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	Author
	Year 
	Cell line 
	Intervention
	Control
	Biological read out
	Effects with HT
	Effects without HT
	Main results

	Li et al. 
	2022
	U937 lymphoma cell line.
	Combination of Treatment with Isofraxidin (IF) and WHT for 20 min at 44° C.
	Either no treatment (control), only HT or only Isofraxidin.
	Apoptosis, cell survival Morphological cell changes: DNA fragmentation, intracellular ROS production, MMP, intercellular free calcium ions. 
	IF + HT (cell survival approx. 40%) significantly (p<0.01) more apoptotic cells than and less cell survival than HT alone (cell survival approx. 60%).
	IF alone: induces no more apoptosis than control group, IF transiently elevates the intracellular levels of ROS.
	HT induces apoptosis in U937 cells via loss of MMP, generation of ROS, increase of intracellular calcium. 
IF enhances HT induced apoptosis. 

	Shi et al.
	2022
	U937 lymphoma cell line.
	Combination of Cordycepin (Cor) (pretreatment) and WHT for 15 min at 44°C.
	Either no treatment (control), only HT, or only Cor.
	Apoptosis, cell viability, cell proliferation Morphological cell changes: ROS, MMP. 
	HT induces apoptosis and inhibits cell viability. HT increases intracellular ROS, loss of MMP. HT + Cor significantly increases percentage of apoptotic cells compared to HT alone (p<0.001).

	Cor alone does not induce apoptosis at the applied concentration.
	HT Combination of HT + Cor synergistically induces apoptosis and inhibits cell proliferation. 

	Quintana et al.
	2021
	U937 lymphoma cell line and HL60, K562 and MOLT3 cells.
	WHT for 30 min at 43°C + pretreatment with ethanol at different concentrations (0,25%; 0,5%; 1%).
	No treatment (control), HT or Ethanol alone.
	Cell viability, apoptosis
Morphological cell changes: MMP, ROS
Expression of HSP70.
	HT 3-fold increase of apoptosis in HT + Ethanol (1%) in comparison with HT alone. HT increased basal levels of HSP70, ethanol blocked in different extensions the expression of HSP70.
	Ethanol alone promoted no apoptosis or cell growth arrest.
	Ethanol can act as a thermosensitizer, possibly by decreasing the expression of HSP70 protein

	Zakki et al.
	2018
	U937 lymphoma cell line.
	WHT at 44°C for 12 min, pretreated with different concentrations of Baicalin (BCN).
	No treatment (control), HT or BCN alone.
	Cell viability, Apoptosis, Morphological changes: DNA fragmentation, ROS, MMP, mitochondrial calcium, expression of proteins and signaling pathways related to apoptosis.
	Combination of HT and BCN significantly reduced cell viability and HT-induced apoptosis (p<0.001 vs. HT alone). 
HT alone was unable to induce notable levels of apoptosis.
	BCN was given in non-cytotoxic concentrations.
	BCN can enhance HT-induced apoptosis possibly by raising levels of ROS.

	Sun et al. 
	2018
	U937 lymphoma cell line.
	WHT at 44°C for 15min combined with nonivamide (50uM).
	No treatment (control), HT or nonivamide alone.
	Apoptosis, Cell viability, Morphological cell changes: DNA fragmentation, intracellular ROS, MMP, intracellular Calcium.
	HT alone: moderate apoptosis in U937 cells (23.43+/- 1.6%). 
HT + Nonivamide enhanced. apoptosis (42.9+/-1.7%)
	Nonivamide (50uM) alone did not induce apoptosis.
	Nonivamide significantly enhanced HT-induced apoptosis, possibly by raising levels of intracellular ROS. But did not enhance HT-induced. apoptosis in non-cancerous cells. 

	Moniruzzaman et al. 
	2017
	U937 lymphoma cells.
	Cold atmospheric plasma (He-CAP) for 60s, 120s and 180s in combination with HT at 42°C for 20min or 5 Gy radiation.
	No treatment (control), He-CAP, HT or radiation alone.
	Apoptosis, DNA fragmentation, intracellular levels of ROS and MMP, expression of apoptosis related proteins, cell cycle distribution. 
	HT alone induced in less than 10% of the cells apoptosis.
He-CAP for 120s and 180s in combination with HT resulted in synergistic enhancement of apoptosis. 
	He-CAP alone induced in less than 10% of the cells apoptosis.
Combination of He-CAP and radiation resulted only in additive enhancement of apoptosis.
	Combination of HT and He-CAP for more than 120 seconds lead to synergistic enhancement of cell death and apoptosis in U937 cells via increased generation of ROS. 

	Cui et al.
	2014
	U937 lymphoma cell line.
	WHT at 44°C for 10 min in combination with different concentrations of DHA.
	No treatment (control), HT or DHA alone.
	Apoptosis, cell growth, cell viability Morphological cell changes: DNA fragmentation, intracellular ROS, MMP, pro- and anti-apoptotic factors, intracellular calcium concentration.
	At 20 uM + HT highest apoptosis was observed (44.6+/- 5.2% DNA fragmentation). At 40uM DNA fragmentation decreased but necrotic cell death increased. 
HT alone only induced minimal apoptosis.
	DHA only induced significant apoptosis at 40uM (30.19+/-5.8% DNA fragmentation).
	DHA significantly enhanced HT-induced apoptosis via increased and prolonged generation of ROS.

	Yoshuhisa et al.
	2010
	U937 lymphoma cell line and cutaneous T-cell lymphoma (CTCL) cell line.
	WHT at 44°C in combination with 10, 50 and 100 uM of SOD/catalase mimetic platinum nanoparticles (nano-Pts).
	No treatment (control), WHT or nano-Pts (100uM) alone.
	Early apoptosis, secondary necrosis, DNA fragmentation, levels of intracellular ROS and calcium, MMP, caspase-3 activity.
	HT alone induced strong apoptosis (DNA fragmentation 56.7+/- 5.9% in U937 cells and 43.4+/- 9.8% in CTCL cells. 
HT induced early apoptosis decreased in dose dependent manner when pretreated with nano-Pts (From 32.2+/-2.0% to 11.0+/-4.4% in U937 cells).
	            -  
	Nano-Pts suppress HT-induced apoptosis in a dose dependent manner in U937 and CTCL cells by inhibiting ROS generation.

	Yu et al.
	2009
	U937 lymphoma cell line.
	WHT at 44°C for 20 min pretreated with Sanazole (10mM for 40 min).
	No treatment (control), HT or Sanazole alone.
	Apoptosis, Cell viability, Morphological cell changes: Measurement of intracellular superoxide, H2O2, MMP, DNA fragmentation.
	Percentage of early apoptotic cells was significantly higher after combination of HT and Sanazole than after HT treatment alone (p<0.05).
	Sanazole alone did not induce apoptosis.
	Sanazole significantly enhances HT-induced-apoptosis through increasing intracellular ROS and by reducing the expression hsp70.

	Yu et al.
	2008
	Human U937 lymphoma cells.
	WHT at 44°C for 20 min in combination with nine different BCs (BC1-9). 
	No treatment (control), HT or BCs alone.
	Apoptosis, cell growth Morphological cell changes: DNA fragmentation, intracellular ROS, MMP, pro- and anti-apoptotic factors, intracellular Calcium concentration.
	Apoptosis HT alone: 21.7+/-2.4%. Enhancement of HT-induced apoptosis was observed in BC2 (41.0+/-6.4% at 20uM) and BC4 (48.3+/-7.2% at 20uM) in a dose-dependent manner. 
	BCs were given at non-cytotoxic concentrations.
BCs can induce elevated levels of intracellular superoxide.
	BC2 and BC4 have the potential to enhance HT-induced apoptosis by increasing intracellular superoxide and a decrease in HSP70. 

	Yu et al. 
	2007
	Human U937 lymphoma cells.
	X-ray radiation with a dose of 10 Gy or WHT for 20 min at 44°C in combination with DFs 10uM or 20uM).
	No treatment (control), HT, radiation or DFs alone.
	Apoptosis, Morphological cell changes: DNA fragmentation, intracellular ROS, MMP, pro- and anti-apoptotic factors.
	DFs significantly enhanced HT-induced apoptosis (p<0.05).
	DFs did not enhance X-ray-induced apoptosis.
	DFs enhanced HT-induced apoptosis through increased generation of ROS. 

	Wada et al.
	2007
	Human U937 lymphoma cells.
	WHT for 10 min at 44°C combined with free radical generators (6-FP, PBN, AAPH). 
	No treatment (control), HT alone.
	Apoptosis, up- and down- regulated genes in response to treatment.
	HT alone: Approximately 15% apoptosis.
Combined treatment enhanced apoptosis to approximately 30%. 
	             -   
	Most of the up-regulated genes in response to treatment were HSP- or apoptosis related. 
Intracellular oxidative stress enhances the signal transduction system of apoptosis induced HT.

	Cui et al.
	2006
	Human U937 lymphoma cells.
	WHT at 44°C for 10 min in combination with PBN (10mM).
	No treatment (control), HT or PBN alone.
	Apoptosis, cell growth Morphological cell changes: DNA fragmentation, intracellular ROS, MMP, pro- and anti-apoptotic factors, intracellular Calcium concentration.
	HT alone: induced marginal apoptosis (14.2+/- 3.1% DNA fragmentation)
HT + PBN: Significantly enhanced apoptosis (46.3+/- 11.0% DNA fragmentation) compared to HT alone.
	PBN alone did not induce significant apoptosis at concentrations up to 10mM. 
	PBN enhanced HT-induced apoptosis via the release of NO from PBN leading to enhanced generation of ONOO- and by reducing the expression of Hsp70.  

	Wada et al. 
	2005
	Human U937 lymphoma cell.
	6-formylpterin (300uM) in combination with WHT at 44°C for 20min.
	No treatment (control), 6-formylpterin or HT alone.
	Apoptosis, cell growth Morphological cell changes: DNA fragmentation, intracellular ROS, MMP, pro- and anti-apoptotic factors.
	6-FP significantly enhanced HT-induced apoptosis (p<0.05).
	6-FP alone was not cytotoxic. 
	6-FP enhanced HT-induced apoptosis through increased generation of ROS.

	Hirano et al.
	2005
	Human U937 lymphoma cells.
	WHT at 44°C for 30 min in combination with PBN and PBN derivates.
	No treatment (control), HT alone.
	Apoptosis, genes up regulated in response to HT, Morphological cell changes: DNA fragmentation, levels of intracellular ROS, lipid peroxidation.
	HT alone: more than 50% of cells showed apoptotic features 6h after treatment.
PBN inhibited DNA fragmentation induced by HT in a concentration dependent manner when PBN was given before HT.
	             -      
	PBN is an effective inhibitor of DNA fragmentation induced by HT, probably via suppressing the generation of intracellular superoxide. 


	Arai et al.
	2002
	Human U937 lymphoma cells.
	WHT at 44°C for 10 min in combination with either lidocaine, bupivacaine or prilocaine.
	No treatment (control), HT or one of the local anesthetics alone.
	Apoptosis, cell growth Morphological cell changes: DNA fragmentation, intracellular ROS, MMP, pro- and anti-apoptotic factors, intracellular Calcium concentration.
	HT alone: Marginal DNA and nuclear fragmentation. 
In combination with anesthetics: Enhanced apoptosis in an anesthetic concentration-dependent manner. 
	No DNA fragmentation induced by prilocaine was observed. 
Lidocaine and bupivacaine increased DNA fragmentation in a concentration dependent manner. 
	Optimal concentrations of local anesthetics can enhance HT-induced apoptosis via calcium and mitochondria dependent pathways. 

	Kameda et al.
	2001
	Human U937 lymphoma cells.
	WHT at 42°C or 44°C for 30 min in combination with verapamil.
	No treatment (control), HT or verapamil alone.
	Apoptosis, DNA fragmentation, nuclear morphological changes, intracellular calcium concentration.
	HT alone: Only at 44°C significant induction of apoptosis was observed.
Verapamil enhanced apoptosis induced by HT at 42°C and 44°C. 
	No cytotoxicity was observed in cells treated with verapamil alone.
	Verapamil may enhance HT-induced apoptosis by increasing intracellular concentration of calcium. 

	Li at al. 
	2001
	Human U937 lymphoma cells.
	WHT at 44°C for 10 min in combination with AAPH (10mM).
	No treatment (control), AAPH or HT alone
	Apoptosis, morphological cell changes: LPO, intracellular calcium concentration, ROS, apoptosis related factors
	HT alone induced apoptosis by increasing intracellular calcium through enhanced IP3R1 expression and production of LPO.
AAPH enhanced HT-induced apoptosis significantly. 
	AAPH alone did not induce significant apoptosis. 
	AAPH significantly enhanced HT-induced apoptosis via enhancing the mitochondrial apoptosis pathway.






Supplementary Table 2: Effects and molecular mechanisms of HT as a monotherapy
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	Author
	Year 
	Cell line 
	Intervention
	Biological read out
	Effects of HT
	HT-induced molecular mechanism
	Main results

	Andocs et al. (21)
	2016
	U937 lymphoma cell line.
	Comparison of WHT at 42°C for 30min with mEHT at 42° for 30min. 
	Apoptosis, Morphological cell changes and gene networks responsive to treatment.
	Cells treated with mEHT showed significant more morphological signs of apoptosis than cell treated with WHT. mEHT significantly enhanced percentage of apoptotic cells compared to WHT at 42°C.
WHT did not induce DNA fragmentation at 42°C. 
	In mEHT treated cells, increased intracellular calcium concentration, FAS externalisation and caspase-8 activation was observed. 
WHT treated cells showed up regulation of HSPs, this was not observed in cells treated with mEHT. 
	mEHT treatment at 42°C induced significant apoptosis on U937 lymphoma cells. WHT did not induce significant apoptosis at 42°C. 

	Andocs et al. (22)
	2015
	U937 lymphoma cell line.
	Comparison of WHT and mEHT at temperatures between 40°C and 46°C.
	Early apoptosis and secondary necrosis.
	mEHT-induced apoptosis was already significant at 41°C, decreased, and then started to rise again at 44°C. WHT-induced apoptosis becomes significant at 44°C and increases with higher temperatures.
	The author's hypothesis is that the mEHT heating process is different: Membrane rafts at cellular contact points are heated first, leading to hot spots leading to membrane destruction which causes disconnection of the cells.
	In mEHT-treated cells, significant apoptosis was detected at temperatures 3°C lower than in WHT-treated cells.

	Tuul et al. (14)
	2013
	Human HeLA cells and chicken B lymphoma DT40 cells.
	HT at 42.5°C for HeLa cells and 45° for DT40 cells.
	Genes up regulated in response to heat.
	           
 

                  -    
	ATR-Chk1 and ATM-Chk2 are involved in heat tolerance and Rad9, Rad17, TobBP1 and Claspin are required for heat induced ATR activation.
	Heat induced toxicity can be enhanced by suppressing the activation of pathways that are involved in heat tolerance. 

	Furusawa et al. (13)
	2011
	U937 human lymphoma cells.
	WHT for 15 min at 42°C or 44°C.
	Apoptosis, Morphological cell changes (DNA fragmentation, Caspase-3 activation), gene networks responsive to HT.
	Apoptosis was only detected in cells treated at 44°C. 
At 44°C DNA fragmentation significantly increased to 22.5+/-2.7% 6 h after treatment.

	Up-regulated genes were associated with cellular compromise, function, maintenance and cell death.
Down-regulated genes were associated with cellular growth and proliferation. 
Several HSP were upregulated.
	Infliction point of HT to induce apoptosis is between 42°C and 43°C. 


	Furusawa et al. (15)
	2009
	U937 lymphoma cell line.
	WHT for 0-120 min at 42°C.
	Apoptosis, activation of gene networks responsive to HT such as expression of HSPs.
	Apoptosis was detected after treatment for more than 60 min. 
	After treatment for 60 min morphological signs of apoptosis such as DNA fragmentation could be observed. 
An increase in Hsp27, Hsp40 and Hsp70 could be detected.
	Up regulation of genes such as HSP play a role in cytoprotection from HT induced apoptosis. 
HT-induced apoptosis is time and heat dependant.

	Tabuchi et al. (16)
	2009
	U937 lymphoma cells.
	WHT at 41°C for 30min.
	Apoptosis and gene networks responsive to HT.
	HT at 41°C for 30 min did not induce apoptosis.
	HT-induced a significant increase in Hsp27, Hsp40 and Hsp70.
	Mild WHT at 41°C induces upregulation of many pro- and anti-apoptotic genes. The anti-apoptotic genes are prevailing. 















Supplementary Table 3: Studies considering HT as an additive treatment to cytostatic drugs or radiotherapy
	Author
	Year
	Cell line
	Intervention
	Control
	Biological read out
	Effects with HT
	Effects without HT 
	Main results

	Dai et al. (33)
	2019
	OCI-LY18 lymphoma cells
	Group 6:
Fe3O4@MTX with hyperthermia (iron oxide nanoparticles loaded with MTX with heat treatment)
Nanoparticles where heated by an electromagnetic field for 60 min. 

	Group 1: 
No treatment (control)
Group 2: Only Fe3O4 (iron oxide nanoparticles)
Group 3: MTX
Group 4: 
Fe3O4@MTX (nanoparticles loaded with MTX)
Group 5: Fe3O4 with hyperthermia (irone oxide nanoparticles with heat treatment).
	Flow cytometry to detect tumor cell apoptosis.
Expression of pro- and anti-apoptotic genes (Caspase-3, Bax, Bcl-2). 
	Group 5 induced significantly higher apoptosis compared to groups 1 and 2. 
HT was associated with enhanced expression of pro-apoptotic and reduced expression of anti-apoptotic genes. 
 Group 6 induced significantly higher apoptosis compared to groups 3 and 4. 
	Apoptosis induced by MTX alone was higher than apoptosis due to nanoparticles loaded with MTX.
	The combined thermochemotherapy exhibited superior therapeutic efficacy on OCI-LY18 primary central nervous system lymphoma cells. 

	Saliev et al. (24)
	2017
	U937 lymphoma cell line and peripheral blood mononuclear cells from a patient with acute myeloid leukemia.
	Cells were treated with bortezomib in 5 different concentrations in combination with WHT for 10 min at 40°C or 42°C or 44°C.
	No treatment (control), bortezomib or HT alone.
	Cell viability, apoptosis. 
	When HT was applied alone, significant cell death only occurred at 44° C (p<0.01). Combined treatment resulted in an increase of apoptosis level in U937 cell. Maximal effect on cell viability was seen at a temperature of 40°C (Minimal viability: 0.03+/- 0.02%, p<0.01 vs. control)
Maximal effect on early apoptosis was seen at 44°C (43.71+/-11.51%; p<0.01 vs. control).
	Bortezomib induces significant apoptosis and decreases cell viability in a dose dependent manner (p<0.01). 
	Combined treatment of bortezomib and HT resulted in increased apoptosis in U937 lymphoma cells. 




	Fang et al. (25)
	2013
	RAJI human Burkitt lymphoma cells.
	Cells were either cultured at 42°C for one hour or cultured with different concentrations of LY294002 and then received treatment with ADM or DDP.
	No treatment (control), treatment with HT, LY294002, ADM or DDP alone.
	Apoptosis, cell viability, IC50 dose of DDP and ADM, Expression of heat shock proteins (hsp70).
	HT alone did not induce significant apoptosis.
In the DDP + HT group apoptosis did not increase with higher concentrations of DDP. Apoptosis rate was significantly lower than in the DDP only group (p<0.05).
	Adriamycin and Cisplatin alone induced apoptosis in a concentration-dependent manner (p<0.01). 
At equal DDP concentrations the apoptosis rate in the DDP + LY294002(31.5+/- 0.37%) were significantly higher than in the DDP (10.50+/-0.85%) only group (p<0.05).

	At equal DDP concentrations the apoptosis rate of cell treated with LY294002 + DDP was significantly higher than cells only treated with DDP. 
LY294001 enhanced sensitivity and HT reduced sensitive of RAJI cells to ADM and DDP. 
IC50 DDP alone: 5.2 ug/ml
IC50 DDP + HT: 10.1 ug/ml
IC50 DDP +LY294002: 2.6 ug/ml.


	Halicka et al. (27)
	2006
	 Human lymphoblastoid TK6 cells. 
	Treatment with different concentrations of ONC (2 and 5 ug/ml) in atmospheres with different temperatures 40°C or 41°C for up to 48 h.
	No treatment (control), treatment with ONC at 37.5°C, HT (40/41°C) alone. 
	Apoptosis, cell morphology, activation of caspase-3 and serine proteases.
	HT alone at 40°C had no significant apoptosis or inhibition of proliferation
ONC at 40°C led to 39% (2ug/ml) /49% (5ug/ml) apoptotic cells after 24h. Cell culturing at 41°C was cytotoxic itself. In combination with ONC the effects on apoptosis were greater than additive.
	ONC alone with 2 or 5 ug/ml lead to modest apoptosis (13 or 15%) after 24h.
	Mild hyperthermia for 24h or 48h enhances the effectiveness of ONC on TK6 cells.


	Yin et al. (30)
	2004
	Chicken B-lymphocyte DT40 cell line and their derivates that either lacked homologues recombination or non homologues endjoining .
	WHT at 46°C for 20 min or 40 min in combination with X-ray-irradiation with as dose rate of 1.45 Gy/min.
	No treatment (control), HT or radiation alone.
	Cell survival, D10 X-ray dose, TER. 
	HT-induced apoptosis only occurred at temperatures from 45°C upwards.
Radio sensitization by HT was observed in DT40 cells and all mutants.
TER in wild type DT40 cells: 1.41+/- 0.18 (X-rays + HT for 20 min).
	
	HT has a radio sensitizing effect on DT40 lymphoma cells and their mutants. It is unsure if the radio-sensitization occurs due to inhibition of non homologues endjoining or homologues recombination..

	Istomin et al. (26)
	2011
	RAJI human lymphoma cell line.
	Combination of either Carboplatin, Cisplatin, Carmustine, Etoposid or Gemcitabin with WHT at 42°C for 15 or 30 min.
	No treatment, HT alone, one of the cytostatic alone.
	The IC50 dose and TER were used to compare growth inhibition of the tumor cells. 
	Synergistic amplification of the cytostatic effect by hyperthermia occurred in platinum based cytostatics (Cisplatin (TER= 2.0), Caboplatin (TER= 2.4), Oxaliplatin TER=3.6), additive effects was observed with carmustine and etoposide (TER=1.0).
	All examined drugs had a dose dependent growth inhibiting effect at 37°C. 
Combination of Gemcitabine with platinum-based drugs synergistically enhanced their cytostatic effect. 
	HT synergistically enhanced the efficacy of platinum-based drugs even when the HT treatment alone was not cytotoxic. 

	Milani et al. (23)
	2009
	Mantle cell lymphoma cell line (Jeko-1, Grante 519, NCEB) with varying degrees of sensitivity to bortezomib.
	WHT either at 41.8°C for 120 min or 44°C in combination with different concentrations of bortezomib.
	The same concentrations of bortezomib at 37°C. 
WHT alone. 
	The treatment arms were compared using the IC50 dose. 
Cell viability, Apoptosis, cell proliferation. 
Expression of hsp70, hsp90 and hsp27.
 
	HT has an additive effect at cytotoxic temperatures but no synergistic effects in combination with bortezomib.
	Bortezomib has a cytotoxic, anti-proliferative in a time and dose dependent manner in mantle cell lymphoma cells. 

	HT has an additive effect on bortezomib-induced cell killing. 
HT does not interfere with the sensitivity of bortezomib in mantle cell lymphoma cell lines.

	Ahmed et al. (28)
	2009
	U937 lymphoma cell line.
	MS5 (5uM) in combination with WHT at 41°C for 20 min.
	No treatment (control), only treatment with WHT at 41°C or only with macrosphelide.
	Apoptosis, intracellular levels of ROS, morphological cell changes DNA fragmentation, MMP, intracellular Calcium concentration, Expression of pro- and anti-apoptotic factors, growth rate.
	Cells treated with HT alone at 41°C did not show signs of early apoptosis or necrosis
Proportion of early apoptosis in cells with combined treatment was 18.3+/-3% and proportion of secondary necrosis was 2.7+/-0.2%. 
	Proportion of early apoptosis in cells that were treated with MS5 alone was 11.0+/-1.3% and proportion of secondary necrosis was 1+/-0.7%. 
	Combined treatment showed significant synergistic enhancement of apoptosis in U937 cells.
Combined treatment significantly inhibits growth rate in U937 cells.
Combined treatment resulted in an increase of ROS generation.

	Muscarella et al. (29)
	2002
	Burkitt lymphoma cell lines ST486 and EW36.
	HT at 43°C for 1h in combination with arsenite in concentrations ranging from 1 to 50 uM.
	No treatment (control), HT or arsenite alone.
	Apoptosis, Necrosis, morphological cell changes related to apoptosis (PARP cleavage, segregated chromatin) activity of MAP kinase signaling pathway, ID50 arsenite dose.
	HT alone: ST486 cells underwent rapid and extensive apoptosis at 43°C for 60 minutes, while the same treatment was not lethal for EW36 cells. HT sensitized EW36 cells to arsenite-induced apoptosis. Decrease of arsenite concentration to induce at least 50% PARP cleavage from 40uM to 20uM.
	Arsenite alone induced apoptosis in a dose dependent manner. ST486 cells showed high sensitivity to arsenite, EW36 only showed modest level of apoptosis.
Complete growth arrest for both cell lines occurred at a concentration of 20 uM.
	Nonlethal HT sensitizes EW36 cells to apoptosis induction by arsenite. Possibly by enhanced activation of the JNK and p38 pathway. 


Footnotes: IC50 dose is the concentration of the drug at which the cell proliferation is inhibited by half; D10 dose is the X-ray dose at which only 10% cells survived; TER: Calculated as the D10 of unheated cell divided by that of heated cells / calculated as the IC50 dose for drug alone divided by the IC50 for drug combined with HT










Supplementary Table 4: Studies that use HT on animal models
	Author
	Year
	Animal model
	Intervention
	Control
	Biological read out
	Effects with Hyperthermia
	Effects without Hyperthermia 
	Main results

	Dai et al. (33)
	2019
	Intracranial injection of OCI-LY18 lymphoma cell into BALB/c-Nude mice.
	Group 6:
Fe3O4@MTX with hyperthermia (iron oxide nanoparticles loaded with MTX with heat treatment)
Nanoparticles were heated by an electromagnetic field for 60 min. 
 
	Group 1: 
No treatment (control).
Group 2: Only Fe3O4 (iron oxide. nanoparticles)
Group 3: MTX.
Group 4: 
Fe3O4@MTX (nanoparticles loaded with MTX).
Group 5: Fe3O4 with hyperthermia (irone oxide nanoparticles with heat treatment).
	TG by MRI. 
Histopathological examination of: 
Number of cells and expression of pro- and anti-apoptotic proteins.
	Tumor volume was significantly lower in group 5 compared to group 2. 
Tumor volume of the Fe3O4 + MTX + HT group was significantly lower than that of the MTX group (p<0.05). 

	Number of cells in brain tissue taken from animals in group 4 was significantly reduced compared to the tissues from the single chemotherapy group. 
	Hyperthermia can inhibit tumor cells and enhance the efficacy of chemotherapy.
The combined thermochemotherapy was superior to single MTX chemotherapy even at lower dosages. 

	Tanaka et al. (31)
	2005
	EL4 T-Lymphoma cells were injected subcutaneously into the flank of C57BL/6 mice (n=8 per group).
	Group IV: Immature DCs from the bone marrow of C57BL/6 mice were injected into the tumor after hyperthermia (via nanoparticles and then generating an alternating magnetic field) for 30 min at 45°C at the tumor. HT was repeated twice with 24 h intervals. 
	Group I: No treatment (control).
Group II: Only hyperthermia. 
Group III: Only DC therapy.
	TG, survival rate.
	In mice treated with the combination of HT and DCs complete regression was observed in 75% (6/8) of the mice.  
In mice treated with HT alone complete regression was only observed in 12.5% (1/8) of the mice.
25% of mice survived 100d without metastasis. Survival was prolonged in comparison with other groups. 
	In groups I and III all mice died within 32d. The tumors grew progressively, and no complete regression was observed. 


	There is a synergistic mechanism in the combination of hyperthermia and injection of immature DC leading to an enhanced efficacy of HT treatment on mice with EL4 T-Lymphoma.

	Ando et al. (32)
	2018
	EL-4 lymphoma cells were injected into the femur of E.G7-OVA mice. 
	Local HT alone via water bath at 42°C for 60min or in combination with immunomodulatory antibodies (anti-mouse CD8 mAb or anti-mouse CTLA-4 mAb.
	No treatment (Control), immune modulatory antibodies alone.
	Tumor size, TG tumor, survival rate, specific CTL activation. 
	Local HT significantly suppressed TG duration (p=0.01)
local HT in combination with anti-CD8 mAb decreased survival compared with the local HT alone (p=0.01). 
Combination of Anti-CTLA-4 and local HT did not have a significant effect on TG (p=0.1).
	Anti-CTLA-4 significantly prolonged TG (9.0+/-5.0 days vs. 7.0+/-0.8 days in control group) and survival compared with the control group.
Anti-CD8 mAb alone affected neither TG nor survival significantly (p=0.67).
	Local HT-induced TG suppression is possibly induced through an antitumor immune response mediated by the enhanced activation of CD8-positve T-cells.

	Masunaga et al. (36)
	2017
	EL4 lymphoma cells injected into C57BL/6J mice.
	Tumor bearing mice received gamma-ray irradiation (2.5Gy/min) and TPZ or Met or mild WHT (60min at 40°C).
	No treatment (control), only radiation, TPZ, Met or HT.
	Cell survival, apoptosis, micronucleus assay for detection of genetic damage.
	HT alone did not induce significant cell death.
Recovery capacity of cells treated with HT after radiation was efficiently suppressed.
	Radiation induced cell death in a dose dependent manner. Recovery capacity in cells treated with Met and TPZ after radiation was efficiently suppressed. 

	Recovery suppressing effect was stronger in cells treated with TPZ and Met than in cells treated with HT. 


	Sharabi et al. (34)
	2001
	AKR lymphoma cells of varying malignancy (TAU-38 and TAU-39) were injected (intravenous or subcutanous) into AKR/J mice. Each experimental group consisted of 12 mice.
	AKR lymphoma cells were pretreated in a water bath at 41°C for 1hr and then injected into the mice.
	Pretreatment of AKR lymphoma cells at 37°C and then injection into the mice. 
	Local TG, development of metastasis, mortality rate (recorded daily), total cell survival.
	Subcutanous inoculation: 
HT only had significant effects (p<0.05) (tumor size, metastatic spread, life span) on the TAU-38 (higher malignancy variant).
Intravenous inoculation: 
Hyperthermia had a significant (p<0.05) effect (inhibition of metastatic spread, decrease in malignancy) on both variants.
	No other intervention.
	Higher malignancy is associated with increased sensitivity to hyperthermia. 
Hyperthermia has a bigger effect at late stages of metastasis on AKR lymphoma cells injected in mice.







Supplementary Table 5: Case reports describing a HT treatment on patients with lymphoma
	Author
	Year
	Patient
	Intervention
	Endpoints
	Main results

	Honma et al. (37)
	2008 
	89-year-old man with primary cutaneous anaplastic large cell lymphoma .
	Local thermotherapy using chemical pocket hand warmers for 2 h daily (after 7 treatments thermotherapy was performed every other day).
	TG, tumor markers such as lactate dehydrogenase, thymidine kinase, soluble interleukin-2-receptor.
	Tumor almost completely regressed. 
Blood thymidine kinase levels reduced from 19.0 U/L to 10.0 U/L.

	Barni et al. (38)
	2006
	63-year old man with non-Hodgkin lymphoma.
	Two HT treatment session for 90 each with a radiofrequency generator at 13,56 MHz with external capacitive applicators. 
Temperature was kept between 41-43°C.
	Cell samples were collected at the end of each treatment measuring: apoptotic cell death and cell proliferation.



	Significant increase in apoptotic cell death after HT (almost triple after second HT) and decreased proliferative activity. 
HT may significantly inhibit growth of human lymphoma cells.
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