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clinicopathological characteristics and therapeutic outcomes were collected locally
and analyzed in a centralized manner.

Results: A total of 135 patients were included. Median age at diagnosis was 53 years
old (19-84), 53.3% (n = 72) of patients were female and 87.4% had an ECOG perfor-
mance score ranging from 0-1. A total of 47 patients (34.8%) had metastatic disease
at diagnosis. Concurrent myasthenia gravis occurred in 21.5% of patients. Surgery
was performed in 74 patients (54.8%), comprising 27 (20%) tumorectomies and
47 (34.8%) thymectomies. According to the Masaoka-Koga system, overall survival
(OS) at five-years was 73.4%, 63.8% and 51%, at stages I-II, III-IVA and IVB,
respectively (p = 0.005). Furthermore, patients with low lactate dehydrogenase
(LDH) (<373 IU/L) at baseline and myasthenia gravis concurrence showed signifi-
cantly better OS (p = 0.001 and p = 0.008, respectively). In multivariate analysis, high
LDH levels (HR 2.8 [95% confidence interval [CI]: 1.1-7.8]; p = 0.036) at baseline
and not performing a surgical resection (HR 4.1 [95% CI: 1.3-12.7]; p = 0.016) were
significantly associated with increased risk of death.

Conclusions: Our data provides the largest insight into the clinical characteristics and
outcomes of patients with thymomas in Latin America. Survival in patients with
thymomas continues to be very favorable, especially when subjected to adequate

local control.
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INTRODUCTION

Thymic epithelial tumors constitute the most common
tumors in the anterior mediastinum, representing 35% of
cases." This heterogeneous and rare entity (0.13 per 100 000
person-year) is histopathologically classified by the World
Health Organization (WHO), as thymoma and thymic carci-
noma. Thymomas are more frequent and subclassified into
five main subtypes (A, AB, B1, B2, B3) according to morphol-
ogy of the epithelial cells, nontumor lymphocytic component,
and similarity with normal thymic tissue.>’ Thymomas are
usually staged using the Masaoka-Koga system; however,
recently with the aim being to unify criteria, both the eighth
TNM classification and the Masaoka-Koga have been used.*”
A locally invasive growth pattern rather than a proclivity to
distant metastases characterizes thymomas, contrary to thy-
mic carcinomas which present a higher risk of metastatic
spread.”” As a consequence, median sternotomy and com-
plete resection (thymectomies) remain the standard treat-
ment, usually followed by postoperative radiotherapy
according to the risk of relapse.*” Systemic chemotherapy,
based on platinum-based combination regimens, may be
administered as a preoperative intention for tumor burden
reduction, or in a palliative scenario for unresectable or meta-
static tumors. Available guidelines have proposed different
treatment strategies for this heterogeneous disease with a low
level of recommendation, mainly explained by the lack of pro-
spective multicenter randomized studies.”

For this reason, survival analysis from large cooperative
studies is crucial to evaluate clinical outcomes. In this con-
text, a retrospective multicenter cohort of patients with thy-
mic epithelial tumors was developed (LATimus) as a joint
effort of The Latin-American Consortium for the

cohort studies, Latin America, medical oncology, thymoma

Investigation of Lung Cancer (CLICaP). This study aimed to
analyze the clinical and pathological outcomes of thymomas
for patients in this region.

METHODS
Study population

The Latin-American Consortium for the Investigation of
Lung Cancer (CLICaP) conducted this retrospective multi-
center cohort study, including patients from Mexico, Peru,
Colombia, Ecuador Brazil, and Argentina with
histologically-confirmed thymomas diagnosed between 1997
and 2018. Variables, such as demographics, clinicopatholog-
ical characteristics, treatment strategies, therapy initiation
and discontinuation, and progression dates, were extracted
from medical records and registered in a centralized data-
base. Tumor clinical stage was classified according to the
Masaoka-Koga staging system, and the histological subtype
of thymoma was based on the 2004 WHO classification.*'°
Among patients with surgical complete resection, staging,
and histological characteristics were determined from the
post-surgical pathological report. For patients harboring
unresectable or metastatic tumors, pathological findings
were reported from biopsy specimens and staging was per-
formed using computed tomography (CT) scans.

Statistical analysis

For descriptive purposes, continuous variables were summa-
rized as arithmetic means, median or interquartile ranges.
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Categorical variables were reported as proportions with 95%
confidence intervals (95% CIs). Overall survival (OS) was
defined from the date of diagnosis until death by any cause
or loss to follow-up. Relapse-free survival (RFS) was calcu-
lated from date of definitive treatment to date of recurrence
or death. The survival curves were performed using the
Kaplan-Meier method and differences between groups were
calculated using the log-rank test.

Relevant prognostic factors for OS and RFS were ana-
lyzed by univariate and multivariate Cox regression models.
Although serum lactate dehydrogenase (LDH) concentra-
tion at the time of diagnosis has been recognized as a prog-
nostic factor in multiple cancer types, including thymic
carcinomas, its role on thymomas is unknown.''”** Thus,
LDH level was investigated as a prognostic factor, and
according to the median baseline serum LDH, patients were
stratified into two groups (<373 or >373 IU/L). The associa-
tion between categorical and continuous variables with LDH
groups was evaluated using the chi-square and ¢-test, respec-
tively. Two-sided p < 0.05 was considered statistically signif-
icant. All statistical analyses were performed using SPSS
software version 23.0 (SPSS, Inc.).

RESULTS
Patient characteristics

Among the 135 patients, median age at diagnosis was 53 years
(range 19-84); females represented 53.3% (n = 72), and the
majority were Eastern Cooperative Oncology Group (ECOG)
0-1 (87.4%) status (Table 1). A total of 47 patients (34.8%)
had metastatic disease at baseline, with a median of two meta-
static sites (IQR 1-2). The pathological stage distribution
according to the Masaoka-Koga system was stage I:
38 (28.1%); stage II: 14 (10.4%); stage III: 20 (14.8%), stage
IVA: 25 (18.5%); and stage IVB: 36 (26.7%). In particular, for
52 patients (38.5%), a histological subtype definition
according to the WHO classification was not feasible. Among
104 patients with serum LDH levels at baseline, the median
value was 373 IU/L (IQR 216.5-552.5). Of note, patients with
advanced disease (stages IVA-IVB) showed a statistically
higher serum LDH level (p = 0.014) (Table 2 and Figure 1). A
total of 29 patients (21.5%) concurred with myasthenia gravis,
and two also presented autoimmune disorders at tumor diag-
nosis, including thyroiditis and peripheral neuropathy. Nota-
bly, those patients suffering from myasthenia gravis were
more commonly B1-B2-B3 tumor types and had lower base-
line LDH (<373) (p = 0.012 and <0.001, respectively) (Table 2
and Figure 1). However, this autoimmune condition was not
associated with Masaoka stages (p = 0.475).

Treatment characteristics

Surgery was performed in 74 patients (54.8%) comprising
27 (20%) tumorectomies and 47 (34.8%) thymectomies.

MARTIN Er AL
TABLE 1 Patient demographics and clinical characteristics

Characteristic (N = 135) n (%)
Age, year — Median (range) 53 (19-84)
Sex

Male 63 (46.7)

Female 72 (53.3)
Smoking history

Never 43 (31.9)

Current and former 67 (49.6)

NS 25 (18.5)
ECOG at baseline

0-1 118 (87.4)

2.4 17 (12.6)
Myasthenia gravis

Yes 29 (21.5)

No 106 (78.5)
Other autoimmune disorder 2 (1.5)
Histological type (WHO classification)

A 15 (11.1)

AB 28 (20.7)

Bl 11 (8.1)

B2 19 (14.1)

B3 10 (7.4)

NS 52 (38.5)
Stage at diagnosis per Masaoka-Koga system

I 38 (28.1)

ITa-b 14 (10.4)

I 20 (14.8)

IVa 25 (18.5)

1A% 36 (26.7)

NS 2 (1.5)
Tumor size, mean + SD (cm) 9 (4.43)
Surgical approach

Tumorectomy 27 (20)

Thymectomy 47 (34.8)

Biopsy 16 (11.9)
Preoperative treatment

Chemotherapy 22 (16.3)

Radiotherapy 15 (11.1)

Radiotherapy and chemotherapy 6 (4.4)

Follow-up (months), median (95% IC) 81.6 (67.8-95.4)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range;
LDH, lactate dehydrogenase; NS, not specified; SD, standard deviation.

Patients with myasthenia gravis were more likely to receive
a thymectomy (p = 0.014). RO resection was achieved in
68.9% of surgical cases. Conversely, preoperative treatment
was delivered in 43 cases (31.9%), including chemotherapy
(n = 22), radiotherapy (n = 15), or chemoradiation (n = 6).
The preferred preoperative chemotherapy regimen was CAP
(cyclophosphamide, doxorubicin, and cisplatin) (10, 35.7%),
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TABLE 2 Comparison of characteristics of thymoma patients by LDH stratification

Variables, no. (%) LDH(<3731U/L) n=>52 LDH(>373 IU/L) n =52 p-value
Age, year 0.43
<50 26 (50%) 22 (42.3)
>50 26 (50%) 30 (57.7)
Sex 1
Male 25 (48.1) 25 (48.1)
Female 27 (51.9) 27 (51.9)
Myasthenia gravis <0.001
Yes 21 (40.4) 5 (9.6)
No 31 (59.6) 47 (90.4)
Tumor size, mean + SD (cm) 9.29 (4.59) 9.05 (3.98) 0.77
Masaoka stage 0.014
I-III 34 (65.4) 21 (40.4)
IVA-IVB 18 (34.6) 30 (57.7)
Histological type (WHO classification) 0.58
A-AB 22 (42.3) 12 (23.1)
B1-B2-B3 21 (40.1) 15 (28.8)

Note: Comparisons between groups were performed using the Chi-square test. Missing data were excluded for the statistical analysis.

Abbreviations: LDH, lactate dehydrogenase; SD, standard deviation.
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FIGURE 1 Serum LDH level at baseline according to the presence of

myasthenia gravis and to Masaoka-Koga stage. Comparison between groups
were performed with the -test. *p < 0.05; ***p < 0.001. MG, myasthenia
gravis

followed by carboplatin and paclitaxel (4, 14.3%). Among
patients that underwent surgical resection, adjuvant radio-
therapy was offered to 17 patients (23%), chemotherapy to
two patients (2.7%), and both to seven patients (9.5%).
Opverall, 48 patients (35.6%) were exposed to chemotherapy
as primary treatment intention, and the regimens employed
were CAP (n = 22), carboplatin and paclitaxel (n = 13), pla-
tin and etoposide (n = 8), carboplatin and gemcitabine
(n = 2), others (n = 3). The median number of chemother-
apy cycles was four (IQR 3-6). Second- and third-line treat-
ments were received by 17 (354%) and five (10.4%)
patients, respectively. Overall response rate (ORR) and dis-
ease control rate (DCR) in the second-line treatment was
29.4% (7/17) and 52.9% (9/17) respectively. Additionally, in

third-line treatment, ORR was 40% (2/5) and DCR 60%
(3/5). The median OS from the second and third recurrence
was 66.5 and 47.6 months, respectively.

Survival and prognostic analysis

Median follow up was 81.6 months (95% CI: 67.8-95.4).
According to the Masaoka-Koga system, the OS at two years
was 85.3% among patients with stages I and II disease,
74.3% stages III-IVA, and in stage IVB was 51%. Five-year
OS rates were 73.4%, 63.8% and 51%, for stages I-II, III-
IVA, and IVB, respectively (p = 0.005) (Figure 2(a)). Among
patients with local disease, RFS rates at two- and five-years
were 76.4%, 58.5% for stage I-II, and 44.2%, 35.4% for stage
III, respectively (p = 0.024) (Figure 2(b)). Furthermore,
patients with low LDH (<373 IU/L) at baseline and myas-
thenia gravis concurrence showed significantly better OS
(p = 0.001 and p = 0.008, respectively) (Figure 3). In univari-
ate analysis, Masaoka stages (HR 1.812, 95% CI: 1.222-
2.687; p = 0.003), serum LDH level (HR 4.006, 95% CI:
1.622-9.895; p = 0.003), presence of myasthenia gravis
(HR 3.315, 95% CI: 1.291-8.511; p = 0.013) and surgical
resection (HR 4.743, 95% CI: 2.444-9.206; p < 0.001) were
significantly associated with OS (Table 3). However, in mul-
tivariate analysis, high LDH levels (HR 2.814; 95% CI:
1.072-7.784; 0.036) at baseline and not performing surgical
resection (HR 4.067; 95% CI: 1.305-12.674; p = 0.016) were
the only factors significantly associated with an increased
risk of death. In the analysis for RFS, Masaoka stages
(HR 2.291, 95% CI: 1.088-4.822; p = 0.029) and surgical
resection (HR 3.221, 95% CI: 1.446-7.175; p = 0.004) were
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LDH at baseline. Curves were performed with Kaplan-Meier methods and compared with the log-rank test

statistically significantly associated with risk of relapse
(Table 3).

DISCUSSION

This study represents the largest analysis of clinical charac-
teristics and outcomes of thymomas in Latin American
patients. Normally, thymoma is an indolent disease associ-
ated with long-term survival. Masaoka-Koga is the routinely
used staging system for thymic epithelial tumors and
together with the WHO histological classification, represents
the most important determinants regarding clinical out-
comes.*'* In the present study, we found that Masaoka stage
was associated with OS and RFS in the univariate analysis.
Although our results are in line with the literature in terms
of risk of relapse and survival, this analysis may be difficult

in thymic epithelial tumors since they represent a heteroge-
neous disease with mixed populations.”>° For this rare
tumor, as for most cancer types, the surgical approach
remains the most effective treatment to achieve a cure, pro-
long disease control and improve OS. In terms of reducing
local recurrence, complete thymectomy is the preferred
strategy.” Evidence shows that in small lesions (usually stage
I) without concurrent myasthenia gravis, sole resection of
the tumor (thymomectomy) is one of the best treatment
options. In this scenario, Tseng et al. reported that recur-
rence rates following thymomectomy alone versus
thymomectomy with thymectomy were not significantly dif-
ferent when analyzing 95 early-stage thymoma patients.”'
Interestingly, in our cohort, surgical procedure was not only
determined by disease burden, but also by the occurrence of
myasthenia gravis. It could be explained by the fact that
thymomas can be detected in earlier stages in patients
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suffering from this autoimmune disorder. However, in our
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myasthenia gravis. However, in our cohort, no association
was observed between Masoaka staging and myasthenia
gravis. In summary, the conflicting results of our findings
together with previous data hindered a suitable interpreta-
tion since the population included in all studies was hetero-
geneous, presenting at different Masaoka stages and with
diverse treatment approaches.

Serum LDH is an enzyme involved in anaerobic glycoly-
sis, which represents a metabolic reprogramming process
activated in cancer cells.’® Increased serum LDH level at the
time of diagnosis has been recognized as a negative prognos-
tic factor in multiple cancer types, such as melanoma, lym-
phomas, renal cell carcinoma, hepatocellular carcinoma,
germ-cell tumors, and others.'"'***7*7 With regard to thy-
mic malignancies, Yuan et al. demonstrated that high serum
LDH (>2251IU/L) was an independent predictor of
decreased PES in 95 patients with thymic carcinoma. It was
also found that high LDH was significantly associated with
advanced Masaoka stage.'> Similarly, Liu et al. found that
baseline serum LDH level was independently associated with
OS and disease-free survival after thymic carcinoma resec-
tion. In this case, the cutoft value of LDH was 210.50 IU/
L*® Additionally, Wu and colleagues also reported that
serum LDH level was an independent prognostic factor for
both OS and PFS in 90 Masaoka III and IV thymic carcino-
mas.” Notably, in our cohort, high serum LDH levels were
significantly associated with myasthenia gravis and with
Masaoka-Koga stages IVA-IVB. Consistently with previous
studies, we found that high LDH levels were also signifi-
cantly associated with reduced OS in both the univariate
and multivariate analyses. Given that the preceding reports
only included thymic carcinoma patients, as far as we are
aware, our study represents the first publication proposing
baseline serum LDH level as an independent prognostic fac-
tor in thymoma patients.

Finally, our study has limitations, including its retro-
spective and uncontrolled design. Moreover, patients receiv-
ing different treatment according to discretion of the
physician may hinder comparisons between groups. The
prognostic value of LDH should also be considered with
caution since serum level analyses were not centralized.
Additionally, in a substantial proportion of our patients, the
confirmed histological type per WHO classification was not
feasible. It could be explained by the limited number of spe-
cialized thoracic oncology units and centralized high-
volume pathology departments in Latin America, which
may hinder the possibility of an accurate histopathological
diagnosis.

In conclusion, our data provide the largest insight into
the clinical characteristics and outcomes of patients with
thymoma in Latin America. This rare disease has an indo-
lent course with long-term survival rates, compared to other
cancer types. It is known that some factors can influence the
prognosis, predominantly the Masaoka stage, and the
chance of a surgical approach. The presence of myasthenia
gravis and low serum LDH at diagnosis were associated with
better outcomes in the present study. However, large

prospective studies are needed to validate both parameters
as independent prognostic factors.
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