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Introduction

Thymoma is the most common primary thymic tumor. It 
is a rare slow growing neoplasm that occurs in 0.13 per 
100,000-person years with a 5-year overall survival rate 

of 95% (1). Tumors without evidence of invasion into 

mediastinal structures should be resected upfront in order 

to avoid local growth, regional spread, or degeneration to 

a more malignant form (2-4). Current surgical approaches 
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include median sternotomy, clamshell, thoracoscopy, 
and robot-assisted. The latter methods (i.e., minimally-
invasive thymectomy) have gained increasing popularity 
due to reports of shorter length of stay (LOS), decreased 
post-operative pain, and lower operative blood loss (5). 
However, few reports exist on the oncologic efficacy of 
thoracoscopic or robotic approaches in the treatment of 
thymomatous tumors (6). Using the National Cancer 
Database (NCDB) which harbors 75% of all cancer cases in 
the United States, we aim to elucidate whether minimally-
invasive thymectomy for thymoma have similar short-term 
and long-term oncologic outcomes as the open approach. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-20-2660).

Methods

Data source

The NCDB is a large hospital-based registry and contains 
de-identified clinical data from oncologic resections from 
community, comprehensive community, and academic 
facilities in the United States. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Following an exemption granted by the Indiana 
University Institutional Review Board (IRB00000220, study 
#17091923470), all patients that were 18 years or older with 
the diagnosis of thymoma between January 1, 2010 through 
December 31, 2015 were selected and retrospectively 
analyzed. Any case that underwent preoperative therapy 
such as chemotherapy or radiotherapy were excluded from 
analysis. Only invasive cases were included in the analysis. 
Patients were divided into three cohorts for comparison: 
open (median sternotomy, clamshell, or thoracotomy), 
thoracoscopic [video-assisted thoracoscopic surgery (VATS)], 
and robotic-assisted thoracoscopic surgery (RATS). Any 
RATS or VATS cases that were converted to open were 
analyzed with their initial surgical cohort. Demographics 
including age, gender, and Charlson-Deyo Comorbidity 
Index were collected. Regional location and type of 
institution where the surgery was performed (community, 
comprehensive, academic, integrated) were also queried 
along with socioeconomic status including insurance status, 
highest level of education, and annual household income. 
Histopathological results including tumor size, histologic 
grade (WHO grading system), and extent of invasion 
were analyzed. Primary outcomes were margin status after 

resection (R0 resection) and utilization of postoperative 
adjuvant radiation. Secondary outcomes included 30- and 90-
day mortality, hospital LOS (days), 30-day readmission rate 
(percentage), and 5-year overall survival.

Statistical analysis

Demographic variables between the groups were reported 
using descriptive statistics. Distribution of each continuous 
covariates were analyzed using Shapiro-Francia W test for 
normality (7). Medians (inter-quartile range) were reported 
for non-normal distributed data. Bivariate comparisons 
between the cohorts were performed using Pearson’s Chi-
square tests for categorical variables and Kruskal Wallis rank 
tests for nonnormally distributed continuous variables (8).  
For sparsely populated categorical variables in bivariate 
analysis, with expected cell count <5, Fisher’s exact tests 
were reported. Penalized maximum likelihood multivariable 
logistic regressions (Firth’s method) were used for sparsely 
distributed 30- and 90-day mortality variables and maximum 
likelihood multivariable logistic regression models were 
used for R0 resection, LOS, 30-day readmissions, 5-year 
overall survival, extent of invasion, and adjuvant radiation 
(9,10). Multivariable regression analyses were performed to 
control for all demographics, facility type, socioeconomic 
status, comorbidities, histopathologic staging, and treatment 
variables.

Survival analysis

Using time from diagnosis to the last contact and/or death, 
we performed Kaplan-Meier (KM) analysis to estimate the 
survival function for the cohorts. Difference in survival 
between the cohorts were examined using log-rank and 
Wilcoxon-Breslow tests for equality of survivor functions. A 
cox regression for survival analysis was also performed.

Results

Between January 1, 2010 to December 31, 2015, 2,312 
thymoma cases that underwent thymectomy as initial 
treatment were identified. In total, 1,665 cases (72.0%) 
were performed via open approach, 342 cases (14.8%) were 
robot-assisted, and 305 cases (13.2%) were performed using 
thoracoscopic methods (Figure 1). Seventeen RATS cases 
(5.0%) and 41 VATS cases (13.4%) were converted to open 
surgery. Between 2010 to 2015, RATS cases increased from 
6.8% to 18.4% of total cases performed. VATS cases increased 
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from 5.0% to 15.9%, while open cases decreased from 83% to 
62.1% of total cases performed (Figure 2). For the simplicity 
of the analysis, 58 converted cases and five in-situ cases were 
dropped from the subsequent analysis. 

Demographics

Among our three cohorts, the median age for open, RATS, 

and VATS were 61, 63, and 64 respectively (P<0.05). 
Caucasians were more commonly included in the study 
population than other races (P=0.017). There were no 
statistically significant differences in gender or Charlson-
Deyo Comorbidity Index (Table 1). Comparisons of tumor 
size noted that patients in the RATS group had smaller 
thymomas when compared to VATS and sternotomy, 
respectively (45 versus 50 versus 61 mm, P<0.01) (Table 1).  
Socioeconomic factors were compared including high 
school education, median household income, and insurance 
status (Figure 3). The open group had a higher rate of 
uninsured patients and lower median household income 
when compared to RATS or VATS (Figure 2). The 
majority of RATS and VATS cases are being performed in 
academic centers in the Northeast and Southern region 
of the United States (P<0.0001). Open cases, on the other 
hand are equally distributed throughout all regions in the 
United States and the majority are done at comprehensive 
or academic institutions. Socioeconomic factors affected 
the type of operative approaches but did not have any 
meaningful impact on perioperative or oncology outcomes 
(Table 2). 

Perioperative outcomes

Bivariate analyses noted no significant difference in 30- or 
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Figure 1 Flow diagram depicting thymectomy case selection from National Cancer Database. Cases were selected from the National Cancer 
Database between the study period of January 1, 2010 to December 31, 2015. Breakdown of different operative approaches are noted. Final 
analysis excluded 63 cases. VATS, video-assisted thoracoscopic surgery.

Figure 2 Trends of surgical approaches for thymectomy. Over the 
study period [2010–2015], the rate of open thymectomy decreases 
(83% to 62.1%) as the rate of robot-assisted (RATS: 6.8% to 
18.4%) and thoracoscopic (VATS: 5.0% to 15.9%) thymectomy 
increases. VATS, video-assisted thoracoscopic surgery; RATS. 
robotic-assisted thoracoscopic surgery.
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Table 1 Demographics of surgical cohorts

Demographics Open (N=1,661) VATS (N=263) Robotic (N=325) P value

Age (years), median [range] 61 [18–90] 64 [20–88] 63 [22–90] 0.03**

Gender, n (%) NS

Male 815 (49.1) 120 (45.6) 151 (46.4)

Female 846 (50.9) 143 (54.4) 174 (53.5)

Race, n (%) 0.017

Caucasian 1,179 (71.0) 207 (78.7) 241 (74.2)

African-American 302 (18.2) 40 (15.2) 43 (13.2)

Other 167 (10.1) 15 (5.7) 37 (11.4)

Charlson-Deyo Comorbidity Index, n (%) NS

None 1,198 (72.1) 199 (75.7) 225 (69.2)

1 366 (22.0) 49 (18.6) 84 (25.8)

≥2 97 (5.8) 15 (5.7) 16 (4.9)

Tumor size (mm), median [range] 61 [1–995] 50 [5–990] 45 [1–994] <0.001**

WHO histologic grading, n (%) 0.026

Not otherwise specified (NOS) 273 (16.4) 36 (13.7) 52 (16.0)

A 162 (9.8) 25 (9.5) 41 (12.6)

AB 328 (19.7) 75 (28.5) 74 (22.8)

B1 191 (11.5) 29 (11.0) 41 (12.6)

B2 263 (15.8) 42 (16.0) 58 (17.8)

B3 229 (13.8) 29 (11.0) 27 (8.3)

C 215 (12.9) 27 (10.3) 32 (9.8)

Invasion, n (%) <0.001

Localized 802 (48.3) 160 (60.8) 196 (60.3)

Capsular invasion 336 (20.2) 61 (23.2) 79 (24.3)

Mediastinal invasion 496 (29.9) 35 (13.3) 46 (14.2)

Radiation, n (%) 0.002

None 1,005 (60.5) 187 (71.1) 212 (65.2)

Adjuvant 656 (39.5) 76 (28.9) 113 (34.8)

Chemotherapy, n (%) <0.0001

None 1,490 (89.7) 242 (92.0) 315 (96.9)

Adjuvant 171 (10.3) 21 (8.0) 10 (3.1)

Conversion rate, n (%) – 41 (13.4) 17 (5.0) –

**, Kruskal-Wallis test. WHO, World Health Organization; NS, not significant (P>0.05); VATS, video-assisted thoracoscopic surgery.
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Figure 3 Socioeconomic factors affecting thymectomy based on surgical approaches. (A) Facility types: robotic and VATS cases are 
performed at academic centers while open cases are done in academic and comprehensive settings. (B) Region: open cases are equally 
distributed regionally while robotic and VATS cases are performed in the northeast. (C) Median household income: open group had a higher 
rate of lower income patients. (D) Percent that finished high school: open group had a higher rate of patients who did not finish high school. 
(E) Insurance status: open group had a higher rate of uninsured patients. VATS, video-assisted thoracoscopic surgery.

90-day mortality between all three cohorts. Open patients 
had a longer LOS (median 4 days) compared to RATS (2 
days) and VATS (3 days) patients (P<0.01). There were no 
significant differences in LOS between the RATS and VATS 
group but there is a significant difference when comparing 
the LOS of the minimally-invasive to the open group 
(P<0.001). Ninety patients (5.4%) were readmitted within 
30 days from the open group versus 11 patients (3.4%) from 
the RATS group and 11 patients (4.2%) from the VATS 
group (P>0.05) (Table 3).

Oncologic outcomes

Within the cohorts, the RATS group had a higher type A 

tumor than the VATS or open group (P<0.05). The VATS 
group had a lower proportion of tumors that are classified 
as not otherwise specified (NOS) than the other two groups 
(P<0.05) (Table 1). Robot-assisted thymectomy cohorts had 
a higher rate of complete R0 resection (negative margins) 
than the VATS and open group (71.4% versus 63.1% 
versus 64.7%, P=0.032). Similarly, the rate of mediastinal 
invasion was lower in RATS group (14.2%) as compared 
to open group (29.9%, P<0.001)) but not the VATS group 
(13.3%) (P>0.05) (Table 3). Conversely, more open patients 
underwent adjuvant radiation (39.5%) than RATS (34.8%) 
and VATS (28.9%) (Table 1). Multivariable regression 
analyses were performed to identify predictors of complete 
resection and adjuvant radiation. The presence of capsular 
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Table 2 Multivariable regression analyses of outcomes for thymectomy

Variable 30-day mortality* 90-day mortality* R0 resection** 5-year mortality** Adjuvant radiation**

Age 0.95 0.97 1.01 1.04a 0.98a

Female 1.39 0.41 1.05 0.8 0.95

Race—African American 1.49 1.17 0.01 1.12 0.95

Charlson-Deyo score

1 1.45 1.95 1.33 1.96a 1.00

≥2 5.70a 10.63a 0.92 2.68a 1.46

Invasion/extension

Capsular invasion 1.25 1.42 1.72a 1.51 2.60a

Mediastinal invasion 2.00 2.07 3.30a 2.61a 2.67a

Histologic grade

A 2.08 3.79 0.53a 1.35 0.63

AB 1.70 1.48 0.53a 1.37 0.97

B1 0.13 0.01 0.94 1.16 0.76

B2 2.09 3.76 0.86 1.21 1.20

B3 2.63 7.51a 1.52 1.29 2.05a

C 2.34 6.59 1.08 2.90a 2.43a

Tumor size (9 cm+) NS NS NS 2.34a NS

Operative approach

VATS 1.09 1.57 1.82a 1.15 0.78

Robotic 0.26 0.37 0.89 1.81 0.98

Adjuvant chemotherapy – – 2.66a 1.99a –

Adjuvant radiation – 0.05a 2.56a 0.52a –

Facility

Comprehensive 0.38 1.71 1.68 0.99 1.37

Academic 0.30 1.00 1.08 0.96 1.39

Integrate 0.09 0.24 1.52 0.96 1.79

Region

Midwest 8.32 3.19 0.91 0.86 1.02

West 3.13 0.74 0.90 1.19 0.95

South 6.37 3.96 1.09 1.40 1.04

Median income

38–48 K 1.53 0.54 0.96 0.86 1.05

48–63 K 3.14 1.26 1.06 1.00 0.90

≥63 K 1.74 1.29 1.18 0.83 0.89

Insurance status

Private/managed care 0.65 0.70 1.19 0.80 1.04

Government/Medicare/aid 1.95 3.66 1.08 1.48 1.02

No high school education NS NS NS NS NS
a, statistically significant; *, firth-logistic regression; **, maximum likelihood logistic regression. NS, not significant (P>0.05); VATS,  
video-assisted thoracoscopic surgery.
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[adjusted odds ratio (AOR) 1.72, 95% CI: 1.25–2.35] 
and mediastinal invasion (AOR 3.30, 95% CI: 2.42–4.5) 
was associated with incomplete resection. The presence 
of positive margins (AOR 2.63, 95% CI: 1.98–3.50) and 
mediastinal invasion (AOR 2.67, 95% CI: 2.04–3.51) were 
independent predictors for the use of adjuvant radiation. 
Different surgical approaches including open, RATS, and 
VATS were not independent predictors of R0 resection or 
the need for adjuvant radiotherapy (Table 2).

Survival

KM survival analyses were performed for all three cohorts. 

There were no differences in 5-year survival between the 
RATS and VATS group (P>0.05). Initially analysis noted a 
statistically significant difference between the RATS versus 
the open group (P<0.003) (Figure 4). However, the adjusted 
multivariate model in Cox regression analysis negated 
any significant differences when it comes to 5-year overall 
survival in all three groups (Table 2).

Discussion

Advances in minimally-invasive surgical techniques are 
constantly under scrutiny in terms of both safety and 
efficacy. In cases where few randomized controlled trials 
are available, analyses of large databases can provide 
information to guide current practices. Surgical resection of 
the thymus using thoracoscopic or robot-assisted methods 
have been shown to be safe with improved outcomes 
relating to LOS and pain (11-13). Minimally-invasive 
thymectomy also achieved similar perioperative outcomes 
such as surgical site infections and 30- and 90-day mortality 
(14-26). Data from these studies are heterogenous at 
best in that it included resections of benign or involuted 
thymus for symptomatic control of Myasthenia Gravis 
(14-28). However, few reports exist to determine whether 
minimally-invasive techniques have similar efficacy as 
sternotomy when looking at oncologic determinants such 
as operative margins (5,6,28,29). To this end, the NCDB 
provides a robust patient population for comparison. Our 
results suggest that both robot-assisted and thoracoscopic 
thymectomy for thymomatous tumors can be performed 
with similar perioperative and oncologic outcomes as 
traditional sternotomy.

For thymoma, open surgery, typically via midline 
sternotomy, has been the approach of choice especially 
for larger tumors or in cases of suspected mediastinal 

Table 3 Bivariate outcomes

Outcome measured Open (N=1,661) VATS (N=263) Robotic (N=325) P value

30-day mortality, n (%) 11 (0.7) 3 (1.1) 2 (0.6) NS*

90-day mortality, n (%) 26 (1.6) 3 (1.1) 3 (0.9) NS*

Length of stay, median 4 3 2 <0.001**

30-day readmission, n (%) 90 (5.4) 11(4.2) 11 (3.4) NS

Mediastinal invasion, n (%) 496 (29.9) 35 (13.3) 46 (14.2) <0.001

R0 resection, n (%) 1,075 (64.7) 166 (63.1) 232 (71.4) 0.032

*, Fisher’s exact test; **, Kruskal-Wallis test. NS, not significant (P>0.05); VATS, video-assisted thoracoscopic surgery.
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Figure 4 Kaplan-Meier survival analysis based on surgical 
approach. Log-rank test noted that robotic and VATS group had 
no differences in mortality. However, the robotic group had a 
higher rate of 5-year survival than the open group. Adjusted-risk 
model negated the differences in overall survival. VATS, video-
assisted thoracoscopic surgery.
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structure invasion. Based on our bivariate analyses, this 
holds true as RATS and VATS have smaller tumors and 
lower rate of extracapsular invasion on final pathology. This 
is likely responsible for the higher rate of R0 resection and 
lower rate of adjuvant radiation in the RATS and VATS 
group. However, our multivariable analyses noted that 
tumor size and robotic surgical approaches do not have a 
statistically significant association with negative margins. 
It is noteworthy to mention that the VATS approach is 
associated with increased odds ratio of a positive margin 
(OR 1.8, 95% CI: 1.15–2.88). However, it is unable to 
determine from this data if these are also the tumors that 
invade mediastinal structures noted at the time of the 
operation rather than known preoperatively. The one 
structure worthy of mentioning is the phrenic nerve as 
preoperative imaging are often times inadequate in assessing 
involvement. The tumors that involve such nerves may be 
small in size but the location may make it not amendable 
to achieve an R0 resection (2). As such, the intraoperative 
decision to leave the phrenic nerves intact may result in a 
higher rate of conversion or R1 resection. Regardless, the 
slight increase in OR for VATS approach does not affect 
5-year overall survival. Overall, the data suggests that RATS 
and open approaches have an equal likelihood of achieving 
R0 resection despite the size of the tumor. The only factor 
that affects margin status is the presence of extracapsular 
extension with mediastinal invasion which likely prohibits 
complete dissection to preserve important mediastinal 
structures. 

We decided to use adjuvant radiation as an additional 
marker for incomplete resection (30-33). In many cases 
of thymomas, wide margins cannot be obtained due 
to the presence of multiple vital structures within the 
mediastinum. It is not infrequent for the pathology report 
to mention margins that are negative but have tumor 
within 1 mm from the resection line. In some cases with 
minimally-invasive resections, the margins may be difficult 
to examine as the specimen may be compressed during 
extraction from the port site. For these reasons, adjuvant 
radiation may be utilized even with R0 resection in order 
to prevent local recurrences (30,32). In our analyses, more 
patients in the open group (39.4%) underwent adjuvant 
radiation than the RATS (34.2%) or VATS (30.8%) 
group, possibly due to higher likelihood of mediastinal 
invasion and a higher rate of positive margins. However, in 
multivariate analyses, surgical approaches are not associated 
higher rate of adjuvant radiation. This suggests that RATS 
and VATS can achieve similar oncologic results. In fact, 

positive margins and extracapsular extension were the only 
significant predictors of any adjuvant radiotherapy. 

The analysis yielded several unexpected findings 
including the higher rate of conversion from VATS 
compared to RATS. The difference is thought to be due 
to the one-sided approach and the limited ability for the 
thoracoscopic camera to visualize the contralateral phrenic 
nerve (25). The robotic technology allows for carbon dioxide 
insufflation and rotational manipulation of the instrument 
arms which may lead to overall improvement in exposure 
and visualization. However, since the NCDB database does 
not provide any institution-, case-, or surgeon-specific 
data, it is difficult to prove that the learning curve or 
technological constraint is responsible for this difference. 
Secondly, evaluation of the impact of socioeconomic factors 
notes that more than 80% of uninsured and low-income 
patients underwent open thymectomy. Meanwhile, only 1% 
of patients in the RATS group are uninsured (versus 4% in 
the open group, P<0.05) and 11% have low-income status 
(versus 17% in the open group, P<0.05). Although Marulli 
et al. reported a potential decrease in costs associated with 
RATS due to shorter length of hospitalizations (17), the 
results from this socioeconomic analysis may highlight 
the perceived financial constraints in implementing a new 
treatment modality to patients with limited access to care.

Study limitations include data errors that are inherent 
to national databases. The retrospective nature of the 
study also subjects the data to recall, missing data, and 
selection bias. The rate of data missingness ranged from 0 
to 7.8%. We assumed the data was completely at random 
and casewise deletion was therefore used. The NCDB 
does not differentiate a sternotomy from other open 
approaches (such as clamshell or open thoracotomy) thus 
the outcome data for the open group maybe be subjected 
to heterogeneity. Other limitations include the inability to 
determine recurrence-free survival data. In slow-growing 
indolent tumors such as thymoma where the 5-year overall 
survival rate approaches 95%, disease recurrence is a better 
variable to assess oncologic efficacy. Alternatively, we used 
margin status and adjuvant radiation as surrogate prognostic 
markers to determine oncologic effectiveness as previously 
described by Rea et al. In addition, we did not perform 
propensity-matched analyses as this would eliminate more 
than 60% of cases and drastically reduce the sample size, 
hence introducing type B errors. Lastly, our analyses did 
not consider if surgical volume plays a role in the outcome. 
Our bivariate analysis suggested that academic centers did 
perform more robotic resections. However, the effect of the 
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type of institution was negated on multivariate analysis. 

Conclusions

Robotic and thoracoscopic thymectomy have been 
suggested to have improved short-term outcomes as 
compared to gold-standard sternotomy. Our study of large 
national database suggests that the benefits extend beyond 
shorter LOS and decreased post-operative pain. RATS and 
VATS thymectomies have similar rate of complete resection 
and need for adjuvant radiation.
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