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Review Article
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Background and Objective: Malignant pleural mesothelioma (MPM) is a cancer that carries a dismal 
prognosis. At the present time the role of video-assisted thoracic surgery (VATS) as an approach to operate 
patients with MPM is becoming more common. Furthermore, an increase in the use of hyperthermic 
intraoperative thoracic chemotherapy (HITHOC) is visible in the medical literature. The main objective 
of this paper is to provide an overview of the key findings and debates of VATS and HITHOC for the 
treatment of MPM. 
Methods: A review was conducted on studies pertaining to the use of VATS to treat MPM and the 
HITHOC. The search was performed using PubMed/MEDLINE, Web of Science, Scopus and Google 
Scholar. The studies were assessed to evaluate the perioperative and long-term outcomes. 
Key Content and Findings: Most of the studies presented in the manuscript are very encouraging. 
Current literature suggests that the use of VATS is feasible and it can be proposed not only for talc pleurodesis 
but also to perform pleurectomy/decortication (P/D) to treat MPM. VATS also offers similar or better 
perioperative outcomes than open approaches. In addition, there is robust evidence based on published data 
suggesting that the use of HITHOC may be appropriate to prolong survival in patients with epitheliod MPM.
Conclusions: VATS is an appropriate approach for MPM. Nevertheless, more level 2 evidence is 
necessary to convince oncologists and thoracic surgeons to use HITHOC as an “adjuvant” treatment. Future 
prospective multi-institutional studies (a global trial) will be needed in order to fully evaluate the value of 
VATS and HITHOC in treating MPM. 
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Introduction 

Malignant pleural mesothelioma (MPM) is an aggressive 
cancer that carries a dismal prognosis. The median survival 
rate in patients who do not undergo treatment is still 
limited to less than 1 year from the time of diagnosis (1). 
Various treatment modalities have been used to manage 
MPM including immunotherapy, chemotherapy, radiation 
therapy and macroscopic complete resection (MCR) 
in the form of extrapleural pneumonectomy (EPP) or 
pleurectomy/decortication (P/D). Despite the number of 
available treatments, the approach to MPM is considered 
tricky and there is the need for a global effort to approach 
this rare cancer. This is due to the divergent data that can 
be found in the medical literature regarding type of surgery 
and chemo or immunotherapy (2-4). Surprisingly, even 
the different available guidelines do not write any opinion 
on the use of video-assisted thoracic surgery (VATS) as 
an approach to treat MPM associated with hyperthermic 
intraoperative thoracic chemotherapy (HITHOC) as 
adjuvant treatment (5-8). 

Although many centers still perform thoracotomy to 
perform P/D, VATS has been increasingly used for P/
D for MPM in the past 20 years (9). Moreover, the use 
of HITHOC (10) is increasing in general oncological 
thoracic surgical practice as demonstrated by the surge of 
recent publications reported in PubMed when the term 
hyperthermic intrathoracic chemotherapy (HITOC) is 
searched (Figure 1). 

There are three main unresolved questions that 
determine the utility of VATS and HITHOC in treating 
MPM: 

(I) Is VATS a feasible approach to treat MPM? 
(II) What is HITHOC, is it dangerous, and more 

importantly is it useful?
(III) Should we continue investigating on VATS and 

HITHOC for MPM? 
This article will review the literature on these three 

questions to assist surgeons in determining the ideal surgical 
approach and treatment of MPM. Databases searched 
included PubMed/MEDLINE, Web of Science, Scopus 
and Google Scholar. We present this article in accordance 
with the Narrative Review reporting checklist (available at 

https://vats.amegroups.com/article/view/10.21037/vats-22-
62/rc).

Methods

In order to identify all studies evaluating the role of VATS 
and HITHOC, we performed a Boolean search using 
HITHOC or HITOC. Two authors (M.M., I.A.) reviewed 
the appropriate published manuscripts in English language 
using PubMed/MEDLINE, Web of Science, Scopus, and 
Google Scholar (Figure 1). As a first step, studies were 
evaluated for inclusion based on title and abstract. As a 
second step, the authors (M.M., I.A.) performed a more 
detailed review of the full manuscript for inclusion. There 
is no years limit (Table 1). All studies were reviewed and 
results were summarized in order to answer the proposed 
three questions.

Is VATS a feasible approach to treat MPM?

Uniportal VATS is nowadays the preferred option to 
perform talc pleurodesis (11-13) in many circumstances 
even for malignant pleural effusion secondary to MPM. 
Although debulking surgery was previously performed only 
by large thoracotomy with or without removal of a rib or 
double thoracotomy, nowadays VATS can be performed 
with success as demonstrated by different authors (3,9). On 
the basis of our classification on VATS published in 2000, at 
the beginning of our experience with VATS and HITHOC, 
we performed a video-assisted mini-thoracotomy which 
consists of a small thoracic incision of 10–12 cm with the 
assistance of an optic (14,15). A small rib retractor was 
used to spread the ribs (Figure 2A) while nowadays we 
prefer a large Alexis rib spreader (Figure 2B). The optic 
can be inserted through the same or a different incision. 
The latter is our preferred option as two chest drains are 
always necessary at the end of the procedure to perform the 
HITHOC, and therefore we use the two optic port entries 
to insert the chest drains. Having performed many of these 
operations we confirm that video-assisted mini-thoracotomy 
(10–12 cm) is a very good approach even to perform 
extended pleurectomy/decortication (EPD) for MPM.
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VATS and P/D

Surgical treatment of MPM is still not uniform (2,16). The 
role of debulking surgery is to remove the macroscopic 
pathology of MPM which can be seen by the human 
eye. However, surgeons who treat MPM are aware of 
the challenges in obtaining a clear macroscopic resection 
margin (MCR). Unfortunately, recurrence or progression of 

MPM is not unusual. 
Indication for surgical management, and how and when 

to do it is still debated. Extended extirpative surgery has 
been demonstrated that is not effective to prolong survival 
in MPM (2,16). Nevertheless, surgery in conjunction with 
chemotherapy and radiotherapy (multimodality treatment), 
has favorable outcome with less mortality (17). 

Figure 1 Evidence of the increased interest in HITHOC, HIOC, or HITOC publications reported on PubMed by the 29th July 2023. 
The dotted line represents the trendline. HITHOC, hyperthermic intraoperative thoracic chemotherapy; HIOC, heated intraoperative 
chemotherapy; HITOC, hyperthermic intrathoracic chemotherapy.

Table 1 Literature search strategy summary

Items Specification

Date of search 28 May 2022, 29 July 2023

Databases and other sources searched PubMed/MEDLINE, Web of Science, Scopus and Google Scholar

Search terms used VATS, Uniportal VATS, mesothelioma, HITHOC, HIOC, HITOC, hyperthermic intrathoracic 
chemotherapy, talc Pleurodesis, pleurectomy decortication, debulking surgery

Timeframe No limit

Inclusion criteria English language only

Selection process M.M. and I.A. reviewed selected studies

VATS, video-assisted thoracic surgery; HITHOC, hyperthermic intraoperative thoracic chemotherapy; HIOC, hyperthermic intraoperative 
chemotherapy; HITOC, hyperthermic intrathoracic chemotherapy.

N
o.

 o
f p

ub
lic

at
io

ns
30 

25 

20 

15 

10 

5 

0 

−5

Year of publication
2000 2005 2010 2015 2020 2025

26

12

10
9

8

44

6
77 7

333
22

1
22



Video-Assisted Thoracic Surgery, 2023Page 4 of 10

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:39 | https://dx.doi.org/10.21037/vats-22-62

Three surgical methods have been popularized to treat 
MPM such as P/D, EPD, on the contrary, more radical 
methods such as EPP is now less and less used. 

The milestone studies and experiences comparing P/D  
to EPP have been reported in 2008 and 2015 (18,19). A 
reanalysis of a large number of 1,512 patients treated with 
P/D versus 1,391 treated with EPP suggested that P/D is 
associated with better short-term mortality than EPP and 
survival at 2 years was not statistically significant between 
groups. The authors informed surgeons and researchers 
that P/D should therefore be favored when possible (20,21).

P/D is the removal of parietal and visceral pleura without 
including the hemi diaphragm and pericardium (Video 1). 
The recent use of ultracision devices decreases the risk 
of parietal bleeding. A variation is known as EPD where 

pericardium and the hemidiaphragm are removed. It has 
been reported that EPD decreased mortality and morbidity 
by 2.5 folds with survival benefit (20).

Nevertheless, other authors suggested that surgical 
complications of EPP are higher than the probable benefits 
and that VATS talc pleurodesis is less invasive and more 
effective method (2,16,21). Since we performed surgery 
for MPM 20 years ago, and although at the beginning 
we performed more often EPP, we gradually abandoned 
the operation for unpleasant surgical results and on the 
basis of the MARS trial. Nowadays in our unit, we only 
perform VATS P/D, while EPP is reserved only in case 
of participation in randomized trials. Video 2 and Video 3  
show that when decortication is performed the risk of 
parenchymal air leak is higher, and prolonged air leak 
should be expected. Before the chest is closed we always 
protect the lung to avoid prolonged air leaks (Video 4).

What is HITHOC: rationale, indications, 
complications, and results

HITHOC is an adjuvant treatment which is performed in 
the operating room following P/D or debulking surgery 
for advanced thoracic tumors involving the pleura. The 
chemotherapeutic drug (most commonly cisplatinum) is 
introduced in a container of 2–3 L of 0.9% saline solution. 
When surgery is ended, the apical and basal drains and 
the thermometer are inserted in the chest and connected 
to the extracorporeal apparatus. The chest is then closed. 

Video 1 Parietal pleurectomy. 

Figure 2 Minimally invasive approach for malignant pleural mesothelioma. (A) VATS with mini-thoracotomy. (B) VATS with no rib 
spreader. VATS, video-assisted thoracic surgery.

A B
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Immediately after the chest is filled with the normal saline, 
and when the intrathoracic temperature of 42 or 43 ℃ is 
reached, cisplatin (or another drug or a combination of two) 
perfusion is started for 60 min. Nevertheless, surgeons and 
oncologists perform the procedure using different drug 
concentrations and the duration of the perfusion is not 
standardized and ranges between 30–90 min. 

Rationale for the use of HITHOC

The infusion of the drug into the pleural cavity acts on tumor 
cells lining its surface directly, furthermore, the hyperthermia 
confers toxicity to malignant cells while synergistically 
amplifying the toxicity of the chemotherapeutic agent (22,23). 
Further to that, under ex vivo hyperthermic conditions, 
cisplatin was found to better penetrate the human lung 
tissue to a depth of 3–4 mm (24). Luckily, the systemic 
concentrations levels remain low due to the limited 
absorption of the drug from the cavity and this allows 
for less adverse effects of the drug. To further support 
the benefits of hyperthermic conditions, Larisch et al. 
showed that decortication at 42 ℃ increased the cisplatin 
concentration in the lung significantly when compared to 
non-decorticated tissue samples (P<0.05) with an overall 
maximum penetration depth of 7.5 mm (25). 

When HITHOC is offered to patients? 

Several guidelines to provide guidance to appropriate 
t rea tment  for  MPM have  been  publ i shed  (5-8) . 
Nevertheless, none of them include HITHOC, which often 
causes misunderstanding about the procedures (26,27) 
as it could be considered still experimental. HITHOC 
is relatively new because it has been performed for the 
first time in more than 2 decades (10). In one previous 
publication, we have reported an evidence table which 
shows that HITHOC improves survival and should not 
be forgotten when guidelines for MPM are written (26). 
Although it is known that HITHOC is associated to surgery 
to treat the first stages of MPM, recently there has been an 
increase in its use when the pleura is the only metastatic site 
of advanced cancers (28-30). 

The incidence of HITHOC renal complication

Renal toxicity was commonly associated with HITHOC in 

Video 2 Decortication of the lower lobe with evidence of air leaks. 

Video 3 The risk of parenchymal air leak is higher than 
decortication for stage III empyema, and prolonged air leak should 
be expected as shown. 

Video 4 To avoid prolonged air leaks the decorticated lung is 
protected. The video shows the full expansion of the decorticated 
lobes and the uncovered chest wall. 
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the past, but it is now less reported. This can be attributed 
to the incorporation of preoperative hydration which was 
shown to be adequate to avoid the progression to renal 
failure (31-33). To note, a new study from the USA reports 
a high incidence of acute kidney injury. Having read the 
paper with attention it appears clear that renal toxicity and 
mortality develop when HITHOC is added to EPP, and 
not with P/D (34). A retrospective, multicenter study of  
700 patients who underwent debulking surgery and 
HITOC using cisplatin was performed to demonstrate 
postoperative morbidity of HITHOC, particularly renal 
failure (32). It was found that renal toxicity developed in 
12% of patients, and the risk for renal failure was associated 
with the cisplatin dosage (31). 

HITHOC after P/D

The addition of HITHOC immediately after the P/D 
seems to achieve longer survival and good quality of life 
when compared to EPP or P/D alone (35-39). Recently, 
numerous meta-analyses and systematic reviews concluded 
that P/D associated with HITHOC demonstrated 
prolonged survival, less morbidity and mortality when 
compared with P/D or EPP alone (39-42). 

A meta-analysis (41) was performed to compare  
762 patients treated with HITHOC to a group treated 
without HITHOC. The study demonstrated a SMD of 0.24 
(95% CI: 0.06–0.41) in favor of the HITHOC group. The 
survival outcome of HITHOC in epithelioid MPM showed 
a SMD of 0.79 (95% CI: 0.48–1.10) and supported this type 
of surgery for the epithelioid MPM. Another systematic 
review (42) of 15 studies including 598 patients found that 
higher survival rates were seen in patients who underwent 
HITHOC with debulking surgery when compared to those 
who have undergone surgery alone. To note, an important 
study showed that the type of operation has also an effect 
on mortality. In fact, it has been demonstrated that when 
comparing EPP and P/D, P/D was associated with less 
mortality 11% vs. 0% with a P=0.031 (43).

HITHOC and EPP

Extra-pleural pneumonectomy is the en-bloc resection of 
the parietal pleura, pericardium, and diaphragm including 
the lung. Recently based on the results of the MARS  
trial (2), several authors demonstrated that EPP should 
be used for MPM with caution and only within trials and 

in large units because of the higher risks and mortality 
associated with it (43).

Initial experience with HITHOC and EPP was reported 
by van Ruth et al. in 2003 (36). It was demonstrated that 
patients with EPP and HITHOC had a higher complication 
rate and no better survival than P/D (36). van Sandick et al.  
in 2008 reported a negative surgical experience (44). A 
group of 15 patients was treated with EPP and radiotherapy 
and compared to 20 patients who underwent P/D or EPP 
associated with HITHOC. The median overall survival 
was 29 months for EPP/radiation therapy (RT) patients 
while the survival in the HITHOC group was only 11 
months. Although the number of patients was small, the 
unsatisfactory results led the authors to conclude that 
debulking surgery plus HITHOC should not be performed 
because survival is dismal and renal failure is common. 

A follow-up retrospective study was performed of 
132 patients undergoing EPP plus HITHOC followed 
by chemoradiation. The study showed an unsatisfactory 
recurrence rate of 75% (45), and the authors reported an 
untrustworthy therapeutic effect of HITHOC in MPM 
surgery. 

Furthermore, a recent experience (34) showed that 
48% of 501 patients with MPM who underwent EPP 
with 82% of them receiving cisplatin-based HITOC were 
more prone to develop kidney impairment. Moreover, the 
survival benefit was obtained only in patients who did not 
develop acute renal failure. It is evident that these results 
are in contrast to our personal experience and with those 
colleagues who performed HITHOC after less invasive 
extirpative surgery (32,33,46-48). Furthermore, it is 
important to note that different reviews and meta-analyses 
concluded that EPP was associated with more complication 
and mortality in comparison with P/D without any observed 
survival benefit (39-42).

We can therefore speculate that when the lung is 
completely removed as there is no absorption of the 
cisplatin via the lung parenchima, there will be more 
availability of the drug in the blood via the chest wall to 
cause kidney injury. Moreover, the high mortality of EPP 
even with HITHOC confirms the absence of usefulness of 
the EPP in Mesothelioma (2,34). 

Reoperation for mesothelioma is extremely uncommon 
and only occasionally beneficial (49). However, other 
research claims that HITHOC can still be done repeatedly 
while the patient is awake (50). Three operations on one 
patient were performed without any HITHOC toxicity (51). 



Video-Assisted Thoracic Surgery, 2023 Page 7 of 10

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:39 | https://dx.doi.org/10.21037/vats-22-62

Should we continue investigating on VATS and 
HITHOC for MPM? 

Very few trials have been performed to demonstrate the 
superiority or non-inferiority of debulking surgery and 
HITHOC versus EPP alone, P/D alone or talc pleurodesis 
(52-54). Burt et al. (52) have shown that HITHOC using 
cisplatin and gemcitabine can be administered safely and 
feasibly by EPP or P/D. In a phase 2 trial, Tilleman et al. 
reported that HITHOC using cisplatin perfusion following 
EPP might enhance local control in the chest (53).

Our data extrapolated from the pilot study (54) on  
27 patients with MPM comparing P/D and HITHOC to 
talc pleurodesis alone are very promising. The HITHOC 
group showed a mean survival for the epithelioid type of 
45 months compared to 18 months to the non-HITHOC 
group. Furthermore, we can speculate that the fact that 
we use a video-assisted mini-thoracotomy could enhance 
postoperative recovery and survival for a better immune 
response. In our experience, one patient who survived  
8 years has been operated 3 times with debulking surgery 
and HITHOC (51). 

Recently in Singapore at the IASLC (International 
Association for The Study of Lung Cancer, September 11, 
2023), Dr. Lim reported the results of the MARS 2 trial. It 
has been showed that decortication and chemotherapy is 
associated with worse outcomes for patients with resectable 
mesothelioma (55) when compared to chemotherapy 
alone. He concluded that EPD should not be offered to 
patients with pleural mesothelioma and classified MPM 
as “unresectable”. Pragmatically, while witnessing this 
sad result we still believe that there are signals that “new” 
intrathoracic local treatments after debulking surgery could 
prolong survival in MPM. There is no doubt, that future 
researches on large scale are essential and mandatory to 
prove that the signals are true. 

Conclusions

The different acronyms HITHOC, HIOC (heated 
intraoperative chemotherapy), and HITOC describe 
the same procedure of hyperthermic intraoperative 
intrathoracic chemotherapy. It is therefore advisable to 
find general consent between scientific societies to choose 
the proper name and acronym. In this paper, we use the 
acronym HITHOC. 

Although today the most common approach to MPM 
is the use of chemotherapy alone (56), multimodal therapy 

represents the most advanced archetype to treating MPM. 
We have demonstrated that HITHOC can add survival to 
patients with MPM, and this result should be sufficient to 
continue research on this topic. It is important to inform 
that there are other approaches which have shown some 
promising results (57-59). A single institute reported a  
10-year experience on the use of povidone-iodine as an 
agent that can be combined with P/D (57). It kills MPM 
cells by the generation of reactive oxygen species causing 
cellular necrosis. Immunocytokines infusion is another 
agent that activates immune cells (LAK cells). The 
delivery options of the chemotherapeutic agent include a 
cisplatin-fibrin gel, hyaluronate cisplatin film, expansible 
nanoparticles and surface-fill hydrogel nanocomposite 
(58,59). Finally, photodynamic therapy is another adjuvant 
which utilizes a laser that targets a light-absorbing 
photosensitizing agent absorbed by tumor cells (60). All 
these adjuvant treatments must still intensely be studied via 
trials and observational studies.

Although most of the studies presented in this manuscript 
and our personal experience are very encouraging, it is 
evident that more level 2 evidence is necessary to convince 
oncologists and thoracic surgeons to use this type of 
“adjuvant” treatment. Nevertheless, decision-making 
process and the paradigm in the treatment of MPM is 
changing (61). A global effort is necessary to perform large 
trials. 

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at https://
vats.amegroups.com/article/view/10.21037/vats-22-62/rc

Peer Review File: Available at https://vats.amegroups.com/
article/view/10.21037/vats-22-62/prf

Conflicts of Interest: All authors have completed the 
ICMJE uniform disclosure form (available at https://vats.
amegroups.com/article/view/10.21037/vats-22-62/coif). 
M.M. served as an unpaid editorial board member of Video-
Assisted Thoracic Surgery from August 2021 to July 2023. 
The other authors have no conflicts of interest to declare.

https://vats.amegroups.com/article/view/10.21037/vats-22-62/rc
https://vats.amegroups.com/article/view/10.21037/vats-22-62/rc
https://vats.amegroups.com/article/view/10.21037/vats-22-62/prf
https://vats.amegroups.com/article/view/10.21037/vats-22-62/prf
https://vats.amegroups.com/article/view/10.21037/vats-22-62/coif
https://vats.amegroups.com/article/view/10.21037/vats-22-62/coif


Video-Assisted Thoracic Surgery, 2023Page 8 of 10

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:39 | https://dx.doi.org/10.21037/vats-22-62

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. Written informed 
consent was obtained from the patients for publication of 
this review article and accompanying videos. A copy of the 
written consent is available for review by the editorial office 
of this journal.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. van Kooten JP, Belderbos RA, von der Thüsen JH, et al. 
Incidence, treatment and survival of malignant pleural 
and peritoneal mesothelioma: a population-based study. 
Thorax 2022;77:1260-7.

2. Treasure T, Lang-Lazdunski L, Waller D, et al. Extra-
pleural pneumonectomy versus no extra-pleural 
pneumonectomy for patients with malignant pleural 
mesothelioma: clinical outcomes of the Mesothelioma 
and Radical Surgery (MARS) randomised feasibility study. 
Lancet Oncol 2011;12:763-72.

3. Rintoul RC, Ritchie AJ, Edwards JG, et al. Efficacy and 
cost of video-assisted thoracoscopic partial pleurectomy 
versus talc pleurodesis in patients with malignant pleural 
mesothelioma (MesoVATS): an open-label, randomised, 
controlled trial. Lancet 2014;384:1118-27.

4. Baas P, Scherpereel A, Nowak A, et al. First-
Line Nivolumab + Ipilimumab vs Chemotherapy 
in Unresectable Malignant Pleural Mesothelioma: 
CheckMate 743. J Thorac Oncol 2020;397:375-86.

5. Opitz I, Scherpereel A, Berghmans T, et al. ERS/ESTS/
EACTS/ESTRO guidelines for the management of 
malignant pleural mesothelioma. Eur J Cardiothorac Surg 
2020;58:1-24.

6. Ettinger DS, Wood DE, Akerley W, et al. NCCN 
Guidelines Insights: Malignant Pleural Mesothelioma, 
Version 3.2016. J Natl Compr Canc Netw 2016;14:825-36.

7. Kindler HL, Ismaila N, Armato SG 3rd, et al. Treatment 

of Malignant Pleural Mesothelioma: American Society 
of Clinical Oncology Clinical Practice Guideline. J Clin 
Oncol 2018;36:1343-73.

8. Woolhouse I, Bishop L, Darlison L, et al. BTS guideline 
for the investigation and management of malignant pleural 
mesothelioma. BMJ Open Respir Res 2018;5:e000266.

9. Halstead JC, Lim E, Venkateswaran RM, et al. Improved 
survival with VATS pleurectomy-decortication in 
advanced malignant mesothelioma. Eur J Surg Oncol 
2005;31:314-20.

10. de Bree E, van Ruth S, Baas P, et al. Cytoreductive 
surgery and intraoperative hyperthermic intrathoracic 
chemotherapy in patients with malignant pleural 
mesothelioma or pleural metastases of thymoma. Chest 
2002;121:480-7.

11. Migliore M. Efficacy and safety of single-trocar technique 
for minimally invasive surgery of the chest in the treatment 
of noncomplex pleural disease. J Thorac Cardiovasc Surg 
2003;126:1618-23.

12. Arapis K, Caliandro R, Stern JB, et al. Thoracoscopic 
palliative treatment of malignant pleural effusions: results 
in 273 patients. Surg Endosc 2006;20:919-23.

13. Migliore M, Giuliano R, Aziz T, et al. Four-step local 
anesthesia and sedation for thoracoscopic diagnosis and 
management of pleural diseases. Chest 2002;121:2032-5.

14. Migliore M, Halezeroglu S, Molins L, et al. Uniportal 
video-assisted thoracic surgery or single-incision video-
assisted thoracic surgery for lung resection: clarifying 
definitions. Future Oncol 2016;12:5-7.

15. Migliore M, Deodato G. Thoracoscopic surgery, video-
thoracoscopic surgery, or VATS: a confusion in definition. 
Ann Thorac Surg 2000;69:1990-1.

16. Treasure T. Extrapleural pneumonectomy for malignant 
pleural mesothelioma: is this an operation that should now 
be consigned to history? Future Oncol 2015;11:7-10. 

17. Casiraghi M, Maisonneuve P, Brambilla D, et al. Induction 
chemotherapy, extrapleural pneumonectomy and adjuvant 
radiotherapy for malignant pleural mesothelioma. Eur J 
Cardiothorac Surg 2017;52:975-81.

18. Flores RM, Pass HI, Seshan VE, et al. Extrapleural 
pneumonectomy versus pleurectomy/decortication in the 
surgical management of malignant pleural mesothelioma: 
results in 663 patients. J Thorac Cardiovasc Surg 
2008;135:620-6, 626.e1-3.

19. Taioli E, Wolf AS, Flores RM. Meta-analysis of survival 
after pleurectomy decortication versus extrapleural 
pneumonectomy in mesothelioma. Ann Thorac Surg 
2015;99:472-80.

https://creativecommons.org/licenses/by-nc-nd/4.0/


Video-Assisted Thoracic Surgery, 2023 Page 9 of 10

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:39 | https://dx.doi.org/10.21037/vats-22-62

20. Bilancia R, Nardini M, Waller DA. Extended pleurectomy 
decortication: the current role. Transl Lung Cancer Res 
2018;7:556-61.

21. Rintoul RC. The MesoVATS trial: is there a future for 
video-assisted thoracoscopic surgery partial pleurectomy? 
Future Oncol 2015;11:15-7.

22. Giovanella BC, Stehlin JS Jr, Morgan AC. Selective lethal 
effect of supranormal temperatures on human neoplastic 
cells. Cancer Res 1976;36:3944-50.

23. Hahn GM, Braun J, Har-Kedar I. Thermochemotherapy: 
synergism between hyperthermia (42-43 degrees) and 
adriamycin (of bleomycin) in mammalian cell inactivation. 
Proc Natl Acad Sci U S A 1975;72:937-40.

24. Ried M, Lehle K, Neu R, et al. Assessment of cisplatin 
concentration and depth of penetration in human lung 
tissue after hyperthermic exposure. Eur J Cardiothorac 
Surg 2015;47:563-6.

25. Larisch C, Markowiak T, Loch E, et al. Assessment of 
concentration and penetration depth of cisplatin in human 
lung tissue after decortication and hyperthermic exposure. 
Ann Transl Med 2021;9:953.

26. Migliore M, Ried M, Molins L, et al. Hyperthermic 
intrathoracic chemotherapy (HITHOC) should 
be included in the guidelines for malignant pleural 
mesothelioma. Ann Transl Med 2021;9:960.

27. Migliore M, Combellack T, Williams J, et al. 
Hyperthermic intrathoracic chemotherapy in thoracic 
surgical oncology: future challenges of an exciting 
procedure. Future Oncol 2021;17:3901-4.

28. Markowiak T, Koller M, Zeman F, et al. Protocol of 
a retrospective, multicentre observational study on 
hyperthermic intrathoracic chemotherapy in Germany. 
BMJ Open 2020;10:e041511.

29. Migliore M, Nardini M. Does cytoreduction surgery 
and hyperthermic intrathoracic chemotherapy prolong 
survival in patients with N0-N1 nonsmall cell lung 
cancer and malignant pleural effusion? Eur Respir Rev 
2019;28:190018.

30. Proesmans V, Vandaele T, Van Slambrouck J, et al. 
Pleural decortication and hyperthermic intrathoracic 
chemotherapy for pseudomyxoma. Int J Hyperthermia 
2022;39:1153-7.

31. Markowiak T, Kerner N, Neu R, et al. Adequate 
nephroprotection reduces renal complications after 
hyperthermic intrathoracic chemotherapy. J Surg Oncol 
2019;120:1220-6.

32. Migliore M, Calvo D, Criscione A, et al. Pleurectomy/
decortication and hyperthermic intrapleural chemotherapy 

for malignant pleural mesothelioma: initial experience. 
Future Oncol 2015;11:19-22.

33. Migliore M, Calvo D, Criscione A, et al. Cytoreductive 
surgery and hyperthermic intrapleural chemotherapy for 
malignant pleural diseases: preliminary experience. Future 
Oncol 2015;11:47-52.

34. Hod T, Freedberg KJ, Motwani SS, et al. Acute kidney 
injury after cytoreductive surgery and hyperthermic 
intraoperative cisplatin chemotherapy for malignant 
pleural mesothelioma. J Thorac Cardiovasc Surg 
2021;161:1510-8.

35. Işık AF, Sanlı M, Yılmaz M, et al. Intrapleural 
hyperthermic perfusion chemotherapy in subjects 
with metastatic pleural malignancies. Respir Med 
2013;107:762-7.

36. van Ruth S, Baas P, Haas RL, et al. Cytoreductive surgery 
combined with intraoperative hyperthermic intrathoracic 
chemotherapy for stage I malignant pleural mesothelioma. 
Ann Surg Oncol 2003;10:176-82.

37. Ried M, Potzger T, Braune N, et al. Cytoreductive 
surgery and hyperthermic intrathoracic chemotherapy 
perfusion for malignant pleural tumours: perioperative 
management and clinical experience. Eur J Cardiothorac 
Surg 2013;43:801-7.

38. Ambrogi MC, Bertoglio P, Aprile V, et al. Diaphragm and 
lung-preserving surgery with hyperthermic chemotherapy 
for malignant pleural mesothelioma: A 10-year experience. 
J Thorac Cardiovasc Surg 2018;155:1857-1866.e2.

39. Zhao ZY, Zhao SS, Ren M, et al. Effect of hyperthermic 
intrathoracic chemotherapy on the malignant pleural 
mesothelioma: a systematic review and meta-analysis. 
Oncotarget 2017;8:100640-7.

40. Zhou H, Wu W, Tang X, et al. Effect of hyperthermic 
intrathoracic chemotherapy (HITHOC) on the malignant 
pleural effusion: A systematic review and meta-analysis. 
Medicine (Baltimore) 2017;96:e5532.

41. Järvinen T, Paajanen J, Ilonen I, et al. Hyperthermic 
Intrathoracic Chemoperfusion for Malignant Pleural 
Mesothelioma: Systematic Review and Meta-Analysis. 
Cancers (Basel) 2021;13:3637.

42. Dawson AG, Kutywayo K, Mohammed SB, et al. 
Cytoreductive surgery with hyperthermic intrathoracic 
chemotherapy for malignant pleural mesothelioma: a 
systematic review. Thorax 2023;78:409-17.

43. Zhou N, Rice DC, Tsao AS, et al. Extrapleural 
Pneumonectomy Versus Pleurectomy/Decortication 
for Malignant Pleural Mesothelioma. Ann Thorac Surg 
2022;113:200-8.



Video-Assisted Thoracic Surgery, 2023Page 10 of 10

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:39 | https://dx.doi.org/10.21037/vats-22-62

44. van Sandick JW, Kappers I, Baas P, et al. Surgical 
treatment in the management of malignant pleural 
mesothelioma: a single institution's experience. Ann Surg 
Oncol 2008;15:1757-64.

45. Baldini EH, Richards WG, Gill RR, et al. Updated 
patterns of failure after multimodality therapy for 
malignant pleural mesothelioma. J Thorac Cardiovasc 
Surg 2015;149:1374-81.

46. Ried M, Kovács J, Markowiak T, et al. Hyperthermic 
Intrathoracic Chemotherapy (HITOC) after Cytoreductive 
Surgery for Pleural Malignancies-A Retrospective, 
Multicentre Study. Cancers (Basel) 2021;13:4580.

47. Klotz LV, Grünewald C, Bulut EL, et al. Cytoreductive 
surgery and hyperthermic intrathoracic chemoperfusion 
shows superior overall survival compared to extrapleural 
pneumonectomy for pleural mesothelioma. Zentralblatt 
für Chirurgie 2019. doi: 10.1055/s-0039-1694172.

48. Sugarbaker DJ, Gill RR, Yeap BY, et al. Hyperthermic 
intraoperative pleural cisplatin chemotherapy extends 
interval to recurrence and survival among low-risk patients 
with malignant pleural mesothelioma undergoing surgical 
macroscopic complete resection. J Thorac Cardiovasc Surg 
2013;145:955-63.

49. Halezeroğlu S, Migliore M. Management of recurrence 
after initial surgery for malignant pleural mesothelioma: a 
mini-review. Future Oncol 2015;11:23-7.

50. Liu L, Zhang N, Min J, et al. Retrospective analysis on 
the safety of 5,759 times of bedside hyperthermic intra-
peritoneal or intra-pleural chemotherapy (HIPEC). 
Oncotarget 2016;7:21570-8.

51. Poon SS, Alberti C, Nardini M, et al. Salvage debulking 
surgery and hyperthermic intrathoracic chemotherapy 
for massive recurrent mesothelioma in the mediastinum. 
Interact Cardiovasc Thorac Surg 2022;35:ivac034.

52. Burt BM, Richards WG, Lee HS, et al. A Phase I Trial 
of Surgical Resection and Intraoperative Hyperthermic 
Cisplatin and Gemcitabine for Pleural Mesothelioma. J 
Thorac Oncol 2018;13:1400-9.

53. Tilleman TR, Richards WG, Zellos L, et al. Extrapleural 
pneumonectomy followed by intracavitary intraoperative 
hyperthermic cisplatin with pharmacologic cytoprotection 
for treatment of malignant pleural mesothelioma: a 
phase II prospective study. J Thorac Cardiovasc Surg 
2009;138:405-11.

54. Migliore M, Fiore M, Filippini T, et al. Comparison of 

video-assisted pleurectomy/decortication surgery plus 
hyperthermic intrathoracic chemotherapy with VATS 
talc pleurodesis for the treatment of malignant pleural 
mesothelioma: A pilot study. Heliyon 2023;9:e16685.

55. IASLC. MARS Trial: Decortication and Chemotherapy 
Associated with Worse Outcomes for Patients with 
Resectable Mesothelioma. Available online: https://www.
iaslc.org/iaslc-news/press-release/mars-trial-decortication-
and-chemotherapy-associated-worse-outcomes 

56. Ullah A, Waheed A, Khan J, et al. Incidence, Survival 
Analysis and Future Perspective of Primary Peritoneal 
Mesothelioma (PPM): A Population-Based Study from 
SEER Database. Cancers (Basel) 2022;14:942.

57. Lang-Lazdunski L, Bille A, Papa S, et al. Pleurectomy/
decortication, hyperthermic pleural lavage with 
povidone-iodine, prophylactic radiotherapy, and systemic 
chemotherapy in patients with malignant pleural 
mesothelioma: a 10-year experience. J Thorac Cardiovasc 
Surg 2015;149:558-66.

58. Opitz I, Lauk O, Meerang M, et al. Intracavitary cisplatin-
fibrin chemotherapy after surgery for malignant pleural 
mesothelioma: A phase I trial. J Thorac Cardiovasc Surg 
2020;159:330-340.e4.

59. Lardinois D, Jung FJ, Opitz I, et al. Intrapleural topical 
application of cisplatin with the surgical carrier Vivostat 
increases the local drug concentration in an immune-
competent rat model with malignant pleuromesothelioma. 
J Thorac Cardiovasc Surg 2006;131:697-703.

60. Fitzgerald BG, Marron TU, Sweeney R, et al. Abstract 
CT205: A phase I/Ib trial of intratumoral Poly-ICLC in 
resectable malignant pleural mesothelioma. Cancer Res 
2022;82:CT205.

61. Migliore M, Halezeroglu S, Mueller MR. Making 
precision surgical strategies a reality: are we ready for a 
paradigm shift in thoracic surgical oncology? Future Oncol 
2020;16:1-5.

doi: 10.21037/vats-22-62
Cite this article as: Migliore M, Albalkhi I, Hashim M, 
Saleh W, Robaidi H, Aldebakey H, Santana-Rodríguez N, 
Khattan KA, Abdullah AE. A narrative review of video-assisted 
debulking surgery and hyperthermic intraoperative thoracic 
chemotherapy (HITHOC) for malignant pleural mesothelioma. 
Video-assist Thorac Surg 2023;8:39.

https://www.iaslc.org/iaslc-news/press-release/mars-trial-decortication-and-chemotherapy-associated-worse-outcomes
https://www.iaslc.org/iaslc-news/press-release/mars-trial-decortication-and-chemotherapy-associated-worse-outcomes
https://www.iaslc.org/iaslc-news/press-release/mars-trial-decortication-and-chemotherapy-associated-worse-outcomes

