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HTRT planning & online thermometryHTRT planning & online thermometry

Superficial hyperthermia: 

Deep hyperthermiaDeep hyperthermia

Thermoradiobiological RationaleThermoradiobiological Rationale

Developments in HyperthermiaDevelopments in Hyperthermia
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Integrating Hyperthermia 
In Clinical Practice of Oncology
Integrating Hyperthermia 
In Clinical Practice of Oncology
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However ……………
Hyperthermia is still NOT considered in the standard

armamentarium for routine cancer therapy ?

However ……………
Hyperthermia is still NOT considered in the standard

armamentarium for routine cancer therapy ?

Hyperthermia today…
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“Law of Diffusion of Innovation”
As could be applied to “Acceptance of Hyperthermia”
“Law of Diffusion of Innovation”
As could be applied to “Acceptance of Hyperthermia”

Law of “Diffusion of Innovation”  - E.M. Rogers (1962)

Explains how over time an NEW idea gains momentum and diffuses (or spreads) 
to get widespread acceptance 

in specific population/ social system / health practices
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“Law of Diffusion of Innovation”
As could be applied to “Acceptance of Hyperthermia”
“Law of Diffusion of Innovation”
As could be applied to “Acceptance of Hyperthermia”

•First to try the innovation
•Interested in new ideas

• Comfortable adopting new ideas
•Represent opinion leaders

• Adopt new ideas early
•Need evidence to be convinced

• Skeptical, will only adopt
after tried by the majority

• Very conservative
•Resist adoption of new ideas

Believers in hyperthermia Yet to be convinced, looking for further evidence

16% 84%
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Need evidence to cross the and integrate hyperthermia into clinical oncology practice

“Law of Diffusion Innovation”
As could be applied to “Acceptance of Hyperthermia”
“Law of Diffusion Innovation”
As could be applied to “Acceptance of Hyperthermia”

• Adopt new ideas early
•Need evidence to be convinced
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Clinical Practice of Medicine
Evidence Based Medicine

Randomized Clinical Trial – The Gold Standard and Basis of Evidence-Based Medicine
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Clinical Practice of Medicine
Evidence Based Medicine
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Publications on Hyperthermia, Induced And Cancer
Hyperthermia … as on Sept 1, 2022

1946: 5

2021: 1330
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Randomized Clinical Trials
Hyperthermia … as on Sept 1, 2022

PubMed Search
(CANCER AND Hyperthermia, Induced NOT HIPEC NOT HIVEC 

NOT HIFU, Filter Randomized Clinical Trial)

Hand search Articles
(Only Randomized Clinical Trials with Hyperthermia)

Randomized Controlled Clinical Trials with Hyperthermia

n = 55 
(1987 – 2022)

Total: 55
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Randomized Clinical Trials
Major Sites 

Total patientsNumber of trialsSites

140611Locally advanced cancer cervix (LACC)

3886Locally advanced head & neck cancers (LAHNC)

5786Cancer ano-rectum

5425Cancer breast (Recurrent)

7665Cancer nasopharynx

4535Cancer oesophagus

Total randomized clinical trials : 55
Total number of patients : 6,615 (35-373)

SitesNos. of trials

Lung, Uveal melanoma3

Urinary bladder, Superficial cancers2

Soft tissue sarcomas, Bone metastasis, pelvic tumours, glioblastoma multiforme, recurrent/ 
persistent tumours, melanoma, stomach

1
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Randomized Clinical Trials
Treatment arms: Control and Study arms 

HTCTRT

RT

HTRT

CTRT

331

2

10

HTCT

CT

3

Preop
HTRT

Preop
RT

5

Preop
HTCTRT

Preop
CTRT

1

Hyperthermia (HT) and/or Radiotherapy (RT) and / or Chemotherapy (CT)  

2 trials were 3-arm trial 



ESHO School 2022: 
N R DATTA

Randomized Clinical Trials
Treatment outcomes

HT worseNo differenceHT arm betterTotal patientsNumber of trialsSites

1/113/117/11140611Locally advanced cancer cervix (LACC)

-1/65/63886Locally advanced head & neck cancers

-2/64/65786Cancer ano-rectum

-2/53/55425Cancer breast (Recurrent)

--5/57665Cancer nasopharynx

-1/54/54535Cancer oesophagus

73.6% 23.6%
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Locally advanced cancers of Head Neck, Breast and Cervix
Level I evidence with Hyperthermia
Locally advanced cancers of Head Neck, Breast and Cervix
Level I evidence with Hyperthermia

Probability of achieving CR with HT + RT is 
INCREASED by 25% over RT alone

Probability of achieving CR with HT + RT is 
INCREASED by 22% over RT alone

The top three ranked interventions in        
1. HTRT
2. HTCTRT
3. CTRT (3 weekly CDDP)

The top three ranked interventions in        
1. HTRT
2. HTCTRT
3. CTRT (3 weekly CDDP)

(Datta NR  et al.,  Int J Hyperthermia, 2016)

(Datta NR, et al.,  Int J Radiat Oncol Biol Phys, 2016)

(Datta NR et al, Int J Radiat Oncol Biol Phys, 2019)
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Clinical Trials
The key steps  
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• Primary research question to  fill the gap in knowledge in the existing literature

• Patients: Specify a well defined population 

• Intervention: HT + (RT ± CT ± S) 

• Comparison: Standard therapy (RT ± CT ± S)

• Outcome:  Define specific and pragmatic end points

Randomized Clinical Trials
Research question : The PICO
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Phases of Clinical Trials
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Randomized Clinical Trials
Randomization …. An essential requirement

• Uses allocation concealment through randomizations

• Eliminates selection bias

• Permits use of probability theory – any difference in outcomes could be merely due to chance

• Could blind identity of intervention to the investigators, participants and evaluators

• Method of randomization should be clearly stated

• Simple randomization

• Block randomization

• Stratified randomization
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Randomized Clinical Trials
Blinding

• Blinding individual groups who can potentially introduce bias through 

knowledge of the treatment assignments

• Various types of blinded studies

Data analystsCliniciansPatientsTypes of blinded trials

×××Unblinded / open label

××YesSingle blinded

×YesYesDouble blinded

YesYesYesTriple blinded Single blinding not feasible for 
hyperthermia intervention
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Randomized Clinical Trials
Sample size calculation

Based on 

• Estimated outcomes in Study vs Control group

• Type 1 (α) error  (False Positive error) (0.05)

• Type II (β) error  (False Negative error) (0.1 - 0.2)

• Statistical power : 1 - β (Ideally 80% or 90%)

Real DifferenceNull 
Hypothesis

YesNoConclusion
Type II

(β)
(1 – α)Null hypothesis 

(HO) not 
rejected

Power
(1-β)

Type I
(α)

Null hypothesis 
(HO) rejected

α = 0.05, indicates that, in 1/20 trials, we may conclude a difference, although in real no difference exists

β = 0.10, indicates that, in 1/10 trials, we may conclude no difference, although a real difference exists

Correct conclusion
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Impact of parametersCharacteristicsParameters required for SSC

Larger samples for randomized studiesSingle arm / randomizedStudy design

Larger samples for Non-inferiority or 
equivalence trials

Superiority, non-inferiority or 
equivalence

Test of hypothesis

Larger the errors, larger the sampleProbabilities of false +ve/-veType I (α)  or II (β) errors

Higher the power, larger is the sample 1 - βPower

Higher the delta, smaller is the required 
sample

Delta value (Expected 
difference between 2 arms)

Effect size (difference)

Smaller the p value, larger the sampleP valueObserved statistical 
significance

Two-tailed have larger samples for same p 
value

One-tailed/ two-tailedDirection of statistical test

Add to SSCAdd +10%Drop out rates

Longer the period, smaller is sample sizeFor time-to-event variablesLength of follow-up

Sample Size Calculation (SSC)
Parameters influencing SSC
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Randomized Clinical Trials
Sample size calculation

( http://www.3rsreduction.co.uk/html/6__power_and_sample_size.html )

• Estimate the % outcome of control group (P1)
• Anticipate the % outcome of the study group (P2)
• Choose 

• α (typically 0.05), 
• β values (typically 0.20), Power 80%

• One / Two-tailed test 
• Seek help from a statistician
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Randomized Clinical Trials
Endpoints of clinical significance

Active Treatment

Local disease-free survival: LDFS
NED / AWD Follow-up

R
A
N
D
O
M
I
Z
A
T
I
O
N

Progression-free survival: PFS
Local ± distant disease progression: No / Yes

Disease-free survival: DFS
Alive with / without any local and distant disease

Overall survival: OS
Alive / Dead / LFU with /without any local and distant disease

E
N
R
O
L
M
E
N
T

Follow-up

Follow-up

Response at end of treatment: CR/PR/Stable/ Progression
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Local disease-free survival Progression free survival

Overall Survival

Survival end points
Kaplan-Meir plots

Disease-free survival
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Randomized Clinical Trials
Intention-to-treat analysis

• Includes all patients allocated and randomized in both study and control groups

• Preferred analysis strategy

• Problems:

• Missing outcomes

• Carrying forward the last observation could introduce bias

• Patients with missing outcomes : Should be <10% of randomized patients

• Nonadherence to protocol

• If excluded, may do “Per protocol analysis” 
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Randomized Clinical Trials
Per-protocol analysis

• Includes only patients who have completed entire clinical trial/ have complete data

• Patients categorized according to actual treatment received

• Weakness: Reduced power depending on non-compliance

• Could be prone to bias

• Could be carried out as a secondary evaluation to intention-to-treat analysis, results to be interpreted with 

caution
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“Randomised controlled trials, when appropriately designed, conducted, and reported, 

represent the gold standard in evaluating healthcare interventions. However, randomised

trials can yield biased results if they lack methodological rigour.”………….

Randomized Clinical Trials
Requirements : CONSORT Guidelines, 2010

• Flow Chart of the Trial
• 25 item Checklist 

Guidance for reporting all randomized trials

Consolidated Standard of Reporting Trials 
( www.consort-statement.org )
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Flow diagram of the progress through the phases of a parallel randomised trial of two groups 
(that is, enrolment, intervention allocation, follow-up, and data analysis). 

Kenneth F Schulz et al. BMJ 2010;340:bmj.c332©2010 by British Medical Journal Publishing Group
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Randomized Clinical Trials… Participant flow Chart
An example from Hyperthermia study (Phase III : CTHTRT vs CTRT)
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Randomized Clinical Trials
Requirements : CONSORT Checklist, 2010…page 1
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Randomized Clinical Trials
Requirements : CONSORT Checklist, 2010…page 2
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Hyperthermia
Hyperthermia treatment delivery and thermometry
Hyperthermia
Hyperthermia treatment delivery and thermometry

HT DeliveryHT Delivery

Non invasive thermometryNon invasive thermometry Treatment planning : HT + RTTreatment planning : HT + RT

(van Leeuwen et al, Int J Hyperthermia, 2018)

(Gellermann J et al, Cancer 2006; Kok HP et al, Int J Hyperthermia 2016, Kok et al, Int J Radiat Oncol Biol Phy, 2017)
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Take home message

• Practice of Evidence Based Medicine requires phase III randomized clinical 

trials to provide level I evidence with

• Optimum trial design

• Optimal sample size with α = 0.05, β = 0.20

• Optimal and rationale endpoints

• Perform “Intent-to-analysis” for all endpoints

• Trial reporting as per CONSORT guidelines

• Well designed, phase III randomized trials would help to “Cross the Chasm” 

and facilitate integrating hyperthermia in clinical oncology practice
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