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Abstract
The role of immunosenescence, particularly the natural process of thymic involution during
aging, is increasingly acknowledged as a factor contributing to the development of autoimmune
diseases and cancer. Recently, a concern has been raised about deleterious consequences of the
surgical removal of thymic tissue, including for patients who undergo thymectomy for myas-
thenia gravis (MG) or resection of a thymoma. This review adopts a multidisciplinary approach
to scrutinize the evidence concerning the long-term risks of cancer and autoimmunity post-
thymectomy. We conclude that for patients with acetylcholine receptor antibody-positive MG
and those diagnosed with thymoma, the removal of the thymus offers prominent benefits that
well outweigh the potential risks. However, incidental removal of thymic tissue during other
thoracic surgeries should be minimized whenever feasible.

The thymus is a primary lymphoid organ that serves as the site of T-cell maturation to assure a
robust response toward foreign antigens, while maintaining a tolerance toward self.1,2 During
life, structural changes affect the thymus, such as natural thymic involution related to aging or
alterations induced by stress or pathologic conditions.3-5 Historically, the prevailing belief was
that the thymus holds minimal significance in adulthood because of its involution. However, a
growing body of evidence challenges this perspective. There are reports that indicate that
sustaining thymopoiesis well into adulthood can have significant benefits while its deterioration
may elevate the risk of neoplasia and autoimmune disorders.6,7 Consequently concerns have
been raised that surgical removal of the thymus in a variety of clinical scenarios may lead to
deleterious consequences.

On the other hand, studies have documented unequivocal benefits of thymus removal in
specific cases, such as patients with certain autoimmune forms of myasthenia gravis (MG)8,9

and individuals diagnosed with thymic neoplasia who require surgery.10 Nevertheless, the
potential negative impact of surgical thymus removal on immune function, potentially leading
to increased rates of cancer and autoimmunity, deserves further scrutiny.11 Here, we briefly
review the function of the thymus, assess what is known about adverse effects of thymic
resection on immune function, and address the current limitations of our knowledge in guiding
clinical decisions concerning thymectomy.

Thymus Function From Fetus to Old Age
The purpose of the immune system is to protect the host from foreign invasion, whether the
threat is extrinsic, such as bacteria, viruses, or fungi, or intrinsic, as in neoplasia. Given the
countless antigens a person encounters during a lifetime, the task of ensuring tolerance to self
while mounting an effective response to nonself is daunting. T cells are the critical regulator of
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distinguishing self from foreign invaders. The thymus func-
tions to select T cells based on what is foreign and needs to be
eliminated and what is self. Those T cells that react to self-
antigens are eliminated, whereas those that recognized non–
self-antigens proceed through maturation. The thymus has 2
primary histologic components: the perivascular space and the
thymic epithelial space (TES), the latter further subdivided into
the cortical and medullary functional areas (Figure 1). The TES
is the site of active T-cell development or thymopoiesis.12

Progenitor cells from the bone marrow migrate to the thymus
entering through the cortical-medullary junction through
blood vessels. These progenitors are double-negative cells
lacking the coreceptors CD4 and CD8.1 They become com-
mitted to a T-cell lineage through the expression of both CD4
and CD8. These progenitor T cells begin the critical stage of
gene rearrangement at the T-cell receptor (TCR) locus to
ultimately generate a unique TCR, as well as generating ma-
ture, double-positive thymocytes. A double-positive cell

Figure 1 T-Cell Development in the Thymus

Hematopoietic progenitor cells enter the thymus and migrate to the outer cortex as immature double-negative (DN) thymocytes, lacking both CD4 and CD8
coreceptors. The DN population matures as observed by the CD44 and CD25 expression: CD44+CD25− (DN1), CD44+CD25+ (DN2), CD44−CD25+ (DN3), and
CD44−CD25− (DN4). During this time, the DN thymocytes also express the pre-TCR consisting of a TCR β-chain and an invariant preTCR α-chain (pTα) allowing
the TCRβ gene rearrangements. Expression of the preTCR enables DN cells with productive TCRβ rearrangements to differentiate into CD4+CD8+ double-
positive (DP) thymocytes and the rearrangement of the TCR α-chain to begin. Positive selection through the interaction with the MHCI and MHCII on the
cortical thymic epithelial cells (cTECs) determines the fate of the thymocyte during TCRβ and TCR α gene rearrangements. The thymocytes travel to the
medulla as single-positive CD4+ or CD8+ to undergo central tolerance through negative selection by interacting with the dendritic cells, medullary thymic
epithelial cells (mTECs) and B cells. The recognition of self will direct the cell to an apoptotic pathway or a regulatory T-cell fate. Mature CD4+ and CD8+

thymocytes can then exit the thymus and begin their role in immune regulation.

Glossary
MG = myasthenia gravis;MHC = major histocompatibility;MR = magnetic resonance; TCR = T-cell receptor; TES = thymic
epithelial space; TREC = T-cell receptor excision circle.

2 Neurology | Volume 102, Number 12 | June 25, 2024 Neurology.org/N

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
26

00
:3

87
:1

5:
14

15
::4

 o
n 

24
 M

ay
 2

02
4

http://neurology.org/n


interacts with cortical thymic epithelial cells, which express
major histocompatibility (MHC) complexes. This positive
selection process identifies T cells that will interact with
antigens in context of the MHC of the individual. If this
interaction does not occur, the cell dies within 3–5 days, a so-
called death by neglect, thereby eliminating T cells that would
not interact with MHC.13 The TCR recognition of MHC
class II drives the double-positive T cells to a CD4 fate,
whereas the fate of CD8 single-positive näıve T cells is reliant
on MHC class I signaling to the TCR.1 T cells that recognize
self with high affinity are eliminated through negative selec-
tion dependent on self-antigens expressed by medullary thy-
mic epithelial cells. Mature single positive CD4 or CD8T cells
then exit to the periphery as T helper or cytotoxic T cells,
establishing a robust repertoire of T cells with diverse TCRs
for host protection.

The human thymus begins to involute from the time of birth,
most likely as a normal process during general maturation;
however, the process is accelerated because of oxidative
damage by reactive oxygen species with further aging.3,14 The
thymus slowly undergoes involution through a person’s life,
coinciding with other aspects of the immune system. The
involution is seen as a rapid and irreversible component of
aging or response to stress. The thymus undergoes structural
changes, with a decrease in the number of functional thymic
epithelial cells and a shift toward more fatty tissue.4 The
stromal cells in the medullary region of the thymus demon-
strate a decrease in tissue restricted antigen expression sug-
gesting that the maturation of näıve T cells declines,
potentially placing the host at risk for self-reactivity.5 The
peripheral T-cell repertoire becomes less diverse. This phe-
nomenon of thymic involution, coupled with the broader
concept of immune senescence, is shared among vertebrates.
The decline most likely contributes to increased susceptibility
to infections, cancer, and autoimmune diseases as well as a
reduced response to vaccination as people age.15Whether this
natural decline in immunity serves an evolutionary advantage
or is a result of mechanisms supporting robust immune re-
sponses in early life but not later in life is an open question.5,16

Enhancing immune function in the elderly is an active area of
therapeutic development.17-19

Diseases Association With
Thymic Pathology
In addition to natural age-related involution, thymic changes
can be observed in different situations. During pregnancy,
acute thymic involution due to hormonal changes is observed
which may contribute to maternal–fetal tolerance.20 Stress,
pathogen infection, and even drugs can also trigger acute
thymic involution associated with the induction of thymocyte
apoptosis. These involutions are transient, and the thymus
recovers rapidly.21 In elderly individuals, thymic involution is
associated with immunosenescence and an increase in
proinflammatory cytokines (inflammaging), which can affect

T-cell development and explain the increased incidence of
autoimmunity.18

Thymic hyperplasia is characterized by an increase in the size
and weight of the thymus, defined as true thymic hyperplasia,
and at times is observed as a rebound phenomenon in patients
recovering from acute thymic atrophy.21 By contrast, lym-
phofollicular hyperplasia is associated with ectopic germinal
centers, often but not necessarily associated with true thymic
hyperplasia. Thymic hyperplasia can be associated with spe-
cific diseases, such as thymomas or MG,22 as described below.
Thymic hyperplasia may also be observed in other autoim-
mune diseases, such as Grave disease and Sjögren syndrome
but the link with the pathology is not clearly established.23,24

Thymomas are neoplasms originating from thymic epithelial
cells and represent one of the most prevalent types of adult
tumors located in the anterior mediastinum. The histologic
classification established by the World Health Organization
includes type A, B1, B2, B3, and AB thymomas. Type A was
classified as medullary thymomas, types B1 and B2 as cortical
thymomas, type AB as mixed thymomas (involving both
cortical and medullary epithelial cells), and type B3 as atypical
thymomas. Thymoma is associated with several paraneo-
plastic syndromes, with MG being the most common, mainly
linked to B1 and B2 thymoma types. In addition, other dis-
eases may be observed in concert with thymoma, including
systemic lupus erythematosus, rheumatoid arthritis, neuro-
myotonia, vitiligo, or pemphigus.25 The incidence of MG in
patients with thymoma is approximately 30%, although this
rate exhibits considerable variability across studies.26,27

MG with autoantibodies targeting nicotinic acetylcholine re-
ceptors at the neuromuscular junction is frequently associated
with thymic abnormalities. The thymus can be considered as
the effector organ. Thymic changes are clearly observed in the
early-onset form of the disease and less often in late-onsetMG
(above the age of 50) as the thymus naturally involutes.28 In
MG, the thymus is characterized by B-cell infiltration, and
50%–60% of specimens display lymphofollicular hyperplasia
defined by the development of ectopic germinal centers in the
thymic medulla.29,30 Germinal centers are structures usually
found in secondary organs and are responsible for the pro-
liferation, differentiation, and generation of memory B cells
and plasma cells. In MG, the degree of lymphofollicular hy-
perplasia correlates with acetylcholine receptor antibody
levels,28,31 but not clinical disease severity.32 In parallel to
thymic germinal center development, neoangiogenesis is also
observed with a large number of endothelial venules sur-
rounding germinal centers and lymphatic vessels.33 These
vessels promote peripheral cell infiltration through the ex-
pression of diverse chemokines.34 In early-onset MG, the
thymus is highly inflammatory, and this affects the de-
velopment of T cells inducing an imbalance between regula-
tory T cells and pathogenic Th17 cells.35,36 For decades,
thymectomy has been performed as a treatment for patients
with MG.37 More recently, a randomized controlled trial of
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thymectomy in adult patients with acetylcholine receptor
antibody-positive MG demonstrated clinical improvement at
3 and 5 years.38 The beneficial effect likely relates to removal
of autoreactive T cells and reduced cytokine secretion,
memory B cells, and plasma cells by resection of the in-
flammatory thymus.

Thymectomy as Therapy
In the late 19th century, thymic pathology in patients with
MG was first appreciated.39 Sauerbruch performed a thy-
mectomy for treatment of a young woman with severe hy-
perthyroidism, who also had MG, noting an improvement in
MG-related weakness. Blalock was the first to perform thy-
mectomy specifically for treatment of MG, first in the setting
of thymic tumor and then in patients without neoplasia.37,40,41

Keynes42 provided support for performing thymectomy in a
large series of MG patients without thymoma. Subsequent
studies with long-term follow-up confirmed favorable out-
comes after thymectomy for patients with MG,43,44 including
children.45 Nonetheless, some studies casted doubt on its
effectiveness, revealing significant variations in methodologi-
cal rigor, follow-up durations, and criteria of improvement. A
1990 survey of experts in MG care demonstrated wide vari-
ation of referral for thymectomy with some experts never
recommending surgery.46 In 2000, a practice parameter of the
American Academy of Neurology concluded that all published
studies had serious flaws, but removal of the thymus could be
recommended as an option for treatment of patients without
thymoma.47 There was no comment on autoantibody status,
disease severity, age, or sex as factors for selection of patients.

The practice parameter did stimulate an international con-
sortium of neurologists, thoracic surgeons, pathologists, and
scientists to organize a randomized phase 3 trial of thymec-
tomy plus prednisone vs prednisone alone. In 2016, the re-
sults of the study were published, and thymectomy with
prednisone was demonstrated to be beneficial for patients
with acetylcholine receptor antibody-positive generalized
MG.8 The new data led the American Academy of Neurology
to revise their practice parameter to recommend that neu-
rologists advise patients with acetylcholine receptor antibody-
positive generalized MG to consider thymectomy but to
balance the benefit with the discomfort and costs of surgery.48

Several national and international consensus treatment
guidelines recommend thymectomy for patients younger than
50 years with acetylcholine receptor antibodies.9,49,50

For thymomas, regardless of a relationship to autoimmune
disease, the National Comprehensive Cancer Network
(NCCN) guidelines indicate resection as the standard of
care.51 Rare patients with significant comorbidities including
advanced age may not benefit from surgical removal of the
tumor, especially when the growth rate of the tumor is not
expected to impact life expectancy or the complexity of sur-
gical removal poses a high likelihood of complications.

In a general way, there are 2 types of thymectomy—standard
in which the gland is removed within the confines of an often
ill-defined capsule—and radical (extended) thymectomy in
which the majority of anterior mediastinal fatty tissue is re-
moved from phrenic nerve to phrenic nerve and from the
diaphragm to the thyroid (Figure 2).52 Comparative efficacy
of these 2 types of resection for MG is an area of controversy.
Several reports indicate there are relatively widespread rests of
thymic cells in the fatty tissue of the anterior mediastinum and
lower neck (Figure 2).53 The 2016 randomized trial used a
trans-sternal extended thymectomy for the surgical resection
with the thought that it would offer the maximal benefit. The
trial was organized and initiated at a time before wide ac-
ceptance of less invasive procedures. Most thymectomies are
now done by a minimally invasive approach, either video-
assisted or robot-assisted. Although rests of thymic cells have
been noted in the mediastinal fat separate from the thymus
gland proper, there is a paucity of good evidence that removal
of this additional fat dramatically improves outcomes of MG
after thymectomy. A pathologic study examined the number
of germinal centers in patients with MG who had an extended
thymectomy and found no germinal centers in the pericardial
fat.53 Another study indicated there were widespread thymic
rests that were not surgically accessible and are thus left be-
hind, even after an extended thymectomy.54 It is unknown as
to whether these thymic rests have any active immunologic
function. The same uncertainty exists to a degree regarding
resection of thymomas; many surgeons resect just the thy-
moma while others resect the adjacent thymus and medias-
tinal fat along with the tumor. Questions remain as to whether
the additional resection of fat and thymus is necessary or
improves recurrence rates. A recent meta-analysis in thymoma
compared restricted thymoma removal with complete thy-
mectomy with thymomectomy and reported no difference in
recurrence or thymoma-related deaths.55 Pathology reports
are difficult to interpret after thymoma resections and typi-
cally do not definitely state whether all surrounding normal
thymus has been resected. Patients after thymoma resection
may have some or all of their normal thymus remaining.
Careful reading of the operative note in conjunction with
review of the preoperative imaging and the pathology report
can lead to a reasonable degree of certainty as to the com-
pleteness of any thymectomy.

In addition to thymic resections for MG and thymoma, the
gland may be removed as part of other surgeries. The thymus
is removed incidentally during cardiac surgery in neonates and
infants as the normally large infant thymus can block the
operative field and access to the aorta. Most surgeons remove
both lobes of the thymus in such cases. In adult cardiac sur-
gery some thymus may be removed but it is very uncommon
that a total thymectomy is done. In about 2 percent of cases,
parathyroid adenomas are located in the superior mediasti-
num within the thymus as a result of the embryologic de-
velopment of the parathyroid gland. Usually parathyroid
adenomas can be accessed and removed with a cervical ap-
proach from the neck. In such cases only a small portion of the
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unilateral superior thymus is removed. In rare instances a total
thymectomy is done to remove a parathyroid adenoma.56

Up until recently thymectomy was performed for enlarged
thymic glands thought to represent thymic tumor but in re-
ality were simply thymic hyperplasia.57,58 Thymic hyperplasia
can be PET avid, which had previously increased the concern
for a thymic tumor. However, with more widespread use of
magnetic resonance (MR) and increased training of the ra-
diology community, a reliable diagnosis of thymic hyperplasia
can be made and thymectomy avoided. On CT, thymic hy-
perplasia is in a midline location and has a bipyramidal shape
often with intercalated fat.59 Chemical shift MR can be used to
detect microscopic fat which is highly suggestive of thymic
hyperplasia.60 In addition, in the past, thymectomy was done
for small thymic lesions thought to be thymomas, but which
turned out to be benign thymic cysts. CT may not properly
identify the nature of small rounded thymic lesions that have
density higher than water, which suggest a possible thymoma.
However, many thymic cysts exhibit greater density than expected
because of microscopic bleeding. On the other hand, MR is

extremely helpful in making a firm diagnosis of a thymic cyst,
which exhibits thin smooth walls with no nodularity or
septations.e1

Does Surgical Removal of the Thymus
Have Deleterious Consequences?
Surgical removal of the thymus has generally been considered
to have minimal consequence. Investigations of children and
adults who underwent removal of thymus during cardiac
surgery for congenital heart defects have not demonstrated
deleterious clinical impacts.e2-e5 This is particularly surprising
because one would expect thymectomy in early life to have the
most significant impact. Despite the lack of adverse effects, the
number of circulatory T cells after thymectomy is consistently
found to be reduced, and T-cell receptor excision circles
(TRECs), which assess production of new T cells and mea-
sure thymus preservation, also decrease in number.e6 In-
terestingly, individuals who have undergone partial thymectomy
show an increase in TRECs in the months after the operation.e7

Figure 2 Surgical Anatomy of the Thymus

The illustration depicts the anatomy of the thymus. A and B
designate the classic depiction of the thymus with majority
of thymus in the cervical mediastinum. However, thymic
tissue is frequently found outside these areas extending to
the neck and the mediastinum. The black identifies thymus
tissue and gray is fat, which may have small amounts of
thymic tissue or only microscopic thymus. The percentages
estimate the percentage of thymus and fat. Used with per-
mission of Wolters Kluwer Health, Inc. published Jaretzki
et al.52
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It is important to note that thymectomy would not have any
effect on the established peripheral T-cell repertoire.

Recently, a report published in the New England Journal of
Medicine raised concern about the deleterious consequences
of thymectomy in adults.11 In this retrospective observational
study of 1,146 patients who underwent thymus removal and
had a matched control that had undergone cardiothoracic
surgery without thymectomy, patients who had their thymus
removed were at increased risk of all-cause mortality, cancer,
and autoimmune disease. The risk of death and development
of a variety of cancers in the first 5 years after surgical thymus
removal was 2-fold the rate in controls, with a lesser increased
risk extending over a period of 20 years. The increased risk of
postoperative autoimmune disease was observed at 5 years
after excluding patients with preoperative infection, cancer,
and autoimmune disorders, but did not persist. As expected
from previous studies,e6 Kooshesh et al.11 did observe reduced
TRECs vs controls, but this was only assessed in a much
smaller subgroup (22 thymectomy patients; 19 controls).
Proinflammatory cytokines measured in plasma were higher
in these patients. However, the timing of the sampling for
these assays in relationship to surgery is not specified, which
could influence the interpretation of results.

The study raised concern among health care providers and
patients about the routine removal of the thymus during
cardiothoracic procedures. This concern has been extended to
neuromuscular neurologists who recommend thymectomy in
the management of MG. The apprehension does not center
on patients with thymomatous MG; indeed cancerous or
suspected thymic mass was the indication for thymectomy in
871 of the 1,146 cases surveyed.11 Given the prominence of
the journal and the supportive, noncritical nature of the ac-
companying editorial,e8 the conclusions of the study may dis-
suade physicians and the majority of patients with generalized
MG who are nonthymomatous from considering a safe proce-
duree9 that yields clear long-term benefits extending to at least 5
years in a randomized, controlled extension study.8,38

Several methodological issues with the study by Kooshesh
et al.11 bear consideration. The large number of cancerous or
suspected thymic masses in the thymectomy group raises the
question of whether the increased relative risks of death or
subsequent cancer relate more to a thymic irregularity, itself,
or to the gland’s removal. The appropriateness of a matched
control group undergoing more routine cardiac surgery can
also be questioned in this context. Related to this point, per
Table S1 of the study by Kooshesh et al.,11 only 265 thy-
mectomy patients had parathyroid or thyroid excisions, car-
diac surgery, or indeterminate indications for thymectomy. In
such cases, a complete resection of the multicentric thymus
gland is generally not performed. Cervical extensions of the
gland are typically not removed during cardiac surgery.

In contrast to the findings in the study by Kooshesh et al.11

previous studies in patients with MG have not observed

increased health risks from thymectomy. One investigation
found no increase in cancer after thymectomy,e10 whereas
another study found the risk of extrathymic tumors in patients
with MG who had undergone thymectomy was no higher
than that in the general population after the second post-
operative year.e11 A potential protective effect of MG in the
development of extrathymic tumors has also been observ-
ed.e12 Similarly, a signal of increased malignancy rates has
not been observed in the Society of Thoracic Surgeons
Congenital Heart Surgery Database, the largest database in
North America of congenital cardiac malformations con-
taining 600,000 congenital heart surgery procedure records
from more than 1,000 participating physicians.e13

The increased risk of mortality observed by Kooshesh et al.11

occurred very early after surgery, potentially due to selection
bias among the 2 studied populations. The survival curves
remain almost parallel beyond the first year. Therefore, the
risk could rationally be attributed more to direct innate risks
of undergoing surgery. Furthermore, the investigators did not
specify in the patient matching process whether the type and
date of surgery were taken into account. The thymectomized
group included patients from 1993 to 2020 while the control
group included patients from 2000 to 2019. Surgical proce-
dures and postoperative care may have differed, particularly
for the thymectomy group in that first decade of the time
period.

For the risk of autoimmunity, there was no significant dif-
ference and the authors simply mention “thymectomy
appeared to have transiently and modestly increased the risk
of autoimmune disease.” In Figure S9 of Kooshesh et al.,11 in
the group without prior autoimmunity, 16 percent developed
MG but no mention of thymoma is made. Because MG is a
rare disease, the quoted percentage is extremely high, which
suggests that there was already a bias in favor of autoimmunity
despite excluding patients with clinical symptoms of such.
Table S9 shows a difference in the male/female ratios, with
significantly more women in the thymectomy group, which
is a subgroup generally at higher risk to develop autoim-
munity in the first place. In addition, the average age of
controls in years at the time of assessment was 78 and 65 at
the time of surgery; for the thymectomy group the age at
evaluation was 68 years and 50 years at the time of surgery.
While there was an attempt to have matched cohorts, and
the mean ages seem to match, the analyses do not appear to
adjust for covariate imbalances given the use of a log-rank
test on the survival curves. This may confound the cen-
soring patterns of follow-up of the participants, possibly
eliminating earlier deaths from the control group. Among
the subgroups there are large differences in gender, as-
sessment age and age at surgery, so the mean values may
not reflect the adequacy of the matches for the questions
being asked.

Finally, data from the biological assays need to be viewed with
caution. Granted, immune analyses showed differences in the
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thymectomy group vs matched controls, but this was ob-
served in a small subpopulation, under 2%, of the entire study
group. Furthermore, the implications of such changes remain
uncertain. Näıve T-cell populations are long-lived,e14 so the
premise that postthymectomy changes in lymphocyte pop-
ulations would lead to a near immediate impact on death rates
seems implausible.

Conclusion
In summary, there remains much to learn about the impact
of immunosenescence on development of systemic in-
flammation, autoimmune diseases, and cancer. The future de-
velopment of therapies that allow return of immune function to
a more youthful time in a person’s life is an important area of
investigation, especially given the aging population in many
countries.e15 Understanding that the thymus may play an im-
munologic role throughout life, it seems only prudent that
“unnecessary” thymectomy in the setting of cardiac surgery,
thymic hyperplasia or benign cysts be avoided. However, the
benefit of thymectomy in thymic tumors and to reduce dis-
ability of MG reinforces the established position of thymic
resection among the community of thoracic surgeons and
neurologists caring for these patients and their families. Similar
to other “gray areas” ofmedicine, a greater understanding of the
physiology of aging and the true impacts of intervention should
lead to refinement of therapeutic approaches.
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