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Abstract. – OBJECTIVE: Despite the World
Health Organization (WHO) and Masaoka classi-
fications have been widely accepted as the main
describers of prognosis determinants in thymic
malignancies, so far, these have been consid-
ered independently from one another. We have
reviewed our single-centre 40-year results after
surgical treatment of thymic malignancies evalu-
ating the inter-relationships between the clinical,
surgical and pathological variables and investi-
gating their prognostic impact in completely re-
sected patients.

PATIENTS AND METHODS: A surgical series
of 347 patients was reviewed and, of these, 305
with complete resection enrolled. Long-term and
disease-free survival (LTS, DFS) analyses were
performed. Kaplan-Meir curves for WHO histo-
types and Masaoka-stages were inspected and
matched with the log-rank test; the Cox regres-
sion analysis was adopted in a multivariable ap-
proach.

RESULTS: Considered independently, theWHO-
histotypes did not differentiate clearly from one
to another in terms of LTS and DFS; however,
types A-AB-B1-B2 and B3-C clustered in 2, statis-
tically different, malignancy groups (LTS, DFS:
Cox-p < 0.001). Masaoka staging was confirmed
to be a relevant prognostic determinant, even if
no evident difference between stages I vs II and
stages III vs IV emerged when the Masaoka-clas-
sification was factored in. Thus, when investigat-
ing 13 surgical and pathological factors of inva-
siveness, these showed a clustering in 2 groups
according to the presence/absence of pathologi-
cal proven infiltration in the peri-thymic struc-
tures (LTS, DFS: Cox-p < 0.001). By matching the
WHO-malignancy clusters and infiltration clus-
ters, 4 classes may be identified, which proved to
have a distinct prognostic significance: (LTS-

Prognostic grading after complete resection
for thymic malignancies

F. LOCOCO, S. CAFAROTTI1, A. CESARIO2, V. DALL’ARMI3, G. CUSUMANO4,
L. LAURIOLA5, M. FREDERIC2, A. EVOLI6, S. MARGARITORA7, P. GRANONE7

Unit of Thoracic Surgery, IRCCS-Arcispedale Santa Maria Nuova, Reggio Emilia, Italy
1EOC-Thoracic Surgery Unit, Bellinzona, Switzerland
2Scientific Directorate, IRCCS-Arcispedale Santa Maria Nuova, Reggio Emilia, Italy
3Unit of Clinical and Molecular Epidemiology, IRCCS San Raffaele Pisana, Rome, Italy
4General Thoracic Surgery “Vittorio Emanuele – Policlinico” Hospital, Catania, Italy
5Institute of Pathologic Anatomy, Catholic University of the Sacred Heart, School of Medicine, Rome, Italy
6Department of Neurology, Catholic University of the Sacred Heart, School of Medicine, Rome, Italy
7Department of Thoracic Surgery, Catholic University of the Sacred Heart, School of Medicine, Rome, Italy

Filippo Lococo and Stefano Cafarotti contributed equally to the paper

Corresponding Author: Lococo Filippo, MD; e-mail: filippo_lococo@yahoo.it

Cox: stage-I vs stage-II, p = 0.003; III: p < 0.001, IV:
p < 0.001; DFS-Cox: stage-I vs stage-II, p < 0.001;
III: p < 0.001; IV: p < 0.001).

CONCLUSIONS:When analyzing the long-term
outcome of patients underwent complete resec-
tion for thymic malignancies, the combination
between pathological and surgical variables
showed accurate prognosis predictability.
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Introduction

Although widely accepted and commonly
used, the current classification systems for thy-
momas are sometimes considered sub-optimal as
proven by the absence of any official staging sys-
tem proposed by the Union for International
Cancer Control (UICC) and the American Joint
Committee on Cancer (AJCC). To provide a stan-
dard procedure enabling physicians and re-
searchers to compare results, the International
Committee of the World Health Organization
(WHO) attempted to establish a Consensus on
Histological Classification in 19991 and proposed
a more complex system based on subtypes over
the years2. Despite the current status of the histo-
logic classification of thymomas has been largely
adopted, there is some body of evidence that
many questions remain unanswered. In particu-
lar, if we consider the histology of this tumour as
the main prognostic predictor, we do not take in-
to account the degree of invasiveness.
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On the other hand, the anatomical classifica-
tion of Masaoka et al3 subsequently revised by
Koga et al4 represents the most widely and prag-
matically accepted staging system. However, this
framework does not consider the histological de-
gree of malignancy of the tumour and it is there-
fore somewhat biased at the practical level.
Furthermore, the oncological significances of

the WHO histological classification and the
Masaoka staging have usually been analyzed in-
dependently from each other5-15. The substantial
narrowness of these two classifications in pre-
dicting the prognosis (one independently for the
other) has recently prompted some Authors16 for
the search of a histological and anatomical sub-
classification of deeper detail and, consequently,
of greater complexity2,17. This, coupled with the
extreme rarity of thymomas18, would make these
classifications not reproducible and their valida-
tion practically impossible.
It is important to keep in mind that histology

and invasiveness represent two distinct aspects of
the same neoplasm. Therefore, the inter-relation-
ship of the WHO-histology and the Masaoka
classifications, along with the confounding effect
of one over the other, should be considered in or-
der to deal with these tumours appropriately.
The aim of the present study is to review our

40-yrs long-term case load in thymic malignan-
cies treatment, evaluating the inter-relationships
between the clinical, surgical and pathological
variables and investigating the prognostic grad-
ing of completely resected patients.

Patients and Methods

Following relevant communication to the Insti-
tutional Review Board (IRB) on this retrospec-
tive observational study on anonymised data, we
have reviewed the clinical data of a surgical se-
ries of 347 thymoma patients operated from
01/70 to 12/2010 in the Department of Thoracic
Surgery of the Catholic University of the Sacred
Heart, School of Medicine, Rome, Italy.
Only cases undergoing complete resection

(CR-R0) were considered and this was decided
so as to remove any possible confounding effect
due to the presence of residual disease (micro or
macro) after thymectomy.
The CR of the thymoma was performed using

the extended trans-sternal thymectomy, as de-
fined by Jaretzki and Wolff19. Tumour stage was
determined according to the Masaoka-classifica-

tion3. Moreover, we evaluated in details the de-
gree of invasiveness, considering separately the
following factors: (1) no capsule infiltration; (2)
capsule infiltration; (3) capsule and fat infiltra-
tion; (4) pleura adherence; (5) pericardium ad-
herence; (6) both pleura and pericardium adher-
ence; (7) parenchyma adherence; (8) pleura infil-
tration; (9) pericardium infiltration; (10)
parenchyma infiltration; (11) pleura/pericardium
adherence with pleura/pericardium infiltration;
(12) pleura and pericardium infiltration; (13)
metastatic disease. The terms “adherent” or “ad-
herence” were used to defined a tumor apparent-
ly involving a surrounding structure where, con-
versely, the infiltration was not confirmed at de-
finitive pathological examination.
Before data analysis, all cases were reviewed

by the same expert pathologist (L.L.) and staged
according to the WHO classification2. To do
this, paraffin-embedded tissue blocks were re-
trieved for all patients from the hospital tissue
archive, and new sections were cut for histolog-
ic review.
The indications to administer adjuvant radio-

therapy were not uniform because of the long
time span considered, and because some of the
patients received adjuvant treatment in other cen-
tres. However, the main indications to adjuvant
therapy were: (1) the confirmed infiltration of the
surrounding organs or (1) the pathologic evi-
dence of thymic carcinoma. Radiotherapy was
administered to the tumour bed plus a 1.5 cm
margin to a total dose of 45-55 Gy, with 1.5-1.8
Gy fractionation. In not-resectable cases, cis-
platin-based chemotherapy was administered us-
ing doxorubicin, cyclophosphamide, and pred-
nisone or etoposide. All patients were followed-
up for disease relapse/recurrence or mortality by
matching data in the thoracic surgery, neurology
and radiotherapy.

Statistical Analysis
A prognostic stratification combining and in-

tegrating pathological and surgical features was
tested. The predictability of the Long-Term Sur-
vival (LTS, calculated from surgery to the last
date of follow-up) and the Disease-Free Sur-
vival (DFS, calculated from surgery to the dis-
covery of the first recurrence if any) according
to this stratification was compared with that of
the most commonly used Masaoka staging. A
secondary analysis on the LTS and the DFS
truncated at 5, 10, 20 and 30 years, and on the
disease-specific mortality for the sub-group of
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Subjects' characteristics N (%) Surgical characteristics N (%)

Age Date of surgery
(Range) 8; 84 (Range) 1970; 2011
(Mean ± SD) 49 ± 14 < 1990 98 (32%)
< 30 26 (9%) 1991-2000 103 (34%)
30-39 50 (16%) > 2000 104 (34%)
40-49 77 (25%) Pericardium resection
50-59 69 (23%) No 205 (67%)
60-69 54 (18%) Yes 65 (21%)
> 70 21 (7%) Pericardium infiltration
Gender No 208 (68%)
Female 150 (49%) Yes 33 (11%)
Male 155 (51%) Adherent 31 (10%)
Myasthenia Pleural resection
No 49 (16%) No 157 (52%)
Yes 256 (84%) Yes 107 (35%)
Type of adjuvant therapy Pleural infiltration
None 165 (54%) No 161 (53%)
Radiotherapy 121 (40%) Yes 58 (19%)
Chemotherapy 4 (1%) Adherent 46 (15%)
Radio-chemotherapy 11 (4%) Parenchymal resection
Masaoka-classification No 225 (74%)
Stage-I 110 (42%) Yes 45 (15%)
Stage-II 74 (28%) Parenchymal infiltration
Stage-III 73 (28%) No 230 (75%)
Stage-IV 7 (3%) Yes 23 (8%)
WHO-classification Adherent 19 (6%)
A 13 (4%) Infiltration capsula-fat
AB 31 (10%) No 129 (42%)
B1 41 (13%) Capsula only 32 (10%)
B2 165 (54%) Capsula and fat 100 (33%)
B3 38 (12%) Vasal infiltration
C 12 (4%) No 248 (81%)

Yes 14 (5%)
Phrenic nerve infiltration
No 249 (81%)
Yes 13 (5%)

Table I.Main demographic, clinical, surgical and pathological characteristics of the study population.

the deceased subjects, was also performed. Sur-
vival analyses were performed using the Ka-
plan-Meier method and survival curves were
compared with the log-rank test. Cox models
were fitted after checking for the proportionality
of hazards with the Grambsch and Therneau’s
tests20. Post-hoc comparisons between different
histotypes, Masaoka-Stages, and different levels
of neoplastic local invasiveness were tested. The
“goodness of fit” of the models fitting the
Masaoka staging and our “integrated thymoma
classification” was checked by comparing the
Harrell’s C-coefficient and the coincidence of
the Nelson-Aalen cumulative hazard curve with
the Cox-Snell residual curve. The limit for sta-
tistical significance was set at p < 0.05. All tests
were two-sided. All analyses were performed in
STATA/SE V10.0 software package.

Results

The study sample consisted of 305 subjects
(only patients underwent CR-R0 were included
in the analysis). Male/Female ratio was 1.03
(155/150), with a mean age of 49 ± 14 years
(range 8-84 years). The main clinical, surgical
and pathological findings are summarized in
Table I. The median LTS time for the entire sam-
ple was 305 months, while the median DFS time
was 256 months.

Masaoka-Classification, Neoplastic Local
Invasiveness, and WHO-Histology
According to the Masaoka classification, 110

(42%) subjects were classified as stage I, 74
(28%) as stage II, 73 (28%) as stage III, and only
7 (3%) as stage IV; the remaining 38 patients
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could not be accurately classified due to some
missing information. LTS and DFS did not differ
between stage I and stage II (HRLTS = 0.970.47;
2.00], n.s.; HRDFS = 1.460.49; 4.37], n.s.), while a
difference could be observed for stage III and
stage IV (see Table II and Figure 1). Post-hoc
pairwise comparisons showed statistically signif-
icant differences of LTS and DFS between stages
II, III and IV, with HR’s ranging from 2.45 to
14.43 (data not shown). Given the prognostic
performance of the Masaoka classification,
which failed to discriminate stages I vs II, and
stages III vs IV, we evaluate the prognostic im-
pact of other13 parameters concerning tumour
invasiveness. At the light of the results on LTS
and DFS from the Cox regression analysis (Table
II), tumours with a pathologically proven infiltra-
tion of the pleura, pericardium and/or parenchy-
ma were labelled as “invasive tumours” (includ-

ing thymomas with vascular and phrenic nerve
invasion). All other tumours, including those
were such local infiltration was subsequently not
confirmed at definitive pathology (“adherent” tu-
mours) were labelled “non-invasive tumors”. Fi-
nally, metastatic thymomas were considered as a
separate class. This three-group classification ac-
cording with these 13 parameters was shaped ac-
cording to the pathological background and by
comparing, with a post-hoc analysis, the items
with a degree of local invasiveness that was dubi-
ous. Statistically significant differences were ob-
served when comparing: “pleura infiltration” vs.
“pleura adherence” (HRLTS: 3.721.05; 13.21], p =
0.042; HRDFS: 5.911.08; 32.36], p = 0.040);
“pleura/pericardium adherence and infiltration”
vs. “pleura adherence” (HRDFS: 8.741.45; 52.62],
p = 0.018). Invasive thymomas showed signifi-
cantly worse LTS and DFS when compared to

Overall mortality (N = 305) Disease recurrence (N = 305)

D/N HR [95% CI] p value R/N HR [95% CI] p value

Masaoka-classification
Stage-I 23/110 1 7/110 1
Stage-II 11/74 0.97 [0.47; 2.00] 0.932 6/74 1.46 [0.49; 4.37] 0.496
Stage-III 24/73 2.37 [1.33; 4.22] 0.003 25/73 8.46 [3.64; 19.66] < 0.001
Stage-IV 3/7 8.60 [2.47; 29.91] 0.001 3/7 21.10 [5.29; 84.16] < 0.001

Neoplastic local invasiveness
Non-invasive tumors
No capsule infiltration 22/103 1 7/103 1
Capsule infiltration 1/20 0.31 [0.04; 2.34] 0.258 0/20 0 [0;] 1.000
Fat infiltration 1/17 0.67 [.09; 5.01] 0.693 1/17 1.41 [0.17; 11.54] 0.751
Pleura adherence 4/29 0.87 [0.30; 2.54] 0.799 2/29 1.15 [0.24; 5.54] 0.865
Pericardium adherence 2/11 2.53 [0.58; 10.92] 0.215 1/11 2.90 [0.35; 23.72] 0.321
Pleura and pericardium adherence 1/13 0.61 [0.08; 4.56] 0.630 3/13 5.20 [1.34; 20.23] 0.017
adherence

Invasive tumors
Parenchyma adherence 2/6 2.27 [0.53; 9.75] 0.269 2/6 8.27 [1.70; 40.27] 0.009
Pleura infiltration 6/12 3.23 [1.30; 8.02] 0.011 4/12 6.78 [1.96; 23.43] 0.002
Pericardium infiltration 1/3 1.14 [0.15; 8.59] 0.900 1/3 5.00 [0.61; 40.74] 0.133
Parenchyma infiltration 5/9 4.01 [1.50; 10.75] 0.006 5/9 12.92 [4.05; 41.17] < 0.001
Pleura/pericardium adherence and 3/7 3.58 [1.06; 12.07] 0.039 3/7 10.02 [2.58; 38.87] 0.001
pleura/pericardium infiltration
Pleura and pericardium 9/24 2.37 [1.09; 5.17] 0.029 9/24 8.32 [3.09; 22.42] < 0.001
infiltration

Metastatic tumors
One or more metastases 3/7 8.84 [2.52; 30.98] 0.001 3/7 20.60 [5.15; 82.42] < 0.001
Non-invasive tumors 31/193 1 14/193 1
Invasive tumors 26/61 2.99 [1.77; 5.05] < 0.001 24/61 7.05 [3.64; 13.67] < 0.001
Metastatic tumors 3/7 9.50 [2.80; 32.25] < 0.001 3/7 16.70 [4.67; 59.73] < 0.001

Table II. Hazards for overall mortality and recurrence by Masaoka classification and neoplastic local invasiveness. Results
from the Cox-Regression-Analysis.

Acronyms: D: number of deceased subjects; R: number of subjects with recurrence; N: total number of subjects; HR: hazard ra-
tio; CI: confidence interval.
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those non-invasive (HRLTS: 2.991.77; 5.05], p <
0.001; HRDFS: 7.053.64; 13.67], p < 0.001), with
a stronger effect in metastatic diseases (HRLTS:
9.50 [2.80; 32.25], p < 0.001; HRDFS: 16.70
[4.67; 59.73], p < 0.001). Survival analysis based
on the WHO-histology classification revealed as
type A, AB, B1 and B2 had a similar and better

LTS and DFS when compared to type B3 and C
(see Table III and Figure 2). Statistically signifi-
cant differences in the LTS and DFS were found
from a post-hoc analysis, where B3 and C types
were compared to type A, B1, B2, with HRs
ranging between 3.06 to 18.59. Based on these
findings (Table III), histotypes A, AB, B1 and B2

Figure 1. Overall (A) and disease-free (B) survival Kaplan-Meier curves by Masaoka classification.

Figure 2. Overall (A) and disease-free (B) survival Kaplan-Meier curves by WHO – Histology classification.

Overall mortality (N=305) Disease recurrence (N=305)

D/N HR [95% CI] p value R/N HR [95% CI] p value

WHO-classification
Low-malignancy A 1/13 1 0/13 1

AB 9/31 4.14 [0.52; 32.79] 0.178 2/31
B1 9/41 2.24 [0.28; 17.70] 0.446 2/41 0.90 [0.13; 6.38] 0.914
B2 39/165 2.54 [0.35; 18.51] 0.358 27/165 3.22 [0.76; 13.55] 0.111

High-malignancy B3 13/38 7.77 [1.01; 59.56] 0.048 14/38 14.68 [3.31; 65.12] < 0.001
C 4/12 13.23 [1.46; 119.76] 0.022 4/12 16.68 [3.02; 92.00] 0.001

Low-malignancy 58/250 1 31/250 1
High-malignancy 17/50 3.32 [1.89; 5.82] < 0.001 18/50 6.18 [3.34; 11.44] < 0.001

Table III. Hazards for overall mortality and recurrence by WHO classification and tumor malignancy. Results from the Cox-
Regression-Analysis.
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clustered into one group of tumours character-
ized by low malignancy, while histotypes B3 and
C formed one cluster of high malignancy, the lat-
ter showing a much worse prognosis than the for-
mer (HRLTS = 3.32 [1.89; 5.82], p < 0.001; HRDFS
= 6.18 [3.34; 11.44], p <0.001).

“Integrated” Prognostic Classification
Considering both tumour invasiveness (non-in-

vasive/invasive) and malignancy (low/high-ma-
lignancy), a post-surgical 4-class prognostic

grading (“integrated classification”) was defined
as it follows (see also graphical description in
Figure 3):

Class I: non-invasive and low-malignancy tu-
mours;

Class II: non-invasive and high-malignancy tu-
mours or invasive and low-malignancy tu-
mours;

Class III: invasive and high-malignancy tu-
mours;

Class IV: all metastatic tumours

The cross-matched distribution of the study
subjects by the characteristics of thymomas and
classes of this classification is reported in Table
IV. LTS and DFS trends are shown in Figure 4.
From the Cox regression analysis (Table V) sig-
nificant differences emerged in LTS and DFS
starting from Class-II (Stage-II: HRLTS: 2.47
[1.37; 4.47], p = 0.003; HRDFS: 7.12 [3.32;
15.27], p < 0.001). None of these HRs changed
when the presence of neurological para-neoplas-
tic syndrome was included in the regression
models. The distribution of subjects according to
the Masaoka classification and the “integrated
classification” (with a class-migration effect) is
reported in Table V.

Figure 3. Graphical description of the “Integrated” thymo-
ma classification.

Integrated classification

Class I Class II Class III Class IV
Tumor

malignancy → Invasiveness ↓↓ Low High Low High Low High Low High

Non-invasive No capsule infiltration 99 (57%) 0 0 3 (5%) 0 0 0 0
Capsule infiltration 19 (11%) 0 0 1 (2%) 0 0 0 0
Fat infiltration 13 (8%) 0 0 4 (7%) 0 0 0 0
Pleura adherence 26 (15%) 0 0 3 (5%) 0 0 0 0
Pericardium adherence 6 (3%) 0 0 4 (7%) 0 0 0 0
Pleura and pericardium 10 (6%) 0 0 2 (4%) 0 0 0 0

Invasive Parenchyma adherence 0 0 4 (7%) 0 0 2 (9%) 0 0
Pleura infiltration 0 0 7 (13%) 0 0 5 (24%) 0 0
Pericardium infiltration 0 0 2 (4%) 0 0 1 (5%) 0 0
Parenchyma infiltration 0 0 6 (11%) 0 0 3 (14%) 0 0
Pleura/pericardium 0 0 3 (5%) 0 0 4 (19%) 0 0
adherence and pleura/
pericardium infiltration
Pleura and pericardium 0 0 17 (30%) 0 0 6 (29%) 0 0
infiltration

Metastatic tumors ≥ 1 metastases 0 0 0 0 0 0 2 (29%) 5 (71%)

Table IV. Cross-matched distribution of the study subjects by tumor invasiveness, tumor malignancy and by “Integrated” thy-
moma classification. .
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Diagnostic Assessment
The “goodness of fit” of the Cox models for

the LTS and the DFS, regressing the Masaoka
classification and the ”integrated classification”
separately, seemed comparable according to the
coincidence of the Nelson-Aalen cumulative
hazard curves with the Cox-Snell residual
curves (figures not shown). However, the Har-
rell’s C-coefficient, that measures the propor-
tion of pairs of subjects in which the predictions
obtained from the fitted model are concordant
with the observed proportions, suggested that
the model fitting the “integrated classification”
was preferable (Masaoka-staging: Harrell’s CLTS
= 0.6445, Harrell’s CDFS = 0.7644; “integrated

classification”: Harrell’s CLTS = 0.6791, Har-
rell’s CDFS = 0.7617). As data show, the concor-
dance is always higher in the model fitting the
“integrated classification”.

Additional Analyses

Myasthenia Gravis (MG)
The Cox-regression analysis estimated statisti-

cally significant HRs for both LTS and DFS
(Non-MG vs MG - HRLTS: 3.54[1.76; 7.14], p <
0.001; HRDFS: 3.04 [1.43; 6.47], p = 0.004). 
Although MG had a strong impact on pa-

tients’ outcome, when a multivariable Cox-re-

Figure 4. Overall (A) and disease-free (B) survival Kaplan-Meier curves by the “integrated” thymoma classification. 

Overall mortality (N = 305) Disease recurrence (N = 305)

D/N HR [95% CI] p value R/N HR [95% CI] p value

Integrated classification
Class I 29/173 1 11/173 1
Class II 18/56 2.47 [1.37; 4.47] 0.003 17/56 7.12 [3.32; 15.27] < 0.001
Class III 9/21 4.18 [1.96; 8.90] < 0.001 9/21 11.47 [4.67; 28.16] < 0.001
Class IV 3/7 10.37 [3.02; 35.56] < 0.001 3/7 21.76 [5.85; 80.87] < 0.001

Distribution of subjects according to the Masaoka-classification and by the “integrated thymoma classification”

Integrated classification

Class I Class-II Class-III Class IV

Masaoka classification Stage I 103 55 15 0
Stage II 4 13 38 0
Stage III 0 5 16 0
Stage IV 0 0 0 7

Table V. Hazards for overall mortality and recurrence by WHO classification and tumor malignancy. Results from the Cox-
Regression-Analysis.



gression analysis, including major prognostic
predictors was performed, its impact lost statis-
tical significance and, therefore, it was not con-
sidered in the formulation of the “integrated
classification”. 

Truncated LTS and DFS Analysis
The Masaoka classification and the “integrated

classification” were compared with respect to
LTS and DFS after follow-up time was truncated
at 5, 10, 20 and 30 years from surgery, and HRs
estimated at each time-point. The results of this
analysis (data not showed) confirmed the pattern
showed by non-truncated data, with a substantial
non-distinction of Stage I and II in the Masaoka
classification and a significant distinction already
at 5 yr in the “integrated” thymoma classification
(HR: 4.26 [0.44; 40.97], n.s. for Masaoka; HR:
6.33 [1.58; 25.32], p = 0.009 for “integrated clas-
sification”).

Disease-Specific LTS 
When comparing Masaoka and the “integrated

classification” for thymoma-specific mortality,
the HRs for Stage I vs II were 3.55 [0.36; 18.17]
p = 0.351 for Masaoka and 3.14 [0.84; 11.80], p
= 0.089 for Class I vs II of “integrated classifica-
tion”; for StageI vs III these were 8.41[1.83;
38.59], p = 0.006 for Masaoka and 9.73 [2.49;
37.94], p = 0.001 for the “integrated classifica-
tion”; for Stage I vs IV:33.16 [4.24; 259.33], p =
0.001 for Masaoka and 22.86 [3.67; 142.23], p =
0.001 for the “integrated classification”.

Discussion

Many classifications have been described for
thymoma2,21,22. Actually only two classifications
reached a general consensus: the WHO histologi-
cal system1,2 and the anatomical Masaoka-Koga
staging3,4.
Recently, the WHO classification was not con-

firmed to have per se an accurate prognostic pre-
dictability. In particular, recent findings have
demonstrated the same genetic background pat-
tern and outcome in type A-AB, B1-B2 and B3-
C thymomas23, thus providing some of the ratio-
nale of recent recommendations for a histological
re-classification.
Similarly, the prognostic role Masaoka classi-

fication has been almost reconsidered on the

light of the results of more recent surgical
series7,24 and a meta-analysis focused on its pre-
dictive power/accuracy25; in details, the Masao-
ka staging is weak in shaping a proper (sharper)
stage differentiation, in particular between
stages I and II (Cox Regression: p = 0.932). On
the other hand, the WHO-Histotypes A, AB, B1
and B2 did not differ greatly, while the distinc-
tion between types A-AB-B1-B2 and types B3-
C was statistically significant (Cox-Regression:
p < 0.001).
Our analysis, conducted on one of the largest

monocentric series reported so far in the English
literature (to the best of our knowledge), have
evaluated an “integrated” post-surgical prognos-
tic grading that takes into account the WHO-his-
tology and the degree of severity of the invasive-
ness in CR-R0 thymoma patients. The integration
of all aspects defined by both systems seems to
allow a better discrimination between classes, if
compared to that achievable with the Masaoka
and WHO-classifications taken separately. 
The level of predictive accuracy of such prog-

nostic grading, and a sharper distinction among
stage I and II, this benchmarked on overall mor-
tality (Cox-Regression: p = 0.003) and risk of re-
currence (Cox-Regression: p < 0.001), provide a
strong indication for a deeper investigation about
the role of adjuvant therapy in Masaoka stage-II
thymomas. Future research should be conducted
in order to investigate: (1) the prognostic differ-
ences of these two groups; (2) the proposition of
a distinction in stage IIA and IIB; (3) the indica-
tions for adjuvant therapy in each of these two
sub-stages.
Our report has the usual limitations of retro-

spective mono-centric studies on large clinical
series: the long duration of patients inclusion
and, despite adopting a method as accurate as
possible, a certain degree of incompleteness of
data. Albeit the awareness of the biases resulting
from this, our policy adopted in the planning of
this analysis has been to best preserve the relia-
bility of the collected data, defining as “missing
data” those ambiguous or not certain informa-
tion. Finally, as reported above, only completely
resected thymoma patients were included in the
present analysis. Accordingly, the aim of this
study is to better define (in a large long-term
mono-centric clinical setting) the prognosis of
thymoma patients after complete resection adopt-
ing a new approach, consisting in the integration
of clinical and surgical variables with pathologi-
cal ones. 
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Conclusions

Thymoma prognosis is a multifactorial entity:
histology, degree of invasiveness severity, and
their inter-dependence might all have a role in
predicting the clinical behavior of these tumours
and, thus, the clinical outcome, in spite of the
best therapy provided. According with our re-
sults, we may assume that a new approach based
on the integration of both the WHO histology
and the degree of invasiveness severity should be
taking into account when formulating the forth-
coming thymoma classifications.
Indeed, although an accurate validation on

large series of patients is mandatory, such “in-
tegrated classification” seems to have a promis-
ing accurate predictive power with regards to
prognosis in completely resected thymoma pa-
tients. 

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) ROSAI J. Histological Typing of Tumours of the Thy-
mus. 2nd ed. Berlin, Germany: Springer, 1999.

2) TRAVIS WD, BRAMBILLA E, MÜLLER-HERMELINK HK, HAR-
RIS CC. WHO Classification of Tumours: Pathology
and Genetics of Tumours of the Lung, Pleura,
Thymus and Heart. Lyon, France: IARC Press,
2004.

3) MASAOKA A, MONDEN Y, NAKAHARA K, TANIOKA T. Fol-
low-up study of thymomas with special reference
to their clinical stages. Cancer 1981; 48: 2485-
2492. 

4) KOGA K, MATSUNO Y, NOGUCHI M, MUKAI K, ASAMURA
H, GOYA T, SHIMOSATO Y. A review of 79 thymomas:
modification of staging system and reappraisal of
conventional division into invasive and non-inva-
sive thymoma. Pathol Int 1994; 44: 359-367.

5) RENA O, PAPALIA E, MAGGI G, OLIARO A, RUFFINI E,
FILOSSO P, MANCUSO M, NOVERO D, CASADIO C. World
Health Organization histologic classification: an
independent prognostic factor in resected thymo-
mas. Lung Cancer 2005; 50: 59-66.

6) QUINTANILLA-MARTINEZ L, WILKINS EW JR, CHOI N,
EFIRD J, HUG E, HARRIS NL. Thymoma. Histologic
subclassification is an independent prognostic
factor. Cancer 1994; 74: 606-617.

7) OKUMURA M, OHTA M, TATEYAMA H, NAKAGAWA K,
MATSUMURA A, MAEDA H, TADA H, EIMOTO T, MATSUDA
H, MASAOKA A. The World Health Organization his-
tologic classification system reflects the oncologic

F. Lococo, S. Cafarotti, A. Cesario, V. Dall’Armi, G. Cusumano, L. Lauriola, et al.

behavior of thymoma: a clinical study of 273 pa-
tients. Cancer 2002; 94: 624-632.

8) OKUMURA M. Oncological significance of WHO his-
tological thymoma classification A clinical study
based on 286 patients. Japanese J Thorac Car-
diovasc Surg 2002; 50: 189-194.

9) QUINTANILLA-MARTINEZ L, WILKINS EW JR, CHOI N,
EFIRD J, HUG E, HARRIS NL. Thymoma: histologic
subclassification is an independent prognostic
factor. Cancer 1994; 74: 606-617.

10) WICK MR. Prognostic factors for thymic epithelial
neoplasms, with emphasis on tumour staging.
Hematol Oncol Clin North Am 2008; 22: 527-
542.

11) MASAOKA A. Staging system of thymoma. J Thorac
Oncol 2010; 5(10 Suppl 4): S304-312.

12) HOSAKA Y. Masaoka stage and histologic grade
predict prognosis in patients with thymic carcino-
ma. Ann Thorac Surg 2010; 89: 912-917.

13) MORAN CA. Thymomas I: a clinicopathologic corre-
lation of 250 cases with emphasis on the World
Health Organization schema. Am J Clin Pathol
2012; 137: 444-450.

14) MORAN CA. Thymomas II: a clinicopathologic cor-
relation of 250 cases with a proposed staging
system with emphasis on pathologic assessment.
Am J Clin Pathol 2012; 137: 451-461.

15) RUFFINI E, FILOSSO PL, MOSSETTI C, BRUNA MC,
NOVERO D, LISTA P, CASADIO C, OLIARO A. Thymoma:
inter-relationships among World Health Organiza-
tion histology, Masaoka staging and myasthenia
gravis and their independent prognostic signifi-
cance: a single-centre experience. Eur J Cardio-
thorac Surg 2011; 40: 146-153.

16) FILOSSO PL, VENUTA F, OLIARO A, RUFFINI E, RENDINA
EA, MARGARITORA S, CASADIO C, TERZI A, RENA O, LO-
COCO F, GUERRERA F. Thymoma and inter-relation-
ships between clinical variables: a multicentre
study in 537 patients. EJCTS. Eur J Cardiothorac
Surg 2014; 45: 1020-1027.

17) DETTERBECK FC, NICHOLSOS AG, KONDO K, VAN SCHIL
P, MORAN C. The Masaoka-Koga stage classifica-
tion for thymic malignancies: clarification and defi-
nition of terms. J Thorac Oncol 2011; 6: S1710-
S1716.

18) ENGELS EA, PFEIFFER RM. Malignant thymoma in the
United States: demographic patterns in incidence
and associations with subsequent malignancies.
Int J Cancer 2003; 105: 546-551.

19) JARETZKI A III, WOLFF M. “Maximal” thymectomy for
myasthenia gravis: surgical anatomy and opera-
tive technique. J Thorac Cardiovasc Surg 1988;
96: 711-716.

20) GRAMBSCH P, THERNEAU T. Proportional hazards
tests and diagnostics based on weighted residu-
als. Biometrika 1994; 81: 515-526.

21) ROSAI J, LEVINE GD. Tumours of the thymus. In: Fur-
minger HI, editor. Atlas of tumour pathology. Fas-
cile 13, Series 2. Washington, DC: Armed Forces
Institute of Pathology, 1976.



2891

Prognostic grading after complete resection for thymic malignancies

22) BEDINI AV, ANDREANI SM, TAVECCHIO L, FABBRI A, GIAR-
DINI R, CAMERINI T, BUFALINO R, MORABITO A, ROSAI J.
Proposal of a novel system for the staging of
thymic epithelial tumours. Ann Thorac Surg 2005;
80: 1994-2000.

23) PENZEL R, HOEGEL J, SCHMITZ W, BLAEKER H, MORRESI-
HAUF A, AULMANN S, HECKER E, MECHTERSHEIMER G,
OTTO HF, RIEKER RJ. Clusters of chromosomal im-
balances in thymic epithelial tumours are associ-
ated with the WHO classification and the staging
system according to Masaoka. Int J Cancer 2003;
105: 494-498.

24) MARGARITORA S1, CESARIO A, CUSUMANO G, MEACCI E,
D'ANGELILLO R, BONASSI S, CARNASSALE G, PORZIELLA V,
TESSITORE A, VITA ML, LAURIOLA L, EVOLI A, GRANONE
P. Thirty-five-year follow-up analysis of clinical
and pathologic outcomes of thymoma surgery.
Ann Thorac Surg 2010; 89: 245-252.

25) GUPTA R, MARCHEVSKY AM, MCKENNA RJ, WICK M,
MORAN C, ZAKOWSKI MF, SUSTER S. Evidence-based
pathology and the pathologic evaluation of thymo-
mas: transcapsular invasion is not a significant
prognostic feature. Arch Pathol Lab Med 2008;
132: 926-930.


