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Objective
To evaluate the Johns Hopkins Hospital experience with 136
thymomas over the past 40 years. This number of patients
allowed quantitative estimation of the independent influence
of common clinicopathologic risk factors using multivariate
analysis.

Summary Background Data
Thymomas vary widely in terms of recurrence and influence
on overall survival. Several series have indicated the impor-
tance of initial tumor invasion, as well as the extent of surgical
resection, as predictors of recurrence and survival after thy-
moma resection. However, findings have been equivocal
when other predictors of prognosis were examined.

Methods
The authors evaluated 136 patients seen at the Johns Hop-
kins Hospital between 1957 and 1997 with a pathologic diag-
nosis of thymoma. Demographic information, clinical staging
data, surgical and adjuvant treatment details, and patient fol-
low-up data were obtained from the patient record and from
detailed patient or family interviews. Microscopic sections of
all 136 patients were reviewed by two pathologists blinded to
the clinical data. All data were analyzed by multivariate Cox

regression analysis, which allowed the quantification of the
independent predictive value of 12 putative clinicopathologic
prognostic indicators.

Results
Completeness of follow-up was 99%, 99%, and 98% of eligi-
ble patients at 5, 10, and 15 years, respectively. Forty percent
of the patients had associated myasthenia gravis and 27%
had a secondary primary malignancy. Overall patient survival
rates were 71%, 56%, 44%, 38%, and 33% at 5, 10, 15, 20,
and 25 years, respectively. Overall, the thymoma-related mor-
tality rate was 14%; the nonthymoma-related mortality rate
was 26%. Incomplete resection, preoperative absence of my-
asthenia gravis, and advanced Lattes/Bernatz pathologic
class were found to be independent predictors of poorer
overall survival.

Conclusions
These findings support a policy of aggressive, complete surgi-
cal resection of all thymomas when feasible. Thymoma be-
haves as a rather indolent tumor, with most deaths from
causes unrelated to thymoma or its direct treatment. Clini-
cians should have an increased awareness of the possibility of
second primary malignancies in patients with thymoma.

Thymomas are the most common primary anterior medi-
astinal tumor and account for 15% to 20% of all mediastinal
masses.1 Thymomas are derived from thymic epithelial cells
and are distinguished from thymic lymphomas, germ cell
tumors, and carcinoid tumors.2 Few tumors are associated

with as many paraneoplastic syndromes, including myas-
thenia gravis (MG), pure red cell aplasia, acquired hypo-
gammaglobulinemia, and connective tissue disorders.1,3

Myasthenia gravis is by far the most common, reported in
25% to 35% of patients with thymoma.3–8

Several studies have indicated the importance of initial
tumor invasion and the extent of surgical resection as pre-
dictors of recurrence and survival after resection of a thy-
moma.5–15 The most widely employed system for clinical
staging at initial presentation is that proposed by Masaoka
(Table 1). Stage I tumors are completely encapsulated, both
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grossly and microscopically. This staging system then ad-
vances sequentially, with increasing degrees of invasion and
spread, to stage IVb (distant [hematogenous] metastatic
disease).7

Rosai and Levine have proposed the simple division of
thymomas into benign and malignant, based on the presence
or absence of invasion and/or cellular atypia at initial pre-
sentation.16 Malignant thymomas are additionally divided
into type I and type II. Type I malignant thymomas are
epithelial tumors that show invasion without evidence of
cytologic atypia; type II thymomas (thymic carcinomas)
display cytologic atypia, with or without evidence of cap-
sular invasion.

Although most authors believe that tumor stage at initial
presentation and the extent of surgical resection reliably
predict thymoma prognosis, the findings have been equiv-
ocal when other predictors of prognosis are examined. Sev-
eral histologic classifications of thymoma have been pro-
posed (see Table 1), including the traditional (American, or
Lattes and Bernatz [L/B]) system proposed by Bernatz and
modified by Lattes2 and Salyer and Eggleston,17 in which
thymomas are divided into predominantly epithelial, pre-
dominantly lymphocytic, or mixed lymphoepithelial types.
Marino and Müller-Hermelink histologically graded thymo-
mas based on their differentiation toward normal thymic
cortical or medullary epithelium.18–20 Although predomi-
nantly epithelial5,6,8,9,12and cortical10,14,15,18,21–27thymo-
mas have been described as more invasive tumors, the
importance of histologic classification as an independent
predictor of overall prognosis remains unclear.

Because of the relative rarity of thymomas, most series
(all retrospective) contain inadequate numbers of patients to
quantitate the independent predictive values of putative
clinical and histologic indicators of prognosis. To this end,
we evaluated the Johns Hopkins experience with 136 thy-
momas over the past 40 years. This number of patients
allowed us to apply contemporary statistical analysis to

estimate the independent predictive values of prominent
clinical and histologic features of this disease.

METHODS

A retrospective review of the pathology files and the
tumor registry of patients evaluated at the Johns Hopkins
Hospital between 1957 and 1997 revealed 154 patients with
a histologic diagnosis of primary thymoma. After excluding
patients for whom medical records and pathologic slides
were unavailable, 136 patients remained for analysis. Of
these 136 patients, 4 were patients in whom thymoma was
discovered incidentally at autopsy. These patients were in-
cluded in the analysis. Based on the information available
from the clinical records, definitive retrospective clinical
staging was possible in 126 of the 136 patients. Clinical
staging was based on a combination of preoperative studies,
including CT scan, as well as surgical reports and histologic
findings. Histologic findings are paramount for precise stag-
ing, because Masaoka stages I and II are distinguished by
the presence or absence of microscopic capsular invasion.
(Ten patients, including those who underwent autopsy, did
not undergo surgery.) Patients were staged by a modifica-
tion of the Masaoka system. Data were obtained also for
demographic parameters, the presence or absence and na-
ture of systemic and/or local symptoms at presentation,
associated diseases (including paraneoplastic syndromes),
results of diagnostic tests, the nature of surgical intervention
(if any), the completeness of surgical resection (where ap-
plicable), and the use of adjuvant therapy. Microscopic
sections of all 136 patients were reviewed by two patholo-
gists blinded to the clinical data and were classified accord-
ing to the L/B system and the Mu¨ller-Hermelink sys-
tem.18,19

Patient follow-up data through June 1998 were obtained
retrospectively using a meticulous review of hospital
records, a review of the Johns Hopkins tumor registry,

Table 1. CLINICAL STAGING AND PATHOLOGIC CLASSIFICATION OF THYMOMAS

Masaoka Lattes/Bernatz Muller-Hermelink

I: Macroscopically encapsulated
and no microscopic capsular
invasion

Lymphocytic: 2/3 of cells are lymphoid. Cortical: epithelial cells are large and
pale with vesicular nuclei.

II: Macroscopic invasion into
adjacent tissue (fatty or
mediastinal pleura) or
microscopic capsular invasion

Mixed: both lymphocytic and epithelial with 1/3
or 2/3 of cells lymphoid.

Medullary: epithelial cells are spindled
with oval or fusiform nuclei.

III: Macroscopic invasion into
adjacent organ(s)

Epithelial: 2/3 of cells are epithelial. Mixed: both cortical and medullary
features, with predominating
feature reported as such.

IVa: Pleural or pericardial
dissemination

Spindled: 2/3 of cells are epithelial and
elongated (fusiform).

WDTC: tightly packed epithelial cells
with cytologic atypia and frequent
mitotic figures.

IVb: Lymphogenous or
hematogenous metastasis

Thymic Carcinoma: cytologically malignant cells. Thymic Carcinoma: cytologically
malignant cells.
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telephone interviews with patients or their family members
and/or physicians, written questionnaires, and death certif-
icates from the Department of Vital Statistics, Baltimore,
Maryland. Our review protocol had been prospectively re-
viewed and approved by the Joint Committee for Clinical
Investigation of the Johns Hopkins University School of
Medicine and the Maryland Department of Vital Statistics.
The patients or their families were sent a letter explaining
the study and offering them an opportunity to decline par-
ticipation by postage prepaid mail before our initial contact
for questioning. Patient data were coded to protect confi-
dentiality. By means of the above, we confirmed the initial
clinical information and then recorded the presence or ab-
sence of thymoma recurrence, patient survival, and (when
appropriate) cause of death.

In this series of 136 patients, the follow-up period ranged
from 1 month to 40 years. Completeness of patient fol-
low-up was 99%, 99%, and 98% at 5, 10, and 15 years,
respectively.

Comparisons between groups in the distributions of cat-
egorical variables were made using the chi square statistic.
Differences between groups in the means of continuous
variables were compared using either the Student’s t test or
analysis of variance. The Kaplan-Meier method28 was used
to estimate time to death from any cause and time to death
from a thymoma-related cause. This method calculates the
cumulative probability of survival at the time of each event
(death), which adjusts for censoring of observations in the
form of patients who are either lost to follow-up or whose
time since thymoma diagnosis has not exceeded that time
point. Survival by groupings of different variables was
compared using the log-rank test.29 The Cox proportional
hazards regression model30 was used to adjust for the si-
multaneous effects of baseline covariates on time to death
from any cause, and time to death from a thymoma-related
cause. Adjusted hazard ratios (risk ratios) and associated
95% confidence intervals were calculated for each covari-

ate. Stata statistical software release 5.0 (College Station,
TX) was used for all analyses.

RESULTS

Demographics

One hundred thirty-six patients with pathologically con-
firmed thymoma were seen at the Johns Hopkins Hospital
between 1957 and 1997. The median age at diagnosis was
57 (range, 8 to 88 years). Overall, 73 (54%) were female
and 96 (71%) were white. The results are summarized in
Tables 2 through 7 and Figures 1 through 6.

Clinical Presentation

Thirty-seven (27%) patients were asymptomatic at the
time of diagnosis when thymoma was discovered inciden-
tally during routine chest radiographs, CT scans, or cardiac
surgery, or at autopsy. Ninety-three (68%) patients were
symptomatic: 32 had local symptoms (24%), including
chest pain, cough, pneumonia, or hoarseness; 48 had sys-
temic symptoms (36%), including weight loss, MG, or
primary red cell aplasia; and 13 had a combination of both
(10%). The mode of presentation was unknown in six pa-
tients (4%). Fifty-four patients (40%) had associated MG.

Table 2. DEMOGRAPHICS BY MASAOKA CLINICAL STAGE

I II III IV Total

Age at diagnosis
,57 yrs. 27 (55%) 15 (50%) 18 (43%) 4 (80%) 66 (49%)
.57 yrs. 22 (45%) 15 (50%) 23 (55%) 1 (20%) 68 (50%)
Unknown 0 (0%) 0 (0%) 1 (2%) 0 (0%) 2 (1%)

Gender
Male 20 (41%) 17 (57%) 20 (48%) 2 (40%) 63 (46%)
Female 29 (59%) 13 (43%) 22 (52%) 3 (60%) 73 (54%)

Race
White 34 (69%) 23 (77%) 26 (62%) 4 (80%) 96 (71%)
African-American 14 (29%) 3 (10%) 14 (33%) 1 (20%) 33 (24%)
Other 1 (2%) 2 (7%) 0 (0%) 0 (0%) 3 (2%)
Unknown 0 (0%) 2 (7%) 2 (5%) 0 (0%) 4 (3%)

Total 49 30 42 5 136

Numbers in the column at the far right indicate the demographic breakdown for all 136 patients, regardless of whether clinical stage could be determined.

Table 3. PATHOLOGIC CLASSIFICATION

Lattes/Bernatz Müller-Hermelink

Lymphocytic 26 (19%) Cortical 73 (54%)
Spindle cell 6 (4%) Medullary 16 (12%)
Mixed 60 (44%) Mixed 37 (27%)
Epithelial 38 (28%) Well-differentiated

thymic carcinoma
3 (2%)

Carcinoma 6 (4%) Carcinoma 6 (4%)
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Four patients (3%) had associated primary red cell aplasia.
Thirty-seven patients (27%) had an independent second
primary malignancy at some point.

Diagnostic Studies

The initial diagnostic study was a chest radiograph in 74
patients (54%) and a chest CT scan in 37 (27%). In only four
patients (3%), thymoma was discovered incidentally at au-
topsy. In five patients (4%), the thymoma was discovered
unexpectedly at the time of cardiac surgery. Mode of initial
diagnosis was unknown in 15 patients (11%). Thirty-seven
patients (28%) had undergone preoperative biopsy, either by
open (parasternal or mediastinoscopic) biopsy or fine-needle
aspiration. Ninety patients (66%) did not have a pathologic
diagnosis available before surgery (or before death).

Surgical Intervention

Of the 136 patients, 126 (95%) underwent some form of
surgery. Six patients were not considered candidates for
surgery because of advanced tumor stage or patient or
physician preference; four thymomas were discovered at
autopsy. Detailed surgical reports were available for 108 of
the 126 patients. Based on these reports and corresponding
pathologic confirmation, 74 patients (68%) had undergone
complete resection and 34 (32%) had had partial resection.
(Included in this group of 34 patients with partial resection

are 7 patients who had exploration with open biopsy and
only limited debulking.) Five patients with stage III disease
had intentional resection of the left phrenic nerve. Four of
these patients were alive at the time of last follow-up. The
single surgical death in this series was from complications
of coronary artery bypass in a patient whose thymoma had
been discovered incidentally during cardiac surgery.

Adjuvant Therapy

Forty-six patients (37%) received adjuvant radiation ther-
apy. Information on adjuvant therapy was unavailable on 10
(7%) of the patients. Three patients with Masaoka stage III
disease received preoperative adjuvant radiation therapy.
Only one of these patients also received postoperative ad-
juvant radiation therapy. Only one patient in this series had
received preoperative chemotherapy; nine patients (7%) re-
ceived postoperative adjuvant chemotherapy. (For the pur-
poses of this study, the use of steroids was not considered a
form of chemotherapy.)

Table 5. CAUSES OF DEATH

No. of Patients

Thymoma-related 19
Nonthymoma-related 36

Cardiac 11
Other cancers 9
Respiratory 8
CVA 2
Sepsis 1
Renal 1
Hepatic 1
Acute alcohol toxicity 1
Azathioprine toxicity 1
Trauma 1

Unknown 5

Table 6. ASSOCIATED NEOPLASMS IN
THYMOMA PATIENTS

Type No. of Patients

Colorectal 11
Pulmonary 6
Thyroid 5
Prostate 4
Gynecologic 3
Breast 2
Renal 2
Melanoma 2
Meningioma 2
Gastric 1
Duodenal carcinoid 1
Adrenal adenoma 1
Carcinoid (unknown origin) 1
Sarcoma 1
Hepatic 1
Chronic lymphocytic lymphoma 1
Cutaneous T-cell lymphoma 1
Cutaneous squamous cell 1
Cutaneous basal cell 1
Atrial myxoma 1
Total neoplasms 48
Total patients with neoplasm 37

Table 4. CORRELATION OF CLINICAL STAGE AND PATHOLOGIC CLASSIFICATION

Masaoka Stage

L/B Pathologic Class M-H Pathologic Class

E L M S TC Total C Med Mixed WDTC TC Total

I 8 15 22 4 0 49 19 8 21 0 0 48
II 10 6 11 2 1 30 16 5 8 0 1 30
III 15 4 20 0 3 42 29 2 6 2 3 42
IV 1 1 2 0 1 5 3 0 0 1 1 5
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Masaoka Clinical Staging

Clinical staging was possible from the material available
in 126 patients. If Masaoka stage I is considered benign and
stages II to IV are considered malignant,16 61% of these
thymomas could be called malignant.

On initial inspection, clinical stage appeared to correlate
well with the overall survival rate and with thymoma-
related death (data not shown). This discrimination ap-
peared to be optimal when the patients with stage I disease
were compared with all others (p, 0.001). Surprisingly,
however, when clinical stage was analyzed by Cox regres-
sion, it failed to be anindependentpredictor of overall
survival or of thymoma-related death.

Pathologic Classification

The pathologic classification of the tumors by both the
L/B and Müller-Hermelink systems is summarized in Ta-
bles 1 and 3. (One of the 136 patients could not be evaluated
by the Müller-Hermelink classification because of inade-
quate tissue availability.) There was a striking correlation
between clinical stage and pathologic grade. By L/B clas-
sification, lymphocytic, mixed lymphoepithelial, and spin-
dle cell thymomas tended to present at earlier clinical

Figure 1. Overall and thymoma-specific Kaplan-Meier survival of 136
thymoma patients. The median overall survival was 12 years. Here, the
Kaplan-Meier curve for thymoma-specific survival is shown for compar-
ison. Note that thymoma-specific survival greatly exceeds overall sur-
vival.

Table 7. PROGNOSTIC INDICATORS FOR THYMOMA

Indicator

Death (Any Cause) Death (Thymoma-Related)

Risk
Ratio

95% Confidence
Interval

p
Value

Risk
Ratio

95% Confidence
Interval

p
Value

Complete resection 4.53 (2.01–10.23) 0.000 7.79 (1.21–50.02) 0.030
No vs. Yes

Preop MG 3.45 (1.45–8.19) 0.005 2.95 (0.35–24.77) 0.320
No vs. Yes

Age 2.46 (1.06–5.71) 0.036 5.60 (0.66–47.22) 0.114
$57 vs. ,57 years

Pathologic classification (L/B) 2.43 (1.14–5.16) 0.021 3.84 (0.51–28.98) 0.192
E,(TC) vs. L,M,S

Preoperative biopsy 2.48 (0.98–6.29) 0.056 0.61 (0.09–3.88) 0.596
No vs. Yes

Race 2.27 (0.98–5.24) 0.056 4.24 (0.82–21.86) 0.084
Non-white vs. White

Masaoka stage 1.98 (0.83–4.74) 0.123 3.42 (0.35–33.43) 0.290
II–IV vs. I

Gender 1.52 (0.74–3.13) 0.257 1.95 (0.45–8.40) 0.370
Male vs. female

Pathologic classification (M–H) 1.27 (0.36–4.40) 0.711 7.17 (0.90–57.21) 0.063
TC, WDTC vs. C, Med, Mix

Associated tumor 1.21 (0.57–2.56) 0.614 1.09 (0.21–5.58) 0.918
No vs. Yes

Presenting symptoms 1.14 (0.49–2.67) 0.756 1.74 (0.20–15.16) 0.615
No vs. Yes

Adjuvant radiation therapy — — — 2.33 (0.48–11.41) 0.295
No vs. Yes

Bold type indicates statistically significant indicators.
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(Masaoka) stages, whereas epithelial and thymic carcino-
mas appeared in more advanced stages. In the Mu¨ller-
Hermelink system, cortical thymoma, thymic carcinoma,
and well-differentiated thymic carcinoma (WDTC) pre-
sented at later clinical stages, whereas medullary and mixed
tumors presented at earlier stages. Not surprisingly, all
spindle cell thymomas (L/B) were classified as medullary
tumors (Müller-Hermelink), and all WDTCs (Mu¨ller-Her-
melink) were classified as epithelial tumors (L/B).

Preoperative Myasthenia Gravis

Of the paraneoplastic syndromes associated with thy-
moma, only patients with MG provided numbers sufficient
for statistical analysis. Fifty-four (40%) of the patients had
been diagnosed with MG before the diagnosis of thymoma.
The diagnosis of MG proved to be a significantly positive
independent prognostic factor for overall survival and ap-
proached significance as a predictor of survival from thy-
momaper se.

Figure 3. Effect of the extent of surgical resection on survival. (A)
Complete resection is a significant prognostic predictor of overall sur-
vival, as evaluated by log-rank analysis. (B) Complete resection is a
significant prognostic indicator of survival from thymoma, as evaluated
by log-rank analysis. Complete resection is the most important inde-
pendent predictor of overall survival and the only independent predictor
of thymoma-related survival, as analyzed by Cox regression.

Figure 2. Influence of clinical stage on overall survival. (A) Masaoka
stage is a significant prognostic predictor of survival, as evaluated by
log-rank analysis (p , 0.003). (B) The discrimination between benign
(stage I) and malignant (stages II to IV) disease appeared to be optimal
when the Masaoka stages were grouped. However, when Masaoka
stage was evaluated by Cox regression, it failed to be a significant
independent predictor of overall survival.
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Overall Survival and Predictors of
Overall Survival

Overall patient survival rates were 71%, 56%, 44%,
38%, and 33% at 5, 10, 15, 20, and 25 years, respectively.
Median survival was 12 years. Only one patient was lost
completely to follow-up. Sixty people (44%) had died by
the conclusion of the study. In five patients (8%), the
cause of death could not be determined. Of the 60 known
deaths, 19 (32%) were related directly to thymoma or its

treatment and 36 (60%) were not related. Therefore, the
overall thymoma-related mortality rate was 14%, and the
nonthymoma-related mortality rate was 26%. This means
that patients with thymomas appeared much more likely
to die from causes unrelated to this tumor or (directly)
from its treatment.

Complete resection, the preoperative presence of MG,
age younger than 57 years at the time of diagnosis, and

Figure 5. The effect of Müller-Hermelink pathologic grade on overall
survival. (A) By log-rank analysis, substantial differences in overall sur-
vival as a function of Müller-Hermelink pathologic grade are apparent
(p , 0.02). (B) By subsequent grouping of the pathologic grades, the
importance of Müller-Hermelink pathologic grade is emphasized. How-
ever, Cox regression analysis failed to find Müller-Hermelink grade to be
an independent predictor of overall survival.

Figure 4. The effect of L/B pathologic classification on overall survival.
(A) By log-rank analysis, L/B classification predicts prognosis, with spin-
dle, lymphocytic, and mixed thymomas being associated with fewer
overall deaths (p , 0.001). (B) Through selective grouping, the overall
differences in survival are emphasized. Indeed, L/B pathologic classifi-
cation did prove to be an independent predictor of overall survival by
Cox regression.
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advanced L/B pathologic classification proved to be sig-
nificant independent predictors of survival, as evaluated
by Cox regression analysis for prediction of death from
any cause. The Mu¨ller-Hermelink pathology grading sys-
tem was not found to be a statistically significant inde-
pendent predictor of overall survival. Moreover, gender,
race, the presence of symptoms at diagnosis, preoperative
biopsy, and the presence of an associated tumor each
failed to influence survival to a significant degree, al-
though the predictive value of race and preoperative
biopsy each approached statistical significance. An ad-
vanced Masaoka stage (II to IV) tended to predict a
poorer prognosis, but this failed to reach independent
statistical significance.

Because there is controversy with respect to the best
system for the pathologic classification of thymoma, we
rereviewed all of the available slides (for all 136 patients)
and classified each patient’s tumor by each of the two major
pathologic classification systems, independently. Each sys-
tem appeared to be useful for predicting prognosis on initial
(associative) analysis. The older L/B classification appeared
to be the most discriminant (p, 0.001), but the Mu¨ller-
Hermelink system also appeared to be predictive (p,
0.005). However when the prognostic capability of patho-
logic grade was analyzed in the multivariate Cox model,
only the L/B system proved to be a significant independent
predictor of overall survival.

Because the clinical staging and the pathologic gradings
of thymoma are correlated, separate Cox regression analy-
ses were performed that incorporated only one system
(Masaoka, L/B, or Mu¨ller-Hermelink), along with the other

covariates. The findings of these analyses were consistent
with those of the full model. The direction and magnitude of
the risk ratios and associated significance levels were not
influenced appreciably.

A Cox regression analysis also was used to investigate
the relation between overall survival and adjuvant radi-
ation therapy. There appeared to be a slight interaction
effect, with better survival rates seen for patients with
Masaoka stage I and no radiationversuspatients with
Masaoka stage I and adjuvant radiation or patients with
Masaoka stages II to IV, regardless of radiation status.
This interaction term was not statistically significant
when included in the Cox model due to small subgroup
sizes; therefore, both the interaction term and adjuvant
radiation were omitted from the final model. Too few
patients had received adjuvant chemotherapy to afford
meaningful statistical analysis.

Thymoma-Related Death and Predictors
of Thymoma-Related Death

Overall, 19 (14%) of the patients died from a cause
directly related to thymoma or its treatment. Kaplan-Meier
estimates of the mortality rate from thymoma and its treat-
ment were strikingly lower than those from nonthymoma-
related causes in all patients at each follow-up interval. The
thymoma-related survival rate was 87% at 5 years, 85% at
10 years, and 80% at 15 years. The only clinical indicator
that proved to be a statistically significant independent
predictor of improved survival was complete surgical resec-
tion. Neither pathologic classification system proved to be a
significant independent predictor of death from thymoma.
This was the result, in part, of the relatively small numbers
of patients who died of their thymomas, lowering the power
of the statistical analysis.

Recurrence

Seventeen (12%) patients were not eligible for recur-
rence follow-up: those whose thymomas had been dis-
covered at autopsy, those who had never undergone sur-
gery, or those who had undergone only limited debulking
procedures (not true resection). Of the 119 (88%) patients
eligible for follow-up for recurrence, specific recurrence
information was available for only 97 (82%). Of these, 79
(81%) had no documented recurrences, whereas 18 (19%)
patients did have recurrence. Time to recurrence could
not be determined for one patient with a known recur-
rence. Of the patients in whom time to recurrence could
be calculated, eight patients (47%) had only local or
regional recurrence in the mediastinum, and nine patients
(53%) had hematogenous, distant metastases. For this
group of patients with known recurrence status, the me-
dian time to recurrence was 4 years (range, 0.5 to 12
years). Of the 18 patients with recurrence, the extent of

Figure 6. The presence of preoperative MG had a strikingly positive
prognostic effect on overall survival. Multivariate analysis by the Cox
regression model also confirmed preoperative MG as an independent
predictor of overall survival.
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initial surgical resection could not be found for 2 pa-
tients. Of the remaining 16, 8 (50%) had undergone
“complete” resection and 8 (50%) had undergone partial
resection. The clinical stage of one patient with a known
recurrence could not be determined. Of the remaining 17,
4 (24%) were Masaoka stage I, 3 (18%) were stage II, 10
(59%) were stage III, and 0 were stage IV.

DISCUSSION

In general, the demographics and clinical presentation of
the patients with thymoma in this series were quite similar
to those of other reports.5–11,13–15Although most of the
patients had local symptoms, a significant number were
asymptomatic or had the thymoma diagnosed during a rou-
tine chest x-ray. The 40% incidence of MG seen here,
higher than the 25% to 35% reported in most other se-
ries,14,15,26,27,31,32is probably because of the large number
of patients referred to the Johns Hopkins Hospital primarily
for the neurologic management and surgical treatment
(thymectomy) of MGper se.4 The 3% of the patients with
associated pure red cell aplasia is comparable to the pro-
portions reported in other series.6,9,11,12,15

The overall survival rate of the patients in this series
was similar to that reported in other series.5–11,13,14,26

Forty-four percent of the patients were dead at the con-
clusion of the study, but, strikingly, less than a third
(32%) of these deaths were thymoma-related. Indeed, the
nonthymoma-related death rate exceeded the thymoma-
related death rate at every time point evaluated. Most
other series have reported only overall survival curves.
Verley et al5 and Lewis et al,8 however, reported thymo-
ma-related death rates of 20% and 13%, respectively,
comparable to the 14% rate in our series. In fact, in our
series 39% of the patients had encapsulated thymomas
(Masaoka stage I) at initial diagnosis; only 4% had dis-
seminated disease (Masaoka stage IV). The small number
of deaths related directly to thymoma supports the view
of an indolent nature of thymomas, with few patients
developing or dying of disseminated disease. Instead, the
disease often spreads locally within the mediastinum or
to the adjacent pleural cavity and is frequently manage-
able with radiation, chemotherapy, and/or surgery for
recurrent disease. (Recurrence rates reported in other
series vary from 15% to 25% at 10 to 15 years.5,8,33 In
our series, recurrence rateper se was not used as an
endpoint because of inadequate recurrence data.) This
also indicates that patients must be followed for many
years because it is not unusual for patients to present
more than 10 years after resection with late recurrence or
even death.5,6,8

Several retrospective studies have attempted to define
clinicopathologic variables that can be used to predict prog-
nosis in patients with thymoma. However, many of these
series contain inadequate numbers of patients to allow the

quantitation of theindependentprognostic value of these
variables. Our series of 136 patients did allow for such a
multivariate analysis. Of all the clinicopathologic indicators
we investigated, four factors proved to have an independent
influence on overall survival: the extent of surgical resec-
tion, the presence of MG, the L/B classification, and age at
initial diagnosis.

Most authors have reported that both the clinical stage
at presentation and the extent of surgical resection are
important predictors of overall survival. In the present
study, thymomas were grouped as noninvasive (Masaoka
stage I) or invasive (Masaoka stage II to IV). In contrast
to other series,5–11,15,25although advanced clinical stage
did tend to predict a poorer prognosis, the clinical
(Masaoka) stage failed to reach statistical significance as
an independent predictor of overall survival. The pres-
ence of either local or systemic symptoms also failed to
reach statistical significance for independent predictive
value. Complete surgical resection proved to be the most
important predictor of increased survival, independent of
Masaoka stage. Other authors have also reported the
importance of complete resection.6,9,13,15However, sev-
eral series were unable to detect a difference in outcome
between patients who had debulking proceduresversus
biopsy alone.9,15,34Whether or not a preoperative biopsy
had been obtained did not prove to be an independent
predictor of overall survival in the present series. Taken
together, these results support aggressive surgical inter-
vention, even in patients with advanced disease at initial
presentation. For example, the patient who has a
Masaoka stage III thymoma with local invasion into the
lung appears to benefit from an aggressive resection that
would include complete thymectomy (anterior-superior
cervicomediastinal exenteration)4 as well as in-continuity
wedge resection of the involved lung.

In the current series, patients with MG had a markedly
better overall survival rate than those without MG. Ear-
lier series had reported that patients with MG had a
decreased overall survival rate.7,12,35 This was likely
secondary to the increased risk of surgery in the patients
with MG, as well as less effective medical management
of such patients in earlier years. Many subsequent series
have reported no difference in survival rates in patients
with versus without MG. This has been attributed to
better critical care availability as well as generally im-
proved management of patients with MG.4,8,11,13,14,36,37

Although Monden et al33 reported fewer thymoma recur-
rences in patients with MGversusthose without MG, the
overall effect of MG on survival was not quantitated. Our
series is unique in indicating that patients with MG
(diagnosed before surgery) had significantly increased
survival overall. Because the presence of MG was iden-
tified here as an independent predictor of overall survival,
it cannot be argued that patients have a better prognosis
because their MG symptoms had led to a diagnosis of
thymoma at an earlier stage. In our experience and in the
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literature,38,39 it has been noted that steroids may cause
involution of recurrent thymoma. Although we did not
record who was being treated with steroids for MG, it is
plausible that steroids could be responsible for the im-
proved overall survival of patients with MG, because
small recurrences might have involuted without appear-
ing clinically relevant. One could reason that if this were
true, there should be significantly fewer thymoma-related
deaths in patients with MG. Our study does not reveal
such a finding, but this may be because of the small total
number of thymoma-related deaths in this series. More-
over, patients with MG may have had closer medical
follow-up, possibly facilitating the earlier detection and
better management of other medical problems and
thereby prolonging survival.

Histologic classification has inconsistently been reported to
be a reliable prognostic indicator.6,8,10,12–15,17,21,24,25,27,31,40

We found that the L/B pathologic classification is an indepen-
dent predictor of overall survival, patients with predominantly
epithelial thymoma or thymic carcinoma having a significantly
decreased overall survival rate. (The epithelial thymomas and
thymic carcinomas were grouped together because of the small
number of thymic carcinomas in the series. However, our
finding remained the same when thymic carcinomas were
excluded from analysis.) Other series have also found that
predominantly epithelial thymomas portend a worse progno-
sis,8,12 but in the other series this effect has not been clearly
demonstrated to be independent of the clinical stage at presen-
tation. Surprisingly, the more modern Mu¨ller-Hermelink
pathologic grade failed to be a significant independent predic-
tor of overall prognosis, in contrast to the trends reported in
other series.10,15,27,31However, the Mu¨ller-Hermelink grade
approached statistical significance as an independent predictor
of death secondary to thymoma, with WDTC/thymic carci-
noma being associated with decreased survival. Although this
and other series indicate that cortical thymomas tend to present
at more advanced clinical stages,10,14,15,18,21–27,40our series
does not indicate a worse prognosis in patients with cortical
thymomas. Therefore, the true prognostic value of the Mu¨ller-
Hermelink grading system remains unclear.

Not surprisingly, age 57 or older was an independent
significant predictor of an increased mortality rate from any
cause, because patients diagnosed with any condition at an
advanced age obviously have a greater chance of dying of
causes unrelated to that condition. More importantly, age at
diagnosis was not an independent predictor of thymoma-
related death. Finally, gender and race also failed to reach
statistical significance as independent predictors of both
overall and thymoma-related survival.

All of these clinicopathologic predictors were also
analyzed for their relative importance as independent
predictors of death from thymoma-related causes. The
only variable that proved to be a significant independent
predictor of decreased thymoma-related death was com-
plete surgical resection. It may be that other predictors
failed to reach statistical significance because of the

relatively small number of patients who actually died of
thymoma or its treatment, thereby decreasing the power
of the statistical analysis to detect significance. The in-
dolent nature of this disease is particularly evident from
these data.

One of the more interesting findings in this study was
the significant number of patients (37 [27%]) who had
associated, discrete neoplasms at some time in their clin-
ical course. (The presence of an associated tumor was
not, however, an independent predictor of overall surviv-
al.) McCart et al have reported similar findings.6 Al-
though it is not altogether surprising that such an asso-
ciation exists, given the role of the thymus in immune
function, the precise mechanism of the relation is un-
clear. If the secondary neoplasm had always arisen after
thymectomy, or subsequent to adjuvant therapy for thy-
moma, then one could argue that removal of the thymus
could diminish immune surveillance, or that radiation
therapy might have induced the development of second
primary neoplasm. However, the fact that the separate
neoplasm was often diagnosed either before or at the
same time as the thymoma suggests that there might be an
underlying predisposition to neoplasia in these patients.
The fact that thymomas are associated frequently with
secondary neoplasms should heighten the physician’s
clinical suspicion and facilitate the earlier diagnosis of
other tumors in patients with thymomas.

Our findings are consistent with the approach that all
patients with thymoma should undergo an aggressive
attempt at complete resection of their tumor, including, if
indicated and clinically feasible, the resection of invaded
adjacent organs, including pericardium, lung, innominate
vein, and/or diaphragm. Patients with MG should be
reassured that the presence of this paraneoplastic syn-
drome actually portends an improved prognosis. Finally,
clinicians should have heightened awareness regarding
second primary neoplasms in the patient with thymoma.
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Discussion

DR. JOEL D. COOPER(St. Louis, Missouri): I want to congratulate
Drs. Wilkins and Bulkley for their comprehensive evaluation of a
very interesting subject and I appreciate the opportunity of review-
ing the manuscript in advance.

I remarked yesterday to Dr. Judah Folkman as I was sitting next
to him, “You know, only at the American Surgical Association
could you have a thoracic surgeon get up and give a presentation
about operating on the neck followed immediately by a presenta-
tion by general surgeons operating on the chest.” He recalled that
years ago at Grand Rounds at the Massachusetts General Hospital,
the illustrious gynecological surgeon Joe Meigs presented a case in
which he had ventured into the chest, presumably because of
metastases or extension of a pelvic problem. The eminent thoracic
surgeon Dr. Richard Sweet, not to be outdone, at the next Grand
Rounds presented a case in which he had done a total hysterec-
tomy. That apparently prompted Dr. Pete Churchill to observe that
since, at least in those days, surgeons were expected to be masters
of everything, your specialty was defined solely by what you chose
to busy yourself with.

I agree, as you point out in the manuscript, that most series of
thymomas are not large enough to draw some of the interesting
conclusions that you have, and there are still some unanswered
questions.

You know, originally the diagnosis of benign or malignant, as
defined by Dr. Castleman and the AFIP fascicle on thymomas from
the Armed Forces Institute of Pathology, was made by the surgeon,
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not the pathologist, who made the determination of whether it was
benign or malignant depending on whether or not the capsule was
breached. The pathologist under the microscope couldn’t tell on
the basis of histology. So if it invaded the capsule, it was consid-
ered malignant and if it didn’t invade the capsule, it was consid-
ered benign.

I have never understood—and perhaps you could answer—can
all thymomas become malignant? I mean, somehow the ones that
we see invading are always large and the ones that are not invading
are almost always small. Are we talking about one type of tumor
which can develop and become malignant? Or are these tumors
either benign and stay benign or start off malignant and stay
malignant? I would love to know if you have any insight into that
question.

In your series, did you observe, as has been done in the past,
patients without myasthenia who had a thymoma excised and
became myasthenic? We now think that that was because they
were not doing complete excisions of the thymus gland along with
the thymoma, because I think that problem is rarely seen these
days.

As you have, we have observed that in the last 10 or 15 years
that if you have myasthenia gravis and a thymoma, you have a
much better prognosis. Twenty years ago it was worse. But if you
look at it, you will find the deaths were not due to thymoma, they
were due to myasthenia. And although you seem to suggest to the
contrary in your manuscript, it is still our impression that the
reason myasthenia is such a favorable covariable is that when you
have myasthenia, you get a CAT scan, you pick up the thymoma
much earlier than you would have picked it otherwise, and that that
is a more favorable group of tumors.

In the manuscript, there were very few cases of neoadjuvant
therapy. And I would like to ask you what you now do? If you
have a CAT scan that suggests that the thymic tumor is in fact
penetrating the capsule, we tend to now give chemotherapy
first, shrink it, remove it surgically, and then follow with
consolidation radiotherapy. I would be interested in your own
approach.

Finally, a vexing issue has been the finding by pathologists now
of microscopic capsular invasion. In the past if it was grossly
uninvaded we just didn’t give follow-up therapy. And since
Masaoka has refined this and added a classification for micro-
scopic capsular invasion, what is currently your treatment recom-
mendation for a tumor removed which seems to be grossly con-
tained, but which is pathologically found to have some
microscopic capsular invasion? Do you give postoperative radio-
therapy?

PRESENTER DR. KIRSTEN BASS WILKINS (Durham, North
Carolina): In terms of the treatment of patients with microinvasive
disease, at Johns Hopkins these patients receive postoperative
adjuvant radiotherapy.

Why are the patients with myasthenia doing better? One of the
advantages of our study is that we control for other cofactors. So
that when we say that patients with myasthenia gravis did better,
we can pretty securely say this was not due to stage alone, because
we controlled for that.

We found that people are dying mostly from causes unrelated to
thymoma. It may just be that the patients with myasthenia are
being followed more closely by their doctors, and perhaps other

medical conditions that are going to cause their death are being
better controlled.

Secondly, many of the patients with myasthenia gravis are being
treated with steroids. And there have been anecdotal reports in the
literature of decreased rates of thymoma recurrence and treatment
of small recurrences with steroids. It could be that myasthenic
patients treated with steroids are having involutional occurrence
before it is ever apparent.

You are correct to say that few of the patients had neoadjuvant
treatment. In fact, not many of the patients at Hopkins are being
treated with neoadjuvant therapy even if there is concern about
extracapsular extension on the initial diagnostic test.

In terms of whether or not there is actually a benign thy-
moma, you are correct to say that over the years there has been
very much controversy over this. In this series, we did find that
there were patients that did die from thymoma who did have
apparent stage 1 disease. So I think that even if you have a
tumor that is considered a stage 1 benign disease because it is
completely encapsulated, a few of these patients can go on and
have a malignant course.

DR. CARL E. BREDENBERG (Portland, Maine): I would like to
congratulate the authors and thank them for the opportunity of
reviewing the manuscript. The manuscript is as well written as it
was presented, and will become a standard reference for this topic
in the future. This work achieves a goal for which we all strive and
too often fail to reach. It is a large series, well analyzed, with
excellent long-term follow-up; 98% at 15 years is truly impressive.
I don’t think anyone would disagree with the essential bottom line:
completeness of resection counts.

One of the difficulties, however, is that, although for a clinician
it is a large series, it is still for a statistician a relatively small
number, particularly a small number of thymoma-related deaths.
My first question is the question that you have alluded to: What is
the proper endpoint to correlate with these predictors, given that
only one third of the mortality was related to thymoma? Is it
overall mortality or is it mortality from thymoma?

My second, more speculative, question is the impressive 27% of
the patients that had another malignancy and maybe half of those
had a third malignancy. Colorectal was the most frequent addi-
tional malignancy. Given the interest at Hopkins in looking at the
sequence of genetic hits that determine malignancy, and particu-
larly using colon malignancy as the initial model, is this a group of
patients that Dr. Vogelstein and the molecular geneticists at Hop-
kins would be particularly interested in looking at?

My final question is a simple practical one. With the mediastinal
mass, there seems to be, among thoracic surgeons, a certain reluc-
tance to do a preoperative biopsy. The differential is often thy-
moma or lymphoma, and the imaging may not provide a clear
answer. On the basis of your experience, where is the place for
preoperative biopsy?

Again I congratulate you. This will be required reading for all
thoracic surgeons and all people who deal with thoracic malig-
nancy.

DR. WILKINS: In terms of the preoperative biopsy, in our
study we did see that there was no difference in overall, or
thymoma-related survival. We are not performing preoperative
biopsies in these patients routinely, although there is a subgroup
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of patients who will have fine-needle aspiration performed prior
to referral.

In terms of the other malignancies, I think it is a good idea to
have Dr. Vogelstein look at this. There is not a simple explanation.
The patients in our series developed these neoplasms at all differ-
ent times, sometimes before the thymoma is detected, sometimes
simultaneously, and sometimes afterward.

It could be argued that if the patients always developed the
secondary malignancies after thymectomy, this could be be-
cause of decreased immune surveillance without the thymus, or

that perhaps it was related to adjuvant therapy that had been
given for the treatment of thymoma. But this was certainly not
the case. So we seem to think that there must be some under-
lying predisposition to neoplasia in these patients which we
have not been able to define.

In terms of the proper endpoint for these patients, I think that it
is important to know that these patients do have decreased overall
survival. And I think it is important to know that, yes, thymoma is
likely not going to kill you, and it is encouraging to tell that to your
patients.
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