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Advances in thoracic surgery for thymic tumors: extended
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Most thymic tumors are thymomas and they are found
either incidentally or with diagnostic workup for myasthenia
gravis (MG). There are 4 typical radiological findings: (I)
the small mediastinal tumor with a more or less central
position well surrounded by thymic tissue, (II) the large but
well-confined tumor with visible or anticipated tissue layers
between the tumor and pericardium, lung, and sternum as
well as the larger vessels, (III) the thymic tumor with an
irregular shape, without tissue layers as margin to the other
mediastinal organs, and supposedly showing tumor, node,
metastasis (TINM) stage III features during mediastinal
dissection or at least being in close contact with the
phrenic nerve, and (IV) a tumor with primary questionable
resectability and requiring a biopsy for differential diagnosis
before the therapeutic decision.

Open surgery vs. minimally invasive surgery (MIS)

A meta-analysis of published reports between 1995 and
2014 analyzed MIS versus open surgery for thymoma and
found MIS thymectomy to be safe and to achieve similar
oncological results compared to open thymectomy for
selected patients with thymic malignancy (1).

The actual report from the European Society of Thoracic
Surgeons (ESTS) database compared retrospective data
between 1990-2010 with prospective data between 2007-
2017. The increased percentage of MIS thymectomies from
6 to 33% contained robotic surgery 2% to 13%) (2).

Increasing numbers of robotic, as well as thoracoscopic
non-robotic thymectomies (6% to 14% and 8% to
15%, respectively), were registered in the US between
2010-2014. With propensity-matching analysis, there
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were no differences in the 5-year overall survival (OS) rate
between robotic-assisted thymectomy and thoracoscopic
non-robotic thymectomy (3). Another national database
analysis confirmed equal 5-year survival of open and MIS
thymectomy (4). Most of the actual literature summarized
data of patients operated on until nearly 5 years back,
therefore, according to the general acceptance of MIS, the
namely robotic-assisted technique for thoracic surgery, a
further tremendous increase in MIS for thymic epithelial
tumor (TET) can be expected by looking at actual records.

A meta-analysis investigating the influence of the
surgical technique for thymectomy on complete stable
remission (CSR) in MG has shown solid evidence for MIS
thymectomy. Extended minimally invasive techniques
were found to have CSR rates comparable to extended
transsternal techniques in patients with thymoma, and are
thus suitable in the hands of skilled surgeons (5).

Tumor size has a potential impact on the
prognosis of patients with thymoma

In terms of tumor size, a single-center study of 154 patients
found that thymoma size >4 cm was an independent
predictive predictor for progression, which was also shown
in TNM stage I thymoma (6). No difference in mid-term
oncological results with robotic thymectomy for large
thymoma (n=39, mean 6.2 cm) compared to small thymoma
(n=42, mean 2.9 cm) was found with a cut-off at 4 cm of size
(Charité-Universititsmedizin Berlin, unpublished data).
Repeatedly the feasibility of robotic thymectomy for
larger thymoma as compared to sternotomy has been shown
(7,8). A technical recommendation for the larger thymomas
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is the use of a 4-trocar-robotic approach including the
subxiphoid entrance.

The Korean Association for Research of the Thymus
accomplished another four-center research on limited
thymectomy for early-stage thymoma. Limited thymectomy
was not inferior to complete thymectomy in 295/762 patients
with early-stage thymoma in terms of recurrence (9).
Large thymoma and limited thymectomy appear to be
related to an increased risk of MG after surgery. Patients with
thymoma should have their acetylcholine receptor antibody
(AchR-Ab) levels evaluated before and after surgery (10).

Surgery-related aspects with TETs

The extent of surgical resection and the choice of whether
to perform lymph node dissection also have an impact on
the clinical prognosis of patients with TETs. Among 13/
131 patients with lymph node involvement, only patients
with thymic carcinoma (25%) or B2/B3 thymoma had been
affected. Though long-term outcomes in thymic tumors
were not improved, lymph node dissection improved the
prediction of prognosis by more accurate staging (11).

In the Japanese Nationwide database, surgical results of
patients with Masaoka-Koga stage III thymoma were shown
to be satisfactory unless chest wall invasion was present (12).

A comprehensive analysis of thymoma-related
paraneoplastic syndromes includes 507 patients from 407
publications across 59 years and 123 unique paraneoplastic
disorders. Surgical resection is related to increased OS and
helps achieve remission of the paraneoplastic syndrome in
the majority of patients (13).

The conservation of the phrenic nerve is a crucial
consideration for surgery in advanced stage thymomas,
particularly in patients with severe comorbidities such as MG.
The nerve-sparing method was possible in 37/140 patients
with Masaoka-Koga stage III and IVa thymoma during median
sternotomy surgery and allowed for suitable local control with
postoperative radiotherapy (PORT) (14). Robotic-assisted
operation technique can also perform adequately phrenic
nerve-sparing thymectomy in selected cases of advanced
thymoma (Charité database video, Video S1).

Development in non-surgical treatment options
for TETs accompanying surgery should also be
considered

Surgical therapy for thymic tumors with pleural
involvement should select the patients and should be
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performed in a multimodality setting. The procedural
choice depends upon the extent of tumor distribution. In
152 patients from 12 institutions over 37 years the ESTS
working group found surgery-supported multimodality
setting efficient for local control with excellent results
regarding OS, disease-free survival (DFS), cancer-specific
survival (CSS), and freedom from recurrence (FFR) (15). In
certain patients, surgical cytoreduction with hyperthermic
intrathoracic chemotherapy (HITOC) was possible, and the
survival rates were promising (16).

Future decision making for comprehensive therapy of
TETs might also include immune check-point inhibitor
therapy, but their potential risk of severe autoimmune
adverse events would have to be better controlled (17).

Targeted therapy for thymic malignancies is encouraging
but limited by the small number of druggable genetic
abnormalities that have been identified to date. Multi-
targeted kinase inhibitor Lenvatinib’s activity and safety
research show that it might be used as a conventional
therapy option for patients with advanced or metastatic
thymic cancer who have already been treated (18).

In 14 patients with Masaoka stage II invasive thymoma
with lesions of the thymoma capsule, intraoperative
radiotherapy was proven to be safe when given locally to
the tumor bed at a dosage of 10 Gy. There was no obvious
increase in operation- or radiation-related complications,
nor was there any effect on critical organs like the heart or
lungs. Long-term effectiveness should be expected (19).

Forty-one thymomas and 49 thymic carcinomas with
complete excision in stage pT3NOMO were evaluated in a
multi-institutional investigation. Adjuvant treatment for
thymic cancer with superior vena cava (SVC) or innominate
vein invasion was linked with increased survival, whereas
lung invasion was related to poor survival (20).

The latest advances to support surgery by PORT
consist of the summary of 3 publications: PORT improved
the recurrence-free survival (RFS) and OS in Masaoka/
Koga stage III but did not show a survival benefit in stage
II in 668 thymoma patients (527 stage II and 141 Stage
IIT) treated between 1/2000 and 12/2013 in 4 Korean
hospitals (21). Patients with completely resected Masaoka-
Koga stage I1/ III thymoma may benefit from PORT,
according to a meta-analysis of 4,746 patients from five
Japanese studies (22). A phase III, open, randomized research
comparing PORT to surveillance in stage IIb/III Masaoka-
Koga thymoma following complete surgical resection
has just begun, with 314 patients from 15 specialized
French institutions expecting to have outcomes in 2028 (23).
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In summary, refinements of minimally-invasive and
extended operation techniques are embedded in new and
improved therapeutic tools of the comprehensive treatment
strategy of thymic malignancies.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editors (Malgorzata Szolkowska, Mirella
Marino, Katarzyna Blasinska, Magdalena Knetki-
Wroblewska, and Giuseppe Cardillo) for “The Series
Dedicated to the 11th International Thymic Malignancy
Interest Group Annual Meeting (Virtual ITMIG 2021)”
published in Mediastinum. The article has undergone
external peer review.

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at https://med.
amegroups.com/article/view/10.21037/med-21-62/coif).
“The Series Dedicated to the 11th International Thymic
Malignancy Interest Group Annual Meeting (Virtual
I'TMIG 2021)” was commissioned by the editorial office
without any funding or sponsorship. The authors have no
other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Friedant AJ, Handorf EA, Su S, et al. Minimally Invasive
versus Open Thymectomy for Thymic Malignancies:

© Mediastinum. All rights reserved.

10.

11.

12.

Page 3 of 4

Systematic Review and Meta-Analysis. ] Thorac Oncol
2016;11:30-8.

Ruffini E, Guerrera F, Brunelli A, et al. Report from

the European Society of Thoracic Surgeons prospective
thymic database 2017: a powerful resource for a
collaborative global effort to manage thymic tumours. Eur
J Cardiothorac Surg 2019;55:601-9.

Kamel MK, Villena-Vargas J, Rahouma M, et al. National
trends and perioperative outcomes of robotic resection

of thymic tumours in the United States: a propensity
matching comparison with open and video-assisted
thoracoscopic approachest. Eur J Cardiothorac Surg
2019;56:762-9.

Yang CJ, Hurd J, Shah SA, et al. A national analysis of
open versus minimally invasive thymectomy for stage I to
IIT thymoma. J Thorac Cardiovasc Surg 2020;160:555-
567.el5.

Solis-Pazmino P, Baiu I, Lincango-Naranjo E, et al.
Impact of the Surgical Approach to Thymectomy Upon
Complete Stable Remission Rates in Myasthenia Gravis: A
Meta-analysis. Neurology 2021;97:¢357-68.

Fukui T, Fukumoto K, Okasaka T; et al. Prognostic impact
of tumour size in completely resected thymic epithelial
tumours. Eur J Cardiothorac Surg 2016;50:1068-74.
Kneuertz PJ, Kamel MK, Stiles BM, et al. Robotic
Thymectomy Is Feasible for Large Thymomas: A
Propensity-Matched Comparison. Ann Thorac Surg
2017;104:1673-8.

Wilshire CL, Vallieres E, Shultz D, et al. Robotic
Resection of 3 cm and Larger Thymomas Is Associated
With Low Perioperative Morbidity and Mortality.
Innovations (Phila) 2016;11:321-6.

Narm KS, Lee CY, Do YW, et al. Limited thymectomy

as a potential alternative treatment option for early-stage
thymoma: A multi-institutional propensity-matched study.
Lung Cancer 2016;101:22-7.

Kim A, Choi SJ, Kang CH, et al. Risk factors for
developing post-thymectomy myasthenia gravis in patients
with thymoma. Muscle Nerve 2021;63:531-7.

Hwang Y, Park IK, Park S, et al. Lymph Node Dissection
in Thymic Malignancies: Implication of the ITMIG
Lymph Node Map, TNM Stage Classification, and
Recommendations. ] Thorac Oncol 2016;11:108-14.
Yamada Y, Yoshino I, Nakajima ], et al. Surgical Outcomes
of Patients With Stage III Thymoma in the Japanese
Nationwide Database. Ann Thorac Surg 2015;100:961-7.

. Zhao J, Bhatnagar V, Ding L, et al. A systematic review

of paraneoplastic syndromes associated with thymoma:

Mediastinum 2023;7:9 | https://dx.doi.org/10.21037/med-21-62


https://med.amegroups.com/article/view/10.21037/med-21-62/coif
https://med.amegroups.com/article/view/10.21037/med-21-62/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 4 of 4

14.

15.

16.

17.

18.

Treatment modalities, recurrence, and outcomes in
resected cases. ] Thorac Cardiovasc Surg 2020;160:306-
314.e14.

Aprile V, Bertoglio P, Korasidis S, et al. Nerve-Sparing
Surgery in Advanced Stage Thymomas. Ann Thorac Surg
2019;107:878-84.

Moser B, Fadel E, Fabre D, et al. Surgical therapy of
thymic tumours with pleural involvement: an ESTS
Thymic Working Group Project. Eur J Cardiothorac Surg
2017;52:346-55.

Markowiak T, Neu R, Ansari MKA, et al. Surgical
Cytoreduction and HITOC for Thymic Malignancies
with Pleural Dissemination. Thorac Cardiovasc Surg
2021;69:157-64.

Ak N, Aydiner A. Nivolumab treatment for metastatic
thymic epithelial tumors. ] Oncol Pharm Pract
2021;27:1710-5.

Sato J, Satouchi M, Itoh S, et al. Lenvatinib in patients

with advanced or metastatic thymic carcinoma (REMORA):

a multicentre, phase 2 trial. Lancet Oncol 2020;21:843-50.

doi: 10.21037/med-21-62
Cite this article as: Riickert JC, Huang L. Advances in thoracic

surgery for thymic tumors: extended abstract. Mediastinum
2023;7:9.

© Mediastinum. All rights reserved.

19.

20.

21.

22.

23.

Mediastinum, 2023

Cui TX, Dai JG, Li JM, et al. Safety and efficacy of
INTRABEAM intraoperative radiotherapy for invasive
thymoma. Medicine (Baltimore) 2020;99:¢20964.

Tang EK, Chang JM, Chang CC, et al. Prognostic

Factor of Completely Resected and Pathologic T3

NO MO Thymic Epithelial Tumor. Ann Thorac Surg
2021;111:1164-73.

Song SH, Suh JW, Yu WS et al. The role of postoperative
radiotherapy in stage II and III thymoma: a Korean
multicenter database study. ] Thorac Dis 2020;12:6680-9.
Tateishi Y, Horita N, Namkoong H, et al. Postoperative
radiotherapy for completely resected Masaoka/Masaoka-
Koga stage II/IIT thymoma improves overall survival:

An updated meta-analysis of 4,746 patients. Journal of
Thoracic Oncology 2021.

Basse C, Botticella A, Molina TJ, et al.
RADIORYTHMIC: Phase III, Opened, Randomized
Study of Postoperative Radiotherapy Versus Surveillance in
Stage IIb/III of Masaoka Koga Thymoma after Complete
Surgical Resection. Clin Lung Cancer 2021;22:469-72.

Mediastinum 2023;7:9 | https://dx.doi.org/10.21037/med-21-62



The Nerve-sparing Procedure in Robotic-assisted Thymectomy

PROF. DR. MED. JENS-C. RUCKERT

Edited by: Luyu Huang, MD
Competence Center for Thoracic Surgery at the Charité — Universititsmedizin Berlin

)

Video S1 Nerve-sparing operation technique for robotic-assisted

thymectomy in a 60-year-old female patient with myasthenia gravis

accompanied by an 8 cm WHO-B3 thymoma.
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