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Why do we need them?

• For personalised treatments and potentially for a higher probability of cure

Predictive assays - lab analyses/tests designed to predict the response of tumours to 
radiotherapy based on radiobiological characteristics

=> Performance levels of the predictive assays are mechanistically based and offer 
the prospect of coherent selection of radiation as the therapeutic modality

≠
Clinicopathologic prognostic factors - features empirically shown to correlate with 
the treatment outcome (i.e. tumour site, stage, type and grade)
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1. Tumour cell radiosensitivity

2. Tumour cell proliferation kinetics

3. Tumour cell oxygenation
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1. Tumour cell radiosensitivity

• In vitro clonogenic cell survival assay

• Cell adhesive matrix (CAM) assay
• MTT assay
• Differential Staining Cytotoxicity (DiSC) assay 
• Nucleoid light scatter on cells

• etc. 0 1 2 3 4 5
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• In vitro clonogenic cell survival assay

• OS (upper), LC (middle) and metastasis-
free survival (lower)

• Data stratified according to the median 
SF2 value (upper arm SF2<0.42)
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• In vitro clonogenic cell survival assay

• LC (upper), OS (lower)

• Data stratified according to the median 
SF2 value (upper arm SF2<0.40)
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• Local control prediction for other factors
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• Tumour SF2 was an independent 
prognostic factor for local control
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2. Tumour cell proliferation kinetics

• Tpot ≈ Ts/LI assays

• Simultaneous measurement of DNA content 
in tumours, LI, and duration of S phase (Ts) 
using IUdR/BUdR

• etc.
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• Tpot = Ts/LI assays

• LI (upper), Ts (middle), Tpot (lower)

• Only LI showed a statistically 
significant association with LC in a 
univariate analysis, with low LI 
tumours associated with a more 
favourable outcome
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3. Tumour cell oxygenation

• Hypoxia signature

• Polarographic electrodes

• Functional imaging

• etc.
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3. Tumour cell oxygenation

• Hypoxia signature

• Polarographic electrodes

• Functional imaging

• etc.
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3. Tumour cell oxygenation

• Hypoxia signature

• Polarographic electrodes

• Functional imaging

• etc.
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L Marcu, P Reid and E Bezak 2018

Summary of the most commonly 
investigated biomarkers for 

outcome predictions
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• HPV status is a prognostic marker

• Several methods are available for 
testing the HPV status:

• Detection of viral genomic 
integration with polymerase 
chain reaction or FiSH

• Detection of viral gene 
expression (E6 and E7) and the 
expression of p16 

• Gene expression signatures for 
distinguishing HPV+ and HPV-.

A Begg 2012
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HPV testing methods with their associated advantages and drawbacks
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The multifactorial-dependent radiosensitivity of oropharyngeal squamous cell 
carcinoma as a function of HPV status and smoking history as a function of HPV 
status and smoking history
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Current treatment 
approaches and projected 

protocols based on
prognostic factors
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Background

• There is evidence that:
 In vitro measured radiosensitivity (SF2) values correlate with the probability

of local control for H&N cancer patients
 Potential doubling time (Tpot) is a weak predictor of outcome of

radiotherapy in H&N cancer patients
 The tumour volume is a weak predictor of outcome of radiotherapy in H&N

cancer patients

• What is the prediction power of SF2 and Tpot measured in individual patients
used in conjunction with theoretical predictions of TCP in comparison to
generic parameters for the tumour radiosensitivity retrieved from the
literature?
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Patient data

• SF2 and Tpot determined for H&N patients from
samples taken before treatment

• Biopsy and surgical specimens were
obtained before treatment

• Single-cell suspensions were cultured in
vitro using a soft-agar assay to obtain SF2

• Tpot vas determined by BrdUrd staining

• Tumour volume was assessed based on pre-
treatment CT and MR images

Patient 
no.

Tumour 
volume 

(cm3)

SF2 Tpot

(days)
Local 

control

1 50.00 0.32 5.63 0
2 5.00 0.33 0.46 0
3 119.11 0.41 5.88 0

- - - - -

9 6.28 0.66 1.79 0
10 47.70 0.94 4.21 0
11 47.71 1.00 1.00 0
12 33.51 0.16 11.04 1

- - - - -

42 11.78 0.66 13.50 1
43 23.56 0.66 27.50 1
44 0.59 0.70 4.63 1
45 14.11 0.73 1.08 1
46 5.89 0.82 17.14 1

Mean 0.43 6.43
Median 0.40 5.06

Range 0.16 - 0.94 0.46 - 27.50

Range Average Median
EXRT dose (Gy) 40.8-68.0 61.99 64.60
BT dose (Gy) 6.0-30.0 13.71 12.00
OTT  (days) 19-99 45.39 45.00
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TCP modelling

• BED calculations

• TCP calculations
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Calculations parameters

α/β = 10 Gy

Tk = 22 days

N0 = 109*V

Generic
literature-based

parameters

Patient
specific

parameters

α = 0.3 Gy-1 α derived from SF2

Tpot = 3 days Tpot
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M Hedman, T Björk-Eriksson, O Brodin and I Toma-Dasu 2013
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Clinically observed TCP as a function of the total BED calculated using 
either generic (left) or patient-specific (right) α and Tpot
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M Hedman, T Björk-Eriksson, O Brodin and I Toma-Dasu 2013

Sensitivity, specificity, positive predictive value (PPV) and the negative predictive 
value (NPV) for the different ways of calculating the TCP for a threshold of 95%

Sensitivity % Specificity % PPV % NPV %

TCP calculated based on generic values for
α and Tpot

0 91 0 22

TCP calculated based on mean values for α
and Tpot

94 27 80 60

TCP calculated based on patient specific
values for α and Tpot

63 80 92 38
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ROC curves for TCP calculated using either generic (blue) or patient-specific (red)
α and Tpot
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Conclusion

• Individually derived radiobiological parameters used for the modelling of TCP are
better predictors of the radiation treatment outcome in individuals than the
literature-based generic parameters

• This information can be used clinically to tailor individually prescribed treatment
schedules, but these results should be verified in prospective clinical studies in
the future

I. Toma-Dasu 2022
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