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Key points

« Significant findings of the study: Young MG patients with an advanced Mas-
aoka staging score of the primary tumor who underwent thymectomy with
approaches different from sternotomy and VATS should be monitored for
high risk of recurrence.

o What this study adds: No other study has ever investigated the changes in
AChR-AD titers before and after thymectomy in a large cohort of TAMG
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patients. The reduction of AChR-Ab titers after thymectomy suggests an
immunological role of thymoma in the pathogenesis of MG.

Introduction

Myasthenia gravis (MG) is the most frequent neurological
disease associated with thymoma, constituting a real sub-
type of disease named TAMG (thymoma-associated myas-
thenia gravis)."

Thymoma is a disease with malignant potential with a
recurrence rate ranging from 5% up to 17% after complete
resection.”
thymoma is five years, but relapses 32 years after the initial
thymectomy have also been reported.’” Thymoma recur-

The average disease-free time of recurrent

rences are closely related to the World Health Organization
(WHO) histological and Masaoka-Koga classifications™*;
relapsing thymomas, in fact, are more frequently type B2
and B3, according to the WHO classification, and belong
to the more aggressive Masaoka-Koga stages, such as stage
IIb, IIT and IV. The most frequently reported relapses are
those at pleural or otherwise intrathoracic sites, while dis-
tant metastases are rare.’

So far, to our knowledge, no other studies have been
conducted to investigate the changes in AChR-AD titers
before and after thymectomy in a large cohort of TAMG
patients. Kim et al. analyzed AChR-Ab titers in both
thymomatous and nonthymomatous patients and they
found a significant decrease in AChR-Ab titer after thy-
mectomy in nonthymomatous MG but not in patients with
thymoma, suggesting that the pathogenic role of the thy-
mus differs according to pathology.®

The aim of our study was to investigate the association
of AChR-AD titers with the clinical characteristics of our
cohort of TAMG patients and to evaluate their role in
predicting thymoma recurrence.

Methods

A retrospective analysis of a prospectively maintained data-
base was conducted for all patients undergoing thymec-
tomy for thymoma between January 1987 and December
2016 and regularly followed in the Clinic of Myasthenia
Gravis and Thymus-related disorders of the Department of
Clinical and Experimental Medicine, Neurology Unit, and
Division of Thoracic Surgery (Pisa). MG diagnosis was
based on characteristic signs and symptoms of MG
together with the anti-AChR antibody positive test;
patients with an anti-AChR antibody negative test were
excluded from the present study.

Surgical approaches were sternotomy, robotic-assisted
VATS, cervicotomy and thoracotomy. Patients who did
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not undergo a radical tumor excision according to surgical
reports were excluded.

Patients were regularly followed up by the oncologist
(A.C.) together with the neurologists, at intervals of three
to four months for the first two years postoperatively, every
six to eight months for the following three years and, then,
annually or whenever it was required by the deterioration
of the symptoms. A follow-up CT scan was performed
every year in the first five years after surgery and every
two years thereafter to detect any recurrence of thymoma.

Age of MG diagnosis, MG clinical status, age of the
patient at the time of thymectomy, time between age at
MG onset and thymectomy, surgical approach and onco-
logical features were retrospectively assessed from the med-
ical records of all the patients.

MG clinical status was assessed before and one year fol-
lowing thymectomy according to MGFA classification.”
Thymomas were assessed according to the new WHO clas-
sification® and the modified Masaoka-Koga staging system.”

AChR-Ab serum titers had been measured before and
immediately after surgery by radio-immune assay
method (RIA).

Each patient gave an informed written consent for inclu-
sion in the study that was conducted in accordance with
the Declaration of Helsinki, and approved by the Ethics
Committee of the Pisa University Hospital (Approval
number 3470/2018).

The associations between the serological levels of AChR-
Ab and the clinical variables were assessed with linear
regression models with the antibody concentrations before
surgery (log transformed to achieve normality) or the dif-
ferences after versus before surgery as dependent variables.
The estimated marginal means (EMMs, that is the mean
value of a variable predicted by the model for the mean
value of each of the other variables included'®) of the dif-
ferences between the AChR-Ab levels after versus before
surgery and their standard errors were calculated for each
level of the clinical characteristics from the model adjusted
for the presurgery AChR-Ab levels and from the model
adjusted for all clinical variables.

The associations between the risk of worsening of the
MG condition within one year after surgery and the clini-
cal and serological variables were estimated by the logistic
regression model, and the Wald test was used to assess the
significance level of each predictor.

The median follow-up time was obtained by the reverse
Kaplan-Meier method. The Kaplan-Meier recurrence-free
survival probability was estimated at five and ten years
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after thymectomy and the Cox regression model was fitted
to estimate the hazard ratio of recurrence for each clinical
and serological predictor.

Results

Table 1 shows the clinical and serological characteristics of
the cases included in the study. Of the 239 patients,
121 (51%) were female. The mean age at MG onset was
49.8 years (SD = 13.8) while the mean age at thymectomy
was 50.3 years (SD = 13.8). The mean time between age at
MG onset and thymectomy was 0.45 years (SD = 3.1).

Table 1 Clinical and serological features of the patients

Observed (%)

Sex

Females 121 (51)

Males 118 (49)
Age at MG diagnosis (t) 50 (39-61)
Age at thymectomy () 50 (39-61)
MGFA status before thymectomy

No symptoms/2A 74 (31)

2B 85 (36)

3/3A/4B/5 80 (33)
MGFA status after thymectomy

No symptoms/2A 67 (28)

2B 133 (56)

3/3A/4B/5 39 (16)
Worsening of MG symptoms

No 196 (82)

Yes 43 (18)
Masaoka-Koga stage

IMla 89 (39)

llb 101 (45)

v 36 (16)
WHO classification of thymoma

AB 43 (19)

B1 78 (34)

B1/B2 41 (18)

B2/B3 69 (30)
Type of surgery

Cervicotomy 3(1)

Sternotomy 205 (87)

Robotic thymectomy 18 (8)

Thoracotomy 9 (4)
Radiotherapy or chemotherapy

No 113 (47)

Yes 125 (53)
AChR-Ab before thymectomy (f) (nmol/L) 9.2 (5.4-13.6)
AChR-Ab after thymectomy (f) (nmol/L) 52 (2.5-9.7)

tMedian (interquartile range). Number of missing data: age at thymec-
tomy N = 2; Masaoka-Koga stage N = 13; WHO classification of
thymoma N = 8; AChR-Ab after thymectomy N = 99; type of surgery
N = 4; radiotherapy or chemotherapy N = 1. AChR-Ab, acetylcholine
receptor antibody; MG, myasthenia gravis; MGFA, Myasthenia Gravis
Foundation of America; WHO, World Health Organization score.
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Concerning surgery, 50 patients underwent thymectomy
in other hospitals before our clinical evaluation. Due to the
strong association between Masaoka-Koga stage and the
WHO classification of thymoma (P < 0.001), only the for-
mer was included in the multiple regression models.

Variables associated with AChR-Ab levels

The levels of AChR-Ab before surgery were significantly
higher in individuals with worse MGFA stage (P = 0.006);
neither sex nor age at MG diagnosis nor Masaoka-Koga
stage were significantly associated with AChR-Ab levels
before surgery (not shown).

The AChR-Ab titers decreased after first thymectomy
(mean = —4.05; 95% CI: —5.12 to —2.97; P < 0.001). The
reduction of the AChR-Ab levels after surgery adjusted for
before surgery levels are shown in Table 2 by individuals’
characteristics: with respect to the AChR-Ab levels before
surgery, the reduction was significantly higher in females
than in males (estimated marginal means = —4.66 vs.
—3.25, P = 0.05), in cases diagnosed at older ages (—3.28
vs. —4.87 for those diagnosed before and after the age of
50 years, respectively, P = 0.003), in cases with lower
MGFA stage (P = 0.02) and higher Masaoka-Koga stage
(P =0.005) (Table 2).

Variables associated with worsening of
MG within one year after thymectomy

The only variable significantly associated with the risk of
worsening of the MG symptoms was the MG stage
(Table 3): the odds of getting worse were around 60%
lower in those with a worse MG stage before surgery,
although the association between worsening and MG stage
was not statistically significant after the adjustment for all
covariates. The results did not change after adjusting for
type of surgery or adjuvant treatment (none or chemother-
apy or radiotherapy) received after thymectomy (not
shown).

Variables associated with the risk of
recurrence

Out of the 239 patients, during a median follow-up time of
4.8 years (interquartile range: 1.9 to 10.0 years), 27 relapsed.
All first recurrences were pleural, except one paravertebral
and one lung; moreover, four patients presented a recur-
rence both in pleural and diaphragmatic sites. Overall, the
recurrence-free survival probabilities at five and 10 years
after thymectomy were 0.89, with 95% confidence interval
(CI) 0.83-0.94, and 0.78 (95% CI: 0.71-0.86), respectively.
The recurrence-free survival probability was heterogeneous
for Masaoka-Koga stage (P < 0.001): the estimates were
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Table 2 Relationship between patient characteristics and difference between the AChR-Ab levels after and before thymectomy

Model 1 (f) Model 2 (¥)
EMMs (SE) (§) P-value EMMs (SE) (§) P-value
Sex _ 0.15 _ 0.05*
Females -4.57 (0.52) _ —4.66 (0.49) _
Males —3.49 (0.54) _ —-3.25(0.51) _
Age at MG diagnosis _ 0.06 _ 0.003*
<50 years —3.52 (0.46) _ —3.28 (0.53) _
>50 years —4.54 (0.45) _ —4.87 (0.56) _
MGFA status before thymectomy _ 0.36 _ 0.02*
No symptoms/2A -4.66 (0.71) _ -5.19(0.72) _
2B -4.32 (0.67) _ —4.25(0.74) _
3/3A/4B/5 -3.41(0.59) _ —2.78 (0.66) _
Worsening of MG symptoms _ 0.91 _ 0.37
No -4.03 (0.41) _ -4.13(0.38) _
Yes -4.14 (0.93) _ —3.24(0.89) _
Masaoka-Koga stage _ 0.04* _ 0.005*
I/lla —2.99 (0.60) _ —2.53(0.70) _
Ilb —-4.07 (0.56) _ -3.96 (0.62) _
v —5.46 (0.77) _ —5.73(0.79) _
WHO classification of thymoma _ 0.60 _ _
AB -4.15(0.61) _ NA NA
B1 —3.57(0.91) _ NA _
B1/B2 —3.53(0.66) _ NA _
B2/B3 —4.98 (0.95) _ NA _

tModel 1, estimates from the model adjusted for AChR-Ab before thymectomy. Analyses conducted on the individuals without missing values in the
AChR-Ab levels and in the corresponding predictor. $Model 2, estimates from the model adjusted for AChR-Ab before thymectomy and all the vari-
ables in the table except for the WHO classification of thymoma. Analysis conducted on 133 individuals without missing values in the AChR-Ab levels
and in any predictor. §EMMs, estimated marginal means of the difference of AChR-Ab after minus before thymectomy; AChR-Ab, acetylcholine
receptor antibody; MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; NA: not applicable; SE, standard error; WHO, World

Health Organization score. *statistically significant.

0.96 (95% CI: 0.91-1.00), 0.94 (95% CI: 0.88-1.00) and
0.61 (95% CI: 0.45-0.82) at five years, and 0.96 (95% CI:
0.9-1.00), 0.83 (95% CI: 0.72-0.94) and 0.41 (95% CI:
0.25-0.67)) at 10 years for the Masaoka-Koga stages I/Ila,
IIb and III/IV, respectively (Fig 1).

The risk of recurrence was significantly associated with
younger age (HR = 0.75 for a five-year increase, 95% CI:
0.59-0.96, P = 0.02) and worse Masaoka-Koga stage
(HR = 10.18 for stages III/IV vs. I/ITa, 95% CI: 1.78-58.41,
P = 0.007). Moreover, patients who underwent sternotomy
or robotic thymectomy VATS experienced fewer recur-
rences than others (HR = 10.76 for cervicotomy/thoracot-
omy vs. sternotomy/robotic thymectomy, 95% CI: 2.42-
47.82, P = 0.002, Table 4).

Discussion

This study arises from the analysis of a large cohort of
patients affected by thymoma-associated myasthenia gravis
with antiacetylcholine receptor antibodies.

Our data highlight a significant decrease of AChR-Ab
levels after intervention (P < 0.001). The relevant reduction
of the antibody titer after surgery emphasizes the role of
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thymectomy as “disease modifying” treatment in MG with
AChR-ADb emphasizing that in patients with thymoma sur-
gical radical treatment plays the same role as in patients
with nonthymomatous MG."!

Presurgery levels of AChR-Ab or their change after sur-
gery were not associated with thymoma recurrence,
although further studies with a larger sample size are
warranted. So far, no clinical and serological biomarkers
have been established to identify patients with a higher risk
of tumor recurrence. Buckley et al. in a sample of 191 MG
patients with thymoma and relapsing thymomas and with-
out thymoma showed that interferon alpha and interleukin
12 increased substantially if thymoma recurred.'” In a previ-
ous study, we retrospectively collected data on 268 patients
with thymomatous MG, and selected patients with symp-
toms of spontaneous muscle overactivity for autoantibody
testing for neuronal cell-surface proteins and cell-based
assays for contactin-associated protein 2 (CASPR2), leucine-
rich glioma inactivated 1 (LGIl1), glycine receptor and
Netrin-1 receptor antibodies. Neuromyotonia was diagnosed
according to the presence of typical electromyography
abnormalities and/or autoantibodies against LGI1/CASPR2.
Accordingly, we found that thymoma recurrence was more
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Table 3 Association between worsening of myasthenia gravis (MG) symptoms within one year since the first thymectomy and clinical and serological
characteristics

Model 1 (t) Model 2 (%)
OR (95% Cl) P-value (§) OR (95% Cl) P-value (§)
Sex _ _ _ _
Males vs. females 0.97 (0.50-1.89) 0.94 0.65 (0.23-1.84) 0.42
Age at MG diagnosis (5-unit increase) 0.94 (0.83-1.06) 0.30 0.97 (0.81-1.16) 0.73
MGFA status before thymectomy _ 0.007* _ 0.11
2B vs. no symptoms/2A 0.28 (0.12-0.66) _ 0.29 (0.07-1.11) _
3/3A/4B/5 vs. no symptoms/2A 0.42 (0.19-0.92) _ 0.36(0.11-1.16) _
Masaoka-Koga stage _ 0.78 _ 0.21
llb vs. I/lla 1.07 (0.50-2.27) _ 2.05 (0.61-6.90) _
AV vs. I/lla 1.41 (0.54-3.69) _ 3.39 (0.86-13.34) _
WHO classification of thymoma _ 0.78 _ _
B1vs. AB 1.18 (0.47-2.99) _ NA NA
B1/B2 vs. AB 0.71 (0.30-1.71) _ NA _
B2/B3 vs. AB 0.96 (0.37-2.49) _ NA _
AChR-Ab before thymectomy (nmol/L) _ 0.24 _ 0.72
Tertile 2 vs. tertile 1 0.44 (0.13-1.44) _ 0.73 (0.21-2.55) _
Tertile 3 vs. tertile 1 0.31 (0.07-1.36) _ 0.52 (0.10-2.62) _
AChR-Ab difference after minus before thymectomy (nmol/L) _ 0.90 _ 0.85
Tertile 2 vs. tertile 1 0.73(0.19-2.88) _ 1.01(0.22-4.64) _
Tertile 3 vs. tertile 1 0.85 (0.20-3.58) _ 1.39 (0.29-6.68) _

tModel 1, unadjusted estimates except for AChR-Ab before thymectomy and AChR-Ab difference after versus before thymectomy, that are adjusted
one for each other. Analyses conducted on the individuals without missing values in the corresponding predictor. $Model 2, estimates adjusted for
all the variables in the table except for the WHO classification of thymoma. Analyses conducted on 133 individuals without missing values in any pre-
dictor. §Wald test. AChR-Ab, acetylcholine receptor antibody; Cl, confidence interval; MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation
of America; NA: not applicable; OR, odds ratio; WHO, World Health Organization score. *statistically significant.
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Figure 1 Left panel: Kaplan-Meier estimate of the relapse-free survival probability for all patients (solid line) with pointwise 95% confidence intervals
(dashed lines). Right panel: Kaplan-Meier estimate of the relapse-free survival probability by Masaoka-Koga stage (solid lines). In each panel the num-
bers of patients at risk are reported. Masaoka-Koga stage: (——) I/lla, (—) llb, and (——) llIV.
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Table 4 Association between risk of recurrence after the first thymectomy and clinical and serological characteristics

Model 1 () Model 2 (%)
HR (95% Cl) P-value (§) HR (95% Cl) P-value (§)
Sex _ _ _ _
Males vs. females 0.57 (0.26-1.25) 0.16 0.68 (0.25-1.86) 0.46
Age at MG diagnosis (for five years) 0.75 (0.64-0.89) <0.001* 0.75 (0.59-0.96) 0.02*
MGFA status before thymectomy _ 0.27 _ _
2B vs. no symptoms/2A 0.69 (0.27-1.79) _ _ _
3/3A/4B/5 vs. no symptoms/2A 1.49 (0.60-3.69) _ _ _
MGFA status after thymectomy _ <0.001* _ 0.06
2B vs. no symptoms/2A 0.33(0.12-0.90) 0.20 (0.05-0.82) _
3/3A/4B/5 vs. no symptoms/2A 2.85(1.16-6.98) _ 0.60 (0.16-2.17) _
Worsening of MG symptoms _ _ _ _
Yes vs. No 1.31(0.55-0.10) 0.54 0.42 (0.13-1.37) 0.15
Masaoka-Koga stage _ <0.001* _ 0.007*
llb vs. I/lla 3.66 (0.79-16.95) _ 2.07 (0.38-11.32) _
AV vs. I/la 18.28 (4.18-80.06) _ 10.18 (1.78-58.41) _
WHO classification of thymoma _ 0.04* _ _
B1vs. AB 2.41 (0.57-10.07) NA NA
B1/B2 vs. AB 5.15(1.42-18.74) _ NA _
B2/B3 vs. AB 5.23(1.41-19.33) _ NA _
AChR-Ab before thymectomy (nmol/L) 0.56 0.11

Tertile 2 vs. tertile 1 0.60 (0.23-1.54) 0.31(0.08-1.22)
Tertile 3 vs. tertile 1 0.80 (0.33-1.92) _ 0.20 (0.04-0.96) _
AChR-Ab difference after minus before thymectomy (nmol/L) _ 0.99 _ 0.45
Tertile 2 vs. tertile 1 1.06 (0.37-3.01) 0.37 (0.08-1.77)
Tertile 3 vs. tertile 1 1.08 (0.44-2.66) 0.44 (0.09-2.16)
Type of surgery
Cervicotomy/thoracotomy vs. sternotomy/robotic thymectomy

5.88(2.21-15.6) <0.007* 10.76 (2.42-47.82) 0.002*

tModel 1, Cox regression model; unadjusted estimates. Analyses conducted on the individuals without missing values in the corresponding predictor.
iModel 2, Cox regression model; estimates adjusted for all the variables in the table except for MGFA status before surgery and WHO classification
of thymoma. Analyses conducted on 133 individuals without missing values. §Wald test. AChR-Ab, acetylcholine receptor antibody; Cl, confidence
interval; HR, hazard ratio; MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; NA: not applicable; WHO, World Health Organi-

zation score. *statistically significant.

frequent in those with than in those without neuromyotonia
(P <0.001)."

In our cohort of patients, we found that the risk of
thymoma recurrence was higher in patients with early-onset
MG (P < 0.001 = 0.02). Recently, Tian et al. also found that
older patients had a lower risk of recurrence (P = 0.009).'*
We speculate that thymoma in the elderly arises from a thy-
mic tissue that already underwent modifications towards apo-
ptosis and tissue atrophy reducing its aggressiveness.
Moreover, it is possible that in these patients the apoptotic
effect of corticosteroids on the lymphocyte component of the
tumors is more evident because of the longer MG history."
This result indicates the necessity of a stricter surveillance in
young patients with thymoma.

Antibody titers before thymectomy were significantly
correlated with the severity of MG (P = 0.006) in accor-
dance with literature data that show a direct correlation
between antibody titer and MG severity.'®'” Moreover, in
our cohort, their decrease after surgery was greater in cases
with lower MGFA stage before surgery (P = 0.02). We
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hypothesized that this subclass of thymoma patients could
benefit from thymectomy more than others even if larger
studies are needed to confirm this speculation.

Interestingly, we found that patients with a worse MG sta-
tus (3/3A/4B/5 according to MGFA classification) before
thymectomy experienced less MG exacerbations than others,
within one year after thymectomy. This could be attributed
to the beneficial effect on myasthenia gravis of higher doses
of steroids administered in these patients in preparation for
surgery to control myasthenic symptomatology. Further-
more, the literature data show that presurgical steroid treat-
ment enhances the effectiveness of thymectomy'® and
reduces the occurrence of relapses.'

Our data suggest that the recurrence-free survival probabil-
ity at 10 years is around 0.78 overall and 0.96, 0.83 and 0.41
in Masaoka-Koga stages I/IIa, IIb and III/IV, respectively.

In our cohort of TAMG patients, 27 (11%) experienced one
or more recurrences with a median follow-up time after the
first thymectomy of 4.8 years. These results are comparable
with the study of the Japanese Association for Chest Surgery."
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In accordance with the literature data,” in our study
oncological characteristics of thymoma were closely associ-
ated with tumor recurrence. In particular, we identified
advanced Masaoka staging score as a strong predictor of
relapsing in the multiple Cox model (P = 0.007) while
WHO histological type was evaluated only in the univari-
ate model (P = 0.04) because of its tight relationship with
Masaoka classification.*

In our cohort, sternotomy and robotic thymectomy
VATS were associated with a lower risk of recurrence than
thoracotomy and cervicotomy (P = 0.002). Recent reports
indicated that for early-stage thymoma there is not a sig-
nificant difference between minimally invasive surgery and
traditional open operation for experienced surgeons.*!
However, it is of utmost importance to emphasize that the
minimally invasive robotic thymectomy is a safe alternative
to the median sternotomy approach in those forms of MG
associated with thymic hyperplasia or noninvasive
thymoma.'® Our study has some limitations and strengths.
The data were analyzed retrospectively: in some patients
the pre- and post-thymectomy antibody titers were not
measured in the same laboratory; this could explain, at
least in part, the lack of statistical significance between the
change of AChR-Ab levels following thymectomy and
thymoma recurrence. Furthermore, it is important to
emphasize that 50 patients underwent thymectomy in
other hospitals before our first clinical observation with
surgical and therapeutic approaches different from ours.
However, it should be emphasized that the number of the
patients examined and followed homogeneously and the
duration of follow-up are strong elements of the study.

In conclusion, our study did not show association
between AChR-Ab dosages and the risk of thymoma recur-
rences in MG patients; conversely, it showed that young
patients with an advanced Masaoka staging score of the
primary tumor who underwent thymectomy with
approaches different from sternotomy and VATS should
be monitored for high risk of recurrence. The reduction of
AChR-AD titers after thymectomy in MG patients with
thymoma suggests an immunological role of thymoma in
the pathogenesis of MG even if further studies are needed
to confirm this hypothesis.

At present, since no clinical or laboratory factors to pre-
dict recurrence of thymoma are available, it should be good
clinical practice to perform a careful multidisciplinary
follow-up (neurological, surgical, oncological) in patients
with an aggressive histologic thymoma.
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