal ased) 9 ajqel



Murillo et al. BMC Pulmonary Medicine (2024) 24:74

Page 16 of 20

and LILACS

937 results found in EMBASE, OVID, PubMed, Scopus,

'—» articles, 33 duplicates, 4 not full text
available

v

6 titles included by
snowball search
strategy.

v

Excluded: 861 off-topic and review

39 titles included.

and analysis.

45 titles included for review

‘ correspond to eosinophilic
-

8 were excluded since they

pneumonia due to biological
or infectious.

37 titles included in
final analysis

1 retrospective, real-life observational study

2 case series publications

34 case reports published in journals, academic poster sessions, and letters to the editor.

Fig. 1 PRISMA flow diagram

the 3rd month of management, and only one patient did
not tolerate the decrease [19]. At the 6th month of man-
agement, only one patient still needed the OS, but at low
doses due to adequate tolerance of the low-dose OS. No
patient had secondary events in the study [19].

In the retrospective case series by Askin & Morris,
which included 53 patients, 12 patients were treated with
mepolizumab or benralizumab. They included patients
with a diagnosis of ICEP and excluded those with HES,
those without a BAL study or those with a reported BAL
eosinophil count<20%. All cases were either relapsing
or refractory to glucocorticosteroids after weaning trials
[20]. All patients achieved sustained clinical improve-
ment, including lung function and psychological status,
as well as in radiological findings. There were no relapses,
all patients lowered their OS dosage, and no serious sec-
ondary events were reported. The shortcoming of this
case series was that it did not describe the treatment allo-
cation, the duration of follow-up, or the dose used [20].

In the retrospective case series by Tashiro et al., all
of the patients included in the study fulfilled the diag-
nostic criteria for ICEP. Patients with drug-induced
eosinophilia, mycoses, parasitic diseases, EGPA, bron-
chopulmonary aspergillosis, HES, and patients with

satisfactory response to OS without relapse were
excluded. Twelve of the 30 patients relapsed while
OS was declining, and six of them had more than two
relapses. Four patients were assigned to treatment with
monoclonal antibodies, of whom only one did not have
any comorbidities [21]. Two patients received mepoli-
zumab at a dose of 100 mg every 4 weeks, and two
patients received benralizumab at 30 mg every 4 weeks
for three doses, followed by 30 mg every 8 weeks. The
two patients who received benralizumab were observed
4 and 8 months after the initiation of the monoclonal
antibody [21]. In both, the absence of symptoms was
observed at 4 weeks; one tolerated the decrease in OS,
while the other tolerated full withdrawal. The absence of
eosinophils was also observed at 4 weeks, and no adverse
events were reported. The patients who received mepoli-
zumab both stopped the OS, with a reduction in periph-
eral eosinophilia and clinical improvement at 4 weeks.
The follow-up time after the monoclonal antibody was 19
and 17 months [21] (Table 2).

Of the case reports, 19 patients received manage-
ment with mepolizumab, 12 with benralizumab, five
with omalizumab and one with dupilumab. There
were three patients under 18 years of age; one of them,
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an 1l-year-old female, was the only one to receive
dupilumab and had a clinical and radiological response
at 2 weeks, tolerating withdrawal of OS and decreased
cyclosporine. They reported no adverse effects of treat-
ment at the 12-month follow-up [55]. Another of them
was a 16-year-old male patient who received benrali-
zumab with an 8-month follow-up from the start of
the monoclonal antibody. He had immediate clinical
improvement, allowing reduction and suspension of OS,
evolving without relapses and with improvement in lung
function [22]. The third, 17-year-old patient received
omalizumab, with an observation period of 33 months
from the start of the monoclonal antibody. After treat-
ment for 9 months, there was an adequate response,
with improvement of symptoms, no relapses during the
follow-up period, and radiological improvement. No
adverse events reported during handling [50].

The 34 remaining patients described in the case reports
were adults, many of whom had comorbidities such as
diabetes, hypertension, and anxiety disorders, and some
reported cortico-dependent disease and secondary events
derived from the management of OS. In general, an ade-
quate response was observed, with improvement of res-
piratory symptoms, control of relapses, and achievement
of reduction and later cessation of OS. All the reports
mentioned the response of the respiratory symptoms,
only two reports did not record relapses during treatment
with the monoclonal antibody, and one did not mention
whether the OS was decreased or suspended. The major-
ity reported a decrease and cessation of OS after starting
biological testing, but the vast majority of reports did not
indicate how long this was achieved, nor did they mention
using any established guideline to reduce OS.

Sixteen case reports evaluated lung function; reporting
improvement compared to before the monoclonal anti-
body. The response time of the symptoms was variable
but favorable. In general, the response began between the
first week and 9 months after starting management. Eight
reports did not mention the dose of the monoclonal anti-
body used in the management of patients.

There were two reports of treatment with a single dose
of benralizumab and one with a single dose of mepoli-
zumab. In the latter three cases, symptoms improved with
resolution of relapses and cessation of OS. Two reports of
patients treated with single-dose benralizumab reported
adequate responses after 4 and 9 months of treatment.
However, the report on single-dose mepolizumab did not
record the duration of follow-up [23, 24, 34].

Twelve case reports did not report tomographic or
radiological changes after treatment, and seven reports
did not mention the follow-up time after the initiation of
the monoclonal antibody. None of the case reports, case
series, or real-life studies evaluated quality of life.
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Regarding the secondary effects of the treatment,
the majority reported that no events were seen during
the treatment, but 17 reports did not mention whether
any occurred during treatment. There were only two
reports of adverse events during treatment. Sarkis et al.
described a local reaction with mild anaphylaxis during
management with mepolizumab, which led to a switch
to reslizumab [33]. In the case report by McKillion et al.,
they indicated an unspecific reaction that forced the dis-
continuation of mepolizumab, but the reaction was not
described [35].

Discussion

Although ICEP is a rare disease, when it occurs it brings
a 50% risk of relapses and a long-term need for steroids.
Patients are at risk of developing complications derived
from prolonged management with OS. From this scop-
ing review, it can be inferred that monoclonal antibod-
ies approved for severe asthma could be useful for the
control of the disease, but the extent of the evidence is
limited and is composed mostly of case reports and case
series, though most of the results show a good response.
Biological drugs seem to be a safer option to control
relapses of ICEP, allowing lowering/suspension of OS and
sometimes replacing the OS in patients with OS intoler-
ance, patients with significant comorbidities, and patients
who have already developed adverse events.

For omalizumab, the little evidence available is pro-
vided by case reports that have had a longer follow-up
and have indicated a profile of safety and effectiveness.
Omalizumab was the first biological to be approved for
severe asthma.

Anti-IL-5 therapy is more recent, and although the
follow-up period in most case reports is shorter, there is
more information available about mepolizumab, includ-
ing an observational, retrospective, real-life study, which
supports its use for ICEP. The mepolizumab dose used to
treat severe asthma appears to be as effective as the dose
used to treat EGPA.

Mepolizumab-based treatments for ICEP show that a
large majority of patients are free of symptoms after one
year of treatment, and some reports show that patients
are free of symptoms for up to 36 months. As a result,
treatment would generally not last longer than that.
However, it is important to assess each case individually.
Benralizumab showed similar results with only one case
being resolved after 30 months. For omalizumab, follow-
up periods were longer than 24 months in most reports,
and some reported relapses after discontinuation before
this period, in some cases requiring a switch to another
monoclonal antibody. This suggests that the duration
of treatment with omalizumab may be longer than with
anti-IL-5 therapy.
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Benralizumab seems to be effective, and it seems that it
generates a rapid decrease in eosinophils for up to 8 weeks,
so authors have tried to space its doses or even give a sin-
gle dose. This scoping review found no data suggesting
superiority of benralizumab in treating ICEP. Two reports
evaluated single-dose treatment with benralizumab and
reported good control at 4 and 9 months of follow-up. The
only report of single-dose treatment with mepolizumab
did not report the length of follow-up. There were also no
real-life studies of benralizumab for ICEP.

Reslizumab seems to have a similar effect as mepoli-
zumab, but reports on it are even rarer, and none have
evaluated it as a first-line biologic. In cases of immedi-
ate hypersensitivity to mepolizumab, reslizumab may be
a safe alternative.

Dupilumab has only been used in one pediatric patient,
who had a good response [55]. Increased peripheral
eosinophils have been reported in patients receiving
dupilumab. However, these have been shown to be tran-
sient and have not been associated with reduced efficacy
of dupilumab. After week 16 of treatment, recovery of
eosinophil count has been documented. Furthermore,
the development of symptoms associated with increased
peripheral eosinophils is rare [56]. For this reason, we
believe that dupilumab is unlikely to be less effective in
patients with ICEP. However, as we were selecting manu-
scripts and carrying out the detailed analysis, we found
some case reports that have linked it as a cause of ICEP
[57-60].

The findings of this review suggest that anti-IL-5
and omalizumab could be safe for the management of
patients with ICEP. No adverse events of any severity
were reported in the real-life study or in the case series.
Only two case reports described adverse events with
mepolizumab, which caused biological changes or the
suspension of treatment, but no deaths or other compli-
cations were reported.

The findings of this review are not surprising, since
management with biologics is recent and ICEP is a low-
frequency entity. This study has limitations arising from
the quality of the included studies, as they were all obser-
vational studies and case series, so its interpretation
should be carried out taking into account these limita-
tions. Given the characteristics of the included studies,
it is not feasible to assess their quality. Furthermore,
this makes it impossible to extrapolate the results to all
patients with ICEP.

Research in this field needs to be expanded. There need
to be more cohort studies or case-series studies in real-
world settings, where the impact on the quality of life of
the patients is considered and the follow-up time of the
patients after the start of the evaluated drug is clearly
described.
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Conclusion

The extent of the evidence for management with mono-
clonal antibodies (omalizumab, mepolizumab, benrali-
zumab, reslizumab) is limited but could be promising
for cases of ICEP with frequent relapses and cases where
the use of corticosteroids is contraindicated. The extent
of the evidence for management with dupilumab is even
more limited. Well-designed studies that evaluate quality
of life and outcomes during a clear follow-up period are
needed. To our knowledge, this is the first scoping review
of the literature detailing the extent of the evidence for
the management of ICEP with monoclonal antibodies.
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