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Abstract
This study was aimed at evaluating the safety and efficacy of hyperthermic intrathoracic chemotherapy in patients with 
Masaoka stage IVA thymoma. This is a retrospective comparative analysis between two groups of patients who were oper-
ated for Masaoka stage IVA thymoma. One group underwent complete parietal pleurectomy whereas other group received 
hyperthermic intrathoracic chemotherapy after complete pleurectomy. An analysis of all perioperative variables, complica-
tions and survival was carried out. A total of 13 patients had stage IVA disease during the study period. Initial 7 patients 
(March 2012–March 2015) underwent complete parietal pleurectomy, whereas next 6 patients (April 2015–December 2018) 
had undergone HITHOC after complete parietal pleurectomy. Both groups are comparable in terms of age, co-morbidities, 
tumor size and duration of symptoms. The duration of surgery and intra-operative blood loss, postoperative ICU stay, dura-
tion of ICD and total hospital stay was similar between two groups. The total number of post-operative complications was 
higher in HITHOC group (5 vs 2), however non-significant (p = 0.10). The median follow-up duration was 63 months in no 
HITHOC group and 49.5 months in HITHOC group. There was no peri-operative mortality. The overall survival (P = 0.06) 
and relapse-free survival (P = 0.36) were not significantly different in the both groups. Hyperthermic intrathoracic chemo-
therapy is a safe and feasible modality with no added morbidity or mortality. Multi-institutional prospective studies with 
large number of patients are required to accurately assess survival benefit.
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Introduction

Thymoma is the most common neoplasm of anterior medi-
astinum that arises from thymic epithelial cells [1]. Although 
most of the tumors are indolent in nature, few behave aggres-
sively and can metastasize to the pleura (Masaoka-Koga 
stage IVA) [2]. Complete surgical resection with clear mar-
gins is the standard approach for management of resectable 
thymoma [3–5]. However, the treatment of thymoma with 
pleural metastasis is a subject of controversy. Pleural metas-
tases can be present at initial presentation with thymoma or 
present as a recurrent disease after thymoma resection [6–8].

Presence of pleural metastasis is an advanced disease, 
which is usually not amenable to upfront surgical resection. 
Therefore, multimodality therapy in the form of induction 

chemotherapy (3–4 cycles), radical surgical resection fol-
lowed by adjuvant chemo ± radiotherapy has been widely 
studied, with reduced local recurrence rates and improved 
survival [9, 10]. In stage IVA thymoma also, like in other 
stages of thymoma, complete surgical resection is a good 
prognostic factor for survival and should be always aimed 
at [11]. To achieve radical excision, various modalities like 
local pleural resection, total pleurectomy [12] and even 
pleuro-pneumonectomy have been attempted [13]. How-
ever, there is always a possibility of microscopic residual 
disease remining in the thoracic cavity which will predispose 
to local recurrence. Therefore, hyperthermic intrathoracic 
chemotherapy (HITHOC) was attempted to improve the 
local tumor control, after local or total pleurectomy or even 
pleuro-pneumonectomy [14]. The rationale of this proce-
dure was to expose any residual microscopic tumor cells to 
high local concentrations of chemo-therapeutic agent and the 
hyperthermia, which is expected to kill them, precluding the 
possibility of future recurrences. The aim of this pilot study 
was to evaluate the feasibility, safety and any oncological 
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benefits of hyperthermic intrathoracic chemotherapy after 
total pleurectomy/pleuro-pneumonectomy compared to sur-
gery alone in thymoma patients with Masaoka-Koga stage 
IVA disease.

Material and Methods

Study Population

This is a retrospective analysis of a prospectively maintained 
data of the clinical experience from March 2012 to Decem-
ber 2018 at Department of Thoracic Surgery in a tertiary 
referral centre in New Delhi, India. A total of 13 patients, 
surgically treated for thymoma with pleural metastasis 
(Masaoka-Koga IVA), were included in the study. Com-
plete pleurectomy only was done for patients presented to 
us between March 2012 and March 2015, whereas HITHOC 
was also added to this treatment for patients who presented 
between April 2015 and December 2018. Patients who had 
undergone resection for thymoma in the past and came with 
pleural recurrence were excluded from the study to maintain 
the homogeneity of the study population. Institutional ethi-
cal board approval was taken.

Pre‑operative Evaluation

1.	 Evaluation of general condition—included a detailed 
history, physical examination, co-morbidity evaluation 
and blood investigations such as complete blood count, 
renal function tests and coagulation profile.

2.	 Oncological evaluation

•	 The disease extent was assessed by contrast enhanced 
computed tomography (CECT) of chest.

•	 In patients with evidence of pleural metastasis in the CT 
scan, PET (positron emission tomography)-CT scan was 
advised to rule out distant metastasis.

•	 Biopsy of the mass was done under guidance of either 
computed tomography/ultrasonography.

•	 All thymoma patients with evidence of pleural nodules 
were advised neo-adjuvant chemotherapy (NACT). Three 
to four cycles of cyclophosphamide, cisplatin and doxo-
rubicin were used in standard dosages and the treatment 
response was categorized into complete remission (CR), 
partial response (PR) or progressive disease.

•	 If the pleural nodules were detected intra-operatively, 
then adjuvant chemotherapy was administered after sur-
gical resection.

•	 Myasthenia gravis (MG) was always ruled out by anti-
acetylcholinesterase antibody levels in the blood and a 
repetitive nerve stimulation test.

3.	 Functional evaluation—Predictive post-operative 
lung function was assessed using pulmonary function 
tests (PFT), diffusion capacity (DLCO) and ventilation/
perfusion scan (selectively in patients likely to require 
pneumonectomy). Cardiac function was assessed using 
electrocardiography and transthoracic 2-dimensional 
echocardiography in all patients.

Surgical Technique

All patients with pleural metastasis were operated by mid-
sternotomy approach. We always followed the dictum “No-
touch technique”, where the tumor mobilization was always 
performed by en-bloc removal of all invaded structures. No 
attempt was ever made to separate the structures adherent 
to the tumor, but resected en-bloc with the tumor (When 
in doubt, take it out). All efforts were made to achieve R0 
resection in all cases.

•	 Parietal pleural nodules—In case of presence of tumor 
nodules over the parietal pleura, complete parietal pleu-
rectomy was performed.

•	 Visceral pleural nodules—In patients with deposits over 
visceral pleura, wedge resection was performed when 
nodules were localized over a single area. Pleuro-pneu-
monectomy was the treatment option, in case of exten-
sive, diffuse visceral as well as parietal pleural deposits 
with lung involvement and are too numerous to remove 
individually.

•	 Diaphragmatic deposits—In cases of tumor deposits with 
diaphragm involvement, full thickness resection of the 
same with 1-cm circumferential margin was performed 
and the resultant defect in the diaphragm was closed pri-
marily.

Hyperthermic Intrathoracic Chemotherapy 
(HITHOC) Protocol

In the study subjects, the HITHOC protocol was used addi-
tionally after surgical resection. After radical thymoma 
resection with complete parietal pleurectomy with/without 
diaphragmatic resection and repair, complete hemosta-
sis was achieved and ipsilateral lung was collapsed. Two 
pleural drains (32 F) were placed, one directed at the apex 
and another placed at the base and the chest was closed. 
HITHOC was performed using heart–lung machine. The tar-
get intrathoracic temperature was 41–43 °C. The chemother-
apeutic agent used was cisplatin, at a dose of 130–150 mg/
m2 body surface area. The total duration of perfusion was 
60 min. The primer solution used was Plasma-Lyte A™ 
(Baxter Healthcare, USA) or Ringer lactate in volumes of 
2–2.5 l. The “outflow” of the heart–lung machine was con-
nected to apical chest tube and “inflow” was connected to 
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basal chest tube. Initially, the chest cavity was filled with 
primer solution and the temperature was gradually raised 
to 42 °C. After achieving the desired temperature, cispl-
atin solution was infused into the primer solution and was 
circulated at the same temperature for 60 min. During this 
process, patients were carefully monitored for any hemo-
dynamic instabilities and cardiac arrhythmias. After com-
pletion of 60 min, the thoracic cavity was re-perfused with 
normal saline solution for 10 min to drain out any residual 
cisplatin.

Postoperative Care

All patients were shifted to ICU for overnight observation. 
We preferred to keep these patients on ventilator overnight 
and were extubated on 1st post-operative day. Oral nutri-
tion and aggressive chest physiotherapy were initiated from 
the first postoperative day. Renal functions were regularly 
monitored. Effective pain relief was achieved by epidural 
analgesia supplemented by intravenous medications. The 
chest drains were removed when there was no air leak and 
the drainage was not purulent/haemorrhagic and was less 
than 100 ml in 24 h. Duration of chest tube, hospital stay and 
other complications were monitored and recorded.

Adjuvant Therapy

All patients were given adjuvant radiotherapy. The dose of 
adjuvant radiotherapy was between 45 and 50 Gy for R0 
resections, and 54 Gy for R1 resections including ipsilat-
eral hemithorax. Patients who were not given induction/neo-
adjuvant chemotherapy were given adjuvant radiotherapy.

Follow‑up

First follow‐up was done at 1 month from discharge. Further 
follow-up protocol included CECT chest every 6 months for 
2 years and then annually.

Statistical Analysis

Statistical analysis was carried out using Stata 14.0 soft-
ware (StataCorp LLC, TX, USA). Continuous variables 
were presented as mean with standard error (SE). Categor-
ical variables were expressed as frequencies with percent-
ages. Student’s T test was used to compare the normally 
distributed continuous variables, whereas Mann–Whit-
ney U test was used to compare non-normal distribution 
continuous variables. Chi-squared test or Fisher’s exact 
test was used to compare nominal categorical data. Sur-
vival was assessed by the Kaplan–Meier method. Overall 
survival (OS) was calculated from the date of surgery to 

the date of death due to any cause. Relapse-free survival 
(DFS) was calculated from the date of surgery to the date 
of local/systemic recurrence; however, death was not 
included. Differences between survival rates were assessed 
by using log-rank test. For all statistical tests, a p value 
less than 0.05 was taken as “clinically significant”.

Results

Complete Pleurectomy With HITHOC vs Complete 
Pleurectomy Without HITHOC

Demographic Characteristics

A total of 13 patients had stage IVA disease, in which 
first 7 patients (March 2012–March 2015) underwent com-
plete parietal pleurectomy, whereas rest 6 patients (April 
2015–December 2018) had undergone HITHOC after com-
plete parietal pleurectomy. Both groups were comparable 
according to age, sex ratio, comorbidities, tumor diameter 
and associated myasthenia gravis. Most common present-
ing symptoms were weight loss followed by non-specific 
chest pain in both the groups. Predominantly, the pleural 
deposits were on left side. The duration of symptoms was 
also no different between two groups (P = 0.79) (Table 1).

Peri‑operative variables

Duration of surgery and intra-operative blood loss were 
slightly higher in HITHOC group; however, the differ-
ence did not reach the statistical significance (P = 0.21 and 
P = 0.45). Pericardium was resected in all patients in view 
of invasion. No difference was observed between the two 
groups regarding variables such as postoperative ICU stay, 
duration of ICD and total hospital stay. The total number 
of post-operative complications was higher in HITHOC 
group (5 vs 2), however non-significant (p = 0.10). Atrial 
fibrillation (n = 2), wound infection (n = 1), prolonged air 
leak (n = 1) and myasthenia aggravation (n = 1) were the 
complications in HITHOC group. One patient had elevated 
serum creatinine in the postoperative period, however did 
not require any hemodialysis. In the other group, atrial 
fibrillation (n = 1) and myasthenic aggravation (n = 1) were 
the only complications. Atrial fibrillation was managed 
with intravenous cordarone therapy, wound infection was 
managed with would exploration and vacuum-assisted 
closure (VAC) device application, whereas myasthenia 
aggravation was treated with elevation of anti-myasthenic 
medications (Table 2).
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Table 1   Demographic details 
of the HITHOC group and no 
HITHOC group

Characteristics Complete pleurec-
tomy + HITHOC (n = 6)

Complete pleurectomy (no 
HITHOC) (n = 7)

P value

Mean age 45.7 ± 17.8 49.7 ± 15.9 0.67
Male: female 5:1 5:2
No. of patients having comorbidities 4 4 1.0
Comorbidities
  Hypertension 2 3 ––
  Diabetes mellitus 1 0
  Hypothyroidism 0 1
  Bronchial asthma 1 0
Presenting symptoms
  Chest pain 2 3 ––
  Breathlessness 0 1
  Weight loss 4 3
Duration of symptoms (in months) 3.4 ± 3.1 3.9 ± 3.6 0.79
Mean tumor diameter (in cm) 5.6 ± 3.9 5.9 ± 3.1 0.87
Myasthenia gravis 4 5 1.0
Side of the disease
  Right 2 1
  Left 4 6

Table 2   Comparison of perioperative variables between HITHOC group and no HITHOC group

Characteristics Complete pleurec-
tomy + HITHOC (n = 6)

Complete pleurectomy (no 
HITHOC) (n = 7)

P value

Additional structures resected ––
  Pericardium 6 7
  Left brachiocephalic vein 1 0
  Wedge of lung 1 2
  Whole lung 1 1
  Diaphragm 2 3
Mean duration of surgery (in minutes) 338 ± 110 260 ± 102 0.21
Mean intra-operative blood loss (In ml) 119 ± 45 101 ± 38 0.45
Postoperative variables
  Mean duration of postoperative ICU stay (in days) 1.15 ± 0.9 1.02 ± 0.7 0.77
  Postoperative ICD duration (in days) 6.4 ± 2.1 5.9 ± 1.8 0.65
  Mean hospital stay (in days) 7.1 ± 4.9 7.3 ± 4.1 0.93
Complications
Number of overall complications 5 2 0.10
  Prolonged air leak (> 5 days) 1 0
  Wound infection (%) 1 0
  Cardiac arrhythmias (%) 2 1
  Post-operative myasthenia aggravation (%) 1 1
  Renal failure requiring hemodialysis 0 0
  Peri-operative mortality 0 0
Mortality on follow-up
  < 3 months
  < 12 months
  < 24 months
  < 36 months
  < 48 months

0
0
0
0
0
0

4
0
0
1
1
2

0.06
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Mortality

There was no peri-operative mortality in either group 
(< 90 days). The median follow-up duration was 49.5 months 
in HITHOC group and 63 months in complete parietal pleu-
rectomy without HITHOC group. In the follow-up period, 
there were 4 deaths, all in the non-HITHOC group. Two 
deaths were due to myasthenic crisis, 1 due to severe fungal 
sepsis and 1 had systemic tumor recurrence (Table 2).

Although the overall survival was better in HITHOC 
group, it did not reach statistical significance (P = 0.06) 
(Image 1). This can be explained by two factors: (1) small 
sample size and (2) shorter follow-up. The small sample 
size is secondary to the rarity of this disease and due to the 
single institutional study. We feel the small sample size had 
masked the actual advantage of HITHOC in terms of statis-
tical significance. Shorter follow-up also contributed to the 
mentioned results.

Discussion

Thymomas are rare yet, the most common anterior medias-
tinal neoplasms in adults. Presence of pleural or pericardial 
tumor deposits (not contiguous with the primary tumor mass 
in the mediastinum) is defined as stage IVA disease accord-
ing to Masaoka-Koga staging system [2]. Only 7% (approxi-
mate) of thymoma patients initially present with pleural/per-
icardial metastasis [15]. Complete surgical resection is the 
standard of care for the management of early stage thymoma 
(Masaoka-Koga stages I and II). Even in stage III thymoma, 
radical resection achieving clear margins (R0 resection) has 
been found to be a favourable prognostic factor [16]. Based 
on these results, various surgical protocols were attempted 
in stage IVA thymoma also with acceptable perioperative 

outcomes [17, 18]. Overall survival and recurrence-free 
survival were found to be better in patients who underwent 
surgery compared to chemoradiotherapy alone [19]. The 
superiority of complete surgical resection over incomplete 
resection was also emphasized by various authors [7, 20]. 
Various surgical approaches have been proposed for Masa-
oka-Koga stage IVA thymic tumors, which include local 
pleurectomy, total pleurectomy and pleuro-pneumonectomy. 
The method of surgery has been highly individualized based 
on the volume and location of disease, individual surgeon 
preference and institutional protocols.

Most commonly utilized surgical approach is localized/
total pleurectomy. This is possible when the disease is local-
ized to parietal pleura. However, if the deposits were present 
over visceral pleura, they can be excised individually using 
electrocautery or by wedge resection of lung or anatomical 
lung resection (i.e. lobectomy) in cases of large deposits 
with lung invasion. These approaches have proven safe with 
minimal morbidity and mortality [21]. Few patients may 
present with extensive, diffuse, large, invasive deposits over 
parietal as well as visceral pleura which are too numerous 
to be removed individually. In such cases, pleuro-pneumo-
nectomy has been studied as a therapeutic modality with 
potential benefits [22]. This technique also allows to give 
high doses of adjuvant radiotherapy to the ipsilateral chest 
with avoidance of radiation-induced pulmonary complica-
tions [23, 24]. However, this approach is associated with 
significant morbidity and mortality and should be considered 
a “last resort” [25].

In spite of these advancements, there has always been a 
concern for persistence of microscopic disease even after 
complete pleurectomy, which increases the possibility of 
pleural recurrence. So, inspired from hyperthermic intra-
peritoneal chemotherapy (HIPEC), HITHOC was proposed 
to address such microscopic residual disease topically. This 

Image 1   Kaplan–Meier survival curves (overall survival and relapse-free survival) in HITHOC group vs no HITHOC group
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method was first proposed and utilized in 11 patients with 
thymoma, 7 patients with mesothelioma and 8 other tumors 
by Yellin et al. in 2001 [26]. Till now, only few studies have 
evaluated the benefits of HITHOC in thymoma with pleural 
metastasis. Initial studies showed a morbidity of 13–47% 
without any mortality and good 5-year survival rate up to 
70% [27, 28].

Under usual circumstances, the chemotherapeutic agent 
penetrates only few millimetres into the tumor cells. There-
fore, total pleurectomy containing all the pleural nodules 
(macroscopic clearance) is recommended before performing 
HITHOC, leaving only few microscopic cells [29]. HITHOC 
exposes the whole of thoracic cavity, homogenously to the 
chemotherapeutic agent and ensures optimal dosage to the 
entire involved surface [30]. HITHOC provides an increased 
concentration of the chemo-therapeutic agent in the thorax 
(i.e. direct contact with the microscopic cells) for limited 
duration. This greatly reduces the systemic absorption of 
the chemotherapy agent, thus reducing the systemic toxic-
ity [31]. Hyperthermia is beneficial in two ways. First, it 
increases the penetration capability of the chemotherapy 
agent, and second, hyperthermia itself has cytotoxic effects 
which synergizes with the anti-neoplastic effect of chemo-
therapeutic agent by activating apoptosis [32].

Various chemotherapeutic agents were used either indi-
vidually or in combination (cisplatin alone, cisplatin and 
doxorubicin, or cisplatin and adriamycin) in the HITHOC 
protocol [14, 33]. However, cisplatin was the commonly 
used chemotherapeutic agent alone in major series with the 
dosages varying from 80 to 200 mg/m2 BSA (body surface 
area) [34]. The target temperature achieved was reported 

variously in the literature ranging from 40.3–44 °C. The 
perfusion time was also reported between 60 and 120 min 
[35]. The most common systemic side effect of HITHOC 
is renal insufficiency [36]. One of our patients (25%) had 
developed a sharp rise in serum creatinine levels; however, it 
recovered within few days without any need of renal replace-
ment therapy. We follow two-point approach to prevent renal 
failure. First, we follow very strict hydration protocol, which 
starts from the day prior to surgery (pre-op) and continues 
up to 3rd/4th postoperative day (i.e. 100 ml/h IV fluids) for 
increased diuresis. Second, we restricted the dosage of cis-
platin to 150 mg/m2 BSA.

There is a large interest growing in this approach in 
recent years. These studies reported overall survival rates 
of 67–89% with no perioperative mortality and recurrence. 
However, these studies included fewer patients with shorter 
follow-up (18.8–29 months) [28, 31]. The largest study 
of HITHOC in stage IVA thymoma by Yellin et al. [26] 
included 35 patients (17 primary, 14 recurrent, 4 thymic 
carcinoma). No systemic toxicity was reported with peri-
operative morbidity of 11.4% and mortality of 2.5%. In our 
series also, patients in HITHOC group had no mortality 
(Image 2).

Limitations

Present study has several limitations. First, retrospective 
nature of study which has propensity for selection bias. 
Second limitation of this study is the small study popula-
tion which limits the strength of the study. Finally, the short 

Image 2   Flowchart of manage-
ment of Masaoka-Koga stage 
IVA in the study population
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duration of follow-up is another major limitation of this 
study as at least 10 years of follow-up is necessary to confi-
dently comment on the recurrence of disease in thymomas.

Conclusions

Hyperthermic intrathoracic chemotherapy (HITHOC) is 
a feasible and safe emerging option in the management of 
Masaoka-Koga stage IVA thymoma. Although this pilot 
study has not demonstrated any statistically significant sur-
vival benefit due to small numbers, addition of this modal-
ity has no added morbidity or mortality. As it is based on 
sound theoretical concept, there is need for a multi-institu-
tional prospective randomized study with greater number 
of patients and longer follow-up to evaluate its exact place 
in the treatment of Masaoka-Koga stage IVA thymoma 
patients.
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