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Guideline 7-11 Version 3

Surgical, Radiation, and Systemic Treatments of Patients with
Thymic Epithelial Tumours

Section 1: Recommendations

This section is a quick reference guide and provides the guideline recommendations
only. For the justification associated with each recommendation, see Section 2.

GUIDELINE OBJECTIVES
The objective of this guideline is to determine the most effective therapy for patients
with thymic epithelial tumours.

TARGET POPULATION
The target population are adult patients with thymic epithelial tumours, including
thymoma, thymic carcinoma, and thymic neuroendocrine tumours (NETSs).

INTENDED USERS
The intended users of this guideline are all healthcare professionals managing patients
with thymic epithelial tumours.

DEFINITIONS

Complete resection - refers to an RO resection of the tumour or resection with negative
margins

Total resection - refers to resection of the entire thymus (including all mediastinal
tissues anterior to the pericardium, aorta, and superior vena cava from phrenic nerve to phrenic
nerve laterally and from the diaphragm inferiorly to the level of the thyroid gland superiorly,
including the upper poles of the thymus), the tumour, and any involved structures

Partial resection - refers to resection of less than the entire thymus, but includes the
tumour and any involved structures

RECOMMENDATIONS

The staging system for patients with thymic epithelial tumours has recently changed to
a TNM staging system [1,2]. The evidence used to support these recommendations was mainly
from observational studies that used the prior Masaoka and Masaoka-Koga staging systems [3,4].
Given the lack of randomized trials, the Working Group endorsed most of the consensus-based
recommendations from the previous version of this guideline [5] (see Appendix 1). For patients
with thymic NETS, recommendations were endorsed from the National Comprehensive Cancer
Network (NCCN) Version 1.2021 Neuroendocrine and Adrenal Tumors Guideline [6].

General Principles

1. The aim of surgery in all cases is to achieve a complete resection.

2. The TNM staging system should be used for all patients.

3. Discussion of all patients at multidisciplinary cancer conference (MCC) is strongly recommended,
not just at local MCC but also with higher-volume centres. Presentation at the International Thymic
Malignancies Interest Group tumour board should be considered.

Section 1: Recommendations - March 10, 2022 Page 1
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PATIENTS WITH THYMOMA
THYMOMA TNM 8" edition Stage | (T1aNOMO/T1bNOMO) (Encapsulated or unencapsulated, with or
without extension into mediastinal fat / Extension into mediastinal pleura)

Surgery
1. Total resection is preferred over partial resection, especially for patients with myasthenia gravis
(MG).

2. Open or minimally invasive approaches (e.g., video-assisted thoracic surgery [VATS] or robot-
assisted thoracoscopic surgery [RATS]) are both recommended as the standard of care.

Radiotherapy

3. Neoadjuvant radiotherapy is not recommended.

4. Postoperative radiotherapy (PORT) is not routinely recommended.

Systemic Therapy

5. Neither neoadjuvant nor adjuvant systemic therapy is recommended.

Medically Inoperable Stage | Disease

6. Radiotherapy could be considered for patients who are medically unfit for surgery.

THYMOMA TNM 8" edition Stage Il (T2ZNOMO) (Invasion of pericardium)

Surgery

7. Total resection is preferred over partial resection, especially for patients with MG.

8. Open or minimally invasive approaches (e.g., VATS or RATS) are both recommended as the
standard of care.

Radiotherapy

9. Neoadjuvant radiotherapy is not recommended.

10. Routine PORT is currently not recommended. However, PORT should be considered in patients
with incomplete resection or positive margins. Radiotherapy has risks for acute and late toxicities.
Late toxicities such as cardiac disease and secondary malignancies may be more relevant in
younger patients. Possible harms versus benefits need to be discussed with patients.

Systemic Therapy

11. Neither neoadjuvant nor adjuvant systemic therapy is recommended.

Medically Inoperable Stage Il Disease

12. Radiotherapy could be considered for patients who are medically unfit for surgery.

THYMOMA TNM 8t edition Stage Il (T3NOMO/T4NOMO) (Involvement of lung, brachiocephalic vein,

superior vena cava, chest wall, phrenic nerve, hilar [extrapericardial] pulmonary vessels /

Involvement of aorta, arch vessels, main pulmonary artery, myocardium, trachea, or esophagus)

13. Patients presenting with locally advanced disease should be carefully evaluated for multimodality
therapy.

Resectable or Potentially Resectable Stage llla Disease

Surgery

14. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of the tumour with clear surgical margins.

15. Total resection is preferred over partial resection, especially for patients with MG.

16. Open thymectomy is recommended as the standard of care. Minimally invasive approaches are not
recommended as the standard of care.

17. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to
surgery.

18. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy and Radiotherapy

19. The decision to give neoadjuvant therapy should be discussed at an MCC. Options include
neoadjuvant chemotherapy (with possible PORT) or concurrent chemoradiotherapy. Histological
confirmation of diagnosis is recommended prior to any therapy.

Section 1: Recommendations - March 10, 2022 Page 2
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20. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

21. PORT could be offered if the patient has not received neoadjuvant radiotherapy.

22. Adjuvant chemotherapy is not routinely recommended and should not be offered without
discussion at MCC.

Unresectable Stage Il Disease

23. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage lll disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

24. Where surgery is not feasible, chemotherapy concurrent with, or sequential to, radiotherapy is
recommended.

THYMOMA TNM 8" edition Stage IVa (TanyN1MO/TanyNOM1a/TanyN1M1a) (Involvement of anterior

[perithymic] nodes / separate pleural or pericardial nodule(s) / anterior [perithymic] nodes,

Separate pleural or pericardial nodule(s))

25. Patients should all be discussed at an MCC and be evaluated for multimodality therapy.

Resectable or Potentially Resectable Stage |Va Disease

Surgery

26. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of all tumour with clear surgical margins. Surgery is recommended only if pleural
and pericardial metastases can be resected.

27. Total resection is preferred over partial resection, especially for patients with MG.

28. Open thymectomy is recommended as the standard of care. Minimally invasive approaches are not
recommended as the standard of care.

29. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to
surgery.

30. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy

31. Neoadjuvant chemotherapy is an option in this setting.

32. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

33. PORT should be offered if the patient has not received neoadjuvant radiotherapy.

34, Adjuvant chemotherapy is not routinely recommended and should not be offered without
discussion at an MCC.

Unresectable Stage IVa Disease

35. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage IVa disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

36. Where surgery is not feasible, chemotherapy can be considered. Chemotherapy can be given
concurrent with, or sequential to, radiotherapy.

THYMOMA TNM 8" edition Stage IVb (TanyN2MO/TanyN2M1a/TanyNanyM1b) (Involvement of deep

intrathoracic or cervical nodes / deep intrathoracic or cervical nodes, Separate pleural or

pericardial nodule(s) / pulmonary intraparenchymal nodule or distant organ metastasis)

37. This is a heterogeneous group of patients and treatment decisions should reflect the extent and
location of metastatic disease. Generic recommendations are not possible. These patients should
be discussed at an MCC, and treatment goals reviewed. Treatment options include chemotherapy
(platinum-based recommended; there is insufficient evidence to recommend the routine use of
other systemic agents), radiotherapy, and potential surgery.

THYMOMA Recurrent Disease
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38. These patients should be discussed at an MCC, and multimodality therapy should be considered.

Surgery

39. Resection should be considered in patients with intrathoracic disease. This should be considered
as part of multimodality care.

Radiotherapy

40. Radiotherapy may be appropriate either alone or as part of multimodality care.

Systemic Therapy

41. Cisplatin-based chemotherapy may be an appropriate therapy either alone or as part of
multimodality care. There is insufficient evidence to recommend the routine use of other systemic
agents.

PATIENTS WITH THYMIC CARCINOMA

THYMIC CARCINOMA TNM 8" edition Stage | (T1aNOMO/T1bNOMO) (Encapsulated or

unencapsulated, with or without extension into mediastinal fat / Extension into mediastinal

pleura)

Surgery

1. Total resection is preferred over partial resection.

2. Open thymectomy is recommended as the standard of care.

Radiotherapy

3. Neoadjuvant radiotherapy is not recommended.

4. PORT may be considered.

Systemic Therapy

5. Neoadjuvant chemotherapy is not recommended.

6. Adjuvant chemotherapy is not routinely recommended.

Medically Inoperable Stage | Disease

7. Radiotherapy could be considered for patients who are medically unfit for surgery. There is
insufficient evidence regarding the role of chemotherapy.

THYMIC CARCINOMA TNM 8 edition Stage Il (T2ZNOMO) (Invasion of pericardium)

Surgery

8. Total resection is preferred over partial resection.

9. Open thymectomy is recommended as the standard of care.

Radiotherapy

10. Neoadjuvant radiotherapy is not recommended.

11. PORT should be considered. Possible harms versus benefits need to be discussed with patients.

Systemic Therapy

12. Neoadjuvant chemotherapy is not recommended.

13. Adjuvant chemotherapy is not routinely recommended.

Medically Inoperable Stage Il Disease

14. Radiotherapy could be considered for patients who are medically unfit for surgery. There is
insufficient evidence regarding the role of chemotherapy.

THYMIC CARCINOMA TNM 8% edition Stage Il (T3NOMO/T4NOMO) (Involvement of lung,

brachiocephalic vein, superior vena cava, chest wall, phrenic nerve, hilar [extrapericardial]

pulmonary vessels / Involvement of aorta, arch vessels, main pulmonary artery, myocardium,

trachea, or esophagus)

15. Patients presenting with locally advanced disease should be carefully evaluated for multimodality
therapy.

Resectable or Potentially Resectable Stage llla Disease

Surgery

16. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of the tumour with clear surgical margins.

17. Total resection is preferred over partial resection.

18. Open thymectomy is recommended as the standard of care.

Section 1: Recommendations - March 10, 2022 Page 4



Guideline 7-11 Version 3

19. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to
surgery.

20. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy and Radiotherapy

21. The decision to give neoadjuvant therapy should be discussed at an MCC. Options include
neoadjuvant chemotherapy (with possible PORT) or concurrent chemoradiotherapy. Histological
confirmation of diagnosis is recommended prior to any therapy.

22. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

23. PORT should be offered if the patient has not received neoadjuvant radiotherapy.

24. Adjuvant chemotherapy should be considered based on representation at MCC if the patient did
not have neoadjuvant chemotherapy.

Unresectable Stage Il Disease

25. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage lll disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

26. Where surgery is not feasible, chemotherapy concurrent with, or sequential to, radiotherapy is
recommended.

THYMIC CARCINOMA TNM 8t edition Stage IVa (TanyN1MO/TanyNOM1a/TanyN1M1a) (Involvement

of anterior [perithymic] nodes / separate pleural or pericardial nodule(s) / anterior [perithymic]

nodes, Separate pleural or pericardial nodule(s))

27. Patients should all be discussed at an MCC and be evaluated for multimodality therapy.

Resectable or Potentially Resectable Stage |Va Disease

Surgery

28. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of all tumour with clear surgical margins. Surgery is recommended only if pleural
and pericardial metastases can be resected.

29. Total resection is preferred over partial resection.

30. Open thymectomy is recommended as the standard of care.

31. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to
surgery.

32. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy

33. Neoadjuvant chemotherapy is recommended in this setting.

34. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

35. PORT should be offered if the patient has not received neoadjuvant radiotherapy.

36. Neoadjuvant chemotherapy is the preferred option.

Unresectable Stage IVa Disease

37. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage IVa disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

38. Where surgery is not feasible, chemotherapy concurrent with, or sequential to, radiotherapy is
recommended.
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THYMIC CARCINOMA TNM 8% edition Stage IVb (TanyN2MO/TanyN2M1a/TanyNanyM1b)
(Involvement of deep intrathoracic or cervical nodes / deep intrathoracic or cervical nodes,
Separate pleural or pericardial nodule(s) / pulmonary intraparenchymal nodule or distant organ
metastasis)

39. This is a heterogeneous group of patients and treatment decisions should reflect the extent and
location of metastatic disease. Generic recommendations are not possible. These patients should
be discussed at an MCC, and treatment goals reviewed. Treatment options include chemotherapy
(platinum-based recommended; there is insufficient evidence to recommend the routine use of
other systemic agents), radiotherapy, and potential surgery.

THYMIC CARCINOMA Recurrent Disease

40. These patients should be discussed at an MCC, and multimodality therapy should be considered.

Surgery

41. Resection should be considered in patients with intrathoracic disease. This should be considered
as part of multimodality care.

Radiotherapy

42. Radiotherapy may be appropriate either alone or as part of multimodality care.

Systemic Therapy

43. Cisplatin-based chemotherapy may be an appropriate therapy either alone or as part of
multimodality care. There is insufficient evidence to recommend the routine use of other systemic
agents.

PATIENTS WITH THYMIC NEUROENDOCRINE TUMOURS

(endorsed from the NCCN Version 1.2021 Neuroendocrine and Adrenal Tumors Guideline [6])

THYMIC NEUROENDOCRINE TUMOURS Localized disease (Stage I-Il)

Surgery

1. Total resection is preferred over partial resection.

2. Open thymectomy is recommended as the standard of care.

THYMIC NEUROENDOCRINE TUMOURS Resectable locoregional disease (Stage IlIA/B)

Surgery

3. Total resection is preferred over partial resection.

4. Open thymectomy is recommended as the standard of care.

Incomplete resection and/or positive margins with low grade (typical carcinoid)

5. Consider observation, or
Consider radiotherapy

Incomplete resection and/or positive margins with intermediate grade (atypical carcinoid)

6. Consider observation, or
Consider radiotherapy + cytotoxic chemotherapy. Chemoradiation is thought to have most
efficacy for tumours with atypical histology or tumours with higher mitotic and proliferative
indices (e.g., Ki-67). Cytotoxic chemotherapy options include cisplatin + etoposide, or
carboplatin + etoposide.

THYMIC NEUROENDOCRINE TUMOURS Locally unresectable locoregional disease (Stage I11A/B)
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7. For symptom control, consider addition of focal therapy (i.e., endobronchial therapy debulking,
ablation).

Primary therapy

Low grade (typical carcinoid)

8. Observation (if asymptomatic), or
Octreotide or lanreotide (if somatostatin receptor [SSR]-positive and/or hormonal symptoms), or
Everolimus, or
Temozolomide + capecitabine, or
Radiotherapy

Intermediate grade (atypical carcinoid)

9. Observation (if asymptomatic and non-progressive), or
Radiotherapy + concurrent cisplatin + etoposide or carboplatin + etoposide (chemoradiation is
thought to have most efficacy for tumours with atypical histology or tumours with higher mitotic
and proliferative indices [e.g., Ki-67]), or
Cytotoxic chemotherapy with cisplatin + etoposide, or temozolomide + capecitabine, or
Octreotide or lanreotide (if SSR-positive and/or hormonal symptoms), or
Everolimus

Subsequent therapy

10. If disease progression, treatment with octreotide or lanreotide should be discontinued for non-
functional tumours and continued in patients with functional tumours; those regimens may be used
in combination with any of the subsequent options.

11. Clinical trial (preferred), or
Consider changing therapy if progression on first-line therapy, or
Consider peptide receptor radionuclide therapy with 177Lu-dotatate (if SSR-positive and
progression on octreotide/lanreotide).

THYMIC NEUROENDOCRINE TUMOURS Metastatic disease (Stage 1V)

12. For symptom control, consider addition of focal therapy (i.e., endobronchial therapy debulking,
ablation).

13. NETs are highly heterogeneous, and all elements need to be considered (e.g., burden of disease,
symptoms, histopathology, rate of growth) when determining the best course of treatment.

Asymptomatic, low tumour burden and low grade (typical carcinoid)

14. Observe (chest computed tomography [CT] with contrast and abdominal/pelvic multiphasic CT or
magnetic resonance imaging every 3-6 months) or octreotide or lanreotide (if SSR-positive and/or
hormonal symptoms).

Clinically significant tumour burden and low grade (typical carcinoid) or evidence of disease

progression or intermediate grade (atypical carcinoid) or symptomatic disease

15. Clinical trial (preferred), or
Observation, in select patients (observation can be considered if asymptomatic or for tumours on
the lower end of the spectrum), or
Octreotide or lanreotide (if SSR-positive and/or hormonal symptoms), or
Everolimus, or
Peptide receptor radionuclide therapy with 177Lu-dotatate (if SSR-positive and progression on
octreotide or lanreotide), or
Cisplatin + etoposide or carboplatin + etoposide or temozolomide + capecitabine (can be
considered for intermediate-grade/atypical tumours with Ki-67 proliferative index and mitotic
index in the higher end of the defined spectrum), or
Liver-directed therapy for liver-predominant disease

16. Consider changing therapy if progression on first-line therapy. If disease progression, treatment
with octreotide or lanreotide should be discontinued for non-functional tumours and continued in
patients with functional tumours; those regimens may be used in combination with any of the
subsequent options.

IMPLEMENTATION CONSIDERATIONS
The Working Group members believed that patients in rural areas or patients who are
disadvantaged may find it more challenging to attend daily PORT treatments or treatments in
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high-volume centres since they may live further away from these centres in Ontario or may
have difficulty in acquiring transportation for daily treatments than patients in urban areas or
patients who are less disadvantaged. Also, peptide receptor radionuclide therapy has not been
approved for patients with thymic epithelial tumours in Ontario.

FURTHER RESEARCH
Larger, collaborative, international prospective trials that control for confounders are
needed to provide a greater degree of certainty in the evidence to inform recommendations.

GUIDELINE LIMITATIONS

The Working Group for this guideline did not include patient representatives. Thus,
when developing recommendations, input from patients about their values and preferences was
not sought and a systematic review for this information was not performed. Working Group
members used their prior clinical experiences with patients with thymic epithelial tumours to
assume their relevant values and preferences.
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Surgical, Radiation, and Systemic Treatments of Patients with
Thymic Epithelial Tumours

Section 2: Guideline - Recommendations and Justification

GUIDELINE OBJECTIVES
The objective of this guideline is to determine the most effective therapy for patients
with thymic epithelial tumours.

TARGET POPULATION
The target population are adult patients with thymic epithelial tumours, including
thymoma, thymic carcinoma, and thymic neuroendocrine tumours (NETSs).

INTENDED USERS
The intended users of this guideline are all healthcare professionals managing patients
with thymic epithelial tumours.

DEFINITIONS

Complete resection - refers to an RO resection of the tumour or resection with negative
margins

Total resection - refers to resection of the entire thymus (including all mediastinal
tissues anterior to the pericardium, aorta, and superior vena cava from phrenic nerve to phrenic
nerve laterally and from the diaphragm inferiorly to the level of the thyroid gland superiorly,
including the upper poles of the thymus), the tumour, and any involved structures

Partial resection - refers to resection of less than the entire thymus, but includes the
tumour and any involved structures

RECOMMENDATIONS AND JUSTIFICATION

The staging system for patients with thymic epithelial tumours has recently changed to
a TNM staging system [1,2]. The evidence used to support these recommendations was mainly
from observational studies that used the prior Masaoka and Masaoka-Koga (MK) staging systems
[3,4]. Given the lack of randomized trials, the Working Group endorsed most of the consensus-
based recommendations from the previous version of this guideline [5] (see Appendix 1). For
patients with thymic NETS, recommendations were endorsed from the National Comprehensive
Cancer Network (NCCN) Version 1.2021 Neuroendocrine and Adrenal Tumors Guideline [6].

General Principles

1. The aim of surgery in all cases is to achieve a complete resection.

2. The TNM staging system should be used for all patients.

3. Discussion of all patients at a multidisciplinary cancer conference (MCC) is strongly recommended,
not just at local MCC but also with higher-volume centres. Presentation at the International Thymic
Malignancies Interest Group (ITMIG) tumour board should be considered.

Section 2: Guideline - March 10, 2022 Page 9
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PATIENTS WITH THYMOMA
THYMOMA TNM 8" edition Stage | (T1aNOMO/T1bNOMO) (Encapsulated or unencapsulated, with or
without extension into mediastinal fat / Extension into mediastinal pleura)

Surgery
1. Total resection is preferred over partial resection, especially for patients with myasthenia gravis
(MG).

2. Open or minimally invasive approaches (e.g., video-assisted thoracic surgery [VATS] or robot-
assisted thoracoscopic surgery [RATS]) are both recommended as the standard of care.

Radiotherapy

3. Neoadjuvant radiotherapy is not recommended.

4. Postoperative radiotherapy (PORT) is not routinely recommended.

Systemic Therapy

5. Neither neoadjuvant nor adjuvant systemic therapy is recommended.

Medically Inoperable Stage | Disease

6. Radiotherapy could be considered for patients who are medically unfit for surgery.

Justification for recommendations for THYMOMA TNM Stage | (T1aNOMO/T 1bNOMO)

Surgery

The evidence suggested that the balance between the desirable and undesirable effects does not

favour either partial or total thymectomy for patients with early MK stage I/1l thymoma; however, the

Working Group’s certainty in the evidence was very low. The Working Group preferred to recommend

total thymectomy because the evidence was not strong enough to change standard practice of total

thymectomy, especially for patients with MG.

The evidence suggested there was no clear difference in desirable effects, but there was a reduction

in undesirable effects such as complications, length of hospital stay, and blood loss favouring minimally

invasive approaches compared with open median sternotomy for patients with early MK stage I/l

thymoma. The Working Group recommended either technique because their certainty in the evidence

was very low.

The Working Group believed that patients with TIbNOMO should be treated in the same manner as

patients with T1aNOMO thymoma. They used the indirect evidence from studies that included patients

with MK stage I/1l thymoma to inform these recommendations.

Radiotherapy

Recommendation 3 was endorsed from the previous Program in Evidence-Based Care (PEBC)

recommendation for patients with MK stage | thymoma.

For recommendation 4, the evidence suggested there was possibly a small difference in desirable

effects favouring PORT compared with no PORT, with trivial differences in acute harmful effects for

patients with MK stage I/1l thymoma. The long-term adverse effects were not well documented for

patients with thymoma. The evidence suggested the magnitude of benefit might be less for patients

with earlier MK stage I/l thymoma compared with later MK stage IlII/IV thymoma. Therefore, the

Working Group agreed to not routinely recommend PORT for patients with T1aNOMO disease.

Patients with TIbNOMO thymoma would have been categorized as MK stage Il patients in the studies.

The magnitude of benefit might be greater for these patients than for patients with MK stage I/l

thymoma. However, the Working Group’s certainty in the evidence was low. Because these patients

are bordering early versus late MK stage thymoma and negative surgical margins can generally be

achieved, the Working Group agreed to not routinely recommend PORT for patients with T1bNOMO

disease.

Systemic therapy

Recommendation 5 was endorsed from the previous PEBC guideline for patients with MK stage |

thymoma.

Medically Inoperable Stage | Disease

Recommendation 6 was adapted from the previous PEBC recommendation for patients with MK stage

| thymoma, which recommended chemoradiotherapy or radiotherapy alone. Chemoradiotherapy was

removed from this recommendation because there was a lack of evidence to demonstrate benefit with

chemoradiotherapy in this population and there would be fewer adverse effects using one modality of

therapy rather than two modalities.
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THYMOMA TNM 8" edition Stage Il (T2ZNOMO) (Invasion of pericardium)

Surgery

7. Total resection is preferred over partial resection, especially for patients with MG.

8. Open or minimally invasive approaches (e.g., VATS or RATS) are both recommended as the
standard of care.

Radiotherapy

9. Neoadjuvant radiotherapy is not recommended.

10. Routine PORT is currently not recommended. However, PORT should be considered in patients
with incomplete resection or positive margins. Radiotherapy has risks for acute and late toxicities.
Late toxicities such as cardiac disease and secondary malignancies may be more relevant in
younger patients. Possible harms versus benefits need to be discussed with patients.

Systemic Therapy

11. Neither neoadjuvant nor adjuvant systemic therapy is recommended.

Medically Inoperable Stage Il Disease

12. Radiotherapy could be considered for patients who are medically unfit for surgery.

Justification for recommendations for THYMOMA TNM STAGE Il (T2ZNOMO)

Surgery

The Working Group believed that these patients should be treated in the same manner as patients
with TNM stage | thymoma. They used the indirect evidence from studies that included patients with
MK stage I/1l thymoma to inform these recommendations.

Radiotherapy

For recommendation 9, the Working Group believed that these patients should be treated in the same
manner as patients with TNM stage | thymoma.

For recommendation 10, patients with TNM stage Il (T2ZNOMO) thymoma would have been categorized
as MK stage IIl patients in the studies. The magnitude of benefit might be greater for these patients
than for patients with MK stage I/1l thymoma. However, the Working Group’s certainty in the evidence
was low. Because these patients are bordering early versus late MK stage thymoma, the Working Group
conditionally recommended PORT for patients with poorer prognosis who have incomplete resection
or positive margins. The importance of considering radiotherapy toxicities [7] was endorsed from the
previous PEBC recommendation.

Systemic Therapy

Recommendation 11 was endorsed from the previous PEBC recommendation for patients with MK stage
Il thymoma.

Medically Inoperable Stage Il Disease

Recommendation 12 was adapted from the previous PEBC recommendation for patients with MK stage
Il thymoma, which recommended chemoradiotherapy or radiotherapy alone. Chemoradiotherapy was
removed from this recommendation because there was a lack of evidence to demonstrate benefit with
chemoradiotherapy in this population and there would be fewer adverse effects using one modality of
therapy rather than two modalities.

THYMOMA TNM 8t edition Stage Il (T3NOMO/T4NOMO) (Involvement of lung, brachiocephalic vein,
superior vena cava, chest wall, phrenic nerve, hilar [extrapericardial] pulmonary vessels /
Involvement of aorta, arch vessels, main pulmonary artery, myocardium, trachea, or esophagus)

13. Patients presenting with locally advanced disease should be carefully evaluated for multimodality
therapy.

Resectable or Potentially Resectable Stage llla Disease

Surgery

14. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of the tumour with clear surgical margins.

15. Total resection is preferred over partial resection, especially for patients with MG.

16. Open thymectomy is recommended as the standard of care. Minimally invasive approaches are not
recommended as the standard of care.

17. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to

surgery.
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18. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy and Radiotherapy

19. The decision to give neoadjuvant therapy should be discussed at an MCC. Options include
neoadjuvant chemotherapy (with possible PORT) or concurrent chemoradiotherapy. Histological
confirmation of diagnosis is recommended prior to any therapy.

20. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

21. PORT could be offered if the patient has not received neoadjuvant radiotherapy.

22. Adjuvant chemotherapy is not routinely recommended and should not be offered without
discussion at MCC.

Unresectable Stage Il Disease

23. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage lll disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

24. Where surgery is not feasible, chemotherapy concurrent with, or sequential to, radiotherapy is
recommended.

Justification for recommendations for THYMOMA TNM Stage 11l (T3NOMO/T4NOMO)

Recommendation 13 was endorsed from the previous PEBC recommendation for patients with MK stage

[l thymoma.

Surgery

Recommendation 14 was endorsed from the previous PEBC recommendation for patients with MK stage

[l thymoma.

For recommendation 15, the Working Group used the indirect evidence from studies that included

patients with MK stage I/1l thymoma to inform these recommendations.

For recommendation 16, the Working Group chose to recommend only open thymectomy because the

studies for minimally invasive approaches included patients with MK stage I/1l thymoma and the ability

to obtain a complete resection with beneficial outcomes in more advanced patients has not yet been
determined.

Recommendation 17 was endorsed from the previous PEBC guideline. However, debulking was removed

from recommendation 17 because it is no longer a standard of practice.

Recommendation 18 was endorsed from the previous PEBC guideline for patients with MK stage Il

thymoma.

Neoadjuvant Systemic Therapy and Radiotherapy

For recommendation 19, neoadjuvant chemotherapy was added to neoadjuvant chemoradiotherapy

because there was evidence to suggest that patients respond to chemotherapy, and either of these

modalities potentially improve the chance of an RO resection. However, the impact on survival is
unknown. Also, there may be an increase in toxicity with combination therapy. Furthermore, if
radiotherapy is given in the neoadjuvant setting, then PORT is not recommended. The Working Group
believed that the sequencing of chemoradiotherapy is complicated and should be discussed at an MCC.

Recommendation 20 was endorsed from the previous PEBC recommendation for patients with MK stage

[l thymoma.

PORT and Adjuvant Systemic Therapy

The evidence suggested there was possibly a moderate difference in desirable effects favouring PORT

compared with no PORT, with trivial differences in acute harmful effects. The long-term adverse

effects were not well documented for thymoma. The Working Group believed PORT’s benefits
outweighed the potential harm in these patients.

There was insufficient evidence to recommend for or against the use of adjuvant chemotherapy.

Unresectable Stage Il Disease

For recommendation 23, since the definition of unresectable disease is debated, the Working Group

believed this should be discussed at an MCC, rather then provide a definition.

Recommendation 24 was endorsed from the previous PEBC recommendation for patients with MK stage

[l thymoma.
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THYMOMA TNM 8" edition Stage IVa (TanyN1MO/TanyNOM1a/TanyN1M1a) (Involvement of anterior
[perithymic] nodes / separate pleural or pericardial nodule(s) / anterior [perithymic] nodes,
Separate pleural or pericardial nodule(s))

25. Patients should all be discussed at an MCC and be evaluated for multimodality therapy.

Resectable or Potentially Resectable Stage /Va Disease

Surgery

26. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of all tumour with clear surgical margins. Surgery is recommended only if pleural
and pericardial metastases can be resected.

27. Total resection is preferred over partial resection, especially for patients with MG.

28. Open thymectomy is recommended as the standard of care. Minimally invasive approaches are not
recommended as the standard of care.

29. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to
surgery.

30. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy

31. Neoadjuvant chemotherapy is an option in this setting.

32. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

33. PORT should be offered if the patient has not received neoadjuvant radiotherapy.

34, Adjuvant chemotherapy is not routinely recommended and should not be offered without
discussion at an MCC.

Unresectable Stage IVa Disease

35. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage IVa disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

36. Where surgery is not feasible, chemotherapy can be considered. Chemotherapy can be given
concurrent with, or sequential to, radiotherapy.

Justification for recommendations for THYMOMA TNM Stage IVa

(TanyN1M0/TanyNOM1a/TanyN1M1a)

Recommendation 25 was added to emphasize that multimodality therapy should be considered.

Surgery

Recommendation 26 was endorsed from the previous PEBC recommendation for patients with MK stage

IVa thymoma.

For recommendation 27, the Working Group used the indirect evidence from studies that included

patients with MK stage I/1l thymoma to inform these recommendations.

For recommendation 28, the Working Group chose to recommend only open thymectomy because the

studies for minimally invasive approaches included patients with MK stage I/1l thymoma and the ability

to obtain a complete resection with beneficial outcomes in more advanced patients has not yet been
determined.

Recommendation 29 was endorsed from the previous PEBC guideline for patients with MK stage llI

thymoma. However, debulking was removed from recommendation 29 because it is no longer a

standard of practice.

Recommendation 30 was endorsed from the previous PEBC guideline for patients with MK stage Il

thymoma.

Neoadjuvant Systemic Therapy

Recommendation 31 was adapted from the previous PEBC recommendation for patients with MK stage

IVa thymoma, which recommended neoadjuvant chemoradiotherapy. Neoadjuvant radiotherapy was

removed because any pleural plaques should be identified following surgery to treat those areas with

PORT specifically.
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Recommendation 32 was endorsed from the previous PEBC recommendation for patients with MK stage

IVa thymoma.

PORT and Adjuvant Systemic Therapy

The evidence suggested there was possibly a moderate difference in desirable effects favouring PORT

compared with no PORT, with trivial differences in acute harmful effects. The long-term adverse

effects were not well documented for thymoma. The Working Group believed PORT’s benefits
outweighed the potential harm in these patients.

There was insufficient evidence to recommend for or against the use of adjuvant chemotherapy.

Unresectable Stage IVa Disease

For recommendation 35, since the definition of unresectable disease is debated, the Working Group

believed this should be discussed at an MCC, rather then provide a definition.

Recommendation 36 was endorsed from the previous PEBC recommendation for patients with MK stage

IVa thymoma.

THYMOMA TNM 8" edition Stage IVb (TanyN2MO/TanyN2M1a/TanyNanyM1b) (Involvement of deep

intrathoracic or cervical nodes / deep intrathoracic or cervical nodes, Separate pleural or

pericardial nodule(s) / pulmonary intraparenchymal nodule or distant organ metastasis)

37. This is a heterogeneous group of patients and treatment decisions should reflect the extent and
location of metastatic disease. Generic recommendations are not possible. These patients should
be discussed at an MCC, and treatment goals reviewed. Treatment options include chemotherapy
(platinum-based recommended; there is insufficient evidence to recommend the routine use of
other systemic agents), radiotherapy, and potential surgery.

Justification for recommendations for THYMOMA TNM Stage IVb
(TanyN2M0/TanyN2M1a/TanyNanyM1b)
Since this is a heterogenous group of patients, generic recommendations were not possible. Therefore,
treatment options were provided that need to be discussed at an MCC. There was indirect evidence to
suggest that there was no clear advantage in response between anthracycline and non-anthracycline
platinum-based chemotherapy in patients with advanced or recurrent thymic carcinoma. Furthermore,
there was insufficient evidence to suggest an advantage of other first-line systemic agents such as
octreotide over platinum-based chemotherapy for patients with advanced or recurrent thymoma. Also,
there was insufficient indirect evidence to recommend second-line agents such as pembrolizumab.

THYMOMA Recurrent Disease

38. These patients should be discussed at an MCC, and multimodality therapy should be considered.

Surgery

39. Resection should be considered in patients with intrathoracic disease. This should be considered
as part of multimodality care.

Radiotherapy

40. Radiotherapy may be appropriate either alone or as part of multimodality care.

Systemic Therapy

41. Cisplatin-based chemotherapy may be an appropriate therapy either alone or as part of
multimodality care. There is insufficient evidence to recommend the routine use of other systemic
agents.

Justification for recommendations for THYMOMA recurrent disease

Recommendation 38 was added to emphasize that multimodality therapy should be considered.

Surgery

Recommendation 39 was endorsed from the previous PEBC recommendation but was reworded to

reflect that multimodality care should be considered.

Radiotherapy

Recommendation 40 was endorsed from the previous PEBC recommendation but was reworded to

reflect that multimodality care should be considered.

Systemic Therapy

For recommendation 41, there was indirect evidence to suggest that there was no clear advantage in

response between anthracycline and non-anthracycline platinum-based chemotherapy in patients with

advanced or recurrent thymic carcinoma. Furthermore, there was insufficient evidence to suggest an
advantage of other first-line systemic agents such as octreotide over platinum-based chemotherapy
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for patients with advanced or recurrent thymoma. Also, there was insufficient indirect evidence to
recommend second-line agents such as pembrolizumab.

PATIENTS WITH THYMIC CARCINOMA

THYMIC CARCINOMA TNM 8" edition Stage | (T1aNOMO/T1bNOMO) (Encapsulated or

unencapsulated, with or without extension into mediastinal fat / Extension into mediastinal

pleura)

Surgery

1. Total resection is preferred over partial resection.

2. Open thymectomy is recommended as the standard of care.

Radiotherapy

3. Neoadjuvant radiotherapy is not recommended.

4. PORT may be considered.

Systemic Therapy

5. Neoadjuvant chemotherapy is not recommended.

6. Adjuvant chemotherapy is not routinely recommended.

Medically Inoperable Stage | Disease

7. Radiotherapy could be considered for patients who are medically unfit for surgery. There is
insufficient evidence regarding the role of chemotherapy.

Justification for recommendations for THYMIC CARCINOMA TNM Stage | (T1aNOMO/T 1bNOMO)

Surgery

For recommendation 1, the Working Group used the indirect evidence from studies that included

patients with MK stage I/Il thymoma to inform these recommendations.

For recommendation 2, the Working Group chose to recommend only open thymectomy because the

studies for minimally invasive approaches included patients with MK stage I/1l thymoma and the ability

to obtain a complete resection with beneficial outcomes in patients with thymic carcinoma has not

yet been determined.

Radiotherapy

Recommendation 3 remained consistent with the current recommendation for patients with TNM stage

| thymoma.

For recommendation 4, the evidence suggested there was possibly a small difference in desirable

effects favouring PORT compared with no PORT, with trivial differences in acute harmful effects for

patients with thymic carcinoma. The long-term adverse effects were not well documented for patients

with thymic carcinoma. The evidence suggested the absolute overall survival effect might be larger

for patients with thymic carcinoma then for patients with thymoma. Therefore, the Working Group

recommended that PORT be considered for these patients.

Systemic therapy

For recommendation 5 remained consistent with the current recommendation for patients with TNM

stage | thymoma.

For recommendation 6, there was insufficient evidence to recommend for or against the use of

adjuvant chemotherapy in this patients.

Medically Inoperable Stage | Disease

Recommendation 7 remained consistent with the current recommendation for patients with TNM stage

| thymoma.

THYMIC CARCINOMA TNM 8 edition Stage Il (T2ZNOMO) (Invasion of pericardium)

Surgery

8. Total resection is preferred over partial resection.

9. Open thymectomy is recommended as the standard of care.

Radiotherapy

10. Neoadjuvant radiotherapy is not recommended.

11. PORT should be considered. Possible harms versus benefits need to be discussed with patients.

Systemic Therapy

12. Neoadjuvant chemotherapy is not recommended.
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13. Adjuvant chemotherapy is not routinely recommended.

Medically Inoperable Stage Il Disease

14. Radiotherapy could be considered for patients who are medically unfit for surgery. There is
insufficient evidence regarding the role of chemotherapy.

Justification for recommendations for THYMIC CARCINOMA TNM STAGE Il (T2ZNOMO)

Surgery

For recommendations 8 and 9, the Working Group believed that these patients should be treated in

the same manner as patients with TNM stage | thymic carcinoma.

Radiotherapy

For recommendation 10, the Working Group believed that these patients should be treated in the same

manner as patients with TNM stage | thymic carcinoma.

For recommendation 11, the evidence suggested there was possibly a small difference in desirable

effects favouring PORT compared with no PORT, with trivial differences in acute harmful effects for

patients with thymic carcinoma. The long-term adverse effects were not well documented for patients
with thymic carcinoma. The evidence suggested the absolute overall survival effect might be larger
for patients with thymic carcinoma then for patients with thymoma. Also, the magnitude of benefit
might be larger for patients with a higher risk of mortality seen in patients with more advanced stages.

Therefore, the Working Group recommended that PORT should be considered for these patients.

Systemic Therapy

For recommendations 12 and 13, the Working Group believed that these patients should be treated in

the same manner as patients with TNM stage | thymic carcinoma.

Medically Inoperable Stage Il Disease

For recommendation 14, the Working Group believed that these patients should be treated in the same

manner as patients with TNM stage | thymic carcinoma.

THYMIC CARCINOMA TNM 8% edition Stage Il (T3NOMO/T4NOMO) (Involvement of lung,

brachiocephalic vein, superior vena cava, chest wall, phrenic nerve, hilar [extrapericardial]

pulmonary vessels / Involvement of aorta, arch vessels, main pulmonary artery, myocardium,
trachea, or esophagus)

15. Patients presenting with locally advanced disease should be carefully evaluated for multimodality
therapy.

Resectable or Potentially Resectable Stage llla Disease

Surgery

16. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of the tumour with clear surgical margins.

17. Total resection is preferred over partial resection.

18. Open thymectomy is recommended as the standard of care.

19. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to
surgery.

20. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy and Radiotherapy

21. The decision to give neoadjuvant therapy should be discussed at an MCC. Options include
neoadjuvant chemotherapy (with possible PORT) or concurrent chemoradiotherapy. Histological
confirmation of diagnosis is recommended prior to any therapy.

22. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

23. PORT should be offered if the patient has not received neoadjuvant radiotherapy.

24. Adjuvant chemotherapy should be considered based on representation at MCC if the patient did
not have neoadjuvant chemotherapy.

Unresectable Stage I/l Disease
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25. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage lll disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

26. Where surgery is not feasible, chemotherapy concurrent with, or sequential to, radiotherapy is
recommended.

Justification for recommendations for THYMIC CARCINOMA TNM Stage Il (T3NOMO/T4NOMO)
Recommendation 15 remained consistent with the current recommendation for patients with TNM
stage Il thymoma.
Surgery
Recommendation 16 remained consistent with the current recommendation for patients with TNM
stage Il thymoma.
Recommendations 17 and 18 remained consistent with the recommendations for patients with TNM
stage | and Il thymic carcinoma.
Recommendations 19 and 20 remained consistent with the current recommendation for patients with
TNM stage Il thymoma.
Neoadjuvant Systemic Therapy and Radiotherapy
For recommendation 21, there was evidence to suggest that patients respond to chemotherapy and
potentially improve the chance of an RO resection. However, the impact on survival is unknown. This
recommendation remained consistent with the current recommendation for patients with TNM stage
[l thymoma.
Recommendation 22 remained consistent with the current recommendation for patients with TNM
stage Ill thymoma.
PORT and Adjuvant Systemic Therapy
The evidence suggested there was possibly a moderate difference in desirable effects favouring PORT
compared with no PORT, with trivial differences in acute harmful effects. The long-term adverse
effects were not well documented for patients with thymic carcinoma. The evidence suggested the
absolute overall survival effect might be larger for patients with thymic carcinoma then for patients
with thymoma. Also, the magnitude of benefit might be larger for patients with a higher risk of
mortality seen in patients with more advanced stages. Therefore, the Working Group recommended
that PORT should be offered for these patients.

For recommendation 24, evidence with very low certainty suggested a small benefit in overall survival

favouring adjuvant chemotherapy, with moderate differences in acute harmful effects for patients

with thymic carcinoma. The long-term adverse effects were not well documented but are likely trivial
for patients with thymic carcinoma. Because the certainty in the evidence was very low, the Working

Group recommended adjuvant chemotherapy after discussion at an MCC for patients with advanced

stages who have poorer prognosis and may benefit from this therapy.

Unresectable Stage Il Disease

Recommendation 25 and 26 remained consistent with the current recommendation for patients with

TNM stage Ill thymoma.

THYMIC CARCINOMA TNM 8" edition Stage IVa (TanyN1MO/TanyNOM1a/TanyN1M1a) (Involvement

of anterior [perithymic] nodes / separate pleural or pericardial nodule(s) / anterior [perithymic]

nodes, Separate pleural or pericardial nodule(s))

27. Patients should all be discussed at an MCC and be evaluated for multimodality therapy.

Resectable or Potentially Resectable Stage |Va Disease

Surgery

28. Surgery should be considered either initially or following neoadjuvant therapy, with the aim being
total removal of all tumour with clear surgical margins. Surgery is recommended only if pleural
and pericardial metastases can be resected.

29. Total resection is preferred over partial resection.

30. Open thymectomy is recommended as the standard of care.

31. If at initial surgery there are concerns about clear resection margins, clips should be placed to
mark areas at risk to guide PORT. If it is apparent prior to surgery that complete resection may
not be feasible, neoadjuvant chemotherapy or chemoradiotherapy should be considered prior to

surgery.
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32. Unilateral phrenic nerve resection is acceptable. Bilateral phrenic nerve resection is
contraindicated because of the severe respiratory morbidity that results.

Neoadjuvant Systemic Therapy

33. Neoadjuvant chemotherapy is recommended in this setting.

34. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and mortality and
maximizing resectability and survival rates is not yet established. Cisplatin-based combination
chemotherapy is a reasonable option.

PORT and Adjuvant Systemic Therapy

35. PORT should be offered if the patient has not received neoadjuvant radiotherapy.

36. Neoadjuvant chemotherapy is the preferred option.

Unresectable Stage IVa Disease

37. The distinction between resectable and unresectable disease is controversial and patients with
suspected unresectable stage IVa disease should be discussed at an MCC for consideration for
referral to a high-volume tertiary thoracic surgical centre.

38. Where surgery is not feasible, chemotherapy concurrent with, or sequential to, radiotherapy is
recommended.

Justification for recommendations for THYMIC CARCINOMA TNM Stage IVa

(TanyN1M0/TanyNOM1a/TanyN1M1a)

Recommendation 27 was added to emphasize that multimodality therapy should be considered.

Surgery

Recommendation 28 remained consistent with the current recommendation for patients with TNM

stage IVa thymoma.

Recommendations 29 and 30 remained consistent with the recommendations for patients with TNM

stage | to lll thymic carcinoma.

Recommendations 31 and 32 remained consistent with the current recommendation for patients with

TNM stage IVa thymoma.

Neoadjuvant Systemic Therapy

For recommendation 33, there was evidence to suggest that patients respond to chemotherapy and

potentially improve the chance of an RO resection. However, the impact on survival is unknown. This

recommendation remained consistent with the current recommendation for patients with TNM stage

IVa thymoma.

Recommendation 34 remained consistent with the current recommendation for patients with TNM

stage IVa thymoma.

PORT and Adjuvant Systemic Therapy

The evidence suggested there was possibly a moderate difference in desirable effects favouring PORT

compared with no PORT, with trivial differences in acute harmful effects. The long-term adverse

effects were not well documented for patients with thymic carcinoma. The Working Group believed

PORT’s benefits outweighed the potential harm in these patients.

For recommendation 36, the Working Group preferred to give chemotherapy in the neoadjuvant setting

to try to reduce the size of the tumour and improve the chance of an RO resection, rather than give

chemotherapy in the adjuvant setting.

Unresectable Stage IVa Disease

Recommendation 37 and 38 remained consistent with the current recommendation for patients with

TNM stage IVa thymoma.

THYMIC CARCINOMA TNM 8% edition Stage IVb (TanyN2MO/TanyN2M1a/TanyNanyM1b)

(Involvement of deep intrathoracic or cervical nodes / deep intrathoracic or cervical nodes,

Separate pleural or pericardial nodule(s) / pulmonary intraparenchymal nodule or distant organ

metastasis)

39. This is a heterogeneous group of patients and treatment decisions should reflect the extent and
location of metastatic disease. Generic recommendations are not possible. These patients should
be discussed at an MCC, and treatment goals reviewed. Treatment options include chemotherapy
(platinum-based recommended; there is insufficient evidence to recommend the routine use of
other systemic agents), radiotherapy, and potential surgery.

Justification for recommendations for THYMIC CARCINOMA TNM Stage IVb

(TanyN2M0/TanyN2M1a/TanyNanyM1b)
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Since this is a heterogenous group of patients, generic recommendations were not possible. Therefore,

treatment options were provided that need to be discussed at an MCC. There was evidence to suggest

that there was no clear advantage in response between anthracycline and non-anthracycline platinum-

based chemotherapy in patients with advanced or recurrent thymic carcinoma. Furthermore, there

was insufficient indirect evidence to suggest an advantage of other first-line systemic agents such as

octreotide over platinum-based chemotherapy for patients with advanced or recurrent thymoma. Also,

there was insufficient evidence to recommend second-line agents such as pembrolizumab.

THYMIC CARCINOMA Recurrent Disease

40. These patients should be discussed at an MCC, and multimodality therapy should be considered.

Surgery

41. Resection should be considered in patients with intrathoracic disease. This should be considered
as part of multimodality care.

Radiotherapy

42. Radiotherapy may be appropriate either alone or as part of multimodality care.

Systemic Therapy

43. Cisplatin-based chemotherapy may be an appropriate therapy either alone or as part of
multimodality care. There is insufficient evidence to recommend the routine use of other systemic
agents.

Justification for recommendations for THYMIC CARCINOMA recurrent disease

Recommendation 40 was added to emphasize that multimodality therapy should be considered.

Surgery

Recommendation 41 remained consistent with the current recommendation for patients with recurrent

thymoma.

Radiotherapy

Recommendation 42 remained consistent with the current recommendation for patients with recurrent

thymoma.

Systemic Therapy

For recommendation 43, there was evidence to suggest that there was no clear advantage in response

between anthracycline and non-anthracycline platinum-based chemotherapy in patients with

advanced or recurrent thymic carcinoma. Furthermore, there was insufficient indirect evidence to

suggest an advantage of other first-line systemic agents such as octreotide over platinum-based

chemotherapy for patients with advanced or recurrent thymoma. Also, there was insufficient evidence

to recommend second-line agents such as pembrolizumab.

PATIENTS WITH THYMIC NEUROENDOCRINE TUMOURS

(endorsed from the NCCN Version 1.2021 Neuroendocrine and Adrenal Tumors Guideline [6])

THYMIC NEUROENDOCRINE TUMOURS Localized disease (Stage I-Il)

Surgery

1. Total resection is preferred over partial resection.

2. Open thymectomy is recommended as the standard of care.

Justification for recommendations for THYMIC NEUROENDOCRINE TUMOURS localized disease
(Stage I-11)

The Working Group endorsed NCCN Version 1.2021 Neuroendocrine and Adrenal Tumors Guideline
recommendation to resect patients with localized (stage I-1l) thymic NETs [1]. The specific technical
surgical recommendations 1 and 2 remained consistent with the PEBC recommendations for patients
with TNM stage | thymic carcinoma. Indirect evidence from studies that included patients with MK
stage I/1l thymoma were used to inform recommendation 1.

THYMIC NEUROENDOCRINE TUMOURS Resectable locoregional disease (Stage IlIA/B)
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Surgery
3. Total resection is preferred over partial resection.
4. Open thymectomy is recommended as the standard of care.
Incomplete resection and/or positive margins with low grade (typical carcinoid)
5. Consider observation, or
Consider radiotherapy
Incomplete resection and/or positive margins with intermediate grade (atypical carcinoid)
6. Consider observation, or
Consider radiotherapy + cytotoxic chemotherapy. Chemoradiation is thought to have most
efficacy for tumours with atypical histology or tumours with higher mitotic and proliferative
indices (e.g., Ki-67). Cytotoxic chemotherapy options include cisplatin + etoposide, or
carboplatin + etoposide.
Justification for recommendations for THYMIC NEUROENDOCRINE TUMOURS resectable
locoregional disease (Stage I1IA/B)
The Working Group endorsed NCCN Version 1.2021 Neuroendocrine and Adrenal Tumors Guideline
recommendation to completely resect patients with resectable locoregional (Stage IlIA/B) thymic NETs
[6]. The specific technical surgical recommendations 3 and 4 remained consistent with the PEBC
recommendations for patients with TNM stage | thymic carcinoma. Indirect evidence from studies that
included patients with MK stage I/1l thymoma were used to inform recommendation 3.
Recommendations 5 and 6 were endorsed from the NCCN Version 1.2021 Neuroendocrine and Adrenal
Tumors Guideline [6].
THYMIC NEUROENDOCRINE TUMOURS Locally unresectable locoregional disease (Stage I11A/B)
7. For symptom control, consider addition of focal therapy (i.e., endobronchial therapy debulking,
ablation).
Primary therapy
Low grade (typical carcinoid)
8. Observation (if asymptomatic), or
Octreotide or lanreotide (if somatostatin receptor [SSR]-positive and/or hormonal symptoms), or
Everolimus, or
Temozolomide + capecitabine, or
Radiotherapy
Intermediate grade (atypical carcinoid)
9. Observation (if asymptomatic and non-progressive), or
Radiotherapy + concurrent cisplatin + etoposide or carboplatin + etoposide (chemoradiation is
thought to have most efficacy for tumours with atypical histology or tumours with higher mitotic
and proliferative indices [e.g., Ki-67]), or
Cytotoxic chemotherapy with cisplatin + etoposide, or temozolomide + capecitabine, or
Octreotide or lanreotide (if SSR-positive and/or hormonal symptoms), or
Everolimus
Subsequent therapy
10. If disease progression, treatment with octreotide or lanreotide should be discontinued for non-
functional tumours and continued in patients with functional tumours; those regimens may be used
in combination with any of the subsequent options.
11. Clinical trial (preferred), or
Consider changing therapy if progression on first-line therapy, or
Consider peptide receptor radionuclide therapy with 177Lu-dotatate (if SSR-positive and
progression on octreotide/lanreotide).
Justification for recommendations for THYMIC NEUROENDOCRINE TUMOURS locally unresectable
locoregional disease (Stage I1IA/B)
Recommendations 7 to 11 were endorsed from the NCCN Version 1.2021 Neuroendocrine and Adrenal
Tumors Guideline [6].
THYMIC NEUROENDOCRINE TUMOURS Metastatic disease (Stage 1V)
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12. For symptom control, consider addition of focal therapy (i.e., endobronchial therapy debulking,
ablation).

13. NETs are highly heterogeneous, and all elements need to be considered (e.g., burden of disease,
symptoms, histopathology, rate of growth) when determining the best course of treatment.

Asymptomatic, low tumour burden and low grade (typical carcinoid)

14. Observe (chest computed tomography [CT] with contrast and abdominal/pelvic multiphasic CT or
magnetic resonance imaging every 3-6 months) or octreotide or lanreotide (if SSR-positive and/or
hormonal symptoms).

Clinically significant tumour burden and low grade (typical carcinoid) or evidence of disease

progression or intermediate grade (atypical carcinoid) or symptomatic disease

15. Clinical trial (preferred), or
Observation, in select patients (observation can be considered if asymptomatic or for tumours on
the lower end of the spectrum), or
Octreotide or lanreotide (if SSR-positive and/or hormonal symptoms), or
Everolimus, or
Peptide receptor radionuclide therapy with 177Lu-dotatate (if SSR-positive and progression on
octreotide or lanreotide), or
Cisplatin + etoposide or carboplatin + etoposide or temozolomide + capecitabine (can be
considered for intermediate-grade/atypical tumours with Ki-67 proliferative index and mitotic
index in the higher end of the defined spectrum), or
Liver-directed therapy for liver-predominant disease

16. Consider changing therapy if progression on first-line therapy. If disease progression, treatment
with octreotide or lanreotide should be discontinued for non-functional tumours and continued in
patients with functional tumours; those regimens may be used in combination with any of the
subsequent options.

Justification for recommendations for THYMIC NEUROENDOCRINE TUMOURS Metastatic disease

(Stage IV)

Recommendations 12 to 16 were endorsed from the NCCN Version 1.2021 Neuroendocrine and Adrenal

Tumors Guideline [6].

IMPLEMENTATION CONSIDERATIONS

The Working Group members believed that patients in rural areas or patients who are
disadvantaged may find it more challenging to attend daily PORT treatments or treatments in
high-volume centres since they may live further away from these centres in Ontario or may
have difficulty in acquiring transportation for daily treatments than patients in urban areas or
patients who are less disadvantaged. Also, peptide receptor radionuclide therapy has not been
approved for patients with thymic epithelial tumours in Ontario.

FURTHER RESEARCH
Larger, collaborative, international prospective trials that control for confounders are
needed to provide a greater degree of certainty in the evidence to inform recommendations.

GUIDELINE LIMITATIONS

The Working Group for this guideline did not include patient representatives. Thus,
when developing recommendations, input from patients about their values and preferences was
not sought and a systematic review for this information was not performed. Working Group
members used their prior clinical experiences with patients with thymic epithelial tumours to
assume their relevant values and preferences.
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Surgical, Radiation, and Systemic Treatments of Patients with
Thymic Epithelial Tumours

Section 3: Guideline Methods Overview

This section summarizes the methods used to create the guideline. For the
systematic review, see Section 4.

THE PROGRAM IN EVIDENCE-BASED CARE

The Program in Evidence-Based Care (PEBC) is an initiative of the Ontario provincial
cancer system, Ontario Health (Cancer Care Ontario). The PEBC mandate is to improve the
lives of Ontarians affected by cancer through the development, dissemination, and evaluation
of evidence-based products designed to facilitate clinical, planning, and policy decisions about
cancer control.

The PEBC supports the work of Guideline Development Groups (GDGs) in the
development of various PEBC products. The GDGs are composed of clinicians, other healthcare
providers and decision makers, methodologists, and community representatives from across the
province.

The PEBC is a provincial initiative of OH (CCO) supported by the Ontario Ministry of
Health (OMH). All work produced by the PEBC is editorially independent from the OMH.

JUSTIFICATION FOR GUIDELINE

Thymic tumours are rare. The previous 2010 PEBC document was based on a formal
consensus process and provided recommendations for patients only with thymoma. More
comparative studies have been published to guide clinicians in terms of treatment for patients
with these tumours. The goal of this updated guideline is to provide clinicians with evidence-
based guidance on how to treat patients with thymic epithelial tumours, including thymoma,
thymic carcinoma, and thymic NETs.

GUIDELINE DEVELOPERS

This guideline was developed by the Treatment of Thymic Tumours GDG (Appendix 2),
which was convened at the request of the Lung Cancer Disease Site Group and the Thoracic
Cancers Advisory Committee.

The project was led by a small Working Group of the Treatment of Thymic Tumours
GDG, which was responsible for reviewing the evidence base, drafting the guideline
recommendations, and responding to comments received during the document review process.
The Working Group had expertise in radiation oncology, surgical oncology, medical oncology,
and health research methodology. Other members of the Treatment of Thymic Tumours GDG
served as the Expert Panel and were responsible for the review and approval of the draft
document produced by the Working Group. Conflict of interest declarations for all GDG
members are summarized in Appendix 2, and were managed in accordance with the PEBC
Conflict of Interest Policy.

GUIDELINE DEVELOPMENT METHODS

The PEBC produces evidence-based and evidence-informed guidance documents using the
methods of the Practice Guidelines Development Cycle [8,9]. This process includes a systematic
review, interpretation of the evidence by the Working Group and draft recommendations,
internal review by content and methodology experts and external review by Ontario clinicians
and other stakeholders.
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The PEBC uses the AGREE Il framework [10] as a methodological strategy for guideline
development. AGREE Il is a 23-item validated tool that is designed to assess the methodological
rigour and transparency of guideline development and to improve the completeness and
transparency of reporting in practice guidelines. PEBC guideline development methods are
described in more detail in the PEBC Handbook and the PEBC Methods Handbook.

The currency of each document is ensured through periodic review and evaluation of
the scientific literature and, where appropriate, the addition of newer literature to the original
evidence-base. This is described in the PEBC Document Assessment and Review Protocol.

Search for Guidelines

As a first step in developing this guideline, a search for existing guidelines was
undertaken to determine whether any guideline could be endorsed. Evidence-based guidelines
with systematic reviews that addressed the research question found in Section 4 were included.
Guidelines older than three years (published before 2017) were excluded.

The following sources were searched for guidelines on January 9, 2020 with the search
terms thymic, thymus, and thymoma: ECRI Guidelines Trust, National Institute for Health and
Care Excellence Evidence Search, Canadian Partnership Against Cancer Guidelines Database,
Canadian Medical Association Journal Infobase, Scottish Intercollegiate Guidelines Network,
American Society of Clinical Oncology, National Health and Medical Research Council - Australia
Clinical Practice Guidelines Portal, and Cancer Council Australia - Cancer Guidelines Wiki. No
guideline met the inclusion criteria.

Following the results of the systematic review, very few studies were found that could
inform the recommendations for thymic NETs. Therefore, an updated search for guidelines that
included recommendations for patients with thymic NETS was performed. Guidelines older than
three years (published before 2018) were excluded.

The following sources were searched for guidelines on June 11, 2021 with the search
terms neuroendocrine and carcinoid: ECRI Guidelines Trust, National Institute for Health and
Care Excellence Evidence Search, Canadian Partnership Against Cancer Guidelines Database,
Canadian Medical Association Journal Infobase, Scottish Intercollegiate Guidelines Network,
American Society of Clinical Oncology, National Health and Medical Research Council - Australia
Clinical Practice Guidelines Portal, and Cancer Council Australia - Cancer Guidelines Wiki. Two
guidelines were found that met the inclusion criteria [6,11]. The Working Group chose to
endorse the NCCN 2021 guideline because it provided recommendations for all patients with
thymic NETs, whereas the ESMO 2021 provided recommendations only for patients with thymic
carcinoids. Although NCCN guidelines are not based on systematic reviews, this NCCN 2021
guideline included a description of the evidence that was used to support their
recommendations.

RECOMMENDATIONS DEVELOPMENT METHODS

PEBC guideline recommendations are based on evidence of the magnitude of the
desirable and undesirable effects of an intervention or accuracy of a test, and take into account
the certainty of the evidence, the values of key stakeholders (e.g., patients, clinicians, policy
makers, etc.), and the potential impact on equity, acceptability and feasibility of
implementation according to GRADE’s evidence-to-decision framework [12]. The results of the
questions associated with this framework can be found in Appendix 3. If insufficient evidence
was found, then the Working Group considered endorsing the recommendations from the
previous version of this guideline (see Appendix 1) [5]. A list of any implementation
considerations (e.g., costs, human resources, and unique requirements for special or
disadvantaged populations, dissemination issues, etc.) was provided along with the
recommendations for information purposes.
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ENDORSEMENT PROCESS

The Working Group reviewed the NCCN Version 1.2021 Neuroendocrine and Adrenal
Tumors Guideline [6] in detail, and reviewed each recommendation of that guideline to
determine whether it could be endorsed, endorsed with changes, or rejected. This
determination was based on the agreement of the Working Group with the interpretation of
the available evidence presented in the guideline, whether the recommendation was applicable
and acceptable to the Ontario context, whether it was feasible for implementation, and
whether new evidence reported since the guideline was developed might change any of the
recommendations.

GUIDELINE REVIEW AND APPROVAL

Internal Review

For the guideline document to be approved, 75% of the content experts who comprise
the GDG Expert Panel must cast a vote indicating whether or not they approve the document,
or abstain from voting for a specified reason, and of those that vote, 75% must approve the
document. In addition, the PEBC Report Approval Panel (RAP), a three-person panel with
methodology expertise, must unanimously approve the document. The Expert Panel and RAP
members may specify that approval is conditional, and that changes to the document are
required. If substantial changes are subsequently made to the recommendations during external
review, then the revised draft must be resubmitted for approval by RAP and the GDG Expert
Panel.

External Review

Feedback on the approved draft guideline is obtained from content experts and the
target users through two processes. Through the Targeted Peer Review, several individuals with
content expertise are identified by the GDG and asked to review and provide feedback on the
guideline document. Through Professional Consultation, relevant care providers and other
potential users of the guideline are contacted and asked to provide feedback on the guideline
recommendations through a brief online survey.

DISSEMINATION AND IMPLEMENTATION

The guideline will be published on the OH (CCO) website and may be submitted for
publication to a peer-reviewed journal. The Professional Consultation of the External Review is
intended to facilitate the dissemination of the guideline to Ontario practitioners. Section 1 of
this guideline is a summary document to support the implementation of the guideline in
practice. OH (CCO)-PEBC guidelines are routinely included in several international guideline
databases including the CPAC Cancer Guidelines Database, the CMA/Joule CPG Infobase
database, NICE Evidence Search (UK), and the Guidelines International Network (GIN) Library.
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Surgical, Radiation, and Systemic Treatments of Patients with
Thymic Epithelial Tumours

Section 4: Systematic Review

INTRODUCTION

Thymic epithelial tumours are relatively rare with an incidence of 3.2 per 1,000,000
people [13]. They are classified as thymoma, thymic carcinoma, and NETs. Approximately 80%
of thymic epithelial tumours are thymomas [13]. Thymic carcinomas are less abundant and
more aggressive than thymomas [14] with thymic NETs being the least common type [15,16].
The five-year overall survival rates are approximately 90% for thymoma [17], 55% for thymic
carcinoma [18] and 28% to 75% for thymic NETs [19,20].

Surgery is considered the standard treatment for patients with thymoma with the aim
of negative surgical margins since completeness of resection is the most important prognostic
factor [21-23]. Neoadjuvant therapy, typically chemotherapy, is generally given to reduce the
size of the tumour to improve the chances of a complete resection [5]. PORT may be given to
patients with poorer prognosis [5]. Patients who are not amenable to surgery may be offered a
combination of chemotherapy and/or radiotherapy [5].

The PEBC developed a consensus guideline for patients with thymoma [5]. There was
little definite evidence to support those recommendations and a consensus process was used to
generate recommendations. Since then the International Association for the Study of Lung
Cancer and the International Thymic Malignancy Interest Group introduced a newer staging
system that was approved by the Union for the International Cancer Control and the American
Joint Committee on Cancer in the eighth edition of the TNM classification to replace the
previous Masaoka and Masaoka-Koga (MK) staging systems [1,2].

The Working Group of the Treatment of Thymic Tumours GDG developed this evidentiary
base to update the evidence and expand the scope to include patients with thymic epithelial
tumours. This systematic review will inform the recommendations as part of a clinical practice
guideline. Based on the objectives of this guideline (Section 2), the Working Group derived the
research question outlined below. This systematic review has been registered on the PROSPERO
website (International prospective register of systematic reviews) with the following
registration number CRD42020179191 [24].

RESEARCH QUESTION

What are the benefits and harms of the treatment options for patients with thymic
epithelial tumours? The interventions under consideration were systemic therapy
(chemotherapy, imatinib, cixutumumab, sunitinib, saracatinib, everolimus, octreotide,
pembrolizumab, nivolumab, atezolizumab), radiotherapy, surgery, or any combination of these
treatments. The comparator was another treatment (systemic therapy, radiotherapy, surgery,
or any combination) or no treatment.

Outcomes

The Working Group considered overall survival, toxicity rates (grade 3 or above
toxicities), and progression- or recurrence-free survival to be critical outcomes and response
rates, and quality of life to be important outcomes for systemic therapy. The Working Group
considered overall survival, toxicity rates (pneumonia, esophagitis, dermatitis), progression- or
recurrence-free survival to be critical outcomes and response rates, and quality of life to be
important outcomes for radiotherapy. The Working Group considered overall survival, and
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positive/negative margin rate to be critical outcomes and progression- or recurrence-free
survival, short-term (30-day) mortality, response rates, local recurrence, nodal (regional)
disease, metastatic disease, quality of life, length of hospital stay, chest-in-tube days,
conversion to open sternotomy, intraoperative complications and postoperative complications,
toxicity rates (pain), postoperative bleeding, and reoperation to be important outcomes for
surgery.

METHODS
Search for Systematic Reviews and Primary Literature

Systematic reviews were included if they met the following criteria: the review
addressed the research question with similar inclusion or exclusion criteria, and the review had
a moderate or high overall rating as assessed with the AMSTAR 2 tool [25]. If more than one
systematic review met the inclusion criteria, then one systematic review for each outcome per
comparison was selected by EV based on its age, quality, and the best match with our study
selection criteria stated below.

For each outcome per comparison, if no systematic review was included, then a search
for primary literature was conducted. For any included systematic review, an updated search
for primary literature was performed. If any included systematic review was limited in scope,
then a search for primary literature to address the limitation in scope was conducted.

Literature Search Strategy

MEDLINE, EMBASE, and the Cochrane Database of Systematic Reviews were searched for
systematic reviews since the time of the previous PEBC 2009 publication until April 5, 2021.
MEDLINE, EMBASE, and the Cochrane Clinical Trials Registry were searched from inception for
primary literature until April 5, 2021. PubMed was searched on August 26, 2021 for primary
literature not indexed in MEDLINE. Clinicaltrials.gov was searched on August 26, 2021 for
ongoing trials and to identify data from any existing trials (see Appendix 4 for the full search
strategies).

Primary Literature Study Selection Criteria and Process

Fully published studies or published abstracts of completed studies of phase Il or lll
randomized controlled trials (RCTs) were included. If no or low-quality RCTs were available,
then fully published comparative studies were included. If no comparative studies were
available, then fully published non-comparative studies with at least 25 patients were included.
Studies with patients who had MG without thymoma were excluded. Studies published in a
language other than English were excluded.

A review of the titles and abstracts was done by EV independently. For studies that
warranted full-text review, EV reviewed each study in collaboration with CF, if uncertainty
existed.

Data Extraction and Assessment of Risk of Bias

All included primary studies underwent data extraction by EV independently, with all
extracted data and information audited subsequently by an independent auditor. Ratios,
including hazard ratios (HRs), were expressed with a ratio of <1.0 indicating benefit for the
intervention rather than the comparator.

Risk of bias (ROB) per outcome for each included study was assessed using ROBINS-1 [26]
for any observational comparative studies and Cochrane ROB for Interventions [27] for any
RCTs.

Synthesizing the Evidence
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For time-to-event outcomes, when clinically and methodologically homogeneous results
from two or more studies were available, a meta-analysis was conducted using Review Manager
5.4 software provided by the Cochrane Collaboration [28]. HRs, rather than the number of
events at a specific time, were the preferred statistic for meta-analysis, and were used as
reported. If the HR and/or its standard error were not reported, they were derived from other
information reported in the study if available, using the methods described by Parmar et al.
[29]. The generic inverse variance model with random effects was used. Adjusted effect
measurements were used, if available. In cases where studies reported multiple adjusted
estimates, the one that best minimized the ROB due to confounding was selected. Sensitivity
analyses by any variability in ROB or by the following confounders: age, stage, year of diagnosis,
comorbidity, paraneoplastic syndromes (e.g., MG), socioeconomic status, use of other
treatments (e.g., neoadjuvant chemotherapy or chemoradiotherapy, type of surgery), and
surgical margin status (i.e., complete resection) may have been conducted. Absolute values
were reported for any ratios using baseline risks extracted from included studies.

The chi-squared (X2) test was used to test the null hypothesis of homogeneity, and a
probability level less than or equal to 5% (p<0.05) was considered indicative of statistical
heterogeneity. If heterogeneity was detected, then the I> index was used to quantify the
percentage of the variability in the effect estimates that was due to heterogeneity.

The following subgroups were considered for separate analysis: patients with thymoma
or thymic carcinoma or thymic NETs (i.e., thymic carcinoids), patients with different TNM
classifications or different stages, patients with resectable or unresectable tumours, and
patients with recurrent disease. If no data were available from patients for each type of
tumour, then studies that had pooled outcomes from patients with different types of thymic
epithelial tumours may have been analyzed separately.

When only non-comparative studies were available, the risk of an event (or proportion)
in each non-comparative study was calculated. With clinically and methodologically
homogenous studies, the proportions from each non-comparative study weighted by the sample
size were combined for each intervention. The pooled proportion for each intervention was
presented, if possible, but a relative effect between any two interventions was not calculated.

Assessment of the Certainty of the Evidence

The certainty of the evidence per outcome for each comparison, taking into account
ROB, inconsistency, indirectness, imprecision, and publication bias was assessed using the
Grading of Recommendations, Assessment, Development and Evaluations method [30].

RESULTS
Search for Systematic Reviews

There were 29 systematic reviews that were found on this topic (see Appendix 5).
However, none of the systematic reviews matched the (P)opulation, (I)ntervention, (C)ontrol,
and (O)utcomes components of the research question with similar inclusion or exclusion
criteria.

Search for Primary Literature

Literature Search Results and ROB

There were 10,837 results from the combined MEDLINE, EMBASE and Cochrane search of
which 106 studies met the inclusion criteria. A PRISMA flow chart with the reasons for exclusion
can be found in Appendix 5. The characteristics of the studies selected for inclusion can be
found in Appendix 6. The assessment of the ROB of these included studies can be found in
Appendix 7.
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Comparisons and the Certainty of the Evidence

The number of included studies is reported in Table 4-1. All of the studies, except for
one small RCT [31] and an abstract of an RCT [32], were observational with low to very low
certainty in the evidence. The meta-analyses conducted can be found in Appendix 8. The
comparison surgery versus no surgery was not included in the results because there would be a
strong selection bias to select patients with better prognosis for surgery. Since complete
resection is the most robust prognostic indicator for overall survival [21-23], it was assumed
that obtaining a complete resection was the preferred treatment choice.

Table 4-1. Number of included studies per outcome per comparison

Treatment(s) | Outcomes | Number of studies

THYMOMA

Partial 0S 5 [33-37]

thymectomy vs. DFS 2 [36,38]

total thymectomy | Recurrence 4 [35,39-41]
Complications 4 [34,39-41]
Length of stay 3 [34,35,41]
Chest drainage 3 [34,35,41]
Blood loss 3 [34,35,41]

Minimally invasive | OS 11 [34,36,42-50]

surgery vs. open DFS 4[36,46,51,52]

thymectomy Recurrence 7 [42,45,48,51,53-55]
Complications 13 [43,46,48,51,54-62]
Length of stay 11 [43,45,46,48,58,63-68]
Chest drainage 8 [43,45,58,63-65,67,68]
Blood loss 10 [43,45,54,58,63,64,66-69]

Neoadjuvant 0S 3 [70-72]

therapy vs. no

neoadjuvant

therapy

Neoadjuvant 0S 3 [73-75]

chemotherapy vs. DFS 2 [73,75]

no chemotherapy

Neoadjuvant 0S 2 [76,77]

radiotherapy vs. no

neoadjuvant

therapy

Neoadjuvant Response 2 [78,79]

chemotherapy

Radiotherapy 0S 1 [80]

and/or

chemotherapy vs.

no therapy

First-line Response 3 [81-83]

anthracycline-

based therapy
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First-line Response 1 [84]

octreotide

Second-line Response 1 [85]

cixutumumab

Second-line Response 1 [86]

everolimus

Chemotherapy Grade >3 leukopenia | 2 [81,82]
Grade >3 anemia 2 [81,82]
Grade >3 2 [81,82]
thrombocytopenia

Adjuvant 0S 2 [75,87]

chemotherapy vs. DFS 1 [75]

no adjuvant

chemotherapy

PORT vs. no PORT | OS 13 [31,36,52,75,88-96]
DFS 5[36,52,75,92,95]

Grade >3 toxicities

9 [32,97-104]

Long-term toxicities

117]

THYMIC CARCINOMA

Partial 0S 1 [105]

thymectomy vs.

total thymectomy

Minimally invasive | OS 1 [106]

surgery vs. open DFS 1 [106]

thymectomy Length of stay 1 [107]
Chest drainage 1 [107]
Blood loss 1 [107]

Neoadjuvant 0S 1 [108]

therapy vs. no

neoadjuvant

therapy

Neoadjuvant 0S 2 [109,110]

chemotherapy vs. DFS 1 [110]

no chemotherapy

Neoadjuvant Response 1 [111]

chemotherapy

First-line 0S 1[112]

chemoradiotherapy

vs. chemotherapy

First-line Response 2 [113,114]

anthracycline-

based therapy

First-line non- Response 6 [114-119]

anthracycline-

based therapy

Chemoradiotherapy | Response 1 [120]

Second-line Response 1 [121]

anthracycline-
based therapy
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Second-line non- Response 1 [121]
anthracycline-

based therapy

Second-line S-1 Response 3 [121-123]
monotherapy

Second-line Response 2 [124,125]
pembrolizumab

Second-line Response 1 [126]
lenvatinib

Chemotherapy Grade >3 leukopenia | 2 [113,115]

Grade >3
neutropenia

4[113,115,118,123]

Grade >3 febrile
neutropenia

2 [113,115]

Grade >3
thrombocytopenia

4[113,118,122,123]

Grade >3 anemia

3 [113,115,123]

Grade >3 nausea

3 [113,118,122]

Grade >3 anorexia

3 [113,115,123]

Pembrolizumab Grade >3 toxicities 1 [125]
Lenvatinib Grade >3 leukopenia | 1 [126]
Grade >3 1 [126]
neutropenia
Grade >3 1 [126]
thrombocytopenia
Grade >3 anemia 1 [126]
Grade >3 nausea 1 [126]
Adjuvant 0S 5[95,106,127-129]
chemotherapy vs. DFS 7 [92,95,106,129-132]
no adjuvant
chemotherapy
PORT vs. no PORT | OS 7 [90,95,105,106,110,127,129]
DFS 6 [95,106,110,127,129,131]
Grade >3 toxicities 9 [32,97-104]
THYMIC NETs
Partial 0S 1[133]
thymectomy vs.
total thymectomy
Neoadjuvant 0S 1[134]
therapy vs. no
neoadjuvant
therapy
Neoadjuvant 0S 1[109]
chemotherapy vs.
no chemotherapy
Adjuvant 0S 2 [109,135]

chemotherapy vs.
no adjuvant
chemotherapy
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PORT vs. no PORT | OS 2 [109,135]

Grade >3 toxicities 9 [32,97-104]

Abbreviations: DFS, disease-free survival; NETs, neuroendocrine tumours; OS, overall
survival; PORT, postoperative radiotherapy

Comparisons for patients with thymoma
Partial thymectomy versus total thymectomy for patients with thymoma

The absolute point estimates comparing partial thymectomy versus total thymectomy in
patients with thymoma slightly favoured partial thymectomy for all patient outcomes, but the
certainty in these estimates was low to very low (Table 4-2). The confidence intervals were
wide and favoured either treatment at its limits for overall survival, recurrence, complications,
and the duration of chest drainage. There was significant heterogeneity for overall survival that
was not reduced substantially by removing the study with higher ROB [35] (I* = 69%, p=0.02).
Furthermore, subgroup analysis by MG status was not significant (p=0.87). However, studies
with all patients with MG were compared with studies who had some patients with MG, rather
than no patients with MG. Most patients included in the studies had MK stage | or Il thymoma.
Patients generally received partial thymectomy using minimally invasive techniques, whereas
for a total thymectomy, they usually had an open thymectomy. This may have confounded the
results. Also, there was concern that patients with more favourable prognosis were selected to
receive partial thymectomy and would have biased the results in favour of partial thymectomy.
Furthermore, the studies may have not had adequate follow-up to detect any differences in
overall survival.

Minimally invasive surgery versus open thymectomy for patients with thymoma

VATS was the main method used for minimally invasive surgery (MIS), with some studies
using a combination of VATS and RATS [49,53,57] and others compared RATS versus open
thymectomy [55,62]. Most of these studies included patients with stages | or || thymoma. The
effects for overall survival (HR, 0.61; 95% confidence interval [CI], 0.43 to 0.85; p=0.004), but
not for disease-free survival (DFS) (HR, 1.06; 95% Cl, 0.58 to 1.92; p=0.85), comparing MIS versus
open thymectomy in patients with thymoma favoured MIS, but the confidence in these
estimates was low to very low (Table 4-3). The postoperative outcomes also tended to favour
MIS, which resulted in 2.86 fewer days in the hospital, 0.95 fewer days of chest drainage, and
109.01 ml less of blood loss, but again the certainty in these outcomes was very low. There was
concern that patients with more favourable prognosis were selected to receive MIS, which
would bias the results in favour of MIS, especially for overall survival. Also, patients may have
received less extensive surgery with MIS than with open thymectomy. This may have confounded
the results.

Neoadjuvant therapy versus no neoadjuvant therapy for patients with thymoma

The point estimates indicated that fewer patients would survive with neoadjuvant
therapy compared with no neoadjuvant therapy (Table 4-4). However, the certainty in these
estimates was low to very low because of the wide confidence intervals. Patients selected to
receive neoadjuvant therapy may have had worse prognosis than patients who did not receive
neoadjuvant therapy. This is because the intention of neoadjuvant therapy is to reduce the size
of the tumour before resection. There were two included studies that provided the response to
neoadjuvant chemotherapy (weighted mean 71%) [78,79].

The most common chemotherapy toxicities were anemia (weighted mean 37%) and
leukopenia (weighted mean 30%) [81,82]. These toxicities were reported in patients with stage
Il or IV thymoma and may not generalize to patients with resectable thymoma.
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PORT versus no PORT for patients with thymoma

The relative effects comparing PORT with no PORT in patients with thymoma favoured
PORT for overall survival (HR, 0.70; 95% Cl, 0.59 to 0.82; p=0.0001) and DFS (HR, 0.60; 95% ClI,
0.39 to 0.91; p=0.02) (Table 4-5). It is estimated that the absolute effect would be larger for
patients at high risk for death (72 more per 1000 patients survive) than for low-risk patients (18
more per 1000 patients survive). One very small RCT [31] was combined with the observational
studies because there was minimal change to the point estimate or heterogeneity with its
addition. For overall survival, subgroup analysis by stage (p=0.28) or sensitivity analyses by ROB
(p=0.75) or resection status (p=0.38) did not reveal significant interactions. However, for
subgroup analysis by resection status, studies were grouped into patients with complete
resection and patients with any resection status. There were no HRs available for patients with
incomplete resections comparing PORT with no PORT.

All patients in the no PORT group had resectable tumours. Patients who were selected
to receive PORT may have had worse prognosis than patients who did not receive PORT. For
example, patients with more advanced stages (MK Il or IV) may have received PORT more often
than patients with less advanced stages. However, even though this selection bias would favour
the no PORT group, survival seemed to be longer in patients who received PORT.

Nine studies provided information about toxicities [32,97-104]. Eight non-comparative
studies provided information about toxicities for patients receiving PORT. Four of these studies
included patients with thymoma or thymic carcinoma [98,100,102,104] and one study included
patients with thymic carcinoma or thymic NETs [103]. One abstract of a small RCT reported
adverse effects for patients with or without PORT [32]. There appeared to be few instances of
grade 3 or greater acute toxicities. These outcomes were not always reported. There was one
study that reported the number of patients with thymoma who experienced secondary
malignancies and cardiac mortality following radiotherapy [7]. Patients who received
radiotherapy did not have statistically higher secondary malignancies (located anywhere [11.7%
versus 12.4%, p=0.70] or only in the thorax [3.4% versus 4.3%, p=0.31]) or cardiac mortality
(14.3% radiation versus 12.9% no radiation, p=0.83) compared with patients who did not receive
radiotherapy.

Adjuvant chemotherapy versus no adjuvant therapy for patients with thymoma

There were very few studies that reported outcomes for this comparison. It seems that
patients would not benefit from adjuvant chemotherapy (HR for OS, 1.82; 95% Cl, 0.56 to 5.94;
p=0.32), but the certainty in these estimates was very low (Table 4-6). Patients with worse
prognosis might have been selected for adjuvant chemotherapy compared with patients who
did not receive adjuvant therapy, biasing the results toward the no adjuvant therapy group.
The confidence intervals were wide and favoured either comparator at its end points. The
chemotherapy toxicities were based on patients with advanced stages and may not apply to
patients with resectable tumours.

Treatment comparisons for patients with advanced or recurrent thymoma

It appeared that patients with unresectable tumours lived longer with radiotherapy
and/or chemotherapy than with no therapy (HR for OS, 0.53; 95% Cl, 0.26 to 1.09; p=not
reported), but the certainty in this evidence was very low (Table 4-7). Patients with advanced
or recurrent thymoma tended to respond to first- or second-line systemic therapy. There
seemed to be a higher response with first-line anthracycline-based chemotherapy (weighted
mean 70%) than with first-line octreotide (38%), but these agents were not directly compared.
There were two studies that reported the response rates to second-line cixutumumab (14%) and
everolimus (9%) in patients with advanced or recurrent thymoma [7,85,86]. The chemotherapy
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toxicities appeared to be low, but they were underreported with the highest rates for grade >
3 anemia (weighted mean 37%) and grade >3 leukopenia (weighted mean 30%).
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Table 4-2. Summary of findings for partial thymectomy versus total thymectomy for patients with thymoma

. Summary of findings
Certalnty assessment 5 = -
# of patients Effect _ |importance
@l Design Hibscal Inconsistency(Indirectness|imprecision Other partial total Relative Absolute E——
studies bias 2 considerations (95% Cl) (95% Cl)
Overall survival (early stages) (median follow-up: range 4 years to 6 years)
5b lobservational|very serious| serious ¢ not serious | not serious none 1014 2205 HR 0.84 7 more per 1000 ®OOO| CRITICAL
95.4% at 5 | (0.44-1.57) | (from 25 fewer to 25 more) | VERY
years ¢ [survival] Low
Disease-free survival (stages I-1l) (median follow-up: range 4 years to 9 years)
2 |observational|very serious| not serious [ not serious | serious € none 64 97 HR 0.41 89 more per 1000 ®OOO| CRITICAL
(0.17-0.95) | (from 7 more to 128 more) VERY
84.3% atf 5 |[disease-free LOW
years survival]
Recurrence (median follow-up: range 4 years to 6 years)
4  |observational|very serious| not serious [ not serious | not serious none 14/426 12/430 RR 0.94 2 fewer per 1000 @O0 | CRITICAL
(3.3%) (2.8%) (0.34-2.63) | (from 18 fewer to 45 more) LOW
Complications
4 |observational|very serious| not serious | not serious | not serious none 23/492 43/529 RR 0.67 27 fewer per 1000 @dOO [IMPORTANT
(4.7%) (8.1%) (0.40-1.13) | (from 49 fewer to 11 more) LOW
Length of stay (days) (stages I-Il)
3 |observational| extremely serious & not serious | not serious none 269 226 MD 1.11 lower @OOQ |IMPORTANT]
serious (2.21 lower to 0) VERY
LOW
Chest drainage (days) (stages I-11)
3 |observational| extremely | serious " not serious | not serious none 269 226 MD 0.89 lower @OOQ |IMPORTANT]
serious (1.85 lower to 0.08 higher) VERY
LOW
Blood loss (ml) (stages I-II)
3 |observational| extremely | not serious | not serious | not serious none 269 226 MD 100.1 lower @OOQ |IMPORTANT]
serious (105.87 lower to 94.32 lower)| VERY
LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio; MD, mean difference; RR, relative risk
& According to the ROBINS-I tool

b.

There were 8 studies that provided data for HR for overall survival comparing partial thymectomy versus total thymectomy in patients with

thymoma. Four studies included patients from the same hospital [33,38,39,136]. Hishida 2020 was chosen for the meta-analysis because it
was the largest study with a lower risk of bias.
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12 was 74%, P=0.004
Median overall survival from included studies that provided this information
Small sample size
Reported by Sakamaki 2014 [36]
12 was 83%, P=0.003
12 was 84%, P=0.002
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Table 4-3. Summary of findings for minimally invasive surgery versus open thymectomy for patients with thymoma

Certainty assessment

Summary of findings

i i Design sk e Inconsistency|Indirectness|imprecision itz MIS open Relatiye Absolute e
studies bias 2 considerations| (95% Cl) (95% Cl)
Overall survival (median follow-up: range 3 years to 12 years)
11b  |observational|very serious| not serious | not serious | not serious none 1076 1760 HR 0.61 24 more per 1000 @O0 | CRITICAL
93.8% at 5 | (0.43-0.85) | (from 9 more to 35 more) LowW
years © [survival]
Disease-free survival (median follow-up: range 3 years to 7 years)
4 |observational| extremely [ not serious | not serious | not serious none 248 218 HR 1.06 13 fewer per 1000 eOOO| CRITICAL
serious (0.58-1.92) | (from 173 fewer to 95 more) | VERY
75.3 at 3 [disease-free LOW
years’ Survival]
Recurrence (median follow-up: range 2 years to 13 years)
7¢ |observational| extremely | not serious | not serious | not serious none 14/386 36/424 RR 0.58 36 fewer per 1000 eOOO| CRITICAL
serious (3.6%) (8.5%) (0.31-1.08) | (from 59 fewer to 7 more) VERY
LOW
Complications
13f |observational| extremely | not serious | not serious | not serious none 49/407 203/973 RR 0.53 98 fewer per 1000 @OOQ |IMPORTANT]
serious (12.0%) (20.9%) (0.36-0.79) |(from 134 fewer to 44 fewer)| VERY
LOW
Length of stay (days) (stages I-II)
11 |observational| extremely serious ¢ not serious | not serious none 463 336 MD 2.86 lower @OOQ |IMPORTANT]
serious (3.86 lower to 1.77 lower) VERY
LOW
Chest drainage (days) (stages I-11)
8 [observational| extremely serious ¢ not serious | not serious none 374 274 MD 0.95 lower @OOQ |IMPORTANT]
serious (1.45 lower to 0.45 lower) VERY
Low
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Blood loss (ml) (stages I-II)

10

observational

extremely
serious

serious ¢ not serious

not serious

none

464 377

MD 109.01 lower

(155.55 lower to 62.47 lower)

®O00O
VERY
LOW

IMPORTANT]

Abbreviations: Cl, confidence interval; HR, hazard ratio; MD, mean difference; MIS, minimally invasive surgery; RR, relative risk
& According to the ROBINS-I tool

b.

There were 13 studies that provided data for HR for overall survival comparing MIS versus open thymectomy in patients with thymoma.

Three studies included patients from the same Chinese hospital [47,52,68]. Tian 2020 Surgical outcomes was chosen for the meta-analysis
because it had the lowest risk of bias.

¢ Median overall survival from included studies that provided this information

Median disease-free survival from included studies that provided this information
There were 9 studies that provided HR data for recurrence comparing MIS versus open thymectomy in patients with thymoma. Two studies

included patients from the same Japanese hospital [51,137]. Odaka 2017 Thoracoscopic was chosen for the meta-analysis because it was
the most recent. Two other studies included patients from the same Japanese hospital [42,69]. Agatsuma 2017 was chosen for the meta-
analysis because it had a lower risk of bias.

There were 17 studies that provided HR data for complications comparing video-assisted thoracic surgery versus open thymectomy in

patients with thymoma. Three studies included patients from the same Japanese hospital [51,67,137]. Odaka 2017 Thoracoscopic was
chosen for the meta-analysis because it was the most recent. Three other studies included patients from the same Japanese hospital
[39,42,69]. Nakajima 2016 was chosen for the meta-analysis because it was larger.
& The effect estimates mostly favoured MIS

Table 4-4. Summary of findings for neoadjuvant therapy versus no neoadjuvant therapy for patients with thymoma

Summary of findings
Certainty assessment -
y # of patients Effect
No . Importance
# of Design Risk of || itencylindirectnesslimprecision Other Neoadjuvant | = . = .| Relative Absolute Certainty
studies '8 bias 2 ! yjindi Precision| . onsiderations therapy ther:]:;\),y (95% Cl) (95% Cl)
OVERALL SURVIVAL
. Neoadjuvant therapy vs. no neoadjuvant therapy (median follow-up: range 6 years to 8 years)
30 observational| very serious © not serious | seriousd none 2905 HR 1.53 90 fewer per | @ OO0 | CRITICAL
serious (0.70-3.33) 1000 VERY
79.8%¢at 5 | [survival] | (from 326 fewer | LOwW
years to 56 more)
. Neoadjuvant chemotherapy vs. no neoadjuvant therapy (median follow-up: range 3 years to 4 years)
3f observational{extremely| serious$ not serious | serious 9 none 39 500 HR 1.03 |5 fewer per 1000
. ®O00
serious 79.8%¢ at 5 |[(0-20-5.44)| (from 505 fewer | “yeov™ | CRITICAL
years [survival] | to 158 more) LOW
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Neoadjuvant radiotherapy vs. no neoadjuvant therapy (median follow-up: 6 years)

2 observational| very not serious |not serious | not serious none 40 865 HR 1.51 87 fewer per 21100
serious (1.17-1.94) 1000 LOW
[survival] | (from 153 fewer CRITICAL
79.8%¢ at 5 to 30 fewer)
years
DISEASE-FREE SURVIVAL
¢ Neoadjuvant chemotherapy vs. no neoadjuvant therapy (median follow-up: 3 years)
2h observational| very not serious | not serious | seriousd none 19 466 HR 1.90 | 225 fewer per
serious 57 7% at 3 |(0.74-4.87) 1000 eC0O0O
years [disease- | (from 508 fewer | VERY CRITICAL
free to 89 more) LOW
survival]
RESPONSE (anthracycline-based)
2i observationallextremely| not serious | not serious | seriousk none 62 Not 1000
serious Weighted mean estimable VERY CRITICAL
(SD) 71% (2%) LOW
GRADE >3 CHEMOTHERAPY TOXICITIES (stages llI-IV)
. Grade 2 3 leukopenia
2 observationallextremely| not serious serious ! serious k none 67 Not @OOO [IMPORTANT]
serious Weighted mean estimable VERY
(SD) 30% (9%) LOW
« Grade 2 3 anemia
2 observationallextremely| serious ™ serious ! serious k none 67 Not @OOQO [IMPORTANT
serious Weighted mean estimable VERY
(SD) 37% (42%) LOW
« Grade 2 3 thrombocytopenia
2 observationallextremely| serious™ serious! serious ¥ none 67 Not @®OOQO [IMPORTANT]
serious Weighted mean estimable VERY
(SD) 12% (13%) LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio
According to the ROBINS-I tool
There were 5 studies that provided data for HR for overall survival comparing neoadjuvant therapy with no neoadjuvant therapy in patients
with thymoma. Two studies [70,138] included patients from the same Italian institutions. Guerrara 2015 was chosen for the meta-analyses
because it was the larger study with a lower risk of bias. Also, two studies included patients from the same Japanese institution [72,139].
Yamada 2015 was chosen for the meta-analyses because it was the larger study.
12 was 84%, P=0.002

Wide confidence interval
Reported in Bian 2019 [140]

a.
b.
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There were 6 studies that provided data for HR for overall survival comparing neoadjuvant chemotherapy with no neoadjuvant therapy in
patients with thymoma. Two studies [73,141] were from overlapping years from the same Japanese hospital. Hakiri 2019 was chosen for
the meta-analyses because it was the most recent and largest study. Two studies included patients from the same Indian centre [74,142].
Kumar 2020 Surgical was chosen because it was larger. Two studies included patients from the same Korean center [75,77]. Song 2020 was
chosen because it was larger.

12 was 77%, P=0.01

There were 4 studies that provided data for HR for DFS comparing neoadjuvant therapy/chemotherapy with no neoadjuvant therapy in
patients with thymoma. Three studies included patients from the same Japanese hospital [72,73,141]. Hakiri 2019 was selected because it

had the lowest risk of bias. This study compared neoadjuvant chemotherapy with no neoadjuvant therapy in patients with thymoma.
i Reported in Yano 2009 [141] for stage IV thymoma
- There were 3 studies that included the response to anthracycline-based neoadjuvant chemotherapy, but one study with a response of 78%
did not report the sample size and could not be included in the weighted outcome [111]

Small sample size
Studies included patients with stage IlI-IV thymoma. This may not generalize to resectable patients.

M- Large differences in proportions reported

Table 4-5. Summary of findings for PORT versus no PORT for patients with thymoma

. Summary of findings
Certalnty assessment 3 L =
# Of pat'lentS EffeCt |mp°rtance
# of . Risk of . . .. Other Relative Absolute Certainty
studies Study design bias a Inconsistency|Indirectness|Imprecision considerations PORT No PORT (95% Cl) (95% Cl)
Overall survival (resectable patients) (median follow-up: range 3 years to 7 years)
13b 1RCT very not serious | not serious | not serious none 3905 4617 HR 0.70 18 more per 1000 | ®®(OO | CRITICAL
12 serious patients | patients (0.59 to 0.82) (from 11 more to 24 LOW
observational 94% at 5 [survival] more)
years ©
73% at 5 72 more per 1000
years ¢ (from 43 more to 101
more)
Disease-free survival (resectable patients) (median follow-up: range 4 years to 7 years)
5d observational very not serious | not serious | not serious none 209 256 HR 0.60 53 more per 1000 | ®®(OO | CRITICAL
serious patients (0.39-0.91) (from 12 more to 83 LOW
86% at 5 [disease-free more)
years ® survival]
50% at 5 160 more per 1000
years © (from 32 more to 263
more)

Grade 23 toxicities (resectable patients)
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9 1 RCT

8 case series

very not serious |not serious f

serious

n

ot serious

none

10/548

0/19

Not estimable

1100
LOW

CRITICAL

Abbreviations: Cl, confidence interval; HR, hazard ratio; PORT, postoperative radiotherapy; RCT, randomized controlled trial

a.
b.

According to the ROBINS-I tool

There were 21 studies that provided data for HR for overall survival comparing PORT with no PORT in patients with thymoma. Seven

studies [37,91,140,143-146] were from overlapping years from the SEER database. Mou 2018 was chosen for the meta-analyses because it
had the largest and most inclusive sample from among the studies with lower risk of bias. Two studies included patients from the same
Korean database [34,75]. Song 2020 was chosen because it was more recent and larger. Also, three studies were conducted in the same
Chinese institution [31,52,101]. Yuan 2017 and Zhang 1999 were chosen for the meta-analyses because the populations did not overlap and

because Zhang 1999 was the only small RCT.

¢ From the included studies, the second highest survival at 5 years was chosen for the low-risk population and the second lowest survival at 5

years was chosen for the high-risk population.

There were 8 studies that provided HR data for disease-free survival comparing PORT with no PORT in patients with thymoma. Three

studies [52,99,101] were conducted in the same Chinese institution. Yuan 2017 was chosen in the meta-analyses because it had the largest
and most inclusive sample with the lowest risk of bias. Two studies included patients from the same South Korean hospital [75,147]. Song
2020 was chosen for the meta-analysis because it was more recent and larger.

population

Table 4-6. Summary of findings for adjuvant chemotherapy versus no adjuvant therapy for patients with thymoma

Median DFS at 5 years from Chang 2011 [147] and Song 2020 [75] for the low-risk population and from Song 2020 [75] for the high-risk

Indirectness was not a concern because the number of events was consistently low across patients with different types of thymic tumours

. Summary of findings
Certalnty assessment "
# of Design Risk of | = ictencvlindirectnesslimprecision Other Adjuvant | No adjuvant | Relative Absolute  |Certainty
studies g bias 2 y P considerations|/chemotherapy| therapy (95% Cl) (95% Cl)
OVERALL SURVIVAL (median follow-up: 6 years)
2> observational| very serious ¢ not serious | serious 9 none 79 566 HR 1.82 | 135 fewer per
serious 79.8%¢ at 5 (0.56- 1000 000,
years 5.94) | (from 536 fewer VERY LOW CRITICAL
[survival] to 83 more)
DISEASE-FREE SURVIVAL (median follow-up: not reported)
1 observational| very not serious | not serious | seriousf none HR 1.83 | 219 fewer per
- 20 384
serious (0.77- 1000
50.2% at5 | 4.37) | (from 453 fewer 1000
years [disease- to 86 more) VERY LOW CRITICAL
free
survival]
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GRADE >3 CHEMOTHERAPY TOXICITIES (stages IlI-I1V)

. Grade 23 leukopenia

2 observationallextremely| not serious | serious" | serious’ none 67 Not eO00O IMPORTANT
serious Weighted estimable VERY LOW
mean (SD) 30%
(9%)
. Grade 23 anemia
2 observationallextremely| serious serioush | seriousi none 67 Not eO00O IMPORTANT
serious Weighted estimable VERY LOW
mean (SD) 37%
(42%)
. Grade 23 thrombocytopenia
2 observationallextremely| serious] serious " serious’ none 67 Not OO0 IMPORTANT]
serious Weighted estimable VERY LOW
mean (SD) 12%
(13%)

Abbreviations: Cl, confidence interval; HR, hazard ratio
& According to the ROBINS-I tool
b There were 3 studies that provided data for HR for overall survival comparing adjuvant chemotherapy with no adjuvant therapy in patients

with thymoma. Two studies included patients from the same Korean centre [75,77]. Song 2020 was chosen because it was larger.

o™ T W@ oo 0

12 was 74%, P=0.05
Wide confidence interval
Reported in Bian 2019 [140]
Only one study
Mean of Sandri 2014 [148] and Song 2014 Treatment [149]

Studies included patients with stage IlI-IV thymoma. This may not generalize to resectable patients.
Small sample size
Large differences in proportions reported

Table 4-7. Summary of findings for first/second-line systemic therapy for patients with advanced/recurrent thymoma

Summary of findings

Certainty assessment "
y # of patients Effect
Design S Inconsistency|Indirectness|Imprecision ot hirst/second: Control Relative Absolute
studies bias 2 considerations| line therapy (95% Cl) (95% Cl)

Certainty|

Importance

OVERALL SURVIVAL

. Radiotherapy and/or chemotherapy vs. no therapy (median follow-up: not reported)
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1 observational| very not serious | not serious | serious® none 417 32 HR 0.53 | 219 more per | OO0 CRITICAL
serious (0.26- 1000 VERY
38.1%¢ at 5 1.09) | (from 32 fewer | LOW
years [survival]| to 397 more)
RESPONSE
e Advanced/recurrent (first-line)
3 observational| extremely | not serious | not serious | seriousd none 93 Not @OOO| CRITICAL
Anthracycline- serious Weighted mean estimable VERY
based (SD) 70% (17%) LOW
1 observational| extremely | not serious | not serious | serious¢ none 32 Not @OOO| CRITICAL
Octreotide serious 38% estimable VERY
LOW
. Advanced/recurrent (second-line)
1 observational| extremely | not serious | not serious | serious¢ none 37 Not @OOO| CRITICAL
Cixutumumab serious 14% estimable VERY
LOW
1 observational| extremely [ not serious | not serious | seriouse® none 32 Not VERY CRITICAL
Everolimus serious 9% estimable LOW
GRADE >3 CHEMOTHERAPY TOXICITIES (stages llI-I1V)
. Grade 23 leukopenia
2 observational| extremely | not serious | not serious | seriousd none 67 Not @&@OOO| IMPORTANT
serious Weighted mean estimable VERY
(SD) 30% (9%) LOW
. Grade 23 thrombocytopenia
2 observational| extremely serious f not serious | serious ¢ none 67 Not @&@OOO| IMPORTANT
serious Weighted mean estimable VERY
(SD) 12% (13%) LOW
. Grade 23 anemia
2 observational| extremely serious f not serious | serious ¢ none 67 Not @&@OOO| IMPORTANT
serious Weighted mean estimable VERY
(SD) 37% (42%) LOW

o o

a o

o

f- Large differences in proportions reported

Section 4: Systematic Review - March 10, 2022

Abbreviations: Cl, confidence interval; HR, hazard ratio
- According to the ROBINS-I tool
Only one study
Reported by Khorfan 2021 [80]
Small sample size
Only one study
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Comparisons for patients with thymic carcinoma
Partial thymectomy versus total thymectomy for patients with thymic carcinoma

There was only one study that reported overall survival for this comparison with very
low certainty in this evidence (Table 4-8). The point estimate favoured partial thymectomy,
but the upper confidence interval favoured total thymectomy (HR, 0.89; 95% Cl, 0.55 to 1.45;
p=0.646). No studies reported other outcomes for this comparison for patients with thymic
carcinoma.

MIS versus open thymectomy for patients with thymic carcinoma

There was only one included study per outcome for this comparison with very low
certainty in the evidence (Table 4-9). All MISs were performed by VATS and all point estimates
favoured MIS. However, for overall survival, DFS, and the duration of chest drainage, the end
points of the confidence intervals favoured open thymectomy. The wide confidence intervals
could be attributed to the small sample sizes and, therefore, reduce the confidence in these
effects.

Neoadjuvant therapy versus no neoadjuvant therapy for patients with thymic carcinoma

There were very few studies that compared neoadjuvant therapy with no neoadjuvant
therapy (Table 4-10). The evidence suggested that more patients would survive longer with
neoadjuvant therapy compared with no neoadjuvant therapy (HR, 0.84; 95% Cl, 0.49 to 1.42;
p=0.510), but not with neoadjuvant chemotherapy compared with no chemotherapy (HR, 1.24;
95% Cl, 0.89 to 1.71; p=0.20). However, the certainty in these estimates was very low with wide
confidence intervals. These comparisons were not the most appropriate comparisons because
neoadjuvant therapy could include chemotherapy or radiotherapy or both. Therefore, it was
difficult to determine which treatment combination was the most effective. Also, patients
selected to receive neoadjuvant therapy may have had worse prognosis than patients who did
not receive neoadjuvant therapy. This is because the intention of neoadjuvant therapy is to
reduce the size of the tumour before resection. There was only one included study that
provided the response to neoadjuvant chemotherapy (78%) [111].

The most common chemotherapy toxicities were leukopenia (weighted mean 56%) and
neutropenia (weighted mean 48%). These toxicities were reported in patients with stage Ill or
IV thymic carcinoma and may not generalize to patients with resectable tumours.

PORT versus no PORT for patients with thymic carcinoma

More patients with thymic carcinoma survived longer with PORT than without PORT
(Table 4-11; HR for overall survival, 0.65; 95% Cl, 0.47 to 0.89; p=0.008; HR for DFS, 0.59; 95%
Cl, 0.41 to 0.84; p=0.004). The certainty in the evidence was low. However, the absolute effects
for patients with thymic carcinoma were larger than the effects for patients with thymoma.
For overall survival, subgroup analysis by stage (p=0.16) or sensitivity analyses by ROB (p=0.07)
or resection status (p=0.97) did not reveal significant interactions, but overall survival for
patients with complete resection was compared with patients with any resection status rather
than patients with an incomplete resection.

All patients in the no PORT group had resectable tumours. Patients who were selected
to receive PORT may have had worse prognosis than patients who did not receive PORT. For
example, patients with more advanced stages (MK Il or IV) may have received PORT more often
than patients with less advanced stages. However, even though this selection bias would favour
the no PORT group, survival seemed to be longer in patients who received PORT.

Since few studies reported adverse effects, toxicities were reported from the same
studies as those reported in the thymoma section.
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Adjuvant chemotherapy versus no adjuvant therapy for patients with thymic carcinoma

For overall survival, the absolute value favoured adjuvant chemotherapy in patients
with thymic carcinoma (Table 4-12; 94 more per 1000 patients would survive). However, the
certainty in the estimate was very low. The majority of studies had extremely serious ROB.
Furthermore, it was unclear how many patients received PORT in the no adjuvant chemotherapy
group and whether this was balanced with the adjuvant chemotherapy group. However,
patients with poorer prognosis may have been selected for adjuvant chemotherapy and may
have biased the results in the direction of no adjuvant chemotherapy, yet an overall survival
advantage was observed.

For DFS, 13 more per 1000 patients would be disease free longer with adjuvant
chemotherapy, but there was heterogeneity across studies. Sensitivity analysis revealed a
subgroup effect for ROB (p=0.04), but not with resection status (p=0.14). Studies that had lower
ROBs reported smaller effects that favoured no adjuvant chemotherapy (HR, 1.47; 95% Cl, 0.76
to 2.82; p=0.25) compared with studies with higher ROBs (HR, 0.70; 95% CI, 0.53 to 0.92;
p=0.01).

There were only five studies that reported grade 3 or higher toxicities for chemotherapy
in patients with thymic carcinoma [113,115,118,122,123]. There was a wide range in
proportions reported with some reporting few events to others reporting more moderate
proportions. These studies included patients with MK stages IlI-IV thymic carcinoma and may
not generalize to patients with resectable tumours.

Treatment comparisons for patients with advanced or recurrent thymic carcinoma

It appeared that patients lived longer with first-line chemoradiotherapy than with
chemotherapy alone, but this was from one very small study (Table 4-13; HR, 0.42; 95% Cl, 0.18
to 1.01; p=0.05) [112]. Patients with advanced or recurrent thymic carcinoma tended to
respond to first- or second-line systemic therapy. There did not seem to be a great deal of
difference in response to different types of systemic therapies. Ko 2018 found no statistical
difference in patients’ responses between first-line carboplatin plus paclitaxel (40%) versus
cisplatin, doxorubicin, vincristine, and cyclophosphamide (ADOC) (41%; p=0.90) [114]. Likewise,
Agatsuma 2011 did not report a difference in responses between patients who received first-
line ADOC (55%) compared with carboplatin-based chemotherapy (20%; p=0.33) [113]. Similarly,
in the second-line setting, no differences in responses were observed between patients who
received S-1 monotherapy (39%) versus carboplatin plus paclitaxel (21%; p=0.15) or ADOC (21%;
p=0.29) [121]. Furthermore, studies comparing different first- or second-line chemotherapy
regimens found no statistical differences in overall survival [114,121]. The toxicities appeared
to be low in most outcomes, but they were underreported.
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Table 4-8. Summary of findings for partial thymectomy versus total thymectomy for patients with thymic carcinoma

Summary of findings
Certainty assessment # of
atients Effect Importance
P Certainty
e Design Sl Inconsistency | Indirectness | Imprecision itz partial | total iR Absolute
studies bias 2 considerations (95% Cl) (95% Cl)
Overall survival (median follow-up: unknown)
1 observational [very serious| not serious [ not serious serious ° none 112 122 HR 0.89 35 more per 1000 OO0 | CRITICAL
60% at| (0.55-1.45) | (from 123 fewer to 155 more) VERY
5 [survival] LOW
years ©

Abbreviations: Cl, confidence interval; HR, hazard ratio
& According to the ROBINS-I tool

b.

Only one study

¢ Reported in Lim 2017 [105]

Table 4-9. Summary of findings for minimally invasive surgery versus open thymectomy for patients with thymic carcinoma

Certainty assessment

Summary of findings

@l Design s Inconsistency (Indirectness{imprecision 2t MIS open Relative Absolute E——
studies bias 2 considerations (95% Cl) (95% Cl)
Overall survival (median follow-up: 3 years) (patients with complete resection)
1 observationallextremely| not serious | not serious | serious P none 10 69 HR 0.93 22 more per 1000 OO0 | CRITICAL
serious 60% at 5 | (0.12-7.05) |(from 573 fewer to 341 more)| VERY
years ¢ [survival] LOW
Disease-free survival (median follow-up: 3 years) (patients with complete resection)
1 observationallextremely| not serious | not serious | serious P none 10 69 HR 0.45 201 more per 1000 OO0 | CRITICAL
serious (0.06-3.31) [(from 415 fewer to 383 more)| VERY
58.5 at ;:’ [disease-free LOW
yearsj survival]
Recurrence (median follow-up: range 2 years to 9 years)
0| | | | | | | | |
Complications
0| | | | | | |

Length of stay (days)
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1 observationallextremely| not serious | not serious | serious € none 4 4 MD 12.5 lower OO |IMPORTANT]
serious (21.32 lower to 3.68 lower) VERY
LOW
Chest drainage (days)
1 observationallextremely| not serious | not serious | serious € none 4 4 MD 5.7 lower OO |IMPORTANT]
serious (12.63 lower to 1.23 higher) | VERY
LOW
Blood loss (ml)
1 observationallextremely| not serious | not serious | serious € none 4 4 MD 245.80 lower OO |IMPORTANT]
serious (388.1 lower to 103.50 lower | VERY
LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio; MD, mean difference; MIS, minimally invasive surgery
& According to the ROBINS-I tool

Only one study with small sample size

¢ Reported in Lim 2017 [105]
4 Reported in Liu 2017 [150]

& Very small sample size

Table 4-10. Summary of findings for neoadjuvant therapy versus no neoadjuvant therapy for patients with thymic carcinoma

Certainty assessment

Summary of findings

# of patients Effect
N . Importance
i 2 Design S Inconsistency|Indirectness|Imprecision Sl Neoadjuyant neoadj(:Jvant Relative Absolute E——
studies bias 2 considerations therapy therapy (95% Cl) (95% Cl)
OVERALL SURVIVAL
« Neoadjuvant therapy vs. no neoadjuvant therapy (resected patients) (median follow-up: 4 years)
1 observational| very not serious | not serious | serious® none 78 137 HR 0.84 | 50 more per | @ OO | CRITICAL
serious (0.49- 1000 VERY
61%c at 5 years| 1.42) (from 114 fewer | LOW
[survival] | to 175 more)
. Neoadjuvant chemotherapy vs. no chemotherapy (resected patients) (median follow-up: range 3 to 9 years)
2d observational| very not serious | not serious | serious® none 63 231 HR 1.24 | 68 fewer per ®O00
serious 61%c at 5 years| (0-89- 1000 VERY | CRITICAL
1.71) (from 181 fewer LOW
[survival] to 34 more)

. Neoadjuvant radiotherapy vs. no radiotherapy

° |

DISEASE-FREE SURVIVAL
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Neoadjuvant chemotherapy vs. no neoadjuvant therapy (completely resected) (median follow-up: 9 years)

1f observational| very not serious | not serious | serious® none 169 HR 1.72 | 196 fewer per
serious (0.91- 1000
44';;%;'; > | 3.25) | (from 371 fewer EB%%O CRITICAL
y [disease- to 34 more) LOW
free
survival]
RESPONSE (anthracycline-based)
1 observationallextremely| not serious | not serious | serious® none 91 Not @&@OOO | CRITICAL
serious 74% estimable VERY
LOW
GRADE >3 CHEMOTHERAPY TOXICITIES (stages llI-IV)"
. Grade 23 leukopenia
2 observationallextremely| not serious serious’ serious ¥ none 99 Not @OOQ [IMPORTANT]
serious Weighted mean estimable VERY
(SD) 56% (14%) LOW
. Grade 23 neutropenia
4 observationallextremely| serious' serious serious ¥ none 180 Not @O0 |IMPORTANT
serious Weighted mean estimable VERY
(SD) 48% (34%) LOW
. Grade 23 febrile neutropenia
2 observationallextremely| not serious serious’ serious ¥ none 99 Not @OOQ [IMPORTANT]
serious Weighted mean estimable VERY
(SD) 8% (3%) LOW
. Grade 23 thrombocytopenia
4 observationallextremely| not serious serious’ serious ¥ none 144 Not @OOQ [IMPORTANT]
serious Weighted mean estimable VERY
(SD) 3% (3%) LOW
. Grade 23 anemia
3 observationallextremely| not serious serious serious ¥ none 143 Not @O0 |IMPORTANT
serious Weighted mean estimable VERY
(SD) 7% (6%) LOW
. Grade 23 nausea
3 observationallextremely| not serious serious’ serious ¥ none 97 Not @OOQ [IMPORTANT]
serious Weighted mean estimable VERY
(SD) 12% (9%) LOW
. Grade 23 anorexia
3 observationallextremely| not serious serious serious ¥ none 143 Not @O0 |IMPORTANT
serious Weighted mean estimable VERY
(SD) 9% (10%) LOW
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Abbreviations: Cl, confidence interval; HR, hazard ratio

a.

b
c.
d

According to the ROBINS-I tool

Only one study

Reported in Ruffini 2014 Thymic [108]

There were 3 studies that provided data for HR for overall survival comparing neoadjuvant chemotherapy with no chemotherapy in patients
with thymic carcinoma. Two studies included patients from the United States [109,151]. Bakhos 2020 was chosen for the meta-analysis
because it was larger. Bakhos compared neoadjuvant chemotherapy vs. no chemotherapy and Hishida 2016 compared neoadjuvant
chemotherapy vs. no neoadjuvant chemotherapy.

Small sample size

There were 2 studies that provided data for HR for disease-free survival comparing neoadjuvant chemotherapy with no neoadjuvant
therapy in patients with thymic carcinoma. However, in one of the studies [151] it was unclear whether the direction of the effect would
favour neoadjuvant chemotherapy or no neoadjuvant therapy. Therefore, only one study [110], which included patients with RO resection,
was included.

Reported by Mao 2015 [129] for patients with thymic carcinoma who did not receive postoperative radiotherapy and were completed
resected

There were 5 studies that provided information about chemotherapy toxicities [113,115,118,122,123]. Hirai 2015 and Okuma 2020 included
patients from the same Japanese institution. For any outcomes that reported results from both studies, Hirai 2015 was chosen over Okuma
2020 because it was larger.

Large differences in proportions reported

Studies included patients with stage IlI-IV thymic carcinoma. This may not generalize to resectable patients.

Small sample size

Table 4-11. Summary of findings for PORT versus no PORT for patients with thymic carcinoma

Summary of findings
# of patients Effect Importance

Certainty assessment

# of Risk of Other Relative Absolute Certainty
studies

PORT No PORT

Design considerations (95% CI) (95% CI)

bias 2 Inconsistency(Indirectness|lmprecision

Overall survival (resectable patients) (median follow-up: range 3 years to 9 years)

7b

observational|very serious| not serious ¢ | not serious | not serious none 1175 1011 HR 0.65 130 more per 1000 @O0 | CRITICAL
53.8% at 5| (0.47-0.89) |((from 38 more to 209 more)| LOW
years d [survival]

Disease-free survival (resectable patients) (median follow-up: range 3 years to 9 years)

6

observational|very serious| not serious ¢ | not serious | not serious none 259 134 HR 0.59 176 more per 1000 @O0 | CRITICAL

44.1% at 5| (0.41-0.84) ((from 62 more to 274 more)| LOW
years f [disease-free

survival]

Grade 23 toxicities (resectable patients)
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9 1 RCT very serious| not serious |not serious ¢| not serious none 10/549 0/19 Not estimable @@ | CRITICAL

8 case series LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio; PORT, postoperative radiotherapy; RCT, randomized controlled trial

& According to the ROBINS-I tool

b There were 13 studies that provided data for HR for overall survival comparing PORT with no PORT in patients with thymic carcinoma.
Three studies [90,109,128,152] were from overlapping years from the National Cancer Data Base. Jackson 2017 was chosen for the meta-
analyses because it had the largest and most inclusive sample with the lowest risk of bias (ROB). Two studies used the SEER database
[105,153]. Lim 2017 was chosen because it was larger and had a lower ROB. Four studies included patients from the same Chinese centre
[127,130,132,150]. Fu 2016 was chosen because it was the largest with a lower ROB. Also, two studies were from overlapping years from
the JART database [92,110]. Hishida 2016 was chosen in the meta-analyses because it had the largest and most inclusive sample.

¢ Even though there was statistical heterogeneity, most point estimates favoured PORT.

Median overall survival at 5 years from included studies that provided this information

There were 9 studies that provided HR data for disease-free survival comparing PORT with no PORT in patients with thymic carcinoma. Two

studies were from overlapping years from the JART database [92,110]. Hishida 2016 was chosen for the meta-analyses because it had the

largest and most inclusive sample. Three studies included patients from the same Chinese centre [127,130,150]. Fu 2016 was chosen

because it was the largest study.

- Reported by Mao 2015 [129]

& Indirectness was not a concern because the number of events was consistently low across patients with different types of thymic tumours

Table 4-12. Summary of findings for adjuvant chemotherapy versus no adjuvant chemotherapy for patients with thymic
carcinoma

. Summary of findings
Certamty assessment .
# of patients Effect _ |importance
# of Design Risk of | i ctencylindirectnesslimprecision Other Adjuvant No adjuvant | Relative Absolute Certainty
studies g bias 2 Y P considerations| chemotherapy therapy (95% Cl) (95% Cl)
Overall survival (median follow-up: range 3 years to 6 years )
5b |observational| extremely| not serious | not serious | not serious none 402 502 HR 0.73 94 more per OO0
serious 56.8% at 5 |(0.55-0.98) 1000
<04 . VERY | CRITICAL
years [survival] | (from 6 more to LOW
165 more)
Disease-free survival (median follow-up: range 3 years to 6 years )
79 |observational| very serious © not serious | not serious none 242 427 HR 0.96 13 more per
serious 54.8% at 5 |(0.64-1.44) 1000 000
years [disease- | (from 127 fewer | VERY | CRITICAL
free to 132 more) LOW
survival]
Grade 23 toxicities (stages IlI-IV)*
- Grade 23 leukopenia
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4

2

4

3

3

3

observational|extremely| not serious serious " serious none 99 - Not @OOQO [IMPORTANT
serious Weighted mean (SD) estimable VERY
56% (14%) LOW
Grade 23 neutropenia
observational|extremely| serious® serious " serious none 180 - Not @OOQO [IMPORTANT
serious Weighted mean (SD) estimable VERY
48% (34%) LOW
Grade 23 febrile neutropenia
observational|extremely| not serious serious " serious ! none 99 - Not @OOQO [IMPORTANT
serious Weighted mean (SD) estimable VERY
8% (3%) LOW
Grade 23 thrombocytopenia
observational|extremely| not serious serious " serious ! none 144 - Not @OOQO [IMPORTANT
serious Weighted mean (SD) estimable VERY
3% (3%) LOW
Grade 23 anemia
observational|extremely| not serious serious " serious ! none 143 - Not @OOQO [IMPORTANT]
serious Weighted mean (SD) estimable VERY
7% (6%) LOW
Grade 23 nausea
observational|extremely| not serious serioush serious none 97 - Not @OOQO [IMPORTANT
serious Weighted mean (SD) estimable VERY
12% (9%) LOW
Grade 23 anorexia
observational|extremely| not serious serious " serious none 143 - Not @OOQO [IMPORTANT
serious Weighted mean (SD) estimable VERY
9% (10%) LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio

a.
b.

According to the ROBINS-I tool

There were 7 studies that provided data for HR for overall survival comparing adjuvant chemotherapy with no adjuvant chemotherapy in
patients with thymic carcinoma. Four studies included patients from the same Chinese institution [127,130,132,154]. Fu 2016 was chosen
for the meta-analysis because it was the largest study. Two studies were from the National Cancer Database [109,128]. Kim 2019 was
chosen for the meta-analysis because all patients were resected in the control group, unlike patients in the Bakhos 2020 study. The
reference group in the Kim 2019 study were patients who had surgery only. The reference group for the Bakhos 2020 study were patients
who did not receive chemotherapy.

Reported in Song 2014 Outcome [130]

There were 8 studies that provided data for HR for disease-free survival comparing adjuvant chemotherapy with no adjuvant chemotherapy
in patients with thymic carcinoma. Two studies included patients from the same Chinese institution [130,154]. Song 2014 was chosen for
the meta-analysis because it was the larger study. Zhao 2013 only included patients with squamous cell thymic carcinoma. Omasa 2015
included patients with stage Il or Ill thymic carcinoma. Tang 2021 included patients with T3 NO MO thymic carcinoma.
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- There were 5 studies that provided information about chemotherapy toxicities [113,115,118,122,123]. Hirai 2015 and Okuma 2020 included
patients from the same Japanese institution. For any outcomes that reported results from both studies, Hirai 2015 was chosen over Okuma
2020 because it was larger.
& Large differences in proportions reported

" Small sample size
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Studies included patients with stage IlI-IV thymic carcinoma. This may not generalize to patients with resectable tumours.

Table 4-13. Summary of findings for first/second-line systemic therapy for patients with advanced/recurrent thymic

carcinoma
. Summary of findings
Certalnty assessment 3 & g
i of Design i el Inconsistency|Indirectness|imprecision Other First/second- Control Relative Absolute el
studies g bias 2 y P considerations| line therapy (95% Cl) (95% Cl)
OVERALL SURVIVAL
. First-line chemoradiotherapy vs. chemotherapy (median follow-up: 2 years)
1 observationallextremely| not serious | not serious | serious® none 13 21 HR 0.42 | 291 more per |®@OO0O| CRITICAL
serious (0.18- 1000 VERY
36%c at 5 1.01) |(from 4 fewer to| LOW
years [survival] 472 more)
RESPONSE
e Advanced/recurrent (first-line)
2d observationallextremely| not serious | not serious | serious® none 108 Not @OOO| CRITICAL
Anthracycline- serious Weighted mean estimable VERY
based (SD) 45% (8%) LOW
6 observationallextremely| not serious | not serious | not serious none 318 Not @OOO| CRITICAL
Non-anthracycline- serious Weighted mean estimable VERY
based (SD) 41% (13%) LOW
1 observationallextremely| not serious | not serious | serious® none 34 Not @OOO| CRITICAL
Chemoradiotherapy| serious 88% estimable VERY
LOW
. Advanced/recurrent (second-line)
1 observationallextremely| not serious | not serious | serious® none 17 Not @OOO| CRITICAL
Anthracycline- serious 21% estimable VERY
based LOW
1 observationallextremely| not serious | not serious | serious® none 60 Not VERY CRITICAL
Non-anthracycline- serious 21% estimable LOW

based
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3 observationallextremely| not serious | not serious | serious® none 104 Not @OOO| CRITICAL
S-1 monotherapy serious Weighted mean estimable VERY
(SD) 35% (4%) LOW
2 observationallextremely| not serious | not serious | serious® none 66 Not @OOO| CRITICAL
Pembrolizumab serious Weighted mean estimable VERY
(SD) 21% (2%) LOW
1 observationallextremely| not serious | not serious | serious® none 42 Not @OOO| CRITICAL
Lenvatinib serious 38% estimable VERY
LOW
GRADE >3 TOXICITIES
. Grade 23 toxicities
1 observationallextremely| not serious | not serious | serious® none 40 Not @&@OOO| IMPORTANT
Pembrolizumab serious 15% estimable VERY
LOW
. Grade 23 leukopenia
2 observationallextremely| not serious | not serious | serious® none 99 Not @&@OOO| IMPORTANT
Chemotherapy serious Weighted mean estimable VERY
(stage llI-1V) (SD) 56% (14%) LOW
1 observationallextremely| not serious | not serious | serious® none 42 Not @&@OOO| IMPORTANT
Lenvatinib serious 5% estimable VERY
LOW
. Grade 23 neutropenia
4 observationallextremely| serious f not serious | serious® none 180 Not @OOO| IMPORTANT
Chemotherapy serious Weighted mean estimable VERY
(stage llI-1V) (SD) 48% (34%) LOW
1 observationallextremely| not serious | not serious | serious® none 42 Not @OOO| IMPORTANT
Lenvatinib serious 5% estimable VERY
LOW
. Grade 23 febrile neutropenia
2 observationallextremely| not serious | not serious | serious® none 99 Not @&@OOO| IMPORTANT
Chemotherapy serious Weighted mean estimable VERY
(stage llI-1V) (SD) 8% (3%) LOW
. Grade 23 thrombocytopenia
4 observationallextremely| not serious | not serious | serious® none 144 Not @&@OOO| IMPORTANT
Chemotherapy serious Weighted mean estimable VERY
(stage llI-1V) (SD) 3% (3%) LOW
1 observationallextremely| not serious | not serious | serious® none 42 Not @&@OOO| IMPORTANT
Lenvatinib serious 5% estimable VERY
LOW

Grade >3 anemia
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3 observationallextremely| not serious | not serious | serious® none 143 Not @&@OOO| IMPORTANT
Chemotherapy serious Weighted mean estimable VERY
(stage llI-1V) (SD) 7% (6%) LOW
1 observationallextremely| not serious | not serious | serious® none 42 Not @&@OOO| IMPORTANT
Lenvatinib serious 0% estimable VERY
LOW
« Grade 23 nausea
3 observationallextremely| not serious | not serious | serious® none 97 Not @&@OOO| IMPORTANT
Chemotherapy serious Weighted mean estimable VERY
(stage llI-1V) (SD) 12% (9%) LOW
1 observationallextremely| not serious | not serious | serious® none 42 Not @&@OOO| IMPORTANT
Lenvatinib serious 0% estimable VERY
LOW
. Grade 23 anorexia
3 observationallextremely| not serious | not serious | serious® none 143 Not @&@OOO| IMPORTANT
Chemotherapy serious Weighted mean estimable VERY
(stage llI-1V) (SD) 9% (10%) LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio
& According to the ROBINS-I tool
b= Only one study

o)

Median overall survival reported in Ogawa 2002 [155] and Zhai 2017 [156] for the chemotherapy group

4 There were 3 studies that provided responses for first-line anthracycline-based chemotherapy. Two studies may have included patients

from the same Japanese institutions [114,157]. Ko 2018 was chosen because it was larger.

¢ Small sample size
f- Large differences in proportions reported
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Comparisons for patients with thymic NETs
Partial thymectomy versus total thymectomy for patients with thymic NETs

There was only one study that provided data for HR for overall survival comparing partial
thymectomy versus total thymectomy in patients with thymic NETs (Table 4-14; HR, 1.54; 95%
Cl, 0.93 to 2.56; p=0.09) [133]. The certainty in the evidence was very low.

VATS versus open thymectomy for patients with thymic NETs
There were no included studies.

Neoadjuvant therapy versus no neoadjuvant therapy for patients with thymic NETs

There was one study that provided data for HR for overall survival comparing
neoadjuvant therapy versus no neoadjuvant therapy in patients with thymic NETs (Table 4-15;
HR, 1.32; 95% Cl, 0.61 to 2.84; p=0.48) [134]. Also, one study reported overall survival for
neoadjuvant chemotherapy versus no chemotherapy (HR, 0.50; 95% Cl, 0.10 to 2.20; p=0.35)
[109]. The certainty in the evidence was very low.

PORT versus no PORT for patients with thymic NETs

There were very few studies that reported on outcomes for patients with thymic NETs
(Table 4-16). It seems that more patients would survive longer with PORT than without PORT
(HR, 0.62; 95% Cl, 0.39 to 0.97; p=0.04), but the certainty in the evidence was very low. Since
few studies reported adverse effects, toxicities were reported from the same studies as those
reported for the thymoma section.

Adjuvant therapy versus no adjuvant therapy for patients with thymic NETs

There were two studies that provided data for HR for overall survival comparing
adjuvant therapy versus no adjuvant therapy in patients with thymic NETs (Table 4-17; HR,
1.03; 95% Cl, 0.48 to 2.22; p=0.93) [109,135]. The certainty in the evidence was very low.

Treatment comparisons for patients with advanced or recurrent thymic NETs
There were no included studies.
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Table 4-14. Summary of findings for partial thymectomy versus total thymectomy for patients with thymic NETs

Summary of findings
Certainty assessment # of
atients Effect Importance
P Certainty
i 21 Design Sl Inconsistency | Indirectness | Imprecision itz partial | total Relative Absolute
studies bias 2 considerations (95% Cl) (95% Cl)
Overall survival (median follow-up: 3 years)
1 observational | very serious| not serious | not serious | serious P none 74 106 | HR 1.54 145 fewer per 1000 OO0 | CRITICAL
60% at| (0.93-2.56) | (from 330 fewer to 22 more) | VERY
5 [survival] LOW
years ©

Abbreviations: Cl, confidence interval; HR, hazard ratio; NETs, neuroendocrine tumours
According to the ROBINS-I tool
Only one study
Reported in Lim 2017 [105] for patients with thymic carcinoma

a.
b.

C.

Table 4-15. Summary of findings for neoadjuvant therapy versus no neoadjuvant therapy for patients with thymic NETs

Certainty assessment

Summary of findings

[survival]

to 342 more)

# of patients Effect
No . Importance
i G Design S Inconsistency|lndirectness{lmprecision itiezr NBEED neoadjuvant Relative Absolute E——
studies bias 2 y considerations therapy ther!apy (95% Cl) (95% Cl)
OVERALL SURVIVAL
. Neoadjuvant therapy vs. no neoadjuvant therapy (median follow-up: 4 years)
1 observationallextremely| not serious | not serious | serious® none 21 146 HR 1.32 | 89 fewer per | @OOO | CRITICAL
serious (0.61- 1000 VERY
61%c at 5 years| 2.84) (from 364 fewer | LOW
[survival] | to 130 more)
. Neoadjuvant chemotherapy vs. no chemotherapy (resected patients) (median follow-up: range 3 years)
1 observationallextremely| not serious | not serious | serious® none 295 HR 0.50 | 171 more per
serious 61% at 5 years| (0.10- 1000 GB\%%O CRITICAL
2.20) (from 273 fewer LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio; NETs, neuroendocrine tumours
According to the ROBINS-I tool

a.
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b.

C.

Only one study
Reported in Ruffini 2014 Thymic [108] for patients with thymic carcinoma

Guideline 7-11 Version 3

Table 4-16. Summary of findings for PORT versus no PORT for patients with thymic NETs

. Summary of findings
Certalnty assessment 5 Y 8
# Of pat'lentS Effect |mportance

# of . Risk of . . .. Other Relative Absolute Certainty
S Design bias 2 Inconsistency|Indirectness|imprecision PN ot oo PORT No PORT (95% Cl) (95% Cl)
Overall survival (resectable patients) (median follow-up: 3 to 4 years)

2 |observational| extremely | not serious | not serious | not serious none 468 HR 0.62 143 more per 1000 OO0 | CRITICAL

serious 53.8% at 5| (0.39-0.97) |(from 10 more to 247 more)VERY LOW
years ¢ [survival]

Grade 23 toxicities (resectable patients)

9d 1 RCT very serious| not serious |not serious €| not serious none 10/549 0/19 Not estimable @O0 | CRITICAL

8 case series LOW

Abbreviations: Cl, confidence interval; HR, hazard ratio; NETs, neuroendocrine tumours PORT, postoperative radiotherapy; RCT, randomized
controlled trial

a.
b.

According to the ROBINS-I tool
There were 4 studies that provided data for HR for overall survival comparing PORT with no PORT in patients with thymic NETs. Three

studies [133,135,158] were from overlapping years from the SEER database. Bian 2018 was chosen for the meta-analyses because it had the
lowest risk of bias.

Median overall survival at 5 years was taken from included studies that provided this information for patients with thymic carcinoma.
Nine studies provided information about toxicities [32,97-104]. Eight non-comparative studies provided information about toxicities for

patients receiving PORT. Four of these studies included patients with thymoma or thymic carcinoma [98,100,102,104] and one study
included patients with thymic carcinoma or thymic NETs [103]. One abstract of a small RCT reported adverse effects for patients with or
without PORT [32].

Indirectness was not a concern because the number of events was consistently low across patients with different types of thymic tumours

Table 4-17. Summary of findings for adjuvant chemotherapy versus no adjuvant chemotherapy for patients with thymic NETs

Certainty assessment

Summary of findings

Section 4: Systematic Review - March 10, 2022

# Of patients Effect |mportance
# of Desien Risk of | = ctencylindirectnesslimprecision Other Adjuvant | No adjuvant | Relative Absolute  |Certainty
studies g bias 2 y P considerations| therapy therapy (95% Cl) (95% Cl)
Overall survival (median follow-up: range 3 years)
2 |observati0nal|extremely| not serious | not serious | not serious| none 420 | HR 1.03 | | CRITICAL
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serious 56.8%" at 5 (0.48- 10 fewer per
years 2.22) 1000 000
[survival] | (from 283 fewer VERY LOW
to 194 more)
Abbreviations: Cl, confidence interval; HR, hazard ratio
& According to the ROBINS-I tool
b Reported in Song 2014 Outcome [130] for patients with thymic carcinoma
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Ongoing or Unpublished Studies
See Appendix 9.

DISCUSSION

This systematic review examined the outcomes of surgical, radiotherapy, and systemic
treatment options available to patients with thymic epithelial tumours, specifically thymoma,
thymic carcinoma, and thymic NETs. Most of the evidence was derived from retrospective
studies and, therefore, strong conclusions could not be made. Furthermore, there was very
little evidence to inform recommendations for patients with thymic NETs.

For patients with thymoma, although the point estimates favoured partial thymectomy
over total thymectomy, the certainty in these effects were low to very low. The confidence
intervals were wide, favouring either treatment at its ends for overall survival and recurrence.
The complications and perioperative outcomes were better for patients who had partial
thymectomy. However, patients with better prognosis may have been selected to receive
partial thymectomy, skewing the results in favour of this treatment. Therefore, the evidence
was not strong enough to replace the standard treatment of total thymectomy. This was
consistent with the conclusions of Fiorelli et al.’s 2019 systematic review of patients with non-
myasthenic early-stage thymoma comparing partial versus total thymectomy for recurrence and
survival [159].

A similar situation was found for outcomes comparing MIS with open thymectomy for
patients with thymoma. All outcomes, except for DFS, were better when patients had MIS
compared with open thymectomy. Patients tended to live longer and had fewer complications
with MIS. Yang et al.’s 2016 systematic review also found that patients experienced beneficial
perioperative outcomes with MIS, but found no statistical differences in the odds ratios for five-
year overall survival or DFS between patients who received MIS versus open thymectomy [160].
Again, however, patients with poorer prognosis may have been selected for open thymectomy,
biasing the results to favour patients who had MIS in our systematic review. This coupled with
low to very low certainty in the evidence led to recommendations for either treatment.

The largest magnitude of survival benefits was found for patients who received PORT
compared with no PORT, especially for patients with thymic carcinoma and patients with
thymoma at high risk of mortality. Lim et al.’s 2016 systematic review also found that patients
with stage Il or IV MK stage thymoma had improved overall survival with PORT, but not for
patients with stage Il MK stage thymoma [161]. Furthermore, Hamaji et al.’s 2017 systematic
review also observed improved overall survival in patients with thymic carcinoma given PORT
[162]. The evidence for our review was still derived from observational studies with low
certainty in the overall effects, but patients with poorer status may have been selected for
PORT, which would work against its benefit. Acute radiotherapy toxicities did not appear to be
frequent, but long-term effects could not be adequately determined. Therefore, the strongest
evidence for survival benefit in this review supported the use of PORT.

The results were mixed for adjuvant chemotherapy for patients with thymoma and
thymic carcinoma; there was an overall survival advantage for patients with thymic carcinoma,
but not for patients with thymoma. There was very low certainty in this evidence, and it was
unclear whether patients who received PORT were matched across groups. However, cases with
poorer prognosis may have been selected for adjuvant chemotherapy, biasing the results against
this treatment; however, an overall survival benefit was observed in patients with thymic
carcinoma. Grade 3 or above chemotherapy toxicities, reported in patients with MK stages III-
IV, ranged from 3% to 56% and may not necessarily apply to patients with resectable tumours.

Survival seemed to be worse for patients who received neoadjuvant chemotherapy. This
is to be expected since patients with poorer prognosis were selected to receive neoadjuvant
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chemotherapy. The intention of this treatment is to reduce the tumour size to improve the
chances of obtaining negative surgical margins. Therefore, responses to neoadjuvant
chemotherapy were extracted and found to be greater than 70% in patients with thymoma or
thymic carcinoma; however, few included studies reported on this outcome. Hamaji et al.’s
2015 meta-analysis found response rates of 59% following induction therapy with chemotherapy
or chemoradiotherapy in patients with advanced thymic epithelial tumours [163].

Additional evidence for response rates was found in patients with upfront unresectable
advanced or recurrent tumours. Anthracycline-based chemotherapy achieved average response
rates of 70% in patients with thymoma and approximately 40% in patients with thymic carcinoma
in the first-line setting, while octreotide resulted in a 38% response rate in patients with
thymoma. Rates were lower in the second-line setting and ranged from 9% to 14% for patients
with thymoma and 21% to 38% in patients with thymic carcinoma. There did not appear to be a
great deal of difference in response rates with different types of systemic therapy. This was
also found in Berghmans et al.’s 2018 systematic review with response rates mostly above 50%
regardless of the line of treatment [164]. The toxicities for these systemic treatments were
mainly low, but they were underreported.

There were several limitations in the evidence mainly because this is a rare disease.
There was a lack of RCTs, and the evidence was based on observational studies that did not
always control for confounders. The studies were small, retrospective and suffered from
selection biases that were dependent on the surgeon’s or physician’s treatment preferences.
Patients were categorized according to the previous MK staging system and this evidence may
not directly apply to recommendations using the new staging system. Furthermore, there was
very little evidence on adverse events, especially long-term effects.

CONCLUSIONS

The strongest support for a survival benefit was found for PORT in patients with thymic
carcinoma and for patients with thymoma, especially those with a high risk for mortality. There
was some suggestion for a survival benefit for adjuvant chemotherapy in patients with thymic
carcinoma, but it was unclear whether PORT confounded the results. However, it does appear
that patients with thymic carcinoma or thymoma respond to chemotherapy. It was difficult to
discern a difference between different surgical techniques because patients with better
prognosis were selected for MIS and partial thymectomy and these patients generally displayed
better outcomes than comparative strategies. Future collaborative efforts are needed to gather
larger data from prospective studies.
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Surgical, Radiation, and Systemic Treatments of Patients with
Thymic Epithelial Tumours

Section 5: Internal and External Review

INTERNAL REVIEW
The guideline was evaluated by the GDG Expert Panel and the PEBC Report Approval
Panel (RAP) (Appendix 2). The results of these evaluations and the Working Group’s responses
are described below.

Expert Panel Review and Approval
Of the 23 members of the GDG Expert Panel, 19 members voted, for a total of 83%
response in October 2021. Of those who voted, 17 approved the document (89%). The main
comments from the Expert Panel and the Working Group’s responses are summarized in Table

5-1.

Table 5-1. Summary of the Working Group’s responses to comments from the Expert Panel.

Comments

Responses

1.

| do not agree with VATS or RATS resection
for advanced-stage tumours. | realize that
the literature suggests that these are
acceptable approaches and | agree with that
for stage | and Il tumours. | may be wrong but
my reading is that the papers suggesting that
VATS and RATSs are equivalent include smaller
tumours. Stage Ill tumours are invasive
tumours and require resection of structures
such as the superior vena cava, innominate
vein, lung, chest wall, etc. It is conceivable
that such structures could be resected by
RATS but | do not believe we are at that stage
of expertise. | think it is irresponsible to
include statements indicating that VATS or
RATS are acceptable alternatives for the
surgical management of stage Il or IV
tumours. | would posit that an RO resection is
unlikely and a non-RO resection has done the
patient a disservice.

The Working Group agreed with this and changed the
following recommendations: For TNM stage Ill and IVa
thymoma “Open thymectomy is recommended as the
standard of care. Minimally invasive approaches are
not recommended as the standard of care.” and for
thymic carcinoma and thymic NETs “Open
thymectomy is recommended as the standard of
care.”.

For recommendation, “Bilateral phrenic
nerve resection is not recommended because
of the severe respiratory morbidity that
results”, | suggest this be reworded to
“unilateral only phrenic nerve resection is
acceptable”.

This recommendation has been reworded.

The evidence provided does not support
neoadjuvant chemotherapy in thymoma or
thymic carcinoma. With HR >1 for overall
survival, the contrary could be argued. More
nuanced language could indicate that
responses might allow surgery, but the
benefit to survival is unclear.

We have modified the justification to indicate that
patients who respond to neoadjuvant chemotherapy
could potentially improve their chances of an RO
resection. However, the impact on survival is
unknown.
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In the neoadjuvant therapy versus no
neoadjuvant therapy section, for patients
with thymoma the wording ‘90 fewer per
1000 patients would survive longer’ is odd
and confusing. This sounds like the treatment
is harmful.

This has been reworded for clarity.

RAP Review and Approval
Three RAP members reviewed this document in October 2021. The RAP conditionally

approved the document on October 18, 2021.

The main comments from the RAP and the

Working Group’s responses are summarized in Table 5-2.

Table 5-2. Summary of the Working Group’s responses to comments from RAP

section 3; however, it is not clear which prior
guidelines were used when ‘adopting’ or
‘endorsing’ prior recommendations as is
stated throughout the recommendations in
section 2.

Comments Responses
1. The methods for formulating the | This statement was added prior to the
recommendations are clearly described in | recommendation section. “When insufficient

evidence was found, the Working Group endorsed the
recommendations from the previous version of this
guideline (see Appendix 1) or for patients with thymic
NETS, recommendations were endorsed from the
NCCN Version 1.2021 Neuroendocrine and Adrenal
Tumors Guideline.”.

international clinical trials as the best
mechanism to improve treatment for these
rare tumours.

2. Thymic NET is the only of the three diseases | We have deleted the ‘Evaluation’ recommendations
where ‘Evaluation’ has its own | from thymic NETs because this guideline focuses on
recommendation box. Is there a reason that | treatment.
diagnostic modalities, imaging, etc., are not
required for thymoma or thymic carcinoma?

3. One suggestion is to develop and support | We have added international studies under further

research priorities.

EXTERNAL REVIEW
External Review by Ontario Clinicians and Other Experts

Targeted Peer Review
Three targeted peer reviewers from Ontario who are considered to be clinical and/or

methodological experts on the topic were identified by the Working Group. Two responses were
received (Appendix 2). Results of the feedback survey are summarized in Table 5-3. The main
comments from targeted peer reviewers and the Working Group’s responses are summarized in
Table 5-4.

Table 5-3. Responses to nine items on the targeted peer reviewer questionnaire.

Reviewer Ratings (N=2)
Lowest Highest
. Quality Quality
Question (1) @ | & @] 6
1. Rate the guideline development methods. 0 1 0 0 1
2. Rate the guideline presentation. 0 0 0 0 2
3. Rate the guideline recommendations. 0 1 0 0 1
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4, Rate the completeness of reporting. 0 0 0 0 2
5. Does this document provide sufficient
information to inform your decisions? If not, 0 0 1 1 0
what areas are missing?
6. Rate the overall quality of the guideline report. 0 0 1 0 1
Strongly Strongly
Disagree Neutral Agree
(1) 2) Q) 4) )
7. 1 would make use of this guideline in my
. - . 0 1 0 0 1
professional decisions.
8. | would recommend this guideline for use in
. 1 0 0 0 1
practice.

9. What are the barriers or enablers to the

implementation of this guideline report? None reported

Table 5-4. Summary of the Working Group’s responses to comments from targeted peer
reviewers.

Comments

Responses

1. | am not enthusiastic about any of the
statements that adjuvant chemotherapy could be

These recommendations were reviewed again and a
more conservative approach was taken.

“Considered”. | think that requires an RCT. If
there is very poor evidence or no evidence for
adjuvant chemotherapy then | think the default
should be to say that it is not recommended.

This is beyond the scope of this document and would
need to be addressed in a radiation specific
document.

2. Some guidance on dose ranges and volume for
radiotherapy in various circumstances would be
helpful.

Professional Consultation

Feedback was obtained through a brief online survey of healthcare professionals and
other stakeholders who are the intended users of the guideline. Eighty-six clinicians in Ontario
with an interest in lung cancer in the PEBC database were contacted by email to inform them
of the survey. Twenty-four (28%) responses were received. Fifteen stated that they did not
have interest in this area or were unavailable to review this guideline at the time. The results
of the feedback survey from nine people are summarized in Table 5-5. The main comments
from the consultation and the Working Group’s responses are summarized in Table 5-6.

Table 5-5. Responses to four items on the professional consultation survey.

Reviewer Ratings (N=9)
Lowest Highest
General Questions: Overall Guideline Assessment Quality Quality
’ (1) (2) (3) (4) )
1. Rate the overall quality of the guideline report. 0 0 3 2 4
Strongly Strongly
Disagree Agree
(1) (2) (3) (4) )
2. | would make use of this guideline in my 0 0 3 0 6
professional decisions.
3. I would recommend this guideline for use in 0 0 2 2 5
practice.
4, What are the barriers or enablers to the There may be variable access across the
implementation of this guideline report? province to the following: high-volume
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thoracic referral centres; thoracic MCCs;
peptide receptor radionuclide therapy with
177Lu-dotatate, octreotide or lanreotide (for
neuroendocrine tumours); and post-operative
radiation therapy.

Table 5-6. Summary of the Working Group’s responses to comments from professional

consultants.

Comments Responses

1. | think the intended users of this guideline | This has been changed to include all healthcare
are oncologists and thoracic surgeons | professionals managing patients with thymic
involved in the treatment of patients with | epithelial tumours.
thymic epithelial tumours.

2. The definition of complete resection | The definitions have been clarified to include
should include the tumour. whether the thymus, tumour, or involved structures

should be resected.

3. Iwould recommend discussion of cases not | The third general principle was added in response to
just at local MCC but also discussion with | this comment.
colleagues/centres with higher
volume/experience with thymic
carcinoma. It would also be appropriate to
mention the ITMIG tumour board as an
opportunity to discuss challenging cases.

4. There is variable access across the | Access to high-volume referral centres and peptide
province to high-volume thoracic referral | receptor radionucleotide therapy were added to the
centres, PORT, and peptide receptor | implementation considerations.
radionuclide  therapy with  177Lu-
dotatate, octreotide or lanreotide (for
NETSs).

CONCLUSION

Section 5: Internal and External Review - March 10, 2022

The final guideline recommendations contained in Section 2 and summarized in Section
1 reflect the integration of feedback obtained through the external review processes with the
document as drafted by the GDG Working Group and approved by the GDG Expert Panel and
the PEBC RAP.
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Appendix 1: PEBC’s previous recommendations for patients with thymoma

Stage |

Surgery

1. Complete surgical resection of the entire thymus gland, including all mediastinal tissues
anterior to the pericardium, aorta, and superior vena cava from phrenic nerve to phrenic
nerve laterally and from the diaphragm inferiorly to the level of the thyroid gland
superiorly, including the upper poles of the thymus, is recommended as the standard of
care.

2. For resection of thymoma, an open median sternotomy surgical approach is recommended.

3. Minimally invasive approaches (e.g., video-assisted thoracic surgery [VATS]) are not
considered the standard of care and are not recommended at this time.

Radiotherapy

4. Neither postoperative nor neoadjuvant radiotherapy is recommended for stage | disease.

Systemic Therapy

5. Neither postoperative nor neoadjuvant systemic therapy is recommended for stage |
disease.

Medically Inoperable Stage | Disease

6. Chemoradiation or radiation alone should be considered for patients who are medically unfit
for surgery.

Stage Il

Surgery

7. Complete surgical resection (as outlined for stage I) is the usual practice and is the
recommended standard of care.

8. For resection of thymoma, an open median sternotomy surgical approach is recommended.

9. Minimally invasive approaches (e.g., VATS) are not considered the standard of care and are
not recommended at this time.

Radiotherapy

10. Routine adjuvant radiation is currently not recommended. Radiation should be considered
in patients with high risk for local recurrence. These risk factors include invasion through
the capsule, close surgical margins, WHO grade B type, and tumour adherent to
pericardium.

11. Radiotherapy has risks for acute and long-term toxicity, notably a risk for the development
of secondary malignancies (4) and coronary heart disease (5). Possible risks and benefits
need to be discussed with patients, particularly in younger individuals.

Systemic Therapy

12. Neither postoperative nor neoadjuvant systemic therapy is recommended for stage Il
disease.

Medically Inoperable Stage Il Disease

13. Chemoradiation or radiation alone should be considered for patients who are medically unfit
for surgery.

Stage Il

14. Patients presenting with locally advanced or metastatic disease should be carefully
evaluated for multimodality therapy that includes neoadjuvant chemotherapy, surgical
resection or adjuvant postoperative chemoradiotherapy.
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Resectable or Potentially Resectable Stage Il Disease

Surgery

15. For stage IlIA, surgery should be considered either initially or following neoadjuvant
therapy, with the aim being complete removal of the tumour with wide surgical margins. In
stage 1lIB, patients should be assessed for surgery following neoadjuvant
chemoradiotherapy.

16. If at thoracotomy complete resection is not found to be possible, maximal debulking (with
appropriate vascular reconstruction) should be undertaken. Clips should be placed to mark
residual tumour for adjuvant radiation. If it is apparent prior to surgery that complete
resection may not be feasible, neoadjuvant chemoradiation should be considered prior to
surgery.

17. Bilateral phrenic nerve resection is not recommended because of the severe respiratory
morbidity that results.

Neoadjuvant Radiotherapy and Systemic Therapy
18. Neoadjuvant chemoradiotherapy is widely used in this setting.

» The data supporting this standard are not yet established.

19. The optimal neoadjuvant therapy regimen for minimizing operative morbidity and
mortality, and maximizing resectability and survival rates is not yet established.

= (Cisplatin-based combination chemotherapy regimens are recommended as reasonable
options.

20. The optimal sequencing of radiotherapy and chemotherapy is not yet established.

» |f treatment volumes are small, concurrent chemoradiotherapy is recommended as a
reasonable option.

» If the initial tumour volume is considered to be too bulky, sequential therapy, with
chemotherapy followed by radiation therapy, is recommended as a reasonable option.
Resection may be performed prior to radiotherapy.

21. To establish the diagnosis of thymoma, either a computerized tomography-guided core-
needle biopsy or an open surgical biopsy should be performed, prior to considering
neoadjuvant therapy.

Adjuvant Radiotherapy and Systemic Therapy
22. Adjuvant radiotherapy is widely used in this setting and is recommended. Adjuvant
chemotherapy may be a consideration.

Unresectable Stage I/l Disease

23. Where surgery is inappropriate, chemotherapy concurrent with, or sequential to, radiation
therapy is recommended.

24. The definition of unresectable disease is debated, and may vary with surgical expertise, but
is generally defined as extensive tumour involving middle mediastinal organs such as the
trachea, great arteries, and/or heart that does not respond to cisplatin-based combination
chemotherapy.

Stage IVA

25. The recommendations established for stage Il disease are applicable to stage IVA cases as
well. The following are notable modifications or exceptions to this:
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Resectable or Potentially Resectable Stage IVA Disease

Surgery

26. Surgery should be considered either initially or following neoadjuvant therapy, with the aim
being complete removal of the tumour with wide surgical margins. Surgery is recommended
only if pleural and pericardial metastases can be resected.

Neoadjuvant Radiotherapy and Systemic Therapy
27. Neoadjuvant chemoradiotherapy is an option in this setting.
28. Cisplatin-based combination chemotherapy regimens are reasonable options.

Adjuvant Radiotherapy and Systemic Therapy
29. Adjuvant chemoradiotherapy is an option.

Unresectable Stage IVA Disease

30. Where surgery is not feasible because of extensive or technically unresectable pleural or
pericardial metastases, chemotherapy is commonly provided. Chemotherapy concurrent
with, or sequential to, radiation therapy is also an option.

31. In stage IVA, unresectable disease may include extensive bilateral and/or pleural-based
disease, pericardial metastases, or extrathoracic metastases.

Stage IVB

32. These types of thymoma are extremely rare, and generic recommendations are not possible.

Surgery

33. Not applicable

Radiotherapy

34. Radiotherapy may be appropriate, particularly for life-threatening situations.

Systemic Therapy

35. Cisplatin-based combination chemotherapy is an appropriate option.

36. Octreotide, alone or in combination with a corticosteroid, may be a reasonable option for
recurrent cases.

Recurrent Disease

Surgery

37. Surgical resection should be considered in patients with a localized recurrence after
apparently successful initial therapy. In some patients with stage IV disease, the resection
of isolated pleural metastases is an appropriate initial approach. For cases with multiple
pleural metastases, chemotherapy, with or without subsequent surgery, is often
appropriate.

Radiotherapy

38. Radiotherapy may be appropriate either alone or in combination with chemotherapy.

Systemic Therapy

39. Cisplatin-based chemotherapy may be an appropriate therapy either alone or as part of
combined chemoradiotherapy.

40. Octreotide, alone or in combination with a corticosteroid, may be a reasonable option.
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Appendix 3: Responses to GRADE’s evidence-to-decision framework

Type of | Comparison Desirable | Undesirable | Certainty Values Balance of Equity | Acceptability | Feasibility | Generalizable
tumour effects effects of effects
evidence
Thymoma | Partial vs. Trivial Trivial Very low | No Does not Probably | Probably yes | Probably Probably yes,
total uncertainty | favour either | no yes not for
thymectomy or impact patients with
variability MG
Thymoma | MIS vs. open Small Trivial Very low | No Probably Probably | Yes Yes Yes, for early
thymectomy uncertainty | favours MIS no stage
or impact thymoma
variability
Thymoma | PORT vs. no Varies Trivial for Low Possibly Probably Probably | Yes Yes Yes, based on
PORT small for acute important favours PORT | reduced stage
early effects. uncertainty
stage, Do not or
moderate | know for variability
for late long-term
state effects
Thymic PORT vs. no Varies Trivial for Low Possibly Probably Probably | Yes Yes Yes, based on
carcinoma | PORT small for acute important favours PORT | reduced stage
early effects. uncertainty
stage, Do not or
moderate | know for variability
for late long-term
state effects
Thymoma | Neoadjuvant Do not Moderate Very low | No Do not know Probably | Yes Yes Do not know
chemotherapy | know, but | for acute uncertainty no
Vs. No potentially | effects. Do or impact
neoadjuvant small not know, variability
chemotherapy but likely Most people
trivial for would value
long-term resectability
effects. and OS.
Thymic Neoadjuvant Do not Moderate Very low | No Do not know Probably | Yes Yes Do not know
carcinoma | chemotherapy | know, but | for acute uncertainty no
Vs. No potentially | effects. Do or impact
neoadjuvant small not know, variability
chemotherapy but likely Most people
trivial for would value
long-term resectability
effects. and OS.
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Type of | Comparison Desirable | Undesirable | Certainty Values Balance of Equity | Acceptability | Feasibility | Generalizable
tumour effects effects of effects
evidence
Thymoma | First-line Do not Moderate Very low | No Do not know Probably | Yes Yes Do not know
systemic know, but | for acute uncertainty no
therapy vs. no | potentially | effects. Do or impact
first-line small not know, variability
systemic but likely Most people
therapy trivial for would value
long-term resectability
effects. and OS.
Thymic First-line Do not Moderate Very low | No Do not know Probably | Yes Yes Do not know
carcinoma | systemic know, but | for acute uncertainty no
therapy vs. no | potentially | effects. Do or impact
first-line small not know, variability
systemic but likely Most people
therapy trivial for would value
long-term resectability
effects. and OS.
Thymoma | Second-line Do not Moderate Very low | No Do not know Probably | Yes Yes Do not know
systemic know, but | for acute uncertainty no
therapy vs. no | potentially | effects. Do or impact
second-line small not know, variability
therapy but likely Most people
trivial for would value
long-term resectability
effects. and OS.
Thymic Second-line Do not Moderate Very low | No Do not know Probably | Yes Yes Do not know
carcinoma | systemic know, but | for acute uncertainty no
therapy vs. no | potentially | effects. Do or impact
second-line small not know, variability
therapy but likely Most people
trivial for would value
long-term resectability
effects. and OS.
Thymoma | Adjuvant Do not Moderate Very low | No Do not know Probably | Yes Yes Do not know
chemotherapy | know, but | for acute uncertainty no
Vs. N0 potentially | effects. Do or impact
adjuvant small not know, variability
therapy but likely
trivial for
long-term
effects.
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Type of | Comparison Desirable | Undesirable | Certainty Values Balance of Equity | Acceptability | Feasibility | Generalizable
tumour effects effects of effects
evidence
Thymic Adjuvant Small Moderate Very low | No Favours Probably | Yes Yes Yes, based on
carcinoma | chemotherapy for acute uncertainty | adjuvant no stage
Vs. N0 effects. Do or chemotherapy | impact
chemotherapy not know, variability
but likely
trivial for
long-term
effects.

MG, Myasthenia gravis; MIS, Minimally invasive surgery; NETs, Neuroendocrine tumours; OS, Overall survival; PORT, Postoperative radiotherapy

The data for the surgical comparisons were very limited for patients with thymic carcinoma. Therefore, indirect evidence from

patients with thymoma were used as indirect evidence for these comparisons.
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Appendix 4: Literature Search Strategy

Databases: Embase 1996 to 2021 April 05, OVID Medline Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present, EBM Reviews -
Cochrane Central Register of Controlled Trials February 2021, EBM Reviews - Cochrane Database of
Systematic Reviews 2005 to March 31, 2021

Search Strategy:

exp thymoma/ or exp thymus cancer/ or exp thymus neoplasms/

(thymoma$ or (thym$ adj2 (cancer$ or neoplas$ or adenocarcinom$ or carcino$ or malignan$ or

tumo?r$))).mp.

1or2

exp Antineoplastic Agent/ or exp drug therapy/ or exp chemotherapy, adjuvant/ or exp adjuvant
chemotherapy/ or exp cancer adjuvant therapy/ or exp chemotherapy/ or exp cancer chemotherapy/
or exp cancer combination chemotherapy/ or exp combination chemotherapy/ or exp multimodality
cancer therapy/ or exp Antineoplastic Agents/ or exp Antineoplastic combined chemotherapy
protocols/ or exp surgery/ or exp thoracic surgery/ or exp thymectomy/ or exp sternotomy/ or exp
radiotherapy/ or cancer radiotherapy/ or exp preoperative radiotherapy/ or exp radiotherapy,
adjuvant/ or exp systemic therapy/ or exp imatinib mesylate/ or exp imatinib/ or exp cixutumumab/
or exp sunitinib/ or exp saracatinib/ or exp everolimus/ or exp octreotide/ or exp pembrolizumab/ or

exp nivolumab/ or exp atezolizumab/ or exp cisplatin/ or exp carboplatin/ or exp platinum/

(chemotherap: or surger: or surgical or operativ: or resect: or radiotherap: or chemoradi: or
radiochemo: or systemic therap: or systemic treatment: or thymectom: or sternotom: or imatinib or
cixutumumab or sunitinib or saracatinib or everolimus or octreotide or pembrolizumab or nivolumab or
atezolizumab or cisplatin or carboplatin or platinum or Gleevec or Glivec or Sutent or Zortress or
Certican or Afinitor or Votubia or Evertor or Sandostatin or Bynfezia Pen or Keytruda or lambrolizumab
or Opdivo or MDX1106 or Tecentriq or MPDL3280A or platin$ or cisplatin$ or platamin$ or neoplatin$ or
cismaplat$ or CDDP or CBDCA or carboplatin$ or paraplatin$).mp.

STI-571.mp.
ONO-4538.mp.

MK-3475.mp.
BMS-936558.mp.

4or50or6or7or8or9

3and 10

animal/ not (exp human/ or humans/)

11 not 12
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(comment or letter or editorial or note or erratum or short survey or news or newspaper article or

patient education handout or case report or historical article).pt.

(editorial or note or letter erratum or short survey).pt. or abstract report/ or letter/ or case study/

14 or 15

13 not 16

limit 17 to english language [Limit not valid in CDSR; records were retained]

PubMed was searched on August 26, 2021 with the following search strategy:
((thymoma[Title]) OR (thymic[Title])) OR (thymus[Title]) Filters: in the last 1 year, Humans, English
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Appendix 5: PRISMA Flow Diagram

Figure 1: Flow diagram of results from literature search strategies

10,837 results from
combined OVID: MEDLINE,
EMBASEA, PubMed, and
Cochrane search

Excluded n=9505
e Did not meet inclusion
criteria

\4

1332 full-text articles
assessed for eligibility

Excluded n=1227

333 - sample size too small

20 - duplicate data source

665 - comparison or outcomes not of interest
21 - unable to access data

93 - unclear/not enough data reported

29 - systematic review did not match questions
66 - mixed population not analyzed separately

106 studies included in the systematic review

A Online search strategy available in Appendix 4

Abbreviations: EMBASE, Excerpta Medica; MEDLINE, Medical Literature Analysis and Retrieval

System Online
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Appendix 6: Characteristics of included studies

Study Population Intervention (n) Control (n) Outcome(s) of | Adjusted
Database / Follow-up interest factor(s)
Location
Design
Study period
Agatsuma 2017 [42] | Thymoma VATS (140) Median sternotomy (140) | OS, Recurrence None
JART database, Inclusion: median sternotomy or propensity-matched propensity-matched
Japan VATS
Retrospective Exclusion: lateral thoracotomy,
1991-2010 sternotomy with VATS, not
curative resection, partial
thymectomy, stage Ill & IV,
treated before 1994
Median VATS 3.7 years,
sternotomy 5.2 years
Agatsuma 2011 Thymic carcinoma (3% NETSs) ADOC chemotherapy (29) | Carboplatin-based Response None
[113] Inclusion: previously untreated, chemotherapy (5)
Respiratory Division | Masaoka stage IVa or IVb, and First-line platinum-based chemotherapy (34) Grade >3 hematologic
of Shinshu received first-line chemotherapy toxicities
University hospital, First-line platinum-based chemotherapy (34) Grade 23  non-
Japan Median 35.5 months (range hematologic
Retrospective 6.2-96.5 months) toxicities
1996-2010
Allahkverdiev 2019 | Thymoma Thoracoscopic Open thymectomy (26) Postoperative None
[56] thymectomy (33) sternotomy complications
N. N. Blokhin
Russian Cancer
Research Center
Retrospective
2008-?
Bakhos 2020 [109] Thymic carcinoma (n=1194) & Neoadjuvant No chemotherapy (?) 0S (7) None
National Cancer thymic NETs (n=295) chemotherapy (?) for thymic carcinoma
Database, USA Exclusion: age <18 years, for thymic carcinoma
Retrospective unstaged tumours Neoadjuvant No chemotherapy (?) 0S (7)
2004-2015 chemotherapy (?) for thymic NETs
Median thymic carcinoma: 3.2 for thymic NETs
years thymic NETs: 3.8 years Adjuvant chemotherapy | No chemotherapy (?) 0S (?)
? for thymic NETs
for thymic NETs
PORT (?) No PORT (?) 0S (7))
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for thymic NETs

| for thymic NETs

Memorial Hospital,
China
Retrospective
1991-2007

intent, stage | or Il

Median 53 months

age, MG, stage, tumour
size
1 conversion

age, MG, stage, tumour
size

Hospital duration

Berman 2011 [97] Thymoma PORT (37) Grade =3 toxicities None
University of Inclusion: completely resected, median dose 5040 cGy
Pennsylvania Masaoka stage Il, minimum six
Medical Center, month follow-up
USA
Retrospective
1990-2008
Bian 2020 [88] Thymoma PORT (41) No PORT (57) 0S None
Fudan University Inclusion: complete resection
Affiliated Huadong | Exclusion: malignant oncologic
Hospital, China history, palliative surgery,
Retrospective neoadjuvant therapies, did not
2001-2016 abide by the prescriptions from
surgeons postoperatively
Median 54 months (range 0-195
months)
Bian 2018 [76] Thymoma Neoadjuvant No radiotherapy (576) (0 Age, stage,
SEER database, USA | Inclusion: resection, complete radiotherapy (37) tumour size
Retrospective data
1973-2014 Exclusion: tumour history, <12
years old, carcinoma
Bian 2018 The Thymic NETs PORT (?) No PORT (?) 0S (n=125) Age, gender,
comparison [135] Exclusion: history of other for resected for resected histology, stage
SEER datab'ase, USA | tumours or incomplete data Adjuvant chemotherapy | No adjuvant | 0S (n=125)
Retrospective @) chemotherapy (?)
1998-2014 for resected for resected
Bruni 2020 [98] Thymoma or thymic carcinoma PORT (113) Grade =3 toxicities None
Three Italian Inclusion: resection
hospitals
Retrospective Mean 130 months (range 3-417
1981-2015 months)
Chao 2015 [63] Thymoma VATS (48) Median sternotomy (48) Blood loss, Chest tube | None
Chang Gung Inclusion: resection with curative | propensity-matched on | propensity-matched on | drainage  duration,
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mediastinum and under

stay duration

Chen 2010 [99] Thymoma PORT (66) Grade =3 lung fibrosis | None
Cancer Hospital of Inclusion: complete resection, median dose 60 Gy (range 22-60 Gy)
Peking Union Masaoka stage Il
Medical College, Exclusion: incomplete data,
China thymic carcinoma
Retrospective
1964-2006 Median 63 months (range
2-303 months)
Cheng 2008 [107] Thymic carcinoma VATS (4) Open median sternotomy | Intraoperative blood | None
Three hospitals in Inclusion: Masaoka stage | and Il no conversions (4) loss, Pleural drainage
Southern Taiwan encapsulated, curative-intent time, Postoperative
Retrospective resection hospital stay
2002-2007
Mean 3.76 + 1.43 years
Cheng 2005 [64] Thymoma Videothoracoscopic (12) | Open median sternotomy | Intraoperative blood | None
Kaohsiung Medical Inclusion: resection with curative | no conversions (10) loss, Pleural drainage
University Hospital, | intent, stage Il duration,
Taiwan Postoperative
Prospective Mean 33.9 + 19.7 months hospital stay duration
1999-2004
Cho 2019 [124] Thymoma & thymic carcinoma Pembrolizumab (26) Response None
Samsung Medical Inclusion: disease progressed only thymic carcinoma
Center, Korea after at least one line of
Prospective platinum-based chemotherapy,
2016 >18 years, PS < 2, adequate organ
and bone marrow function
Exclusion: systemic treatment for
autoimmune disease within the
past year, severe autoimmune
disease, interstitial lung disease,
active infection requiring
systemic therapy, history of HIV
infection, active hepatitis B/C
virus infection, radiation therapy
within 2 weeks of first
pembrolizumab dose, or previous
treatment with any other anti-
PD-1/L1 therapy
Median 14.9 months
(interquartile range, 6.25-20.7)
Chung 2012 [65] Thymoma Thoracoscopic Sternotomy thymectomy | Chest intubation | None
Inclusion: tumours in anterior thymectomy (25) (45) duration, Hospital
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Asan Medical
Centre database,
South Korea
Retrospective
2002-2008

innominate vein, tumours <5 cm
in diameter at the widest point,
distinctive fat plane between
tumour and surrounding tissue
Exclusion: neoadjuvant
chemotherapy, MG, type B3 or C
thymomas, open thoracotomy,
pleural metastasis, conversion

Mean 78.0 + 21.9 months
(thoracoscopic thymectomy) 70.0
+ 23.6 months (sternotomy
thymectomy)

D’Angelillo 2008 Thymoma & thymic carcinoma PORT (98) Grade =3 toxicities None
[100] Inclusion: resection
Italy
Retrospective Mean 13.8 years
1974-2004
Eralp 2003 [89] Thymoma PORT (24) No PORT (7) 0S None
University of Inclusion: resection, invasive, total dose of 5040 cGy-60
Istanbul, Turkey complete data Gy
Retrospective
1990-2000 Median 39 months (range 1.3-111
months)
Fadayomi 2018 [57] | Thymoma Minimally invasive | Open thymectomy (34) 90-day postoperative | None
Brigham and Inclusion: stage | and I, thymectomy (19) sternotomy, hemi- | morbidity
Women’s Hospital, | thymectomy VATS or robotic | clamshell, or
USA Exclusion: thymic carcinoma, thymectomy thoracotomy
Retrospective hyperplasia, atrophy, lymphomas, | propensity-matched on | propensity-matched on
2005-2015 benign thymic pathologies, comorbidity index, stage, | comorbidity index, stage,
concurrent extrapleural tumour size tumour size
pneumonectomy, stage lll and IV
thymoma
Median 52.5 months
(interquartile range 48 months)
(open thymectomy) and 27
months (interquartile range 37
months) (minimally invasive
thymectomy)
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Fan 2020 Intensity Thymoma & thymic carcinoma Concurrent intensity Response None
[120] Inclusion: age 18 to 75, previously | modulated radiation therapy plus etoposide/cisplatin
Fudan University untreated and unresectable (34)
Shanghai Cancer limited advanced disease, lesions only thymic carcinoma
Center, China could be encompassed within
Prospective radiation fields, PS 0 to 2,
(NCT02636556) adequate bone marrow reserve,
2011-2018 hepatic function and renal
function
Exclusion: distant metastases not
included in the radiation field,
history of malighancy excluding
carcinoma in situ of the cervix in
the last 5 years; previous
chemotherapy, radiation therapy,
or thoracic surgery, active
pulmonary infection, being
pregnant or lactating
Median 46 months (range 7-101
months)
Fan 2013 [101] Thymoma PORT (53) No PORT (12) (0 None
Cancer Hospital of Inclusion: complete resection, median dose 56 Gy (range
the Peking Union Masaoka stage IlI 28-60 Gy)
Medical College, Exclusion: incomplete data, PORT (53) Grade >3
China neoadjuvant radiotherapy, median dose 56 Gy (range 28-60 Gy) pneumonitis, Grade
Retrospective thymic carcinoma or carcinoid >3 agranulocytosis
1982-2010
Median 50 months (range 5-360
months)
Fang 2020 [134] Thymic NETs Neoadjuvant therapy No neoadjuvant therapy | OS None
21 centres in China, (21) (146)
Europe and North Median 45 months (range 1-270)
America months
Retrospective
1989-2016
Fernandes 2010 [7] | Thymoma Radiotherapy (1334) Cardiac mortality, | None
SEER, USA Exclusion: <18 years, incomplete Secondary
Retrospective data, thymic carcinoma, malignancies
1973-2005 diagnosed in 2004 or 2005
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Median 52 months (range 0-361
months)

Fornasiero 1991 Thymoma ADOC (37) Grade =3 anemia, | None
[81] Inclusion: stage Ill or IV Grade =3 leukopenia,
Padova Medical Grade >3
Oncology thrombocytopenia,
Department, Italy response
Retrospective
1997-1990
Fu 2016 [127] Thymic carcinoma (4% NETSs) PORT (224) No PORT (105) 0S Resection status,
ChART database, Inclusion: radical resection stage
China PORT (138) No PORT (73) DFS
Retrospective Median 35.8 months for completely resected | for completely resected
1996-2013 (interquartile range 20.1-66.9 Adjuvant chemotherapy | No adjuvant | OS None
months) (148) chemotherapy (181)
Giaccone 2018 Thymic carcinoma Pembrolizumab (40) Grade =3 toxicities, | None
[125] Inclusion: recurrent, progressed Response
Lombardi after at least one line of
Comprehensive chemotherapy, PS 0-2, no history
Cancer Center, USA | of autoimmune disease or other
Prospective malignancy, adequate organ
NCT02364076 function
2015-2016 Exclusion: HIV or hepatitis
infections, immunodeficiency,
interstitial pneumonitis, previous
treatment with an immune
checkpoint inhibitor
Median 20 months (interquartile
range 14-26 months)
Guerrara 2015 [70] | Thymoma Neoadjuvant therapy (?) | No neoadjuvant therapy | OS (n=746) Age, gender,
Six Italian Thoracic | Inclusion: resection ? histology, MG,
Surgery Institutions | Exclusion: thymic carcinoma & resection status,
Retrospective NETs stage, year of
1990-2011 intervention

Mean 90 months (range 3-274
months)

Hafner 2014 [102]
University Hospital
of Heidelberg or
the

Thymoma & thymic carcinoma
Inclusion: resection, PORT
Exclusion: incomplete records,
follow-up <6 months

PORT (41)
mean dose 51.7 Gy (range 49-60 Gy)

Grade =3 toxicities

None
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German Cancer
Research Center
Retrospective
1995-2012

Median 61 months (range 15-174
months)

Hakiri 2019 [73] Thymoma Neoadjuvant No neoadjuvant | OS None
Nagoya University Inclusion: resection chemotherapy (8) chemotherapy (73)
Hospital, Japan Neoadjuvant No neoadjuvant | DFS Age, gender,
Retrospective Median 37 months (range 1-137 chemotherapy (8) chemotherapy (73) histology, PD-L1
2004-2015 months) expression, stage
He 2016 [43] Thymoma with MG VATS (39) Median sternotomy (34) Complications, Blood | None
First Affiliated Inclusion: imaging confirmation, loss, Overall survival,
Hospital of no pre-operative MG crisis, Pleural drainage,
Wenzhou Medical complete data Postoperative
University, China Exclusion: refusal for follow-up, hospital duration,
Retrospective hormones or immunosuppressive
2004-2010 agents or suffered from other
autoimmune diseases in first 3
months of treatment, unclear MG
6-60 months after operation, 5-
year follow-up rate 74.0%
He 2013 [58] Thymoma or thymic carcinoma VATS (15) Trans-sternal Blood loss, | None
Nanjing Medical with MG no conversions thymectomy (18) Complications,
University, China Inclusion: stage | or Il Hospital stay, Pleural
Retrospective drainage
2006-2011 Range 12-61 months
Hirai 2015 [115] Thymic carcinoma Carboplatin + paclitaxel (39) Grade =3 leukopenia, | None
West Japan Inclusion: chemotherapy-naive, Grade >3
Oncology Group >20 years, unresectable, stage IlI neutropenia, Grade
Prospective or IV, PS 0-1, adequate bone >3 anemia, Grade >3
WJOG4207L marrow reserve, renal and febrile neutropenia,
2008-2010 hepatic function Grade =23 anorexia,
Exclusion: uncontrolled pleural or Response
pericardial effusion, brain tumour
with symptoms, superior vena
cava syndrome, interstitial
pneumonitis, other active
malignancy, serious allergy to
medical drugs, and MG
Hishida 2020 [33] Thymoma Partial thymectomy (349) | Total thymectomy (1432) | OS Age, gender,
JART database, Exclusion: thymic carcinoma, histology, history
Japan thymic NETs, other/unclassified of malignant
Retrospective thymic tumour, MG disease, pre-
1991-2010 /postoperative
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therapy, presence

of non-MG
autoimmune
disease, resection
status, stage,
tumour size
Hishida 2016 [110] Thymic carcinoma PORT (145) No PORT (249) (0 Resection status,
JART database, Inclusion: resection Median dose 50 Gy stage
Japan Exclusion: Type B3 thymomas and | Neoadjuvant No neoadjuvant | OS
Retrospective thymic NETs cisplatin/carboplatin- chemotherapy (231)
1991-2010 chemotherapy (63)
Median 8.7 years PORT (?) No PORT (?) RFS (n=169) Stage
for completely resected | for completely resected
Neoadjuvant No neoadjuvant | RFS (n=169)
cisplatin/carboplatin- chemotherapy (?)
chemotherapy (?) for completely resected
for completely resected
Jackson 2017 [90] Thymoma or thymic carcinoma PORT (1444) No PORT (1587) (0 Age, comorbidity
National Cancer Inclusion: resection only thymoma only thymoma score, distance to
Data Base, USA Exclusion: neoadjuvant facility, facility
Retrospective radiotherapy, death occurred type, gender,
2004-2012 within 1 month of diagnosis histology, income,
insurance status,
Median 57.2 months (range 1.08- race, resection
129.15 months) for thymoma status, stage, year
Median 59.5 months (range 1.15- of diagnosis
130.23 months) for thymic PORT (557) No PORT (468) 0S Age, comorbidity
carcinoma only thymic carcinoma only thymic carcinoma score, distance to
facility, facility
type, gender,
income, insurance
status, race,
resection status,
stage, year of
diagnosis
PORT (431) No PORT (813) 0S Histology,
only stage I-IIA thymoma | only stage I-lIA thymoma resection status,
PORT (359) No PORT (274) (0 stage
only stage 1B thymoma only stage 1B thymoma
PORT (451) No PORT (317) (0
only stage Ill thymoma only stage Ill thymoma
PORT (165) No PORT (136) 0S
only stage IV thymoma only stage IV thymoma
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Hospital, Japan
Retrospective
2002-2009

Mean 53.7 months + standard
deviation 24.5 months (VATS) and

Jurado 2012 [53] Thymoma Minimally invasive | Open thymectomy (62) Recurrence rate None
Columbia University thymectomy (10)
Medical Center, Median 24.2 months (minimally
USA invasive thymectomy) and 81
Retrospective months (open thymectomy)
2000-2011
Khorfan 2021 [80] Thymoma Radiotherapy and/or | No treatment (32) (0 Age, Charlson
National Cancer Inclusion: stages Il & IV chemotherapy (417) score, gender,
Database, USA Exclusion: thymic carcinoma histology, hospital
Retrospective type, income,
2004-2016 insurance,
metastases,
metropolitan
area, race, stage,
tumour size
Kim 2019 [128] Thymic carcinoma Adjuvant chemotherapy | Surgery alone (58) 0S None
National Cancer Inclusion: stage IIB & I, curative | alone (63) only stage IIB
Database, USA resection only stage 1IB
Retrospective Exclusion: neoadjuvant therapy, PORT only (6) Surgery alone (58) (0
2004-2013 unknown stage, treatment or only stage IIB only stage IIB
survival information, treated with | Adjuvant chemotherapy | Surgery alone (143) 0S
palliative intent alone (129) only stage IlI
only stage Il
PORT only (56) Surgery alone (143) (0
only stage Il only stage Il
Kim 2015 [116] Thymoma & thymic carcinoma Cisplatin and Cremophor Response None
Samsung Medical Inclusion: unresectable, 18 years EL-free paclitaxel (Genexol-PM) (27)
Center, Korea or older, PS 0 or 1, adequate with thymic carcinoma
Prospective bone marrow reserve, renal
2012-2014 function, and hepatic function
Exclusion: prior malignancies,
unless
curatively treated with no
evidence of recurrence within
previous 5 years, no prior
palliative chemotherapy
Median 15.5 months
Kimura 2013 [66] Thymoma VATS (45) Open sternotomy (29) Blood loss, Hospital | None
Osaka University Inclusion: stage | and Il duration
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49.6 months + standard deviation
25.3 months (open sternotomy)

Exclusion: thymic carcinoma,
thymic NETs, uncontrolled heart
disease, diabetes or
hypertension, pulmonary fibrosis
or active pneumonitis, infections
necessitating systemic use of
antibiotics, disease necessitating
emergency radiotherapy, active
concomitant malignancy,
pregnancy, grave complications
of thymoma

Ko 2018 [114] Thymic carcinoma (13% NETS) Single-agent Platinum doublet | OS Age, gender,
North East Japan Inclusion: advanced stage or chemotherapy (10) chemotherapy (178) histology,
Study Group recurrent treated with palliative- | Other multidrug | Platinum doublet | OS performance
(NEJ023) intent chemotherapy without any | chemotherapies (98) chemotherapy (178) status, stage
Retrospective indication of curative treatment (Masaoka & WHO)
1995-2014 Single-agent Other multidrug | 0OS Age, gender,
Median 55.5 months chemotherapy (2) chemotherapies (53) histology, lymph
only stage IVb only stage IVb node metastasis,
Platinum doublet | Other multidrug | OS performance
chemotherapy (89) chemotherapies (53) status
only stage IVb only stage IVb
Carboplatin plus | ADOC (79) RR None
paclitaxel (70)
Cisplatin plus etoposide (35) RR
Kocer 2018 [44] Thymoma VATS (8) Transsternal  extended | OS None
Turkey Inclusion: complete resection thymectomy (54)
Retrospective
2004-2016 Mean 128.67+7.95 months
Kumar 2020 Thymoma Neoadjuvant No neoadjuvant | OS None
Surgical [74] Inclusion: stages IlI-IVA chemotherapy (20) chemotherapy (34)
Tertiary referral
center New Delhi,
India Median 58 months
Retrospective
2012-2019
Kunitoh 2009 [82] Thymoma Chemotherapy (30) RR, Grade >3 | None
JCOG 9605, Japan Inclusion: stage IV, cisplatin, vincristine, doxorubicin, etoposide, leukopenia, Grade >3
Prospective chemotherapy-naive, 15-70 years, granulocyte colony-stimulating factor anemia, Grade 23
1997-2004 PS 0-2, adequate organ function thrombocytopenia
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Lee 2018 [103] Thymic carcinoma & thymic NETs PORT (53) Toxicity None
Samsung Medical Inclusion: stages Il to IV, PORT
Center, Korea
Retrospective Median 69 months (range 6-160
2002-2014 months)
Lim 2017 [105] Thymic carcinoma PORT (128) No PORT (128) (0 Age, stage
SEER database, USA | Inclusion: resection propensity-matched propensity-matched
Retrospective Exclusion: survival time <1 month | Local/partial resection | Total/radical resection | OS
2004-2013 (112) (122)
PORT (50) No PORT (45) (0 None
only stage I-I only stage I-I
propensity-matched propensity-matched
PORT (39) No PORT (43) 0S
only stage Il only stage Il
propensity-matched propensity-matched
PORT (29) No PORT (28) (0
only stage IV only stage IV
propensity-matched propensity-matched
Lin 2017 [54] Thymoma with MG VATS (55) Conventional Blood loss, | None
Jiangxi Provincial thymectomy (107) Complications,
People’s Hospital Median 12.6 years Recurrence rate
Nanchang, China
Retrospective
1993-2015
Liou 2020 [71] Thymoma Neoadjuvant therapy | No neoadjuvant therapy | OS Age, Charlson
National Cancer Inclusion: stages I-1ll, resection, (166) (1683) comorbidity
Database, USA complete data index, gender,
Retrospective Exclusion: previous malignancies resection status,
2006-2013 stage, tumour size
Liu 2014 [45] Thymoma VATS (76) Sternotomy (44) oS, Blood loss, | None
National Taiwan Inclusion: stage | and Il, resection | one conversion transsternal thymectomy | Drainage  duration,
University Hospital Hospital duration,

Retrospective
1991-2010

Mean 61.9 months (VATS) 69.7
months (sternotomy)

Recurrence rate

Loehrer 2004 [84]
Eastern
Cooperative
Oncology Group,
USA

Prospective
1998-2000

Thymoma & thymic carcinoma
Inclusion: unresectable, invasive,
recurrent, or metastatic, >18
years, prior radiotherapy were
eligible if tumour grew in an area
of prior radiation or in a
metastatic site before study

Octreotide with or without prednisone (32)
only thymoma

Response

None
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entry, adequate hepatic function,
PSOor1

Exclusion: acute intracurrent
complications or other
contraindications to high-dose
corticosteroid therapy

United Kingdom
Retrospective
2004-2010

Inclusion: thymectomy
Exclusion: non-thymomatous MG
or other mediastinal mass, aged
<18 years at time of surgery,
unresectable

Mean 33 + 17.8 months

two conversions

thymectomy (22)

Complications,
Hospital duration

Loehrer 1994 [83] Thymoma & thymic carcinoma Cisplatin, doxorubicin, and cyclophosphamide (29) Response None
Southeastern Inclusion: metastatic or locally only thymoma
Cancer Study Group | progressive recurrent disease
or Eastern following radiotherapy, Karnofsky
Cooperative performance score >50, adequate
Oncology Group, renal, hepatic function and bone
USA marrow reserve
Retrospective Exclusion: prior chemotherapy,
1983-1992 prior malignancy within the
previous 5 years, or history of
congestive heart failure
Lucchi 2006 [78] Thymoma Cisplatin, epirubicin, and etoposide (30) Response None
University of Pisa, Inclusion: stages lll-IVa,
Italy neoadjuvant chemotherapy,
Prospective surgery, and PORT
1989-2004 Exclusion: thymic carcinoma
Maniscalco 2015 Thymoma VATS (13) Open thymectomy (14) Complications None
[59] Inclusion: stage | and Il No conversions median sternotomy
Sant’Anna Hospital | Exclusion: thymic carcinoma
of Ferrara, Italy
Retrospective Median 123 months
1995-2007
Manoly 2014 [46] Thymoma VATS (17) Trans-sternal 5-year 0S, DFS, | None

Mao 2015 [129]
Hangzhou Cancer
Hospital, China
Retrospective
2001-2013

Thymic carcinoma (7% NETs)
Inclusion: complete resection

Median 72 months (range 25-168
months)

PORT (25) No PORT (29) 0S, DFS
Median dose 54.2 Gy
Adjuvant cisplatin-based | No adjuvant | OS, DFS

chemotherapy (16)

chemotherapy (38)

Gender, histology,
stage

Marulli 2018 [55]
University of
Padova, Italy

Thymoma

RATS (41)
one conversion

Median sternotomy (41)

Postoperative
complications,
Recurrence

None
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Retrospective
1982-2017

Inclusion: stage | and Il, complete
resection with trans-sternal or
robotic approach

Exclusion: thymic neoplasms
other than thymoma

Median 28.3 months
(interquartile range 18.2-61.4
months) 88.3 months
(interquartile range 61.6-116.4
months)

propensity-matched on
age, histology, MG,
stage, tumour size

propensity-matched on
age, histology, MG,
stage, tumour size

48 months (thymomectomy) 59
months (thymothymomectomy)

stage, tumour size

Merveilleux du Thymoma & thymic carcinoma Cyclophosphamide, adriamycin Response None

Vignaux 2018 [111] | Inclusion: received at least one (doxorubicin), and cisplatin (?)

Réseau tumeurs cycle of systemic therapy only thymoma

THYMIques et Cyclophosphamide, adriamycin Response

Cancer, France (doxorubicin), and cisplatin (?)

Prospective only thymic carcinoma

2012-2015

Miura 2017 Thymic carcinoma (12% NETS) Chemoradiotherapy (13) | Chemotherapy (21) 0S None

Prognostic [112] Inclusion: advanced or recurrent,

Three Japanese combination chemotherapy

Institutions

Retrospective Median 27.5 months (range 1.3-

1998-2014 119.7 months)

Mou 2018 [91] Thymoma PORT (1121) No PORT (1113) 0S Age, marital
SEER database, USA | Inclusion: resection, status, previous
Retrospective demographic, stage and primary
1988-2013 postoperative data malignancy, stage
Mu 2013 [60] Thymoma VATS (41) Open thymectomy (41) Morbidity None

Chinese Academy

of Medical Sciences

Retrospective

2009-2012

Nakagawa 2016 [39] | Thymoma Thymomectomy (276) Thymothymomectomy Postoperative None

JART database, Inclusion: stage | or Il propensity-matched on | (276) complications,

Japan Exclusion: MG, VATS adjuvant radiotherapy, | propensity-matched on | Recurrence rate

Retrospective age, histology, sex, | adjuvant radiotherapy,

1991-2010 Median 53 months (both groups) stage, tumour size age, histology, sex,
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Thoracoscopic [51]
Jikei University
School of Medicine,
Japan
Retrospective
1996-2014

Inclusion: >50 mm, stage I-IVa,
thymectomy

Exclusion: thymic carcinoma,
recurrent, biopsy

Median 49 months (range 5-112)
(thoracoscopic thymectomy) and
109 months

(range 16-168) (open

thymectomy (90)

Nakajima 2016 [61] | Thymoma with MG Thoracoscopic resection | Open resection (549) Postoperative None
JART database, (46) complications
Japan
Retrospective
1991-2010
Narm 2016 [34] Thymoma Limited thymectomy | Complete  thymectomy | OS Age, gender,
KART database, Inclusion: stage | or II, (141) (141) histology, PORT,
Korea thymectomy propensity-matched on | propensity-matched on resection status,
Retrospective Exclusion: MG, thymic carcinoma, | age, gender, histology, | age, gender, histology, surgical type,
2000-2013 rare histologic thymoma type PORT, stage, surgical | PORT, stage, surgical stage, tumour size
(such as metaplastic and approach, tumour size approach, tumour size
microscopic), incomplete data VATS (297) Sternotomy (393) 0S
Limited thymectomy | Complete thymectomy | Blood loss, Chest tube | None
Median 49 months (range 0.2-189 (141) (141) duration,
months) propensity-matched on | propensity-matched on | Complications,
adjuvant radiotherapy, | adjuvant radiotherapy, | Postoperative
age, gender, histology, | age, gender, histology, | hospital duration
stage, surgical approach, | stage, surgical approach,
tumour size tumour size
Odaka 2017 Thymoma Thoracoscopic Open thymectomy (45) DFS Histology, stage,

thymoma >50 mm

Thoracoscopic
thymectomy (38)

Open thymectomy (25)

Complications,
Recurrence rate

None

Three Japanese
centers
Retrospective

Inclusion: received first-line
platinum-based chemotherapy,
recurrent or stage IVa/b, >20

Grade >3
thrombocytopenia
Grade >3 nausea

thymectomy)
Odaka 2010 [67] Thymoma Unilateral thoracoscopic | Trans-sternal Blood loss, | None
Jikei University Inclusion: stage | or Il, resection subtotal thymectomy | thymectomy (18) Postoperative
School of Medicine, | with curative intent (22) hospital duration,
Japan Exclusion: MG no conversions Postoperative pleural
Retrospective drainage
2000-2008 21.6 months (range 5-40 months)
(unilateral thoracoscopic subtotal
thymectomy) 58.6 months (range
18—99 months) (trans-sternal
thymectomy)
Okuma 2020 [122] Thymic carcinoma S-1 (26) Response rate, None
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2013-2016

years, PS 0-2, adequate bone
marrow reserve, aspartate
aminotransferase/alanine
aminotransferase equal to or less
than 2.5 times of the upper limit
of each hospital, serum bilirubin
<1.5 mg/dL, creatinine level
equal to or less than 1.5 mg/dL,
Sp02 >92%.

Median 27.0 months

Omasa 2015 [92] Thymoma or thymic carcinoma PORT (321) No PORT (784) (0 Resection status,
JART database, Inclusion: Masaoka stage Il or lIl, only thymoma only thymoma stage
Japan resection
Retrospective Exclusion: thymic NETSs, PORT (315) No PORT (758) RFS
1991-2010 macroscopic gross residual only thymoma only thymoma
tumour and lack of PORT Adjuvant chemotherapy | No adjuvant | RFS Resection status,
information (22) chemotherapy (132) stage
only thymic carcinoma only thymic carcinoma
Median 1704 days (range 0-7741
days)
Onuki 2010 [38] Thymoma Limited thymectomy (18) | Total thymectomy (61) DFS None
Tsukuba University | Inclusion: stage | or Il
Hospital and
Tsuchiura Kyodo Mean 104.2 standard deviation +
General Hospital, 58.1 months (limited
Japan thymectomy) 67.3+54.8 months
Retrospective (total thymectomy)
1982-2007
Rajan 2014 [85] Thymoma & thymic carcinoma Cixutumumab (37) Response None
USA Inclusion: recurrent, failure of only thymoma
Prospective previous chemotherapy, PS 0-1,
NCT00965250 adequate organ function
2009-2012
Median 24.0 months
(interquartile range 17.3-36.9)
Rea 2011 [79] Thymoma & thymic carcinoma Induction ADOC (32) Response None

University Hospital
of Padova, Italy
Retrospective
1980-2005

Inclusion: stages lll, IVa and IVb
without extrathoracic
metastases, resection

only thymoma
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Eight Japanese
centers
Retrospective
2017-2018

Inclusion: progressed following at
least one platinum-based
chemotherapy, unresectable
advanced (stage llla, llIb, IVa,
and IVb) or metastatic, 20 years
or older, PS 0 or 1, adequate
organ function

Exclusion: multiple primary
malignancies with disease-free
period within 5 years, interstitial
lung diseases, thrombotic or

>3 leukopenia

Grade =3 neutropenia
Grade >3
thrombocytopenia
Grade =3 anemia
Grade =3 nausea

Rimner 2016 [93] Thymoma PORT (689) No PORT (574) (0 Age, gender,
ITMIG database Inclusion: complete resection, histology,
Retrospective stage Il or 11l paraneoplastic
1990-2012 Exclusion: thymic carcinoma or syndrome, stage,
NETs, neoadjuvant or palliative tumour size
radiotherapy
Median no PORT 2.66 years.
Median PORT 4.05 years
Ruffini 2014 Thymic | Thymic carcinoma Neoadjuvant therapy (78) | No neoadjuvant therapy | OS Age, gender,
[108] Inclusion: resection (137) histology, MG,
ESTS database, resection status,
Europe Median 44 months (range 2-214 stage, tumour size
Retrospective months)
1990-2010
Rusidanmu 2018 Thymoma Thymomectomy (75) Thymectomy (43) oS, Blood loss, | None
[35] Inclusion: resection with curative Postoperative
First Affiliated intent drainage,
Hospital of Exclusion: thymic carcinoma, Postoperative
Zhejiang hyperplasia, cysts, or non- hospital duration,
University, China epithelial tumours, stages Il and Recurrence rate
Retrospective IV, MG, unknown histology,
2003-2013 biopsied intraoperatively,
neoadjuvant therapy
Sakamaki 2014 [36] | Thymoma PORT (8) No PORT (74) 0S, RFS Age, histology,
Osaka Police Inclusion: complete resection, Total thymectomy (36) Partial thymectomy (46) | OS, RFS MG, stage
Hospital, Japan stage | or Il VATS (71) Open thymectomy (11) 0S, RFS None
Retrospective Exclusion: thymic carcinoma or
1998-2011 carcinoids, advanced stage
Median 49 months (range 2-154)
Sato 2020 [126] Thymic carcinoma Lenvatinib (42) Response rate, Grade | None
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cardiac events within 6 months
before trial, proteinuria greater
than or equal to 1 g per 24 h,
infections requiring systemic
treatment, fever of 38°C or
higher, active hemoptysis, or HIV
positive

Median 15.5 months
(interquartile range 13.1-17.5)

Singhal 2003 [94] Thymoma PORT (23) No PORT (47) (0 None
University of Inclusion: complete resection, 45 to 55 Gy
Pennsylvania stage | or Il
Medical Center,
USA Median 70.3 months
Retrospective
1992-2002
Song 2020 [75] Thymoma Neoadjuvant No neoadjuvant | OS Age, extent of
KART Inclusion: stages I, Il chemotherapy (11) chemotherapy (393) surgery, gender,
Retrospective Exclusion: benign diseases, stages | Adjuvant chemotherapy | No adjuvant | OS histology, MG,
2000-2013 I and IV, thymic carcinomas or (20) chemotherapy (384) postoperative
NETs, missing data PORT (202) No PORT (202) 0S complications,
matched for adjuvant | matched for adjuvant recurrence,
chemotherapy, age, | chemotherapy, age, resection status,
extent of surgery, | extent of surgery, stage
gender, histology, MG, | gender, histology, MG,
postoperative postoperative
complications, resection | complications, resection
status, stage, tumour | status, stage, tumour
size size
PORT (172) No PORT (174) (0
stage Il only stage Il only
PORT (30) No PORT (28) (0
stage Il only stage Il only
Neoadjuvant No neoadjuvant | RFS Age, extent of
chemotherapy (11) chemotherapy (393) surgery, gender,
Adjuvant chemotherapy | No adjuvant | RFS histology, MG,
(20) chemotherapy (384) postoperative
PORT (202) No PORT (202) RFS complications,

resection status,
stage
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Song 2019 [77] Thymoma Neoadjuvant No neoadjuvant therapy | OS Histology, PD-L1
Asan Medical Inclusion: resection, neoadjuvant | radiotherapy (3) (289) expression, stage
Center, South and/or adjuvant therapy 4,500 cGY in 25 fractions
Korea Exclusion: no clinical data or 6,000 cGY in 30
Retrospective fractions
1996-2014
Median 73 months (range 2-237
months)
Song 2015 [117] Thymic carcinoma Carboplatin or cisplatin-based doublet chemotherapy | Response None
Zhejiang Cancer Inclusion: stage IV (including paclitaxel, gemcitabine, vinorelbine,
Hospital, China cyclophosphamide and docetaxel) (43)
Retrospective
2000-2012
Song 2014 Thymic carcinoma Adjuvant chemotherapy | No adjuvant | DFS Age, gender,
Outcomes [130] Inclusion: resection (38) chemotherapy (38) histology,
Zhejiang Cancer Exclusion: lost to follow-up and resection status,
Hospital, China death from other disease not stage
Retrospective related to thymic carcinoma
1996-2011
Median 68 months (range 20-189
months)
Tagawa 2014 [69] Thymoma VATS (15) Trans-sternal Blood loss None
Nagasaki University | Inclusion: resection thymectomy (12)
Hospital and Oita
Prefectural Mean 109.0 months (range 37-145
Hospital, Japan months) (VATS) and 102.0
Retrospective months (range 44-175 months)
1995-2007 (trans-sternal thymectomy)
Tang 2021 [95] Thymoma or thymic carcinoma PORT (34) No PORT (7) 0S Age, gender,
Chia-Yi Christian Inclusion: complete resection, T3 | thymoma only thymoma only histology, lung
Hospital, Kaohsiung | NO MO (pT3 NO MO) matched for age, | matched for age, invasion, superior
Veterans General cardiopulmonary disorder | cardiopulmonary disorder vena cava or
Hospital, National Median thymoma: 60 months extrathymic malignancy, | extrathymic malignancy, innominate vein
Cheng-Kung (range 10-189 months) thymic gender, histology, | gender, histology, invasion
University Hospital, | carcinoma: 48 months (range 6- locoregional invasion, | locoregional invasion,
Taiwan 219 months) MG, performance status, | MG, performance status,
Retrospective perioperative perioperative
1988-2017 complications, systemic | complications, systemic
or metabolic disease or metabolic disease
PORT (34) No PORT (7) DFS Cardiopulmonary
thymoma only thymoma only disorder, lung
invasion, MG,
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matched for age,
cardiopulmonary disorder
extrathymic malignhancy,
gender, histology,
locoregional invasion,
MG, performance status,
perioperative
complications, systemic
or metabolic disease

matched for age,
cardiopulmonary disorder
extrathymic malignhancy,
gender, histology,
locoregional invasion,
MG, performance status,
perioperative
complications, systemic
or metabolic disease

phrenic nerve
invasion, systemic
metabolic disease

Units of Santa Maria
della Misericordia
Hospital and Santa
Maria Hospital,
Italy

Retrospective
1996-2015

Exclusion: MG, thymic carcinoma,
biopsy, R2 resection

Median 77.4 months (range 1-255
months)

PORT (40) No PORT (9) (0 Age
thymic carcinoma only thymic carcinoma only
matched for age, | matched for age,
cardiopulmonary disorder | cardiopulmonary disorder
extrathymic malignancy, | extrathymic malignancy,
gender, histology, | gender, histology,
locoregional invasion, | locoregional invasion,
MG, performance status, | MG, performance status,
perioperative perioperative
complications, systemic | complications, systemic
or metabolic disease or metabolic disease
PORT (40) No PORT (9) DFS Cardiopulmonary
thymic carcinoma only thymic carcinoma only disorder, systemic
matched for age, | matched for age, metabolic disease
cardiopulmonary disorder | cardiopulmonary disorder
extrathymic malignancy, | extrathymic malignancy,
gender, histology, | gender, histology,
locoregional invasion, | locoregional invasion,
MG, performance status, | MG, performance status,
perioperative perioperative
complications, systemic | complications, systemic
or metabolic disease or metabolic disease
Adjuvant chemotherapy | No adjuvant | OS, DFS None
(13) chemotherapy (36)
thymic carcinoma only thymic carcinoma only
Tassi 2017 [40] Thymoma Extended thymectomy | Thymomectomy (22) Complications, None
Thoracic Surgery Inclusion: complete resection (70) Recurrence rate
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Recurrence rate

Tateishi 2019 [121] | Thymic carcinoma (12% NETS) Other second-line | Second-line platinum | OS None
North East Japan Inclusion: previously treated multidrug chemotherapy | doublets (110)
Study Group advanced stage or recurrent, (26)
(NEJO23) treated with palliative-intent Second-line monotherapy | Second-line platinum | OS
Retrospective second-line chemotherapy, (55) doublets (110)
1995-2014 complete data ADOC (17) Response
Carboplatin plus paclitaxel (60) Response

Median 50.5 months (95% S-1 monotherapy (18) Response

confidence interval 36.5-76.0

months)
Tian 2020 [68] Thymoma VATS (137) Transsternal thymectomy | Blood loss, Chest | None
Peking University Inclusion: resection, MG two conversions (57) drainage, Length of
People’s Hospital stay
and Beijing Median 45 months (range 2-114
Hospital, China months)
Retrospective
2010-2018
Tian 2020 Surgical Thymoma VATS (?) Open thymectomy (?) 0S (7) Complication,
outcomes [47] Inclusion: resection resection status,
Beijing Hospital, stage
China Median 42 months
Retrospective
2011-2018
Tomita 2020 [104] Thymoma or thymic carcinoma Radiotherapy (70) Grade =3 toxicities None
Nagoya City Inclusion: definitive radiotherapy
University Graduate | or PORT
School of Medical
Sciences, Japan Median 68 months (range 8-182
Retrospective months)
2004-2017
Trivino 2015 [48] Thymoma VATS (27) Sternotomy (11) 0S, Recurrence rate, | None
Spain Inclusion: stage I-1l, resection Hospital duration,
Retrospective Postoperative
1993-2011 Median 147 months (sternotomy) complications

107 months (VATS)
Tseng 2013 [41] Thymoma Thymomectomy without | Thymomectomy with | Blood loss, | None
Taipei Veterans Inclusion: complete resection, thymectomy (53) extended thymectomy | Postoperative
General Hospital, stage | or Il thoracotomy or VATS (42) complications,
Taiwan Exclusion: thymic carcinoma, MG, | one conversion median sternotomy Postoperative
Retrospective neoadjuvant therapy drainage,
2002-2011 Postoperative

Median 57 months (6-121 months) hospital duration,
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Wang 2019 [123] Thymic carcinoma Chemotherapy (44) Grade =3 anorexia, | None
Shanghai Chest Inclusion: stage IV, relapsed, S-1 Grade >3
Hospital, China previously treated by thrombocytopenia,
Retrospective front-line chemotherapy, <80 Grade >3
2013-2017 years PS 0-2, adequate bone neutropenia, Grade
marrow, hepatic, and renal >3 anemia, Response
function
Median 14 months
Wang 2018 [131] Thymic carcinoma PORT (108) No PORT (44) RFS None
Xinjiang Medical Inclusion: resection Adjuvant chemotherapy | No adjuvant | RFS
University Affiliated (49) chemotherapy (103)
Tumor Hospital,
China
Retrospective
2009-2013
Wen 2018 [133] Thymic NETs Local/partial  resection | Total/radical resection | OS Gender,
SEER database, USA | Inclusion: survival duration >1 (74) (106) geographic
Retrospective month for resected for resected location,
1998-2015 Exclusion: cases with a death histology, stage
certificate or autopsy
Median 38 months (range 1-174
months)
Wu 2009 [87] Thymoma Adjuvant chemotherapy | No adjuvant | OS Age, gender,
Fudan University Inclusion: resection & PORT, (59) chemotherapy (182) histology, interval
Cancer Hospital, complete stage data, no other between
China tumours resection and
Retrospective Exclusion: thymic carcinoma, PORT, MG,
1970-2000 neoadjuvant radiotherapy resection  type,
stage
Median 72 months (range 6-336
months)
Xu 2016 [118] Thymic carcinoma Paclitaxel and platinum (37) Grade >3 | None
Chinese Academy Inclusion: stage IV neutropenia, Grade
of Medical Sciences >3 nausea/emesis,
Retrospective Grade >3
? thrombocytopenia,
Response
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Yamada 2015 [72] Thymoma Neoadjuvant therapy (42) | No neoadjuvant therapy | OS Age, chest wall
JART database, Inclusion: stage Ill, resection (268) invasion, gender,
Japan Exclusion: thymic carcinoma & histology, number
Retrospective NETs of involved sites,
1991-2010 performance
Mean 2240 days (range 10-7741 status
days)
Yan 2016 [96] Thymoma PORT (31) No PORT (57) (0 Resection status,
Washington Medical | Inclusion: resection stage
Center, USA Exclusion: <6 months of follow-
Retrospective up, incomplete pathologic staging
1996-2013
Yang 2019 Optimal | Thymic carcinoma (1% NETs) First-line paclitaxel- | First-line  gemcitabine- | Response None
[119] Inclusion: stage IV with complete | platinum (36) platinum (31)
Beijing Cancer follow-up data
Hospital, China
Retrospective Median 27.8 months (range 4.5-
2006-2015 88.7 months)
Yang 2020 [49] Thymoma Minimally-invasive Open thymectomy (906) | OS Age, comorbidity
National Cancer Inclusion: stage I-1ll, thymectomy | thymectomy (317) score, distance
Data Base, USA Exclusion: nonmalignant 34 conversions from facility,
Retrospective pathology, history of unrelated education, facility
2010-2014 malignancy, age <18 years type, gender,
histology,
Median minimally-invasive insurance, race,

thymectomy: 35.9 months
(interquartile range 24.9-52.2)
open: 40.7 months (interquartile
range 27.3-56.8)

stage, tumour size

Ye 2014 [62]
Shanghai Chest
Hospital, China

Thymoma
Inclusion: stage | or Il, trans-
sternal thymectomy or RATS

RATS (23)
no conversions

Trans-sternal
thymectomy (51)

Postoperative
complications

None

Retrospective Exclusion: MG

2009-2012

Yuan 2017 [52] Thymoma PORT (142) No PORT (165) DFS Histology, stage
Chinese Academy Inclusion: complete resection PORT (142) No PORT (165) 0S None

of Medical Sciences | Exclusion: neoadjuvant therapy VATS (70) Transthoracic resection | DFS

and Peking Union (140)

Medical College Median 86 months (range 24-160

Retrospective months)

2003-2014

Yuan 2016 [106] Thymic carcinoma (11% NETSs) PORT (56) No PORT (23) 0S, DFS None
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Department of
Thoracic Surgery of

Inclusion: complete resection
Exclusion: preoperative

Adjuvant chemotherapy
(33)

No adjuvant
chemotherapy (46)

0S, DFS

of Medical Sciences
and Peking Union
Medical College,
China

RCT

1981-1996

complete resection, complete
capsule

1-15 years

the National Cancer | radiotherapy or chemotherapy, VATS (10) Open resection (69) OS, DFS
Center/Cancer coexistent hematologic disorders,
Hospital Chinese or active infection at time of
Academy of Medical | surgery
Sciences and Peking
Union Medical Median 40 months (range 1-130
College, China months)
Retrospective
2005-2015
Zhai 2019 [32] Thymoma PORT (17) No PORT (19) Grade =3 toxicity None
abstract Inclusion: PS 0-2, interval of dose 50 Gy (25 fraction)
Chinese Academy surgery to radiotherapy <2
of Medical months, stage II-1ll, WHO B type
Sciences, China Exclusion: Second primary
RCT NCT 02014805 tumour, serious comorbidity,
2014-2018 neoadjuvant therapy, adjuvant
chemotherapy
Median 31.6 months
Zhang 2020 [50] Thymoma VATS (84) Median sternotomy (145) | OS None
First Affiliated Inclusion: resection
Hospital of Sun Yat- | Exclusion: diagnosis of MG
sen University, depending on symptoms,
China antibody levels and
Retrospective electromyography results before
2004-2016 surgery, complications of other
autoimmune diseases, age at
surgery >80 years old or <16 years
old, stage IV disease, exploratory
operation
Zhang 1999 [31] Thymoma PORT (16) No PORT (13) (0 None
Chinese Academy Inclusion: stage I, <65 years, 50-60 Gy
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Italy
Prospective
NCT02049047
2011-2013

Inclusion: failure of at least one
previous line of platinum-based
chemotherapy

only thymoma

Zhao 2019 [37] Thymoma Simple/partial  surgical | Total surgical removal | OS Age, histology,
SEER database, USA | Inclusion: resection removal (403) (553) marital status,
Retrospective Exclusion: primary reporting stage, tumour size
1983-2014 source was an autopsy, death

certificate, nursing home, or

hospice, survival duration of <3

months, neoadjuvant

radiotherapy, unknown treatment

sequence with surgery

Median 68 (range 4-304 months)
Zhao 2013 [132] Thymic carcinoma Adjuvant chemotherapy | No adjuvant | DFS Differentiation,
Shanghai Chest Inclusion: squamous cell, curative | (71) chemotherapy (34) presenting
Hospital, China intent resection, no history of symptoms,
Retrospective squamous tumour elsewhere, had resection status,
2003-2010 follow-up information tumour size,

vessel invasion

Median 52.2 months (range 20-

112 months)
Zucali 2018 [86] Thymic & thymic carcinoma Everolimus (32) Response None

Abbreviations: ADOC - cisplatin, doxorubicin, vincristine, and cyclophosphamide; cGY - centigrays; ChART - Chinese Alliance for Research of Thymoma; CSS -
cancer/cause-specific survival; 3D-CRT - Three-dimensional conformal radiotherapy; DFS - disease-free survival; DSS - disease-specific survival; EHRT - low-dose
entire hemithorax radiotherapy; ESTS - European Society of Thoracic Surgeons; FFLF - freedom from locoregional failure; FFDM - freedom from distant metastasis;
FFR - freedom from recurrence; Gy - grays; HIV - human immunodeficiency virus; IMRT - intensity modulated radiotherapy; ITMIG - International Thymic
Malignancies Interest Group; JART - Japanese Association for Research on the Thymus; JCOG - Japanese Clinical Oncology Group; KART - Korea Association for
Research on the Thymoma; LRFS - Local-regional relapse free survival; MG - myasthenia gravis; MRT - mediastinal radiotherapy; N - number; NET - neuroendocrine
tumours; NOS - not otherwise specified; ORR - objective response rate; OS - overall survival; PD-L1 - Programmed death-ligand 1; PORT - postoperative
radiotherapy; PRS - post-recurrence survival; PS - performance status; RATS - robot-assisted thoracoscopic surgery; RCT - randomized controlled trial; RFS -
relapse/recurrence-free survival; RMFS - recurrence and metastasis-free survival; RR - response/recurrence rate; SEER - Surveillance, Epidemiology, and End
Results; USA - United States of America; VATS - Video-assisted thoracoscopic surgery; WHO - World Health Organization
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Agatsuma 2017 | Thymoma VATS Vs. median | Serious Low Low Low Low Low (OS) Serious Serious
[42] sternotomy Mod (Others)
Agatsuma 2011 | Thymic ADOC chemotherapy vs. | Critical Low Low Low Low Mod Serious Critical
[113] carcinoma carboplatin-based
chemotherapy
Allahkverdiev Thymoma Thoracoscopic Critical Low Low Low Low Mod Serious Critical
2019 [56] thymectomy vs. open
thymectomy
Bakhos 2020 | Thymic Neoadjuvant Critical Low Low Low Low Low Serious Critical
[109] carcinoma chemotherapy vs. no
or thymic | chemotherapy
NETs Adjuvant chemotherapy
vs. no chemotherapy
PORT vs. no PORT
Bian 2020 [88] Thymoma PORT vs. no PORT Critical Low Low Low Low Low Serious Critical
Bian 2018 [76] Thymoma Neoadjuvant radiotherapy | Serious Low Low Low Low Low Serious Serious
vs. no radiotherapy
Bian 2018 The | Thymic PORT vs. no PORT Serious Low Low Low Low Low Serious Serious
comparison NETs Adjuvant chemotherapy
[135] Vvs. no adjuvant
chemotherapy
Chao 2015 [63] | Thymoma VATS Vs. median | Serious Low Low Low Low Mod Serious Serious
sternotomy
Cheng 2008 | Thymic VATS vs. open median | Critical Low Low Low Low Mod Serious Critical
[107] carcinoma sternotomy
Cheng 2005 | Thymoma Videothoracoscopic  vs. | Critical Low Low Low Low Mod Serious Critical
[64] open median sternotomy
Chung 2012 | Thymoma Thoracoscopic Critical Low Low Low Low Mod Serious Critical
[65] thymectomy Vvs.
sternotomy thymectomy
Eralp 2003 [89] | Thymoma PORT vs. no PORT Critical Low Low Low Low Low Serious Critical
Fadayomi 2018 | Thymoma Minimally invasive | Serious Low Low Low Low Mod Serious Serious
[57] thymectomy vs. open
thymectomy
Fan 2013 [101] | Thymoma PORT vs. no PORT Critical Low Low Low Low Low Serious Critical
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Fang 2020 [134] | Thymic Neoadjuvant therapy vs. | Critical Low Low Low Low Low Serious Critical
NETs no neoadjuvant therapy
Fu 2016 [127] Thymic PORT vs. no PORT Serious Low Low Low Low Low (OS) Serious Serious
carcinoma Mod (Others)
Adjuvant chemotherapy | Critical Low Low Low Low Low Serious Critical
Vvs. no adjuvant
chemotherapy
Guerrara 2015 | Thymoma Neoadjuvant therapy vs. | Serious Low Low Low Low Low Serious Serious
[70] no neoadjuvant therapy
Hakiri 2019 [73] | Thymoma Neoadjuvant Critical Low Low Low Low Low (OS) Serious Critical
chemotherapy vs. no | (OS) Mod (DFS) (0S)
neoadjuvant Serious Serious
chemotherapy (DFS) (DFS)
He 2016 [43] Thymoma VATS Vvs. median | Critical Low Low Low Low Low (OS) Serious Critical
with MG sternotomy Mod (Others)
He 2013 [58] Thymoma VATS vs. trans-sternal | Critical Low Low Low Low Mod Serious Critical
or thymic | thymectomy
carcinoma
with MG
Hishida 2020 | Thymoma Total Vvs. partial | Serious Low Low Low Low Low Serious Serious
[33] thymectomy
Hishida 2016 | Thymic PORT vs. no PORT Serious Low Low Low Low Low (0S) Serious Serious
[110] carcinoma Neoadjuvant Mod (Others)
chemotherapy vs. no
neoadjuvant
chemotherapy
Jackson 2017 | Thymoma PORT vs. no PORT Serious Low Low Low Low Low Serious Serious
[90] or thymic
carcinoma
Jurado 2012 | Thymoma Minimally invasive | Critical Low Low Low Low Mod Serious Critical
[53] thymectomy vs. open
thymectomy
Khorfan 2021 | Thymoma Radiotherapy and/or | Serious Low Low Low Low Low Serious Serious
[80] chemotherapy vs. no
treatment
Kim 2019 [128] | Thymic PORT vs. surgery alone Critical Low Low Low Low Low Serious Critical
carcinoma Adjuvant chemotherapy
vs. surgery alone
Kimura 2013 | Thymoma VATS vs. open sternotomy | Critical Low Low Low Low Mod Serious Critical
[66]
Ko 2018 [114] Thymic Different chemotherapy | Serious Low Low Low Low Low Serious Serious
carcinoma regimens Mod (others)
Kocer 2018 [44] | Thymoma VATS Vs. extended | Critical Low Low Low Low Low Serious Critical
thymectomy
Kumar 2020 | Thymoma Neoadjuvant Critical Low Low Low Low Low Serious Critical
Surgical [74] chemotherapy vs. no
neoadjuvant
chemotherapy
Lim 2017 [105] PORT vs. no PORT Serious Low Low Low Low Low Serious Serious
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Thymic Total/radical  resection
carcinoma vs. local/partial resection
Subgroup analyses Critical Low Low Low Low Low Serious Critical
Lin 2017 [54] Thymoma VATS vs. conventional | Critical Low Low Low Low Mod Serious Critical
with MG thymectomy
Liou 2020 [71] Thymoma Neoadjuvant therapy vs. | Serious Low Low Low Low Low Serious Serious
no neoadjuvant therapy
Liu 2014 [45] Thymoma VATS vs. sternotomy Critical Low Low Low Low Low (OS) Serious Critical
Mod (Others)
Maniscalco Thymoma VATS Vvs. open | Critical Low Low Low Low Mod Serious Critical
2015 [59] thymectomy
Manoly 2014 | Thymoma VATS vs. trans-sternal | Critical Low Low Low Low Low (OS) Serious Critical
[46] thymectomy Mod (Others)
Mao 2015 [129] | Thymic PORT vs. no PORT Serious Low Low Low Low Low (OS) Serious Serious
carcinoma Adjuvant chemotherapy Mod (Others)
Vvs. no adjuvant
chemotherapy
Marulli 2018 | Thymoma RATS Vs. median | Serious Low Low Low Low Mod Serious Serious
[55] sternotomy
Miura 2017 | Thymic Chemoradiotherapy  vs. | Critical Low Low Low Low Low Serious Critical
Prognostic carcinoma chemotherapy
[112]
Mou 2018 [91] Thymoma PORT vs. no PORT Serious Low Low Low Low Low Serious Serious
Mu 2013 [60] Thymoma VATS Vvs. open | Critical Low Low Low Low Mod Serious Critical
thymectomy
Nakagawa 2016 | Thymoma Thymomectomy vs. | Serious Low Low Low Low Mod Serious Serious
[39] thymothymomectomy
Nakajima 2016 | Thymoma Thoracoscopic resection | Critical Low Low Low Low Mod Serious Critical
[61] with MG Vs. open resection
Narm 2016 [34] | Thymoma Limited thymectomy vs. | Serious Low Low Low Serious Low (OS) Serious Serious
complete thymectomy Mod (Others)
VATS vs. sternotomy
Odaka 2017 | Thymoma Thoracoscopic Critical Low Low Low Serious Mod Serious Critical
Thoracoscopic thymectomy vs. open | (Others) (Others)
[51] thymectomy Serious Serious
(DFS) (DFS)
Odaka 2010 | Thymoma Unilateral thoracoscopic | Critical Low Low Low Low Mod Serious Critical
[67] subtotal thymectomy vs.
trans-sternal thymectomy
Omasa 2015 | Thymoma PORT vs. no PORT Serious Low Low Low Serious Low (OS) Serious Serious
[92] or thymic | Adjuvant chemotherapy Mod (Others)
carcinoma Vvs. no adjuvant
chemotherapy
Onuki 2010 [38] | Thymoma Limited thymectomy vs. | Critical Low Low Low Low Mod Serious Critical
total thymectomy
Rimner 2016 | Thymoma PORT vs. no PORT Serious Low Low Low Low Low Serious Serious
[93]
Ruffini 2014 | Thymic Neoadjuvant therapy vs. | Serious Low Low Low Low Low Serious Serious
Thymic [108] carcinoma no neoadjuvant therapy
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Rusidanmu Thymoma Thymomectomy vs. | Critical Low Low Low Serious Low (OS) Serious Critical
2018 [35] thymectomy Mod (Others)
Sakamaki 2014 | Thymoma PORT vs. no PORT Serious Low Low Low Low Low (OS) Serious Serious
[36] Total thymectomy vs. Mod (Others)
partial thymectomy
VATS vs. open | Critical Low Low Low Low Low (OS) Serious Critical
thymectomy Mod (Others)
Singhal 2003 | Thymoma PORT vs. no PORT Critical Low Low Low Low Low Serious Critical
[94]
Song 2020 [75] Thymoma Neoadjuvant Serious Low Low Low Low Low (OS) Serious Serious
chemotherapy vs. no Mod (Others)
neoadjuvant
chemotherapy
Adjuvant chemotherapy
Vvs. no adjuvant
chemotherapy
PORT vs. no PORT
Song 2019 [77] Thymoma Neoadjuvant radiotherapy | Serious Low Low Low Low Low Serious Serious
Vvs. no neoadjuvant
therapy
Song 2014 | Thymic Adjuvant chemotherapy | Serious Low Low Low Low Mod Serious Serious
Outcomes [130] | carcinoma Vvs. no adjuvant
chemotherapy
Tagawa 2014 | Thymoma VATS vs. trans-sternal | Critical Low Low Low Serious Mod Serious Critical
[69] thymectomy
Tang 2021 [95] | Thymoma PORT vs. no PORT Serious Low Low Low Low Low (OS) Serious Serious
Mod (Others)
Thymic PORT vs. no PORT Serious Low Low Low Low Low (OS) Serious Serious
carcinoma Mod (Others)
Adjuvant chemotherapy | Critical Low Low Low Low Low (OS) Serious Critical
Vs. no adjuvant Mod (Others)
chemotherapy
Tassi 2017 [40] | Thymoma Extended thymectomy vs. | Critical Low Serious Low Serious Low Serious Critical
thymomectomy
Tateishi 2019 | Thymic Second-line platinum | Critical Low Low Low Low Low Serious Critical
[121] carcinoma doublets vs. other second-
line multidrug
chemotherapy or second-
line monotherapy
Tian 2020 [68] Thymoma VATS vs. trans-sternal | Critical Low Low Low Low Mod Serious Critical
thymectomy
Tian 2020 | Thymoma VATS Vvs. open | Serious Low Low Low Low Low Serious Serious
Surgical thymectomy
outcomes [47]
Trivino 2015 | Thymoma VATS vs. sternotomy Critical Low Low Low Low Low (OS) Serious Critical
[48] Mod (Others)
Tseng 2013 [41] | Thymoma Thymomectomy without | Critical Low Low Low Low Mod Serious Critical
thymectomy Vs.
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thymomectomy with
extended thymectomy
Wang 2018 | Thymic PORT vs. no PORT Critical Low Low Low Low Mod Serious Critical
[131] carcinoma Adjuvant chemotherapy
Vvs. no adjuvant
chemotherapy
Wen 2018 [133] | Thymic Local/partial resection vs. | Serious Low Low Low Low Low Serious Serious
NETs total/radical resection
Wu 2009 [87] Thymoma Adjuvant chemotherapy | Serious Low Low Low Low Low Serious Serious
Vvs. no adjuvant
chemotherapy
Yamada 2015 | Thymoma Neoadjuvant therapy vs. | Serious Low Low Low Low Low Serious Serious
[72] no neoadjuvant therapy
Yan 2016 [96] Thymoma PORT vs. no PORT Serious Low Low Low Low Low Serious Serious
Yang 2020 [49] | Thymoma Minimally-invasive Serious Low Low Low Low Low Serious Serious
thymectomy vs. open
thymectomy
Yang 2019 | Thymic First-line paclitaxel- | Critical Low Low Low Low Mod Serious Critical
Optimal [119] carcinoma platinum vs. first-line
gemcitabine-platinum
Ye 2014 [62] Thymoma RATS vs. trans-sternal | Critical Low Low Low Low Mod Serious Critical
thymectomy
Yuan 2017 [52] | Thymoma PORT vs. no PORT Critical Low Low Low Serious Low (OS) Serious Critical
(0S) Mod (DFS) (0S)
Serious Serious
(DFS) (DFS)
VATS vs. transthoracic | Critical Low Low Low Low Mod Serious Critical
resection
Yuan 2016 | Thymic PORT vs. no PORT Critical Low Low Low Low Low (OS) Serious Critical
[106] carcinoma Adjuvant chemotherapy Mod (Others)
Vvs. no adjuvant
chemotherapy
VATS vs. open resection
Zhang 2020 | Thymoma VATS Vs. median | Critical Low Low Low Low Low Serious Critical
[50] sternotomy
Zhao 2019 [37] | Thymoma Simple/partial surgical | Serious Low Low Low Low Low Serious Serious
removal vs. total surgical
removal
Zhao 2013 | Thymic Chemotherapy vs. no | Serious Low Low Low Low Mod Serious Serious
[132] carcinoma chemotherapy

Abbreviations: ADOC - cisplatin, doxorubicin, vincristine, and cyclophosphamide; DFS - disease-free survival; OS - overall survival; NETs - neuroendocrine tumours;
MG - myasthenia gravis; Mod - moderate; PORT - postoperative radiotherapy; VATS - video-assisted thoracoscopic surgery
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Zhai 2019  [32] | Thymoma PORT vs. no PORT Some Some Low Some Some Some
abstract
Zhang 1999 [31] Thymoma PORT vs. no PORT Low Low Low Low Low Low
Abbreviation: PORT - postoperative radiotherapy; ROB - risk of bias
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Appendix 8: Meta-analyses

Figure 1 Partial thymectomy versus total thymectomy for OS for patients with thymoma

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Hishida 2020 -0.1863 0.2932 249% 0.83[0.47,1.47] —.
MNarm 2016 04762 04423 197% 1.61 [0.68, 3.83] -
Rusidanmu 2018 -2.509 1.0954 6.8% 0.08 [0.01,0.70] -
Sakamaki 2014 -0.8894 04583 19.2% 0.41[017,1.01] —=
Zhao 2019 0.3893 01431 295% 1.48[1.11,1.95] kad
Total (95% CI) 100.0% 0.84 [0.44, 1.57] <5
Heterogeneity: Tau®= 0.33; Chi*= 15.65, df= 4 (P = 0.004); F= 74% f t ; f i
Test for overall effect. Z=0.56 (P =0.58) 1001 Favou?§1panial Favoulgtotal 1000

Figure 2 Partial thymectomy versus total thymectomy for OS for patients with thymoma by MG status

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
10.3.1 no MG
Hishida 2020 -0.1863 0.2932 249% 0.83[0.47,1.47] —
Narm 2016 0.4762 04423 197% 1.61[0.68, 3.83] I
Rusidanmu 2018 -2.509 1.0954 6.8% 0.08[0.01,0.70] 4
Subtotal (95% Cl) 51.4% 0.73 [0.26, 2.09] e

Heterogeneity: Tau®*= 0.55; Chi*=6.62, df=2 (P=0.04); F=70%
Test for overall effect: Z= 0.58 (P = 0.56)

10.3.2 some MG

Sakamaki 2014 -0.894 04589 19.2% 0.41[0.17,1.01] —
Zhao 2019 0.3893 0.1431 295% 1.481[1.11,1.95] -+
Subtotal (95% Cl) 48.6% 0.84 [0.24, 2.92] —~ll——

Heterogeneity: Tau*=0.71; Chi*=7.13, df=1 (P = 0.008); F= 86%
Test for overall effect Z=0.28{(P=0.78)

Total (95% ClI) 100.0% 0.84 [0.44, 1.57] <
Heterogeneity: Tau®= 0.33; Chi*=15.65, df=4 (P=0.004); F=74% 50 01 0*1 1%0 100’
Test for overall effect: Z= 0.56 (P =0.58) ' Fav.ours partial Favours total

Test for subgroup differences: Chi*=0.03, df=1 (P=0.87). F=0%
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Figure 3 Partial thymectomy versus total thymectomy for OS for patients with thymoma by risk of bias
Hazard Ratio
SE Weight IV, Random, 95% CI

Study or Subgroup log[Hazard Ratio]

Hazard Ratio

IV, Random, 95% CI

10.2.1 serious ROB

Hishida 2020 -0.1863 02932 24.9% 0.83[0.47,1.47] —.—
Narm 2016 0.4762 0.4423 197% 1.61 [0.68, 3.83] T
Sakamaki 2014 -0.894 0.4589 19.2% 0.41[0.17,1.01] — ]

Zhao 2019 0.3893 01431 295% 1.48[1.11,1.99] il
Subtotal (95% CI) 93.2% 1.01 [0.59, 1.73] <D

Heterogeneity: Tau*=0.19; Chi*=9.55, df=3 (P=0.02); F=69%
Test for overall effect: Z=0.04 (P = 0.96)

10.2.2 critical ROB

Rusidanmu 2018 -2.509 1.0954 6.8% 0.08[0.01,0.70] 4
Subtotal (95% CI) 6.8%

Heterogeneity: Not applicable

Test for overall effect. Z=2.29(P=0.02)

Total (95% CI) 100.0%

Heterogeneity: Tau®*=0.33; Chi*=15.65, df=4 (P=0.004); F=74%
Test for overall effect. Z=0.56 (P =0.58)
Test for subaroup differences: Chi*=4.99, df=1 (P=0.03), F=79.9%

Figure 4 Partial thymectomy versus total thymectomy for DFS for patients with thymoma (stages I-1l)

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI

0.84 [0.44, 1.57]

0.08 [0.01, 0.70] e ——

>

0.01 0.1

Favours partial

Hazard Ratio
IV, Random, 95% CI

1 10
Favours total

Onuki 2010 05639 11568 13.9%  0.57 [0.06, 5.49]

Sakamaki 2014 -0.9519 0.4652 B861%  0.39[0.16, 0.95] ——

Total (95% CI) 100.0%  0.41[0.17, 0.95] -

Heterogeneity: Tau = 0.00; Chi*=010,df=1(P=0.76); F=0% 001 0 10 100

Test far overall effect: Z= 2.08 (P = 0.04) Favours partial Favours total
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Figure 5 Partial thymectomy versus total thymectomy for recurrence for patients with thymoma

Partial Total Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Nakagawa 2016 11 276 5 276 48.4% 2.20[0.77,6.25] ——
Rusidanmu 2018 2 75 3 43 25.4% 0.38[0.07, 2.20] — &7
Tassi 2017 0 22 2 69 10.4% 0.61[0.03,12.22]
Tseng 2013 1 53 2 42 157% 0.40[0.04, 4.22] *
Total (95% CI) 426 430 100.0% 0.94 [0.34, 2.63] -l
Total events 14 12
Heterogeneity: Tau®= 0.28; Chi*= 3.96, df= 3 (P = 0.27); F= 24% =0 o1 051 150 100*
Test for overall effect: Z=0.11 (P=0.91) : Favburs partial Favours total

Figure 6 Partial thymectomy versus total thymectomy for complications for patients with thymoma

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
MNakagawa 2016 12 276 23 276 595% 0.52[0.26,1.03) —l
MNarm 2016 7 141 5 141 21.7% 1.40[0.46, 4.31] I B
Tassi 2017 2 22 14 70 13.9% 0.45[0.11,1.85) S
Tseng 2013 2 53 1 42 4.9% 1.58[0.15,16.89]
Total (95% CI) 492 529 100.0% 0.67 [0.40,1.13] <D
Total events 23 43
Heterogeneity: Tau®= 0.00; Chi*= 2.98, df= 3 (P = 0.39); F=0% =D o1 051 150 1005
Test for averall effect Z=1.51 (P=0.13) ’ Fa\/ours partial Favours total

Figure 7 Partial thymectomy versus total thymectomy for length of stay for patients with thymoma (stages I-1l)

Partial Total Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Narm 2016 5 36 141 5 365 141 33.0% 0.00 [-0.85, 0.85)
Rusidanmu 2018 61 1.5 75 78 1.4 43 373% -1.70[2.24,-1.16) L
Tseng 2013 65 3 53 81 23 42 297% -1.60[2.67, -0.53) ——
Total (95% ClI) 269 226 100.0% -1.11[-2.21,-0.00] <D
Heterogeneity: Tau®*=0.78; Chi*=11.47, df=2 (P=0.003); F=83% 5_1 0 =5 ] %
Test for overall effect. Z=1.97 (P=0.05) Favours partial Favours total
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Figure 8 Partial thymectomy versus total thymectomy for chest drainage for patients with thymoma (stages I-1l)

Partial Total Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Narm 2016 324 141 3 24 141 356% 0.00 [-0.56, 0.56]
Rusidanmu 2018 51 1.3 75 6.3 1.7 43 352% -1.20[1.79,-0.61) &
Tseng 2013 6 2.8 53 76 19 42 291% -1.60[-2.55, -0.65) ——
Total (95% ClI) 269 226 100.0% -0.89[-1.85,0.08]
Heterogeneity: Tau®*=0.60; Chi*=12.22, df=2 (P=0.002); F=84% f 1 1 1 i
] -10 -5 0 5 10
Test for overall effect. Z=1.81 (P=0.07) Favours partial Favours total

Figure 9 Partial thymectomy versus total thymectomy for blood loss for patients with thymoma (stages I-Il)

Partial Total Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Narm 2016 a0 0.2 141 150 353 141 98.4% -100.00[-105.83,-94.17)
Rusidanmu 2018 105.7 493 75 2015 1569 43 1.4% -95.80[-144.01,-47.59) B
Tseng 2013 1358 4109 53 3096 1973 42 0.2% -173.80[-299.49, -48.11]
Total (95% ClI) 269 226 100.0% -100.10[-105.87,-94.32] L]
Heterogeneity: Tau®*=0.00; Chi*=1.35,df=2 (P=051); F=0% i 1 i 1 t }
Test for overall effect: Z=33.95 (P <= 0.00001) er?vuour; ggrtial UFavo1uUrg totslnu
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Figure 10 MIS versus open thymectomy for OS for patients with thymoma

Study or Subgroup log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI

Agatsuma 2017 -0.2776 0.8367 4.4% 0.76 [0.15, 3.91) —

He 2016 -2.2302 11574 23% 0.11 [0.01,1.04)

Kocer 2018 -0.6033 0505 11.9% 0.55[0.20,1.47) —

Liu 2014 -1.1479 0866 41% 0.32[0.06,1.73) I —

Manaly 2014 09771 1.2247 2.0% 2.66[0.24, 29.30)

Narm 2016 -0.755 05533  9.9% 0.47 [0.16,1.39) —

Sakamaki 2014 -2.9981 1.4671 1.4% 0.05 [0.00, 0.88)

Tian 2020 Surgical outcomes 0.2311 06307 7.7% 1.26 [0.37, 4.34] A

Trivino 2015 0.6491 11025 25% 1.91[0.22,16.61)

Yang 2020 -0.5621 0316 299% 0.57 [0.31,1.06) ——

Zhang 2020 -0.3711 03536 24.0% 0.69 [0.35,1.38) —

Total (95% CI) 100.0% 0.61 [0.43, 0.85] 0

Heterogeneity: Tau®= 0.00; Chi*=10.07, df=10 (P=043); F=1% t f ; f

0.005 0.1 1 10 200

Test for overall effect: Z=2.87 (P=0.004) Favours MIS Favours open thymectomy

Figure 11 MIS versus open thymectomy for DFS for patients with thymoma
Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Manoly 2014 -0.1995 09129 11.0% 0.82[0.14, 4.90] =

Odaka 2017 Thoracoscopic -0.0024 0.8032 14.3% 1.00[0.21, 4.82)

Sakamaki 2014 -1.5699 11979  6.4% 0.21[0.02,2.18]

Yuan 2017 0.2654 0367 68.3% 1.30[0.64, 2.68] f

Total (95% ClI) 100.0% 1.06 [0.58, 1.92]

Heterogeneity: Tau®= 0.00; Chi*= 2.25, df= 3 (P=0.52); F= 0% 50 1 051 150 1DD=

Test for overall effect. Z=019 (P =0.85)
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Figure 12 MIS versus open thymectomy for recurrence for patients with thymoma

MIS Open thymectomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Agatsuma 2017 3 139 4 134 18.3% 0.72[0.16,3.17] —
Jurado 2012 0 10 5 62 5.0% 0.52[0.03, 8.76)
Lin 2017 8 55 23 107 481% 0.42[017,1.09) —l—
Liu 2014 2 76 1 44 71% 1.16[0.11,12.41)
Marulli 2018 1 41 0 41 4.0% 3.00[0.13, 71.56]
Odaka 2017 Thoracoscopic 2 38 3 25 13.5% 0.44 [0.08, 2.44]
Trivino 2015 1 27 0 11 41% 1.29[0.06, 29.36]
Total (95% CI) 386 424 100.0% 0.58 [0.31, 1.08] e -
Total events 14 36
Heterogeneity: Tau®= 0.00; Chi*= 2.26, df= 6 (P = 0.89); F= 0% lﬂ 0 051 150 1005

Test for overall effect: Z=1.72 (P =0.09) Favours MIS Favours open thymectomy

Figure 13 MIS versus open thymectomy for complications for patients with thymoma

MIS Open thymectomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Allahkverdiev 2019 0 33 7 26 1.8% 0.05[0.00, 0.89)
Fadayomi 2018 9 19 20 34 17.4% 0.81 [0.46, 1.40) —
He 2013 4 15 6 18 9.0% 0.80[0.28, 2.32) B
He 2016 2 39 12 34 5.9% 0.15[0.03, 0.60) S —
Lin 2017 14 55 28 107 17.3% 0.97 [0.56, 1.69] -
Maniscalco 2015 2 13 3 14 4.8% 0.72[0.14, 3.64) e E—
Manoly 2014 3 17 10 22 8.4% 0.39[0.13,1.20)] EE—
Marulli 2018 2 41 3 41 4.3% 0.67[0.12,3.78) I E—
Mu 2013 0 41 4 41 1.7% 0.11[0.01, 2.00]
MNakajima 2016 5 46 92 549 11.8% 0.65[0.28, 1.51] T
Odaka 2017 Thoracoscopic 5} 38 14 25 12.4% 0.28[0.13, 0.64) B
Trivino 2015 1 27 2 11 2.6% 0.20[0.02, 2.02)
Ye 2014 1 23 2 51 2.5% 1.11[0.11,11.62]
Total (95% CI) 407 973 100.0% 0.53[0.36, 0.79] <&
Total events 49 203
Heterogeneity: Tau®= 0.15; Chi*=18.35, df=12 (P=0.11); F= 35% 0 &05 011 150 2[*]0

Testfor overall effect: Z=3.13 (P =0.002) Favours MIS Favours open thymectomy
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Figure 14 MIS versus open thymectomy for length of stay for patients with thymoma

MIS Open thyectomy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Chao 2015 5.8 2 43 7 2.2 48 135% -1.20[-2.04,-0.36) -
Cheng 2005 68 23 12 8.9 4.4 10 6.6% -210[5.12,082 ~
Chung 2012 34 13 25 6.4 25 45 133% -3.00[3.89,-2.11] -
He 2013 106 5.1 15 1222 364 18 6.5% -1.62[4.70,1.46] N
He 2016 74 23 39 8.7 26 34 126% -1.30[2.43,-017] -
Kimura 2013 14 9 45 19 13 29 3.0% -5.00[10.41,60.41] I
Liu 2014 713 362 76 914 384 44 11.7% -2.01 [-3.41,-0.61] —
Manoly 2014 44 18 17 6.4 46 22 93% -2.00[-4.10,010 B—
Odaka 2010 46 1.7 22 1.2 36 18 10.3% -6.60[8.41,-4.79] —
Tian 2020 67 36 137 122 117 a7 6.4% -550[-8.60,-2.40] —_—
Trivino 2015 36 11 27 7.2 49 11 6.9% -3.60[6.53, -0.67] e
Total (95% ClI) 463 336 100.0% -2.82[-3.86,-1.77] <

Heterogeneity: Tau®*=1.93; Chi®*=39.90, df=10 (P <= 0.0001); F=75%

Test for overall effect: Z=5.27 (P < 0.00001)

-20

10 0

10 20

Favours MIS Favours open thymectomy

Figure 15 MIS versus open thymectomy for chest drainage for patients with thymoma

MIS Open thymectomy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chao 2015 44 15 48 49 1.9 48 138% -050[1.18,018] -
Cheng 2005 42 21 12 46 2.1 10 56%  -0.40[2.16,1.36]
Chung 2012 1.84 0.94 25 362 204 45 136% -1.78[-2.48,-1.08] —_—
He 2013 3.47 092 15 356 1.15 18 135% -0.09[-0.80, 062] T
He 2016 27 1.2 39 35 1.6 34 141% -0.80[-1.46,-0.14] —_—
Liu 2014 413 247 6 a1 2.64 44 11.0% -1.08[-2.04,-012] e
Odaka 2010 2 1 22 41 1.3 18 133% -210[-2.83,-1.37] —
Tian 2020 31 15 137 37 1.9 87 151% -060[-1.15, -0.05] —_—
Total (95% CI) 374 274 100.0% -0.95[-1.45,-0.45] e
Heterogeneity: Tau®= 0.35; Chi*= 2438, df=7 (P=0.0010); F=71% 54 52 b é i

Test for overall effect. Z=3.70 (P =0.0002)
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Figure 16 MIS versus open thymectomy for blood loss for patients with thymoma

MIS Open thymectomy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chao 2015 40 66 48 75 96 48 11.9% -35.00 [-67.96,-2.04] —
Cheng 2005 119.2 706 12 2385 1102 10 9.2% -119.30[-198.42,-40.18)
He 2013 98.67 62.78 15 225 101.82 18 106% -126.33[183.09,-69.57] I —
He 2016 82.2 40.5 39 1565 38.8 34 124% -74.30[-92.51,-56.09) -
Kimura 2013 1058 133 45 262 2058 29 8.9% -157.00[-241.12,-72.88]
Lin 2017 1457 354 55 3265 a6.7 107 12.5% -180.80[-195.05,-166.55) -
Liu 2014 105.09 14215 76 15966 109.56 44 11.2% -54.57 [100.06,-9.08] e
Odaka 2010 100.6 76.5 22 2081 2364 18 7.2% -107.50 [-221.29, 6.29]
Tagawa 2014 92.3 67.6 15 2251 1336 12 9.0% -132.80[-215.77,-49.83)
Tian 2020 924 1946 137 2174 4253 a7 7T.1% -125.00 [-240.12,-9.88]
Total (95% CI) 464 377 100.0% -109.01 [-155.55, -62.47] ‘
Heterogeneity: Tau®= 4474.00; Chi®*=127.24, df=9 (P < 0.00001); = 93% _2500 1 :DU 0 160 260

Test for overall effect: Z=4.59 (P < 0.00001)

Favours MIS Favours open thymectomy

Figure 17 Neoadjuvant therapy versus no neoadjuvant therapy for OS for patients with thymoma
Hazard Ratio

Study or Subgroup

log[Hazard Ratio]

Hazard Ratio
SE Weight IV, Random, 95% CI

IV, Random, 95% CI

Guerrara 2015
Liou 2020
Yamada 2015

Total (95% CI)

Heterogeneity: Tau*=0.40; Chi*=12.22, df=2 (P=0.002); F= 84%

-0.2107 0.2566 34.4% 0.81 [0.49, 1.34] ——
0.27 0.2423 35.0% 1.31[0.81, 2.11] -
1.3083 0.3512 30.6% 3.70 [1.86, 7.36] ——
100.0% 1.53 [0.70, 3.33] .
0.01 0.1 1 10 100

Test for overall effect. Z=1.06 (P=0.29)
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Figure 18 Neoadjuvant chemotherapy versus no neoadjuvant therapy for OS for patients with thymoma

Hazard Ratio
Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI

Study or Subgroup log[Hazard Ratio] SE
Hakiri 2019 0.4121 11179
Kumar 2020 Surgical -1.2873 0.5978
Song 2020 1.0543 05317

Total (95% CI)

25.2%  1.51[017,13.51]
36.7% 0.27 [0.08, 0.88]
38.1% 2871.01,8.14]
100.0% 1.03 [0.20, 5.44]

Heterogeneity: Tau*=1.61; Chi*=8.75,df =2 (P=0.01); F=77%

Test for overall effect: Z=0.04 (P=0.97)

0.01

L
L
_._
0.1 1 10

Favours neoadjuvant chemo Favours no neoadjuvant tx

Figure 19 Neoadjuvant radiotherapy versus no neoadjuvant therapy for OS for patients with thymoma

Study or Subgroup log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI

Bian 2018 0.3914 01296 97.7% 1.48[1.15,1.91]

Song 2019 1.2185 0.848 2.3% 3.38[0.64,17.82)

Total (95% Cl) 100.0% 1.51 [1.17, 1.94] <&

Heterogeneity: Tau®= 0.00; Chi*= 0.93, df=1 (P =0.33); F= 0% 50 o1 051 150 1005

Testfor overall effect: Z= 3.20 (P = 0.001) Favours neoadjuvantrad Favours no neoadj rad
Figure 20 Neoadjuvant chemotherapy versus no neoadjuvant therapy for DFS for patients with thymoma

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Hakiri 2019 1.0543 0.9904 236% 2.87[0.41,19.99)] b

Sang 2020 05128 05499 76.4%  1.67[0.57,4.91] —

Total (95% CI) 100.0% 1.90 [0.74, 4.87] ‘

Heterogeneity; Tau®= 0.00; Chi*=0.23, df=1 (P = 0.63); F= 0% =E| 01 051 ) 150 1005

Test for overall effect. Z=1.33(P=0.18)
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Figure 21 PORT versus no PORT for OS for patients with thymoma

Hazard Ratio

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Bian 2020 -01719 0.2118 11.0% 0.84 [0.56,1.28] =
Eralp 2003 -2.8503 1.3808 0.4% 0.06 [0.00, 0.87]

Jackson 2017 -0.3285 0.0991 248% 0.72[0.589, 0.87] bl
Mou 2018 -0.2614 0.0753 29.2% 0.77 [0.66, 0.89] =
Omasa 2015 -0.2485 0.2615 8.0% 0.78[0.47,1.30] T
Rimner 2016 -0.5447 0.2674 7.7% 0.58 [0.34, 0.98] ]
Sakamaki 2014 -0.7361 0.5369 2.2% 0.48[017,1.37] 1
Singhal 2003 0.8644 0.8692 0.9% 2.37[0.43,13.04] ]
Song 2020 -0.3857 0.3406 5.1% 0.68 [0.35,1.33] T
Tang 2021 -1.4271 0.3963 3.9% 0.24 [0.11,0.52) —_—
Yan 2016 -0.7133 0.771 1.1% 0.49[0.11, 2.22) —
Yuan 2017 -0.4155 0.3402 5.1% 0.66 [0.34,1.29] T
Zhang 19949 05052 1.2247 0.5% 1.66[0.15,18.28]

Total (95% CI) 100.0% 0.70 [0.59, 0.82] ¢

Heterogeneity: Tau*=0.02; Chi*=16.33, df=12 (P=0.18); F=27%

Test for overall effect. Z=4.35 (P < 0.0001)
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Figure 22 PORT versus no PORT for OS for patients with thymoma by stage

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 stages lorll
Jackson 2017 stage 1B -0.4943 02391 131% 0.61 [0.38, 0.97) —=]
Jackson 2017 stages |-lIA -0.2744 01984 156% 0.76[0.52,1.12) T
Sakamaki 2014 -0.7361 0.5369 4.4% 0.48[0.17,1.37] B —
Singhal 2003 0.8644 0.8692 1.9% 2.37[0.43,13.04)
Song 2020 stage |l -0.0202 0.4603 5.6% 0.98[0.40, 2.42) B R
Zhang 1999 050582 1.2247 1.0% 1.66[0.15,18.28)
Subtotal (95% CI) 41.5% 0.73 [0.56, 0.95] L 2
Heterogeneity: Tau®*= 0.00; Chi*=3.92, df=5 (P=0.56); F= 0%
Test for overall effect Z=2.30{P=0.02)
1.2.2 stages lllor IV
Fan 2013 -0.1165 0.7058 2.7% 0.89[0.22, 3.55) I E—
Jackson 2017 stage Il -0.3711 0161 181% 0.69 [0.50, 0.95) —
Jackson 2017 stage IV -0.4463 0.2575 12.2% 0.64 [0.39, 1.06) -
Song 2020 stage |l -1.772 06163 3.4% 0.17[0.05, 0.57) e —
Tang 2021 -1.4271 0.3963 7.0% 0.24[0.11,052) R
Weksler 2012 -0.1393 0.2059 151% 0.87 [0.58, 1.30] —
Subtotal (95% CI) 58.5% 0.56 [0.37, 0.84] 5>
Heterogeneity: Tau*=0.14; Chi*=13.40, df=5 (P=0.02); F=63%
Test for overall effect: Z= 2.83 (P = 0.005)
Total (95% ClI) 100.0% 0.65 [0.51, 0.83] L 2
Heterogeneity: Tau®= 0.06; Chi*=17.78, df=11 (P = 0.09); F= 38% =0 01 051 150 1001
Test for overall effect: Z= 3.48 (P = 0.0005) ' Fa\)ours PORT Favours no PORT

Test for subagroup differences: Chi*=1.16, df=1 (P=0.28), F=13.5%
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Figure 23 PORT versus no PORT for OS for patients with thymoma by resection status

Study or Subgroup log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% Cl

1.3.1 complete resection

Bian 2020 -0.1719
Rimner 2016 -0.5447
Sakamaki 2014 -0.7361
Singhal 2003 0.8644
Tang 2021 -1.4271
Yuan 2017 -0.4155
Zhang 1999 0.5052

Subtotal (95% Cl)

0.2118
0.2674
0.5369
0.8692
0.3963
0.3402
1.2247

11.0%
7.7%
2.2%
0.9%
3.9%
51%

0.5%
31.3%

0.84 [0.56,1.29]
0.58[0.34, 0.99]
0.48[0.17,1.37)]
2.37[0.43,13.04]
0.24[0.11,0.52)
0.66 [0.34,1.29]

1.66[0.15,18.28]
0.62[0.41,0.93]

Heterogeneity: Tau*=0.12; Chi*=11.12, df=6 (P=0.08); IF= 46%

Test for overall effect: Z=2.33 (P=0.02)

1.3.2 any resection status

Eralp 2003 -2.8503
Jackson 2017 -0.3285
Mou 2018 -0.2614
Omasa 2015 -0.2485
Song 2020 -0.3857
Yan 2016 -0.7133

Subtotal (95% Cl)

1.3808
0.0991
0.0753
0.2615
0.3406
0.7711

0.4%
24.8%
29.2%

8.0%

51%

1.1%
68.7%

—
—-

¢

0.06 [0.00,0.87] ¢
0.72[0.59, 0.87)
0.77 [0.66, 0.89]
0.78[0.47,1.30]
0.68 [0.35,1.33]

0.49[0.11,2.22)
0.75[0.67, 0.83]

Heterogeneity: Tau®*=0.00; Chi*=4.13, df=5(P=0.53); F=0%
Test for overall effect: Z=5.12 (P < 0.00001)

Total (95% CI)

100.0%
Heterogeneity: Tau*=0.02; Chi*=16.33, df=12 (P=0.18); F=27% f
Test for overall effect: Z= 4.35 (P < 0.0001)

0.70 [0.59, 0.82]

- I!-#

¢

0.01

Test for subaroup differences: Chi*=0.78. df=1 {(P=0.38). F=0%
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Figure 24 PORT versus no PORT for OS for patients with thymoma by resection status (stages I/Il)

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% CI
1.4.1 complete resection
Sakamaki 2014 -0.7361 0.5369 6.5% 0.48[0.17,1.37] —
Singhal 2003 0.8644 0.8692 2.5% 2.37[0.43,13.04)
Zhang 1999 050582 1.2247 1.3% 1.66[0.15,18.28)
Subtotal (95% CI) 10.3% 0.95[0.32, 2.82] ~l
Heterogeneity: Tau®*=0.29; Chi*= 2.83,df=2 (P=0.24); F= 29%
Test for overall effect Z=0.09 (P =0.93)
1.4.2 any resection status
Jackson 2017 stage 1B -0.4943 0.2391 33.0% 0.61 [0.38, 0.97) —i—
Jackson 2017 stages |-lIA -0.2744 01984 479% 0.76[0.52,1.12) -
Song 2020 stage |l -0.0202 0.4603 8.9% 0.98[0.40, 2.42) B B
Subtotal (95% CI) 89.7% 0.72 [0.54, 0.96] <
Heterogeneity: Tau®*= 0.00; Chi*=1.00, df=2 (P=0.61); F=0%
Test for overall effect Z= 228 (P=0.02)
Total (95% ClI) 100.0% 0.73 [0.56, 0.95] L 2
Heterogeneity: Tau®= 0.00; Chi*= 3.92, df= 5 (P = 0.56); F= 0% 50 01 051 110 1001
Test for overall effect Z=2.30{P=0.02) ' Fa\)ours PORT Favours no PORT

Test for subgroup differences: Chi*=0.24, df=1 (P=0.63), F=0%
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Figure 25 PORT versus no PORT for OS for patients with thymoma by resection status (stages Ill/IV)

Study or Subgroup log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% Cl

Hazard Ratio
IV, Random, 95% CI

1.5.1 complete resection

Fan 2013
Tang 2021
Subtotal (95% Cl)

-0.1165 0.7058
-1.4271 0.3963

Heterogeneity: Tau®*= 0.53; Chi*= 262, df=1 (P=0.11); F=62%

Test for overall effect: Z=1.40(P=0.16)

1.5.2 any resection status

Jackson 2017 stage lll -0.3711 0161
Jackson 2017 stage IV -0.4463 0.2575
Song 2020 stage Il -1.772 06163

YWeksler 2012 -0.1393 0.2059

Subtotal (95% Cl)

Heterogeneity: Tau®*= 0.07; Chi*=6.51, df= 3 (P =0.09); F=54%

Test for overall effect. Z=2.30(P=0.02)

Total (95% CI)

Test for overall effect: Z=2.83 (P =0.005)

6.7%

14.4%
21.1%

26.1%
20.9%
8.2%

23.7%
78.9%

100.0%
Heterogeneity: Tau*=0.14; Chi*=13.40,df =5 (P=0.02); F=63%

0.89[0.22, 3.55]
0.24[0.11,0.52]
0.41[0.12,1.43]

0.69 [0.50, 0.95]
0.64 [0.39,1.06]
0.17[0.05, 0.57]
0.87 [0.58,1.30]
0.65 [0.45, 0.94]

0.56 [0.37, 0.84]

Test for subaroup differences: Chi*=0.51,df=1{P=0.48), F=0%
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Figure 26 PORT versus no PORT for OS for patients with thymoma by risk of bias

Study or Subgroup

log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% Cl

1.6.1 serious ROB

Jackson 2017 -0.3285
Mou 2018 -0.2614
Omasa 2015 -0.2485
Rimner 2016 -0.5447
Sakamaki 2014 -0.7361
Song 2020 -0.3857
Tang 2021 -1.4271
Yan 2016 -0.7133

Subtotal (95% Cl)

0.0991
0.0753
0.2615
0.2674
0.5369
0.3406
0.3963
0.7711

24.4% 0.72[0.59, 0.87)
28.3% 0.77 [0.66, 0.89]
8.3% 0.78[0.47,1.30]
8.0% 0.58[0.34, 0.99]
2.4% 0.48[0.17,1.37)]
54% 0.68[0.35,1.33]
41% 0.24[0.11,0.52)
1.2% 0.49[0.11,2.22)
82.0% 0.68 [0.57, 0.81]

Heterogeneity: Tau*=0.02; Chi*=10.08,df=7 (P=0.18); F=31%

Test for overall effect: Z= 4.35 (P < 0.0001)

1.6.2 critical ROB

Bian 2020 -01719
Eralp 2003 -2.8503
Singhal 2003 0.8644
Yuan 2017 -0.4155

Subtotal (95% Cl)

0.2118
1.3808
0.8692
0.3402

* }! |l-'|'

11.3% 0.84 [0.56,1.29]
0.4% 0.06 [0.00,0.87] ¢
0.9%  2.37[0.43,13.04]
54% 0.66 [0.34,1.29]

18.0% 0.76 [0.41,1.42]

Heterogeneity: Tau*=0.17; Chi*=5.56, df =3 (P=0.14); = 46%

Test for overall effect: Z=0.87 (P=0.39)

Total (95% CI)

100.0%
Heterogeneity: Tau*=0.02; Chi*=15.88, df=11 (P=0.158); F=31% l
Test for overall effect: Z=4.30 (P < 0.0001)

0.69 [0.59, 0.82]

|

¢

0.01

Test for subaroup differences: Chi*=0.10,df=1{P=0.75), F=0%
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Figure 27 PORT versus no PORT for DFS for patients with thymoma

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Omasa 2015 -0.0202 01713 301% 0.98[0.70,1.37] -+
Sakamaki 2014 -0.7809 05393 11.1% 0.46[0.16,1.32] B
Song 2020 -0.5621 0.3648 17.9% 0.57[0.28,1.17] —
Tang 2021 -0.9163 0.2803 228% 0.401[0.23, 0.69] —
Yuan 2017 -0.6349 03609 18.1% 0.53[0.26,1.08] — T
Total (95% Cl) 100.0% 0.60 [0.39, 0.91] <>
Heterogeneity: Tau*=0.12; Chi*= 9.36, df= 4 (P = 0.05); F=57% 50 o1 051 ; 1=U 100’
Test for overall effect. Z=2.41 (P=0.02) Favours PORT Favours no PORT

Figure 28 Adjuvant chemotherapy versus no chemotherapy for OS for patients with thymoma

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Song 2020 1.2837 05362 43.7% 3.61[1.26,10.33] ——
Wy 2009 0.0686 0.3195 56.3% 1.07 [0.57, 2.00]
Total (95% ClI) 100.0% 1.82 [0.56, 5.94]

. 2 . 2 — = 2= | } t } i
?etf;ngeneltyl.lT?fu ;zuf:'&hlp_}ﬁ?ggz' df=1(P=0.058); F=74% 001 0 i 10 100

estfor overall efiect 2=1.00 (P = 0.32) Favours Adjuvant chemo Favours no adjuvant tx

Figure 29 Neoadjuvant chemotherapy versus no chemotherapy for OS for patients with thymic carcinoma

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Bakhos 2020 01823 0.244 46.6% 1.20[0.74,1.94]
Hishida 2016 0.239 0.228 53.4% 1.27[0.81, 1.99]
Total (95% CI) 100.0% 1.24[0.89,1.71]

T 2_ ; 2 — — 2= I } 1 t |
_II-_Iet?;ogeneltyl.lT?fu t-.‘_E;DE:,2(38h|F)-~00.0230, df=1(P=087);F=0% 001 0 i 10 100

estfor overall effect Z=1.28 (P = 0.20) Favours neoadjuvant Favours no neoadjuvant
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Figure 30 PORT versus no PORT for OS for patients with thymic carcinoma

Study or Subgroup

log[Hazard Ratio]

Guideline 7-11 Version 3

Hazard Ratio

SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI

Fu 2016
Hishida 2016
Jackson 2017
Lim 2017
Mao 2015
Tang 2021
Yuan 2016

Total (95% CI)

Heterogeneity: Tau*=0.10; Chi*=17.88, df=6 (P=0.007); F= 66%
Test for overall effect. Z= 2.66 (P = 0.008)
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0.2387

0.194
01149
0.2352
0.2178
0.6464
1.0305

16.6%
18.9%
22.8%
16.7%
17.6%

51%

2.3%

100.0%

0.41 [0.26, 0.65]
1.05[0.72,1.54]
0.73[0.58, 0.91]
0.56 [0.35, 0.89]
0.67[0.44,1.03]
0.18[0.05, 0.64]
4.20 [0.56, 31.68]

0.65 [0.47, 0.89]
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Figure 31 PORT versus no PORT for OS for patients with thymic carcinoma by stage

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
2.2.1 stageslorll
Kim 2019 stage 1B 01133 0874 7.0% 1.12[0.20,6.21]
Lim 2017 stages |-l 0.0392 04651 16.4% 1.04[0.42, 2.59] S S
Subtotal (95% Cl) 23.4% 1.06 [0.47, 2.36] -

Heterogeneity: Tau®*= 0.00; Chi*=0.01, df=1 (P=0.94); F=0%
Test for overall effect. Z=0.14 (P=0.89)

2.2.2 stages lllor IV

Kim 2019 stage Il -0.2107 02657 254% 0.81[0.48,1.36] =
Lim 2017 stage Il -1.1712 0378 200% 0.31[0.15, 0.65] —

Lim 2017 stage IV -0.1625 03731 20.2% 0.85[0.41,1.77] —
Tang 2021 -1.7148 06464 11.0% 0.18[0.05, 0.64] e
Subtotal (95% CI) 76.6% 0.50 [0.26, 0.96] S

Heterogeneity: Tau®*=0.27; Chi*=8.65, df=3 (P=0.03); F=65%
Test for overall effect. Z=2.08 (P=0.04)

Total (95% CI) 100.0% 0.61 [0.37,1.01] <

Heterogeneity: Tau*=0.19; Chi*=10.39, df=5 (P = 0.06);, F=52% f t ; t i
i 0.01 0.1 10 100

Test for overall effect: Z=1.90 (P = 0.06) Favours PORT Favours no PORT

Test for subdroup differences: Chi*=1.98, df=1{P=0.16), = 49.6%
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Figure 32 PORT versus no PORT for OS for patients with thymic carcinoma by resection status

Study or Subgroup log[Hazard Ratio]

Guideline 7-11 Version 3

Hazard Ratio

SE Weight IV, Random, 95% ClI

Hazard Ratio
IV, Random, 95% Cl

2.3.1 complete resection

Mao 2015 -0.4005 0.2178
Tang 2021 -1.7148 0.6464
Yuan 2016 1.436 1.0305

Subtotal (95% CI)

17.6%
51%

2.3%
25.0%

0.67 [0.44,1.03]
0.18[0.05, 0.64]

4.20 [0.56, 31.68]
0.65[0.18, 2.33]

Heterogeneity: Tau*=0.88; Chi*=7.23,df=2 (P=0.03); F=72%

Test for overall effect Z= 066 (P=0.51)

2.3.2 any resection status

Fu 2016 -0.8916 0.2387
Hishida 2016 0.0488 0194
Jackson 2017 -0.3147 0.1149
Lim 2017 -0.5798 0.2352

Subtotal (95% CI)

16.6%
18.9%
22.8%

16.7%
75.0%

0.41 [0.26, 0.65]
1.05[0.72,1.54]
0.73[0.58, 0.91]

0.56 [0.35, 0.89]
0.67 [0.47, 0.94]

Heterogeneity: Tau®*= 0.09; Chi*=10.42, df=3 (P=0.02); F=71%

Test for overall effect Z=2.31 (P=0.02)

Total (95% CI)

100.0%

0.65[0.47, 0.89]

Heterogeneity: Tau®*= 0.10; Chi*=17.88, df=6 (P = 0.007); F= 66%

Test for overall effect: Z= 2.66 (P = 0.008)

Test for subgroup differences: Chi*=0.00, df=1 (P=0.97), F=0%
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Figure 33 PORT versus no PORT for OS for patients with thymic carcinoma by risk of bias

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
2.4.1 serious ROB
Fu 2016 -0.8916 0.2387 16.6% 0.41[0.26, 0.65] e
Hishida 2016 0.0488 0194 189% 1.05[0.72,1.54] -
Jackson 2017 -0.3147 01149 228% 0.73[0.58, 0.91] -
Lim 2017 -0.5798 0.2352 16.7% 0.56 [0.35, 0.89] e
Mao 2015 -0.4005 0.2178 17.6% 0.67[0.44,1.03] —=
Tang 2021 -1.7148 0.6464 5.1% 0.18[0.05, 0.64]
Subtotal (95% Cl) 97.7% 0.63 [0.46, 0.85] <

Heterogeneity: Tau®*= 0.09; Chi*=14.80, df=5 (P =0.01); F=66%
Test for overall effect: Z=3.03 (P=0.002)

2.4.2 critical ROB

Yuan 2016 1.436 1.03058 23% 4.20[0.56, 31.68]
Subtotal (95% Cl) 2.3%  4.20[0.56, 31.68] ——eaflie——
Heterogeneity: Not applicahble

Test for overall effect: Z=1.39 (P =0.16)

Total (95% Cl) 100.0% 0.65 [0.47, 0.89] L 2

Heterogeneity: Tau*=0.10; Chi*=17.88, df=6 (P = 0.007); "= 66% l t ; t i
] 0.01 0.1 10 100

Test for overall effect: Z= 2.66 (P=0.008) Favours PORT Favours no PORT

Test for subdroup differences: Chi*= 3.34, df=1 {P=0.07),. F=70.0%
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Figure 34 PORT versus no PORT for DFS for patients with thymic carcinoma

Study or Subgroup

log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% Cl

Fu 2016 -0.8771 03156 15.4% 0.42[0.22 077 =

Hishida 2016 -0.6162 02426 18.7% 0.54 [0.34, 0.87] ===

Mao 2015 -0.4005 0.2082 205% 0.67 [0.45,1.01] —=

Tang 2021 -1.6607 04675 10.0% 0.19[0.08, 0.48] e

Wang 2018 -0.1625 0.0798 26.2% 0.85[0.73,0.99)] bl

Yuan 2016 0.0667 0.4988 9.2% 1.07 [0.40, 2.84] I S—

Total (95% CI) 100.0% 0.59 [0.41, 0.84] ‘

Heterogeneity: Tau*=0.13; Chi*=17.20, df= 5 (P = 0.004); F=71% 011 ; 1=U 1UD=

Test for overall effect: Z= 2.88 (P = 0.004) Favours PORT Favours no PORT
Figure 35 Adjuvant chemotherapy versus no chemotherapy for OS for patients with thymic carcinoma

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Fu 2016 0.0376 0.2353 28.0% 1.04 [0.65, 1.65)] ——

Kim 2019 stage IIB -0.9416 0.4434 10.0% 0.39[0.16, 0.93) S

Kim 2019 stage Il -0.4155 0.2127 32.2% 0.66 [0.44,1.00] —

Mao 2015 01906 0736 3.9% 1.21[0.29,5.12)

Tang 2021 -0.5798 03244 171% 0.56 [0.30, 1.08) —

Yuan 2016 -0.001 04719  8.9% 1.00[0.40, 2.52) B GE—

Total (95% CI) 100.0% 0.73 [0.55, 0.98] ’

Heterogeneity: Tau®= 0.02; Chi*= 6.04, df=5 (P =0.30); F=17% 051 150 100’

Test for overall effect. Z=2.09 (P=0.04)
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Figure 36 Adjuvant chemotherapy versus no adjuvant chemotherapy for DFS for patients with thymic carcinoma

Study or Subgroup

log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% ClI

Hazard Ratio
IV, Random, 95% CI

Mao 2015 0.4511
Omasa 2015 0.1906
Song 2014 Outcome -0.2705
Tang 2021 -0.5276
Wang 2018 -0.2877
Yuan 2016 -0.393
Zhao 2013 1.1817

Total (95% CI)

0.8192
0.3632
0.4532
0.2852

0.181
0.3991
0.4232

5.3%
15.0%
12.0%
18.2%
22.8%
13.7%
12.9%

100.0%

1.57[0.32,7.82]
1.21 [0.59, 2.47]
0.76 [0.31, 1.89]
0.59[0.34,1.03]
0.75[0.53,1.07]
0.68[0.31,1.48]
3.26[1.42,7.47]

0.96 [0.64, 1.44]

Heterogeneity: Tau®*= 0.16; Chi*=14.09, df=6 (P = 0.03); F=57%

Testfor overall effect Z=020{P=0.84)
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Figure 37 Adjuvant chemotherapy versus no adjuvant chemotherapy for DFS for patients with thymic carcinoma by risk of
bias

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
19.3.1 serious ROB
Mao 2015 0.4511 0.8192 5.3% 1.57[0.32,7.82]
Omasa 2015 01906 0.3632 15.0% 1.21[0.59, 2.47] B e E—
Song 2014 Outcome -0.2705 0.4532 12.0% 0.76[0.31, 1.85] . E—
Zhao 2013 11817 04232 129% 3.261[1.42,7.47] —
Subtotal (95% Cl) 45.3% 1.47 [0.76, 2.82] -

Heterogeneity: Tau*=0.21; Chi*=593, df =3 (P=0.12); = 49%
Test for overall effect. Z=1.14 (P=10.259)

19.3.2 critical ROB

Tang 2021 05276 02852 182%  0.59[0.34,1.03] ——
YWang 2018 -0.2877 0181 228%  0.75[0.53,1.07] ——
Yuan 2016 -0.393 03991 137%  0.68[0.31,1.49 —
Subtotal (95% CI) 54.7%  0.70 [0.53,0.92] <&

Heterogeneity: Tau®*=0.00; Chi*=051,df =2 (P=0.77); F=0%
Test for overall effect. Z=2.53 (P=0.01)

Total (95% CI) 100.0% 0.96 [0.64, 1.44] <

Heterogeneity: Tau*=0.16; Chi*=14.09, df=6 (P=0.03); F=57% f t t |

Testfi Il effect Z= 0.20 (P = 0.84 0.01 0.1 10 100
estfor overall effect Z=0.20 (P =0.84) Favours adjuvant chemo Favours no adjuvant chemo

Test for subgroup differences: Chi*=4.18, df=1 (P=0.04), F=76.1%
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Figure 38 Adjuvant chemotherapy versus no adjuvant chemotherapy for DFS for patients with thymic carcinoma by resection
status

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
19.4.1 complete resection
Mao 2015 0.4511 0.8192 5.3% 1.57[0.32,7.82]
Tang 2021 -0.5276 0.2852 18.2% 0.591[0.34,1.03] —
Yuan 2016 -0.393 03991 13.7% 0.68[0.31,1.48] — T
Subtotal (95% Cl) 37.2%  0.66[0.43,1.03] <P

Heterogeneity: Tau®*=0.00; Chi*=1.28,df=2 (P=0.53); F=0%
Test for overall effect. Z=1.85 (P = 0.06)

19.4.2 any resection status

Omasa 2015 01906 0.3632 150%  1.21[0.59, 2.47] —t—
Song 2014 Outcome -0.2705 04532 120%  0.76[0.31,1.85] —

YWang 2018 -0.2877 0181 228%  0.75[0.53,1.07] —

Zhao 2013 11817 04232 129%  3.26[1.42,7.47] S
Subtotal (95% CI) 62.8%  1.17[0.62, 2.21] &

Heterogeneity: Tau®*=0.29; Chi*=10.87, df =3 (P=0.01); F=72%
Testfor overall effect. Z=049(P=0.62)

Total (95% CI) 100.0%  0.96 [0.64, 1.44] <>

Heterogeneity: Tau®*= 0.16; Chi*=14.09, df=6 (P = 0.03); F=57% l t ; 1 |
Testf Il effect Z= 0.20 (P = 0.84 L.l I8 10 100
Bstiorovarall efect £=0.20 (F =10.685) Favours [experimental] Favours [control]

Test for subgroup differences: Chi*= 213, df=1 (P=0.14), F=53.0%

Figure 39 PORT versus no PORT for OS for patients with thymic NETs

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Bakhos 2020 -0.6931 03615 41.9% 0.50[0.25,1.02] —l—
Bian 2018 The comparison -0.3355 03068 58.1% 0.71[0.39, 1.30] —-
Total (95% Cl) 100.0% 0.62 [0.39, 0.97] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.57, df=1 (P = 0.45); F= 0% =U.D1 DF1 ; 150 100’
Test for overall effect. Z=2.07 (P=0.04) Favours PORT Favours no PORT
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Figure 40 Adjuvant chemotherapy versus no chemotherapy for OS for patients with thymic NETs
Hazard Ratio Hazard Ratio

IV, Random, 95% ClI

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI
Bakhos 2020 -0.4463 04814 397% 0.64 [0.25, 1.64] — &
Bian 2018 The comparison 0.3492 03189 60.3% 1.42[0.76, 2.65] i

Heterogeneity: Tau*=0.15; Chi*=1.90,df=1 {P=017), F= 47% 001 01 10 100
Favours adjuvant chemo Favours no adjuvant chemo

Total (95% Cl) 100.0% 1.03 [0.48, 2.22] ?
1I 1

Test for overall effect: Z=0.09 (P=0.93)
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Appendix 9: Ongoing or Unpublished Trials

Searched clinicaltrials.gov on August 26, 2021 with the following keywords: thymic carcinoma,
thymoma, thymic cancer, thymus neoplasms, thymic epithelial tumor, thymic carcinoid, and
thymoma type B3

Study Title ID

Chemotherapy Combined With Pembrolizumab in Treating Patients With Thymoma and Thymic
Carcinoma
NCT04554524

Bintrafusp Alfa (M7824) in Subjects With Thymoma and Thymic Carcinoma
NCT04417660

Study of Thymosin a1 During Chemoradiotherapy For Unresectable Thymoma and Thymic Carcinoma
NCT03663764

Nivolumab in Patients With Type B3 Thymoma and Thymic Carcinoma (NIVOTHYM)
NCT03134118

Trial of Sunitinib in Patients With Type B3 Thymoma or Thymic Carcinoma in Second and Further Lines
NCT03449173

A Pilot Study to Investigate the Safety and Clinical Activity of Avelumab (MSB0010718C) in Thymoma
and Thymic Carcinoma After Progression on Platinum-Based Chemotherapy
NCT03076554

Combination of Pembrolizumab and Lenvatinib, in Pre-treated Thymic CArcinoma paTlents (PECATI)
NCT04710628

Adjuvant Treatment for Incomplete Resection Thymoma or Thymic Carcinoma
NCT02633514

Ramucirumab and Carbo-Paclitaxel for Untreated Thymic Carcinoma / B3 Thymoma With Carcinoma
(RELEVENT)
NCT03921671

Chemoradiotherapy for Limited Advanced Unresectable Thymic Epithelial Tumors
NCT02636556

Adjuvant Radiotherapy for Stage II/1ll Thymoma After Complete Resection
NCT02633553

Randomized, Multicenter, Phase Il Trial to Assess Conformal Post-operative Radiotherapy vs.
Surveillance After Complete Resection of Stage II/1ll Thymoma (RADIO-RYTHMIC)
NCT04731610

Postoperative Conformal Radiotherapy for Stage IlI-1ll B Type Thymoma
NCT02014805

A Study to Test the Safety and Efficacy of Erlotinib Plus Bevacizumab to Treat Advanced Thymoma
and Thymic Cancer
NCT00369889

Selinexor in Patients With Advanced Thymic Epithelial Tumor Progressing After Primary Chemotherapy
(SELECT)
NCT03193437

Efficacy of Medical Treatment With SOM230 LAR in Patients With Primary Inoperable Thymoma and/or
With Local Recurrent Thymoma to Reduce Tumor Size
NCT02021942

Chemotherapy Plus Cetuximab Followed by Surgical Resection in Patients With Locally Advanced or
Recurrent Thymoma or Thymic Carcinoma

NCT01025089

Surgery for Masaoka-Koga I-1l Thymoma
NCT05001113

neoadjuvant_thymic Epithelial Tumor
NCT03858582

Appendices - March 10, 2022 Page 140



Guideline 7-11 Version 3

Study Title ID

Clinical Study of Neoadjuvant PD-1 Antibody (Toripalimab) Plus Chemotherapy for Locally Advanced
Thymic Epithelial Tumor
NCT04667793

Abscopal Effect of SBRT in Combination With rhGM-CSF and INF-a 2b for Metastatic Thymic Epithelial
Tumors
NCT04517539

A Study of KNO46 in Patients With Thymic Carcinoma Who Failed Immune Checkpoint Inhibitors
NCT04925947

KN046 (a Humanized PD-L1/CTLA4 Bispecific Single Domain Fc Fusion Protein Antibody) in Subjects
With Thymic Carcinoma
NCT04469725

A Study of Sunitinib in Patients With Metastatic or Recurrent Thymic Carcinoma (KOSMIC)
NCT02623127

Pembrolizumab and Sunitinib Malate in Treating Participants With Refractory Metastatic or
Unresectable Thymic Cancer
NCT03463460

Neoadjuvant Chemotherapy for Locally Advanced Thymic Cancer
NCT01312324

Pilot Study of Imatinib (Gleevec) as Treatment for Advanced Thymic Carcinoma
NCT00314873

A Phase 2 Study of Amrubicin in Relapsed or Refractory Thymic Malignancies
NCT01364727

A Phase 2 Clinical Study of YY-20394 in Patients With Relapsed/Refractory Thymic Cancer
NCT04975061

Carboplatin and Paclitaxel With or Without Ramucirumab in Treating Patients With Locally Advanced,
Recurrent, or Metastatic Thymic Cancer That Cannot Be Removed by Surgery
NCT03694002

Study on Proton Radiotherapy of Thymic Malignancies (PROTHYM)
NCT04822077

A Study to Investigate the Efficacy and Safety of Atezolizumab (Tecentriq) in Previously-Treated
Patients With Advanced Thymic Carcinoma
NCT04321330

The Curative Effect of Extended Thymectomy Performed Through Subxiphoid-right VATS Approach
With Elevation of Sternum
NCT03613272

Molecular Profiling and Targeted Therapy for Advanced Non-Small Cell Lung Cancer, Small Cell Lung
Cancer, and Thymic Malignancies
NCT01306045

Phase-II Study of Lu177DOTATOC in Adults With STTR(+)Pulmonary, Pheochromocytoma,
Paraganglioma, Unknown Primary, Thymus NETs (PUTNET), or Any Other Non-.GEP-NET.
NCT04276597

Testing Cabozantinib in Patients With Advanced Pancreatic Neuroendocrine and Carcinoid Tumors
NCT03375320
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