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Introduction

Thymic malignancies are relatively rare epithelial 
neoplasms, with an incidence of approximately 2.5 to 3.2 
per million people (1,2). Surgical resection is considered 
the mainstay of curative treatment (3-5), however, 
approximately 30% of thymic epithelial tumors (TET) 
are identified as locally advanced and carry a significant 
risk of incomplete resection and worse outcomes 

(6,7). The prognostic importance of obtaining an R0 
(complete) resection and the known sensitivity of TETs 
to chemotherapy and radiotherapy has naturally led to the 
utilization of induction therapy in an attempt to improve 
complete resection rates, particularly for marginally 
resectable disease (8). The potential advantages of induction 
therapy include tumor down-staging, increased likelihood of 
an R0 resection, and prevention of systemic progression (9).  
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Since the introduction of induction therapy for thymic 
malignancies in the 1980s (10), several retrospective studies 
and phase II clinical trials have suggested higher rates of 
achieving an R0 resection with the use of induction therapy 
for locally advanced TETs (9,11-16). 

However, the variability in inclusion criteria and 
subjectivity in defining “marginally resectable” disease has 
limited the generalizability of this multimodal strategy 
(11,12,17). Further, several large multi-institutional 
database studies have described conflicting results, 
reporting worse long-term overall survival with the receipt 
of induction therapy (18), no difference in cancer-specific 
or recurrence-free survival (19), and no difference in tumor 
resectability (9). In addition, the patient withdrawal rates 
from proceeding with surgery after induction therapy range 
from 4.8% to as high as 38.1% (9,11,12,20). Accordingly, 
induction therapy may unnecessarily delay or impede 
upfront curative resection and predispose patients to disease 
progression (9).

 Approaching the current literature describing induction 
therapies for TETs requires caution. Many of the available 
studies are retrospective, heterogeneous (include both 
thymomas and thymic carcinomas), and lack upfront 
surgical control cohorts (21). In addition, the published 
clinical trials are limited to single arm phase II studies 
(11,12,20). Using the existing literature, we will carefully 
review the role of induction therapy and attempt to 
identify when it may be appropriate to use. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at http://dx.doi.org/10.21037/
med-20-20).

Utility of induction therapy

There remains no general consensus on the utility of 
administering induction therapy, and without randomized 
clinical trials, it will be difficult to provide definitive 
evidence to support it. However, several studies have 
attempted to shed light on the topic. The premise of 
employing induction therapy is based on the seminal 
work of two cooperative group clinical trials establishing 
the sensitivity of thymomas to chemotherapy, led by the 
Eastern Cooperative Oncology Group (ECOG) (22) 
and European Organization for Research and Treatment 
of Cancer (EORTC) (23) in patients with unresectable 
or metastatic disease (21). These trials specifically used 
cisplatin, doxorubicin, cyclophosphamide (CAP) and 
cisplatin-etoposide regimens, respectively. A number of 

studies of chemotherapy combinations, majority platinum-
based, have since followed in cohorts that included a mix of 
patients with thymoma and thymic carcinoma (20,24-28).

In a meta-analysis comprised of 12 studies and a 
collective 286 patients, there was a pooled rate of response 
to induction therapy of 59%, complete resection rate 
of 73%, 5-year survival of 87%, and 10-year survival of 
76% (29). The studies included in the aforementioned 
analyses consisted predominantly of Masaoka stage III and 
IVA thymic tumors (thymoma and thymic carcinoma), 
most often treated with induction chemotherapy alone. 
The favorable results reported in this analytic summary 
suggest that select patients with advanced stage TETs may 
benefit from induction therapy prior to surgical resection. 
Further, a number of retrospective case-series examining 
the oncologic benefits of induction therapy have reported 
promising results, showing clinical response rates ranging 
from 62% to 100% and complete resection rates ranging 
from 22% to 92% (13,15,16,21,30,31). 

Only a few prospective clinical trials investigating 
induction therapy in locally advanced thymomas exist. 
Kim and colleagues utilized a CAP (cisplatin, doxorubicin, 
cyclophosphamide) + prednisone regimen, reporting 14% 
complete responses, 63% partial responses, and 77% 
5-year disease free survival (11). Another phase II clinical 
trial using dose-dense cisplatin, vincristine, doxorubicin, 
etoposide (CODE) regimen reported no patients with a 
complete response, 62% with a partial response, and a 5-year 
progression-free survival of 43% (12). Amongst patients 
that proceeded to surgery in the aforementioned clinical 
trials, a complete resection rate was reported in 76% (11) 
and 69% (12) of patients. 

Given the aggressive and invasive properties of thymic 
carcinoma, the utility of induction therapy for this particular 
histology may have the greatest potential benefit (32).  
The literature, however, is limited to a few case-series, 
which have reported encouraging results. In a single 
institutional experience from Osaka University Hospital, 16 
patients with invasive disease involving the great vessels or 
metastatic disease to the mediastinal or intrathoracic lymph 
nodes received a platinum based neoadjuvant chemotherapy 
regimen, and in the vast majority of cases (75%) concurrent 
induction radiation therapy (33). This study demonstrated a 
69% complete resection rate and 71% 5-year survival rate. 
Upon comparing long-term survival between patients with 
a complete and incomplete resection, a significant survival 
advantage was seen in the former (33). These were reassuring 
results given the known poor prognosis of patients with 
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thymic carcinoma involving the great vessels (34). In another 
case-series of 7 patients with Masaoka stage III/IV thymic 
carcinoma treated with an induction CODE chemotherapy 
regimen followed by surgery, an impressive 85% complete 
resection rate was achieved, with a 10-year overall survival 
of 80% and 10-year relapse-free survival of 53.6% (35). The 
importance of a complete resection in patients with thymic 
carcinoma is supported by several studies, thus the role of 
using induction therapy as a means of rendering thymic 
carcinoma a surgically manageable disease to achieve an 
R0 resection is promising (36-39). However, it should be 
noted that these favorable outcomes are likely influenced 
by selection bias, as patients within these study populations 
may well be selected for good performance status and lower 
tumor burden (35). 

Impact of induction therapy on R0 resection and stage

Achieving a surgically complete resection has long been 
reported to be the dominant prognostic factor for patients 
undergoing surgical resection of TETs (40-42). In this 
context, the likely primary oncologic benefit of induction 
therapy is reducing the thymic tumor burden to increase 
the likelihood of an R0 resection. In stark comparison to 
the near 100% rate of complete resection for Masaoka stage 
I thymomas, stage III and stage IV disease have average 
resectability rates of 47% and 26% respectively (6). These 
complete resection rates are noticeably lower than those 
reported in patients receiving induction therapy as discussed 
above. This data, however, remains only suggestive, because 
of the possibility of patient selection bias in these studies 
confounding the results. Further, radiographic response to 
induction therapy has failed to demonstrate any association 
with enhanced R0 resection rates (29). Interestingly, a small 
baseline pre-induction tumor volume has strongly been 
linked to achieving complete resection, however, post-
induction volume has not shown the same association (43).

Apart from the hope of facilitating a complete resection, 
studies show conflicting results on whether or not induction 
therapy down-stages TETs in large numbers of patients. 
The data from the Chinese Alliance for Research in 
Thymomas (ChART) database demonstrated higher 5-year 
overall survival in patients receiving induction therapy 
(both thymomas and thymic carcinomas) that were down-
staged; however, in a stage III only sub-analysis, there 
were equivalent 5-year survival rates to those who received 
upfront surgical resection (44). Other studies have reported 
no association between down-staging and disease-free or 

overall survival (9,45). 

Role of tumor histology 

Thymic carcinoma is predominantly distinguished from 
thymoma based on biological properties, morphologic 
appearance, prominent cytologic atypia, and clinical 
prognosis (25). Contrary to the indolent clinical course 
associated with thymomas, thymic carcinoma is often 
highly aggressive and typically diagnosed at an advanced 
stage. Accordingly, thymic carcinomas are less commonly 
considered to be completely resectable at presentation, 
and  thus  induct ion  chemotherapy  or  combined 
chemoradiotherapy is often elected to attempt to render the 
disease more amenable to complete resection (46). 

Historically, thymomas have been considered to be 
more sensitive to chemotherapy than thymic carcinomas, 
in part due to the lymphocytic effect of cytotoxic agents 
and steroids in select thymoma histotypes (24). However, 
several studies comparing the response rates for thymoma 
and thymic carcinoma have not demonstrated a clear 
advantage of either pathologic tumor types in terms of 
chemosensitivity (45,47-50). Three studies comparing the 
efficacy of a platinum-anthracycline regimen demonstrated 
superior response rates in patients with thymoma over those 
with thymic carcinoma (47,48,51), while another study 
reported a higher response rate in patients with thymic 
carcinoma (49). These variable trends in response rate to 
chemotherapy persist for a variety of other drug regimens 
as well (26,50,52,53). 

Although the existing literature is conflicting, a recent 
systematic review of 55 eligible articles demonstrated 
response rates predominantly above 50%, independent 
of the line of treatment or histological type (24). These 
data demonstrating chemosensitivity of thymic carcinoma 
suggest that induction therapy may also be useful for select 
cases of locally advanced thymic carcinoma.

Multi-institutional investigations

Several large multi-institutional national databases have 
been retrospectively reviewed and have provided valuable 
insight into the utility of induction therapy, summarized 
in Table 1. The Japanese Association for Research on the 
Thymus (JART) examined patients with clinical Masaoka 
stage III thymomas undergoing induction therapy (primarily 
chemotherapy) and reported a 52.3% response rate. 
However, multivariable analysis revealed induction therapy 
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to be associated with worse 10-year overall survival (HR 
3.43, 95% CI: 1.85–7.37, P>0.001) (18). As acknowledged 
by the authors, the inherent selection biases of the study 
likely predisposed patients with more aggressive and 
invasive disease to have received induction therapy, thus 
limiting the conclusions that can be drawn (44). Confirming 
this bias, a substantial number of the patients receiving 
induction therapy were found to have radiographically 
larger tumors, multi-site disease, and a higher rate of 
phrenic nerve involvement than those stage III tumors that 
did not receive induction therapy (18). 

Another valuable international resource, the European 
Society of Thoracic Surgeons (ESTS) thymic database was 
used to examine multimodal therapy for advanced stage 
III thymomas (54). Slightly over a quarter of the study 
cohort received induction therapy. In comparative analyses, 
patients receiving induction therapy were more likely to be 
younger, have more aggressive World Health Organization 
(WHO) histologic type, and more often had an incomplete 
resection compared to those receiving surgery upfront. 
Patients receiving induction therapy, most often a platinum 
based chemotherapy regimen, did not demonstrate a cancer-
specific survival (CSS) advantage when compared to upfront 
surgery in a propensity matched analysis (5-year CSS 84.2% 
vs. 91.4%, P=0.61) (54). Moreover, as with many of the large 
retrospective TET studies, a major limitation is the lack of 
data describing the indication for induction therapy (55).  

Further, this particular dataset lacked information on 
radiologic response and down-staging rates, so the true 
efficacy profile of induction therapy could not be measured. 

The ChART database was used to examine trends in 
down-staging locally advanced clinical Masaoka stage III-IV 
TETs (44). Of the 1,714 patient records within the dataset, 
a mere 4% received preoperative induction therapy. Given 
the extensive span of data from 1994–2012, temporal trends 
in induction therapy were noted. There were no statistical 
differences in the utilization of induction therapy across 
the course of the study. There was, however, an increased 
use of chemotherapy or radiation alone and decreased use 
of combined chemoradiation. On pathologic examination, 
25% of the recipients of induction therapy were down-
staged (44). Stratified by histologic type, significantly more 
thymomas were down-staged than thymic carcinomas and 
thymic carcinoid tumors. In a sub-analysis, recipients of 
induction therapy with substantial responses resulting in 
down-staging had significantly higher 5-year overall survival 
than those tumors that were not down-staged (93.8% vs. 
35.6%, P=0.0013) (44). 

The most recent multi-institutional study comes from 
the Korean Association for Research on the Thymus 
database (KART), in which patients receiving induction 
chemotherapy were compared to those receiving upfront 
surgery (9). In this propensity score-matched analysis, 
patients receiving induction therapy required more frequent 

Table 1 Summary of multi-institutional database studies examining induction therapy for thymic malignancies

Database n IT, % (n)
ORR,  
% (n)

DS, % (n) R0, % (n)
Induction therapy 

outcomes
Comment

JART (18) 441Ꝭ 25.6% 
(113/441)

52.3% 
(44/84)*

13.6% 
(14/103)*, 

T>TC

NR IT associated with worse 
OS in univariable analysis 
and multivariable 10yr OS

IT associated with larger 
size tumor, multi-site, and 

phrenic nerve invasion

ESTS (54) 370Ꝭ 26.8% 
(88/328)*

NR NR 65.4% (53/81)* 
(vs. 79.9% in  

w/out IT cohort)

IT not associated with 
RFS or CSS in matched & 

unmatched groups

IT group had similar 5-year 
CSS to primary surgery 

(84.2% vs. 91.4%, P=0.61)

ChART (44) 1,713┼ 4% 
(68/1713)

NR 25% (17/68), 
T>TC

67.6% (46/68) 5-year CIR 44.9%, 5-yr OS 
49.7%, 10-yr OS 19.9%

Down-staging with IT 
improved outcomes

KART (9) 1,486┼ 7.4% 
(110/1468)

60.9% 
(67/110)

22.5% 
(23/102)*

63.7% (65/102)* IT chemo not associated 
with improved RFS or OS 
in multivariable analysis

IT associated with vessel 
invasion in matched cohort; 
similar R0 & down-staging 

to primary surgery

T, thymoma; TC, thymic carcinoma; IT, induction therapy; ORR, overall response rate; DS, down-staging; R0, complete resection; CIR, 
cumulative incidence of recurrence; OS, overall survival; CSS, cancer-specific survival; RFS, recurrence-free survival; NR, not reported; 
JART, Japanese Association for Research on the Thymus; ESTS, European Society of Thoracic Surgeons; ChART, Chinese Alliance for 
Research in Thymomas. Ꝭclinical stage III thymoma. ┼any stage thymoma/thymic carcinoma. *Based on evaluable patients.
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blood transfusions, had higher blood loss, and longer 
operative times than those receiving upfront surgery, yet 
there were no differences between the two cohorts in terms 
of postoperative mortality, postoperative complications, 
or length of stay. Further, there were no differences in 
pathologically complete resections. Nor was there a 
difference in 5-year overall survival or 3-year recurrence-
free survival rates (9). 

Over the last decade there have been multiple collaborative 
efforts on the regional, national, and international fronts that 
have challenged historical dogma and provided invaluable 
information in guiding treatment for patients with thymic 
malignancies (56). Nevertheless, in terms of the value 
of induction therapy, a clear consensus still cannot be 
established based on the aforementioned multi-institutional 
studies. These large retrospective database studies do, 
however, provide a stepping stone for future randomized 
controlled studies. 

Combining chemotherapy and radiotherapy 

The synergistic advantage of platinum based chemotherapy 
and radiation has been well established in thoracic oncology, 
particularly lung cancer, and this combination has generally 
been well tolerated (57,58). Using this premise, Wright and 
colleagues hypothesized that concurrent chemoradiotherapy 
would permit the most effective induction for TETs and 
accordingly result in more complete resections and improved 
survival (59). In this group’s proof of concept study, 
induction therapy [cisplatin/etoposide + radiation (target 
dose 40–45 Gy)] for locally advanced TETs (thymoma and 
thymic carcinoma) was well tolerated, with favorable survival 
profiles (59). Based on these preliminary results, a multi-
institutional, prospective, phase II clinical trial examined 
the pathologic response to this induction therapy (17).  
Among 21 patients completing induction therapy, none 
had a complete pathologic response, however, 24% had 
<10% viable tumor remaining (17). In this study the vast 
majority of patients who had a near complete response had 
thymic carcinoma, suggesting patients with higher risk 
WHO histologic types may respond better to a concurrent 
chemoradiotherapy treatment plan. Furthermore, 77% 
(17 of 22) underwent an R0 resection (17). By comparison, 
large prospective clinical trials examining induction 
chemotherapy alone for thymoma reported a complete 
resection rate of 43% (9 of 21) (12) and 76% (16 of 21) (11). 
However, direct comparison of these induction therapy 
studies with and without the addition of radiation cannot 

be made given the inconsistent inclusion criteria, histologic 
subtype distribution, and differing chemotherapy regimens 
between the studies (17). 

Johnson and colleagues investigated the radiographic and 
histologic response in 49 patients with TETs to induction 
therapy, comparing chemotherapy, chemoradiation, 
and radiation alone followed by surgery in a single 
institution retrospective study (60). The authors identified 
chemoradiotherapy as having the highest response and 
lowest percent of remaining viable tumor cells, whereas 
those receiving neoadjuvant radiation alone had the 
worst response. Additionally, the study demonstrated the 
importance of tumor histologic type, revealing greater 
pathologic responses with any type of induction therapy in 
thymic carcinomas than thymomas (60). 

These available small studies reporting the use of 
induction chemoradiation have at least comparable, and 
perhaps higher, response rates compared to induction 
chemotherapy alone. However, a caveat that must be 
considered is the toxicity associated with a combined 
modality induction treatment (21). In the aforementioned 
phase II clinical trial of chemoradiotherapy, treatment 
related complications occurred in 41% in the intention to 
treat analysis (17). Complications ranged from dehydration 
to cardiac arrest. Beyond the early potential increase 
in adverse events, radiotherapy is also well-known to 
contribute over years to the risk of coronary and valvular 
disease (21), therefore, it is difficult to advocate for adding 
radiotherapy to induction chemotherapy.

Patient selection

As there are no randomized clinical trials to support or 
oppose the use of induction therapy, medical providers are 
relegated to using the data that currently exists through 
the above-described single institutional experiences, large 
organizational databases, and phase II clinical trials. 

The ultimate decision generally falls to the assessment 
of the invasiveness of the thymic tumor, and the surgeon’s 
opinion of the likelihood of being able to achieve a 
complete resection (54). Since there is morbidity associated 
with induction therapy and occasional cases that may 
never come to resection as a result of treatment-related 
complications or disease progression, if there is confidence 
in a high likelihood of complete resection, upfront surgical 
resection should be performed.

Determining whether a complete resection will be 
possible, however, is not an easy task, even for highly 
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experienced thoracic surgeons. Therefore, the ability to 
identify objective preoperative tumor imaging characteristics 
that may predict resectability would be a major advance and 
would aid in the clinical decision-making process of whether 
or not to utilize induction therapy. Analysis of the JART 
database demonstrated lower rates of complete resection in 
patients with thymic tumor invading the great vessels when 
compared to invasion of the pericardium and lung (18). In 
fact, resection of the pericardium and small wedges of the 
adjacent lung adds essentially no morbidity to a thymic 
resection, and nearly always achieves negative margins in 
those areas. Resection of great vessels on the other hand, is 
far more complex and morbid, and surgeons outside of high 
volume centers may hesitate to undertake these.

Hayes and colleagues also identified preoperative 
computed tomography (CT) imaging characteristics that 
predicted an incomplete resection for thymomas, including 
≥50% abutment of the circumference of an adjacent vessel 
and pleural nodularity (61). Other radiographic features 
noted to be associated with advanced stages of TETs include 
tumor size ≥7 cm, lobulated tumor contour, infiltration 
of mediastinal fat, and elevated hemidiaphragm (62,63). 
On the contrary, there is controversy in the size threshold 
predicting for incomplete resection status or advanced 
stage, as some larger thymomas can be non-invasive and 
completely resected upfront in asymptomatic patients (64).  
The need for resection of a phrenic nerve is difficult to 
predict based on imaging in the absence of an elevated 
hemidiaphragm, and remains a challenge for surgeons.

Understanding these high-risk features that may impede 
a complete resection should help providers appropriately 
select patients that may benefit from induction therapy. 
Certainly, the selection of candidates for induction therapy 
(either chemotherapy alone, or chemoradiotherapy) should 
take place in a multidisciplinary tumor board including 
medical oncologist, surgeon, and radiation oncologist with 
experience managing advanced thymic malignancies (21). 

Conclusions

There are currently no data that can allow one to 
definitively support or refute the use of induction therapy 
prior to resection of locally advanced thymic malignancies. 
Without randomized controlled trials, it is unlikely the 
thymic medical community will arrive at a consensus on 
its utility. Based on the existing retrospective case-series, 
multi-institutional investigations, and prospective phase II 
trials, it appears that induction therapy likely has a benefit 

in carefully selected patients with marginally resectable 
disease. Specific tumor characteristics and extent of tumor 
invasion of advanced thymic malignancies should certainly 
prompt multidisciplinary discussion in which the options 
of induction therapy vs. primary surgical resection are 
weighed on a case by case basis. The primary objective 
of considering induction therapy should be facilitating a 
complete resection; other endpoints such as down-staging 
or pathologic response have not been shown to result in 
meaningful improvements in long-term outcomes.
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