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Abstract
Background: The aim of this study was to investigate the long-term outcome of supe-
rior vena cava (SVC) replacement after chemotherapy or chemoradiotherapy for
advanced thymoma.
Methods: The medical information of patients with advanced thymoma who under-
went thymoma resection and SVC replacement in Beijing Tongren Hospital from
2002 to 2017 were reviewed. We compared surgical outcomes, postoperative compli-
cations and long-term prognosis in the chemoradiotherapy + surgery group (CRT
+ surgery group, 19 cases) and the surgery group (26 cases).
Results: The operation time (486.05 � 148.01 vs. 370.77 � 124.32 min; p = 0.007)
and intraoperative blood loss (1400 ml [IQR 1125–2105 ml] vs. 855 ml [IQR 555–
1682.5 ml], p = 0.036), poor wound healing (three cases [15.79%] vs. zero cases
[0.0%], p = 0.036) in the CRT + surgery group were significantly higher than those of
the surgery group. There was no significant difference between the CRT + surgery
group and the surgery group in postoperative chest tube drainage time, hospitalization
time, postoperative arrhythmia and incidence of pneumonia. Kaplan Meier analysis
showed that the recurrence-free survival (RFS) curves of the CRT + surgery group
patients were better than those of the surgery group (p = 0.031). However, overall sur-
vival (OS) between the two groups was not significantly different (p = 0.069).
Conclusions: Thymoma resection and SVC replacement is feasible for patients under-
going preoperative induction chemotherapy or chemoradiotherapy for advanced
thymoma. Although patients in the CRT + surgery group had a longer operation time
and increased intraoperative bleeding, the RFS rate seemed to be better than that in
the surgery group.
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INTRODUCTION

Thymic epithelial tumors are the most common neoplasms in
the anterior mediastinal region.1 Symptoms in more than
80% of patients with advanced thymic tumors may be due to
compression or direct invasion of contiguous structures, or
may be associated with paraneoplastic syndrome.2 Invasion
to mediastinal structures is one of the clinical features of
advanced thymic tumors. Because of its aggressive behavior,

thymic tumors may invade adjacent organs or large vessels,
such as the superior vena cava (SVC), innominate veins and
pericardium, etc.3 In recent years, several reports have
described surgical resection with SVC reconstruction for the
treatment of advanced thymic tumors.4,5 However, the prog-
nosis of the initial surgery for advanced thymic tumors invad-
ing the SVC is still not satisfactory.6,7 Meanwhile, if surgery is
not indicated, the outcomes of multidisciplinary treatment
including definitive chemoradiotherapy (CRT) also remain
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suboptimal.8–11 Therefore, the optimal treatment of patients
with advanced thymic tumors invading the SVC remains con-
troversial, and new therapeutic strategies are urgently
required.

Radiotherapy is expected to prevent cancer cell micro-
residues at local sites, whereas chemotherapy has the potential
to eliminate micrometastases, thus facilitating complete
resection.12–14 Therefore, salvage surgery after definitive
chemoradiotherapy is sometimes performed to control local
disease by experienced surgical institutions.3,15 It is for this rea-
son that surgical cases after neoadjuvant chemoradiotherapy
treatment for advanced thymic tumors may not be rare.16–17

However, preoperative chemoradiotherapy may cause immune
impairment and prolonged wound healing.13,18–20 Thus, this
retrospective study investigated details of the clinical course of
patients with advanced thymic tumors undergoing SVC
replacement surgery after neoadjuvant chemoradiotherapy,
together with long-term prognosis.

METHODS

Patients

From January 2002 to December 2017, a total of 767 con-
secutive patients underwent surgical resection for thymic
epithelial tumors at Beijing Tongren Hospital. A total of
49 patients with thymoma infiltrating the SVC underwent
thymoma resection, 45 of which were reconstructed with
Polytetrafluoroethylene (PTFE) interposition graft and
four were reconstructed with autologous pericardial patch.
The inclusion criteria were as follows: (i) pathological con-
firmation of thymoma obtained from a biopsy sample,
(ii) preoperative imaging showed tumor invasion of SVC,
(iii) no surgery contraindications, and (iv) complete basic
information available. Eligible patients for the study were
classified into two groups according to the initial treat-
ment: surgery group (patients who underwent primary
tumor resection) and CRT + surgery group (patients who
received chemotherapy alone or chemoradiotherapy
followed by surgery). The stage of the disease for each
patient was determined by at least two pathologists
according to the TNM classification (eighth edition) and
the Masaoka staging system for thymic epithelial tumors.
This retrospective cohort study was reviewed and
approved by the Ethics Committee of Beijing Tongren
Hospital of Capital Medical University. Data on patient
demographics, tumor size, invasion status, pathological
results, surgical data, treatment protocols, graft size, post-
operative graft patency and method of SVC reconstruction
were recorded using the hospitals patient database system.
Tumor extension and stage of disease was evaluated using
contrast-enhanced thoracic computed tomography (CT) scans
(layer thick 0.625 mm), brain magnetic resonance imaging
(MRI) or CT, radionuclide bone scan, and in more recent
patients, 18-fluoro-2-deoxyglucose (18-FDG) positron emis-
sion tomography (PET). Routine preoperative assessments of

cardiopulmonary function include pulmonary function tests,
arterial blood gas analyses, electrocardiography and echocardi-
ography. Patients with suspected tumor infiltration into the
trachea or possibly involving the bronchial tree typically
undergo fiberoptic bronchoscopy (FB). CT-guided fine-needle
aspiration biopsy (FNAB) or thoracoscopic biopsy are gener-
ally used to obtain the preoperative histological diagnosis of
tumors.

Chemoradiotherapy, surgery, and adjuvant
treatment

Patients in the CRT + surgery group underwent two-
dimensional (2D) chest radiotherapy treatment, and the
tumor and tumor bed were irradiated. Generally, the total
radiation dose was 40 Gy. Preoperative chemotherapy based
on cisplatin or carboplatin was two cycles, and the final
number of chemotherapy cycles was determined by the
attending surgeon according to the response and adverse
effects. After chemotherapy alone or chemoradiotherapy,
the response of patients to the treatment was routinely eval-
uated based on CT scans. Patients without progressive dis-
ease underwent surgery within two months after the end of
the induction treatment.

All cases underwent median sternotomy incision sur-
gery with double-lumen endotracheal intubation. Central
venous pressure (CVP) was monitored via catheter placed
in the femoral vein after induction. The type of re-
section and vascular reconstructive was based on the locali-
zation and depth of tumor invasion during the operation.
When the tumor invaded the SVC and less than 25% of the
vascular circumference was involved, tangential placement
of a partial occlusion clamp was performed, part of the
SVC was removed, and then Prolene sutures were used for
continuous anastomosis. An autologous pericardial patch
repair was routinely used if tumor invasion was less than
50% of the circumference of the SVC. Tumors infiltrating
and encompassing more than 50% of the SVC needed to be
transplanted with a ringed polytetrafluoroethylene (PTFE)
graft after circumferential resection of the SVC. Recon-
struction methods include grafting from the right innomi-
nate vein to the SVC, from the left innominate vein to the
SVC, from the distal SVC to the proximal SVC, and from
each innominate vein to the SVC with a Y-shaped graft
(Figure 1). The cross-clamping technique was used to
reconstruct the vascular conduit during the operation with-
out cardiopulmonary bypass. Heparin sodium (0.5 mg/kg)
was injected intravenously before clamping. Low molecular
weight heparin was administrated on day 2 postoperatively
and then transferred to long-term oral anticoagulation
therapy (more than 12 months) upon discharge. Pro-
thrombin time/international normalized ratio (INR)
should be within a range of 1.8 to 2.5. The intraoperative
blood loss, operation time, duration of hospitalization,
incidence of recurrences were compared between the two
groups.
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Follow-up and statistical analysis

Patients were followed up and examined by chest CT at
one month after operation and every six months thereafter.
Follow-up time started at the date of surgery and ended at
onset of tumor recurrence, complete graft blockage, death,
or December 31, 2019, whichever occurred first. Recurrence
after tumor resection was defined as locoregional recurrence,
pleural dissemination, and distant metastases. The survival
statuses of patients were checked during the outpatient
review and telephone interview. Patients who have not been
contacted by phone for at least one year after the last exami-
nation were considered lost to follow-up. Overall survival
(OS) refers to the time interval from the date of surgery to
the date of death or the last visit. Recurrence-free survival
(RFS) refers to the time from surgery to local or distant
recurrence of the tumor.

Mean values and standard deviations (SD) were reported
for normally distributed data and numeric continuous data
were expressed as the median, with interquartile range

(IQR) (25th–75th percentile). Frequencies and proportions
were reported for categorical data. Student’s t-test or
Wilcoxon rank sum test was used to compare continuous
variables between the groups, and Fisher’s exact test or chi-
square test was used to compare categorical data. OS and
RFS curves were estimated by Kaplan–Meier analysis. Statis-
tical calculations were performed and verified by a profes-
sional statistician, data were analyzed with the use of the
statistical packages R (The R Foundation, version 3.4.3) and
Empower (R) (www.empowerstats.com, X&Y solutions). All
the statistical tests were two-sided, and the differences were
considered to be statistically significant when the p-value
was <0.05.

RESULTS

Baseline characteristics

After applying the inclusion criteria, 45 patients with
advanced thymoma invading the SVC were included in this
study. There were 22 men (48.89%) and 23 women
(51.11%). The median patient age was 55 years (range,
28–72 years). A total of 26 patients who underwent
thymoma resection and SVC replacement were defined as
the surgery group, and 19 patients who received chemother-
apy or chemoradiotherapy before surgery were defined as
the CRT + surgery group. The patient characteristics are
summarized in Table 1. There was no significant difference
in clinical features and pathological features between the
two groups. Patients in the CRT + surgery group received
preoperative chemotherapy alone (chemotherapy regimens
given were cisplatin + doxorubicin + cyclophosphamide in
three patients, cisplatin + epirubicin + ifosfamide in two
patients, carboplatin + epirubicin + cyclophosphamide in
one patients and carboplatin + epirubicin + etoposide in one
patients), or chemoradiotherapy therapy (chemotherapy
regimens given were cisplatin + doxorubicin + cyclophos-
phamide in six patients, cisplatin + epirubicin + ifosfamide
in three patients, carboplatin + epirubicin + cyclophospha-
mide in three patients, and the radiation dose was 40 Gy in
seven patients, 46 Gy in three patients, 54 Gy in one patient,
and 60 Gy in one patient).

Surgical outcomes and pathological stage

The surgical outcomes are shown in Table 2. Although the
median longest diameter of the tumor in CRT + surgery group
after preoperative chemotherapy or chemoradiotherapy
seemed to be smaller than that in surgery group (5.5 vs. 7 cm),
there were no significant differences in tumor size and postop-
erative pathological staging between the two groups. The oper-
ation time (486.05 � 148.01 vs. 370.77 � 124.32 min;
p = 0.007) and intraoperative blood loss (1400 ml [IQR
1125–2105 ml] vs. 855 ml [IQR 555–1682.5 ml], p = 0.036) in
the CRT + surgery group were significantly higher than those

F I G U R E 1 Intraoperative view of a prosthetic superior vena cava
(SVC) reconstruction with thymoma resection through median sternotomy.
(a) Preoperative computed tomography scan showed the thymoma had
invaded the left innominate vein, right innominate vein and SVC. (b) The
Y-shaped graft was used to reconstruct the SVC and both the innominate
veins before thymoma resection to avoid complete blockage of the SVC
during the operation. (c) The thymoma was resected en bloc. (d) Intact
excised specimen shows both upper poles of the thymus. SVC, superior
vena cava; LIV, left innominate vein; RIV, right innominate vein; RAA,
right atrial appendage; RUL, right upper lobe; RLL, right lower lobe; PC,
pericardium
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T A B L E 1 Demographic characteristics of the patients

Characteristics Total (n = 45) Surgery (n = 26) CRT + surgery (n = 19) p-value

Age (years) 55.00 (47.00–60.00) 53.00 (46.25–59.25) 56.00 (48.50–60.00) 0.578

Gender 0.167

Male 22 (48.89%) 15 (57.69%) 7 (36.84%)

Female 23 (51.11%) 11 (42.31%) 12 (63.16%)

BMI (kg/m2) 24.15 � 3.22 24.85 � 2.42 23.21 � 3.94 0.091

FEV1 (%) 86.33 � 7.11 87.13 � 6.75 85.24 � 7.63 0.385

%FEV1 0.193

<80 6 (13.33%) 2 (7.69%) 4 (21.05%)

≥80 39 (86.67%) 24 (92.31%) 15 (78.95%)

Smoke 0.363

Never 35 (77.78%) 21 (80.77%) 14 (73.68%)

Current smokers 4 (8.89%) 3 (11.54%) 1 (5.26%)

Abstained for at least one year 6 (13.33%) 2 (7.69%) 4 (21.05%)

ASA grade 0.091

1 27 (60.00%) 13 (50.00%) 14 (73.68%)

2 15 (33.33%) 12 (46.15%) 3 (15.79%)

3 3 (6.67%) 1 (3.85%) 2 (10.53%)

Thymoma-related syndrome 0.290

None 33 (73.33%) 18 (69.23%) 15 (78.95%)

Ocular myasthenia gravis 6 (13.33%) 5 (19.23%) 1 (5.26%)

Generalized myasthenia gravis 4 (8.89%) 1 (3.85%) 3 (15.79%)

Hypogammaglobulinemia (Good’s syndrome) 1 (2.22%) 1 (3.85%) 0 (0.00%)

Pure red cell aplasia (PRCA) 1 (2.22%) 1 (3.85%) 0 (0.00%)

Duration of myasthenia (months) 2.00 (0.00–6.00) 3.00 (1.00–10.50) 2.00 (0.00–6.00) 0.648

Tumor size based on preoperative radiological examination
(cm)

0.394

<5 9 (20.00%) 7 (26.92%) 2 (10.53%)

5–10 25 (55.56%) 13 (50.00%) 12 (63.16%)

>10 11 (24.44%) 6 (23.08%) 5 (26.32%)

Main tumor location 0.154

Midline 24 (53.33%) 13 (50.00%) 11 (57.89%)

Left 8 (17.78%) 7 (26.92%) 1 (5.26%)

Right 13 (28.89%) 6 (23.08%) 7 (36.84%)

Preoperative Masaoka stage 0.974

IIIB 24 (53.33%) 14 (53.85%) 10 (52.63%)

IVA 19 (42.22%) 11 (42.31%) 8 (42.11%)

IVB 2 (4.44%) 1 (3.85%) 1 (5.26%)

Preoperative TNM stage 0.367

IIIA 15 (33.33%) 6 (23.08%) 9 (47.37%)

IIIB 6 (13.33%) 4 (15.38%) 2 (10.53%)

IVA 22 (48.89%) 15 (57.69%) 7 (36.84%)

IVB 2 (4.44%) 1 (3.85%) 1 (5.26%)

Site of tumor infiltration based on preoperative radiological
examination

0.250

SVC + lung 20 (44.44%) 9 (34.62%) 11 (57.89%)

SVC + pulmonary artery trunk 4 (8.89%) 2 (7.69%) 2 (10.53%)

SVC + pericardium 5 (11.11%) 5 (19.23%) 0 (0.00%)

(Continues)
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T A B L E 1 (Continued)

Characteristics Total (n = 45) Surgery (n = 26) CRT + surgery (n = 19) p-value

SVC + pleural dissemination 14 (31.11%) 9 (34.62%) 5 (26.32%)

SVC + pulmonary metastasis 2 (4.44%) 1 (3.85%) 1 (5.26%)

Radiation dose (Gy) -

≤46 - - 10 (22.22%)

>46 - - 2 (4.44%)

Chemotherapy regimens -

cisplatin + doxorubicin + cyclophosphamide 9 (20.00%)

cisplatin + epirubicin + ifosfamide 5 (11.11%)

carboplatin + epirubicin + cyclophosphamide 4 (8.89%)

carboplatin + epirubicin + etoposide 1 (2.22%)

Categoric data are expressed as number (%) and continuous data as mean � SD or median (interquartile range). Abbreviations: ASA, American Society of Anesthesiologists; BMI,
body mass index; FEV1, forced expiratory volume in 1 second; SVC, superior vena cava.

T A B L E 2 Surgical outcomes and pathological stage

Variables Surgery (n = 26) CRT + surgery (n = 19) p-value

Tumor size

Longest diameter primary lesion (cm) 7.00 (4.62–9.38) 5.50 (5.00–8.40) 0.347

Second dimension primary lesion (cm) 6.00 (3.50–7.85) 4.50 (3.40–6.25) 0.266

Third dimension primary lesion (cm) 4.05 (2.50–5.88) 3.50 (2.85–5.00) 0.526

Masaoka-Koga stage 0.830

IIIB 16 (61.54%) 13 (68.42%)

IVA 9 (34.62%) 5 (26.32%)

IVB 1 (3.85%) 1 (5.26%)

Primary tumor 0.216

T3 24 (92.31%) 19 (100.00%)

T4 2 (7.69%) 0 (0.00%)

Regional lymph nodes 0.073

N0 22 (84.62%) 19 (100.00%)

N1 4 (15.38%) 0 (0.00%)

Distant metastasis 0.384

M0 10 (38.46%) 11 (57.89%)

M1a 15 (57.69%) 7 (36.84%)

M1b 1 (3.85%) 1 (5.26%)

TNM stage 0.317

IIIA 9 (34.62%) 11 (57.89%)

IIIB 2 (7.69%) 0 (0.00%)

IVA 14 (53.85%) 7 (36.84%)

IVB 1 (3.85%) 1 (5.26%)

WHO classification 0.669

AB 3 (11.54%) 1 (5.26%)

B1 4 (15.38%) 1 (5.26%)

B2 6 (23.08%) 4 (21.05%)

B3 9 (34.62%) 10 (52.63%)

Combined thymoma 4 (15.38%) 3 (15.79%)

Site of combined resection 0.318

Lobectomy 3 (11.54%) 2 (10.53%)

(Continues)
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of the surgery group. Among the 26 patients in the surgery
group, four patients had incomplete tumor resection, and two
patients had pleural dissemination. One of the 19 patients in
the CRT + surgery group had incomplete tumor resection, the
surgical margin was positive on microscopic examination, and
the residual tumor site was the pulmonary artery trunk. There
was no significant difference in complete resection rate
between the two groups (p = 0.286).

Postoperative complications

No perioperative mortality occurred. The characteristics and
postoperative complications of the two groups are shown in
Table 3. There was no significant difference between the
CRT + surgery group and the surgery group in postopera-
tive chest tube drainage time (8 days [IQR 5.5–11.5 days]
vs. 7 days [IQR 4–8.75 days], p = 0.072) and hospitalization
time (22 days [IQR 16.5–33 days] vs. 19.5 days [IQR 15–
26.5 days], p = 0.101). Arrhythmia and pulmonary compli-
cations were the most common complications in the two
groups. The incidence of pneumonia was similar in the two
groups (five cases [26.32%] vs. four cases [15.38%],
p = 0.461). Radiation pneumonitis occurred in four patients
in the CRT + surgery group, all of which improved after ste-
roid treatment. There were 13 cases (28.89%) of postopera-
tive arrhythmia in the two groups, including six cases in the
surgery group (three cases of atrial fibrillation, two cases of
supraventricular tachycardia, one case of atrioventricular
block) and seven cases in the CRT + surgery group (five
cases of atrial fibrillation, one case of supraventricular tachy-
cardia, one case of atrioventricular block). There was no sig-
nificant difference between the two groups (seven cases
[36.84%] vs. six cases [23.08%], p = 0.314). There were three
cases of poor wound healing in the CRT + surgery group,
which was significantly higher than that in the surgery
group (three cases [15.79%] vs. zero cases [0.0%], p = 0.036).
These three patients healed in 30 days, 32 days and 38 days

respectively after local debridement and dressing change
(Figure 2).

Recurrence

When the final data analysis was conducted in February
2018, the median follow-up period for the surviving patients
was 68 months, and ranged from 33 to 132 months. Disease
recurrence included local recurrence, mediastinal lymph
node metastasis, and pleural dissemination. Recurrence
occurred in 12 patients. In the surgery group, there were
two cases of local recurrence, six cases of pleural dissemina-
tion, and one case of mediastinal lymph node metastasis. In
the CRT + surgery group, there was one case of local recur-
rence and two cases of pleural dissemination. The three-,
five-, and 10-year OS of all patients were 100%, 93.94%, and
60.81%, respectively, and the three-, five-, and 10-year RFS
rates were 90.94%, 81.31%, and 52.3%, respectively. Kaplan
Meier analysis showed that the RFS (p = 0.031) survival cur-
ves of the CRT + surgery group patients were better than
those of the surgery group (Figure 3). However, OS
(p = 0.069) between the two groups was not significantly dif-
ferent (Figure 4).

DISCUSSION

Currently, complete surgical resection is the main treatment
for patients with stage I, II and IIIA thymoma,15,21 but the
treatment of patients with advanced thymoma that invades
the mediastinal large vessels, pericardium, or pleural dissem-
ination is more complicated, and is still controversial.22

Some studies have shown that patients with advanced
thymoma, in whom preoperative examination confirms that
resection of their tumor is not achievable, should be treated
with induction chemoradiotherapy to improve the feasibility
of complete surgical resection.7,9,14,18,20 However, studies on

T A B L E 2 (Continued)

Variables Surgery (n = 26) CRT + surgery (n = 19) p-value

Wedge resection 6 (23.08%) 10 (52.63%)

Segmentectomy 3 (11.54%) 2 (10.53%)

Partial pericardiectomy 5 (19.23%) 2 (10.53%)

Resection of dissemination 9 (34.62%) 3 (15.79%)

Mode of SVC reconstruction 0.320

Innominate – SVC (Y graft) 13 (50.00%) 11 (57.89%)

Left innominate – SVC 7 (26.92%) 1 (5.26%)

Right innominate – SVC 2 (7.69%) 4 (21.05%)

Proximal SVC – distal SVC 2 (7.69%) 1 (5.26%)

Autologous pericardial patch repair 2 (7.69%) 2 (10.53%)

Operation time (min) 370.77 � 124.32 486.05 � 148.01 0.007

Intraoperative blood loss (ml) 855.00 (555.00–1682.50) 1400.00 (1125.00–2105.00) 0.036

Categoric data are expressed as number (%) and continuous data as mean � SD or median (interquartile range). Abbreviation: SVC, superior vena cava.
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T A B L E 3 Postoperative course and complications

Variables Surgery (n = 26) CRT + surgery (n = 19) p-value

Postoperative period of chest tube drainage (days) 7.00 (4.00–8.75) 8.00 (5.50–11.50) 0.072

Postoperative hospital stays (days) 19.50 (15.00–26.50) 22.00 (16.50–33.00) 0.101

Arrhythmia 0.314

No 20 (76.92%) 12 (63.16%)

Yes 6 (23.08%) 7 (36.84%)

Pneumonia 0.461

No 22 (84.62%) 14 (73.68%)

Yes 4 (15.38%) 5 (26.32%)

Surgical site infection 0.036

No 26 (100.00%) 16 (84.21%)

Yes 0 (0.00%) 3 (15.79%)

Radiation pneumonitis 0.014

No 26 (100.00%) 15 (78.95%)

Yes 0 (0.00%) 4 (21.05%)

Hoarseness 0.636

No 22 (84.62%) 17 (89.47%)

Yes 4 (15.38%) 2 (10.53%)

Myasthenic crisis 0.820

No 25 (96.15%) 18 (94.74%)

Yes 1 (3.85%) 1 (5.26%)

Postoperative bleeding 0.375

No 25 (96.15%) 17 (89.47%)

Yes 1 (3.85%) 2 (10.53%)

Empyema 0.164

No 25 (96.15%) 16 (84.21%)

Yes 1 (3.85%) 3 (15.79%)

Pulmonary thromboembolism 0.820

No 25 (96.15%) 18 (94.74%)

Yes 1 (3.85%) 1 (5.26%)

Categoric data are expressed as number (%) and continuous data as median (interquartile range).

F I G U R E 2 A 50-year-old male patient received a 46 Gy dose of radiotherapy prior to surgery. Poor wound healing occurred after the operation, and the
incision healed after local debridement and dressing change. The patient’s incision on the (a) 9th, (b) 15th, and (c) 32nd day after the operation
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the therapeutic effect of preoperative induction
chemoradiotherapy for patients with advanced thymoma
invading the SVC is still limited,3,6,21,23 and whether preop-
erative induction therapy will affect the patency of vascular
grafts is a concern for many clinicians.16,24–26 Extensive re-
section of malignant thymic tumors combined with recon-
struction of SVC and left innominate vein have been
reported to be beneficial,16,25–26 but there are few reports on
induction chemoradiotherapy before thymoma resection and
SVC replacement and reconstruction surgery. To our
knowledge, this is the first study of the efficacy and progno-
sis of preoperative induction chemoradiotherapy for SVC
replacement in advanced thymoma.

The results of the present study show that for patients
with thymoma with large blood vessel invasion, surgery can

be safely performed after chemoradiotherapy. Most of the
characteristics of the surgery group and the CRT + surgery
group were similar, although Kaplan Meier analysis showed
that the CRT + surgery group had a higher RFS rate than
that in the surgery group. Maurizi et al. reported that the
SVC resection and large vessel reconstruction are feasible
and safe and even after neoadjuvant chemotherapy, radical
resection of locally advanced thymic tumors can be per-
formed.16 Although there was no significant statistical dif-
ference (p = 0.318), the number of patients in the surgery
group (nine cases, 34.62%) who underwent resection of dis-
seminations in this study appeared to be more than the
CRT + surgery group (three cases, 15.79%). Generally, if
pleural metastasis is found before surgery, induction chemo-
therapy is often performed first. In fact, some small pleural
metastasis nodules are often detected intraoperatively. It is
difficult to assess whether there are micrometastases on the
pleura through chest CT scan before surgery, especially
when patients do not undergo a PET-CT scan in the early
stage of this study. The five- and 10-year overall survival
rates of the two groups in this study were 93.94% and
60.81%, respectively and the long-term prognosis was good.
We found that the complete resection rate was 88.89%. This
result is better than some previous reports for several rea-
sons.27 First, our study only focused on thymoma and did
not include patients with thymic cancer. There is a huge dif-
ference between these two pathological entities. Thymoma is
a more indolent, solid tumor than other malignancies, and
patients with thymoma tend to live with long-term disease-
free survival.28 Second, radiotherapy and chemotherapy can
reduce tumor microinvasion and improve the surgical re-
section rate.1,15 Our results showed that the number of T4,
N1, and M1a in the CRT + surgery group seemed to be lower
than that in surgery group. These factors may influence the
prognosis of the patients. We speculate that this may be due
to the fact that patients have received chemotherapy or
chemoradiotherapy prior to surgery, and the micro-
metastases formed through blood flow or pleural dissemina-
tion can be treated at an early stage, which may lead to a
decline in tumor stage. It has been previously reported that
in patients with thymoma undergoing surgery after chemo-
therapy or chemoradiotherapy, a necrotic pathological
response has been observed in patients who received chemo-
therapy, with a fibrotic response seen in patients receiving
chemoradiotherapy,13 which confirms this viewpoint to
some extent. Third, in experienced surgical centers, the inva-
sion of large blood vessels by tumors will increase the diffi-
culty of surgical resection of advanced thymoma, but it is
not the primary factor limiting complete tumor re-
section (artificial blood vessel replacement technology is
mature and can be considered). The reports in the literature
suggest that when mediastinal masses infiltrate SVC patho-
logically, the necessity of SVC reconstruction should not be
regarded as a contraindication to surgical resection, which is
consistent with our point of view. 28,29 Yamada et al.
reported that tumor invasion of the great vessels is not an
unfavorable prognostic factor in thymoma patients, and

F I G U R E 3 The Kaplan–Meier survival curve of overall survival
(OS) rates for patients between the two groups ( ) Surgery, ( ) CRT
+ surgery

F I G U R E 4 The Kaplan–Meier survival curve of recurrence-free
survival (RFS) rates for patients between the two groups ( ) Surgery, ( )
CRT + surgery
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invasion of the chest wall is the only adverse independent
risk factor for disease-free survival, and suggests that post-
operative radiotherapy is an effective treatment strategy for
thymoma patients who cannot be completely resected or
have aggressive disease.28 The complete tumor resection rates
of patients in the CRT + surgery group and surgery group
were 94.74% and 84.62%, respectively. There was no signifi-
cant statistical difference in the complete tumor re-
section rates between the two groups, which may have been
because the sample size was not large enough. However, it
seems to indicate that preoperative induction radiotherapy
and chemotherapy can minimize the volume of solid tumors
and increase the resectable rate, which is consistent with
previous reports.13,16,28–31

The operative time and intraoperative blood loss in the
CRT + surgery group were significantly longer than that in
the surgery group, which may be due to the formation of con-
nective tissue around the thymoma by chemoradiotherapy,
making it more difficult to separate the tumors.6 Apart from
the higher incidence of poor wound healing in the CRT
+ surgery group than in the surgery group, there was no sig-
nificant difference in postoperative complications between
the two groups. As is widely known, chemoradiotherapy,
especially radiotherapy, has a negative impact effect on
wound healing. It has been previously reported that surgery
in the radioactive tissue area increases the incidence of post-
operative wound complications.32 Sternotomy in patients
with sternal irradiation may impair wound healing, leading to
wound infection and postoperative mediastinitis,32 and is
consistent with our findings. The reason for the high inci-
dence of arrhythmia in both groups may be related to the
extensive dissociation of the perivascular tissue (including
cardiac plexus) and routine pericardiotomy during the surgi-
cal reconstruction of SVC.

Due to the retrospective nature of this study, the preoper-
ative radiotherapy and chemotherapy regimens are not uni-
form, and the effect of different chemotherapy drugs with
different doses, radiotherapy doses and the duration of the
radiotherapy and chemotherapy on the prognosis of
thymoma patients has not been discussed. Further studies are
needed to explore the optimal procedure for preoperative
chemoradiotherapy. Moreover, since this was a retrospective
study of an experience in a single institution, patient and
treatment selection biases could not be ruled out. Second, the
number of patients was limited with a slight marginal imbal-
ance between the two groups. A multicenter study should be
conducted to clarify the importance of preoperative treatment
for advanced thymoma. Third, some patients may receive
postoperative chemoradiotherapy according to intraoperative
conditions and postoperative pathology.

In conclusion, in this study with regard to surgical out-
come, postoperative complications, recurrence rate and patient
survival rate, we provide evidence that for advanced thymoma
with SVC invasion, thymoma resection and SVC replacement
can still be performed after induction chemotherapy or
chemoradiotherapy. Although patients in the CRT + surgery
group in our study had longer operation time and increased

intraoperative bleeding, the recurrence-free survival rate
appeared to be better than that in the surgery group.
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