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Abstract: Although the method of hyperthermic intrathoracic chemotherapy (HITHOC) after
cytoreductive surgery is known for more than 20 years now, the interest of the scientific community has
been growing especially in recent years with annually increasing numbers of publications. The feasibility
and safety of HITHOC has already been demonstrated. The primary objective now is to reach a consent
about the optimal implementation and standardization of the procedure. In the international clinical practice
of HITHOC the parameters of temperature, duration, type and number of chemotherapeutic agents vary,
making a comparison of the short- and long-term results difficult. For about ten years, the combination of
surgical cytoreduction and HITHOC has been performed more routinely in several departments of thoracic
surgery in Germany, especially in university hospitals. Recently, a group of experts for thoracic surgery of
five departments of thoracic surgery elaborated recommendations for the HITHOC procedure in Germany.
These recommendations represent a standardized and consistent implementation of HITHOC. Through
this, postoperative complications associated to HITHOC should be reduced and a better comparison of
the results should be enabled. This article is intended to give a brief overview of the literature, current
recommendations in the implementation of HITHOC and also aims to show future perspectives of this

procedure.

Keywords: Hyperthermic intrathoracic chemotherapy (HITHOC); malignant pleural mesothelioma (MPM);

thymoma; thymic carcinoma; multimodality treatment

Submitted Jul 21, 2020. Accepted for publication Feb 05, 2021.
doi: 10.21037/atm-20-5444
View this article at: http://dx.doi.org/10.21037/atm-20-5444

Introduction has increased. This article is intended to give a brief
overview of the literature, current recommendations in the

The method of hyperthermic intrathoracic chemotherapy implementation of HITHOC and also aims to show future

(HITHOC) for the treatment of primary or secondary perspectives of this procedure.

pleural tumors has been known for several years already. We present the following article in accordance with the

Recently, however, the scientific interest in this procedure Narrative Review reporting checklist (available at http://

A ORCID: 0000-0002-5364-6206.
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Figure 1 Development of HITHOC-related publications (70 in
total). HITHOC, hyperthermic intrathoracic chemotherapy.

dx.doi.org/10.21037/atm-20-5444).

Review of the current literature
Literature research

To identify HITHOC-associated literature we conducted
a search using the term “hyperthermic intrathoracic
chemotherapy” and its synonyms (e.g., “hyperthermic
intrathoracic chemoperfusion”, “hyperthermic pleural
perfusion”, HITHOC, HITOC) in PubMed. This resulted
in a total of 189 entries. From this and other sources 70
HITHOC-associated publications were identified (date:
20.05.2020), of which 61 articles were original papers
and nine were reviews. Figure 1 shows an overview of
the development in the number of HITHOC-related
publications over the last two decades, demonstrating a
growing scientific interest in the procedure. We present the
following article in accordance with the Narrative Review
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reporting checklist.

Basic research

There is only little bench research that investigates the
fundamentals of HITHOC. Additionally, these studies
have examined almost solely the effect on malignant pleural
mesothelioma (MPM) cells. Already in 2008 Matsuzaki ez a/.
demonstrated that the combination of intrapleural cisplatin
and hyperthermia [200 mg/m? body surface area (BSA),
120 minutes, 43 °C] induces potent apoptosis of tumor
cells in patients with MPM, increasing immediately after
perfusion and peaking at 24 hours postoperatively (1).
The known mechanisms of cisplatin in this context
are mitochondrial depolarization, phosphatidylserine
translocation and caspase activation (2). That the induction
of apoptosis thereby is dependent on the concentration
of cisplatin could be demonstrated on human MPM cell
lines JU77, LO68 and ONES58 by Cregan er 4l. and on
NCI-H28, NCI-H2052, and MSTO-211H by Cameron
and colleagues. Both concluded that higher doses of cisplatin
result in smaller percentages of viable tumor cells (2,3).

Hyperthermia offers synergistic antineoplastic effects,
but the effect of hyperthermia alone on mesothelioma cells
in temperatures up to 42 °C proved to be small in an in-vitro
evaluation, considerably better only in temperatures higher
than 45 °C (1,4,5). However, it seems to increase local drug
absorption and cytotoxic effect of cisplatin also in lower
temperatures, especially when combined with a second
cytostatic agent (3,6). One possible explanation for this
may be a hyperthermia-induced reduction of chemotherapy
resistance of the malignant cells (7).

The major advantage of HITHOC is the high
local and the low systemic concentration of the
chemotherapeutic agents. The identified dose response
relationship emphasizes the role of the local cytostatic drug
concentration in the lung tissue, which also has already
been the subject of previous research. A lavage of cisplatin
in a concentration of 0.05 mg/mL over 60 minutes at 42 °C
is known to result in tissue concentrations of 2.4 pg/mL
(I mm depth), 1.4 pg/mL (2 mm depth) and 0.5 pg/mL
(4 mm depth) in ex-vivo conditions. A median penetration
depth of 3-4 mm of cisplatin also appears promising,
considering that the thick parts of the tumor are surgically
removed (macroscopic complete resection) before perfusion
and only residual, superficial cells are the target of this
additional treatment (5). Low absorption through the tissue
after pleurectomy/decortication (P/D) is required and
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Table 1 Overview of studies reporting on HITHOC in patients with MPM
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Author. vear Cases of Surgery (n) HITHOC: chemotherapeutics; time of perfusion; Morbidity  Mortality
Y MPM (n) gery temperature (%) (%)
Rusch et al., 1994 (9) 28 P/D: 28 Cisplatin (75-100 mg/m?), mitomycin (8 mg/m?); 20 0
60 min; no heating
Ratto et al., 1999 (4) 10 P/D: 3; EPP: 4  Cisplatin (100 mg/m?; 60 min; 41.5 °C NA 0
Yellin et al., 2001 (10) 7 P/D: 1; Cisplatin (150-200 mg/m?); 60 min; 42 °C 42.9 14.3
exploration: 2;
EPP: 4
De Bree et al., 2002 (11) 11 P/D: 7; EPP: 4  Cisplatin (80 mg/m? + doxorubicin (20-30 mg/m?); 47 0
90 min; 40-41 °C
Van Ruth et al., 2003 (12) 20 P/D: 12; EPP: 8 Cisplatin (80 mg/m? + doxorubicin (>20 mg/m?); 65 0
90 min; 40-41 °C
Richards et al., 2006 (13) 44 P/D + HITHOC: 44 Cisplatin (50-250 mg/m?); 60 min; 42 °C NA 11
Van Sandick et al., 2008 (14) 20 P/D: 12; EPP: 8 Cisplatin (80 mg/m® + doxorubicin (>20 mg/m?) 70 10
Zellos et al., 2009 (15) 29 EPP: 29 Cisplatin (75-200 mg/m?) NA 7
Tilleman et al., 2009 (16) 92 EPP: 92 Cisplatin (225 mg/m?) 49 4.3
Ried et al., 2013 (17) 8 P/D: 8 Cisplatin (100-150 mg/m?); 60 min; 42 °C 13 0
Sugarbaker et al., 2013 (18) 72 P/D: 19; Cisplatin (175-225 mg/m?); 60 min; 42 °C NA 4 (HITHOC-
EPP: 53 associated:
0%)
Migliore et al., 2015 (19) 6 P/D: 6 Cisplatin (120mg/m?); 60 min; 42.5 °C 16.6 0
Ishibashi et al., 2015 (20) 4 P/D: 4 Cisplatin (80 mg/m?); 60 min; 42 °C 100 0
Bertoglio et al., 2017 (21) 26 P/D: 26 Cisplatin (80 mg/m? + doxorubicin (25 mg/m?) 30 0
Ambrogi et al., 2018 (22) 49 P/D: 49 Cisplatin (80 mg/m?) + epirubicin (25 mg/m?); 46.9 0
60 min; 42.5 °C
Patel et al., 2019 (23) 5 P/D: 1; Cisplatin (100-150 mg/m®) single use or combined 20 0
EPP: 4 with adriamycin (60-100 mg) or mitomycin C (15 mg)
Burt et al., 2018 (24) 104 P/D: 41; Cisplatin (175-225 mg/m?) + gemcitabine 57.7 2
EPP: 59; (100-1,200 mg/m?); 60 min; 40-42 °C
debulking: 4
Klotz et al., 2019 (25) 7 P/D: 71 Cisplatin (200 mg) + doxorubicin (100 mg); 90 min; 42 °C  57.7 1.4

EPP, extrapleural pneumonectomy; HITHOC, hyperthermic intrathoracic chemotherapy; NA, data not available; P/D, pleurectomy/decortication.

proven even when applying high doses to avoid typical side
effects of systemic cisplatin such as renal insufficiency (8).
In serum samples the bioavailability of intrapleurally
administered cisplatin reached only a fraction of about 2%
with a peak 60 minutes after HITHOC (8).

Clinical data

Tables 1,2 show clinical studies of the two major indications
for HITHOC: MPM and pleurally disseminated thymic

© Annals of Translational Medicine. All rights reserved.

tumors in Masaoka-Koga stage IVA. The majority of
these publications are observational, retrospectively
designed phase I-1I studies. Not only that the numbers of
observed patients in these (especially in the case of thymic
tumors) rare diseases are low. In clinical practice the
parameters of temperature, duration, type and number of
chemotherapeutic agents vary, making a comparison of the
short- and long-term results difficult.

A common feature of all studies is the administration of
cisplatin in dosages between 50 and 225 mg/m’ BSA (11,16).
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Table 2 Overview of studies reporting on HITHOC in patients with thymic tumor

Author, year ti;iqec?r:; Surgery HITHOC: chemotherapeutics; time of perfusion; temperature Mo(r;)i ;1ity Mo(t;a;lity

Refaely et al., 2001 (26) 15 P/D: 14; EPP: 1  Cisplatin (100-200 mg/m?); 60 min; 42 °C 33.3 0

De Bree et al., 2002 (11) 14 P/D: 9; EPP: 5  Cisplatin (50-80 mg/m? + doxorubicin (15-25 mg/m?); 90 min; 47 0
40-41 °C

Yu et al., 2013 (27) 4 P/D (VATS): 4 Cisplatin (100 mg/m?), 120 min; 42-43 °C 0 0

Yellin et al., 2001 (10) 35 P/D: 34; EPP: 1 Cisplatin (100 mg/m?® + doxorubicin (50-60 mg); 60 min; 42 °C 12 2.5

Ambrogi et al., 2016 (28) 13 P/D: 13 Cisplatin (80 mg/m?) + doxorubicin (25 mg/m?); 60 min; 42.5 °C 38 0

Maury et al., 2017 (29) 19  P/D:19 Cisplatin (100 mg/m®) + doxorubicin (60 mg) 26 0

Patel et al., 2019 (23) 1 P/D: 1 Cisplatin (100-150 mg/m?) single use or combined with 0 0
adriamycin (60-100 mg) or mitomycin C (15 mg)

Markowiak et al., 2019 29 P/D: 26; EPP: 3 Cisplatin (100-175 mg/m? single use, later in combination with 31 3.4

(30) doxorubicin (65 mg); 60 min; 42 °C

Aprile et al., 2020 (31) 27 Partial Cisplatin (80 mg/m®) + epirubicin (25 mg/m?); 60 min; 38-42.5 °C 33.3 0

pleurectomy: 27

EPP, extrapleural pneumonectomy; HITHOC, hyperthermic intrathoracic chemotherapy; P/D, pleurectomy/decortication; VATS,

video-assisted thoracoscopic surgery.

Important steps towards a safe performance of HITHOC
were the identification of the maximum-tolerable cisplatin
dosage of 225 mg/m’ BSA by Richards er 4/. and the
implementation of a nephroprotective regime consisting of
amifostine, sodium thiosulfate and forced diuresis (13,32).
Higher intrathoracic concentrations of cisplatin lead to
increased rates of systemic side effects, especially regarding
postoperative renal insufficiency (13). The application
below this threshold demonstrated to be safe. Cisplatin is
frequently used alone, but sometimes also in combination
with doxorubicin, mitomycin, epirubicin, adriamycin or
gemcitabine (Table I1). Both the therapeutic benefit and the
optimal dosage of the second cytostatic drug remain unclear
in the clinical setting. In a phase I study by Burt er a/., a
maximum tolerable gemcitabine dose of 1,000 rng/m2 BSA
was determined when combined with cisplatin (24).

Thus, growing clinical expertise in perioperative
management contributed to a reduction of severe
perioperative complications. In addition to renal
insufficiency, thromboembolic events are particularly to
be mentioned in the postoperative period. Since the case
numbers are small, the range of reported morbidity and
mortality is wide. However, perioperative mortality in
particular is low or moderate in the studies with more
than 40 patients at rates of 0-11% (13,16,18,22,24,25).
Furthermore, postoperative morbidity and mortality are

© Annals of Translational Medicine. All rights reserved.

mainly caused by the surgical cytoreduction itself and not
primarily by the subsequent HITHOC. The International
Mesothelioma Interest Group (IMIG) in 2012 and
available international guidelines recommend lung-sparing
techniques like P/D or extended pleurectomy/decortication
(eP/D) instead of extrapleural pneumonectomy (EPP) in
order to reduce the risk of postoperative complications
(33-35). The 2020 published guideline of the European
Respiratory Society (ERS), European Society of Thoracic
Surgeons (ESTS), European Association for Cardio-
Thoracic Surgery (EACTS) and the European Society
for Radiotherapy and Oncology (ESTRO) for the
management of MPM does not address intracavitary local
therapies. According to the authors, HITHOC should
at least be mentioned as a potential therapy option (36).
However, additional local procedures (e.g., intracavitary
chemotherapy) are still under investigation and can be
performed within a multimodality treatment regime in
experienced centers along to study protocols (35).

Similar to basic research, the best clinical data is available
in patients with MPM. With our structured search we were
able to identify 21 studies that investigated HITHOC on
this tumor entity, 18 of them are displayed in Tuble 1 (e.g.,
because some were not available in English or German
language). The cohorts range from case series with four
patients to a maximum of 104 patients (20,24). The survival
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of MPM patients after multimodal therapy including
HITHOC lies between 11 and 36 months in the literature
(12,21). A significant advantage in in extending median
survival was demonstrated by Sugarbaker et /. (18) in a
retrospective study with 103 participants (surgery only:
22.8 months vs. surgery + HITHOC: 35.3 months;
P=0.026).

With regard to thymic tumors, as the second leading
indication for HITHOC, we identified 14 clinical studies,
12 are displayed in Table 2. With 35 patients the largest
cohort with this entity was described by Yellin ez #/. and
to our best knowledge only three studies with more than
20 patients exist (30,31,37). With treatment concepts
including only surgery and radiochemotherapy reported
S-year survival rates are between 53% and 88% (38,39).
When combined with HITHOC, 5-year survival rates of
80-92% were demonstrated (26,28,30,37). Survival in these
studies has depended especially on tumor histology since
thymic carcinoma showed a considerably worse survival
and therefore should be treated and reported as a separate
entity (30,37). The indolent nature of histological subtypes
A, AB and B1-3, in turn, makes it certainly difficult to verify
an advantage in survival by the application of HITHOC.
However, Aprile et al. reported a benefit in median disease-
free survival comparing surgery alone with combined
surgery and HITHOC retrospectively (surgery + HITHOC:
88.0+15 months vs. surgery only: 57+19.5 months;
P=0.046) (31). In contrast to MPM, clinical practice
guidelines of this tumor entity already mention HITHOC
as a therapeutic option in pleural manifestations (40).

Only few authors reported about the use in patients with
secondary pleural carcinosis and malignant pleural effusion.
A future potential of HITHOC might lie in secondary
pleural carcinosis in patients with lung cancer stage IVA,
which is the most common cause of malignant pleural
effusion with about 40% (41). Although reported survival
is promising, the recent data on this approach is weak and
needs further investigation as shown in a systematic review
by Migliore ez al. (42).

Recommendations

Since approximately 10 years surgical cytoreduction in
combination with HITHOC is performed more routinely
in several departments for thoracic surgery in Germany,
especially in University Hospitals. First experiences have
been presented as retrospective studies in meetings and
publications (17,25,30,32,43). Based on research data and

© Annals of Translational Medicine. All rights reserved.
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clinical experiences, the next step was to generate the first
expert recommendation in order to develop elementary
recommendations for a standardized HITHOC protocol (44).
Therefore, a group of experts for thoracic surgery of
five departments of thoracic surgery (Regensburg,
Munich, Heidelberg, Freiburg, Cologne) elaborated
recommendations for the HITHOC procedure in Germany.
All recommendations were based on clinical experiences,
research data of the experts and the recent literature.
Finally, a total of six main emphases including a total of
17 recommendations were developed of which the most
important ones are listed in Table 3. A 100% agreement
was reached for the nomenclature, the technique, the
chemotherapeutic agent, the perioperative management,
the safety measures and the indications for HITHOC.

Indications for cytoreductive surgery (P/D, eP/D or
EPP) combined with HITHOC meet the same criteria
as described in the international literature: MPM, thymic
tumors with pleural spread and selected patients with
secondary pleural carcinosis. The HITHOC should
always be performed after surgical cytoreduction. Without
prior surgical tumor removal, only palliative perfusion of
the pleural space in palliative intention and subsequent
pleurodesis is achievable. In addition, the HITHOC should
be implemented in the same surgery rather in exceptional
cases in a second operation. Before starting the HITHOC,
the thoracic incisions should be closed after placing the
inflow and outflow drainages correctly in the thoracic
cavity (Figure 2). According to the available literature,
the HITHOC runs for 60 minutes and at approximately
42 °C in the system or drainages. The temperature should
be monitored during HITHOC inside the pleural space
with appropriate dedicated intrathoracic sensors.

Cisplatin was recommended as the first-choice
chemotherapeutic agent for HITHOC and therefore cisplatin
should always play the major role for the chemotherapeutic
perfusion. The dosage of cisplatin should be specified in
mg/m’ BSA and given in a dosage between 150-175 mg/m’
BSA. The volume of the perfusion fluid seems to play a role
for the concentration gradient of cisplatin in the pleural space
during circulation and should be taken into account. Both,
the dosage of cisplatin and the amount of perfusion fluid,
are essential to establish a high intrathoracic concentration
of cisplatin, which hopefully improves control of the local
residual microscopic tumor disease. The volume of the
perfusion fluid can either be determined clinically (addition
until a stable circulation is established) or calculated in
relation to the BSA (for example 2.5x BSA in liters). During
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Table 3 Recommendations for HITHOC according to Ried et 4/. (44)

Markowiak et al. HITHOC: current literature and future perspectives

C
Main emphasis onsensus Recommendation

strength
Nomenclature 100% Hyperthermic intrathoracic chemotherapy is abbreviated with “HITOC” in Germany
Technique 100% The HITOC should be performed:

In the same operation after the surgical cytoreduction;

At the closed chest;

With a temperature of 42 °C measures in the perfusion fluid (system) or in the outflow drainage;

For a duration of 60 minutes

Chemotherapeutic agent  100%

Cisplatin should be used as the preferred agent

The maximum dosage of cisplatin should not exceed 225 mg/m2 BSA

The recommended dosage of cisplatin should be between 150-175 mg/m2 BSA

Perioperative management 100%

Fluid balancing including forced diuresis are recommended

Additional application of nephroprotective agents can be considered

Thrombosis prophylaxis is recommended according to major thoracic surgical procedures

Safety measures 100%

Perioperative safety measures are recommended in patients during and after HITOC

Separate disposal of pleural fluid is recommended

All safety measures are recommended for at least 48 hours, especially while changing the chest

drainage box

Indication 100%

HITOC can be part of multimodality treatment for patients with MPM

HITOC can be performed after surgical cytoreduction in patients with primary or secondary
(recurrence) pleural dissemination of thymic tumors (stage IVA)

HITOC can be provided selected patients with pleural carcinosis as decision on a by-case basis

HITHOC, hyperthermic intrathoracic chemotherapy; BSA, body surface area; MPM, malignant pleural mesothelioma.

the perioperative period, fluid balancing is recommended
in order to reduce renal complications. In addition,
nephroprotective agents can be considered (32). Certain
intra- and postoperative safety measures for the involved
personal should be strictly performed for the first 48 hours
after HITHOC: special protective clothing including safety
glasses and enhanced surgical gloves as well as separated
disposal of the pleural fluid.

These expert recommendations represent a standardized
and consistent implementation of the HITHOC procedure
in Germany (44). Through this, postoperative complications
associated to HITHOC should be reduced and a better
comparison of the results should be enabled.

Future studies

Innovative procedures like the HITHOC run through an

© Annals of Translational Medicine. All rights reserved.

interminable process as illustrated in Figure 3. First case
reports/series and retrospective studies with small sample
sizes investigated the feasibility and safety of the procedure.
As mentioned above, the indication of only rare tumor
entities and the various techniques of HITHOC as well
as cytotoxic agents with varying dosages made it difficult
to compare the few available studies in the international
literature. However, the next step after approving the safety
of the procedure was to standardize the HITHOC as far as
possible.

Currently, a retrospective, multi-center observational
study, which is funded by the German Research Foundation
analyses approximately 350 patients who underwent surgical
cytoreduction combined with subsequent HITHOC in
four German University Hospitals (46). The results of
this retrospective, multi-center study should allow a better
standardization of the HITHOC-procedure including
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Figure 2 Schematic setup of a HITHOC: the apical inflow drainage reaches up to the costodiaphragmatic recess, the three basal outflow

drains are placed ventral, interlobar and dorsal (45). HITHOC, hyperthermic intrathoracic chemotherapy.

perioperative safety measures in Germany and also validate
the existing clinical experience. First results are expected
at the beginning of the next year and further analysis
regarding survival rates are right from the planning stage.
But also prospective studies with special emphasis
of multimodality protocols including HITHOC and
innovative adjuvant chemotherapy are strongly required.

© Annals of Translational Medicine. All rights reserved.

One interventional, randomized clinical trial is currently
performed in Germany (ClinicalTrials.gov Identifier:
NCT04177953), which is called NICITA: Nivolumab with
Chemotherapy in Pleural Mesothelioma After Surgery.
This multicenter, randomized, controlled, open-label study
includes patients with MPM in tumor stages I-III who
have previously undergone cytoreductive surgery by eP/

Ann Transl Med 2021;9(11):955 | http://dx.doi.org/10.21037/atm-20-5444
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Establishment

Figure 3 Process of innovative procedures like the HITHOC. HITHOC, hyperthermic intrathoracic chemotherapy.

D with or without HITHOC. After surgery, the patients
will receive a maximum treatment duration of 16 cycles: 4
cycles of platinum-based chemotherapy in both arms + 12
cycles maintenance immunotherapy with nivolumab in the
treatment arm. The main objective of the trial is time-to-
next-treatment (TIN'T), as well as safety and tolerability (47).

Although the mentioned ongoing studies will hopefully
provide valid data for a more standardized multimodality
therapy concept, additional clinical studies are warranted
for the future. These results are crucial in order to include
the HITHOC into future international guidelines for the
treatment of MPM and thymoma with pleural spread or
even secondary pleural carcinosis.

Conclusions

The number of published HITHOC-related papers
increases annually, demonstrating a growing interest of
the scientific community in the procedure. According to
the available literature, cytoreductive surgery combined
with HITHOC can be considered in patients with MPM,
thymic tumors with pleural spread and selected patients
with secondary pleural carcinosis. The feasibility has
been demonstrated in several studies and growing clinical
expertise in perioperative management and technique led
to tolerably lower rates of complications. First resulting
survival data are encouraging and give rationale for further
investigations. The results of ongoing clinical studies
are expected soon and are necessary to hopefully include
HITHOC into international guidelines. A standardization

© Annals of Translational Medicine. All rights reserved.

of the procedure will ensure comparability of short- and
long-term results in the future.
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