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Background: Approximately 15-29.6% of patients with thymoma have myasthenia gravis (MG). Some of
these patients develop MG after thymectomy despite having no history of MG or related symptoms. Few
previous studies have examined the risk factors for the development of post-thymectomy MG in patients
with thymoma. Herein, we retrospectively reviewed our institutional experience with patients with thymoma
who developed MG after thymectomy.

Methods: Twenty-six patients with thymoma but without MG, who were tested preoperatively for
anti-acetylcholine receptor antibody (anti-AChR-Ab) levels, underwent surgical resection at our hospital
between 2013 and 2020. Patients with thymic carcinoma were excluded from the study. We evaluated the
association of outcomes with preoperative anti-AChR-Ab levels and post-thymectomy MG. We performed a
% test for bivariate analysis of categorical data. Differences were considered significant at P<0.05.

Results: The characteristics of the 26 patients (median age: 62 years; 8 men, 18 women) were as follows:
World Health Organization (WHO) classifications AB (n=8), B1 (n=9), B2 (n=6), B3 (n=1), and others (n=2)
and Masaoka stage I (n=12), II (n=9), III (n=3), and IVa (n=2). Among the 26 patients, only five had high
(>0.3 nmol/L) preoperative anti-AChR-ADb levels. Post-thymectomy MG occurred in two of the five patients
(40%) with high preoperative anti-AChR-AD levels. A high preoperative serum anti-AChR-Ab titer was
significantly associated with post-thymectomy MG (P=0.0267). The anti-AChR-AD titer was also measured
postoperatively in four of the five (80%) patients with high preoperative levels. The anti-AChR-Ab titer
decreased in two of these four patients, and neither developed postoperative MG.

Conclusions: Preoperative and postoperative anti-AChR-Ab positivity might be associated with post-
thymectomy MG. Therefore, regular measurement of anti-AChR-Ab levels after thymectomy is required.
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Introduction

Thymomas occur in 10-12% of patients with myasthenia
gravis (MQG) (1), and 15-29.6% of patients with thymoma
have MG (1,2). MG is an autoimmune disease. Its clinical
features are attributed to the production of autoimmune
antibodies against the acetylcholine receptor at the
neuromuscular junction (3). MG presents as weakness of
the voluntary ocular, bulbar, and limb muscles; in severe
cases, it can lead to death from breathing difficulties (4).
Thus, perioperative management of patients with thymoma
associated with MG is crucial. Xue ez 4/. reported that 10%
of patients with thymoma and MG experienced a post-
thymectomy myasthenic crisis (5), whereas other patients
developed post-thymectomy MG.

Few previous studies have examined the risk factors
for the development of post-thymectomy MG in patients
with thymoma. Therefore, we retrospectively reviewed our
institutional experience with patients with thymoma who
developed MG after thymectomy.

This study is cohort study. We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/gs-21-287).

Methods
Patients

We conducted a retrospective review of the medical charts
of patients who had been diagnosed as having thymoma
and had undergone surgical resection at the Department
of Thoracic Surgery at the University of Occupational and
Environmental Health (Japan), between April 1st, 2013 and
March 31st, 2020.

We extracted data from 26 patients with no history of
MG at the time of surgery; those with thymic carcinoma
were excluded. We evaluated the association of outcomes
with preoperative anti-acetylcholine receptor antibody
(anti-AChR-AD) levels and post-thymectomy MG. MG
was diagnosed using multiple tests, including a serum
anti-AChR-AD test, an edrophonium test, a single-fiber
electromyography test, and a Harvey-Masland test. Among
the patients with high preoperative anti-AChR-Ab levels, one
patient developed MG after the surgery. We investigated the
association between preoperative anti-AChR-Ab levels and
post-thymectomy MG in the hope that it would be useful for
future postoperative follow-up of thymoma.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
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was approved by the ethics committee of the University
of Occupational and Environmental Health (Japan; NO.:
H26-15), and individual consent for this retrospective
analysis was waived.

Anti-AChR-Ab titer

At our institution, anti-AChR-Ab levels are routinely
measured preoperatively for mediastinal tumors suspected
to be thymomas. In cases with high AChR-Ab levels
before surgery, the treating doctor decides whether the
anti-AChR-Ab level needs to be measured regularly
after surgery. Measurement of anti-AChR-Ab levels
is outsourced to BML which was a Laboratory testing
service (including endocrine, plasma protein, biochemical,
viral, immunological, hematological, bacteriological, and
histopathological tests) and related services, and performed
using radioimmunoassay (RIA). ‘Cosmic’ II was used as the
test reagent.

Statistical analysis

We chose the y* test for the bivariate analysis of categorical
data as a statistical tool to clarify the association between
MG and preoperative anti-AChR-Ab levels. Differences
were considered significant at P<0.05. All statistical analyses
were carried out using EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), a graphical
user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

A flow diagram of the patient population is shown in
Figure 1. The 26 patients with thymomas but without
preoperative MG (median age: 62 years; 8 men and 18
women) had the following clinical characteristics (Tible I):
World Health Organization classifications of AB (n=8), Bl
(n=9), B2 (n=6), B3 (n=1), and others (n=2) and Masaoka
stage I (n=12), II (n=9), III (n=3), and I'Va (n=2). Complete
resection was achieved in all the patients. Three patients
(11.5%) received postoperative therapy. Of these, two
received postoperative radiation therapy and one received
intrathoracic cisplatin after surgery. One patient showed
thymoma recurrence but did not develop postoperative
MG. We encountered a rare case of thymoma associated
with pleural dissemination for which extended
pleurectomy decortication was performed. This case did
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Figure 1 Study flow diagram of the patient population. MG,
myasthenia gravis; AChR-Ab, anti-acetylcholine receptor antibody.

not recur for three years after surgery. We have reported
this case previously (6).

A summary of patients with high preoperative anti-
AChR-AD levels is shown in 7ible 2. The patient in Case 1
had symptoms of suspected MG with high anti-AChR-Ab
levels and was referred to a neurologist. The neurologist
performed the Harvey-Masland and Tensilon tests to
diagnose MG. The patient in Case 2 was diagnosed as
having MG at another institution; hence, we could not
collect data on the post-surgery anti-AChR-AD titers and
the day of MG onset. These two cases had no postoperative
recurrence of thymomas.

In our study, post-thymectomy MG developed in two
of five patients (40%) with high preoperative anti-AChR-
Ab levels. A high preoperative serum anti-AChR-Ab
titer was significantly associated with post-thymectomy
MG (P=0.0267, i’ test). The positive predictive value of
preoperative serum anti-AChR-Ab titers (>0.3 nmol/L)
for developing post-thymectomy MG was 40%, and the
negative predictive value was 95.2%, with a sensitivity was
66.7%, and specificity was 87% (1able 3).

In our study, anti-AChR-Ab was measured postoperatively
in four of five (80%) patients with preoperative anti-AChR-
Ab positivity. In the remaining two patients, anti-AChR-
Ab measurements were stopped, and they underwent
regular clinical observations instead [median anti-AChR-Ab
observation period: 519 days (10-1,028 days)].

Anti-AChR-Ab levels increased in two of the four
patients postoperatively compared to those preoperatively,
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Table 1 Characteristics of the operative patients

Complete resection Value
Age (years)

Median [range] 62 [24-86]
Gender

Male 8

Female 18
Type of surgery

Tumor resection 9

Thymothymectomy 10

Extended thymectomy 6

Extended pleurectomy decortication 1
Complete resection 26
WHO classification

AB 8

B1 9

B2 6

B3 1

The other® 2
Masaoka stage

| 12

Il 9

11l 3

v 2
Preoperative AChR-ADb titer (nmol/L)

>0.3 5

<0.3 21
Additional treatment 3
Recurrence 1
Survival 26
Observation period (months) 37.5 [8-89]

§ one patient was diagnosed thymoma type B2 and type B3, the
other patient was diagnosed type B1 focal type B2. WHO, World
Health Organization; AChR-Ab, acetylcholine receptor antibody.

and one of the patients (50%) was diagnosed as having
MG. In contrast, anti-AChR-Ab levels decreased in two
of the four patients, and neither developed postoperative

MG.
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Table 2 Summary of the operative patients
Age WHO Masaoka Pre-op Post-op At Onset Interval o’gg:rl\:/:taiﬁn
Case ( earz old) Gender Type of surgery classification  stage AChR-Ab  AChR-Ab  AChR-Ab (days) eriod
Y 9 titer (nmol/L) titer (nmol/L) titer (hnmol/L) 4 P
(days)
1 53 F Extended thymectomy Type AB Il 9.2 10.7 10.7 18 668
28 57 F Thymothymectomy Type B2 | 0.4 - - - -
3 67 F Extended thymectomy Type AB | 0.4 <0.3 - - 673
4 56 M Tumor resection Type AB | 0.8 21 - - 1,028
5 69 F Extended thymectomy Type B1 Il 16 14 - - 10

§, diagnosed MG another institution; hence, we could not collect data on the MG onset day. WHO, World Health Organization; AChR-Ab,

acetylcholine receptor antibody; MG, myasthenia gravis.

Table 3 Relationship between occurrence of postoperative MG and preoperative serum titer of anti-AChR-Ab

MG status Pre-op AChR-Ab + Pre-op AChR-Ab — Total
Post-op MG + 2 1 3
Post-op MG - 3 20 23
Total 5 21 26

MG, myasthenia gravis; anti-AChR-Ab, anti-acetylcholine receptor antibody.

Discussion

Thymomas are generally thought to exhibit immunological
activity and are associated with a variety of autoimmune
diseases, including MG. The principle of treatment for
thymoma is surgical resection. Extended thymectomy also
involves removal of fat around the thymus. The thymus,
an organ critical to the immune response, is also a source
of disease-causing AChR autoantibody-producing B cells.
Nicotinic acetylcholine receptor autoantibodies were
identified in the sera of >85% of patients with MG (7).
Thymectomy results in the suppression of both cellular and
humoral immunity and a reduction in anti-AChR-AD levels,
which further leads to sustained improvement and remission
of clinical symptoms in patients with MG (8).

MG and AChR are closely related, and this study was
designed to determine whether preoperative AChR is
associated with post-thymectomy MG. This was a single-
center study with a few cases, which limited our ability to
conduct comparative studies.

Some patients with thymoma develop post-thymectomy
MG. Previous reports have shown that MG developed after
total thymectomy in 1.5-28% of thymoma cases (9). In our
study, 3 of 26 (11.5%) patients with thymomas but without
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preoperative MG developed MG after surgery.

The mechanism underlying the onset of postoperative
MG remains unclear. Several studies have suggested that
thymomas actively export several mature T cells into
peripheral blood. Following this export, the cells persist
in the periphery, potentially stimulating autoantibody
production and subsequent autoimmune disease (10,11).

Jiang er al. reported that thymus-associated B cell
clones were detected in the circulation by both mRNA-
based and genomic DNA-based sequencing, and these
antigen-experienced B cells persisted in the circulation after
thymectomy (12).

Complete resection was achieved in all the cases in this
study. Two of the three patients with post-thymectomy MG
underwent extended thymectomy, and the fat around the
thymus was removed. Nevertheless, we observed patients
who developed MG after surgery. Although we did not
investigate the cause of MG after thymoma surgery in this
study, circulating T and B cells were thought to be involved
in the development of MG after thymectomy, as described
earlier.

MG complicates the perioperative management after
thymoma surgery. The disease can also be fatal if treatment
is delayed. Knowledge of the risk of developing postoperative

Gland Surg 2021;10(8):2408-2413 | https://dx.doi.org/10.21037/gs-21-287



2412

Table 4 A review of the literature

Nabe et al. Anti-AChR-Ab and post-thymectomy MG

Ejr::lber N:;T::i;sf Prteh-;rso'\rﬂn(:\ - Pre-op AChR-Ab + Post-op MG + Risk factors
(1) 229 123 33 10 Serum AChR-Ab
Type B1/B2/B3 thymoma history
Incomplete resection
(13) 104 104 32 8 High level serum AChR-Ab
(14) 67 55 13 5 High titers of AChR-Ab
(15) 398 44 7 10 Analyzing: anti-AChR-antibodies is recommended

MG, myasthenia gravis; anti-AChR-Ab, anti-acetylcholine receptor antibody.

MG before surgery is essential for perioperative management
and postoperative follow-up. Therefore, we focused on the
relationship between MG and anti-AChR-AD levels.

The clinical characteristics of patients with postoperative
MG from the three studies are shown in Table 4 (1,13-15).
Yamada ez al. reported that in addition to serum anti-AChR-Ab
levels, a history of type B1/B2/B3 thymoma and incomplete
resection were risk factors for post-thymectomy MG (1).
Mineo er al. and Nakajima et a/. reported that only a high anti-
AChR-AD titer was a risk factor for post-thymectomy MG
(13,14). Marcuse et al. recommended analyzing anti-AChR-Ab
levels (15).

In our study, although we were unable to identify an
association between the pathological type or incomplete
resection and postoperative MG, a positive preoperative
anti-AChR-Ab level was considered a risk factor for
the development of post-thymectomy MG. Further, we
found that patients with high preoperative anti-AChR-
Ab levels who showed a decrease in anti-AChR-Ab levels
postoperatively did not develop MG postoperatively.
Thus, we suggest that not only positive preoperative
AChR-AD levels but also changes in postoperative AChR-
Ab levels may be associated with post-thymectomy MG.
Marcuse et al. reported that at least 91% of patients with
subclinical MG developed clinical MG within 6 years after
thymectomy (15). Unfortunately, there is no literature
reporting on AChR-Ab levels after surgery. Therefore,
regular anti-AChR-Ab measurements after thymectomy
should be performed to further investigate the association
between postoperative anti-AChR-Ab levels and MG.

The limitations of this study are its small sample size
and its single-center retrospective design. Because small
sample sizes lead to limited statistical power, evidence on
using anti-AChR-Ab levels as a predictor of MG after
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thymectomy is limited. Therefore, our study results may
not be generalizable. In the future, our study can impact
perioperative management beyond preoperative prediction
of the onset of postoperative MG. For postoperative cases
of thymoma with high anti-AChR-Ab levels before surgery,
determining whether the anti-AChR-Ab level needs to
be measured on a regular basis after surgery was per the
discretion of each attending physician. Our results suggest
that in the future it may be necessary to measure anti-
AChR-AD levels on a regular basis after surgery.

Conclusions

Preoperative and postoperative AChR-Ab positivity might
be associated with post-thymectomy MG. In particular,
postoperative anti-AChR antibody decline may be a good
prognostic factor about the onset of MG after surgery.
Therefore, regular anti-AChR-Ab measurement after
thymectomy is required.
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