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Key question

Do thymothymectomy and simple

b Freedom From Recurrence
thymomectomy have equivalent outcomes

in early-stage thymoma without myasthenia gravis? e R v R S PO
Key finding(s) ; "
- P— E
A thymothymectomy yields significantly § a0
better freedom from recurrence than simple g o
thymomectomy and equivalent morbidity. : . P=0.0005
{ 4
oo S - Simple-Thymomectomy
Take-home message s | Thymo-Th
In early-stage thymoma without myasthenia ’ ’ Mosths fom sgery N “

gravis, thymothymectomy should be
considered the procedure of choice.

Abstract

OBJECTIVES: Resection of thymic tumours including the removal of both the tumour and the thymus gland (thymothymectomy; TT) is the
procedure of choice and is recommended in most relevant articles in the literature. Nevertheless, in recent years, some authors have sug-
gested that resection of the tumour (simple thymomectomy; ST) may suffice from an oncological standpoint in patients with early-stage
thymoma who do not have myasthenia gravis (MG) (non-MG). The goal of our study was to compare the short- and long-term outcomes
of ST versus TT in non-MG early-stage thymomas using the European Society of Thoracic Surgeons thymic database.

METHODS: A total of 498 non-MG patients with pathological stage | thymoma were included in the study. TT was performed in 466
(93.6%) of 498 patients who had surgery with curative intent; ST was done in 32 (6.4%). The completeness of resection, the rate of compli-
cations, the 30-day mortality, the overall recurrence and the freedom from recurrence were compared. We performed crude and propen-
sity score-adjusted comparisons by surgical approach (ST vs TT).

RESULTS: TT showed the same rate of postoperative complications, 30-day mortality and postoperative length of stay as ST. The 5-year overall sur-
vival rate was 89% in the TT group and 55% in the ST group. The 5-year freedom from recurrence was 96% in the TT group and 79% in the ST group.

CONCLUSION: Patients with early-stage thymoma without MG who have a TT show significantly better freedom from recurrence than
those who have an ST, without an increase in postoperative morbidity rate.

Keywords: Thymoma « Thymectomy « Thymomectomy « Extended thymectomy « Thymothymomectomy « Recurrence « Survival

ABBREVIATIONS INTRODUCTION

Cls Confidence intervals Despite its rarity, thymoma is the most common neoplasm of the
ESTS European Society of Thoracic Surgeons anterior mediastinum in adults [1]. Surgery still represents the
FFR Freedom from recurrence mainstay of treatment for resectable thymomas [2]. Resection of
HRs Hazard ratios thymic tumours including the removal of both the tumour and
IQR Interquartile range the thymus gland (thymothymectomy; TT) is the procedure of
JART Japanese Association for Research on the Thymus choice and is recommended in most articles in the literature
MG Myasthenia gravis [3-7]. Indeed, the results of TT for early-stage thymoma in terms
oS Overall survival of 5-year overall survival (OS) rates range from 96% to 100%,
PS Propensity score whereas 5-year disease-free survival rates range from 92% to 97%
ST Simple thymomectomy [8].

T Thymothymectomy Nevertheless, in recent years, some authors questioned the
WHO  World Health Organization need to remove the thymus gland from patients without
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myasthenia gravis (non-MG) with early-stage thymoma, suggest-
ing that resection of the tumour [simple thymomectomy (ST)]
may suffice from an oncological standpoint [8].

Moreover, improvements in minimally invasive thoracic sur-
gery (video- or robotic-assisted) have stimulated thoracic sur-
geons to treat smaller thymomas by performing an ST, without
consensually resecting the entire thymus [9-11].

In the last decade, several studies described the equivalence
between TT and ST in terms of oncological outcomes [12-14].
However, all these studies were affected by several biases be-
cause most of them analysed small and single-institution cohorts
[8]. Furthermore, the outcomes of ST compared to TT published
in 2016 from 3 studies based on large national thymic databases
[the Korean Association for Research on the Thymus database;
the Chinese Alliance for Research in Thymoma database; and the
Japanese Association for Research on the Thymus (JART) data-
base] produced conflicting results [10, 15, 16].

The objective of our study was to compare the short- and
long-term outcomes of ST versus TT in patients with non-MG
early-stage thymomas using the European Society of Thoracic
Surgeons (ESTS) thymic database [17, 18].

METHODS

In the 2000-2017 period, out of a total of 1435 patients with
thymic epithelial tumours contributed by 23 centres, 498 non-
MG patients with pathological stage | thymoma (cT1a-bNOMO,
according to the eighth edition of the Union for International
Cancer Control/American Joint Committee on Cancer tumour/
node/metastasis stage classification) were included in the study
(Supplementary Material, Table S1). Participation in the ESTS
thymic database was approved by the institutional review board
of each participating centre.

Statistical analyses

Baseline patient characteristics are summarized descriptively by
their median and interquartile range (IQR) or by number and per-
centages. Between-group differences were evaluated by the t-test
for continuous variables and the #? test or the Fisher's exact test
for categorical variables. OS and freedom from recurrence (FFR)
were estimated by the Kaplan-Meier method. The observation
period in the OS was defined as the time from the date of surgery
to the date of death by any cause (failure) or until the last follow-
up visit (censoring). A Cox proportional hazard model was used to
estimate the crude hazard ratios (HRs) with 95% confidence inter-
vals (Cls) and to assess the influence of ST and TT on survival. FFR
was also estimated: The observation period started on the day of
surgery until death without recurrence or the date of recurrence
diagnosis (failures), whichever occurred first, or until the last fol-
low-up visit (censoring) (according to the International Thymic
Malignancy Interest Group standard outcome measures for thym-
ic malignancies) [19]. FFR was assessed in RO patients only [N =471
(94.6%)], and deaths were considered as a competing event using
the method of Gooley. We estimated sub-distributional Sub-distri-
butional Hazard Ratio (SHR) in a semiparametric model according
to Fine and Gray. Differences in outcomes between the 2 surgical
approaches were also assessed using a propensity score (PS)-
matched analysis: Based on the PS, patients undergoing ST versus
TT were matched with the nearest neighbour method without
replacement.

PS was estimated using a priori selected variables that have
been associated with the likelihood of TT: age, gender, cardiac
comorbidity, other comorbidities, thymoma size, surgical ap-
proach, World Health Organization (WHO) histological analysis
and pathological tumour/node/metastasis (TNM). After matching,
outcomes were evaluated with the same methods described
previously.

All statistical tests were two-sided, and P-values of 0.05 or less
were considered statistically significant. Statistical analyses were
conducted using Stata software version 15.1 (Stata Corp, College
Station, TX, USA), R software version 3.5.1 (R Foundation for
Statistical Computing, Vienna, Austria; http://www.r-project.org/)
and SAS software package version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Whereas TT was performed in 466 (93.6%) of 498 patients who
underwent surgery with curative intent for pT1a-b thymoma, ST
was done in 32 (6.4%). Most patients were men [N =254 (51.0%)],
and the median age at the time of surgery was 63 years (IQR 53-
72). A minimally invasive approach (video-assisted or robotic-
assisted thoracoscopic surgery) was used in 141 patients (28.3%).
According to the WHO histological analysis, the AB type
occurred with the greatest frequency [N =221 (42.4%)], followed
by type A [N =94; (19%)], B2 [N =78 (16%)], B1 [N =75 (15%)] and
B3 [5 cases (1%)] (Table 1). The perioperative outcomes of the TT

Table 1: Baseline characteristics in the overall population
Factors All
(n=498)

Surgical resection, n (%)

Thymothymomectomy 466 (93.6)

Simple thymomectomy 32 (6.4)
Age (years), mean (SD) 61.5(12.9)
Gender (male), n (%) 254 (51.0)
Cardiac comorbidity, n (%) 164 (32.9)
Other comorbidities, n (%) 109 (21.9)
Surgical approach, n (%)

Open 357 (71.7)

VATS/RATS 141 (28.3)
Thymoma size, n (%)

<3cm 52(10.4)

3-5cm 139 (27.9)

>5cm 284 (57.0)

Missing 23 (4.6)
pTNM, n (%)

Tla 440 (88.4)

Tib 58 (11.6)
WHO histological diagnosis, n (%)

A 94 (18.9)

AB 211 (42.4)

B1 75(15.1)

B2 78(15.7)

B3 35(7.0)

Missing 5(1.0)
Pathological resection status, n (%)

RO 471 (94.6)

R1 27 (5.4)
Postoperative chemotherapy, n (%) 5(1.0)
Postoperative radiotherapy, n (%) 66 (13.3)

pTNM: pathological tumour/node/metastasis; RATS: robotic-assisted thor-
acoscopic surgery; SD: standard deviation; VATS: video-assisted thorcaco-
scopic surgery; WHO: World Health Organization.
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Figure 1: Overall population: overall survival (A) and freedom from recurrence (based on competing risk analysis) (B).
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Figure 2: Thymothymomectomy versus simple thymomectomy: overall survival before (A) and after (B) propensity score matching.

group did not differ significantly from those of the ST group with
regard to incomplete resection (R1) rate [N=25 (5.4%) vs N=2
(6.3%); P=0.83], complication rate [N=62 (13.3%) vs N=4
(12.5%); P=0.79] and 30-day mortality rate [N=12 (2.6%) vs N=2
(6.3%); P=0.23].

At a median follow-up of 37 months (IQR 17-72), a total of 69
(13.9%) deaths of any cause and a total of 15 (3.0%) recurrences
were recorded (Fig. 1). Eight patients (53.3%) developed a local
relapse, whereas 5 patients (33.3%) experienced distant metasta-
ses to the lung or the pleura, and 2 (13.4%) patients had both
local and distant relapses.

The 5-year OS was 55% for the ST group and 89% for the TT
group (P=0.002) (Fig. 2). The 5-year FFR was 79% for the ST
group and 96% for the TT group (P<0.001) (Fig. 3). The crude
Cox regression models demonstrated that ST was associated with
an inferior OS compared to TT (Fig. 4) (HR 3.31, 95% Cl 1.49-
7.35; P=0.003). The crude Fine-Gray models showed that ST was
correlated with a worse FFR than TT (Fig. 4) (HR 6.04, 95% ClI
1.71-21.4; P=0.005).

Propensity score-matched analysis

PS matching was used to create a cohort of 120 patients (3:1
ratio), each of whom had a complete resection (RO) either
through ST or TT. The 2 groups were well matched with regard
to demographic and clinicopathological characteristics (Table 2).

Before matching, the patients in the ST group were older
(mean age 65.9 vs 60.9years; P=0.041), had a higher incidence
of cardiac comorbidity [N=15 (50%) vs N =141 (32%); P=0.042]
as well as of other comorbidities [N=13 (43%) vs N=93 (21%);
P=0.005]. Moreover, compared to the TT group, the ST patients
were less likely to present with larger tumours [>5cm, N=21
(70%) vs N =255 (58%); P=0.032] and more frequently had min-
imally invasive surgery [N=11 (37%) vs N=112 (25.4%);
P <0.001].

After matching, no significant differences were observed be-
tween the ST and TT groups with regard to age, gender, cardiac
comorbidity, other comorbidities, thymoma size, surgical ap-
proach, WHO histology and pathological TNM (Table 2).
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Figure 3: Thymothymomectomy versus simple thymomectomy: freedom from recurrence (based on competing risk analysis) before (A) and after (B) propensity score

matching.
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Figure 4: Thymothymomectomy versus simple thymomectomy: univariate, multivariable-adjusted and propensity score-matched analysis for overall survival (A) and

freedom from recurrence (based on a competing risk analysis) (B).

The 5-year OS rate was 80% in the TT group and 49% in the ST
group (P=0.144) (Fig. 2). The 5-year FFR rate was 98% in the TT
group and 79% in the ST group (P=0.025) (Fig. 3). According to
the Fine-Gray model, ST was associated with a worse FFR (HR
5.30, 95% Cl 1.03-27.3; P=0.046) (Fig. 4).

DISCUSSION

Conventionally, resection of the tumour and the entire thymus
gland is considered the standard procedure for the treatment of
thymoma, with or without MG [20]. Nevertheless, in the last dec-
ades, the desire to increase safety and to decrease operative time
and surgical trauma was the motivation behind the advances in
surgical oncology. In particular, it has been hypothesized that a
tissue-sparing procedure like ST could be as effective as a radical
oncological treatment for thymoma such as TT [10, 11].

The results of our study suggest that, in the cohort from the
ESTS thymic database, TT showed the same rate of postoperative

complications, 30-day mortality and postoperative length of stay
as ST. However, compared to TT, ST was associated with
decreased OS and FFR in patients affected by stage | thymoma.

Thymoma is generally considered to be an indolent disease,
even though it can present a more aggressive behaviour includ-
ing adjacent organ invasion or distant metastases [2, 20, 21].
Surgical resection remains the mainstay of treatment for most
thymomas, and traditionally resection of the tumour is associated
with resection of the entire thymus gland [2, 20]. However, an
increasing number of authors raised the question about the pos-
sibility of performing, in early-stage non-MG thymomas, a more
conservative and tissue-sparing approach, i.e. resecting the thym-
oma only. As a matter of fact, a simple thymectomy should pro-
vide the same oncological outcome as the thymothymomectomy
and in order to be accepted as a valid alternative to the surgical
treatment of early-stage thymoma.

In this context, the current literature, recently analysed by
Fiorelli et al. [8], presented conflicting results. The majority of
available papers indicated a similar recurrence rate for ST and TT,
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Table 2: Thymothymomectomy versus simple thymomectomy: baseline characteristics before and after propensity score matching

Before match (n=471)

After match (n=120)

Thymothymomectomy  Simple P-value SMD?* Thymothymomectomy  Simple P- SMD?
(N=447) thymomectomy (N=90) thymomectomy  value
(N=30) (N=30)

Age (years), mean (SD) 60.9 (13.0) 65.9(10.8) 0.041° 030 65.0(11.3) 65.9(10.8) 069> 0.08

Gender (male), n (%) 224 (50.8) 16 (53) 0.79¢ 0.30 47 (52) 16 (53) 0.92° 0.02

Cardiac comorbidity, n (%) 141 (32.0) 15 (50) 0.042° 0.15 45 (50) 15 (50) 1.00° 0.02

Other comorbidities, n (%) 93(21.1) 13 (43) 0.005° 0.15 35(39) 13 (43) 0.67° 0.09

Surgical approach, n (%) 0.34 0.02
Open 329 (74.6) 9(30) <0.001¢ 26(29) 9(30) 0.91°¢
VATS/RATS 112 (25.4) 21(70) 64 (71) 21(70)

Thymoma size, n (%) 0.56 0.02
<3cm 44(10.0) 6 (20) 0.032° 25(28) 6(20) 0.55¢
3-5cm 121 (27.4) 13 (43) 37 (41) 13 (43)
>5cm 255 (57.8) 11 (37) 24 (27) 11 (37)

Missing 21(4.8) 0(0) 4(4) 0(0)

pTNM, n (%) 0.15 0.02
Tla 388(88.0) 26 (87) 0.77¢ 79 (88) 26 (87) 1.00¢
T1b 53(12.0) 4(13) 11(12) 4(13)

WHO histological 0.50 0.02
analysis, n (%)

A 81(18.4) 7 (23) 0.20° 14 (16) 7 (23) 0.52¢
AB 196 (44.4) 8(27) 37 (41) 8(27)

B1 64 (14.5) 7 (23) 16 (18) 7 (23)

B2 69 (15.6) 4(13) 15(17) 4(13)

B3 26 (5.9) 4(13) 8(9) 4(13)

Missing 5(1.1) 0(0) 0(0) 0(0)

2Standardized mean difference.
bt-Test.
) test or the Fisher's exact test.

pTNM: pathological tumour/node/metastasis; RATS: robotic-assisted thoracoscopic surgery; SD: standard deviation; SMD: standardized mean difference; VATS:

video-assisted thoracoscopic surgery; WHO: World Health Organization.

corroborating the hypothesis of similar oncological outcomes. In
particular, Narm et al. [10], using the Korean Association for
Research on the Thymus register, did not document a difference
in thymoma recurrence in patients undergoing ST and TT. On the
other hand, analyses of the Chinese Alliance for Research in
Thymoma and the JART databases reported a higher incidence of
recurrence in the ST group [15, 16]. Moreover, the JART study
reported a greater rate of R1 resection. Our study conducted on
patients operated on in 23 centres from 11 countries showed
that patients who had ST had worse 5-year OS (55% vs 89%) and
5-year FFR (79% vs 96%) than patients who had TT.

Minimally invasive and tissue-sparing procedures generate
great interest in the surgical oncology community due to the
possibility of reducing surgical trauma, blood loss, surgical time,
hospital length of stay and postoperative complications. The lit-
erature presented a high grade of granularity on this subject.
Several reports documented the advantage of ST in terms of
shorter operative time and less blood loss [11, 22, 23]. Others
reported an advantage in terms of postoperative length of stay
[22, 24]. Additionally, a minority of studies documented a higher
rate of postoperative complications in patients having TT [16].
Although the cause of possible advantages in terms of intraoper-
ative outcomes is reasonable, the clinical rationale of a reduction
of postoperative morbidity is more difficult to justify. Indeed, the
low morbidity and mortality associated with TT are well estab-
lished in the literature, especially in patients with early-stage
thymoma [9, 10, 24, 25]. Consequently, several of these differen-
ces reported could be related to the non-homogeneity of the

cohorts in the analysis, such as different follow-up times, different
ages and different thymoma dimensions. In this context, our
results, derived from the matched analysis of 498 cases, sug-
gested that TT yields the same rate of postoperative complica-
tions, 30-day mortality and postoperative length of stay as ST.

Our study presents several limitations, mainly those related to
a large multi-institutional data set and the retrospective nature of
the analysis. In particular, individual details about intraoperative
techniques and variations (e.g. specific method for assessment of
intraoperative surgical margins) could not be determined from
the data set. Moreover, case-volume is understandably not
homogeneous among participating institutions, and the ST group
presents a relatively small number of cases. These limits may also
clarify why the 30-day mortality is relatively high in our series,
particularly in the ST group. However, this rate could be empha-
sized by the relatively low number of patients in the ST group.
Nevertheless, in the modern era, 30-day mortality after resection
for thymoma has been reported to be <1% [25]. Furthermore,
errors in measurements and classifications (i.e. information bias),
as well as selection bias, could not be completely prevented.
Indeed, precise selection criteria for either procedure could not
be determined, but ST patients were generally older with higher
comorbidities. Consequently, we have adopted the PS-matched
analysis that was used to minimize patient selection bias.
Furthermore, the use of the ESTS thymic database, which repre-
sents one of the largest thymic databases in the world dedicated
to such rare disease, warrants good data reliability and therefore
supports our conclusions.
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CONCLUSION

In conclusion, our study indicates that patients with early-stage
thymoma without MG who have TT have significantly better FFR
and OS compared to those who have ST, without an increase in
the perioperative morbidity rate. Therefore, especially due to the
indolent behaviour of an early-stage thymoma, we suggest that
in patients with non-MG early-stage (stage 1) thymomas, the re-
section of the thymoma and the thymus gland (TT) should be
considered the procedure of choice.
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