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Abstract

Hyperthermic intrathoracic chemotherapy (HITHOC) has been used in addition to radical surgery for primary and secondary
pleural malignancies to improve local control, prolong survival, and improve the quality of life. This study was performed to
study the indications, methodology, perioperative outcomes, and survival in patients undergoing HITHOC at Indian centers. A
retrospective analysis of prospectively collected demographic and clinical data, perioperative and survival data of patients
undergoing surgery with or without HITHOC was performed. From January 2011 to May 2018, seven patients underwent
pleurectomy/decortication (P/D) or extrapleural pneumonectomy (EPP) with HITHOC and four had P/D or EPP alone at three
Indian centers. P/D was performed in two and EPP in nine patients. The primary tumor was pleural mesothelioma in eight,
metastases from thymoma in one, germ cell tumor in one, and solitary fibrous tumor of the pleura in one. HITHOC was
performed using cisplatin. Grade 3—4 complications were seen in one patient in the HITHOC group and none in the non-
HITHOC group, and one patient in the non-HITHOC group died of complications. At a median follow-up of 9 months, five
patients of the HITHOC group were alive, four without recurrence, and one with recurrence. One patient in the non-HITHOC
group was alive and disease-free at 24 months, and two died of progression at 18 and 36 months. HITHOC can be performed
without increasing the morbidity of P/D or EPP. Most of these patients require multimodality treatment and are best managed by
multidisciplinary teams.
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Introduction carcinoma, and occasionally metastases from lung and ovari-

an cancer and pseudomyxoma peritonei (PMP) [2, 3]. With

Hyperthermic intrathoracic chemotherapy (HITHOC) has
been used in addition to radical surgery for primary and sec-
ondary pleural malignancies to improve local control, prolong
survival, and improve the quality of life [1]. The common
tumors treated with this modality are malignant pleural meso-
thelioma, pleural metastases from thymoma and thymic
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the increasing popularity of HIPEC for the treatment of peri-
toneal metastases, some surgeons who treat both pleural and
peritoneal metastases have started performing HITHOC. This
study was performed to study the indications, methodology,
perioperative outcomes, and survival in patients undergoing
HITHOC at Indian centers.

Methods

A retrospective analysis of prospectively collected data was
performed. Indian surgeons who are part of the Indian
Network for Development of Peritoneal Surface Oncology
and perform HITHOC were approached.

The demographic and clinical data, perioperative outcomes
including the surgical details and HITHOC methodology, and
survival data were collected and analyzed.
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Patient Selection and Preoperative Assessment

Patients undergoing pleurectomy/decortication (P/D) or
extrapleural pneumonectomy (EPP) with or without
HITHOC for any indication were included. The preoperative
workup included, in addition to routine investigations, a CT
scan of the thorax and abdomen or a PET-CT scan.
Histological confirmation of the primary disease on biopsy
and immunohistochemistry where required was performed
for all patients.

Patients were excluded in case of bulky mediastinal in-
volvement, extra-thoracic (abdominal) extension of disease,
massive infiltration of the lung, or sarcomatoid histology (last
two are specific for mesothelioma). Patients with mesothelio-
ma having focal chest wall involvement were included but
those with diffuse involvement were excluded from surgery.
Video-assisted thoracoscopic surgical (VATS) was performed
to evaluate the disease extent in selected patients. Pulmonary
function tests (static and dynamic volumes both) and arterial
blood gas analysis were performed for all patients. The cardiac
workup included echocardiography. The symptoms of each
patient were carefully evaluated: the procedure and its risks
and benefits were explained. Patients with a predicted postop-
erative forced expiratory volume in 1 second lower than 50%
were excluded from surgery. This prediction is made without
the use of a ventilation—perfusion scan.

Surgical Procedures

The surgical procedures performed along with HITHOC in-
cluded P/D and EPP. A thymectomy was performed for patients
with a thymoma or thymic carcinoma with the primary in situ,

mediastinal lymphadenectomy for patients with enlarged
nodes, and segmental/lobar lung resection in patients with a
primary arising from the lung. The extent of pleural resection
depended on the indication for the procedure. For secondary
metastatic disease, only the involved pleura was removed.

For pleural mesothelioma, the entire parietal pleura is re-
moved and the visceral pleura as much as possible. Where the
lung tissue is infiltrated, segmental resection is performed. When
the diaphragm is infiltrated, resection of the diaphragm is per-
formed. For patients with multiple sites of visceral pleural in-
volvement, it may be considered impossible to remove all disease
sites. In this situation, some surgeons prefer to perform an EPP to
completely remove the disease [4]. When disease is found in any
region of the visceral pleura, all fissures should be explored for
the presence of disease. When multiple lung segments need to be
resected, an EPP is indicated. Resection of the diaphragm is part
of EPP; however, resection of the pericardium is at the discretion
of the treating surgeon. When the pericardium has been removed,
it is reconstructed using a porcelain or gortex mesh before
performing HITHOC (Fig. 1). Reconstruction of the diaphragm
may be performed before or after. Due to the ligaments of the
liver, loss of perfusate into the peritoneal cavity does not occur on
the right side, though seepage is unavoidable and will not be
prevented by reconstructing the diaphragm before the procedure
on either side. A gortex or polypropylene mesh is used to recon-
struct the diaphragm.

Surgical Technique of EPP

EPP involves en bloc resection of the lung, pleura, pericardi-
um, and diaphragm with radical lymph node dissection

Fig. 1 a Thoracic cavity after EPP with resection of the pericardium and the diaphragm. b Reconstruction of the pericardium with a porcelain mesh and

diaphragm with a polypropylene mesh
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followed by patch reconstruction of the diaphragm and peri-
cardium [5].

It is performed through a posterolateral thoracotomy.
The pleural space is not opened. Resection of one or
more ribs may be performed. The apical dissection is
performed first followed by identification of the medias-
tinal structures posteriorly. The azygous vein serves as a
landmark for identifying the esophagus. The superior
vena cava, aorta, esophagus, and trachea are identified
and safeguarded. Involvement of any of these structures
is a sign of inoperability. The phrenic nerve is identified
and preserved if possible. Focal involvement of the me-
diastinal fat and involvement of the mediastinal pleura
may still be considered for surgery if negative margins
can be obtained. The thoracic duct, if identified, is ligat-
ed to prevent a postoperative chyle leak. It is not always
necessary to look for it, but the surgeon must be cautious
in dissection around the lower end of the intrathoracic
esophagus on the right side. The two regions that require
particular mention are resection of the diaphragm and
that of the pericardium. After retracting the tumor and
the lung away, the pericardial sac is opened anteriorly.
Involvement is determined by palpation. Involvement of
the pericardium is not a sign of inoperability but in-
volvement of the myocardium is. The two pulmonary
veins, pulmonary artery SVC and IVC, should all be
identified before ligating any structure. The pulmonary
artery and veins are divided intrapericardially using
endostaplers. The junction of vena cava with the right
atrium and the hepatic veins that are in close proximity
need to be identified and safeguarded. The phrenic veins
entering into the IVC should be identified and divided.
Failure to do so may lead to inadvertent injury and intra-
abdominal bleeding which can become difficult to
control.

It is best to begin resecting the diaphragm laterally. It is
divided at its lateral attachment to the chest wall with electro-
cautery and in that region from the peritoneum by blunt dis-
section. Moving medially, the peritoneum is entered to iden-
tify and safeguard the hepatic veins and the IVC as it enters the
thoracic cavity. The peritoneum is left widely open. When the
diaphragmatic resection reaches the posterior mediastinum,
the IVC and esophageal hiatus should be well visualized in
the operative field.

Right-Sided Versus Left-Sided EPP

There is a greater risk of thoracic duct injury for a right-sided
EPP and greater risk of arrhythmias in a left-sided EPP—
especially VF. On the left side, the pleura over the aortic arch
and descending aorta are densely adherent and difficult to
remove.

HITHOC

HITHOC is performed using a home-made or custom-made
hyperthermia pump keeping the thoracic cavity open or closed
(Fig. 2). One or two inflow channels and one or two outflow
channels are used to perform the perfusion. The target intra-
thoracic temperature is 41-43 °C. The perfusion is performed
for 60-90 min. Cisplatin is used either as a single agent at
100-150 mg/m? or in combination with adriamycin 60—
100 mg or mitomycin C 15 mg [6-8]. The carrier solution is
1.5% peritoneal dialysis fluid, and the volume of the perfusate
depends on the volume of the thoracic cavity which varies
greatly depending on the sex and built of the patient but is
on average 2-2.5 1. Two to three intrathoracic temperature
probes are used to monitor the temperature.

Perioperative Management

Preoperative hydration is performed depending on the prefer-
ence of the treating team using normal saline 1 ml/kg/h for 12—
24 h before the scheduled surgical procedure mainly for renal
protection.

Unlike HIPEC, there are no guidelines for intraoperative
fluid management and most teams prefer goal-directed fluid
therapy. The monitoring of blood gases, temperature, and
urine output during the HITHOC is similar to that during
HIPEC. During chemotherapy perfusion, one lung ventilation
is performed keeping the operative side only partially venti-
lated or a continuous positive airway pressure with a PEEP of
5-10 mmHg is used to allow acceptable oxygenation and

Fig. 2 HITHOC being performed by the open method. The skin edges
are hitched and sutured to a table mounted retractor, and the edges of the
thoracic wall are constantly kept submerged in fluid to allow adequate
perfusion
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sufficient space between the chest wall and pulmonary paren-
chyma. Continuous monitoring of the core body temperature
is performed and if required, active external cooling is done.

There is a risk of intraoperative cardiac events especially
when the pericardium has been removed. Defibrillating pad-
dles are deployed in position throughout the procedure to deal
with the same. Patients are extubated immediately after sur-
gery as far as possible. Each patient is managed in the inten-
sive care for a minimum of 24 h.

Morbidity and Mortality

Complications are graded using the NCI-CTCAE version 4
[9]. As for HIPEC, the 30- and 90-day morbidity and mortality
were both recorded.

Adjuvant Therapy and Follow-up

The decision for adjuvant therapy is taken in the multidisciplin-
ary team. Follow-up is done every 3 months and comprises of
clinical examination, blood investigations, and imaging as

clinically indicated. Disease-free survival (DFS) and overall sur-
vival (OS) are calculated from the day of surgery.

Results

From January 2011 to May 2018, seven patients underwent
P/D or EPP HITHOC and four had P/D or EPP alone at three
Indian centers. Till 2015, only P/D or EPP was performed.

HITHOC Patients

The median age was 48 years (range 2460 years). Five patients
were male and two were female. The primary site was a pleural
mesothelioma in five patients, metastases from thymoma in one
patient, and a solitary fibrous tumor of the pleura in one patient.
Four patients had EPP and three had P/D. Thymectomy was
performed in the patient with thymoma by the minimally inva-
sive approach followed by P/D and HITHOC. Further surgical
details are provided in Table 1. All patients had HITHOC with
cisplatin as a single agent by the open method.

Table 1 Surgical procedures and morbidity in patients undergoing HITHOC

Patient 1 2 3 4 5 6 7
Age/sex 53/M 44/M 56/M 24/M 60/F 40/F 56/M
Time since diagnosis (months) 3 2 6 1 18 18 36
Preoperative performance status 1 1 1 1 3 (improved) 2 (improved) 1
Histology Desmoplastic Epitheloid ~ Epitheloid =~ Thymoma  Biphasic Epitheloid Solitary fibrous tumor
Prior chemotherapy/NACT No No No No No No No
Surgery P/D EPP EPP P/D EPP EPP EPP
Lung infiltration No Yes Yes No Yes Yes Yes
Chest wall infiltration No No No No Yes Yes No
Mediastinal pleura involvement No No No No No Yes No
Mediastinal infiltration No No No No No Yes No
Mediastinal lymph nodes dissected No Yes No Yes No Yes No
Diaphragm resection Yes Yes Yes No Yes Yes Yes
Pericardial resection No Yes Yes No Yes Yes No
Operative time (min) 260 465 430 240 420 775 420
Blood loss (ml) 500 2300 1400 700 800 2500 400
Intraoperative complication No Yes No No No no No
Postoperative ventilation 18h No No No 41 h 42 h 36 h
Grade 3—4 morbidity No No No No Yes No No
90-day mortality No No No No No No No
Adjuvant chemotherapy Yes Yes Yes Yes Yes Yes No
Adjuvant radiotherapy No Yes No No No No No
Follow-up (months) 24 12 9 8 9 6 24
Progression free survival (months) 8 12 9 8 9 6 24
Overall survival (months) 24 12 9 8 9 6 24
Site of recurrence/progression Intrathoracic ~ Disease free Disease free Disease free Death dueto  Chest wall ~ Disease free

other causes
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Three patients required mechanical ventilation for 12—14 h
postoperatively. The blood loss ranged from 500 to 2300 ml.
The mean operative time was 380 min.

Morbidity

Intraoperative arrhythmias developed in two patients and were
treated with IV drugs. No systemic or renal toxicity was ob-
served in any of the patients. One patient had acute coronary
syndrome which required return to the ICU and prolonged
hospitalization.

Systemic Chemotherapy

One patient received preoperative chemotherapy with cisplat-
in and pemetrexed and completed adjuvant chemotherapy as
well (Table 1). Four others were advised adjuvant chemother-
apy of which one patient was not able to undergo chemother-
apy, and three completed the full course. One patient received
adjuvant radiotherapy and in others, it was not planned.

Survival Outcomes

The median follow-up was 9 months. Four patients were dis-
ease-free. Two developed recurrence at 6 and 8 months, re-
spectively, and one patient died of unrelated causes at
6 months. One patient died of progressive disease. At the last
follow-up, five others were alive—one with and four without
disease. Two patients, who had severe pain before and ECOG
status of 3 and 2, experienced an improvement in their symp-
toms and performance status.

Patients Who Did Not Undergo HITHOC

There were four patients in this group, and it represents the
early experience of the first author. Three patients had pleural
mesothelioma, and one had a germ cell tumor. The patient and
disease characteristics and perioperative and survival out-
comes are provided in Table 2. All patients had resection of
the pericardium and diaphragm. There was one postoperative
death in this group due to ventricular fibrillation. One patient
is disease-free at 24 months. One patient developed recurrence

Table 2 Findings in patients undergoing surgery without HITHOC

Patient 1 2 3 4
Age/sex 21/M 46/F 60/M 55/M
Surgery EPP EPP EPP EPP
Lung infiltration No Yes Yes Yes
Chest wall infiltration No No No No
Mediastinal pleura involvement Yes No No No
Mediastinal infiltration No No No No
Mediastinal lymph nodes dissected No Yes Yes Yes
Diaphragm resection Yes Yes Yes Yes
Pericardial resection Yes Yes Yes Yes
Operative time (min) 540 500 480 470
Intraoperative complication Ventricular fibrillations No No No
Postoperative ventilation Yes No No No
Grade 3—4 morbidity No No No No
90-day mortality Yes No No No
Time since diagnosis (months) 9 6 1 2
Preoperative performance status 1 1 1 1
Histology Non-seminoma germ cell tumor Epitheloid Epitheloid Epitheloid
Prior chemotherapy/NACT Yes Yes No No
Adjuvant chemotherapy No No Yes Yes
Adjuvant radiotherapy No For recurrence No No
Follow-up (months) 0 36 24 12
Progression-free survival (months) 0 24 24 NA
Overall survival (months) 0 36 24 18
Site of recurrence/progression Disease free Mediastinal lymph nodes Disease free NA

NA not available

@ Springer



596

Indian J Surg Oncol (February 2019) 10 (Suppl 1):591-598

at 24 months and died after 36 months of surgery. Another
patient died after 18 months of surgery.

Discussion

Despite the small numbers, out results show that HITHOC can
be performed without adding to the morbidity of P/D and EPP.
The numbers are very small and follow-up short to comment
on survival, but the results correlate with the survival obtained
in published reports [10-12].

The physiological changes due to massive third space fluid
loss, metabolic derangements, systemic toxicity, and bowel
complications that are common in patients undergoing
HIPEC are not seen after HITHOC.

The physiology of the thoracic cavity is different from the
peritoneal cavity. The systemic absorption of the chemother-
apeutic agent from the pleural space is roughly half of what
occurs from the peritoneal space, and hence, a much higher
dose of cisplatin is used for HITHOC. This was demonstrated
in a pharmacokinetic study by Sugarbaker et al. which also
showed that approximately 41 + 3% of the total mitomycin C
was absorbed systemically during the 90 min HITHOC, and
there was a considerably more rapid clearance of the drug
from the abdomen as compared to that from the thorax [13].

And unlike the bowel that is prone to complications fol-
lowing HIPEC, even when the lung is not resected, there is no
toxicity specific to the direct application of heated chemother-
apy. The morbidity of the surgery is the morbidity of the P/D

or EPP. EPP itself can lead to severe medical and surgical
complications and requires multidisciplinary expertise for
both prevention and management [14]. In a meta-analysis of
21 studies for pleural mesothelioma, the authors found that
while surgery may cause complications like bronchopleural
fistula, diaphragm rupture, or laryngeal nerve dysfunction,
HITHOC itself did not cause such adverse effects [15]. A
review of HITHOC performed at German thoracic surgery
centers also found a low rate of major complications [16].

Liu et al. have devised a method for performing HITHOC
at the bedside, thus making repeated applications possible. In
their experience in 1510 such procedures performed in 315
patients, there was no mortality and morbidity in 2% of the
patients [17].

In this series, there was one postoperative death in the non-
HITHOC group and none in the HITHOC group and only one
patient experienced major morbidity. The patient developed ven-
tricular fibrillations which are more common with left-sided pro-
cedures. The HITHOC and non-HITHOC groups are not strictly
comparable. In the HITHOC group, two patients with more ag-
gressive disease (like chest wall and mediastinal involvement)
were taken up for surgery (Fig. 3). Both these patients were
severely symptomatic from the disease and incapacitated due to
it. Surgery was performed for symptom control and improve-
ment in the performance status which was achieved in both.
However, both developed a recurrence within 6 months of sur-
gery. The median follow-up in the HITHOC group is 9 months
compared to 24 months in the other group which makes it diffi-
cult to comment on the survival difference.

Fig. 3 Patient with advanced disease. a CT scan showing crowding of ribs and collapse of the lower half of the lung. b EPP in the same patient with en

bloc resection of the pericardium and diaphragm
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Looking at each of the diseases individually, the median sur-
vival in pleural mesothelioma is dismal. With multimodality
treatment comprising of surgery with intrathoracic and systemic
chemotherapy with or without radiotherapy, the median survival
is still only 15—18 months and the median DFS under 12 months
[15]. The therapy itself is intense, and many patients may not be
able to withstand this aggressive treatment. This is important
when the patient requires an EPP. It should be understood that
in most patients, P/D and EPP are not alternatives but the deci-
sion to perform one over the other is based on the disease extent
and distribution, the general condition of the patient, and the
clinical experience of the multidisciplinary team [18]. The exact
incidence of pleural mesothelioma in India is not known; how-
ever, there is no epidemic as in some other parts of the world and
hence, misdiagnosis and mismanagement is still common [19].
Four of the eight patients with mesothelioma underwent surgery
over 3 months after diagnosis. More than one treatment modality
is needed for all stages of pleural mesothelioma since even a
macroscopic complete resection is an R1 resection [20]. Most
of the recurrences occur on the same side of the hemithorax [20].
All patients in whom adjuvant chemotherapy was planned were
able to start it on time except one patient, and adjuvant chemo-
therapy was completed by all of them. Only one of the eight
patients received adjuvant radiotherapy. The radiation oncolo-
gists were not familiar with adjuvant radiation for these patients
which also had a bearing and the role of radiotherapy in addition
to HITHOC is uncertain. The radiation fields are large after EPP,
and probability of toxicity is high due to proximity of important
structures. Patients with positive lymph nodes who need medi-
astinal radiation are the most difficult to radiate [20]. Sugarbaker
et al. have proposed that patients who have node-positive disease
should be treated with HITHOC, and radiation should be omitted
in these patients [20]. The additional benefit of HITHOC over
radical surgery alone has been demonstrated in a meta-analysis.
HITHOC did not increase the morbidity of surgery and affect the
patients’ ability to withstand further therapy. Another approach
that has shown good results in some patients is neoadjuvant
chemotherapy followed by radical surgery and postoperative ra-
diotherapy [21, 22]. Epitheloid histology is a major prognostic
factor. In our experience, two patients had a sarcomatoid compo-
nent in the postoperative histopathological evaluation which can
be seen in 10% of the patients undergoing surgery [23].

‘We had only one patient of thymoma with pleural metastases
and none with thymic carcinoma. Resection of pleural metastases
with or without HITHOC has shown a survival benefit in
thymoma [24, 25]. Patients with synchronous metastases have
a better survival compared to those with metachronous disease
[25]. The role in thymic carcinomas is less clear. HITHOC has
demonstrated a benefit as a palliative therapy in patients with
malignant pleural effusion [26].

For other indications, there are anecdotal reports of the use
of HITHOC. One patient with a solitary fibrous tumor involv-
ing the pleura was taken up for surgery as it is a slow-growing

tumor with a good long-term benefit. The benefit in patients
with PMP can be extrapolated from that obtained in patients
with peritoneal disease. For other indications, the decision
should be individualized. Given the rarity of such situations,
there will never be robust evidence for many indications.
Multidisciplinary evaluation and assessment of risk versus
benefit coupled with proper counselling of the same should
all be part of the decision-making process.

Surgical treatment of pleural metastases comprises of com-
plex surgical procedures that require specialized training and
skill to perform.

Conclusions

HITHOC can be performed without increasing the morbidity
of pleurectomy/decortication or extrapleural pneumonectomy
in patients with primary and secondary pleural malignancies.
Most of these patients require multimodality treatment and are
best managed by multidisciplinary teams. In addition to
prolonging survival, such therapy may be used for obtaining
symptom control in selected patients.
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