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Rituximab-Treated Patients Affected by Pemphigus
Vulgaris
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TO THE EDITOR
Rituximab (RTX), a chimeric mono-
clonal antibody targeting CD20 on B
lymphocytes, is an effective disease-
modifying agent in the treatment of
pemphigus vulgaris (PV), a rare auto-
immune blistering disease (Witte et al.,
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Figure 1. Humoral and cell-mediated immunological response against SARS-CoV-2 vaccine in RTX-treated subjects with PV. (a) Synoptic representation of

the study design. (bed) Specific antieSARS-CoV-2 humoral response. (b) Flow cytometric analyses of the percentage of CD19þ B lymphocytes in HCs (depicted

as average with SD by black squares and dotted lines) and RTXþ subjects (individually depicted by colored circles and solid lines; average is shown by black

bars) on SARS-CoV-2especific in vitro stimulation before vaccination (0) and after the second (II) and the third (III) dose (REML P ˂ 0.0001). (c) AntieSARS-CoV-

2 plasmatic neutralization titer in HCs (depicted as average with SD by black squares and dotted lines) and RTXþ subjects (individually depicted by colored

circles and solid lines; average is shown by black bars) at time points 0, II, and III (REML P ˂ 0.0006). (d) Correlation between the percentage of CD19þ B

lymphocytes and the neutralization titer calculated at time point III in RTXþ (left) and HC (right) subjects. (eeg) Specific antieSARS-CoV-2 cell-mediated

response. (e) Flow cytometric analyses of T-lymphocyte memory subsets at 0, II, and III time points on SARS-CoV-2especific in vitro stimulation. Percentages of

naı̈ve, CM, EM, and TEMRA Th CD4þ (left) and T cytotoxic CD8þ (CTL; right) are depicted for RTXþ (top) and HC subjects (bottom) (*P � 0.05). (f) Flow

cytometric analyses of CTL T lymphocytes expressing IFN-g, CD107a, or HLA-DRII activation markers at pre, II, and III time points, on SARS-CoV-2especific

in vitro stimulation. (g) Correlation between the percentage of IFN-g-, CD107a,- or HLA-DRII-expressing CTL and the neutralization titer calculated at time

point III in RTXþ subjects. CM, central memory; CTL, CD8þ cytotoxic T lymphocyte; EM, effector memory; HC, healthy control; PV, pemphigus vulgaris; REML,

restricted maximun likehood; RTX, rituximab; TEMRA, terminally differentiated EM re-expressing CD45RA; Th, T-helper.
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2018; Yuan et al., 2022). PV is caused
by serum IgG autoantibodies targeting
adhesion molecules of the cadherin
family, particularly desmoglein 3 and 1,
two major components of desmosomes
(Spindler and Waschke, 2018). PV
usually arises with oral erosions first
and then spreads to the skin with a
chronic-relapsing course (Feliciani
et al., 2018).

Some recent reports have already
highlighted the putative risk of SARS-
CoV-2 infection in patients treated
with RTX (Beyzaee et al., 2021). Be-
sides the risk of a more severe disease
course during B-celledepleting ther-
apy, a major concern relates to the risk
of reduced immunogenicity of vacci-
nation (Apostolidis et al., 2021; Avouac
et al., 2022; Baker et al., 2020; Felten
et al., 2022). Therefore, the question
arises whether patients should withhold
Journal of Investigative Dermatology (2023), Volum
or interrupt RTX therapy around
COVID-19 vaccination or delay vacci-
nation. However, to date, no scientific
evidence has been produced on the
efficacy of SARS-CoV-2 vaccines on
RTX-treated patients with PV.

To address this question, we pro-
spectively enrolled 9 subjects (5 men
and 4 women) affected by PV with a
median age of 46 (interquartile range:
41.5e50.5) years, undergoing primary
Pfizer-BNT162b2 COVID-19 vaccine
cycle and booster dose (the protocol
number 464_2020 was approved by the
Institutional Review Board of the Ethics
Committee of the Fondazione IRCCS
Ca’ Granda Ospedale Maggiore Poli-
clinico, Milan, Italy). Written, informed
consent was provided by all the
enrolled subjects. All patients with PV
were treated with 2� 1,000 mg RTX for
6 to 12 months before the first vaccine
e 143
dose. Nine healthy controls (HCs)
following the same vaccine schedule
were included as controls. We
collected peripheral blood 2 weeks
before the first dose of vaccine (time
point 0), 7 weeks after the second dose
(time point II), and 12 weeks after the
third booster dose (time point III), as
summarized in Figure 1a.

Clinical and demographical features
of the patients enrolled in this study are
summarized in Table 1. In all cases, the
clinical diagnosis of PV has been
confirmed by skin biopsy, direct and in-
direct immunofluorescence, and ELISA.
Almost all patients (n ¼ 8) presented
with mucosal involvement; the other
most frequently involved sites were the
trunk (n¼ 4), scalp (n¼ 3), back (n¼ 2),
and upper limbs (n ¼ 1). Five patients
had a partial response, whereas four
achieved complete clinical remission.



Table 1. Demographics and Clinical Features of Reported Cases

No.
Sex/Age

(Y)
Age at

Diagnosis (Y) Involved Sites Comorbidities Treatment Follow-Up

1 F/56 51 Mucosal involvement Hypothyroidism Topical and systemic CSs,
rituximab

PR

2 M/65 60 Scalp, back, trunk Thromboangiitis obliterans;
hypertension

Topical and systemic CSs,
immunosuppressants,

rituximab

CR

3 M/49 46 Mucosal involvement, upper
limbs

Obesity, hypertension Systemic CSs,
immunosuppressants,

rituximab

CR

4 M/56 50 Mucosal involvement, scalp,
back

Hypercholesterolemia, type
2 diabetes mellitus,

osteoporosis, surgically
treated bladder cancer

Topical and systemic CSs,
rituximab

PR

5 F/42 40 Mucosal involvement, trunk None Systemic CSs, rituximab CR

6 F/22 20 Mucosal involvement, trunk Autoimmune thyroiditis Systemic CSs, rituximab PR

7 M/51 43 Mucosal involvement None Systemic CSs, rituximab PR

8 M/50 48 Mucosal involvement, trunk Osteoporosis Topical and systemic CSs,
immunosuppressants,

rituximab

PR

9 F/46 44 Mucosal involvement, scalp,
trunk

None Topical and systemic CSs,
rituximab

CR

Abbreviations: CR, complete remission; CS, corticosteroid; F, female; M, male; PR, partial response.
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The specific antieSARS-CoV-2 hu-
moral response was evaluated for all the
enrolled subjects at the considered time
points, both as B-cell immunopheno-
typic analyses and as a neutralization
titer. On 24-hour stimulationwith SARS-
CoV-2 spike antigens (180 mg/ml), we
detected an increase of specific B cells
both in the RTX and HC groups
(restricted maximun likehood (REML)
P ˂ 0.0001) (Figure 1b). However, in
the patients treated with RTX, the per-
centage of SARS-CoV-2especific B cells
was significantly lower than in the HCs
(REML P ˂ 0.0001). Neutralization
capability was titrated in plasma speci-
mens collected at time points II and III
(Figure 1c) by the gold standard
neutralization titer assay. Our results
showed that the SARS-CoV-2especific
plasmatic neutralization titer increased
in both groups overtime (REML P ¼
0.0004), but it was significantly lower in
the RTX group (REML P ¼ 0.0006). The
direct correlation between B-cell per-
centage and neutralization titer assay
was not significant at time point II (not
shown) or time point III (Figure 1d) in
either of the groups. Although neutral-
izing antibodies are considered the key
effector of the vaccine-induced immune
response and routinely tested tomeasure
vaccine effectiveness, evidence points
out a pivotal role for the T-cellemedi-
ated immune response (Bange et al.,
2021; Dan et al., 2021; Fenizia et al.,
2022; Sekine et al., 2020). Therefore,
we assessed naı̈ve and memory T-cell
subsets by flowcytometry on SARS-CoV-
2 in vitro stimulation of CD4þ T helper
(Th) and CD8þ cytotoxic T lymphocytes
(CTLs) (Figure 1e). Throughout the time
points, naı̈ve cell percentages margin-
ally varied in a nonsignificant manner
both for Th and CTL cells as well as the
central memory subset. Although no
significant variations were observed in
Th effector memory (EM), significant
differences were observed over time in
CTL EM both at time point II (P � 0.05)
and time point III (P � 0.05). In both Th
andCTL, the terminally differentiated EM
re-expressing CD45RA subset was
significantly expanded after the third
vaccine dose (P � 0.05). Terminally
differentiated EM re-expressing CD45RA
subsets in both Th and CTL cells were
significantly expanded compared with
the HC group (Figure 1e, lower panels).
This is a sign of a functional and respon-
sive adaptive immune response against
the SARS-CoV-2 infection (Fenizia et al.,
2022; Sallusto et al., 2004). EM typi-
cally resides in the peripheral blood-
stream, where they ensure a strong
enhanced recall response. Furthermore,
terminally differentiated EM lympho-
cytes re-expressing CD45RA are consid-
ered the terminal stage of differentiation
of EM lymphocytes, expressing senes-
cence and exhaustion markers; indeed,
an increased level of terminally
differentiated EM re-expressing CD45RA
is a characteristic trait of patients infected
with SARS-CoV-2, as we previously
showed,which is evenmorepronounced
in patients treated with RTX (De Biasi
et al., 2020; Fenizia et al., 2022). On
the CTLs, the proinflammatory cytokine
IFN-g, the degranulation marker
CD107a, and the activationmarkerHLA-
DRII were evaluated (Figure 1f). While
observing an increasing trend for all three
considered activation markers, no sig-
nificant differences were reached over
time, nor compared with the HC group
(data not shown). The direct correlation
between the neutralization titer assayand
the percentage of cells expressing the
activation markers (i.e., IFN-g, CD107a,
or HLA-DRII) was not significant in the
RTX group (Figure 1g) or in the HC group
(not shown).

Our results showed poor B-lympho-
cyte reconstitution on RTX treatment,
together with a strongly decreased
neutralization ability than to RTX-
untreated HCs. However, both Th and
CTL lymphocytes developed a specific
antieSARS-CoV-2 response in patients
treated with RTX. Similarly, a robust
T-lymphocyteedriven response is
evident in convalescent and protected
individuals, even despite a poor anti-
body response, such as in patients with
multiple sclerosis treated with disease-
modifying therapies, such as RTX
(Apostolidis et al., 2021).
www.jidonline.org 1603
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Overall, our results provide previ-
ously unreported evidence that the
SARS-CoV-2 vaccineeelicited specific
T-cellemediated immunologic memory
is largely intact in RTX-treated patients
affected by PV, despite the extremely
low humoral antibody response, which
has been considered the most repre-
sentative of vaccine efficacy by far.
Finally, we provide relevant insight on
vaccine efficacy in immunocompro-
mised subjects that will possibly be of
paramount importance for clinical
management of this cohort and for
defining appropriate public health
guidelines for vulnerable populations.

Data availability statement

No large datasets were generated or
analyzed during this study. Data related
to this article will be made available by
the authors, without undue reservation.

ORCIDs
Claudio Fenizia: http://orcid.org/0000-0003-
0735-8331
Chiara Moltrasio: http://orcid.org/0000-0003-0060-
5870
Luisa Ottobrini: http://orcid.org/0000-0002-5002-
6845
Olga Utyro: http://orcid.org/0000-0002-9571-
6057
Giovanni Genovese: http://orcid.org/0000-
0002-7636-958X
Claudia Vanetti: http://orcid.org/0000-0003-
4490-6675
Daria Trabattoni: http://orcid.org/0000-0001-
9535-3359
Angelo V. Marzano: http://orcid.org/0000-
0002-8160-4169

CONFLICT OF INTEREST
The authors state no conflict of interest.

ACKNOWLEDGMENTS
We would like to thank S. Muratori for her
support.

AUTHOR CONTRIBUTIONS
Conceptualization: LO; Data Curation: CF, CV,
CM; Formal Analysis: CF; Funding Acquisition:
DT; Investigation: CF, CM, OU, CV, GG; Project
Administration: CF, CM; Resources: DT, AVM;
Supervision: DT, AVM, CF, CM; Validation: CF,
Abbreviations: AD, atopic dermatitis; ALEX2, allergy
determinants; Der p, Dermatophagoides pteronyssinu
phase allergen chip; MeDALL, mechanisms of the de

Accepted manuscript published online 24 February 2
2023

ª 2023 The Authors. Published by Elsevier, Inc. on b

Journal of Investigative Dermatology (2023), Volum
OU, CV; Visualization: CF; Writing - Original
Draft Preparation: CF, CM; Writing - Review and
Editing: DT, AVM

Claudio Fenizia1,2,5,*,
Chiara Moltrasio3,4,5, Luisa Ottobrini1,
Olga Utyro2, Giovanni Genovese1,3,
Claudia Vanetti2, Daria Trabattoni2,6

and Angelo V. Marzano1,3,6

1Department of Pathophysiology and
Transplantation, University of Milan, Milan,
Italy; 2Department of Biomedical and Clinical
Sciences, University of Milan, Milan, Italy;
3Dermatology Unit, Fondazione IRCCS Ca’
Granda Ospedale Maggiore Policlinico, Milan,
Italy; and 4Department of Medical Surgical and
Health Sciences, University of Trieste, Trieste,
Italy

5These authors contributed equally to this work.
6These authors contributed equally as senior
authors.

*Corresponding author e-mail: claudio.
fenizia@unimi.it

REFERENCES

Apostolidis SA, Kakara M, Painter MM, Goel RR,
Mathew D, Lenzi K, et al. Cellular and humoral
immune responses following SARS-CoV-2
mRNA vaccination in patients with multiple
sclerosis on anti-CD20 therapy. Nat Med
2021;27:1990e2001.

Avouac J, Miceli-Richard C, Combier A,
Steelandt A, Fogel O, Mariaggi AA, et al. Risk
factors of impaired humoral response to
COVID-19 vaccination in rituximab treated
patients. Rheumatology (Oxford) 2022;61:
SI163eS168.

Baker D, Roberts CAK, Pryce G, Kang AS,
Marta M, Reyes S, et al. COVID-19 vaccine-
readiness for anti-CD20-depleting therapy in
autoimmune diseases. Clin Exp Immunol
2020;202:149e61.

Bange EM, Han NA, Wileyto P, Kim JY, Gouma S,
Robinson J, et al. CD8þ T cells contribute to
survival in patients with COVID-19 and
hematologic cancer. Nat Med 2021;27:
1280e9.

Beyzaee AM, Rahmatpour Rokni G, Patil A,
Goldust M. Rituximab as the treatment of
pemphigus vulgaris in the COVID-19 pandemic
era: a narrative review. Dermatol Ther 2021;34:
e14405.
xplorer; CCD, cross-reactive carbohydrate
s; HDM, house dust mite; ISAC, immuno solid-
velopment of allergy

023; corrected proof published online 17 April

ehalf of the Society for Investigative Dermatology.

e 143
Dan JM, Mateus J, Kato Y, Hastie KM, Yu ED,
Faliti CE, et al. Immunological memory to
SARS-CoV-2 assessed for up to 8 months after
infection. Science 2021;371:eabf4063.

De Biasi S, Meschiari M, Gibellini L, Bellinazzi C,
Borella R, Fidanza L, et al. Marked T cell
activation, senescence, exhaustion and
skewing towards TH17 in patientswith COVID-19
pneumonia. Nat Commun 2020;11:3434.

Feliciani C, Cozzani E, Marzano AV, Caproni M,
Di Zenzo G, Calzavara-Pinton P, et al. Italian
guidelines in pemphigus - adapted from the
European Dermatology Forum (EDF) and Euro-
pean Academy of Dermatology and Venerology
(EADV). G Ital Dermatol Venereol 2018;153:
599e608.

Felten R, Gallais F, Schleiss C, Chatelus E, Javier R-
M, Pijnenburg L, et al. Cellular and humoral
immunity after the third dose of SARS-CoV-2
vaccine in patients treated with rituximab.
Lancet Rheumatol 2022;4:e13e6.

Fenizia C, Cetin I, Mileto D, Vanetti C, Saulle I, Di
Giminiani M, et al. Pregnant women develop a
specific immunological long-lived memory
against SARS-CoV-2. Front Immunol 2022;13:
827889.

Sallusto F, Geginat J, Lanzavecchia A. Central
memory and effector memory T cell subsets:
function, generation, and maintenance. Annu
Rev Immunol 2004;22:745e63.

Sekine T, Perez-Potti A, Rivera-Ballesteros O,
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