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Background: This study was to investigate the value of pretreatment biopsy for histological diagnosis and
induction therapies in the management of locally advanced thymic malignancies.

Methods: The clinical pathological data of patients with thymic tumors in the Chinese Alliance for
Research in Thymomas (ChART) who underwent biopsy before treatment from 1994 to December 2012
were retrospectively reviewed. The application trend of preoperative histological diagnosis and its influence
on treatment outcome were analyzed.

Results: Of 1,902 cases of thymic tumors, 336 (17.1%) had undergone biopsy for histological diagnosis
before therapeutic decision was decided. In recent years, percentage of pretreatment histological diagnosis
significantly increased in the later ten years than the former during the study period (P=0.008). There was
also a significant increase in thoracoscopy/mediastinoscopy/E-BUS biopsy as compared to open biopsy
(P=0.029). Survival in Patients with preoperative biopsy for histology had significantly higher stage lesions
(P=0.000) and higher grade malignancy (P=0.000), thus a significantly lower complete resection rate (P=0.000)
and therefore a significantly worse survival than those without preoperative biopsy (P=0.000). In the biopsied
336 patients, those who received upfront surgery had significantly better survival than those received
surgery after induction therapy (P=0.000). In stage III and IVa diseases, the RO resection rate after induction
therapies increased significantly as compared to the surgery upfront cases (65.5% vs. 46.2%, P=0.025).
Tumors downstaged after induction had similar outcomes as those having upfront surgery (92.3% vs. 84.2%,
P=0.51). However, tumors not downstaged by induction had significantly worse prognosis than those
downstaged (P=0.004), and fared even worse than those having definitive chemoradiation without surgery
(37.2% vs. 62.4%, P=0.216).

Conclusions: It is crucial to get histological diagnosis for thymoma before surgery or adjuvant treatment
and minimally invasive biopsy should be undertaken. Although in our study we could not find the benefit of
induction chemotherapy before surgery in survival and recurrence rate, it could increase the RO resection

rate compared with direct surgery in late stage (II and IVa).
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Introduction

Thymic malignancies are one of the most common tumors in
the anterior mediastinum, accounted for about 17~30% of all
mediastinal tumors. Thymomas are hard to study because of
their relatively indolent nature. Thymic carcinomas are more
malignant in behavior but even rarer in incidence. Surgical
resection is considered the mainstay of treatment for early
stage thymic tumors, and complete resection renders favorable
long-term outcome. However, prognosis of locally advanced
tumors, especially those unresectable lesions, remains
unsatisfactory (1,2). So far, there has been no large sample
prospective randomized controlled study concerning thymic
tumors. In addition to the widely accepted Masaoka surgical-
pathologic staging, the World Health Organization (WHO)
histological classification is another potential prognostic
factor for thymic tumors and thus should also be taken
into consideration in clinical decision making, especially in
advanced stage tumors (3,4). Biopsy for histological diagnosis
is sometimes necessary for therapeutic decision making,
especially for choosing potential induction therapies, or to rule
out other malignancies in the anterior mediastinum.

In this study, we retrospectively analyzed the clinical
pathological data of the patients with locally advanced tumors
using the Chinese Alliance for Research in Thymomas
(ChART) retrospective database. We investigated the use
of preoperative biopsy for histological diagnosis, its impact
on management mode and outcome, to provide useful
information for future clinical research and practice.

Materials and methods

Clinical pathological data of 2104 patients treated between
1994 to 2012 were retrieved from the ChART retrospective
database. After excluding 202 cases with unknown biopsy
status, 1902 patients were included in the study. The use
of pretreatment histological diagnosis and its influence on
management mode and prognosis of patients were analyzed.

Histologic classification was assessed according to the
2004 WHO classification system (5). Extent of disease was
defined by Masaoka-Koga surgico-pathological staging (6).

There was no standard management policy during
the study period at different institutions. After clinical
evaluation, diagnosis and treatment was decided by the
physician in charge according to their own expertise. For
patients having biopsy, treatment mode included surgery
upfront, surgery after induction therapy, or definitive
chemo/radiotherapy without surgery.
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All statistical analyses were performed using SPSS
17.0 (SPSS, Inc., Chicago, IL, USA) software. Student’s
t-test was used to evaluate the continuous variables. The
correlation between categorical variables was determined
using Person x’ or Fisher’s exact tests when appropriate.
Survival analysis was established using the Kaplan-Meier
method and compared with log-rank test. A P value <0.05
was considered to be statistically significant.

Results
The use of pretreatment histological diagnosis

Of the 1,902 patients, 336 (17.7%) underwent pretreatment
biopsy for histological diagnosis, while the remaining
1,566 (82.3%) went directly to surgery. From 1994 to 2003,
30 (11.8%) patients had pretreatment biopsy for histological
diagnosis. This increased to 306 (18.6%) patients in
2004-2012. The difference between these two time periods
was statistically significant (P=0.008).

Of the 336 patients who had pretreatment biopsy,
there were 192 males (57.1%) and 144 females (42.9%).
The mean age was 46.6£14.1 years. Only 37 (11.0%)
patients had concomitant myasthenia gravis (MG) upon
presentation. Methods used for biopsy are shown in Table 1.
157 (46.7%) cases underwent needle biopsy, 129 (38.4%)
cases underwent surgical biopsy through a small anterior chest
wall incision, and 50 (14.9%) cases underwent thoracoscope/
mediastinoscope/E-BUS biopsy. There was a significant
increase in the use of minimally invasive approaches
(thoracoscope/mediastinoscope/E-BUS) and decrease in open
surgery for biopsy in the time trend (P=0.029).

Results of pathologic review of the biopsy specimen are
shown in 7able 2. Histological diagnosis was achieved in
89% of the cases, with only 37 (11%) in which a definite
diagnosis could not be defined.

Kaplan-Meier survival analysis showed that 5- and 10-year
overall survival rates for patients who underwent direct
surgery without preoperative histological diagnosis were
89.5%, 82.2%, respectively. And 5- and 10-year overall
survival rates for patients who underwent surgical treatment
after preoperative histological diagnosis were 79.4%,
58.7%, respectively. The survival difference between these
two groups was statistically significant (P=0.000, Figure I).

Impact of preoperative bistological diagnosis on treatment mode

Of the 336 patients, 190 (56.5%) cases went directly to
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Table 1 Approaches for biopsy in different time period

Yue et al. Pretreatment biopsy in thymic tumors

Treatment time

Anterior chest wall

Thoracoscopy/mediastinoscopy/

. No. Needle biopsy (%) L ) . P value
interval incision biopsy (%) E-BUS biopsy (%)

Total 336 157 (46.7) 129 (38.4) 50 (14.9) 0.029
2004-2012 306 140 (45.8) 116 (37.9) 50 (16.3)

1994-2003 30 17 (56.7) 13 (43.3) 0(0)

Table 2 Histological diagnosis of biopsy according to WHO

classification

WHO type No. Percent (%)
A 16 4.8

AB 49 14.6

B1 37 11

B2 39 11.6

B3 52 15.5

C 99 29.5
Carcinoid 7 2.1
Undefined 37 11

WHO, World Health Organization.

surgical resection after biopsy, 58 (17.3%) cases underwent
induction therapies followed by surgery, and 88 (26.2%) cases
underwent definitive chemo/radiotherapy without surgery.
Of the 18 patients with undefined diagnosis, 16 underwent
surgical treatment directly and 2 had induction treatment
followed by surgery.

From 1994 to 2003, Percentages of patients who had
upfront surgery, induction therapy, and definitive chemo/
radiotherapy were 40.0%, 36.7%, 23.3 %, respectively. And in
2004~2012, the percentages were 58.2%, 15.4%, and 26.5%,
respectively, showing a significant increase in upfront surgery
and decrease in inducton therapies (P=0.012).

Impact of preoperative histological diagnosis on the
prognosis of patients

The tumor size was 7.8+£3.0 cm in the 190 cases with
upfront surgery and 7.9+2.9 cm in the 58 cases underwent
induction therapy (P=0.696). Patients having induction
therapies had significantly higher stage, higher grade
tumors, and lower resection rate, as were shown in Table 3
(P=0.000, P=0.016, P=0.000, respectively).

Since all patients in the induction group were over
clinical stage III, we selected only stage III-IV patients
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Figure 1 Survivals in patients with or without pretreatment biopsy

for histological diagnosis.

who had upfront surgery after biopsy and compared them
with patients treated with preoperative induction therapy.
The results showed that there was a borderline significant
difference in histological types, with a higher percentage of
thymic carcinomas in the induction group. Patients receiving
induction therapies had higher resection rate and lower final
pathological staging, probably due to downstaging of their
tumors (P=0.000, P=0.025, respectively, Table 4). Kaplan-
Meier survival analysis showed that the 5-, 10-year overall
survivals for patients underwent upfront surgery after biopsy
were 84.2% and 53%, respectively. The 5-, 10-year overall
survivals for patients underwent preoperative induction
therapy were 53.5%, 26.2%, respectively. The difference was
statistically significant (P=0.03, Figure 2).

Subgroup survival analysis

In order to further study the effect of surgical resection
directly after histological diagnosis and surgical resection
after preoperative inductive therapy on the prognosis, the
patients were divided into different subgroups and stratified
according to tumor stage, histology, and resection status.
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Table 3 The relationship between preoperative histological diagnosis and clinical pathological characteristics of the patients in this group

Purpose of histological diagnosis

Classification No. P value
Upfront surgery Induction therapy
Tumor size 7.8+3 7.9+2.9 0.696
Masaoka stage 0.000
| 88 81 (42.6%) 7 (12.1%)
Il 32 25 (13.2%) 7 (12.1%)
11l 93 60 (31.6%) 33 (56.9%)
\% 35 24 (12.6%) 11 (19.0%)
R resection 0.025
Ry 178 140 (73.7%) 38 (65.5%)
R, 22 19 (10%) 3 (5.2%)
R, 48 31 (16.3%) 17 (29.3%)
WHO type 0.000
A+ AB 62 59 (33.9%) 3 (5.4%)
B1 + B2 + B3 93 70 (40.2%) 23 (41.1%)
C + NETT 75 45 (25.9%) 30 (53.6%)

WHO, World Health Organization; NETT, neuroendocrine thymic tumour.

Table 4 The relationship between preoperative histological diagnosis and clinical pathological characteristics of the stage Il + IV patients

in this group

Purpose of histological diagnosis (%)

Classification No.
Upfront surgery Induction therapy P value
Masaoka stage 0.000
I 0 ( 7(12.1)
il 0 ( 7(12.1)
m 93 60 (71.4) 33 (56.9)
v 35 24 (28.6) 11 (19.0)
R resection 0.025
Ry 77 39 (46.2) 38 (65.5)
R;+ R, 65 45 (53.6) 20 (34.5)
Pathology 0.095
Thymoma 73 47 (61.0) 26 (46.4)
Thymic carcinoma 60 30 (39.0) 30 (53.6)

No difference was statistically significant in all subgroups,
except for patients with stage III tumors (P=0.003, Table 5).
Opverall survival for tumors not downstaged by induction
therapies was only 37.2% at 5-year, significantly lower
than those undergone direct surgery (P=0.004). For tumors
downstaged by induction, however, overall survival was as

high as 92.3%, similar to those receiving direct surgery
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(P=0.51, Figure 3).

Forty-nine patients were deemed inoperable and
received definitive chemoradiotherapy. Their overall
S-year survival was 62.4%, significantly lower than those
tumors downstaged and then resected after induction
therapy (92.3%), but higher than those not downstaged by
induction therapy (37.2%), as shown in Figure 4 (P=0.08).
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o Overall survival
Characteristics P value 1.0
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Stage I 0.003 Figure 4 Survivals in tumors downstaged or not downstaged
Preoperative induction therapy 0.325 after induction therapy (subgroup) and those having definitive
Surgical treatment directly 0.85 chemoradiotherapy.
Stage IV 0.595
Preoperative induction therapy 0.00
Surgical treatment directly 0.559
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Discussion

Thymic tumors are relative rare neoplasms, mostly seen in
the anterior mediastinum. Because of the low incidence of
this neoplasm, there is still much debate about the histological
classification, the predictors and treatment. Histological
typing established by the World Health Organization and
the clinical staging system proposed by Masaoka are the
most widely accepted. Both have been proved to be strongly
related to patient survival (6). According to the morphology
of the epithelial cells of the thymus and the amount of
associated T" lymphocytes, thymomas are classified as Type
A, B, AB and C. Different Types have different biological
behavior and thus should be managed differently. Although
complete resection remains the key treatment of thymoma,
chemotherapy and radiotherapy also play important roles,
especially for advanced-stage diseases. There is evidence
that a multimodality approach incorporating chemotherapy
or chemoradiotherapy before surgery may improve
respectability and outcomes in locally advanced thymoma (7).
Also there are many other kinds of diseases in anterior
mediastinum such as lymphomas and germ cell tumors. The
treatment of these malignancies could be very different (8).
It is thus crucial to get histological diagnosis for thymoma
before surgery or adjuvant treatment.

Diagnostic material can be obtained by image-guided
fine needle aspiration or core needle biopsy, surgical
mediastinoscopy, thoracoscopy, or mini-thoracotomy. We
retrospectively analyzed 336 patients undergone biopsy
before treatment between 1994 and 2012. The biopsy rate
in the latter nine years increased significantly from 11.8% to
18.6% compared with that in earlier ten years in the study
period. While there was no significant difference either in
tumor stage or histology between these two time periods,
an increasing awareness of the importance of histologic
information in therapeutic decision making could clearly
be observed. And from the changing in biopsy methods, it
is shown that minimally invasive concept was increasingly
accepted.

However, it is intriguing that there was actually a
decrease in the use of induction therapy but increase
in upfront surgery. This was in correspondence with
significantly higher percentage of thymomas, as opposed
to thymic carcinomas, and stage I-II tumors in the upfront
surgery group. Potential explanations may include an
increased use of biopsy even in early stage tumors to rule
out other malignancies such as lymphoma or germ cell
tumors for which surgery should not be used as first-line
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therapy. In the meantime, there was also a marked increase
along with time in the use of definitive chemoradiation,
without surgery, for advanced stage disease.

There is no doubt that surgery remains the mainstay
of thymoma treatment and complete resection should be
pursued whenever possible. But in locally advanced tumors
(Masaoka stages III and IVa) complete resection is not always
feasible (9). It has been suggested that a multimodality
approach incorporating chemotherapy or chemoradiotherapy
before surgery may improve resectability and outcomes in
locally advanced thymomas (7). Modh et a/. (10) recently
retrospectively reviewed 110 patients with Masaoka stages 11
to IVa invasive thymoma and found that aggressive treatment
with chemotherapy, surgical resection, and postoperative
radiation therapy might produce long-term survival for
these patients with advanced disease. Cardillo ez al. (9)
presented a comparison between multimodality treatments in
Masaoka stage III and I'Va thymomas comparing 31 patients
undergoing surgery after induction chemotherapy and
30 undergoing direct surgery. They showed induction
chemotherapy to be an independent predictor of survival
in locally advanced lesions (10-year survival: 57.9% uvs.
38.1%). Similarly, in 56 patients in stage III, Lucchi et 4. (11)
found that neo-adjuvant treatment could be effective both
in down-staging and increasing resectability and improving
survival. Different from the above studies, Rea ez /. (12)
were unable to find any difference when they compared
induction chemotherapy group and no induction group in
75 patients with stage IIT (n=51), IVa (n=18) and IVB (n=6)
thymic tumors (10-year survival: 52% vs. 56%; P=0.54).
But the two groups in that study were not comparable,
with significant difference in tumor stage, completeness of
resection and adjuvant therapies.

In our study, we did not found a benefit in survival with
induction therapy prior to surgery in all patients after
biopsy for histology diagnosis. The induction group showed
significantly worse survival rate than upfront surgery group
when all patients were included (5-year survival: 53.5% vs.
93.1% and 10-year survival: 26.2% vs. 85.1%, P=0.000).
Selection bias clearly existed as there were significantly more
(55.8%) early stage (I-1I) diseases in the surgery upfront
group, as opposed to a mere 24.2%, even after neoadjuvant
therapies, in the induction group. Indeed in the current
study, RO resection rate after induction was still lower than
the surgery upfront group (73.7% vs. 65.5%, P=0.025).

No doubt neoadjuvant therapy would most often be
considered when preoperative workup indicates that
complete resection may not be feasible (above stage III) (13).
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For this reason, we chose to compare only patients with
stage III-IV diseases in the upfront surgery group with the
induction group. There were 24.2% patients downstaged
to stage I/II after induction, and RO resection rate was
significantly higher than the upfront surgery group (65.5%
vs. 46.2%, P=0.025). Our results were in consistency with
several other reports indicating increased complete resection
rate after preoperative induction therapy (14-16). Kim ez .
conducted a prospective clinical trial in which patients with
locally advanced thymoma received induction cisplatin,
doxorubicin, cyclophosphamide, and prednisone, followed
by surgery, radiation, and consolidation chemotherapy (17).
Seventeen out of 22 patients had a radiographic response after
chemotherapy. Kunitoh et 4l. evaluated weekly dose-dense
chemotherapy (cisplatin, vincristine, doxorubicin and
etoposide) followed by surgery and post-operative
radiotherapy for patients in stage III diseases (18). Of the
21 eligible patients, 13 achieved a partial response and
9 underwent complete resection. Most chemotherapy
regimens were cisplatin based. Dose-dense chemotherapy
was not different from standard-dose chemotherapy (19). It
is recommended that surgery be performed within 8 weeks
of preoperative chemotherapy (20,21).

Unfortunately we failed to observe an overall survival
benefit with induction therapy, in spite of the significant
increase in resection rate. The 5- and 10-year overall
survivals for stage III-IV patients receiving preoperative
induction therapy were 53.5% and 26.2%, respectively,
still significantly lower than those with upfront surgery
(84.2% and 53 %, P=0.000). In addition to the potential
inherent bias (patients with resectable diseases tend to be
selected for upfront surgery), a higher percentage of thymic
carcinoma, which is known to be a higher grade malignancy
than thymomas, may also help explain the lower survival
in the induction group, even after early-stage tumors were
excluded. Histological subtype is known to be related
to outcome in thymic epithelial tumors. We previously
reported that WHO histology was predictive of prognosis in
thymic tumor patients after surgery (22). Okumura et 4/. (23)
also reported that the average intervals from the initial
resection to re-resection were 10.3, 7.8, 6.0, 2.4 and 2.6 years
for patients with type AB, B1, B2, B3 recurrent tumors.
And 20-year survival rate following initial resection of type
B2 and B3 tumors was lower than that of type A, AB and B1
tumors which was more than 90%.

Based on this concern, we further compared those
patients downstaged or not downstaged after induction
with those having upfront surgery and those having
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definitive chemoradiation without surgery. We found that
patients downstaged after induction had much higher
5-year overall survival than those not downstaged (92.3%
vs. 37.2%, P=0.037). In fact the 5-year overall survival of
those downstaged were similar to those received upfront
surgery (92.3% wvs. 84.2, P=0.51). For those not downstaged
after induction, their 5-year overall survival was even worse
than those who receive no surgery but only definitive
chemoradiation (37.2% wvs. 62.4%, P=0.216). These
indicate that advanced stage thymic tumors would benefit
from effective induction therapies by increased chance
of complete resection and improved long-term survival.
However, surgery has little value in advanced tumors
that do not respond to induction therapies. Definitive
chemoradiation may be a better choice in this subset of
patients.

This study has the usual limitations of retrospective
studies on a long time period, heterogeneous treatment
modality, chemotherapy regimen and follow-up policy.
However, we tried our best to rule out potential biases by
stratified analysis in subgroups of patients. In view of the
results, prospective randomized trials are warranted to
further investigate the effectiveness of induction therapies
based on histological diagnosis achieved by pretreatment
biopsy.

In conclusion, it is crucial to get histological diagnosis
for advanced stage thymic tumors before treatment
decision is decided. Minimally invasive biopsy is playing
an increasingly important role in this concern. Effective
induction therapies based on biopsy proven histology may
help increase complete resection rate and transfer into
better long-term outcome. Future prospective studies on
the optimal induction therapy would be necessary so as to
improve the prognosis of advanced stage thymic tumors.
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