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Background: Tumor size of 8 cm or greater is a risk factor for recurrence after thymoma resection, but
the role of induction therapy for large thymomas is not well defined. This study tested the hypothesis that
induction therapy for thymomas 8 cm and larger improves survival.

Methods: The use of induction therapy for patients treated with surgical resection for Masaoka stage I-
III thymomas in the National Cancer Database between 20062013 was evaluated using logistic regression,
Kaplan-Meier analysis, and Cox-proportional hazards methods.

Results: Of the 1,849 patients who met inclusion criteria, 582 (31.5%) had tumors >8 cm. Five-year
survival was worse in patients with tumors >8 cm compared to smaller tumors [84.6% (95% CI: 81.2-88.1%)
vs. 89.4% (95% CI: 87.2-91.7%), P=0.003]. Induction therapy was used in 166 (9.0%) patients overall
and was more likely in patients with tumors >8 cm [adjusted odds ratio (AOR) 3.257, P<0.001]. Induction
therapy was not associated with improved survival in the subset of patients with tumors >8 cm in either
univariate [80.9% (95% CI: 72.6-90.1%) vs. 85.4% (95% CI: 81.8-89.3%), P=0.27] or multivariable analysis
[hazard ratio (HR) 1.54, P=0.10]. Increasing age (HR 1.56/decade, P<0.001) and Masaoka stage ITI (HR 1.76,
P=0.04) were associated with worse survival in patients with tumors >8 cm.

Conclusions: Survival after thymoma resection is worse for tumors 8 cm or larger compared to smaller
tumors and is not improved by induction therapy. Size alone should not be a criterion for using induction

therapy prior to thymoma resection.
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Introduction

Thymomas are uncommon and slow growing tumors
that arise from epithelial cells of the thymus gland. The
overall incidence in the United States is estimated to be
approximately 0.15 cases per 100,000 person-years, which
translates to around 400 cases per year for the entire
country (1,2). Although rare, thymomas represent the most
common mediastinal neoplasm in the adult population,

making up approximately 20% of all mediastinal tumors
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and 50% of tumors arising in the anterior mediastinum (3).
The incidence increases steadily between ages 40 and
70 years, and peaks in the seventh decade of life (1,3,4).
Interestingly, thymomas occur more frequently among
blacks and Asians/Pacific Islanders compared to whites or
Hispanics, suggesting possible genetic risk factors (1,2).
Although typically considered to have an indolent growth
pattern, thymomas are nonetheless malignant due to the
potential for local invasion, pleural dissemination, and
systemic metastasis. As such, surgery is the gold standard
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treatment for this disease, and completeness of resection is
consistently shown to be a major prognostic factor (4-10).

The determination of resectable disease is somewhat
variable depending on surgical experience and expertise.
Factors that generally influence resectability include local
invasion of adjacent structures and pleural or pericardial
dissemination, which constitute stage III and IVa disease,
respectively, according to the Masaoka-Koga classification
system. At the time of diagnosis, approximately one-third
of patients present with stage III-IVa disease (6,7,9,10).
The International Thymic Malignancy Interest Group
(ITMIG) dataset published in 2014 consisted of nearly
5,000 thymoma patients, with 30% reported as stage
III-IVa (11). In such cases of locally advanced disease, a
multidisciplinary approach has become essential and the use
of induction therapy prior to surgery has improved rates
of complete resection and overall survival (3,5,6,12-15).
Tumor size is another factor that has been independently
associated with increased risk of recurrence (16-18) and
survival (8,10,19,20). Based on this observation, the use of
induction therapy specifically for large thymomas has been
suggested (16,18), however data on this topic is lacking.
Thus, the purpose of this study was to test the hypothesis
that induction therapy prior to surgery for patients with
large thymomas improves long-term survival using a large
nationwide cancer database.

Methods
Data source

A retrospective analysis was performed utilizing data from
the National Cancer Database (NCDB). The NCDB is a
joint venture between the American College of Surgeons
Commission on Cancer (CoC) and the American Cancer
Society, and is estimated to capture 70% of all newly
diagnosed cancers in the United States. The database
collects data from more than 1,500 CoC-approved facilities
in North America, and currently contains more than
30 million records.

With respect to staging for thymomas, the NCDB
does not specifically report tumor stage according to the
Masaoka-Koga classification system. Thus, staging data was
inferred from available variables including regional lymph
node status and the Collaborative Staging Extension codes,
which describe the extent of tumor involvement based on
pathology data. Patients with distant metastases or lymph
node involvement were considered to have stage IV disease
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and therefore excluded from this analysis of patients with
stage I-III disease. The stages of the remaining patients
were then determined based on primary tumor extension
using a previously described method (21,22). Patients
whose local extension was “confined to gland of origin”
or “localized not otherwise specified” were considered to
have Masaoka stages I-1la; these two stages were grouped
together because the staging schema used by the NCDB
does not report on microcapsular invasion. Tumors coded
as “invasive to adjacent connective tissue” were considered
Masaoka stage IIb, and tumors involving “adjacent organs
and structures” were considered Masaoka stage III.

Patient selection

Patients with Masaoka stage I-III thymomas diagnosed
between 2006 to 2013 who underwent surgical resection
were included in the analysis. This study period was chosen
on the basis of the availability of data in the NCDB at the
time of analysis. Only patients with complete data with
respect to tumor size, local tumor extension, known use and
sequence of treatment (surgery, chemotherapy, radiation),
and survival were included in the overall analysis. Tumor
size measurements in the NCDB are based on radiographic
studies for patients who underwent induction therapy and
pathology specimens for patients who had primary surgery.
Patients with missing data for any of the variables included
in the logistic regression and proportional hazards models
were not included in these models. Patients with previous
malignancies and incomplete follow-up data were excluded.

Statistical analysis

Patients were stratified into two groups according to
induction therapy status. Patients who received some form
of induction therapy were compared to those who did not
using Wilcoxon rank-sum test for continuous variables,
Pearson’s chi-square test for discrete variables, and Fisher’s
exact test for those discrete variables with fewer than 5
outcomes. Independent predictors of the use of induction
therapy prior to surgical resection were estimated using a
multivariable logistic regression model that included age,
sex, race, insurance status, Charlson comorbidity index,
median census tract education level, median census tract
income level, treatment facility type, distance traveled to
treating facility, tumor invasion, and tumor size.

The impact of tumor size and the use of induction
therapy on survival was assessed with Kaplan-Meier analysis
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Tumor characteristics and induction

No induction therapy

Induction therapy

therapy status Total (n=1,849) (n=1,683) (n=166) P
Tumor size (cm), median [IQR] 6.2 [4.4,8.7] 6.0 [4.2, 8.5] 9.01[6.9, 11.2] 0.015
Tumor size (cm), n (%) <0.001
>8 582 (31.5) 480 (28.5) 102 (61.4)
<8 1,155 (62.5) 1,103 (65.5) 52 (31.3)
Unknown 112 (6.1) 100 (5.9) 12(7.2)
Masaoka stage, n (%) <0.001
I-lla 877 (47.4) 842 (50.0) 35 (21.1)
lb 446 (24.1) 420 (25.0) 26 (15.7)
M 526 (28.4) 421 (25.0) 105 (63.3)
Invasive tumor (stage llb-Ill), n (%) 972 (52.6) 841 (50.0) 131 (78.9) <0.001
Any induction therapy, n (%) 166 (9.0) 0 (0.0) 166 (100.0) <0.001
Induction chemotherapy, n (%) 162 (8.8) 0(0.0) 162 (97.6) <0.001
Induction radiation, n (%) 25(1.4) 0(0.0) 25(15.1) <0.001

and the log-rank test. The independent impact of tumor size
and induction therapy use was further evaluated using a Cox
proportional hazards model. Variables chosen for inclusion
in the Cox model were patient (age, sex, comorbidities) and
tumor characteristics (Masaoka stage, tumor size, margin
status) previously shown to be associated with survival,
along with the study variable of interest (induction therapy).
This Cox model was adjusted for clustering by hospital
by including the specific facility in the model as a random
effect. In order to test the primary hypothesis that induction
therapy prior to surgery for patients with large thymomas
improves long-term survival, the above survival analysis was
repeated on the subgroup of patients with thymomas 8 cm
and larger. This size cutoff was chosen based on previous
literature indicating that this tumor size is an independent
predictor of recurrence and mortality after surgery (18).

A propensity matched analysis was also performed to
further address issues of potential confounding and bias
in the use of induction therapy. Propensity scores were
defined as the probability of induction therapy versus
no induction therapy conditional on other measured
covariates, which included patient age, sex, Charlson
comorbidity index, tumor size, Masaoka, stage, histology,
insurance status, and treatment facility type. Patients
were matched based on propensity scores using a 1:1
nearest neighbor algorithm. Propensity measurements
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were estimated using a standard logistic regression
model without replacement. Following propensity
matching, balance was assessed between groups based on
standardized differences. Survival between groups was
assessed with the Kaplan-Meier method and log-rank test.

Continuous data are presented as median with interquartile
range, and categorical variables are presented as frequency
and percentage. A P value of <0.05 was considered
statistically significant. All analyses were performed using
R version 3.2.2 (R Foundation for Statistical Computing,
Vienna, Austria). This study was approved by the Stanford
Institutional Review Board.

Results

During the study period, 1,849 patients with Masaoka stage
I-IIT thymoma underwent surgical resection, 582 (31.5%) of
whom had tumors >8 c¢m in size. Among the study cohort,
166 (9.0%) patients received induction therapy prior to
surgery and 1,683 (91.0%) did not. Induction chemotherapy
was given in 162 (97.6%) patients and induction radiation
in 25 (15.1%) patients. Baseline characteristics of the entire
study cohort as well as the cohort stratified by induction
therapy use are shown in 7ible 1, and additional baseline
characteristics are available in 7ible 2. Patients who received
induction therapy were slightly younger compared to
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Table 2 Baseline characteristics for the entire study cohort and stratified by induction therapy status
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Baseline characteristics Total (n=1,849) No induction therapy (n=1,683)  Induction therapy (n=166) P
Age (years), median [IQR] 59 [49, 68] 59 [50, 68] 57.5[42, 65] <0.001
Female, n (%) 983 (53.2) 907 (53.9) 76 (45.8) 0.055
Race, n (%) 0.286
White 1,328 (71.8) 1,217 (72.3) 111 (66.9)
Black 303 (16.4) 269 (16.0) 34 (20.5)
Other 196 (10.6) 178 (10.6) 18 (10.8)
Unknown 22 (1.2) 19(1.1) 3(1.8)
Insurance status, n (%) 0.323
Private 1,013 (54.8) 914 (54.3) 99 (59.6)
Medicare 602 (32.6) 559 (33.2) 43 (25.9)
Medicaid 125 (6.8) 113 (6.7) 12 (7.2)
Government 19(1.0) 17 (1.0) 2(1.2)
Uninsured 65 (3.5) 59 (3.5) 6 (3.6)
Unknown 25 (1.4) 21(1.2) 4(2.4)
Charlson comorbidity index, n (%) 0.006
0 1,410 (76.3) 1,267 (75.3) 143 (86.1)
1 354 (19.1) 336 (20.0) 18(10.8)
>2 85 (4.6) 80 (4.8) 5(3.0)
Education level, n (%) 0.026
Above median 1,100 (59.5) 989 (58.8) 111 (66.9)
Below median 732 (39.6) 681 (40.5) 51 (30.7)
Unknown 17 (0.9) 13 (0.8) 4(2.4)
Income level, n (%) 0.717
Above median 1,183 (64.0) 1,081 (64.2) 102 (61.4)
Below median 649 (35.1) 589 (35.0) 60 (36.1)
Unknown 17 (0.9) 13(0.8) 4(2.4)
Distance to facility (miles), median [IQR] 10.2 [4.9, 26.2] 10.0[4.7, 25.3] 16.5[6.2, 40.1] 0.075
Year of diagnosis, n (%) 0.355
2006 201 (10.9) 184 (10.9) 17 (10.2)
2007 221 (12.0) 197 (11.7) 24 (14.5)
2008 208 (11.2) 191 (11.3) 17 (10.2)
2009 215 (11.6) 201 (11.9) 14 (8.4)
2010 234 (12.7) 212 (12.6) 22 (13.3)
2011 226 (12.2) 197 (11.7) 29 (17.5)
2012 274 (14.8) 253 (15.0) 21 (12.7)
2013 270 (14.6) 248 (14.7) 22 (13.3)

Table 2 (continued)
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Table 2 (continued)
Baseline characteristics Total (n=1,849) No induction therapy (n=1,683) Induction therapy (n=166) P
Histology, n (%) 0.076
Type A 178 (9.6) 168 (10.0) 10 (6.0)
Type AB 422 (22.8) 390 (23.2) 32 (19.3)
Type B1 271 (14.7) 242 (14.4) 29 (17.5)
Type B2 318 (17.2) 296 (17.6) 22 (13.3)
Type B3 287 (15.5) 253 (15.0) 34 (20.5)
Not specified 373 (20.2) 334 (19.8) 39 (23.5)
Facility type, n (%) 0.002
Research/academic 792 (42.8) 710 (42.2) 82 (49.4)
Comprehensive community 634 (34.3) 599 (35.6) 35(21.1)
Community 85 (4.6) 81 (4.8) 4(2.4)
Unknown 338 (18.3) 293 (17.4) 45 (27.1)

those who did not (57.5 vs. 59 years, P<0.001). Induction
therapy patients also had a higher incidence of Charlson
comorbidity index of 0 (86.1% wvs. 75.3%, P=0.006) and
were more likely to have an education level above the census
tract median. There were no differences in gender, race,
insurance status, income level, distance traveled to treating
facility, year of diagnosis, or histologic subtype between
the two groups. Patients who received induction therapy
had a median tumor size of 9.0 cm compared to 6.0 cm for
those who did not (P=0.015). Similarly, 61.4% of induction
therapy patients had tumors >8 cm in size compared to
only 28.5% of patients who received no induction therapy
(P<0.001). Induction therapy patients were treated more
often at a research or academic facility and had a greater
incidence of Masaoka stage III disease (63.3% vs. 25.0%,
P<0.001).

Predictors of induction therapy based on multivariable
analysis are presented in 7zble 3. Education level above
the census tract median [adjusted odds ratio (AOR) 2.106,
P=0.006], treatment at an academic or research facility
(AOR 1.880, P=0.006), and increasing distance traveled
to the treating facility (AOR 1.064 per 50 miles, P=0.023)
were all independently associated with induction therapy.
In contrast, Charlson comorbidity index of 1 was associated
with a lower odds ratio of undergoing induction therapy
(AOR 0.440, P=0.019). Having either an invasive tumor
(Masaoka stage IIb-III) or large tumor (=8 cm) conferred
greater than three-fold odds of receiving induction therapy
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prior to surgery (AOR 3.488 and 3.257, respectively, both
P<0.001).

Induction therapy patients underwent definitive surgical
resection several months later than patients with no
induction therapy (137 vs. 0 days, P<0.001), and had slightly
longer hospital length of stay (5 vs. 4 days, P<0.001) (Zable 4).
There was no difference in margin status between the two
groups, however patients who did not receive induction
therapy were more likely to undergo adjuvant radiation
postoperatively (43.6% vs. 33.7%, P=0.018). Unplanned
readmissions and postoperative mortality were not
significantly different. A subgroup analysis of perioperative
outcomes for patients with tumor size >8 cm yielded similar
results regarding time to definitive surgery, postoperative
length of stay, and adjuvant radiation therapy (Table 4).
Additionally, this subset of induction therapy patients had
a higher 90-day mortality rate compared to patients with
large thymomas who did not receive induction therapy
(3.9% wvs. 0.8%, P=0.036).

Five-year survival was worse for patients with tumors
>8 cm compared to patients with smaller tumors [84.6%
(95% CI: 81.2-88.1%) vs. 89.4% (95% CI: 87.2-91.7%),
P=0.003] (Figure 1). Based on Kaplan-Meier survival
analysis, there was no difference in overall survival between
patients who received induction therapy and those who did
not, for both the entire study cohort (Figure 24) and the
subset of patients with tumors >8 cm in size (Figure 2B).
Cox proportional hazards model identified increasing age
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Table 3 Multivariable predictors of induction therapy
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Variable Odds radio 95% CI P
Age (per decade) 0.897 0.711-1.134 0.364
Female 0.744 0.489-1.131 0.167
Race (vs. White)

Black 1.274 0.710-2.286 0.416

Other 0.799 0.385-1.660 0.548
Insurance status (vs. private)

Medicare/Medicaid 1.055 0.615-1.808 0.847

Government 0.549 0.064-4.742 0.586

Uninsured 0.823 0.234-2.892 0.761

Unknown 1.402 0.342-5.746 0.639
Charlson comorbidity index (vs. 0)

1 0.440 0.221-0.875 0.019

>2 0.774 0.262-2.285 0.643
Education above median 2.106 1.233-3.597 0.006
Income above median 0.671 0.400-1.125 0.130
Research/academic facility 1.880 1.203-2.937 0.006
Distance traveled (per 50 miles) 1.064 1.009-1.121 0.023
Invasive tumor (stage Ilb-lll, vs. stage I-lla) 3.488 2.120-5.741 <0.001
Tumor size =8 cm 3.257 2.139-4.960 <0.001

[hazard ratio (HR) 1.68 per decade, P<0.001], Masaoka
stage ITI (HR 1.93, P<0.001) and tumor size >8 cm (HR 1.47,
P=0.01) as factors associated with worse survival (Table 5).
For the subset of patients with tumors >8 cm, increasing age
(HR 1.56 per decade, P<0.001) and Masaoka stage III (HR
1.76, P=0.04) were similarly associated with worse survival
(1able 5). However, the use of induction therapy was not
significantly associated with survival for the entire study
cohort (HR 1.32, P=0.25) nor in patients with tumor size >
8 cm (HR 1.54, P=0.10).

The propensity matched analysis found results
consistent with the primary analysis. Specifically, the
analysis demonstrated that the propensity-matched groups
were well balanced, and that differences in perioperative
outcomes were consistent with those of the initial analysis
for the entire study cohort (1able 6). Additionally, there was
no statistically significant difference in survival between the

© Journal of Thoracic Disease. All rights reserved.

two propensity-matched groups (Figure 2C).

Discussion

Thymomas are by and large considered a surgical disease.
Irrespective of stage, the best chance for cure from a
treatment modality standpoint is complete surgical
resection. Accordingly, in locally advanced tumors the
treatment strategy is centered on preoperative therapy
that ultimately leads to a chance for complete resection.
There is literature demonstrating improved rates of
complete resection and overall survival in patients with
Masaoka stage III and IVa thymomas who undergo
induction therapy prior to surgery (5,15,23-26), although
data is limited to retrospective studies or prospective trials
with small sample size due to the rarity of this disease.
Nonetheless, clinical practice guidelines published by the
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Table 4 Unadjusted perioperative outcomes for the entire cohort and for the subset of patients with large tumors
Entire cohort Patients with tumor size =8 cm
Perioperative outcomes Total No induction Induction Total No induction Induction
(n=1,849) therapy (n=1,683) therapy (n=166) (n=582) therapy (n=480) therapy (n=102)

Days to definitive surgery, 1[0, 41.8] 0 [0, 30] 137 [111,174] <0.001 200, 63] 11 [0, 34] 138[116.2, <0.001
median [IQR] 174.8]
Margin status, n (%) 0.439 0.539

RO 1,251 (67.7) 1,138 (67.6) 113 (68.1) 377 (64.8) 305 (63.5) 72 (70.6)

R1 251 (13.6) 227 (13.5) 24 (14.4) 82 (14.1)  68(14.2) 14 (13.7)

R2 31(1.7) 26 (1.5) 5(3.0) 11(1.9) 8(1.7) 3 (2.9

Positive NOS 163 (8.8) 151 (9.0) 12 (7.2) 56 (9.6) 49 (10.2) 7 (6.9)

Unknown 153 (8.3) 141 (8.4) 12(7.2) 56 (9.6) 50 (10.4) 6 (5.9)
Any positive margin, n (%) 445 (24.1) 404 (24.0) 41 (24.7) 0.986 149 (25.6) 125 (26.0) 24 (28.5) 0.500
Adjuvant chemotherapy, 118 (6.4) 104 (6.2) 14 (8.4) 0.333 45 (7.7) 42 (8.8) 3(2.9) 0.063
n (%)
Adjuvant radiation, n (%) 790 (42.7) 734 (43.6) 56 (33.7) 0.018 267 (45.9) 233 (48.5) 34 (33.3) 0.007
Hospital length of stay, 413, 6] 413, 5] 5[3,7] <0.001 413,7] 413, 6] 5[4, 8] 0.002
median [IQR]
Unplanned readmission, 57 (3.1) 54 (3.2) 3(1.8) 0.265 13(2.2) 13(2.7) 0(0.0) 0.272
n (%)
30-day mortality, n (%) 15(0.8) 12 (0.7) 3(1.8) 0.146 6 (1.0) 4(0.8) 2(2.0) 0.287
90-day mortality, n (%) 27 (1.5) 22(1.2) 5 (3.0) 0.090 8 (1.4) 4(0.8) 4 (3.9 0.036

100+ - — Tumors =8 cm
== — ~Tumors <8 cm
80- —
Log-rank test: P=0.003
S 60-
©
2
<
3 404
204
0 1 2 3 4 5 6 7

Number at risk

Tumors =8 cm —582 526 467 367 293 214 155 103
Tumors <8 cm —1,1651,0690923 709 537 402 267 169

Figure 1 Survival after resection of Masaoka stage I-IIT thymoma
stratified by tumor size.
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National Comprehensive Cancer Network (NCCN) (4,27)
as well as other international groups (28,29) advocate a
multidisciplinary approach utilizing induction therapy
followed by reassessment for surgery in all patients with
advanced disease. For large tumors that are not necessarily
invasive, however, it is unknown if induction therapy has
any benefit on long-term survival. Intuitively, this approach
would seem to be advantageous since large thymomas have
been associated with worse outcomes (8,10,16-20). Analysis
from the current study indicates that induction therapy was
more likely to be used for large tumors, but this did not
improve survival for tumors 8 cm or larger after adjusting
for confounding variables such as tumor stage. Therefore,
using tumor size alone as a criterion for induction therapy is
not supported by these results.

Numerous studies on thymoma have consistently
shown an association between larger tumor size and higher
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A B C 100 cea, —Induction therapy
100 —Any induction 100 —Induction therapy | T == -, ~~No induction
~~~~~ —~ -No induction - =No induction therapy 80 s
80 80 -
. < Log-rank test: P=0.764
S Log-rank test: P=0.313 S Log-rank test: P=0.271 S 60
< 60 = 60 IS
© [ 2
2 2 € 40
g 40 S 40 3
(4] (]
20 20 20
0 —_— 0 ———————— 0
01 2 3 4 5 6 7 01 2 3 4 5 6 7 01 2 3 4 5 6 7
Years Years Years
Number at risk Number at risk Number at risk
Any inducton— 166 148 134 108 78 50 35 24 Induction therapy — 102 89 7 62 45 27 19 12 Induction therapy — 166 148 134 108 78 50 35 24
No induction —1,683 1,533 1,339 1,036 811 612 421 272 No induction therapy — 480 437 390 305 248 187 136 91 No induction — 166 153 134 110 82 62 41 25

Figure 2 Survival stratified by induction therapy versus no induction therapy for (A) the entire cohort, (B) patients with tumor size >8 cm,
and (C) propensity-matched subgroups.

Table 5 Cox proportional hazards model for the entire cohort and for the subset of patients with large tumors

Entire cohort Patients with tumors size =8 cm
Variable
Hazard radio 95% ClI P Hazard radio 95% ClI P

Age (per decade) 1.68 1.49-1.90 <0.001 1.56 1.31-1.86 <0.001
Female 1.10 0.82-1.48 0.50 1.26 0.81-1.95 0.30
Charlson comorbidity index (reference: 0)

1 1.44 1.03-2.02 0.03 1.09 0.62-1.92 0.80

>2 1.46 0.78-2.75 0.20 1.79 0.70-4.57 0.20
Masaoka stage (reference: stage I-lla)

lb 1.06 0.72-1.58 0.80 0.85 0.43-1.68 0.60

M 1.93 1.36-2.75 <0.001 1.76 1.04-2.99 0.04
Any induction therapy 1.32 0.82-2.12 0.25 1.54 0.91-2.64 0.10
Positive margin 1.09 0.79-1.50 0.60 1.24 0.78-1.98 0.40
Tumor size =8 cm 1.47 1.09-1.98 0.01 n/a n/a n/a

Table 6 Baseline characteristics and perioperative outcomes for a propensity-matched subset stratified by induction therapy status

Baseline characteristics No indt’:jfg 6t)herapy Induc(:z: ég)e rapy P S;?;;Zr:;zezd
Age (years), median [IQR] 55 [46, 64] 57.5[42, 65] 0.902 0.036
Female, n (%) 76 (45.8) 76 (45.8) 0.999 0
Charlson comorbidity index, n (%) 0.558 0.127

0 147 (88.6) 143 (86.1)

1 17 (10.2) 18 (10.8)

>2 2(1.2) 5(3.0)

Table 6 (continued)
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Table 6 (continued)
Baseline characteristics No ‘”d‘;:ffgst)herapy '”d“"(::‘i: ég)erapy P S;?frf‘;’;f;‘zd
Tumor size, n (%) 0.872 0.018

>8 cm 53 (31.9) 52 (31.3)

<8cm 100 (60.2) 102 (61.4)

Unknown 13 (7.8) 14 (8.4)
Invasive tumor (Masaoka stage lIb-lll), n (%) 134 (80.7) 131 (78.9) 0.784 0.045
Insurance status, n (%) 0.999 0.034

Insured 157 (94.6) 156 (94.0)

Uninsured 9 (5.4) 10 (6.0)
Histology, n (%) 0.754 0.183

Type A 74.2) 10 (6.0)

Type AB 24 (14.5) 32 (19.9)

Type B1 32 (19.3) 29 (17.5)

Type B2 25 (15.1) 22 (13.3)

Type B3 32 (19.3) 34 (20.5)

Not specified 46 (27.7) 39 (23.5)
Research/academic facility, n (%) 84 (65.1) 82 (67.8) 0.757 0.056
Days to definitive surgery, median [IQR] 110, 28] 137 [111,174] <0.001 2.44
Margin status, n (%) 0.417 0.186

RO 103 (62.0) 113 (68.1)

R1 28 (16.9) 24 (14.5)

R2 3(1.8) 5(3.0)

Positive NOS 19 (11.4) 12(7.2)

Unknown 13(7.8) 12(7.2)
Any positive margin, n (%) 50 (32.7) 41 (26.6) 0.300 0.133
Adjuvant chemotherapy, n (%) 15 (9.0) 14 (8.4) 0.999 0.021
Adjuvant radiation, n (%) 83 (50.0) 56 (33.7) 0.004 0.334
Hospital length of stay, median [IQR] 43, 6] 5[3,7] 0.008 0.236
Unplanned readmission, n (%) 3(1.8) 3(1.8) 0.462 0.185
30-day mortality, n (%) 0(0.0) 3(1.8) 0.122 0.193
90-day mortality, n (%) 0 (0.0 5(3.0) 0.029 0.252

© Journal of Thoracic Disease. All rights reserved.

F Thorac Dis 2020;12(4):1329-1341 | http://dx.doi.org/10.21037/jtd.2020.02.63



1338

recurrence rates along with lower survival, and this study
similarly found that tumor size 8 cm and greater was an
independent predictor of worse survival. This finding may
be partially due to the correlation between tumor size and
invasiveness. Our data shows that the induction therapy
group had greater than 60% of patients with tumor size
>8 cm and stage III disease, compared to roughly 25% in
each category for patients who did not receive induction
therapy. A study on predictors of thymoma invasiveness
based on computed tomography (CT) characteristics found
that pre-chemotherapy radiologic tumor size of 7 cm or
greater was associated with a higher likelihood of stage III
and IV disease (30). Although many studies adjust for tumor
size and stage when evaluating outcomes, both features are
consistently linked to worse recurrence rates and survival
after resection. Despite the worse outcomes observed with
larger tumors, induction therapy use does not appear to
improve those outcomes.

Much of the literature examining tumor size note
that a threshold of around 8 cm or larger is associated
with poor outcomes (8,10,16,18,20,31). These previous
studies were the basis of selecting 8 cm as the size cutoff
for our analysis. One retrospective study on 154 patients
with thymic epithelial tumors reported a much lower size
threshold of 4 cm as the inflection point for recurrence-free
survival (32). However, approximately 20% of patients in
that study had pathology showing either thymic carcinoma
or neuroendocrine tumor, both of which are generally
considered more aggressive than thymomas and thus do
not represent the same patient population. Since thymoma
size is a significant prognostic factor and can be reliably
measured preoperatively with imaging studies, some
authors suggest size should be a contributing factor when
considering induction therapy (16,18). To the contrary,
however, our findings indicate induction therapy does not
provide any long-term survival benefit when administered
on the basis of tumor size alone.

It is possible that there may be situations where
induction therapy provides survival benefit, specifically if
induction facilitates resection in a locally advanced tumor.
As previously noted, the purpose of induction therapy is
to increase the likelihood of complete resection, which
is the mainstay of treatment for thymomas and the best
chance of cure. Thymomas that invade adjacent structures
can be technically more difficult to remove and have a
higher chance of close margins or incomplete resection,
particularly in cases where major vascular structures are
involved (33). A large thymoma that is not attached to
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other structures, however, may not pose the same technical
challenges as an invasive tumor does, especially if an open
surgical approach is utilized. Thus, the benefit gained
from preoperative treatment aimed at shrinking the tumor
may not be as impactful with respect to completeness
of resection for large thymomas that are noninvasive.
There are lines of data that seem to support this theory. A
study utilizing CT scans to predict surgical resectability
found that preoperative tumor size was larger in patients
with incomplete resection compared to those who had a
complete resection on univariate analysis (34). However,
adjusted analysis showed that only tumor abutment of
adjacent vessels and pleural nodularity were predicative of
incomplete resection. Another study found that stage III
disease involving the great vessels had 30% lower rate of
complete resection and worse survival compared to stage
IIT disease with no great vessel involvement (33), which
similarly highlights the important associations between
tumor invasiveness, resectability, and long-term outcomes.
One significant limitation to the current study is that the
indication for induction therapy is not recorded, therefore
we cannot account for the potential bias of induction
therapy being used more often for tumors that were judged
pre-therapy to involve local structures.

Given these previous studies and our current results,
we do advocate for multidisciplinary evaluation prior
to treating a large thymoma. In particular, we would
encourage experienced thoracic surgeons to be involved in
the decision process on whether induction therapy should
be used. Evaluating the local extent and invasiveness of
large thymomas based on pre-treatment imaging can be
difficult because such tumors inevitably abut at least the
sternum, chest wall, pericardium, and lung due to their
location in the mediastinum. Although our study does not
support preoperative treatment based on size alone, we do
feel strongly that a thoracic surgeon’s input as to whether
a tumor is likely to be locally invasive should be a major
determinant when deciding on induction therapy.

The induction therapy group in our study had a higher
incidence of invasive disease and more than double the rate
of stage III tumors. Despite this, there were equal rates of
RO resection, nearly 75%, between the two groups. The
implication is that induction therapy improved resectability
for the higher stage group, which is consistent with
results from previously published data. Similar survival
between the two groups is likely related to the equivalent
rates of complete resection. Another interesting finding
from our study is related to rates of adjuvant radiation
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therapy, which was approximately 30% and 45% higher
in the groups that did not receive induction therapy
for the entire cohort and the subset of patients with
thymomas >8 cm, respectively. However, higher rates of
adjuvant radiation therapy did not translate to improved
survival in those groups. This finding is not surprising
given that the benefit of this treatment modality is
primarily for non-localized thymomas (21), but not in
incidences where complete resection was achieved (35).
In the current study, the groups that did not receive
induction therapy had higher rates of adjuvant radiation
but lower incidences of non-localized disease, therefore a
significant survival benefit would not be expected in those
groups.

In addition to the limitation noted above regarding
the inability to determine indications for induction
therapy, there are several other notable limitations that
should be highlighted. As with all retrospective studies,
causality cannot be established between variables but only
associations. The extent of our analysis is confined to the
data elements present in the NCDB. As such, granular
data with respect to surgical technique, surgeon specialty,
and short-term post-treatment outcomes is not available.
These variables potentially relate to the ability to achieve
complete surgical resection and without violation of the
tumor capsule, both of which impact survival. Masaoka
stage is not explicitly listed in the NCDB, therefore it
is inferred based on pathologic data pertaining to local
tumor extension. Similarly, the authors elected to use
Masaoka stage instead of the recently adopted 8" edition
TNM staging system in this analysis given that Masaoka
staging was the most commonly used system during the
study period. Specific chemotherapy agents and regimens
used are not recorded. Complications are not listed in the
NCDB, therefore the frequency and severity of adverse
events can only be inferred based on readmissions and
perioperative mortality. Furthermore, the NCDB only
captures same-hospital readmissions, thus the true incidence
of postoperative readmissions is likely underestimated. Due
to the retrospective nature of the study, an intent-to-treat
analysis could not be performed.

An additional important limitation is related to the
duration of follow-up in this study. Even in locally advanced
or metastatic thymomas the disease tends to progress
relatively slowly, thus survival is much better compared
to other cancers at similarly advanced stages. It is possible
that the length of follow-up in our study, which was at
most seven years, was not long enough to allow a benefit
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of induction therapy to become apparent. Although our
study did not suggest any potential signal of benefit for
large thymomas, a follow-up to the current study should
be done when more patients are available and a longer
duration after the initial surgery can be evaluated. Finally,
another important variable that is not present in the NCDB
is recurrence, therefore this could not be analyzed in the
setting of induction therapy. As noted above, recurrence-
free survival is closely related to tumor size, stage, and
completeness of resection. Recurrence does tend to occur
within a few years of treatment, but patients with recurrent
thymoma often still have prolonged survival. Unfortunately,
the current study does not provide data on whether
induction therapy impacts recurrence rates.

Conclusions

Long-term survival after surgical resection of thymomas 8
cm or greater in size was worse compared to that of smaller
tumors. In addition to tumor size, older age and Masaoka
stage 111 disease predicted worse survival for all patients
with thymomas who underwent surgical resection. The use
of induction therapy in large thymomas was not associated
with improved survival. Size alone should not be a criterion
when determining if induction therapy should be used.
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