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Dear Editor,

Sirolimus, a prototype of mammalian target of rapamycin
(mTOR) inhibitor, was approved by the FDA as an im-
munosuppressant in combination with cyclosporine and
corticosteroids for prophylaxis of organ rejection. Reduced
immune response of SARS-CoV-2 vaccine has been ob-
served in organ recipients on immunosuppressants contain-
ing sirolimus (Mazzola et al., 2022). Sirolimus has been
widely used as a long-term monotherapy for lymphangio-
leiomyomatosis (LAM) (McCormack et al., 2011). However,
the immune response of SARS-CoV-2 vaccines was un-
known in patients on monotherapy of sirolimus. There are
concerns whether (1) monotherapy of sirolimus would re-
duce the antibody response after SARS-CoV-2 vaccination
and (2) patients should suspend sirolimus for vaccination.
We performed a single-center, prospective, observational

cohort study. The flow chart of the studied subjects is shown
as Figure 1A. The inclusion criteria were as follows: (1)
diagnosed as LAM or probable LAM according to the

guidelines (Gupta et al., 2017; Johnson et al., 2010); (2) in
the time window of 28±7 days after administration of 2 doses
of inactivated SARS-CoV-2 vaccine (regardless of manu-
facturers). The exclusion criteria were: (1) history of COV-
ID-19 infection; (2) taking immunosuppressive medication
such as glucocorticoids, cyclosporin, or mycophenolate so-
dium; (3) no access to blood samples on day 28±7 after the
second dose of vaccine. The sirolimus group was defined as
subjects who were taking sirolimus at least 2 weeks before
the first dose of inactivated vaccine until the end of the study.
The control group was defined as subjects who had never
used sirolimus or other mTOR inhibitors from 2 weeks be-
fore the first inactivated dose to the end of the study. This
study was approved by the Ethics Committee of Peking
Union Medical College Hospital (JS-3061). All subjects
provided written informed consent to participant in the study.
On day 28 (time window±7 days) after two doses of in-

activated vaccine, the venous blood sample was collected.
And the serum neutralizing antibody level was measured by
SARS-CoV-2 Neutralization Antibody ELISA Assay (Dy-
namiker Biotechnology (Tianjin)), a competition ELISA
assay. A neutralizing antibody level of ≥20 IU mL–1 was
considered SARS-CoV-2 neutralization antibody positive
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according to the manufacturer′s recommendation.
The clinical characteristics of subjects were shown in Ta-

ble S1 in Supporting Information. In the sirolimus group, 33
(61%) subjects were taking 1mg sirolimus daily, 13(24%)
were taking 2 mg per day, 3(6%) were taking 1.5 mg per day,
and 5(9%) were taking 0.5 mg per day. At least 89% of

subjects had a sirolimus concentration between 3.5 and
9.0 ng mL–1. All patients received two doses of inactivated
COVID-19 vaccine from either Sinovac, or Sinopharm, or
combination of them, and no significant difference was
found in vaccine manufactures composition between the two
groups. The median time of blood draw was 28 days after the
second dose for the sirolimus group and 29 days for the
control group (P=0.550). There were significant differences
in the measurements of disease severity, such as pulmonary
function, between the two groups. It was unclear, although it
was unlikely, whether the severity of LAM affected the an-
tibody response.
There was no significant difference between the sirolimus

group and control group with regard to the levels of SARS-
CoV-2 neutralizing antibody (48.3(20.5–92.1) IU mL–1 for
the sirolimus group vs. 61.9(28.0–144.3) IU mL–1 for the
control group, P=0.256, Figure 1B). The positive rate of
neutralizing antibody in the sirolimus group was similar to
that of the control group (75.9% vs. 79.4%, P=0.797).
Compared with an interval of 3–4 weeks, a longer dosing
interval was associated with higher neutralizing antibodies
for both inactivated and non-inactivated vaccines (Skow-
ronski et al, 2021; Zhang et al, 2021). Our subjects in the
sirolimus group had shorter interval of two doses (24(21–28)
days vs. 28(23–34) days, P=0.023). And serum neutralizing
antibody level of patients with a two-dose interval of >28
days (98.8(45.6–172.2) IU mL–1) was significantly higher
than that of patients with an interval ≤28 days (47.7(16.7–
71.9) IU mL–1) (P=0.003, Figure 1C). It suggested that the
interval of two doses was a confounding factor for the neu-
tralizing antibody level. Taking the interval of two doses as a
covariate, nonparametric analysis of covariance (Quade’s
test) was performed. There was still no significant effect of
the sirolimus on the neutralizing antibody level on day 28 (F
test, P=0.653).
The incidence of systemic adverse reactions in the sir-

olimus group was 35.2%, and the incidence of local adverse
reactions was 33.3%, among which local adverse reactions
included local pain, swelling, and pruritus. The most com-
mon systemic adverse reactions were fatigue and muscle
pain (Figure 1D). No serious adverse events were observed.
There was no significant difference in the incidence of sys-
temic and local adverse reactions between the sirolimus
group and the control group.
Our data demonstrated that monotherapy of sirolimus

unlikely changed the antibody response of SARS-CoV-2
vaccine. Although sirolimus is labeled as an im-
munosuppressant, secondary infections in patients on
monotherapy of sirolimus are rare. In placebo-controlled
randomized clinical trial of sirolimus in LAM patients, pul-
monary or upper respiratory infections or urinary infections
were not increased in patients on mTOR inhibitors
(McCormack et al., 2011). A meta-analysis demonstrated

Figure 1 Serum SARS-CoV-2 antibody of subjects and adverse reactions
of vaccines. A, flow chart of subjects. B, there was no significant difference
between the sirolimus group and control group about the levels of SARS-
CoV-2 neutralizing antibody (48.3(20.5-92.1) IU mL–1 for the sirolimus
group vs. 61.9(28.0–144.3) IU mL–1 for the control group, P=0.256). C,
serum neutralizing antibody level of patients with a two-dose interval of
>28 days (98.8(45.6–172.2) IU mL–1) was significantly higher than that of
patients with an interval ≤28 days (47.7(16.7–71.9) IU mL–1) (P=0.003). It
suggested that the interval of two doses was a confounding factor for the
neutralizing antibody level. D, adverse reactions within 7 days after each
dose of vaccination. If the same adverse reaction occurs twice, it will be
only counted once. Local adverse reactions including local pain, swelling,
and pruritus were considered as one category. Solicited and unsolicited
adverse reactions were combined in the analysis. No serious adverse re-
actions were found.
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that the incidence-rate ratio for respiratory infection among
LAM patients treated with mTOR inhibitors was 0.71 (95%
CI 0.50–1.02; P=0.06 compared to placebo subjects)
(Courtwright et al, 2017), suggesting that there was no in-
creased risk of pulmonary infection in LAM patients on
mTOR inhibitor, and probably there was a protective role of
mTOR inhibitors in reducing the risk of pulmonary infection.
Interestingly, animal study (Keating et al., 2013) and two
clinical trials (Mannick, et al., 2014; Mannick et al., 2018)
have shown that mTOR inhibitors can improve immune re-
sponses to influenza vaccines. And no compromised humoral
antibody response to SARS-CoV-2 vaccine was observed
after sirolimus in our study. We can make a reasonable as-
sumption that sirolimus alone does not adversely affect pa-
tients who have received inactivated vaccines such as
COVID-19 or influenza vaccines. However, the role of sir-
olimus in other types of vaccines remains unclear.
One of the limitations of this study is that the blood

samples of subjects were not collected before the first dose of
vaccine. The baseline neutralizing antibody levels were un-
available. Owing to China′s strict COVID-19 screening po-
licies, all infected patients would be identified. Therefore, we
assumed that subjects without a history of COVID-19 should
have no SARS-CoV-2 neutralizing antibodies before vacci-
nation, and the level of neutralizing antibodies after vacci-
nation could reflect the immune response of subjects to the
vaccine. Another limitation was lack of evaluation of the
changes of cellular immunity after vaccination in patients on
sirolimus.
We conclude that the neutralizing antibody response of

inactivated SARS-CoV-2 vaccine was unchanged in LAM
patients on sirolimus. Monotherapy of sirolimus or other
mTOR inhibitors unlikely hinders the antibody response to
SARS-CoV-2 vaccines. We suggest that LAM patients on
sirolimus should proceed to receive standard COVID-19
vaccination without adjustment of their sirolimus treatment.

Compliance and ethics The author(s) declare that they have no conflict
of interest.

Acknowledgements This work was supported by the Chinese Academy of
Medical Sciences (CAMS) Innovation Fund for Medical Sciences (CIFMS
2021-I2M-1-003), the National Natural Science Foundation of China
(U20A20341), and the Beijing Science and Technology Plan

(Z211100002521024). We thank Mr. Xiaokai Xia from Shanghai Geneodx
Biotech for his kind assistance and support. We thank Professors Yushi
Zhang, Jiaolin Zhou, and Fengzhi Feng from Peking Union Medical College
Hospital for their discussion and support.

References

Mazzola, A., Todesco, E., Drouin, S., Hazan, F., Marot, S., Thabut, D.,
Varnous, S., Soulié, C., Barrou, B., Marcelin, A.G., et al. (2022). Poor
antibody response after two doses of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) vaccine in transplant recipients. Clin
Infect Dis 74, 1093–1096.

McCormack, F.X., Inoue, Y., Moss, J., Singer, L.G., Strange, C., Nakata,
K., Barker, A.F., Chapman, J.T., Brantly, M.L., Stocks, J.M., et al.
(2011). Efficacy and safety of sirolimus in lymphangioleiomyomatosis.
N Engl J Med 364, 1595–1606.

Gupta, N., Finlay, G.A., Kotloff, R.M., Strange, C., Wilson, K.C., Young,
L.R., Taveira-DaSilva, A.M., Johnson, S.R., Cottin, V., Sahn, S.A., et al.
(2017). Lymphangioleiomyomatosis diagnosis and management: High-
resolution chest computed tomography, transbronchial lung biopsy, and
pleural disease management. An official american thoracic society/
japanese respiratory society clinical practice guideline. Am J Respir Crit
Care Med 196, 1337–1348.

Johnson, S.R., Cordier, J.F., Lazor, R., Cottin, V., Costabel, U., Harari, S.,
Reynaud-Gaubert, M., Boehler, A., Brauner, M., Popper, H., et al.
(2010). European respiratory society guidelines for the diagnosis and
management of lymphangioleiomyomatosis. Eur Respiratory J 35, 14–
26.

Skowronski, D.M., Setayeshgar, S., Febriani, Y., Ouakki, M., Zou, M.,
Talbot, D., Prystajecky, N., Tyson, J.R., Gilca, R., Brousseau, N., et al.
(2021). Two-dose SARS-COV-2 vaccine effectiveness with mixed
schedules and extended dosing intervals: Test-negative design studies
from British Columbia and Quebec, Canada. MedRxiv doi: 10.1101/
2021.10.26.21265397.

Zhang, H., Jia, Y., Ji, Y., Cong, X., Liu, Y., Yang, R., Kong, X., Shi, Y.,
Zhu, L., Wang, Z., et al. (2021). Studies on the level of neutralizing
antibodies produced by inactivated COVID-19 vaccines in the real
world. MedRxiv doi: 10.1101/2021.08.18.21262214.

Courtwright, A.M., Goldberg, H.J., Henske, E.P., and El-Chemaly, S.
(2017). The effect of mtor inhibitors on respiratory infections in
lymphangioleiomyomatosis. Eur Respir Rev 26, 160004.

Keating, R., Hertz, T., Wehenkel, M., Harris, T.L., Edwards, B.A.,
McClaren, J.L., Brown, S.A., Surman, S., Wilson, Z.S., Bradley, P., et
al. (2013). The kinase mtor modulates the antibody response to provide
cross-protective immunity to lethal infection with influenza virus. Nat
Immunol 14, 1266–1276.

Mannick, J.B., Del Giudice, G., Lattanzi, M., Valiante, N.M., Praestgaard,
J., Huang, B., Lonetto, M.A., Maecker, H.T., Kovarik, J., Carson, S., et
al. (2014). Mtor inhibition improves immune function in the elderly. Sci
Transl Med 6, 268ra179.

Mannick, J.B., Morris, M., Hockey, H.U.P., Roma, G., Beibel, M.,
Kulmatycki, K., Watkins, M., Shavlakadze, T., Zhou, W., Quinn, D., et
al. (2018). Torc1 inhibition enhances immune function and reduces
infections in the elderly. Sci Transl Med 10, eaaq1564.

SUPPORTING INFORMATION

The supporting information is available online at https://doi.org/10.1007/s11427-022-2102-3. The supporting materials are
published as submitted, without typesetting or editing. The responsibility for scientific accuracy and content remains entirely
with the authors.

2120 Cheng, C., et al. Sci China Life Sci October (2022) Vol.65 No.10

https://doi.org/10.1093/cid/ciab580
https://doi.org/10.1093/cid/ciab580
https://doi.org/10.1056/NEJMoa1100391
https://doi.org/10.1164/rccm.201709-1965ST
https://doi.org/10.1164/rccm.201709-1965ST
https://doi.org/10.1183/09031936.00076209
https://www.medrxiv.org/search/Two-dose%252BSARS-COV-2%252Bvaccine%252Beffectiveness%252Bwith%252Bmixed%252Bschedules%252Band%252Bextended%252Bdosing%252Bintervals%253A%252BTest-negative%252Bdesign%252Bstudies%252Bfrom%252B
https://www.medrxiv.org/search/Studies%252Bon%252Bthe%252Blevel%252Bof%252Bneutralizing%252Bantibodies%252Bproduced%252Bby%252Binactivated%252BCOVID-19%252Bvaccines%252Bin%252Bthe%252Breal%252Bworld
https://doi.org/10.1183/16000617.0004-2016
https://doi.org/10.1038/ni.2741
https://doi.org/10.1038/ni.2741
https://doi.org/10.1126/scitranslmed.3009892
https://doi.org/10.1126/scitranslmed.3009892
https://doi.org/10.1126/scitranslmed.aaq1564
https://doi.org/10.1007/s11427-022-2102-3

	Humoral response to inactivated SARS-CoV-2 vaccines in patients on sirolimus alone 

