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Abstract Background: International guidelines recommend severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) vaccine for patients with cancer.

A substantial risk of developing vaccine-related autoimmune toxicities could be hypothe-

sised for patients with thymic epithelial tumours (TETs) due to their high risk of autoimmune

disorders (ADs). Moreover, a cross-reaction between SARS-CoV-2 spike protein antibodies

and various tissue proteins has been shown, and antibodies against nucleoproteins showed
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overlaps in the autoimmune cross-reaction with antibodies to spike protein. Due to the rarity

of TETs, no data addressing this hypothesis are available.

Methods: Patients with TETs who received SARS-CoV-2 vaccine, treated in 4 referral centres

of the Italian Collaborative Group for ThYmic MalignanciEs (TYME) network between

February 2021 and September 2021, were interviewed through a standardised 15-items ques-

tionnaire in order to describe the safety of SARS-CoV-2 vaccine in patients affected by TETs.

Results: Data from 245 doses of vaccine administered to 126 patients (41 Z thymic carci-

noma, 85 Z thymoma; 38 with AD, of which 26 with active AD) were collected. Nine patients

had a previous COVID-19-positive swab. No cases of AD reactivation or worsening of a pre-

existing AD were seen in the study population. A new diagnosis of myasthenia gravis likely

unrelated to the vaccine was made in two patients after the vaccination. Sixty-four patients

(51%) experienced a total of 103 adverse events, all G1/G2, most commonly fatigue, new or

worsening muscle pain and chills. None AE required patients’ hospitalisation.

Conclusions: SARS-CoV-2 mRNA vaccines appear to be safe in patients with TET, even in

case of active or pre-existing AD.

ª 2022 Elsevier Ltd. All rights reserved.
1. Introduction

International guidelines recommend severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) vaccine

for patients with cancer. A substantial risk of developing

vaccine-related autoimmune toxicities could be

hypothesised for patients with thymic epithelial tumours
(TETs) due to their higher risk of autoimmune disorders

(ADs) and to the anecdotally reported AD flares

temporally associated with SARS-CoV-2 vaccine [1-5].

Moreover, a cross-reaction between SARS-CoV-2

spike protein antibodies and various tissue proteins

has been shown, and antibodies against nucleoproteins

showed overlaps in the autoimmune cross-reaction with

antibodies to spike protein [6].
Due to the rarity of TETs and to the exclusion of

patients with active cancer from most randomised

COVID-19 vaccine clinical trials [7e9], no data

addressing this hypothesis are available.

To address this issue, we interviewed patients with

TETs through a standardised 15-item questionnaire,

treated in 4 referral centres of the Italian Collaborative

Group for ThYmic MalignanciEs (TYME) who
received SARS-CoV-2 vaccine between February 2021

and September 2021 [10].
2. Materials and methods

2.1. Study population

All patients aged 18 years old or more with pathologi-

cally confirmed diagnosis of TET (any stage) who

received at least one dose of SARS-CoV-2 vaccine were

identified in 4 referral centres of TYME network.
Patients who received vaccines between February

2021 and September 2021 (minimum follow-up: 10

weeks) were interviewed through a standardised 15-item

questionnaire (Table 1 and Table 2).
2.2. Data collection

The institutional review board of each institution gran-
ted permission for this study (R1454/21-IEO 1527).

Patient adverse events (AEs) were classified according to

CTCAE v.5.0; history, activity and symptoms exacer-

bation of AD were defined by the treating oncologist,

after alternative diagnosis had been excluded, based on

current clinical guidelines. A standardised questionnaire

was used to collect patients’ medical history and data

about adverse events (AEs) (Table A. 1).

2.3. Statistical analysis

Primary outcomes were AE rate and incidence of new

ADs or worsening of pre-existing AD in the examined

population. Statistical analysis was performed using R

Statistical Software (version 4.1.2; R Foundation for
Statistical Computing, Vienna, Austria).

3. Results

3.1. Patient characteristics

The clinical features of 126 patients affected by TET are
summarised in Tables 1 and 2. Thirty-eight (30%) were

affected by AD, of which 26 (20%) were active at the

time of vaccination. Namely, 23 patients (18%) were

affected by myasthenia gravis (MG), of which 15 (12%)

had active disease at the time of the interview.

Nine patients (7%) referred a positive swab for

SARS-CoV-2 in the last 12 months (Table A. 2), of

which 7 (5%) reported COVID-19 symptoms. Oxygen
therapy and/or hospitalisation were required for 4

patients.

Overall, 245 doses of vaccine were administered to

126 patients. All patients received at least one dose of

SARS-CoV-2 vaccine, and 118 (94%) completed the



Table 1
Baseline clinical features of 126 patients affected by thymic epithelial

tumours (TET) vaccinated against SARS-CoV-2.

Thymoma Thymic

carcinomaa

Gender

Female 59 43 16

Male 67 41 26

Median age (range) 61 (21e89) 59 (21e89) 63 (42e81)

Comorbidities

Hypertension 40 24 16

Diabetes 5 5 0

COPD 5 4 1

Asma 3 2 1

Vaping or smocking 6 4 2

BMI > 30 9 6 3

Actual stageb

I 1 1 0

IIA 2 2 0

IIB 3 2 1

III 6 4 2

IVA 18 13 5

IVB 55 28 27

NED 41 34 7

Histological subtypeb

Type A 3 3 0

Type A-B 8 8 0

Type B1 8 8 0

Type B2 21 21 0

Type B3 23 23 0

Thymic carcinoma 41 0 41

Other 3 3 0

Type B1/B2 4 4 0

Type B2/B3 14 14 0

Type B3/thymic carcinoma 1 0 1

Oncological treatment

Previous radiotherapy 78 48 30

Previous surgery on primary

tumour

95 71 24

R0 73 55 18

Not R0 22 16 6

Received systemic treatmentc 88 53 35

Received systemic treatment

within three months

administration of vaccined

36 19 17

Key: TET: thymic epithelial tumour; BPCO: chronic obstructive pul-

monary disease; BMI: body mass index; NED: no evidence of disease.
a Includes also type B3/thymic carcinoma.
b Stage at the time of vaccination, according AJCC Cancer Staging,

VIII ed
c For any stage, independently from time of vaccination
d Either before or after.

Table 2
Characteristics of autoimmune disorders (ADs) in 126 patients affected by

Total number

of patients affected

Curren

active A

Myasthenia gravis 23 (1) 15 (1)

Other AD 12 (5) 9 (4)

Myasthenia gravis þ other AD 3 (0) 2 (0)

Total 38 (6) 26 (5)

Key: AD: Autoimmune Disorders; TET: Thymic Epithelial Tumour. In br
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cycle with the second dose. One patient received also a

third dose (booster dose). One hundred twenty-one

(96%) patients received an mRNA-based vaccination,

namely COMIRNATY� (Pfizer) (n Z 105) or

SPIVAX� (Moderna) (n Z 16) (Table A. 3).

3.2. AEs to SARS-CoV-2 vaccination

Sixty-four patients (50.7%, 95% CI 0.41%e0.59%)

experienced an AE after administration of SARS-CoV-2

vaccines. A total of 103 AEs was observed after

administration of SARS-CoV-2 vaccine (Table 3 and
Fig. 1).

All reported AEs were grade 1 (G1) or G2. No G3,

G4 and G5 AEs were observed. The most common G1

AEs were fatigue (n Z 28; 27.1%, 95% CI 18.8%e
36.8%), new or worsening muscle pain (n Z 21; 20%,

95% CI 13%e29.4%) and chills (n Z 14; 13.5%, 95% CI,

7.6%e21.7%). Other G1 AE were fever (n Z 8; 7%, 95%

CI 3.4%e14.7%), headache (n Z 7; 6.8%, 95% CI
2.7%e13.5%), vomiting (n Z 2; 1.9%, 95% CI 2.4%e
6.8%), diarrhoea (n Z 2; 1.9%, 95% CI 2.4%e6.8%) and

other (n Z 7; 6.8%, 95% CI 2.7%e13.5%). The most

common G2 event was fever (n Z 2; 1.9%, 95% CI

2.4%e6.8%) and new or worsening muscle pain (n Z 2,

1.9%, 95% CI 2.4%e6.8%). The majority (n Z 100;

97%, 95% CI 91.7%e99.4%) of AEs started within 7

days from vaccination and last 1e3 days (n Z 84;
81.5%, 95% CI 72.7%e88.5%). 17 AE required outpa-

tient systemic pharmacologic intervention, namely fever

(n Z 6), fatigue (n Z 2), chills (n Z 2), muscle pain

(n Z 3), joint pain (n Z 2), vomiting (n Z 1) and other

(n Z 1). None of the patients were hospitalised due to

AEs.

3.3. Autoimmune disease after SARS-CoV-2 vaccination

No cases of reactivation or worsening of a pre-existing

AD were seen in the whole study population. Two cases

of the new diagnosis of AD (MG) were observed after
administration of SARS-CoV-2 vaccines (COM-

IRNATY�), both likely unrelated to vaccine

administration.

In the first case, diagnosis osf MG was made at the

same time with the first evidence of a previously
thymic epithelial tumours (TET) vaccinated against SARS-CoV-2.

tly

D

Immunosuppressive

treatment required

Steroids

(at immunosuppressive dose)

18 (1) 7 (0)

6 (3) 2 (0)

2 (0) 1 (0)

26 (4) 10 (0)

ackets, results for patients affected by thymic carcinoma are reported.



Table 3
Incidence table adverse events (AE) to COVID vaccine in patients affected by thymic epithelial tumours.

Gradea Onsetb Durationc Systemic pharmacological

intervention required
G1 G2 <7 day 8e14 days >15 days 1e3 days 4e7 days >7 days

Fever 8 (2) 2 (1) 10 (3) 0 (0) 0 (0) 9 (3) 1 (0) 0 (0) 6 (3)

Fatigue 27 (10) 1 (0) 26 (8) 1 (1) 1 (1) 22 (8) 2 (0) 4 (2) 2 (1)

Headache 7 (2) 1 (0) 8 (2) 0 (0) 0 (0) 7 (2) 1 (0) 0 (0) 0 (0)

Chills 14 (6) 0 (0) 14 (6) 0 (0) 0 (0) 13 (6) 1 (0) 0 (0) 2 (1)

Muscle pain 19 (5) 2 (1) 21 (6) 0 (0) 0 (0) 17 (6) 4 (0) 0 (0) 3 (2)

Joint pain 8 (3) 1 (0) 9 (3) 0 (0) 0 (0) 5 (3) 4 (0) 0 (0) 2 (0)

Vomiting 2 (1) 0 (0) 2 (1) 0 (0) 0 (0) 2 (1) 0 (0) 0 (0) 1 (0)

Diarrhoea 2 (0) 1 (0) 3 (0) 0 (0) 0 (0) 2 (0) 0 (0) 0 (0) 0 (0)

Other 7 (0) 1 (0) 7 (0) 1 (0) 0 (0) 6 (0) 1 (0) 1 (0) 1 (0)

Note: ‘Muscle pain’ refers to new or worsening muscle pain; ‘joint pain’ refers to new or worsening joint pain. Results for patients affected by

thymic carcinoma are reported in brackets.

Keys:
a Grade of AE, according to Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0.
b Days from vaccination to onset of AE.
c Duration of AE.
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unappreciated thymoma B2, three months after the

second dose of vaccine.
The second patient was affected by thymic carcinoma

and has had a negative testing for acetylcholine receptor

antibodies (AChR-Ab) assessed in 2018. Tumour

relapsed 2 years after surgery and the patient received

systemic chemotherapy (last cycle on January 2021). In

May 2021, just one day after the 1st vaccine adminis-

tration, the patient reported the onset of asthenia and

hyposthenia, and a switch-on of AChR-Ab test was
A

B

0 5 10 15

G1

G2
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other diarrhea vomiƟng

chills headache faƟgue

0
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 <7 day 8-14 days >15 days
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Fig. 1. Incidence of adverse events (AEs) to COVID vaccine in patients a

Common Terminology Criteria for Adverse Events (CTCAE) Version

Note: ‘Muscle pain’ refers to new or worsening muscle pain; ‘joint pa
found. Symptoms resolved spontaneously in less than

three weeks, in the absence of specific treatments.
4. Discussion

Our results suggest that currently available SARS-CoV-
2 mRNA vaccines could be safely administered in pa-

tients with TETs, even in case of active or pre-existing

AD.
C

20 25 30
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DuraƟon
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ffected by thymic epithelial tumours. A: Grade of AE, according to

5.0. B: Days from vaccination to onset of AE. C: Duration of AE.

in’ refers to new or worsening joint pain.
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No G3-G4 toxicities have been captured in 245 vac-

cine administrations and no unexpected side effects have

been observed, also in the subset of patients with a

previous diagnosis of COVID-19. The rate and the

spectrum of G1/G2-reported AE was consistent with

those reported in the general population [7-9].

Two cases of newly diagnosed MG have been

observed.
Several elements suggest the absence of a causeeeffect

relationship between vaccination and MG in both pa-

tients. The first one had aMG diagnosis in concomitance

with the first evidence of a previously unappreciated

thymoma; the other patient had a switch-on ofAChR-Ab

test just one day after the 1st vaccine administration, few

months after a systemic tumour relapse.

Notably, despite the potential high risk of SARS-CoV-
2 vaccines’ autoimmune toxicity in patients with TETs, no

patients experienced vaccine-related severe immune AE.

This observation is particularly relevant considering that

38 patients have had a diagnosis of AD, even with active

symptoms at the time of vaccine administration.

These data can be helpful to more confidently sup-

port and recommend SARS-CoV-2 vaccine to patients

with TET, according to the international guidelines for
patients with cancer.

4.1. Limitations

The number of patients included in our analysis could
be not adequate to capture infrequent immune-related

vaccine AEs in patients with TETs. No data (only 5

patients) are available on non-mRNA vaccines.

5. Conclusions

SARS-CoV-2 mRNA vaccines are safe in patients with

TET, even in case of active or pre-existing AD.
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