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Abstract

Background: Lymphangioleiomyomatosis (LAM) is a rare lung disease and the mammalian target of the rapamycin
(mTOR) inhibitors has been used as an effective therapy. Here we conducted a systematic review and meta-analysis
with the aims to quantify the efficacy and safety of mTOR inhibitors in LAM patients.

Methods: The following databases were searched for clinical trials regarding LAM patients treated with mTOR
inhibitors until December 2017: Pubmed, Embase, Cochrane Library and OVID medicine. Random effect models were
used for the quantitative analysis.

Results: Nine eligible studies were included in our systematic review, 7 of which were used for the meta-analysis. In
LAM patients, mTOR inhibitors improved forced expiratory volume in 1 s (FEV;) and forced vital capacity (FVC)
significantly, with the weighted mean difference (WMD) 0.15 L (95%Cl: 0.08 to 0.22, P<0.01, P =0%) and

022 L (95%: 0.11 to 0.32, P< 001, F =0%) respectively. There was no significant change in neither the
diffusing capacity for carbon monoxide (WMD: 0.51 ml/mm Hg/min, 95%Cl: -048 to 149, P=0.31, P =0%) nor
6-min walking distance (WMD: 5.29 m, 95%Cl: -18.01 to 28.59, P=0.66, P =1%). The weighted partial response
rate was 0.68 (95%Cl: 0.53 to 0.84, P <0.01, F =72%) for renal angiomylipoma. The cumulative incidence rates
of common safety events were 50, 40, 23, 20 and 19% for oral mucositis, hyperlipidemia, headache, bone marrow
suppression, and diarrhea, respectively. And most events were low grade and tolerant.

Conclusions: In LAM patients, there are improvements of FEV, and FVC after the application of mTOR inhibitors and
over a half achieved the shrinkage of renal angiomyolipoma.

Trial registration: PROSPERO registration number: CRD42018085470. Registered 22 January 2018.
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Background

Lymphangiomyomatosis (LAM), characterized by pro-
gressive cystic destruction of lungs, recurrent pneumo-
thorax, chylothorax and abdominal tumors, is a rare
low-grade systemic neoplasm, exclusively affecting women
[1-3]. LAM lesions are generated by the proliferation of
LAM cells. The mutations of either TSC1 or TSC2 gene
activate the mammalian target of rapamycin (mTOR) sig-
naling pathway, resulting in cellular aberrant function and
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tumor growth [4, 5]. Although with smooth-muscle fea-
ture and benign appearance [6], the LAM cells carrying
inactivated TSC gene can migrate in blood and lymphatic
fluids to form lesions in other organs [7].

LAM occurs sporadically (sSLAM) with an incidence of 5
per million women [8] or associated with tuberous scler-
osis complex (TSC-LAM), affecting 30-40% TSC women
patients [9]. Patients may be asymptomatic in early stages.
However, the LAM patients often present varied clinical
manifestations with respiratory symptoms, lymphatic
masses, chylous complications and severe intratumoral
hemorrhage of renal angiomyolipoma. In the progressive
patients, the pulmonary function declines by 2-4 folds
than normal age-related decline rate or even more, the

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-018-0874-7&domain=pdf
http://orcid.org/0000-0003-4307-6665
https://www.crd.york.ac.uk/PROSPERO/#searchadvanced
mailto:xinlun_t@sina.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Gao et al. Orphanet Journal of Rare Diseases (2018) 13:134

lung transplantation is the only option for the patients at
the end-stage [10, 11].

Hopefully, mTOR inhibitors have shown the significant
therapeutic effects on the regression of angiomyolipoma
volume and the partial improvement or stabilization on
the lung function in TSC or LAM patients [12-14]. As
one agent of the mTOR inhibitors, Sirolimus has been
recommended as the standard therapy for LAM patients
with declining lung function and problematic chylous ef-
fusions [15]. Despite of these benefits, as an immunosup-
pressor, sirolimus has raised concerns for its adverse
events, correlated with the dose or the therapy duration.
However, LAM is an orphan disease, which inevitably
limits the sample size in clinical trials, making it difficult
to design studies or to integrate variable data. So far, there
is no quantitative analysis evaluating the therapeutic effi-
cacy and adverse events for the therapy.

Herein, based on the published and extension results,
we conduct the literature review to present the updated
insights on the therapy. Furthermore, we try to support
the quantitative evidence to assess the efficacy and adverse
events for LAM patients treated with mTOR inhibitors.

Methods

Information sources and search strategy

Studies were identified by searching Pubmed, Embase,
Cochrane Library and OVID medicine until 31 Decem-
ber 2017. The search strategy included the following
term keys: (‘lymphangioleiomyomatosis’) AND (‘mTOR
inhibitor’ OR ‘rapamycin’ OR ‘sirolimus’ OR ‘everoli-
mus’). Publications were restricted in humans and Eng-
lish and Chinese language during the literature search.
Study types were limited to clinical trial, meta-analysis,
randomized controlled trial or review. In addition, we
reviewed the references of included articles as a comple-
ment of the related articles not inclusive in the initial
search. We also contacted authors of relevant papers re-
garding further published and unpublished work. This
meta-analysis was registered in the PROSPERO database
with the registration number CRD42018085470.

Study selection

Two reviewers (NG and TZ) independently performed
the initial search and the eligibility assessment. NG and
TZ respectively screened out the related studies through
titles and abstracts of all articles. Disagreements were re-
solved by consensus between all authors. Then full text
articles were assessed for eligibility by the authors.

Inclusion and exclusion criteria

Original articles were included if they met the inclusion
criteria: (1) any phase clinical trial evaluating the mTOR
inhibitors on SLAM or TSC-LAM, whether they had con-
trol groups or not; (2) efficacy and safety data could be
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found in the full text. Exclusion criteria were as follows:
(1) duplicate publications; (2) interim or extension find-
ings of the same trial, or with duplicate patients; (3) the
number of included patients were less than ten; (4) retro-
spective studies.

Data collection

Data were extracted from all eligible articles using stan-
dardized excel forms. Data retrieved from the articles in-
cluded: (1) basic information of studies: first author name,
publication year, study location, study design, number of
participants, treatment and study phase, study primary
and secondary outcomes and lung function inclusion cri-
teria; (2) methodological qualities of the trials; (3) base-
lines and follow-up data of efficacy: renal angiomylipoma
response rates, renal angiomylipoma volumes, 6-min
walking distances, serum vascular endothelial growth fac-
tor D (VEGE-D) levels, forced expiratory volume in 1 s
(FEV,), forced vital capacity (FVC) and the diffusing cap-
acity for carbon monoxide (DLco) values; (4) adverse
events (AEs) (mentioned in at least 3 articles): event types
and numbers of patients having all grade AEs.

Quality assessment

The Cochrane criteria was used to systemically assess the
bias in the RCTs, with the following items: adequacy of ran-
dom sequence generation, allocation concealment, blinding
of participants, personnel and outcome assessment, ad-
dressing of drop-outs or incomplete outcome data, selective
outcome reporting, and other potential sources of bias. Ac-
cording to the methodological index for non-randomized
studies (MINORS) [16], the qualities of single-arm trials
were assessed, including eight items: a clearly stated aim,
inclusion of consecutive patients, prospective data collec-
tion, endpoints appropriate to the aim of the study, un-
biased assessment of the study endpoint, follow-up period
appropriate to the study aim, loss to follow up less than 5%,
prospective calculation of the study size.

Data synthesis and statistical analysis

Data analysis was performed on the statistical software
package R and Review Manager (version 5.3). We retrieved
the mean and standard deviations (SD) values of continu-
ous data from the included articles, such as serum VEGF-D
levels, 6-min walk distances and the absolute values of
FEV}, FVC and DL at baseline and end-points. If the
outcome measures were reported in the mean value and
95% confidence interval (95% CI), the SD values were esti-
mated using the method in Review Manager calculator.
The mean and SD values of FEV; and FVC index [17] not
reported in the full-text were estimated by the methods de-
scribed in Cochrane handbook [18, 19]. For studies provid-
ing the raw individual data, baselines and endpoints values
were calculated using R.
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For single-arm clinical trials, net changes in continuous
measurements were calculated as measure at endpoint of
follow-up— measure at baseline. For RCTs, net changes
were derived by (measure at end of follow-up in the treat-
ment group— measure at baseline in the treatment
group)—(measure at end of follow-up in the control group
—measure at baseline in the control group). The
random-effect model was used to explore the effect sizes.
Heterogeneity was quantitatively assessed by y* test and
index(low heterogeneity:? <25%; moderate: 25-50%;
high>75%). The effect sizes were reported as weighted
mean difference (WMD) and 95% CIL. To analyze the ro-
bustness of the results, sensitivity analyses were processed
by the leave-one-out method.

For dichotomous parameters, the pooled proportions
were analyzed in random- effect model by R.

Publication bias

The number of studies (less than 10) was low in the
meta-analysis, publication bias could not be explored by
funnel plot or Begg’s tests.
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Results
Study selection and characteristics of included studies
The process of searching and identifying studies was re-
ported in Fig. 1. The eligibilities were carefully assessed
in 11 full-text articles. Finally, only 9 studies met the in-
clusion criteria for the systematic review, including 2
RCTs [14, 20, 21], 6 single-arm trials [12, 17, 22-25], of
which 7 studies were used for the meta-analysis. Not-
ably, Budde et al. [21] reported the accurate data on the
serum VEGEF-D levels, which were not elaborated in the
initial study [20], so we cited the two separate studies as
the same RCT. We could not achieve the FEV,;, FVC
and DLco values at baselines and end-points from
Takada et al. [24], Bissler et al. [20] and Bee et al. [25],
so related results were only used for qualitative analyses.
Table 1 summarized the characteristics of the included
studies. 211 subjects were included in the single arm tri-
als, 125 patients in the RCTs treatment arms, and 82 pa-
tients in the RCTs placebo groups. The number of LAM
patients was 300, accounting for 72% of the total popula-
tion. In all studies, the diagnosis of TSC or LAM was
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Post-treatment

Pre—treatment

Study Total Mean SD Total Mean SD Mean Difference MD 95%—CI
FEV,
Davies 2011 7 1.61 0.89 7 1.64 0.85 —-0.03 [-0.94; 0.89]
Bissler 2008 10 1.89 079 11 1.77 0.79 0.12 [-0.56; 0.80]
Goldberg 2015 23 178 069 24 1.67 057 —_— 0.11 [-0.25; 0.47]
McCormack 2011 41 0.02 0.12 34 -0.13 0.18 = 0.15 [0.08; 0.22]
Dabora 2011 15 259 069 15 257 0.66 —_— 0.02 [-0.46; 0.51]
Random effects model 96 91 < 0.15 [0.08; 0.22]
Heterogeneity: 12=0%, 1% =0, p =0.98
Test for overall effect: z = 4.17 (p < 0.01)
FVC
Davies 2011 7 2.99 1.20 7 299 1.03 -0.00 [-1.18; 1.17]
Bissler 2008 10 338 0.85 11 299 0.85 0.39 [-0.34; 1.12]
Goldberg 2015 23 3.02079 24 292 0.75 —_—T 0.10 [-0.34, 0.54]
McCormack 2011 41 010 0.26 34 -0.13 0.23 - 0.23 [0.11; 0.34]
Dabora 2011 15 340 079 15 3.27 0.69 S S— 0.13 [-0.40; 0.67]
Random effects model 96 91 < 0.22 [0.11; 0.32]
Heterogeneity: 12=0%, 1? =0, p =095
Test for overall effect: z = 4.07 (p < 0.01)

[ I I 1

-1 -0.5 0 0.5 1

Fig. 2 Forest plot for the weighted mean difference of FEV; and FVC with 95% confidence interval in the random effects model

confirmed. The quality evaluations of the trials were pre-
sented in Additional file 1 Table S1 and Table S2.

Effects on lung function, 6-min walking tests and quality
of life scores
The FEV; and FVC values showed a significant increase
after therapy, with the WMD 0.15 L (95%CIL: 0.08 to 0.22,
P<0.01,  =0%, Fig. 2) and 0.22 L (95%: 0.11 to 0.32, P<
0.01, 2 = 0%, Fig. 2) respectively. Neither the DLco (WMD:
0.51 ml/mm Hg/min, 95%CI: -0.48 to 1.49, P=031, P =
0%, Additional file 1 Figure S1) nor 6-min walking distance
(WMD: 529 m, 95%CI: -18.01 to 28.59, P =0.66, I = 1%,
Additional file 1 Figure S2) changed significantly. The pul-
monary functions and 6-min walking tests were all con-
ducted in LAM patients in the included trials, with
26 weeks [17] or 1 year [12, 14, 22, 23] treatment periods.
Additionally, only 2 studies evaluated the therapy ef-
fects on EuroQOL visual-analogue scale (VAS) scores

and Functional Performance Inventory (FPI) total score
among LAM patients. MILES trail found significant im-
provements of score changes on VAS and FPI in siroli-
mus group compared with changes in placebo group
[17]. On the other hand, Takada et al. [17] found no en-
hance on PFI and VAS score after sirolimus therapy in
treated LAM patients.

Effects on renal angiomyolipoma volume and VEGF-D levels
The evaluation on the renal angiomyolipoma response
rate was the primary outcome in 4 studies [12, 20, 22, 23].
The weighted partial response rate was 0.68 (95%CI: 0.53
to 0.84, P < 0.01, I = 72%, Fig. 3) in random-effect model,
far higher than the reported proportion (0.03(1/33)) in
EXIST-2 control group [20]. Three studies measured the
levels of VEGE-D before and after therapy, including 2
RCTs [14, 21] and 1 single-arm trail [23]. The weighted

~N

Study Events Total Proportion 95%-Cl Weight

Davies 2011 8 16 _ 0.50 [0.25;0.75] 19.1%

Bissler 2008 16 20 — 0.80 [0.56;0.94] 24.8%

Bissler 2013 57 71 — 0.80 [0.69;0.89] 32.1%

Dabora 2011 15 28 — 0.54 [0.34;0.72] 24.0%

Random effects model 135 —_ 0.68 [0.53; 0.84] 100.0%

Heterogeneity: /% = 72%, t° = 0.0173, p = 0.01 T T T I

Test for overall effect: z = 8.58 (p < 0.01) 0.2 04 06 0.8 1
Fig. 3 Forest plot for the weighted-pooled proportion of renal angiomyolipoma partial response with 95% confidence interval in the random
effects model




Gao et al. Orphanet Journal of Rare Diseases (2018) 13:134

Page 6 of 8

Post-treatment

Pre-treatment

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Budde 2015 41 -1032.0 1301.0 34 -14.8 1113.0 S B -1017.19 [-1563.59; -470.79] 49.8%
Dabora 2011 28 2215.0 4319.0 28 7827.0 10080.0 «+—— -5612.00 [-9673.91; -1550.09] 8.1%
McCormack 2011 72 -1616.9 24146 35 3229 2266.7 — -1939.80 [-2875.21; -1004.39] 42.1%
Random effects model 141 97 — -1778.88 [-3033.03; -524.74] 100.0%
Heterogeneity: /2 = 72%, 1° = 744835.1, p = 0.03 f f f I

Test for overall effect: z = -2.78 (p < 0.01) -6000 -4000 -2000 0 2000

Fig. 4 Forest plot for the weighted mean difference of VEGF-D levels with 95% confidence interval in the random effects model

mean difference was — 1778.88 ng/ml (95%CI: -3033.03 to
- 524.74, P < 0.01, P = 72%, Fig. 4).

Safety events of mTOR inhibitors in treated LAM patients
Data regarding to the number of patients occurring specific
safety events were available in 5 studies [12, 17, 20, 22, 23].
The safety outcomes in McCormack et al. [14], Takada et
al. [24] and Bee et al. [25] were not included because of no
access to the number of patients. The common AEs during
therapy were oral mucositis (50%), hyperlipidemia (40%),
headache (23%), bone marrow suppression (20%), diarrhea
(19%) and cough (19%), followed with upper respiratory
tract infections (18%), peripheral oedema (18%), acneiform
rash (17%), nasopharyngitis (14%), nausea (14%) and
proteinuria (13%) (Fig. 5). And most events were low
grade and tolerant. Nine pneumonitis were identified
in 5 trials [12, 17, 20, 22-24].

After excluding the results from MILES [14], net
changes for FEV; turned to be insignificant (WMD:
0.08 L, 95%CI: -0.18 to 0.33, P=0.56, I* = 0%), the same
went for FVC (WMD: 0.15 L, 95%CI: -0.15 to 0.45, P=
0.32, I? = 0%). The sensitivity analyses indicated that data
from the study conducted by Dabora et al. [23] was the
main source of heterogeneity in the analyses of adverse
events. Omitting the study of Dabora et al. [23], I° index
decreased to 54, 72.7, 28.4, 45 and 11.7% for oral muco-
sitis, hyperlipidemia, bone marrow suppression, protein-
uria, and peripheral oedema respectively.

Discussion

The quantitative analysis supported that significant im-
provements in the pulmonary function (FEV; and FVC)
and alleviations of the AML burden could be obtained
after the application of mTOR inhibitors in LAM pa-
tients. However, with respect to DLco and 6-min

Test for heterogeneity

P
<0.01

<0.01

0.36 —_—

<0.01 |——+—

0.03 —_—

0.01 —_—

0.36 -

0.02 p———

0.67 —_—

0.06 | —e—mr
<0.01 |——

0.17 —_—

0.0 0.2 0.4 0.6 0.8 1.0
Proportion

Fig. 5 Forest plot for the weighted-pooled proportions of adverse events in patients receiving sirolimus or everolimus including the 95%

Specific events n Proportion 95%ClI

2
Oral mucositis 5 0.50 0.20, 0.81  96%
Hyperlipidemia 5 0.40 0.00, 0.87  99%
Headache 4 0.23 0.16,0.30 7%
Myelosuppression 3 0.20 0.01,0.38  92%
Diarrhea 5 0.19 0.10,0.29 63%
Upper respiratory 5 0.18 0.08,0.29 69%
infections
Cough 3 0.19 0.13,0.26 3%
Peripheral oedema 3 0.18 0.00,0.35 75%
Acneiform rash 5 0.17 0.11,0.22 0%
Nasopharyngitis 4 0.14 0.05, 0.23 59%
Proteinuria 5 0.13 0.03,0.23 84%
Nausea 4 0.14 0.07,0.21 40%

confidence interval from random effect model and number of included study(n)
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walking distance, our results indicated insignificant
changes after the therapy. The proportions of adverse
events in LAM patients were quantified, and the com-
mon toxicity events during the mTOR inhibitors therapy
were oral mucositis, hyperlipidemia, headache, bone
marrow suppression, diarrhea and cough.

Previous studies had shown that the impairment of
lung function in LAM may be caused by the remodeling
in the airway and lung parenchyma, which were associ-
ated with the irrational LAM cell infiltration [26] or the
tissue damage from the matrix metalloproteinases re-
leased by LAM cells [27]. Desirably, mTOR inhibitors
could inhibit the cell proliferation and reduce tumor cell
volume. As a consequence, the LAM cell burden could
be alleviated and the progressive airflow obstruction
could be stabilized. The quantitative computed tomo-
graphic analysis further revealed the protective effect of
mTOR inhibitors in LAM from imaging modalities [28].

To our knowledge, no meta-analysis has ever evaluated
the therapeutic effects of mTOR inhibitors in LAM patients.
Our quantitative analyses indicated the improvements of
FEV; and FVC after therapy, which were consistent with the
trends in previous studies [12, 14, 17, 23, 25, 29].
Nevertheless, the effect sizes of FEV; and FVC turned into
insignificant when the control groups [14] were excluded in
this meta-analysis. Several analyses ever found no increment
after the mTOR inhibitors therapy, all without comparisons
with the placebo group [20, 22, 30]. So, the roles of con-
trolled group stood out. The administration of mTOR inhib-
itors in LAM patients can achieve increment and stability
for FEV; and FVC compared with the untreated patients.
The control groups are recommended for accurate and
comprehensive understanding in further clinical trials.

Other benefits from therapy of mTOR inhibitors in
LAM subjects were the shrinkage of renal angiomyli-
poma volume and statistically decrease of VEGE-D
levels. In our analysis, the partial response rate was 68%.
In the 4-year extension therapy [30], the response rate
could be maintained among over 50% patients, and the
number of patients achieving over 50% reductions in-
creased over time. Previous studies [12, 14] had sug-
gested that the treatment relief in angiomylipoma
volume and lung function tended to reverse after the
drug withdrawn, though not with accelerating bounce.
Hence, maintenance therapy would be benefited for
LAM patients conforming to the therapy indications.
However, clinical trials included in our meta-analysis
didn’t evaluate the therapy effect of sirolimus on recur-
rent pneumothorax and chylothorax, which may limit
the evaluation on lung function due to restrictive venti-
lation dysfunction. Previous systematic review summa-
rized common measures for treating chylothorax among
LAM patients and observed that sirolimus therapy ob-
tained largest favorable outcomes [31]. Nevertheless,
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those results needed to be interpreted with caution, be-
cause of different therapy combination and short
follow-up periods.

Further, the pooled cumulative incidence rates of the
safety events were calculated in this meta-analysis based
on existing reports. The common events were similar in
treated arms, and most reported adverse events were tol-
erable and low-grade in severity. Because only one RCT
trial [20] fulfilled our safety analysis criteria, the odds ra-
tios were unable to assess convincingly. One study sug-
gested the treatment of mTOR inhibitors did not
increase the incidence of respiratory infections, with as-
sumption that the incidence rate was constant [32].
While several studies reported that the occurrence of ad-
verse events tended to reduce over time during the
mTOR inhibitors therapy [24, 25, 30]. Therefore,
long-term follow-up and multicenter trials with control
group are needed to better evaluate the balance of bene-
fits and risks in LAM patients.

Our study had several limitations. Firstly, only one RCT
was included in the quantitative analysis due to lack of
raw data. Secondly, four studies including TSC patients,
which may confound the evaluations on safety events and
AML response rate. Finally, the considerable data ex-
tracted from included studies was unavailable for sub-
group analyses to assess the influences of certain variables.

Conclusions

In summary, our systematic review and meta-analysis pro-
vided quantitative and updated supports for the adminis-
tration of mTOR inhibitors in LAM patients, especially in
improving the pulmonary function and alleviating renal
angiomylipoma. Our systematic review also suggested that
LAM patients received long-term mTOR inhibitors ther-
apy showed decreased occurrence of tolerable AEs and
the continuous improvements of pulmonary functions
and renal angiomylipoma volumes. Further studies with
long-term follow-up are warranted to establish the
long-term benefits, to supervise the safety events and to
recognize disease phenotypes according to the disease
trait and therapy response.
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