1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Thorac Oncol. Author manuscript; available in PMC 2017 October 01.

-, HHS Public Access
«

Published in final edited form as:
J Thorac Oncol. 2016 October ; 11(10): 1785-1792. doi:10.1016/j.jth0.2016.06.011.

Postoperative Radiation Therapy is Associated with Longer
Overall Survival in Completely Resected Stage Il and IlI
Thymoma — An Analysis of the International Thymic
Malignancies Interest Group (ITMIG) Retrospective Database

Andreas Rimner, MD", Xiaopan Yao, PhDT, James Huang, MD*, Alberto Antonicelli, MD¥,
Usman Ahmad, MD¥, Robert J. Korst, MD", Frank Detterbeck, MD*, and Daniel R. Gomez,
MD*

*Department of Radiation Oncology, Memorial Sloan Kettering Cancer Center, New York, NY
10065

#Department of Thoracic Surgery, Memorial Sloan Kettering Cancer Center, New York, NY 10065
TDepartment of Internal Medicine, Yale University, New Haven, CT 06521
*Department of Thoracic Surgery, Yale University, New Haven, CT 06521
"The Daniel and Gloria Blumenthal Cancer Center, Valley Health System, Ridgewood, NJ 07450

*Department of Radiation Oncology, MD Anderson Cancer Center, Houston, TX

Abstract

Purpose—To determine whether postoperative radiation therapy (PORT) is associated with an
overall survival benefit in patients with completely resected Masaoka or Masaoka-Koga stage |1
and I11 thymoma.

Patients and Methods—All patients with completely resected (RO) stage I1-I11 thymoma were
identified in a large database of the International Thymic Malignancy Interest Group (ITMIG).
Clinical, pathologic, treatment, and follow up information were extracted. Overall survival (OS)
was the primary endpoint. A univariate analysis using log-rank test and a multivariate Cox model
were created to identify factors associated with OS.
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Results—In 1263 patients meeting the selection criteria 870 (69%) patients had stage |1
thymoma. The WHO histologic subtype was A/AB in 360 (30%) and B1/B2/B3 in 827 (70%)
patients. PORT was given to 55% (n=689) of patients, 15% (n=180) received chemotherapy, and
10% (n=122) both. The 5- and 10-year OS rates for patients having undergone surgery + PORT
were 95% and 86%, respectively, compared to 90% and 79% for patients with surgery alone(p =
0.002). This OS henefit remained significant when separately analyzing patients with stage Il (p=
0.02) and stage 111 thymoma (p=0.0005). On multivariate analysis, earlier stage, younger age,
absence of paraneoplastic syndrome and PORT were significantly associated with improved OS.

Conclusions—We observed an OS benefit with the use of PORT in completely resected stage 11
and 111 thymoma. In the absence of a randomized trial, this represents the most comprehensive
individual patient data analysis and strong evidence in favor of PORT in this patient population.

Keywords
thymoma; complete resection; postoperative radiation therapy

Introduction

The benefit of postoperative radiation therapy (PORT) in patients with completely resected
stage Il and 111 thymoma has been unclear. Many studies have not demonstrated a significant
survival benefit of PORT after complete resection of early stage thymomas,1=3 but excellent
mediastinal and local control have been reported after surgical resection and PORT.#® Thus,
the use of PORT in stage I1-111 disease with an RO resection remains controversial,
particularly given the limitations of most prior studies such as small patient size and
heterogeneous patient cohorts. Indeed, population-based studies frequently lack patient-
specific data that is necessary for a more detailed analysis.5—2

The International Thymic Malignancy Interest Group (ITMIG) has built two large, multi-
institutional international databases of thymic malignancies (retrospective and prospective).
The former is the largest of this nature, and we utilized it to examine the role of PORT in
patients with completely resected stage Il and I11 thymomas. Our objectives were to: 1)
examine the impact of PORT on survival outcomes for patients with completely resected
Masaoka stage Il and 111 thymoma, and 2) to determine the role of other potential prognostic
factors such as tumor size, patient age, gender, histologic subtype, treatment regimen, and
the presence of a paraneoplastic syndrome.

Materials and Methods

This study does not constitute Human Subjects Research, and Institutional Review Board
approval was waived, as only completely de-identified data were used.

Patient and Treatment Characteristics

The ITMIG retrospective database is a multi-institutional international database of thymic
malignancies, further details of which are described elsewhere.10 Thymoma cases from 39
participating institutions were included in this analysis. Contributing centers are listed in
Appendix A. De-identified data from each institution were extracted, and multiple rounds of
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requests for missing data were performed in order to obtain a dataset that was as complete as
possible.

We identified 1263 patients with completely resected (R0) Masaoka or Masaoka-Koga stage
Il or 111 thymoma who were treated with either surgery alone or surgery followed by
postoperative RT (PORT). All patients were treated between 1990 and 2012. Patients with
thymic carcinomas, neuroendocrine tumors of the thymus and preoperative or palliative RT
were excluded.

Demographics and clinical tumor, patient and treatment characteristics were collected. These
included gender, presence of paraneoplastic syndrome, pathologic stage, tumor size, WHO
histology subtypes, use of chemotherapy and PORT. These characteristics are listed in Table
1. Note that various centers reported tumor stage using either Masaokall or Masaoka-
Kogal213 systems. Initial analyses of the ITMIG/IASLC database revealed a lack of
difference in outcomes between subsets of stage Il patients and between the Masaoka and
Masaoka-Koga staging systems. Therefore cases staged using the Masaoka and Masaoka-
Koga staging systems were combined together (stages I1A, 11B, and 11 were all categorized
as stage I1).

Statistical Analysis

Results

All analyses were performed using SAS 9.3 (SAS Institute Inc, Cary, NC) and R version
3.1.2 (R Foundation for Statistical Computing, Vienna, Austria). For patient clinical
characteristics, continuous variables are presented as median (range) and categorical ones as
frequency with relative percentage. Group comparisons were performed with the use of
Fisher’s exact test or chi-square tests for categorical variables and Mann—Whitney U tests
for continuous variables, as appropriate. Overall survival (OS) was the primary outcome,
measured from the date of surgery until either the date of death or the last known date that
the patient was alive. The association of overall survival with clinical and prognostic factors
was tested using the log-rank test. Prognostic factors that were significantly associated with
survival on univariate analysis and clinically relevant factors were included in a Cox
proportional-hazards model for multivariate analysis. These factors include age at diagnosis,
sex, paraneoplastic syndrome, pathologic stage, tumor size, histology subtype,
chemotherapy, as well as treatment group (Surgery alone vs. Surgery + PORT). Recurrence-
free survival was performed using a competing risk model with death as the competing
event. A p-value of <0.05 was considered statistically significant.

Patient and disease characteristics

A total of 1263 patients who had undergone a complete resection for stage 11 and 111
thymomas with or without PORT were identified in the ITMIG retrospective database.
Among 1263 patients, there were 473 patients (37%) from Asia, 486 patients (39%) from
Europe and 304 patients (24%) from North/South America. All cases were diagnosed and
treated between 1990 and 2012.
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The patient and disease characteristics are described in Table 1. Patients who received PORT
had a younger median age, were more likely of male gender, had a higher rate of myasthenia
gravis, higher proportion of stage 111 disease, larger tumors, more likely WHO type B1, B2
or B3 histology than A or AB and less likely to having received chemotherapy.

Postoperative Radiation Therapy is Associated with Improved Overall Survival
in Patients with Stage Il and Ill Thymoma—The median follow up time for alive
patients who underwent surgery alone was 2.66 years. The median follow up time for alive
patients who underwent surgery + PORT was 4.05 years. OS for patients who were treated
with surgery + PORT were significantly longer than for those undergoing surgery alone. The
5- and 10-year OS rates for patients having undergone surgery + PORT were 95% and 86%,
while for patients with surgery alone they were 90% and 79%, respectively (p = 0.002)
(Figure 1). This effect remained strongly significant for the subgroup of patients with stage
I11 thymoma in whom surgery alone versus surgery + PORT resulted in a 5-and 10-year OS
of 76% and 64% versus 92% and 79%, respectively (p = 0.0005) (Figure 3). In the subgroup
of patients with stage Il thymoma, the OS benefit of the addition of PORT to surgical
resection was confirmed and remained significant. The 5- and 10-year OS rates for stage Il
patients having undergone surgery alone versus surgery + PORT were 93% and 83% versus
97% and 91%, respectively (p = 0.02) (Figure 2). When analyzing subgroups based on
histologic subtypes (WHO type A or AB versus B1, B2 or B3) in stage Il and |1l thymoma,
PORT was associated with a trend towards better OS in all subgroups. The greatest and most
statistically significant survival advantage with PORT was seen in the subgroup of patients
with stage 111, WHO type B1, B2 or B3 thymoma (Figure 4). Recurrence-free survival was
not significantly different with surgery + PORT compared to surgery alone (data not shown).

Predictors of OS for Patients with Resected Stage Il and Ill Thymoma—~Factors
associated with longer OS in the entire patient population on univariate analysis included
less advanced pathologic stage (p<0.0001), use of PORT (p = 0.002), no treatment with
chemotherapy (p = 0.006), female gender (p = 0.007) and younger age (p <0.0001). Tumor
size was borderline significant (p = 0.06).

On multivariate analysis younger age, female gender, absence of paraneoplastic syndrome
(not myasthenia gravis only), stage Il versus stage 111 thymoma, and use of PORT were
associated with longer OS (Table 2). Age and pathologic stage were the most significant
factors (both p <0.0001). The addition of PORT remained significant with a hazard ratio of
0.58 (95% C1 0.34 to 0.97; p = 0.037). The absence of chemotherapy was no longer
significant on multivariate analysis.

Discussion

This study represents the largest dataset on the role of PORT in completely resected
Masaoka stage Il and 111 thymoma. It even exceeds the datasets of several SEER
analyses.”~914 While the ITMIG database is a retrospective database and therefore no
amount of covariance adjustment using multivariable statistical models can overcome a lack
of group equivalence, its large size allowed us to perform a detailed and well-powered
multivariate analysis that included many known prognostic factors. We found that the
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addition of PORT to a complete surgical resection of Masaoka stage 1l and 111 thymoma
resulted in a significant OS benefit. When examining patients by individual stage, this
improvement was significant not only for patients with stage 111, but also with stage 11
thymoma. This effect remained significant on multivariate analysis with a HR of 0.58
(p=0.037), Indeed, the current study significantly adds to the currently available literature by
providing the largest retrospective individual patient dataset on the controversial question of
the role of PORT in patients with completely resected stage Il and I11 thymomas. In addition,
through combining the large size and multi-institutional nature of the dataset with patient,
disease, and treatment characteristics that are not typically included in population-based
studies, the results of the study are strengthened further.

Previous reports had been conflicted about the benefit of PORT in patients with completely
resected thymomas. In general, most studies are limited in their interpretability and
conclusiveness by their small sample size. Many studies include patients with thymomas of
various stages (I to 1V), variable resection status (R0, R1, R2), and other histologies such as
thymic carcinomas or neuroendocrine tumors of the thymus which are likely associated with
a different biologic behavior and potentially different response to therapies.15-19

To demonstrate the mixed results that have been reported on this question in the past in
single institution studies, Curran et al. found that there was no mediastinal recurrence (0/5)
after surgery + PORT compared to 6/18 recurrences with surgery alone (5-year relapse rate
47%) in patients with stage 11 or 111 thymoma.* Similarly, Wu et al. described a 10-year local
control rate of 96.8% after surgical resection and postoperative irradiation for stage 11
thymomas.20 Ogawa et al. also found no recurrences in the irradiated field of 103 patients
with completely resected stage I-111 thymomas, suggesting a highly effective strategy by
surgical resection + PORT.® Chang et al. reported that in 76 patients with completely
resected stage Il or 11 thymomas there was a significant difference in 5- and 10-year DFS
(98% vs 80% and 92.7% vs 70%, respectively).2l PORT was associated with improved DFS
on multivariate analysis (p=0.043). On a subgroup analysis for patients with stage 11
thymomas (n=65; 15 patients received PORT) the benefit of PORT did not reach statistical
significance.

In contrast, many studies have shown little to no benefit for postoperative RT, especially in
patients with stage Il thymomas. This was likely due to statistical limitations because of
small patient numbers. Utsumi et al. found no significant difference in 10-year disease
specific survival with the use of PORT after a complete resection of various stages (I-1V).3
Similarly, at least three other single institution retrospective studies observed no difference
with or without PORT.2:22:23 Berman et al. reported that at the University of Pennsylvania
the local recurrence rate of completely resected stage Il thymoma patients was 3.2% (8%
with surgery alone and 0% with surgery + PORT; p=0.15).1 While surgical resection +
PORT again appeared to be highly effective to prevent recurrences, the recurrence rate was
quite low and thus limited the ability to detect a significant difference with the addition of
PORT. Mangi et al. did not detect a decrease in local recurrence or DFS with the addition of
PORT in patients with stage 111 thymoma.24 Some series have described WHO type B3
histologic subtype as a negative prognostic factor on multivariate analysis.?
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Indeed, the current analysis is more aptly compared to larger, population-based analyses that
have examined this question. To this end, Weksler et al. reported on 476 patients with stage
[11 thymoma in the SEER database, of which 68% were treated with PORT.8 On univariate
analysis patients who were treated with PORT had improved OS and DSS. On multivariate
analysis PORT was associated with improved DSS, but no longer improved OS. Patel et al.
described in another SEER analysis a significant OS benefit and marginal improvement in
cause-specific survival with the addition of RT in patients with stage 11-111 thymomas.8
Forquer et al. analyzed the role of PORT in a mixed SEER population of thymomas and
thymic carcinomas and found a possible OS benefit for stage 11-I11, but no benefit in patients
with stage | thymic malignancies after complete resection.? Consistent with most findings to
date Fernandes et al. found a clear benefit of PORT in patients with stage 111 or IV thymoma
and a marginal benefit for stage 11B thymomas.” A review and meta-analysis of the current
literature by Korst et al. including 592 patients with completely resected stage Il or 111
thymic tumors revealed no statistically significant reduction in recurrence with the use of
PORT (OR 1.05; p=0.84).2°> Most recently, a propensity-score matched SEER analysis on
592 patients found that PORT was associated with better OS and DSS in patients with stage
[11 or IV thymoma, but did not reach statistical significance in stage 11B thymomas.1# Taken
together the prior literature appeared to provide stronger support for a role of PORT in
patients with stage 111 or locoregional stage IV thymoma, with unclear potential but still
undefined role for stage 1l thymoma and likely no role for stage | thymomas. However, we
believe that this large international dataset with detailed patient characteristics provides the
strongest evidence to date of the utility of PORT in either stage Il or 11 disease, even when
completely resected.

There are constraints on the interpretation of the results in this study. First, in a retrospective
patient dataset there is likely an unfavorable bias in patient referral patterns for PORT, as
patients will generally more likely be treated with PORT when they are considered at a
higher risk for recurrence due to concerns about residual disease or unfavorable tumor
characteristics. Indeed, in our dataset we found that patients receiving PORT had a slightly
greater tumor diameter, greater proportion of histologic subtypes deemed to be more
aggressive (B1 to B3), and a higher rate of paraneoplastic syndromes, all of which have been
previously reported to be potentially adverse prognostic factors. When analyzing subgroups
with different histologic subtypes, the patient group with stage 111, WHO type B1, B2 or B3,
thymomas had the greatest benefit with PORT. Most other subgroups all revealed the same
trend favoring PORT but did not reach statistical significance, possibly due to limited patient
numbers. On the other hand, the median age of patients receiving PORT was 8 years
younger than those undergoing surgery alone which may have an impact on overall survival
as the primary endpoint. Indeed, age at diagnosis remained a highly significant factor on
multivariate analysis, even though the hazard ratio was only 1.07. As recurrent thymoma can
be observed for extended periods of time without developing life-threatening symptoms or
may be effectively treated with salvage therapies, age-related comorbidities may affect
overall survival in this patient population. However, it also implies that PORT was not
associated with excess deaths from intercurrent disease such as long-term cardiac effects or
secondary malignancies.
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Second, while the database was centralized in terms of setting systematic criteria for
providing data, as well as storing and analyzing results, quality assurance at each institution
remained dependent on each institution and could not be assessed centrally to preserve
patient identifiers.

Finally, our dataset was limited in that we were not able to perform a detailed failure pattern
analysis to determine how many recurrences occurred within the radiation field. We also did
not have detailed radiation records available to explore the role of the radiation dose, field
design, technique etc. Given the time period in which our patient population was treated a
majority of patients was likely treated with 3D conformal radiation therapy. We and others
have reported on patients with thymomas treated with IMRT,26:27 and the improved target
coverage and organ sparing with IMRT would likely have an impact on local control and
short- and long-term toxicities, as shown in multiple other disease sites. Proton therapy has
emerged as a promising treatment technique that has the potential to spare surrounding lung
and the posterior mediastinum even more effectively. Early data from a prospective study at
the University of Pennsylvania appears very promising with low esophagitis (7%) and
pneumonitis (4%) rates.28 It should be noted that PORT to the tumor bed, typically in the
mediastinum, is assumed not to affect the risk of pleural recurrences. As previously
described pleural recurrences are the most common site of failure in patients treated with
surgical resection + PORT.26:27 The survival benefit seen with PORT to the mediastinum or
resection bed may be related to differences in effective salvage strategies depending on site
of failure. A failure in the mediastinum, near the heart, great vessels, and central airways is
more likely going to lead to potentially life-threatening complications than a peripheral
pleural failure. Pleural masses may be more amenable to re-resection, additional radiation
therapy or other pleura-targeting treatment strategies.

In conclusion, through an analysis of a multi-institutional, international database of
approximately 1200 patients, we found that PORT was correlated with improved OS in
patients with completely resected stage Il and |11 thymomas, and that this effect held when
accounting for several other patient, disease, and treatment related factors. These analyses
suggest an OS benefit provided it is assumed that the intervention groups are equivalent. It
represents the best data available in the absence of randomized level 1 evidence, and as such
we would recommend strong consideration of PORT in patients with either stage Il or 111
disease even when complete resection is achieved. Further studies are needed to analyze
optimal dosing, radiation field design, timing of radiation, and impact of radiation
techniques such as IMRT or proton therapy to determine patient subsets that may
particularly benefit from PORT. To this end, a prospective database that includes all of these
details was established by ITMIG in 2013, and studies addressing these questions are
currently underway. While a prospective randomized trial would serve to definitively answer
this question, in the context of this data we recommend that providers consider PORT in
completely resected stage Il and 111 thymomas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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OS of PORT vs surgery alone for all stages
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Figure 2.

OS of PORT vs surgery alone for stage 1l thymoma
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OS of PORT vs surgery alone for stage 111 thymoma
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Figure 4.
OS of PORT vs surgery alone for stage 111, WHO type B1-B3, thymoma
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Table 1
Patient and disease characteristics.
All patients | Surgery Surgery + p-value
(n=1263) alone PORT
(n=574) (n=689)

Median age at diagnosis 54 59 51 <0.0001
[years] (10 to 88) (10 to 88) (15to 82)
Range
Gender <0.0001
Male 634 (50.2%) | 253 (39.9%) | 381 (60.1%)
Female 629 (49.8%) | 321 (51.0%) | 308 (49.0%)
Paraneoplastic Syndrome
Myasthenia gravis 464 (37.2%) | 159 (34.3%) | 305 (65.7%) | <0.0001
None 745 (59.7%) | 389 (52.2%) | 356 (47.8%)
Other 38 (3.1%) 15 (39.5%) 23 (60.5%)
Pathological Stage
1l 870 (68.9%) | 449 (51.6%) | 421 (48.3%) | <0.0001
1 393 (31.1%) | 125(31.8%) | 268 (68.1%)
Median tumor size [cm] 5.8 55 6 0.046
Range (0.7 to 22) (1t0 20.5) (0.7 to 22)
Histology
A/AB 360 (30.3%) | 225(62.5%) | 135 (37.5%) | <0.0001
B1/B2/B3 827 (69.7%) | 321(38.8%) | 506 (61.2%)
Chemotherapy 180 (14.9%) | 58 (32.2%) 122 (67.8%) | 0.0003
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Multivariate analysis of factors predictive for OS

Table 2

Multivariate analysis

PORT

Characteristic Strata HR (95%Cl) p-value”
Age at diagnosis 1.07 (1.05-1.09) | <0.0001
Gender Male vs Female 1.61 (1.002 — 0.049
2.57)
Paraneoplastic Myasthenia gravis vs | 1.60 (0.96 —2.66) | 0.035
syndrome none 2.93(1.13-756) | g.07#
Other vs none 0.027%

Pathologic Stage s 1l 0.36 (0.22-0.60) | <0.0001
Tumor size 1.04 (0.97-1.11) | 0.29
Histology subtype | A/AB vs B1/B2/B3 0.61 (0.36 —1.06) | 0.077
Chemotherapy Yes vs No 0.65(0.37-1.13) | 0.13
Treatment type Surgery vs Surgery + | 0.58 (0.34-0.97) | 0.037

*
Likelihood ratio P value from a Cox model.

#Wald P values.
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