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Background: Long-term survival outcomes are crucial for accurately determining the effectiveness of treatment in an indolent disease like thymoma. We aimed to analyze the clinical findings in terms of survival and relapse patterns with a median follow up of 105 months (8.7 years) in patients with thymoma and myasthenia gravis who underwent minimally invasive surgery between 2002 and 2015.



Methods: A total of 59 pathologically confirmed Masaoka Stage I and II thymoma patients with Myasthenia Gravis (MG) who underwent minimally invasive thymoma resection were included in this study. Primary aim of this study is to evaluate recurrences, overall and disease free survival in patients with a thymoma and MG in the long run. We also aimed to study the changes in Myasthenia Gravis medication during the follow-up.



Results: The mean age of the patients was 47.6 +/13.5 years. Seventeen patients were at Masaoka Stage I and 42 were at Masaoka Stage II. The median follow-up time was 105 months. The mean size of the tumor was 3.6 cm +/16.2 cm. Twenty-one patients (35%) received adjuvant radiotherapy. There was no postoperative mortality and median length of hospital stay was 4 days. Two patients developed recurrences both presented with pleural metastases. Eight patients died because of non-oncologic pathologies. 10-year disease free survival and overall survival rates were calculated to 96.6% and 86.4% respectively.



Conclusion: The 10-year survival analysis and current myasthenic status of stage I-II thymoma patients with myasthenia gravis who underwent minimally invasive surgery demonstrate that these procedures are both safe and effective.
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Introduction

Complete resection is the standard treatment in Masaoka stage I and II thymomas, provided all oncological principles of surgery are followed. Long term survival has always been the center of debate regarding thymoma resections with minimally invasive surgical techniques. In the literature, long term results of minimally invasive surgeries have been reported to have a 1 year minimum follow up with a median of 30 to 58 months of survival in the longest follow ups (1–5). There has always been a concern for increased risk of local recurrence with time, because of the reduced safety margins and the possible rupture of the capsule causing implantation of the tumor during endoscopic manipulations (6). Recurrence due to minor implantation in an indolent tumor would be expected to occur later in the life. For this reason, longer follow up is required to validate minimally invasive surgery for thymoma resection.



Methods


Patient selection and preoperative work up

A total of 59 patients who underwent thymoma resection with minimally invasive techniques between September 2002 and March 2015, were evaluated retrospectively. Inclusion criteria was specific to patients with pathologically confirmed Masaoka stage I-II thymomas and a diagnosis of myasthenia gravis (MG). All procedures were performed by the same surgical team at Istanbul University, Istanbul Faculty of Medicine, Department of Thoracic Surgery and Demiroglu Bilim University, Group Florence Nightingale Hospitals, Department of Thoracic Surgery.

We planned to restrict the study to the MG population, so as to keep the group uniform. All cases were diagnosed with MG preoperatively, and all patients’ thymomas were found during the work up in the neurology clinics. The patients underwent re-assessment by the neurology departments of corresponding hospitals in one week before the surgery (Istanbul Medical School, Department of Neurology and Demiroglu Bilim University, Group Florence Nightingale Hospitals, Department of Neurology). All patients had Acetylcholine antibody receptor levels and single fiber electromyography and chest computerized tomography (CT). All patients were evaluated by an experienced anesthesiologist preoperatively. If the anesthesiologist had concerns for bulbar muscle weakness, then the patients were reassessed by a neurologist. Additionally, the necessity for post-operative intensive care unit (ICU) admission was based on the anesthesiologist's and neurologist's recommendations.

The decision to proceed with operative intervention was based on detection of thymoma in radiological examinations without considering the clinical stage of myasthenia gravis. For all cases of thymoma, radiological evaluation was facilitated using CT chest without a contrast as all the patients had MG. After 2007, full body fluorodeoxyglucose positron emission computed tomography (FDG-PET CT) evaluation was performed in addition to CT chest. The aim of performing a PET CT was for differential diagnosis and staging (particularly mediastinal lymph node evaluation and detection of possible pleural implants). In cases where local invasion was suspected, contrast-enhanced magnetic resonance imaging (MRI) of the chest was performed. None of the cases were biopsied preoperatively. Neoadjuvant therapy was not given to any of the cases in this study. Patients who had intravenous immunoglobulin (IVIG) therapy underwent treatment 5–7 days prior to surgery. Surgery was always performed as the first case of the day. Patients received their medications as usual prior to the surgery with a small sip of water and follow-up treatments were maintained as they are scheduled.

All patient data was prospectively collected, and early patient data was submitted to International Thymic Malignancies Interest Group Database. Follow ups were done annually with a CT scan and last follow ups before this study was performed with phone calls by the authors.



Surgical details and postoperative stay

All cases were operated completely with minimally invasive techniques, 58 patients underwent VATS resection by a right sided approach, while 1 patient underwent a robotic right assisted approach. Extended thymectomy with “en bloc” resection was performed, including removal of the contiguous right and left mediastinal pleura, mediastinal and cardiophrenic fatty tissues, and dissection of aorta-pulmonary window in addition to complete thymectomy. After the year 2010, the surgery included mediastinal lymph node sampling. Resection principles included the “no touch” technique, which prohibits direct grasping of the thymoma tissue as previously described by ITMIG (6). The VATS technique employed three right sided ports. At the onset of surgery, if the thymoma shows macroscopic adhesions to the lung, a wedge resection is performed on the adjacent lung tissue and included in the thymoma specimen. Similarly, if adhesions are present in the pericardial plane, the pericardium is opened, and the adhered area is incorporated into the specimen. If the phrenic nerve appears to be invaded, it is sacrificed, and diaphragm plication is performed during the same procedure. Dissection was begun with normal thymic tissue, from either the upper pole or the lower pole on the right side. In thymoma surgery, particularly in myasthenic cases, meticulous care should be taken to visualize and preserve the left phrenic nerve (Figure 1). We recommend employing the “pull-down” technique for the complete removal of the thymus's upper poles (Figure 2). If the upper poles do not come off easily during traction, it suggests that the surrounding connective tissue is being pulled along with the thymic tissue. Ensuring dissection within the correct anatomical plane is crucial to avoid potential technical complications. The thymoma was mobilized as the last part of the operation, and the specimen was always removed in a retrieval bag (Figure 3). One of the incisions was enlarged for retrieval of the thymoma by exercising extreme caution to prevent specimen disruption. All pathological specimens were anatomically orientated in the pathology laboratory, and this was facilitated by the primary surgeon or the first assistance of the case. Tumors with mediastinal pleural invasion, which may be misdiagnosed as positive surgical margins by the pathologist, were oriented as the pleura not being a surgical margin, and negative surgical margins were decided with the pathologist to avoid any misunderstanding.


[image: Figure 1]
FIGURE 1
Intraoperative left phrenic nerve.
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FIGURE 2
Intraoperative right thymic pole pull-down.
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FIGURE 3
Thymectomy specimen.


All cases had a single right sided chest tube, or a Jackson Pratt drainage catheter, or both after surgery. Since all cases were in patients with MG, the need for postoperative ICU monitoring was decided with the attending anesthesiologists individually at the end of each surgery. Preoperative drug therapy for MG was continued postoperatively according to each individual's routine regimen until the first outpatient neurology assessment. Patients were usually discharged from the hospital the day after the removal of the chest tube.



Follow-up period and adjuvant therapy

The decision to proceed with surgery and the need for postoperative oncological treatment was made by the multidisciplinary tumor board including thoracic surgery, radiology, nuclear medicine, radiation and medical oncology, and pathology. Postoperative routine follow-ups were facilitated by both neurology and thoracic surgery. Radiological follow-up consisted of chest CT evaluation at 3 months, 1 year, and annually for 10 years, followed by every other year, thereafter. All cases that were pathologically diagnosed with capsular invasion prior to 2010, received adjuvant radiotherapy (RT). After 2010, only the cases diagnosed with WHO types B2 and B3 having capsular invasion received adjuvant RT. Postoperative PET CT evaluation was performed for persistent pleural effusion, pleural thickening, solid lesions seen in the operative bed or adjacent mediastinal and lung parenchymal tissue. Surgical excision was preferred in suspicious cases of radiological recurrence.

Cases were analyzed according to their age, gender, symptoms, myasthenic status, medical therapy prescribed for MG, adjuvant therapy, tumor size, lymph node dissection status, WHO pathological thymoma classification, recurrence rate, disease free survival (DFS), and 10-year overall survival (OS) results. Number Cruncher Statistical System (NCCS) Statistical Software (Utah, USA) program was used for statistical analysis. Kaplan-Meier survival analysis was used for survival evaluation. Statistical significance was set at p < 0.05.




Results

Mean age of the cohort was 47.6 ± 13.5 years (range 21–75 years) and 54.2% were female. With regard to the Masaoka Stage, 17 cases (28.8%) were Stage I and 42 cases (71.2%) were Stage II. Mean tumor size was 36.7 ± 16.2 mm (range 7–80 mm). Myasthenic status conforming to the Osserman-Genkins classification was observed as follows: 15 cases (25.5%) were Stage I, 22 cases (37.3%) Stage IIA, 14 cases (23.7%) Stage IIB, 3 cases (5.0%) Stage IIIA, and 5 cases (8.5%) Stage IIIB. Forty-two (71.2%) cases were evaluated radiologically with PET CT preoperatively.

Twenty-seven patients (45.8%) received preoperative IVIG therapy, and 3 (11.1%) of whom required intermittent IVIG therapy after the operation. Fifty-four cases (91.5%) were found to be on pyridostigmine therapy preoperatively and 38 cases (70.4%) no longer required pyridostigmine therapy after the operation. Thirty patients (50.8%) were prescribed steroids preoperatively, 22 (73.3%) of whom did not use steroids in the postoperative period. Two patients who were not on steroids before the operation were prescribed steroid therapy postoperatively. Five patients (8.5%) were receiving azathioprine preoperatively; 4 (80%) of these patients continued the therapy after surgery. Nine patients who were not on any immunosuppressive therapy before the operation were started on therapy in the follow-up period.

Only 1 case of thymoma resection was performed with robotic surgery (via right chest). All other cases were operated on using a right sided VATS approach with 3 ports. There were not any major surgical complications or unexpected conversions during the surgeries. Seventeen patients (28.8%) underwent additional mediastinal lymph node dissection during surgery. Pathologically, 18 cases (30.5%) were found to have type A-AB, 14 cases (23.7%) type B1, 22 cases (37.3%) type B2, and 5 cases (8.5%) type B3 according to the WHO pathologic classification of thymoma. ICU admission was needed for 33.9% of cases postoperatively. Median ICU stay length was 1 day (0–52 days) and median hospital stay was 4 days (2–68 days). Twenty-one cases (35.6%) had adjuvant RT.

Median follow-up period was 105 months (20–220 months) (Figure 4). In the 10-year follow-up period, oncological mortality secondary to thymoma was not observed. During the follow-up period, there were 8 cases of mortality. Overall 10-year survival was 86.4% (mean 193.11 months, SD: 8.66 months) (Figure 5).


[image: Figure 4]
FIGURE 4
Distribution curve of patients’ follow-up period.
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FIGURE 5
10-year overall survival.


Disease-free survival at 10 years was found to be 96.6% (median 104 months) (Figure 6). Recurrence was observed in 2 cases (3.4%) both of which were Masaoka Stage II. One patient had recurrence at the 58th month and was WHO type B3 case who had received adjuvant RT. On the other hand, the second patient had recurrence at the 114th month, and was WHO type B1 having received no adjuvant therapy. Recurrence developed in pleural and lung parenchymal tissue in one patient for which pleurectomy, decortication, lung wedge resections, and diaphragmatic resection was performed, followed by adjuvant chemotherapy. She was subsequently followed up for 3 years without recurrence. The other patient only had one pleural metastatic deposit which was excised with pleurectomy. Additionally, 3 cases underwent reoperation with open surgery due to concern of local recurrence within 2 years of postoperative period. All these 3 cases had adjuvant RT. Middle lobectomy was performed in one case and wedge resections were performed for the other two cases. Pathological examination did not report thymoma recurrence and confirmed radiation fibrosis.


[image: Figure 6]
FIGURE 6
10-year disease free survival.




Discussion

In this study, we have reported on Masaoka Stage I and Stage II thymoma patients with myasthenia Gravis who were operated with minimally invasive surgery and completed longitudinal follow up of 19 years. The study was restricted to the MG population for several reasons. First, MG patients are expected to develop signs and symptoms of recurrence earlier than non-MG patients. Second, there remains discussion on whether there is less benefit following thymectomy in patients with MG and we hoped to contribute some solid data to this unresolved issue. Third, we sought to understand if there is potentially more benefit to MG patients when follow up time is longer.

Oncologic outcomes following VATS and robotic assisted thymoma surgery have been studied in the literature several times with varying follow up periods, including early and mid-term outcomes, as well as long term outcomes (7–11). In reviewing these studies, mid-term outcomes were considered as a median follow up period of 27–48 months, whereas other publications considered long term outcomes with a median follow up of 43–59.5 months. In this study, we have reported on patients who completed a long follow up period, with a median follow up time up to 105 months. As the follow up period intersects with the start of our experience with robotic surgery for thymoma resection, this study includes only one robotic thymectomy with the remaining cases using the VATS approach.

During follow up, 5 patients underwent re-operation for suspected recurrence, 4 of whom had adjuvant radiation treatment. Of these, only 2 patients (3.4%) had pathologically confirmed recurrence while the remaining three were reported as fibrotic changes secondary to radiation. Disease-free survival at 10 years was found to be 96.6%. Eight patients died secondary to co-morbid conditions unrelated to thymoma. In a surgical thymoma series with different surgical approaches, published in 2003, 70 patients with Stage I and II thymomas were presented. Only 2 patients developed recurrence (2.8%) and a 5-year survival of 91% was reported. Authors claimed that the patients who died during the follow-up period were tumor free (12). These recurrence and survival rates correspond with the findings of our study, albeit with longer follow up period in our case (Figure 7). These favorable outcomes may be explained by the following: our study population does not include patients with thymic carcinoma, all resections were considered to be R0 (facilitated by use of frozen section and orientation of the specimen with the pathologist), high risk patients with invasion to adjacent organs were excluded from the study, and there was a high rate of adjuvant radiation therapy, in keeping with the recommendations at the time of the study.


[image: Figure 7]
FIGURE 7
Summary of study findings.


Minimally invasive resection of Masaoka Stage I and II thymomas may be considered safe. However, in patients with clinical Masaoka Stage III disease, phrenic nerve, lung, pericardial, or pleural resections may be needed. Even, when there is no invasion into these structures, radiologically they may be misinterpreted especially in borderline Masaoka Stage II. Greater experience in minimally invasive techniques may be required to prevent unnecessary tissue resection and damage in higher stage patients (13).

Long term outcome studies with a robotic platform for thymoma resections generally have limited duration of follow-ups. Authors, with a propensity score-matched analysis, compared minimally invasive and open surgery for thymoma resections, were unable to find significant differences in margin positivity and 5-year survival (89.4% vs. 81.6%) (1). There has been no significant difference in the R0 resection rate and locoregional recurrence in patients with Masaoka Stages I and II tumors in a meta-analysis when minimally invasive and open thymoma resections were compared (14). A multi-institutional experience with robotic thymectomy in 131 patients demonstrated that, 97.8% of patients were reported alive with a median of 42 months (5–159 months). A pleural recurrence was the reason for recurrence in one (0.7%) patient. The five-year overall survival rates were 97%, and the five-year thymoma-related survival rates were 100% (2).

In a recently published article, the midterm outcomes of robotic thymoma surgery were reported to be exceptional (11). Disease specific survival of the patients with thymoma and thymic carcinoma was 100% and 95.2%, respectively (11). Out of 158 patients operated with robotic surgery, two patients were reported to die from non-thymoma related causes and one patient with thymic carcinoma. In this experience Median follow-up time was 43 months (11).

Minimally invasive surgery for thymoma has always been linked with possible higher potential risk for pleural dissemination, which could be attributed to opening of the capsule during the surgery. Larger and cystic thymoma have higher risk for pleural dissemination (15). Recurrence rates of thymoma have been reported after minimally invasive surgeries changing from 0% to 6.7%, with a reported 5-year disease-free survival ranging from 83.3% to 96% (8, 16–19) (Table 1). Surgical treatment for Masaoka Stage I and II thymoma, has been reported to have an overall 5-year survival rate of 89% to 100% and disease-free survival of 71% to 95%, respectively, regardless of the approach (20). Minimally invasive thymoma series provided similar outcomes (20).


TABLE 1 Patient demographics.

[image: Table 1]

We have also presented some of the MG data based on the medications patients were on. Our data suggests that most of our patients did better after the surgery, whereas some MG resistant patients (9 patients) underwent additional immunosuppressive therapies (Table 2). The neurological outcomes of MG patients after robotic surgery have also been studied in patients with a thymoma resection (13). In a series by Romano et al., patients who had their thymus removed showed a complete stable remission (CSR) rate of 14.7% at 3 years and a clinical improvement in 77% of patients with MG. Conversely, 23.6% experienced either no substantial change or worsened symptoms.


TABLE 2 Medication changes during the follow up.

[image: Table 2]

One last important point may be needed to stress here. The results of VATS and RATS resections in cancer patients depend on the surgeon's training and skills. The team started the VATS thymectomy surgery in 2002 and shared their experience in the following years (21, 22). This point is quite relevant to avoid newcomers to the specialty being involved in complex techniques before being trained simply because good results are published.

In conclusion, minimally invasive thymoma resections show similar outcomes in the long term follow up with conventional methods. This study has the longest median follow up of MG patients after thymoma resection, in the literature to date (Table 3).


TABLE 3 Minimally invasive thymoma resection and long term outcomes.

[image: Table 3]



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Demiroglu Bilim University Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

EK: Data curation, Methodology, Project administration, Writing – review & editing. BÖ: Data curation, Formal Analysis, Writing – review & editing. JK: Writing – original draft, Writing – review & editing. EY: Data curation, Writing – original draft, Writing – review & editing. EE: Data curation, Formal Analysis, Investigation, Writing – review & editing. BÇ: Data curation, Formal Analysis, Investigation, Writing – review & editing. SD: Data curation, Investigation, Writing – review & editing. AT: Conceptualization, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Yang CJ, Hurd J, Shah SA, Liou D, Wang H, Backhus LM, et al. A national analysis of open versus minimally invasive thymectomy for stage I to III thymoma. J Thorac Cardiovasc Surg. (2020) 160:555–67. doi: 10.1016/j.jtcvs.2019.11.114

2. Marulli G, Maessen J, Melfi F, Schmid TA, Keijzers M, Fanucchi O, et al. Multi-institutional European experience of robotic thymectomy for thymoma. Ann Cardiothorac Surg. (2016) 5(1):18–25. doi: 10.3978/j.issn.2225-319X.2015.08.13

3. Pennathur A, Qureshi I, Schuchert MJ, Dhupar R, Ferson PF, Gooding WE, et al. Comparison of surgical techniques for early-stage thymoma: feasibility of minimally invasive thymectomy and comparison with open resection. J Thorac Cardiovasc Surg. (2011) 141:694–701. doi: 10.1016/j.jtcvs.2010.09.003

4. Sakamaki Y, Oda T, Kanazawa G, Shimokawa T, Kido T, Shiono H. Intermediate-term oncologic outcomes after video-assisted thoracoscopic thymectomy for early-stage thymoma. J Thorac Cardiovasc Surg. (2014) 148:1230–7.e1. doi: 10.1016/j.jtcvs.2014.01.029

5. Agasthian T, Lin SJ. Clinical outcome of video-assisted thymectomy for myasthenia gravis and thymoma. Asian Cardiovasc Thorac Ann. (2010) 18:234–9. doi: 10.1177/0218492310369017

6. Toker A, Sonett J, Zielinski M, Rea F, Tomulescu V, Detterbeck FC. Standard terms, definitions, and policies for minimally invasive resection of thymoma. J Thorac Oncol. (2011) 6:S1739–42. doi: 10.1097/JTO.0b013e31821ea553

7. Manoly I, Whistance RN, Sreekumar R, Khawaja S, Horton JM, Khan AZ, et al. Early and midterm outcomes of transsternal and video assisted thoracoscopic surgery for thymoma. EJCTS. (2014) 45:187–93. doi: 10.1093/ejcts/ezu077

8. Sakamakı Y, Oda T, Kanazawa G, Shimokawa T, Kido T, Shiono H. Intermediate-term oncologic outcomes after video-assisted thoracoscopic thymectomy for early stage thymoma. JTCVS. (2014) 148(4):1230–7. doi: 10.1016/j.jtcvs.2014.01.029

9. Geraci TC, Ferrari-Light D, Pozzi N, Cerfolio R. Midterm results for robotic thymectomy for malignant disease. Ann Thorac Surg. (2021) 111:1675–81. doi: 10.1016/j.athoracsur.2020.06.111

10. Li JF, Hui BG, Li X, Xiao X, Jiang GC, Liu J, et al. Video-assisted thoracic surgery: long term follow up results and prognostic factors—single-center experience of 150 cases. J Thorac Dis. (2018) 10(1):291–7. doi: 10.21037/jtd.2017.12.34

11. Kang CH, Na JK, Park S, Park IK, Kim TY. Long-term outcomes of robotic thymectomy in patients with thymic epithelial tumors. Ann Thorac Surg. (2021) 112:430–5. doi: 10.1016/j.athoracsur.2020.09.018

12. Singhal S, Shrager JB, Rosenthal DI, LiVolsi VA, Kaiser LR. Comparison of stages I-II thymoma treated by complete resection with or without adjuvant radiation. Ann Thorac Surg. (2003) 76:1635–42. doi: 10.1016/S0003-4975(03)00819-1

13. Romano G, Zirafa CC, Ceccarelli I, Guida M, Davini F, Maestri M, et al. Robotic thymectomy for thymoma in myasthenic patients: neurological and oncological outcomes. Eur J Cardiothorac Surg. (2021) 60(4):890–5. doi: 10.1093/ejcts/ezab253

14. Friedant AJ, Handorf EA, Su S, Scott WJ. Minimally invasive versus open thymectomy for thymic malignancies: systematic review and meta-analysis. J Thorac Oncol. (2016) 11:30–8. doi: 10.1016/j.jtho.2015.08.004

15. Kimura T, Inoue M, Kadota Y, Shiono H, Shintani Y, Nakagiri T, et al. The oncological feasibility and limitations of video assisted thoracoscopic thymectomy for early stage thymomas. Eur J Cardiothorac Surg. (2013) 44:e214–8. doi: 10.1093/ejcts/ezt305

16. Odaka M, Shibasaki T, Kato D, Mori S, Asano H, Yamashita M, et al. Comparison of oncological results for early and advanced stage thymomas: thoracoscopic thymectomy versus open thymectomy. Surg Endosc. (2017) 31:734–42. doi: 10.1007/s00464-016-5027-2

17. Liu TJ, Lin MW, Hsieh MS, Kao MW, Chen KC, Chang CC, et al. Video-assisted thoracoscopic surgical thymectomy to treat early thymoma: a comparison with the conventional transsternal approach. Ann Surg Oncol. (2014) 21:322–8. doi: 10.1245/s10434-013-3228-7

18. Ye B, Tantai JC, Ge XX, Li W, Feng J, Cheng M, et al. Surgical techniques for early-stage thymoma: video-assisted thoracoscopic thymectomy versus transsternal thymectomy. J Thorac Cardiovasc Surg. (2014) 147:1599–603. doi: 10.1016/j.jtcvs.2013.10.053

19. Odaka M, Shibasaki T, Asano H, Marushima H, Yamashita M, Morikawa T. Feasibility of thoracoscopic thymectomy for treatment of early-stage thymoma. Asian J Endosc Surg. (2015) 8:439–44. doi: 10.1111/ases.12202

20. Davenport E, Malthaner RA. The role of surgery in the management of thymoma: a systematic review. Ann Thorac Surg. (2008) 86:673–84. doi: 10.1016/j.athoracsur.2008.03.055

21. Toker A, Erus S, Ozkan B, Ziyade S, Tanju S. Does a relationship exist between the number of thoracoscopic thymectomies performed and the learning curve for thoracoscopic resection of thymoma in patients with myasthenia gravis? Interact Cardiovasc Thorac Surg. (2011) 12(2):152–5. doi: 10.1510/icvts.2010.254599

22. Toker A, Erus S, Ziyade S, Ozkan B, Tanju S. It is feasible to operate on pathological masaoka stage I and II thymoma patients with video-assisted thoracoscopy: analysis of factors for a successful resection. Surg Endosc. (2013) 27(5):1555–60. doi: 10.1007/s00464-012-2626-4



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Long term outcomes from the early days of minimally invasive thymoma surgery for Myasthenia Gravis patients: a follow-up of 19 years

		Introduction



		Methods



		Patient selection and preoperative work up



		Surgical details and postoperative stay



		Follow-up period and adjuvant therapy











		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Long term outcomes from the
early days of minimally invasive
thymoma surgery for Myasthenia
Gravis patients: a follow-up
of 19 years





OPS/images/fsurg-11-1486282-g002.jpg





OPS/images/fsurg-11-1486282-g003.jpg






OPS/images/fsurg-11-1486282-g001.jpg






OPS/images/fsurg-11-1486282-g006.jpg
2 v undion
i B U R
08
=
2
K
g os
5
2
=
H
T 04
&
2
&
3
B
a
024
0.0

T T T T T T T T T T
72 96 120 144 168 192 216 240

Follow up period (months)
Patients at risk 50 58 56 55 51 49 49 49 49 49

o
2
s
&






OPS/images/fsurg-11-1486282-g007.jpg
10-year DFS

10-year OS

86.4%

105 months
Median follow-up period (20-220 months)






OPS/images/fsurg-11-1486282-g004.jpg
ooz

000

Follow-up Period Distribution

» “

Patient count (n)





OPS/images/fsurg-11-1486282-g005.jpg
—ISurvival Function
—+—Censored

°
®
1

Proportionalive
3

0.2+

T T T T T T T T
0 24 48 72 9 120 144 168 192 216 240

Follow-up period (months)
Patients atrisk 59 5§ 58 57 56 53 sl sl 5L 51 Sl





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-11-1486282-t001.jpg
Gender

Mean 47,62 (21-75)

Female

Male

Osserman-Genkins
classification

Stage 1

15 (25.5%)

Stage TIA

22 (37.3%)

Stage IIB

14 (23.7%)

Stage IIIA

3 (5%)

Stage IIIB

5 (8.5%)

Myasthenic medication

Preoperative prescription

Pyridostigmine

54 (91.5%)

Steroids

30 (50.8%)

Azathioprine

5 (8.5%)

IVIG

27 (45.7%)

Masaoka staging

Stage T

17 (28.8%)

Stage 11

42 (71.2%)

WHO

A-AB

Adjuvant RT

21 (35.6%)

38 (64.4%)

Median stays (days)

1(0-52)

4(2-68)

Surgical technique

58

RATS

1

Recurrences

‘Time to recurrence (months)

Masaoka

Stage T

None

Stage 11

58th and 114th

Osserman-Genkins

1

None

i

58th and 114th

iy

None

No adjuvant

Adjuvant






OPS/images/fsurg-11-1486282-t002.jpg
Pyridostigmine

Preoperative
treatment

54 (91.5%)

Did not use
postoperatively

38 (70.4%)

Same dose as
preoperative

4 (7.4%)

Decreased the
amount
prescribed
10 (18.5%)

Increased the
amount
prescribed

Started
postoperatively

Steroids

30 (50.8%)

22 (73.3%)

1(3.3%)

6 (20%)

Azathiopurine

5 (8.5%)

1 (20%)

4 (80%)

VIG

27 (45.7%)






OPS/images/fsurg-11-1486282-t003.jpg
Liu et al. (17)

Number of patients
Stage I: 57

Stage IL19

Tumor size (mm]

Follow-up (Months)

5-year survival (%)
96.9 (DFS)

Recurrence (N)

Ye et al. (18)

Stage I: 80
Stage 145

NA

Sakamaki et al. (5)

Stage I: 40

Stage 1131

92.4 (RFS)

Odaka et al. (19)

Stage I 33

Stage II: 34

95.8 (DES)

Kang et al. (14)

Stage 1126

Stage T1:19

93.9 (RFS)

Toker et al

Stage 117

Stage I:42

10 year 96% (RES)






