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The relationship of the thymus to myasthenia gravis
(MG) has been recognized at the very beginning of the
last century (1,2). This relationship primarily applied to
thymoma-associated MG (TAMG), in which thymectomies
reportedly led to objective clinical improvement without
the use of immunosuppressive drugs in the 1930-ies (3).
Such TAMG cases account for approximately 10% of all
MG, do not show a gender- or major histocompatibility
complex (MHC) predilection, patients are elder than non-
thymoma-associated MG affected individuals, and often
have a specific set of anti-titin and anti-ryanodine receptor
autoantibodies (4). There is experimental evidence that
defective thymopoiesis (selection) of T-cells orchestrated
by the neoplastic thymic epithelial cells, supported by a
general cytokine network deregulation (5), are responsible
for TAMG development; the neoplastic thymic epithelial
cells finally being more limited (dysfunctional) to prevent
export of autoreactive T-cells in the periphery. Since
tumor-/thymectomy with clear resection margins is anyhow
the upmost treatment strategy in thymomas (6), the
indication to perform this mandatory procedure to prevent
further tumor spread is obvious and independent of MG;
therefore thymectomies are indisputable and almost always
performed in TAMG. In addition, there is considerable
body of evidence that thymectomy is not only beneficial to
TAMG but also to other thymoma-associated autoimmune
disorders, which, if indeed associated with thymoma, can
be bona fide considered the only autoimmune diseases
“curable” by a surgical procedure (7).

Nonetheless, a more substantial body of MG patients
don’t suffer from thymoma but display non-tumorous
thymic changes, particularly lymphofollicular hyperplasia or
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“thymitis” (8) with formation of germinal centers (Figure I).
Non-thymoma-associated MG patients are younger,
show a female gender predominance of 3:1 as well as an
MHC-association to HLA-B8 and HLA-DR3, and have
anti-acetylcholine receptor (AChR) autoantibodies (4).
Given the potential role of the thymus in such instances,
thymectomy has been applied to affected patients since the
1940-ies (9,10). Yet, until August 2016 the evidence towards
the efficacy of thymectomy, a potentially mutilating surgical
intervention, for a non-neoplastic condition like MG was
only based on retrospective data (11); the recommendation
being that thymectomy may be applied to non-thymomatous
patients with AChR autoantibodies. Even more, with the
introduction of potent immunosuppressive drugs in the
last decades it has become further difficult estimating the
particular role of thymectomy in such occasions. To address
this question an international randomized prospective
clinical trial has been started in 2006 and the results
published in the August 11™ 2016 issue of the New England
Fournal of Medicine (12), giving an unequivocal answer:
yes, thymectomy improves the clinical outcomes of non-
thymomatous MG patients. In an admirably designed study,
126 non-thymomatous patients [out of 6,958 (!) screened
patients] with AChR autoantibody-positive MG, aged
18 to 65, underwent randomization to thymectomy plus
prednisone or prednisone alone and were followed-up over
a 3-year period. The primary endpoints were time-weighted
average Quantitative Myasthenia Gravis score and time-
weighted average required prednisone dose. The results
are unambiguous: the time-weighted average Quantitative
Myasthenia Gravis scores in the thymectomy group were
substantially lower (average difference 2.85 points lower)
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Figure 1 Typical appearance of lymphofollicular thymic hyperplasia
in an early onset myasthenia gravis patient. Note a large germinal
center (middle of the photography) as well as a Hassall’s body
(left lower corner). These germinal centers contain antigenically
selected and somatically hypermutated anti-acetylcholine receptor-
specific B-cells, thus representing one of the earlier “fountains of

evil” in myasthenia gravis.

as was the weighted average required prednisone dose
(average alternate-day dose 44 mg compared to 60 mg).
In the subgroup analyses, these effects were independent
of age at MG onset (cutoff 40 years), and both outcomes
were significant for women, while only time-weighted
average required prednisone dose reduction reached
significance in men. In addition, the survey regarding
treatment-associated symptoms, hospitalization due to MG
exacerbation, azathioprine use and specific neurological
assessment parameters were in favor of thymectomy over
prednisone alone. The rationale for this approach can be
found on page 16 of the supplementary appendix of the
paper (12): out of 46 patients, who provided informed
consent to have their specimens evaluated at the Institute
of Pathology in Mannheim, Germany, 45 (98%) displayed
histopathologic changes of overall thymic atrophy, 41 (89%)
of cortical atrophy and 31 (67%) had lymphofollicular
thymic hyperplasia, the latter being experimentally
shown to be directly involved in MG’s pathogenesis (13).
By means of the surgical procedure, the pathogenetically
decisive body compartment containing these lymphoid
follicles (the “fountain of evil”, Figure I) could be removed.
Importantly, since the perpetuation of the autoreactive
process in MG gradually moves from the initiation organ,
the thymus, to other organs (especially antibody-producing
plasma cells reside in the bone marrow) with time (14),
thymectomy should be considered as early as possible in the
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management strategy of non-thymoma-associated MG (11).
The procedure should be performed under stable clinical
conditions following efficient immunosuppressive measures
and/or plasmapheresis (or equivalents) or intravenous
immunoglobulin application, which are able to reduce
perioperative mortality to <1% (11). Although no patients
below the age of 18 have been included in the study of
Wolfe et al., there is evidence towards the safety (and
benefits) of thymectomy even down to the age of 5 (15).

Despite the concept-changing answer of the current
study of Wolfe et al. (12), requiring recommendation
modification towards that thymectomy should (instead of
“may”) be applied to non-thymomatous patients with AChR
autoantibodies, there are still open questions: (I) is extended
transsternal thymectomy (sternotomy!) always needed or
could less-invasive thymectomy approaches be considered
as effective as the former? (II) Is a similar approach
indicated in seronegative or muscle-specific tyrosine kinase
(MuSK)-positive MG patients? (III) Is there justification for
an analogous procedure in children aged <5 years? Some
retrospective data imply the potential answers... Evidence
respecting the main concerns of the 1™ question, namely
that less invasive surgical techniques may leave ectopic
thymic tissue having a negative effect on outcomes, is at
least 2 decades old (16,17), while reports from newer series
applying modern surgical techniques show comparable
results between less and more invasive approaches (18,19).
Considering the 2™ question, smaller series indicate that
even thymectomy at earlier age than 5 does not impair
immunological functions and that there is an approximately
60% chance of MG response to thymectomy in this age
group (20). Respecting the 3™ question, seronegative MG
patients show comparable response rates after thymectomy
as their AChR-seropositive counterparts, thus an analogous
“may” recommendation has been established for them
(4,21), while MuSK-positive patients seem not to respond
to thymectomy and this procedure is not recommended in
such instances (22).

In conclusion, by mid-2016 Wolfe and colleagues (12)
provided prospective evidence that extended transsternal
thymectomy is clearly indicated for the therapy of anti-
AChR-autoantibody positive postpubertal MG patients, and
there is retrospective data suggesting that this procedure
may be beneficial in children as well as in seronegative (but
not in MuSK-positive) individuals. Finally, prospective
trials comparing less invasive resection techniques in that
consideration are urgently needed.
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