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Whole-body hyperthermia (WBH) might be beneficial for patients with metastasized solid malignancies when
combined with systemic therapy. This review identified and summarized the phase I/II studies (n = 13/14)
conducted using this combination of therapies. Most of the phase II studies used radiant heating methods in a
thermal dose of 41.8°C (1h). All studies used classic chemotherapy. Great inter-study heterogeneity was ob-
served regarding treatment regimes, included patients and reported response rates (12-89%). Ovarian cancer,
colorectal adenocarcinoma, lung cancer and sarcoma have been studied most. Most reported toxicity (grade 3/4)

was myelosuppression. Treatment related mortality was present (4 patients) in three out 14 phase II studies (350
evaluable patients, over 966 cycles of WBH with chemotherapy). Absence of phase III trials makes the additive
value of WBH highly speculative. As modern oncology offers many less invasive treatments options, it is unlikely
WBH will ever find its way in routine clinical care.

1. Introduction
1.1. General introduction

Use of hyperthermia as adjunct to existing treatment regimes in
cancer therapy is not a new concept. For decades local, regional or
whole-body hyperthermia (WBH) has been applied in a wide variety of
different combinations with chemotherapy or radiotherapy (Falk and
Issels, 2001; Moyer and Delman, 2008; Peeken et al., 2017; Zee, 2002;
Wust et al., 2002). The therapeutic benefit of locoregional hy-
perthermia as adjunct to radiotherapy or chemotherapy for specific
indications has undisputedly been determined by several systematic
reviews and meta-analyses (Datta et al., 2016a, b; Hu et al., 2017;
Lutgens et al.,, 2010). Recently, also proof of benefit on long-term
outcomes of regional hyperthermia combined with chemotherapy has
been obtained in patients with localized high-risk soft tissue sarcoma,
with a 10-year overall survival rate of 52.6% (95% CI 44.7-60.6%) for
chemotherapy with hyperthermia, versus 42.7% (95% CI 35.0-50.4%)
for chemotherapy alone (Issels et al., 2018). Similar proof of benefit
was found for the use of hyperthermia in combination with intravesical
chemotherapy in the treatment of non-muscle invasive bladder cancer
(Colombo et al., 2011) and hyperthermic intraperitoneal chemotherapy
in the treatment of peritoneal metastasis of ovarian cancer (Driel et al.,
2018).

This beneficial effect of locoregional hyperthermia raises the ques-
tion whether hyperthermia applied to the whole body might be a re-
levant adjunct to systemic therapy for patients with metastasized or
advanced malignancies. However, in contrast with the proven benefits
for local and regional hyperthermia, convincing evidence of benefit of
WBH, alone or as adjunct to systemic therapy, is lacking.

1.2. WBH induction techniques

To artificially raise the body temperature by exogenously applied
heat, two techniques have been used most often over the years, gen-
erally aiming at core body temperatures of 41-42°C (sometimes re-
ferred to as extreme WBH) or 39-40 °C (fever-range WBH).

Firstly, several systems have been developed to apply WBH by ra-
diant heat. These systems use non-ionizing, electromagnetic radiation
(e.g., infrared, microwave) to heat the body surface/tissues to a certain
depth (depending on the used radiation) upon which the skin circula-
tion transports the heat to the body core. Typical time to reach core
body temperatures of 41-42 °C is 60-90 minutes and these are main-
tained for 1-2h using this method (Hildebrandt et al., 2005; Jia and
Liu, 2010; Wust et al., 2002). Often patients were encased in high-hu-
midity cabinets to prevent heat loss by evaporation. Secondly, WBH can
be induced by heating the blood in an extracorporeal circulation. The
earliest studies describing this technique used a surgical arteriovenous
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shunt as vascular access (Parks et al., 1979). Although very efficient in
elevating the core body temperature, this invasive procedure bears the
risks of infection and causes a heavy cardiac burden. More recent, ex-
tracorporeal WBH techniques using a venovenous circulation have been
developed and have been proven a feasible method of safe and effective
elevation of core body temperatures (Locker et al., 2011;
Zwischenberger et al., 2004).

Both induction methods have been applied in clinical studies in the
field of oncology as stand-alone method or combined with che-
motherapy and/or radiotherapy.

1.3. Rationale of hyperthermia combined with systemic therapy

The combination of hyperthermia and classic chemotherapy as
systemic therapy has been studied most extensively. Mechanisms of
cancer inhibition of this combination are twofold: stand-alone malig-
nant cell killing by hyperthermia and chemotherapy potentiation
(Hildebrandt et al., 2002; Hurwitz and Stauffer, 2014).

Regarding the first, heat induced apoptosis and mitotic catastrophe
are leading mechanisms of cell death upon heat exposure. The surviving
fraction of cells is highly dependent on the height of temperature ele-
vation and duration of heat exposure. At the relatively mild tempera-
tures achievable during WBH (up to 42 °C) exponential cell killing will
be followed by a plateau level at which cells develop resistance to
thermal cell killing (thermotolerance) (Hildebrandt et al., 2002; Roti
Roti, 2008). These processes are highly dependent on cell type and the
local environment, such as acidity, oxygen status (therapy-resistant
hypoxic cells are more thermosensitive) and phase of cell cycle (S-phase
being the most thermosensitive). Thermotolerance, although highly
dependent on several factors, is generally present after one hour,
reaches its maximum after 16 h and is faded out after 120 h, e.g., in the
example of 30 min of hyperthermia at 43.5°C in a C3H mammary
carcinoma model (Dewey, 1994; Overgaard and Nielsen, 1983). Among
others, complex heat induced alterations in cellular membrane and
cytoskelet stability, nuclear protein integrity, cell cycle progression,
DNA replication and DNA repair mechanisms are believed to lead to
this heat induced cell death (Hildebrandt et al., 2002; Hurwitz and
Stauffer, 2014; Kampinga, 2006; Oei et al., 2015; Roti Roti, 2007,
2008). Of special interest is the role of the heat-shock proteins (HSP) in
this context. These molecular chaperones play an essential role in
protecting the cell to thermal stress by maintaining protein homeostasis
and facilitating DNA repair mechanisms. Intracellular HSP concentra-
tions are elevated upon exposure to heat stress, leading to thermo-
tolerance and other forms of cancer therapy resistance (Richter et al.,
2010; Sottile and Nadin, 2018; Wu et al., 2017).

In addition to the abovementioned cell-killing capacities of hy-
perthermia, tumor specific immune reactions can also be induced by
hyperthermia, one of which involves heat shock proteins (Frey et al.,
2012a; Repasky et al., 2013). HSPs can activate natural killer cells, and
extracellular present HSPs can bind tumor antigen and transfer these
antigens to antigen-presenting cells (APC), upon which those APCs
cross-present them to CD8™ T-cells, thereby eliciting a tumor specific
immune reaction (Toraya-Brown and Fiering, 2014). These immune
effects have proven hard to exploit clinically so far, however.

The second mechanism for the beneficial effects of the combination
of WBH and chemotherapy is chemopotentiation. The magnitude and
presence of this effect differs very much between different che-
motherapeutics. At the relative mild temperatures achievable during
WBH the most thermal enhancement is seen for alkylating agents,
platinum containing drugs and nitrosureas, with linear enhancement of
cytotoxicity as temperature rises (Bergs et al., 2007; Kampinga, 2006;
Urano et al., 1999; Urano and Ling, 2002). Mechanisms of the synergy
between chemotherapy and hyperthermia also differ between the dif-
ferent chemotherapeutics (Issels, 2008). One important chemosensi-
tizing feature of hyperthermia is the capability of making che-
motherapy induced sublethal cell damage lethal by inhibition of repair
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mechanisms, e.g. inhibition of DNA repair mechanisms (as mentioned
above) (Oei et al., 2015). For example, in vitro, hyperthermia inhibits
the enzyme poly ADP ribose polymerase (PARP) in BRCA-competent
cells as effective as registered pharmacologic PARP-inhibitors, thereby
enhancing delay in DNA repair (Schaaf et al., 2016) and hyperthermia
inhibits the homologous recombination DNA repair mechanism by de-
grading BRCA2 (Krawczyk et al., 2011). The clinical relevance of this
inhibitory effect on DNA repair, relevant for both radio- and chemo-
sensitization, was demonstrated in a retrospective analysis which
showed higher rates of overall survival in cervical cancer patients when
time interval between hyperthermia and radiotherapy was shorter and
DNA damage was thereby not yet repaired (Oei et al., 2017; Leeuwen
et al., 2017). Hyperthermia also enhances transmembrane transport of
chemotherapeutic agents and is reported to cause reperfusion of poorly
perfused, treatment resistant tumor regions, thus yielding an indirect
but clinically highly relevant mechanism of chemotherapy potentiation,
particularly in treatment resistant tumor regions (Dewhirst et al., 2005;
Jones et al., 2004; Song et al., 2005).

1.4. Aim of this review

It has not been elucidated whether the potential benefits of the
combination of WBH with systemic therapy outweigh the risks asso-
ciated with either the WBH procedure itself or the possible potentiating
of systemic therapy related side-effects, since no randomized phase III
trials have been performed. This review aims to address this question by
providing a balanced overview of the potential benefits and risks, re-
ported in clinical trials, of WBH in combination with systemic therapy.

2. Methods
2.1. Search strategy

A search strategy combining synonyms of whole-body hyperthermia
with synonyms for systemic therapy was conducted in Pubmed, Embase
and Web of Science on August 1** 2018 (supplementary Table 1).

2.2. Inclusion criteria

Included articles had to report on efficacy and/or toxicity of WBH
(not local/regional hyperthermia) in combination with one or more
antineoplastic agent(s) in adult human. The included patients had to
suffer from (locally) advanced or metastasized solid malignancies not
amenable to curative treatment. Trials eligible for patients with he-
matological malignancies were only included if results of the patients
with solid malignancies were reported separately in the paper. Trials
with study interventions other than WBH in combination with systemic
therapy (e.g., WBH alone or in combination with surgery/radiotherapy)
were included if the main intervention was WBH in combination with
systemic therapy and the results of the group receiving systemic
therapy were reported separately. There were no restrictions in WBH
induction technique, used antineoplastic agents or sequence of WBH/
systemic therapy. Articles had to contain original research, had to in-
clude more than 1 patient (no case reports) and had to be full text
available in English language.

2.3. Data synthesis

Studies included in this review were separated in two groups based
on the included patients. Those performed in a population suffering
from different malignancies (phase I) and those performed in patients
suffering from a specific malignancy (phase II). When reported as such,
efficacy was displayed using Response Evaluation Criteria in Solid
Tumors (RECIST). In studies including hematological malignancies and
allowing other interventions than WBH plus systemic therapy, which
did not report a separate proportion of responding patients with solid
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Table 1
Yield of search strategy conducted on August 1 2018.
Step Records
Identification Database searching Pubmed 248
Database searching Embase 316
Database searching Web of Science 676
Snowballing 1
Records after duplicates removed 929
Screening Records screened by title/abstract 929
Not applicable 876
Eligibility Full-text articles assessed for eligibility 53
Excluded after full text assessment 25
Studies included in review 27

malignancies treated with WBH plus systemic therapy, this number was
calculated manually. Whenever possible, grade 3 and 4 toxicity was
displayed (World Health Organization/Common Terminology Criteria
for Adverse Events), again for the proportion of patients treated with
WBH plus systemic therapy. If studies did not grade toxicity, all toxicity
was displayed. Regarding mortality, only treatment related mortality
was displayed (either from WBH, systemic therapy or the combination).

3. Results

The search strategy in Embase, Pubmed and Web of Science yielded
in 929 records after removal of duplicates. After screening on title and
abstract on the abovementioned criteria, 53 full-text articles were
screened, of which 27 were considered eligible for inclusion in this
review (Table 1). Thirteen out of these 27 studies were phase 1 studies,
combining WBH with systemic therapy in a population of patients
suffering from various malignancies (Bremer et al., 2001; Bull et al.,
2008; Gerad et al., 1983, 1984; Herman et al., 1982; Larkin, 1979;
Maeta et al., 1987; Ostrow et al., 1981; Pettigrew et al., 1974; Robins
et al., 1993, 1999; Robins et al., 1997; Wiedemann et al., 1994). The
vast majority of these phase I trials have been performed decades ago in
the early days of clinical application of WBH. Supplementary Table 2
lists the characteristics and results of these 13 studies, which show a
great diversity regarding study design and outcome.

The remaining 14 studies combined WBH with systemic therapy in
patients with a specific malignancy (phase II). For ovarian cancer
(n = 3 (Atmaca et al., 2009; Douwes et al., 2004; Westermann et al.,
2001)), colorectal cancer (n =2 (Hegewisch-Becker et al., 2002;
Hildebrandt et al., 2004)), lung cancer (n = 2 (Engelhardt et al., 1982;
Neumann et al.,, 1982)) and sarcoma (n =3 (Bull et al., 1992;
Westermann et al., 2003; Wiedemann et al., 1996)) more than one trial
has been performed. Single studies are available for cervical cancer
(Richel et al., 2004), pancreatic cancer (Bakshandeh-Bath et al., 2009),
melanoma (Engelhardt et al., 1990) and pleural mesothelioma
(Bakhshandeh et al., 2003) (Table 2). The vast majority of these studies
induced WBH using radiant heat (with different radiant heat systems),
with an aimed thermal dose of 41.8 °C for 1 h. All studies used classic
chemotherapeutic agents as systemic therapy. Used chemotherapeutic
regimes differed, however most studies used at least a platinum con-
taining agent (n = 10) or an alkylating agent (n = 6). In most studies
pretreatment with chemotherapy was no ground for exclusion, most
studies even required some form of chemotherapy pretreatment.

3.1. Phase II studies: efficacy

The combination of WBH with different chemotherapeutics led to
response rates (complete response and partial response) varying from
12 to 89% in generally small populations over all the trials. Three
studies have been performed in patients with recurrent or platinum
resistant  epithelial ovarian cancer (58 patients receiving
chemotherapy + WBH in total). Observed response rates varied
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between 38-45% (complete responses + partial responses). Of note,
some complete responses were observed in platinum resistant patients
treated with carboplatin or cisplatin combined with WBH. In metastatic
colorectal cancer two studies have been performed (Hegewisch-Becker
et al., 2002; Hildebrandt et al., 2004). Hegewisch-Becker et al found a
response rate of 20% (56% stable disease, median time to progression
of 21 weeks (95%-CI 17-25 weeks)) in patients with advanced color-
ectal adenocarcinoma after treatment with oxaliplatin, 5-fluoruracil
and leucovorin alternated with or without WBH (Hegewisch-Becker
et al., 2002). These patients were pretreated with irinotecan or 5-
fluoruracil (and leucovorin) or both. Studying the same population
(metastatic colorectal adenocarcinoma Hildebrandt et al found that 27%
of patients not responding to treatment with 5-fluoruracil, folinic acid
and mitomycin converted from stable disease to partial response after
addition of WBH (combined with hyperoxemia and hyperglycemia) to
these agents (Hildebrandt et al., 2004). This result has to be interpreted
with caution as only 25 treatment cycles of WBH with chemotherapy
were applied in 10 patients. In small cell lung carcinoma two small
studies (N = 15 and 18) were perfomed, but these studies are old (both
published in 1982) and lack description of pretreatment. This limits
drawing of firm conclusions from the reported high response rates
(86-89%) (Engelhardt et al., 1982; Neumann et al., 1982). Three stu-
dies evaluated the efficacy of WBH in addition to chemotherapy (ifos-
famide, carboplatin, etoposide in two out of three) in sarcoma (Bull
et al., 1992; Westermann et al., 2003; Wiedemann et al., 1996); thus the
malignancy in which WBH is studied in the largest group of patients (in
total 124 evaluable patients). The largest study was a multicenter study
with 95 evaluable patients. In these patients, suffering from advanced-
progressive soft tissue sarcoma (not amenable to local treatment with
curative intent or metastatic disease) a response rate was achieved in
28% and stable disease in 33% of patients with a combination of ifos-
famide, carboplatin, etoposide and WBH (Westermann et al., 2003).
Time to treatment failure was 123 days (95% confidence interval (CI)
77-164) and overall survival 327 days (95%-CI 393-496).

Table 2 summarizes study characteristics, observed response rates
and survival in all 14 included phase II studies.

3.2. Phase II studies: toxicity

Serious toxicity (grade 3 or 4) was reported in almost all studies,
although the oldest studies did not report any (serious) toxicity or did
not grade it. In the studies grading toxicity according to the common
criteria for adverse events (CTCAE), the most frequently reported grade
3 and 4 toxicity was myelosuppresion (grade 3 or 4 anemia 5-49%,
leukopenia 14-100%, thrombocytopenia 5-65%) in studies with var-
ious used chemotherapeutics. Toxicity attributed to WBH occurred less
frequently, but serious toxicity (grade 3 an 4), such as ventricular
cardiac arrhythmias, dermal complications and kidney failure did occur
in several trials. Table 3 lists all observed grade 3 and 4 toxicities.

All studies combined report on at least 966 cycles of WBH plus
chemotherapy (not every study reported the total amount of cycles). In
these 966 cycles, 4 patients died of treatment related complications on a
total of 350 evaluable patients in all studies (161 evaluable patients in
the 3 studies reporting mortality (Bakhshandeh et al., 2003; Hegewisch-
Becker et al., 2002; Westermann et al., 2003)). All these patients died
due to infectious complications (sepsis).

4. Discussion

In this article 27 studies combining WBH with one or more anti-
neoplastic agent(s) were identified, of which 14 studied WBH with
systemic therapy in a specific malignancy (phase II). All studies used
classic chemotherapy as systemic therapy. The WBH induction tech-
nique used in the vast majority of cases was the radiant heating tech-
nique. Ranges of target core body temperatures narrowed over time,
with 41.8°C as target temperature in most of the conducted phase II
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studies. All studies achieved objective responses in often heavily pre-
treated patients, although it remains uncertain which proportion of
responses can be attributed to the addition of WBH. Most observed
grade 3 and 4 toxicities in the phase 2 studies were attributable to the
used chemotherapeutics (e.g., myelosuppression); only a minor pro-
portion to WBH (e.g., dermal, hemodynamic/cardiac complications),
although this also concerned serious complications.

Although myelosuppression was the most observed grade 3 or 4
toxicity in the included trials, the proportion of patients with grade 3 or
4 myelosuprresion might have been higher when WBH had not been
part of the study intervention. WBH is known to induce the release of
several cytokines, including granulocyte stimulating factor (G-CSF),
interleukin (IL)-1f, IL-6, IL-8, IL-10 and tumor necrosis factor-a (Robins
et al., 1995). It has been postulated that WBH diminishes myelotoxicity
of chemotherapeutics through these myeloprotective cytokines, thereby
reducing morbidity associated with chemotherapy (Katschinski et al.,
1999). This notion was supported by a phase III trial comparing eto-
poside, ifosfamide and doxorubicin with or without regional hy-
perthermia in patients with high-risk soft-tissue sarcoma less grade 3
and 4 leucopenia, in which lower percentages of grade 3 and 4 leuco-
penia were observed in the hyperthermia group than in the control
group (63.5% versus 77.6%, p = 0.005) (Issels et al., 2010).

Most remarkable of the results reported in this review is the lack of
more recently conducted trials on the combination of WBH with sys-
temic therapy, the most recent study was published in 2009. Initiation
of a randomized phase III trial, with WBH combined with che-
motherapy as experimental arm and chemotherapy alone as control
arm, is strongly recommended in many of the phase II studies.
However, no results of such randomized trials have been published to
date, although two have been registered several years ago:
NCT01493011 on 120 stage IIIB/IV non small lung cancer patients
(status unknown) and NCT00045461 on 241 patients with recurrent
ovarian epithelial, fallopian tube, or peritoneal cancer (status un-
known). Lack of unequivocal prove of benefit or disadvantage of WBH
as adjunct to chemotherapy which could be provided by such phase III
studies is obstructing application of WBH in daily practice. The additive
value of this invasive intervention remains therefore highly speculative.
Besides this, practical considerations also obstruct widespread appli-
cation of WBH and can explain the lack of pursuit given to the several
phase 1II studies and the absence of recent studies. One of the most
prominent is the elaborate supportive care required for a WBH proce-
dure at 41.8 °C. Minimal requirements for a WBH procedure are: either
deep sedation with spontaneous breathing or general anesthesia with
intubation, a large bore venous access for aggressive fluid resuscitation
(> 1000 ml/h), extensive hemodynamic monitoring and frequent la-
boratory assessments. Besides this, post-procedure surveillance on an
intensive care unit or medium care unit is recommended (Hildebrandt
et al., 2005; Locker et al., 2011). This poses logistic problems and
makes WBH an expensive and time-consuming procedure. This, com-
bined with the vast evolving and expanding arsenal of antineoplastic
agents, i.e. immunotherapy and targeted therapy, available as less in-
vasive treatment option in oncology, makes WBH a less attractive al-
ternative at this stage.

Therefore, the additive value of WBH to classic chemotherapy re-
mains uncertain. Whether WBH could be of benefit when added to
other systemic treatment options, such as targeted therapy and/or im-
munotherapy remains even more speculative. No studies on this com-
bination have been performed so far; all studies included in this review
used classic chemotherapy as systemic therapy.

The combination of hyperthermia with targeted therapy or im-
munotherapy has been scarcely studied in vitro and in vivo for locor-
egional hyperthermia. Regarding targeted therapy, in vitro hy-
perthermia enhances effectiveness of dabrafenib and vemurafenib in a
melanoma cell line (A375) (Mantso et al., 2018), sunitinib in an ade-
nocarcinoma cell line (MCF-7) (Topcul and Cetin, 2016) and borte-
zomib in several different cell lines (including MDA-MB-468, Caco-2,
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A2780, mantle cell lymphoma cell lines and other hematological cell
lines) (Alvarez-Berrios et al., 2014; Milani et al., 2009; Saliev et al.,
2017). In humans, locoregional hyperthermia has been combined with
gefitinib in patients with non-small cell lung cancer, which was feasible
in a low number of patients (n = 11) (Qin et al., 2016). In a phase II
study, Gadaleta-Caldarola et al combined treatment with sorafenib and
locoregional hyperthermia in 21 patients with hepatocellular carci-
noma. This was feasible, well tolerated and led to partial response in 1
patient and stable disease in 11 patients (median time to progression of
5.2 months (95%-CI 4.2-6.2) (Gadaleta-Caldarola et al., 2014). The
combination of cisplatin, lapatinib and locoregional hyperthermia in
recurrent cervix carcinoma in previously irradiated area was studied in
a phase I trial. Although the combination is of interest due to one ob-
served complete pathological response, of the 8 studied patients only 1
patient was able to complete treatment as planned (mainly due to en-
hanced cisplatin cytotoxicity), which makes this treatment not feasible
(Meerten et al., 2015). Combination of immunotherapy (checkpoint
inhibitors) with hyperthermia has been studied less and remains an-
ecdotal. To the authors best knowledge, only one case study using the
combination of checkpoint inhibitors (ipilimumab and nivolumab) with
hyperthermia (combination of locoregional and WBH) has been re-
ported, resulting in a complete remission in a patient with stage IV
triple negative breast cancer with pulmonary metastases (Kleef et al.,
2018). As earlier described hyperthermia is known to elicit an anti-
tumor immune response by transference of tumor-antigen to APC by
HSP (Toraya-Brown and Fiering, 2014). Furthermore, hyperthermia
modulates both innate and adaptive immune responses (Repasky et al.,
2013). Heat has several beneficial and non-beneficial effects on cellular
immunity, which is of interest in the combination of checkpoint in-
hibitors and hyperthermia. Overall, hyperthermia in the temperature
range of WBH increases the amount of lymphocytes, monocytes and
granulocytes and immune cell activity is increased (Frey et al., 2012b).

Therefore, the combination of hyperthermia and immunotherapy is
of interest in preclinical studies and clinical case studies, but the pos-
sible benefit of these immune mechanisms and possible potentiation of
targeted therapy and/or immunotherapy remains speculative until
clinical trials have been performed. However, given the earlier men-
tioned disadvantages of WBH, further clinical studying of this combi-
nation is likely to be restricted to locoregional hyperthermia.

5. Conclusion

This review points out that WBH has a potential value when added to
chemotherapy, but this remains highly speculative. In several phase II
trials, studying a total of 350 evaluable patients, the combination of WBH
with chemotherapy did give promising results. In often heavily pre-
treated patients objective responses were observed in several types of
advanced malignancies, albeit at the cost of a high proportion of patients
suffering from grade 3 and 4 toxicities attributable to chemotherapy,
WBH or the combination. Convincing evidence of the additive value of
WBH is thus lacking, in contrast with evidence for local and regional
hyperthermia, which has proven additive value to chemotherapy for
specific indications. As nowadays, systemic treatment of malignant dis-
eases is an evolving field with an increasing emphasis on targeted
therapy and immunotherapy, the disadvantages of WBH (invasiveness,
elaborate supportive care, high costs) make this treatment modality far
less attractive. This, combined with the lack of follow up (phase III trials)
given to the phase II trials, it is unlikely that WBH as adjunct to existing
chemotherapy treatments will ever find its way in routine clinical care.

Author’s contribution

GL performed the literature search and critical appraisal and drafted
the first version of the manuscript. HC and CvH revised the manuscript.
All authors are responsible for the final content and approve the final
version of the manuscript.



Critical Reviews in Oncology / Hematology 139 (2019) 67-74

*A)1[e1I0W PIJe[oI JUSUIIEdI],
‘Aderopowayd = 1D ‘erunoyprodAy Apog-ajoym = HGM @[qedridde jou = "e°'U :SUOTIRIADIQQY

%€ UDS ‘O SUDIWOA ‘6

BISNBU ‘05T [RUNSAIUI-01SES ‘040G UONDIAJUI ‘opee eruadolfdoquiony) (€002
sisdag 1 ‘s9k ‘07, eTuadonnau (s394 Jo adejusdiad) ¢ 10 ¢ apeIn apisodols + unerdoqied + aprurejsojy BUIOI[SU0SaUI [eIN3[d “Ie 19 Yyapueysyyeq)
*AJI0TX0} MOIIRW 9UO0Q JO JUSWDURYUD JYII[S (0661
’'u ON ® 10y 1dadxa £)191X0) AdeIoyjowayd JO JUSWDURYUD ON ‘Papesd JON unIqnioxop + unerdsiy BUIOUR[IIAL “Ie 39 Ipreyduy)
SI9DUEd JOYIQ
04Gg So10s dnssaxd
‘%G SeIWPAYLIR IR[NILIUIA ‘0pg JuauwLIredul] [RUDI SIDAIS ‘0HEE (9661
’'u ON BIUWRUE ‘05001 eIUdoNNI] ‘0,8G eIUadolfo0quiory) :f 10 € apeln apisodols + unerdoqied + aprurejsojy BUIODIES “Ie 19 UUBWIPATM)
(uondnnsqo %T AI01X0) [eual ‘T AI01X0} dneday ‘%7 SunrwoA
[eIYI2IN YIIM PIIRIDOSSE /BasNBU ‘04T [RUNSAUI-01ISES ‘04,GT BIWAUR ‘0519 BIuado1fd0quoIy) (€002
syuaned yoq ur) sisdog T ‘S9X  ‘0pg UONDRJUI ‘0508 eIUadoNNI] :(SA[4d Jo a8ejusdiad) 10 ¢ apein apisodols + unejdoqied + aprurejsojy BUODIBS 9NSSN-1JOS “[e 39 UUBULISISIM)
uonsa3uod snurs
‘eayrrerp ‘Ayjedoimnau ‘suonedrdurod reurap ‘sisdas ‘uorsuajodAy
‘ewapa Areuournd duadorpred-uou ‘(eruadoifdoquioryy BUI0DIBS09)SO
’u ON Juedyrudis 3sour) A1101x0) [ed13ojolewsy ‘paperd 10N sunsnuLen) 10 9nssn} 1JOS (2661 “Te 12 TInd)
BUI0DIRS
BUIOUIDIRD
eu ON PAAISSqO 2I9M S}DJJJD IPIS dI9AIS ON sunsudulA + aprureydsoydod£d + umiqnioxoq uny [[90 [eWS  (Z8AT [ 19 UUBUINDN)
BUIOUTDIRD (z861
’'U ON (1D 10 HIM WO1J 19I19) $199JJ2 IpIs 10 suonedduiod oN aunsLUIA + aprureydsoydodA) + uIqnIoxoq 3uny 1190 [RWS “Ie 19 Ip1eyeduy)
J90ued Sung
BWOUDIRIOUSpER (6002 “Te 12
’'U ON 9PAd b Pue YIE U AIDIX0) [DIS0[0JRUIRY :f IO € dPBID unerdoqred + auIqeIIURY oneanued eg-yapueysyeq)
%8 SN0 Ypop
ewaps [exoydiad ‘ot erwra[eyodAy ‘o4pt, eaudsAp ‘onz 1 uoisusjodAy
‘0591 ured ‘949T SUOTSIT UDS ‘048f BIWSUE ‘0,87 eruadolAdoquiony)
‘0591 eruadoyna] :g ape1n ‘g8 ddewrep aarou [eydrad erwoxo1adAy + erwadA[8radAy BUIOUIDIBIOUIPE 002
eu ON ‘0t SUOISI] UIYS ‘Ot TuadodNI[ 1 ope1d ;1D + HAM JO S9[24d uf Padnpurl + UDAWOIUI + PIdR JIUI[0] + [IDRINION]J-G [e10310[0D) e 39 JpueIqapP[IH)
%¢ dImrey
1189y ‘04T UONDIBJUI [RIpIRdOAUI JO SUSIS pue SelWIAYLIE deIpIed
JusIsue) ‘o,z A1d1xojomau [eraydrrad ‘op/ BIYLIRIP 047 STIISOINUI
‘%%G SUNIUIOA/BISNBU ‘04G BIWIDUR ‘054G BIUSd01Ad0qUIOIY] ‘0%G
eruadoynay :(syusned jo adejusdiad) ¢ apeid 1PYIQ (%07 Ul £ ape1d) BUWOUIDIRIOUSPE (200Z “Te 10
(eruownsud) sisdag 1 ‘s9x HAM YIIM pauIquIod S9[24£d JO 94,9 Ul dWOIPUAS andneJ 4 apeIn [IPRINION[J-S + ULI0A0ONI] + uneldiexQo [e19210[0D) I9)29g-U2SIMIZOH)
RER1I1:5)
TeunsaluI-onsen
0% AIDIX0) [RUAI ‘09 andnjey
‘Yt SUNTWOA ‘Qpf, BISNBU ‘0477 BIUIDUR ‘0419 eruadoifdoquioryy
’u OoN ‘05G€ eruadoynaf :(sa124d Jo a8ejusdiad) ¢ 10 ¢ apeIn unerdoqren I90URD [BIIAIRD (002 “Te 19 ]oya1y)
-2anpadoxd
-1s0d [esnole JMOYJIP JO 9SLD U0 PUR UONINLSAO [9mOoq 919[dwod jJo
9SED AUQ "0 SUNTWOA/BISNEU ‘04,7 BIWDUR ‘040G eruadofdoquuoIyy (1002
’'U ON ‘%€ eruadoynaf :(sa24d Jo a8ejuadiad) 10 ¢ apein unerdoqren J90UBD UBLIRAQ e 19 UURULISISIM)
’u ON %P1 SISOWD ‘0T eruadoyna] :g apeid 4 apeid oN erwadA[31adAy paonpur ‘unerdoqred 1o unerdsin 19DUed UBLIBAQ (002 “Te 32 samno(q)
0T dRIPILD ‘0pf S9dIOY [BSOINW ‘04T T UOTIIIJUI [BLISIDR] ‘Ohg BISNBU
’'u ON ‘%61 BIWAUER ‘0,69 BIUad01Ad0qUIOIY) ‘9461 BIUSdOINI] :f 10 € IpelD unerdoqren I9dUuRd UBLIBAQ (6002 “Te 19 eORUNY)
I90ued [ed1S0[0d9RUAD
Ieap jo asneD H%EEEE (s1mIayl0 pajess ssafun ‘syuanied jo afejusdrad) AIdIXo], (s)1uade onserdosunuy 2d£y zowmy, Apms

72

G. Lassche, et al.

*Ay1TelIow pue sanNIX0) Aderay) drwAIsAs PIm erunrayadAy Apog-ajoym Suturquiod sa1pmis I aseyd
€ JlqelL



G. Lassche, et al.

Role of funding source

None.
Conflict of interest statement

No potential conflicts of interest declared.
Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.critrevonc.2019.04.
023.

References

Alvarez-Berrios, M.P., Castillo, A., Rinaldi, C., Torres-Lugo, M., 2014. Magnetic fluid
hyperthermia enhances cytotoxicity of bortezomib in sensitive and resistant cancer
cell lines. Int. J. Nanomedicine 9, 145-153.

Atmaca, A., Al-Batran, S.E., Neumann, A., Kolassa, Y., Jager, D., Knuth, A., Jager, E.,
2009. Whole-body hyperthermia (WBH) in combination with carboplatin in patients
with recurrent ovarian cancer - a phase II study. Gynecol. Oncol. 112 (2), 384-388.

Bakhshandeh, A., Bruns, 1., Traynor, A., Robins, H.I., Eberhardt, K., Demedts, A., Kaukel,
E., Koschel, G., Gatzemeier, U., Kohlmann, T., Dalhoff, K., Ehlers, E.M., Gruber, Y.,
Zumschlinge, R., Hegewisch-Becker, S., Peters, S.0., Wiedemann, G.J., 2003.
Ifosfamide, carboplatin and etoposide combined with 41.8degreeC whole body hy-
perthermia for malignant pleural mesothelioma. Lung Cancer 39 (3), 339-345.

Bakshandeh-Bath, A., Stoltz, A.S., Homann, N., Wagner, T., Stolting, S., Peters, S.O.,
20009. Preclinical and clinical aspects of carboplatin and gemcitabine combined with
whole-body hyperthermia for pancreatic adenocarcinoma. Anticancer Res. 29 (8),
3069-3077.

Bergs, J.W., Franken, N.A., Haveman, J., Geijsen, E.D., Crezee, J., van Bree, C., 2007.
Hyperthermia, cisplatin and radiation trimodality treatment: a promising cancer
treatment? A review from preclinical studies to clinical application. Int. J.
Hyperthermia 23 (4), 329-341.

Bremer, K., Meyer, A., Lohmann, R., 2001. Pilot study of whole-body hyperthermia
combined with chemotherapy in patients with metastasised pretreated progressive
breast, ovarian, and colorectal carcinomas. TumorDiagnostik & Therapie 22 (6),
115-120.

Bull, J.M., Cronau, L.H., Newman, B.M., Jabboury, K., Allen, S.J., Ohno, S., Smith, T.,
Tonnesen, A.S., 1992. Chemotherapy resistant sarcoma treated with whole body
hyperthermia (WBH) combined with 1-3-bis(2-chloroethyl)-1-nitrosourea (BCNU).
Int. J. Hyperthermia. 8 (3), 297-304.

Bull, J.M., Scott, G.L., Strebel, F.R., Nagle, V.L., Oliver, D., Redwine, M., Rowe, R.W.,
Ahn, C.W., Koch, S.M., 2008. Fever-range whole-body thermal therapy combined
with cisplatin, gemcitabine, and daily interferon-alpha: a description of a phase I-II
protocol. Int. J. Hyperthermia. 24 (8), 649-662.

Colombo, R., Salonia, A., Leib, Z., Pavone-Macaluso, M., Engelstein, D., 2011. Long-term
outcomes of a randomized controlled trial comparing thermochemotherapy with
mitomycin-C alone as adjuvant treatment for non-muscle-invasive bladder cancer
(NMIBC). BJU Int. 107 (6), 912-918.

Datta, N.R., Puric, E., Klingbiel, D., Gomez, S., Bodis, S., 2016a. Hyperthermia and ra-
diation therapy in Locoregional recurrent breast cancers: a systematic review and
meta-analysis. Int. J. Radiat. Oncol. Biol. Phys. 94 (5), 1073-1087.

Datta, N.R., Rogers, S., Ordonez, S.G., Puric, E., Bodis, S., 2016b. Hyperthermia and
radiotherapy in the management of head and neck cancers: a systematic review and
meta-analysis. Int. J. Hyperthermia. 32 (1), 31-40.

Dewey, W.C., 1994. Arrhenius relationships from the molecule and cell to the clinic. Int.
J. Hyperthermia. 10 (4), 457-483.

Dewhirst, M.W., Vujaskovic, Z., Jones, E., Thrall, D., 2005. Re-setting the biologic ra-
tionale for thermal therapy. Int. J. Hyperthermia. 21 (8), 779-790.

Douwes, F., Bogovi, C.J., Douwes, O., Migeod, F., Grote, C., 2004. Whole-body hy-
perthermia in combination with platinum-containing drugs in patients with recurrent
ovarian cancer. Int. J. Clin. Oncol. 9 (2), 85-91.

Driel, W.J. van, Koole, S.N., Sikorska, K., Schagen van Leeuwen, J.H., Schreuder, H.W.R.,
Hermans, R.H.M., de Hingh, I., van der Velden, J., Arts, H.J., Massuger, L., Aalbers,
A.G.J., Verwaal, V.J., Kieffer, J.M., Van de Vijver, K.K., van Tinteren, H., Aaronson,
N.K., Sonke, G.S., 2018. Hyperthermic intraperitoneal chemotherapy in ovarian
Cancer. N. Engl. J. Med. 378 (3), 230-240.

Engelhardt, R., Neumann, H., von der Tann, M., Lohr, G.W., 1982. Preliminary results in
the treatment of oat cell carcinoma of the lung by combined application of che-
motherapy (CT) and whole-body hyperthermia. Prog. Clin. Biol. Res. 107, 761-765.

Engelhardt, R., Muller, U., Weth-Simon, R., Neumann, H.A., Lohr, G.W., 1990. Treatment
of disseminated malignant melanoma with cisplatin in combination with whole-body
hyperthermia and doxorubicin. Int. J. Hyperthermia. 6 (3), 511-515.

Falk, M.H., Issels, R.D., 2001. Hyperthermia in oncology. Int. J. Hyperthermia. 17 (1),
1-18.

Frey, B., Weiss, E.M., Rubner, Y., Wunderlich, R., Ott, O.J., Sauer, R., Fietkau, R., Gaipl,
U.S., 2012a. Old and new facts about hyperthermia-induced modulations of the im-
mune system. Int. J. Hyperthermia. 28 (6), 528-542.

Frey, B., Weiss, E.M., Rubner, Y., Wunderlich, R., Ott, O.J., Sauer, R., Fietkau, R., Gaipl,

73

Critical Reviews in Oncology / Hematology 139 (2019) 67-74

U.S., 2012b. Old and new facts about hyperthermia-induced modulations of the
immune system. Int. J. Hyperthermia. 28 (6), 528-542.

Gadaleta-Caldarola, G., Infusino, S., Galise, 1., Ranieri, G., Vinciarelli, G., Fazio, V.,
Divella, R., Daniele, A., Filippelli, G., Gadaleta, C.D., 2014. Sorafenib and locor-
egional deep electro-hyperthermia in advanced hepatocellular carcinoma: a phase II
study. Oncol. Lett. 8 (4), 1783-1787.

Gerad, H., Egorin, M.J., Whitacre, M., Van Echo, D.A., Aisner, J., 1983. Renal failure and
platinum pharmacokinetics in three patients treated with cis-diamminedi-
chloroplatinum(II) and whole-body hyperthermia. Cancer Chemother. Pharmacol. 11
(3), 162-166.

Gerad, H., van Echo, D.A., Whitacre, M., Ashman, M., Helrich, M., Foy, J., Ostrow, S.,
Wiernik, P.H., Aisner, J., 1984. Doxorubicin, cyclophosphamide, and whole body
hyperthermia for treatment of advanced soft tissue sarcoma. Cancer 53 (12),
2585-2591.

Hegewisch-Becker, S., Gruber, Y., Corovic, A., Pichlmeier, U., Atanackovic, D., Nierhaus,
A., Hossfeld, D.K., 2002. Whole-body hyperthermia (41.8 C) combined with bi-
monthly oxaliplatin, high-dose leucovorin and 5-fluorouracil 48-hour continuous
infusion in pretreated metastatic colorectal cancer: a phase II study. Ann. Oncol. 13
(8), 1197-1204.

Herman, T.S., Zukoski, C.F., Anderson, R.M., Hutter, J.J., Blitt, C.D., Malone, J.M.,
Larson, D.F., Dean, J.C., Roth, H.B., 1982. Whole-body hyperthermia and che-
motherapy for treatment of patients with advanced, refractory malignancies. Cancer
Treat. Rep. 66 (2), 259-265.

Hildebrandt, B., Wust, P., Ahlers, O., Dieing, A., Sreenivasa, G., Kerner, T., Felix, R., Riess,
H., 2002. The cellular and molecular basis of hyperthermia. Crit Rev Oncol Hematol.
43 (1), 33-56.

Hildebrandt, B., Drager, J., Kerner, T., Deja, M., Loffel, J., Stroszczynski, C., Ahlers, O.,
Felix, R., Riess, H., Wust, P., 2004. Whole-body hyperthermia in the scope of von
Ardenne’s systemic cancer multistep therapy (sCMT) combined with chemotherapy in
patients with metastatic colorectal cancer: a phase I/1I study. Int. J. Hyperthermia. 20
(3), 317-333.

Hildebrandt, B., Hegewisch-Becker, S., Kerner, T., Nierhaus, A., Bakhshandeh-Bath, A.,
Janni, W., Zumschlinge, R., Sommer, H., Riess, H., Wust, P., 2005. Current status of
radiant whole-body hyperthermia at temperatures &41.5 degrees C and practical
guidelines for the treatment of adults. The German’ Interdisciplinary Working Group
on Hyperthermia’. Int. J. Hyperthermia. 21 (2), 169-183.

Hu, Y., Li, Z., Mi, D.H., Cao, N., Zu, S.W., Wen, Z.Z., Yu, X.L., Qu, Y., 2017.
Chemoradiation combined with regional hyperthermia for advanced oesophageal
cancer: a systematic review and meta-analysis. J. Clin. Pharm. Ther. 42 (2), 155-164.

Hurwitz, M., Stauffer, P., 2014. Hyperthermia, radiation and chemotherapy: the role of
heat in multidisciplinary cancer care. Semin. Oncol. 41 (6), 714-729.

Issels, R.D., 2008. Hyperthermia adds to chemotherapy. Eur. J. Cancer 44 (17),
2546-2554.

Issels, R.D., Lindner, L.H., Verweij, J., Wust, P., Reichardt, P., Schem, B.C., Abdel-
Rahman, S., Daugaard, S., Salat, C., Wendtner, C.M., Vujaskovic, Z., Wessalowski, R.,
Jauch, K.W., Durr, H.R., Ploner, F., Baur-Melnyk, A., Mansmann, U., Hiddemann, W.,
Blay, J.Y., Hohenberger, P., European Organisation for, R, Treatment of Cancer Soft,
T, Bone Sarcoma, G, European Society for Hyperthermic, O, 2010. Neo-adjuvant
chemotherapy alone or with regional hyperthermia for localised high-risk soft-tissue
sarcoma: a randomised phase 3 multicentre study. Lancet Oncol. 11 (6), 561-570.

Issels, R.D., Lindner, L.H., Verweij, J., Wessalowski, R., Reichardt, P., Wust, P., Ghadjar,
P., Hohenberger, P., Angele, M., Salat, C., Vujaskovic, Z., Daugaard, S., Mella, O.,
Mansmann, U., Durr, H.R., Knosel, T., Abdel-Rahman, S., Schmidt, M., Hiddemann,
W., Jauch, K.W., Belka, C., Gronchi, A., European Organization for the, R, Treatment
of Cancer-Soft, T, Bone Sarcoma, G, the European Society for Hyperthermic, O, 2018.
Effect of neoadjuvant chemotherapy plus regional hyperthermia on long-term out-
comes among patients with localized high-risk Soft tissue sarcoma: the EORTC
62961-ESHO 95 randomized clinical trial. JAMA Oncol. 4 (4), 483-492.

Jia, D., Liu, J., 2010. Current devices for high-performance whole-body hyperthermia
therapy. Expert Rev. Med. Devices 7 (3), 407-423.

Jones, E.L., Prosnitz, L.R., Dewhirst, M.W., Marcom, P.K., Hardenbergh, P.H., Marks, L.B.,
Brizel, D.M., Vujaskovic, Z., 2004. Thermochemoradiotherapy improves oxygenation
in locally advanced breast cancer. Clin. Cancer Res. 10 (13), 4287-4293.

Kampinga, H.H., 2006. Cell biological effects of hyperthermia alone or combined with
radiation or drugs: a short introduction to newcomers in the field. Int. J.
Hyperthermia. 22 (3), 191-196.

Katschinski, D.M., Wiedemann, G.J., Longo, W., d’Oleire, F.R., Spriggs, D., Robins, H.L,
1999. Whole body hyperthermia cytokine induction: a review, and unifying hy-
pothesis for myeloprotection in the setting of cytotoxic therapy. Cytokine Growth
Factor Rev. 10 (2), 93-97.

Kleef, R., Moss, R., Szasz, A.M., Bohdjalian, A., Bojar, H., Bakacs, T., 2018. Complete
clinical remission of stage IV triple-negative breast Cancer lung metastasis adminis-
tering low-dose immune checkpoint blockade in combination with hyperthermia and
Interleukin-2. Integr. Cancer Ther., 1534735418794867.

Krawczyk, P.M., Eppink, B., Essers, J., Stap, J., Rodermond, H., Odijk, H., Zelensky, A.,
van Bree, C., Stalpers, L.J., Buist, M.R., Soullie, T., Rens, J., Verhagen, H.J.,
O’Connor, M.J., Franken, N.A., Ten Hagen, T.L., Kanaar, R., Aten, J.A., 2011. Mild
hyperthermia inhibits homologous recombination, induces BRCA2 degradation, and
sensitizes cancer cells to poly (ADP-ribose) polymerase-1 inhibition. Proc. Natl. Acad.
Sci. U.S.A. 108 (24), 9851-9856.

Larkin, J.M., 1979. A clinical investigation of total-body hyperthermia as cancer therapy.
Cancer Res. 39 (6 Pt 2), 2252-2254.

Leeuwen, C.M. van, Oei, A.L., Chin, K., Crezee, J., Bel, A., Westermann, A.M., Buist, M.R.,
Franken, N.A.P., Stalpers, L.J.A., Kok, H.P., 2017. A short time interval between
radiotherapy and hyperthermia reduces in-field recurrence and mortality in women
with advanced cervical cancer. Radiat. Oncol. 12 (1), 75.


https://doi.org/10.1016/j.critrevonc.2019.04.023
https://doi.org/10.1016/j.critrevonc.2019.04.023
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0005
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0005
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0005
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0010
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0010
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0010
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0015
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0015
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0015
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0015
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0015
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0020
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0020
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0020
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0020
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0025
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0025
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0025
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0025
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0030
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0030
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0030
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0030
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0035
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0035
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0035
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0035
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0040
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0040
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0040
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0040
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0045
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0045
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0045
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0045
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0050
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0050
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0050
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0055
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0055
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0055
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0060
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0060
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0065
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0065
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0070
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0070
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0070
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0075
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0075
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0075
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0075
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0075
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0080
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0080
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0080
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0085
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0085
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0085
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0090
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0090
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0095
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0095
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0095
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0100
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0100
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0100
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0105
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0105
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0105
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0105
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0110
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0110
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0110
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0110
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0115
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0115
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0115
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0115
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0120
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0120
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0120
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0120
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0120
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0125
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0125
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0125
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0125
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0130
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0130
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0130
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0135
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0135
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0135
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0135
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0135
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0140
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0140
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0140
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0140
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0140
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0145
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0145
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0145
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0150
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0150
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0155
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0155
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0160
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0160
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0160
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0160
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0160
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0160
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0160
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0165
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0170
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0170
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0175
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0175
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0175
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0180
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0180
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0180
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0185
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0185
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0185
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0185
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0190
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0190
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0190
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0190
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0195
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0195
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0195
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0195
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0195
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0195
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0200
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0200
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0205
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0205
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0205
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0205

G. Lassche, et al.

Locker, G.J., Fuchs, E.M., Worel, N., Bojic, A., Heinrich, G., Brodowicz, T., Clodi, M.,
Funk, G.C., Knobl, P., Zielinski, C.C., Kostler, W.J., 2011. Whole body hyperthermia
by extracorporeal circulation in spontaneously breathing sarcoma patients: hemo-
dynamics and oxygen metabolism. Int. J. Artif. Organs 34 (11), 1085-1094.

Lutgens, L., van, d.Z.J., Pijls-Johannesma, M., De, H.-K.D.F., Buijsen, J., van, M.G.A.,
Lammering, G., De, R.D.K.M., Lambin, P., 2010. Combined Use of Hyperthermia and
Radiation Therapy for Treating Locally Advanced Cervix Carcinoma, Cochrane
Database of Systematic Reviews. John Wiley Sons, Ltd.

Maeta, M., Koga, S., Wada, J., Yokoyama, M., Kato, N., Kawahara, H., Sakai, T., Hino, M.,
Ono, T., Yuasa, K., 1987. Clinical evaluation of total-body hyperthermia combined
with anticancer chemotherapy for far-advanced miscellaneous cancer in Japan.
Cancer 59 (6), 1101-1106.

Mantso, T., Vasileiadis, S., Anestopoulos, 1., Voulgaridou, G.P., Lampri, E., Botaitis, S.,
Kontomanolis, E.N., Simopoulos, C., Goussetis, G., Franco, R., Chlichlia, K., Pappa,
A., Panayiotidis, M.I., 2018. Hyperthermia induces therapeutic effectiveness and
potentiates adjuvant therapy with non-targeted and targeted drugs in an in vitro
model of human malignant melanoma. Sci. Rep. 8 (1), 10724.

Meerten, E. van, Franckena, M., Wiemer, E., van Doorn, L., Kraan, J., Westermann, A.,
Sleijfer, S., 2015. Phase I study of cisplatin, hyperthermia, and lapatinib in patients
with recurrent carcinoma of the uterine cervix in a previously irradiated area.
Oncologist 20 (3), 241-242.

Milani, V., Lorenz, M., Weinkauf, M., Rieken, M., Pastore, A., Dreyling, M., Issels, R.,
2009. Combination of hyperthermia and bortezomib results in additive killing in
mantle cell lymphoma cells. Int. J. Hyperthermia. 25 (4), 262-272.

Moyer, H.R., Delman, K.A., 2008. The role of hyperthermia in optimizing tumor response
to regional therapy. Int. J. Hyperthermia. 24 (3), 251-261.

Neumann, H., Fabricius, H.A., Engelhardt, R., 1982. Moderate Whole-body Hyperthermia
in Combination With Chemotherapy in the Treatment of Small Cell Carcinoma of the
Lung: a Pilot Study.

Oei, A.L., Vriend, L.E., Crezee, J., Franken, N.A., Krawczyk, P.M., 2015. Effects of hy-
perthermia on DNA repair pathways: one treatment to inhibit them all. Radiat. Oncol.
10, 165.

Oei, A.L., Vriend, L.E., van Leeuwen, C.M., Rodermond, H.M., Ten Cate, R., Westermann,
A.M., Stalpers, L.J., Crezee, J., Kanaar, R., Kok, H.P., Krawczyk, P.M., Franken, N.A.,
2017. Sensitizing thermochemotherapy with a PARP1-inhibitor. Oncotarget 8 (10),
16303-16312.

Ostrow, S., Van Echo, D., Whitacre, M., Aisner, J., Simon, R., Wiernik, P.H., 1981.
Physiologic response and toxicity in patients undergoing whole-body hyperthermia
for the treatment of cancer. Cancer Treat. Rep. 65 (3-4), 323-325.

Overgaard, J., Nielsen, O.S., 1983. The importance of thermotolerance for the clinical
treatment with hyperthermia. Radiother Oncol. 1 (2), 167-178.

Parks, L.C., Minaberry, D., Smith, D.P., Neely, W.A., 1979. Treatment of far-advanced
bronchogenic carcinoma by extracorporeally induced systemic hyperthermia. J.
Thorac. Cardiovasc. Surg. 78 (6), 883-892.

Peeken, J.C., Vaupel, P., Combs, S.E., 2017. Integrating Hyperthermia into Modern
Radiation Oncology: What Evidence Is Necessary? Front Oncol. 7, 132.

Pettigrew, R.T., Galt, J.M., Ludgate, C.M., Smith, A.N., 1974. Clinical effects of whole-
body hyperthermia in adnanced malignancy. Br. Med. J. 4 (5946), 679-682.

Qin, Y., Sun, Y., Liu, Y., Luo, Y., Zhu, J., 2016. Pilot study of radiofrequency hyperthermia
in combination with gefitinib in gefitinib-effective patients with advanced NSCLC.
Thoracic Cancer 7 (4), 422-427.

Repasky, E.A., Evans, S.S., Dewhirst, M.W., 2013. Temperature matters! And why it
should matter to tumor immunologists. Cancer Immunol. Res. 1 (4), 210-216.

Richel, O., Zum Vorde Sive Vording, P.J., Rietbroek, R., Van der Velden, J., Van Dijk, J.D.,
Schilthuis, M.S., Westermann, A.M., 2004. Phase II study of carboplatin and whole
body hyperthermia (WBH) in recurrent and metastatic cervical cancer. Gynecol.
Oncol. 95 (3), 680-685.

Richter, K., Haslbeck, M., Buchner, J., 2010. The heat shock response: life on the verge of
death. Molecular Cell 40 (2), 253-266.

Robins, H.I., Cohen, J.D., Schmitt, C.L., Tutsch, K.D., Feierabend, C., Arzoomanian, R.Z.,
Alberti, D., d’Oleire, F., Longo, W., Heiss, C., et al., 1993. Phase I clinical trial of
carboplatin and 41.8 degrees C whole-body hyperthermia in cancer patients. J. Clin.
Oncol. 11 (9), 1787-1794.

Robins, H.I., Kutz, M., Wiedemann, G.J., Katschinski, D.M., Paul, D., Grosen, E.,
Tiggelaar, C.L., Spriggs, D., Gillis, W., d’Oleire, F., 1995. Cytokine induction by 41.8
degrees C whole body hyperthermia. Cancer letters 97 (2), 195-201.

Robins, H.I., Rushing, D., Kutz, M., Tutsch, K.D., Tiggelaar, C.L., Paul, D., Spriggs, D.,
Kraemer, C., Gillis, W., Feierabend, C., Arzoomanian, R.Z., Longo, W., Alberti, D.,
d’Oleire, F., Qu, R.P., Wilding, G., Stewart, J.A., 1997. Phase I clinical trial of mel-
phalan and 41.8 degrees C whole-body hyperthermia in cancer patients. J. Clin.
Oncol. 15 (1), 158-164.

Robins, H.I., Katschinski, D.M., Longo, W., Grosen, E., Wilding, G., Gillis, W., Kraemer, C.,
Tiggelaar, C.L., Rushing, D., Stewart, J.A., Spriggs, D., Love, R., Arzoomanian, R.Z.,

74

Critical Reviews in Oncology / Hematology 139 (2019) 67-74

Feierabend, C., Alberti, D., Morgan, K., Simon, K., d’Oleire, F., 1999. A pilot study of
melphalan, tumor necrosis factor-alpha and 41.8 degrees C whole-body hy-
perthermia. Cancer Chemother. Pharmacol. 43 (5), 409-414.

Roti Roti, J.L., 2007. Heat-induced alterations of nuclear protein associations and their
effects on DNA repair and replication. Int. J. Hyperthermia. 23 (1), 3-15.

Roti Roti, J.L., 2008. Cellular responses to hyperthermia (40-46 degrees C): cell killing
and molecular events. Int. J. Hyperthermia. 24 (1), 3-15.

Saliev, T., Feril Jr., L.B., Begimbetova, D., Baiskhanova, D., Klodzinskyi, A., Bobrova, X.,
Aipov, R., Baltabayeva, T., Tachibana, K., 2017. Hyperthermia enhances bortezomib-
induced apoptosis in human white blood cancer cells. J. Therm. Biol. 67, 9-14.

Schaaf, L., Schwab, M., Ulmer, C., Heine, S., Murdter, T.E., Schmid, J.O., Sauer, G.,
Aulitzky, W.E., van der Kuip, H., 2016. Hyperthermia synergizes with chemotherapy
by inhibiting PARP1-Dependent DNA replication arrest. Cancer Res. 76 (10),
2868-2875.

Song, C.W., Park, H.J., Lee, C.K., Griffin, R., 2005. Implications of increased tumor blood
flow and oxygenation caused by mild temperature hyperthermia in tumor treatment.
Int. J. Hyperthermia. 21 (8), 761-767.

Sottile, M.L., Nadin, S.B., 2018. Heat shock proteins and DNA repair mechanisms: an
updated overview. Cell Stress Chaperones 23 (3), 303-315.

Topcul, M.R., Cetin, I., 2016. In vitro cytotoxic effect of tyrosine kinase inhibitor sunitinib
malate alone and in combination with hyperthermia on breast adenocarcinoma MCF-
7 cells. J. BUON 21 (3), 556-563.

Toraya-Brown, S., Fiering, S., 2014. Local tumour hyperthermia as immunotherapy for
metastatic cancer. Int. J. Hyperthermia. 30 (8), 531-539.

Urano, M., Ling, C.C., 2002. Thermal enhancement of melphalan and oxaliplatin cyto-
toxicity in vitro. Int. J. Hyperthermia. 18 (4), 307-315.

Urano, M., Kuroda, M., Nishimura, Y., 1999. For the clinical application of thermo-
chemotherapy given at mild temperatures. Int. J. Hyperthermia. 15 (2), 79-107.
Westermann, A.M., Grosen, E.A., Katschinski, D.M., Jager, D., Rietbroek, R., Schink, J.C.,

Tiggelaar, C.L., Jager, E., Zum Vorde sive Vording, P., Neuman, A., Knuth, A., Van
Dijk, J.D., Wiedemann, G.J., Robins, H.I., 2001. A pilot study of whole body hy-
perthermia and carboplatin in platinum-resistant ovarian cancer. Eur. J. Cancer 37
9), 1111-1117.

Westermann, A.M., Wiedemann, G.J., Jager, E., Jager, D., Katschinski, D.M., Knuth, A.,
Sive, Vorde, Vording, P.Z., Van Dijk, J.D., Finet, J., Neumann, A., Longo, W.,
Bakhshandeh, A., Tiggelaar, C.L., Gillis, W., Bailey, H., Peters, S.O., Robins, H.I.,
Systemic Hyperthermia Oncologic Working, G, 2003. A Systemic Hyperthermia
Oncologic Working Group trial. Ifosfamide, carboplatin, and etoposide combined
with 41.8 degrees C whole-body hyperthermia for metastatic soft tissue sarcoma.
Oncology 64 (4), 312-321.

Wiedemann, G.J., d’Oleire, F., Knop, E., Eleftheriadis, S., Bucsky, P., Feddersen, S.,
Klouche, M., Geisler, J., Mentzel, M., Schmucker, P., et al., 1994. Ifosfamide and
carboplatin combined with 41.8 degrees C whole-body hyperthermia in patients with
refractory sarcoma and malignant teratoma. Cancer Res. 54 (20), 5346-5350.

Wiedemann, G.J., Robins, H.L., Gutsche, S., Mentzel, M., Deeken, M., Katschinski, D.M.,
Eleftheriadis, S., Crahe, R., Weiss, C., Storer, B., Wagner, T., 1996. Ifosfamide, car-
boplatin and etoposide (ICE) combined with 41.8 degrees C whole body hy-
perthermia in patients with refractory sarcoma. Eur. J. Cancer 32a (5), 888-892.

Wu, J., Liu, T., Rios, Z., Mei, Q., Lin, X., Cao, S., 2017. Heat shock proteins and Cancer.
Trends Pharmacol. Sci. 38 (3), 226-256.

Waust, P., Hildebrandt, B., Sreenivasa, G., Rau, B., Gellermann, J., Riess, H., Felix, R.,
Schlag, P.M., 2002. Hyperthermia in combined treatment of cancer. Lancet Oncol. 3
(8), 487-497.

Zee, J. van der, 2002. Heating the patient: a promising approach? Ann. Oncol. 13 (8),
1173-1184.

Zwischenberger, J.B., Vertrees, R.A., Bedell, E.A., McQuitty, C.K., Chernin, J.M.,
Woodson, L.C., 2004. Percutaneous venovenous perfusion-induced systemic hy-
perthermia for lung cancer: a phase I safety study. Ann. Thorac. Surg. 77 (6),
1916-1924 discussion 1925.

G. Lassche, MD has a research appointment at the department of medical oncology at the
Radboud University Medical Center and his research focused on the application of hy-
perthermia treatment in oncology.

J. Crezee, PhD is a physicist responsible for hyperthermia research and application at the
department of radiation oncology at the Amsterdam University Medical Centers,
University of Amsterdam

C.M.L. Van Herpen, MD, PhD is a medical oncologist in the Radboud University Medical
Center and as professor specialized in rare cancers and conduction of early clinical studies
with new therapies in oncology (phase 1 and early phase 2 studies).


http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0210
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0210
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0210
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0210
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0215
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0215
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0215
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0215
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0220
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0220
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0220
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0220
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0225
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0225
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0225
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0225
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0225
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0230
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0230
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0230
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0230
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0235
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0235
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0235
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0240
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0240
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0245
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0245
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0245
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0250
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0250
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0250
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0255
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0255
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0255
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0255
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0260
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0260
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0260
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0265
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0265
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0270
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0270
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0270
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0275
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0275
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0280
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0280
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0285
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0285
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0285
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0290
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0290
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0295
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0295
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0295
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0295
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0300
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0300
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0305
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0305
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0305
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0305
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0310
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0310
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0310
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0315
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0315
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0315
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0315
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0315
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0320
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0320
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0320
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0320
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0320
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0325
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0325
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0330
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0330
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0335
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0335
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0335
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0340
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0340
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0340
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0340
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0345
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0345
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0345
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0350
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0350
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0355
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0355
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0355
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0360
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0360
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0365
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0365
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0370
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0370
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0375
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0375
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0375
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0375
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0375
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0380
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0380
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0380
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0380
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0380
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0380
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0380
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0385
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0385
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0385
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0385
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0390
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0390
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0390
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0390
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0395
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0395
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0400
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0400
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0400
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0405
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0405
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0410
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0410
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0410
http://refhub.elsevier.com/S1040-8428(19)30088-5/sbref0410

	Whole-body hyperthermia in combination with systemic therapy in advanced solid malignancies
	Introduction
	General introduction
	WBH induction techniques
	Rationale of hyperthermia combined with systemic therapy
	Aim of this review

	Methods
	Search strategy
	Inclusion criteria
	Data synthesis

	Results
	Phase II studies: efficacy
	Phase II studies: toxicity

	Discussion
	Conclusion
	Author’s contribution
	Role of funding source
	Conflict of interest statement
	Supplementary data
	References




