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in the p16 positive group. There was no significant 
difference in ROI-based mean and minimum ADC value 
between p16 positive and p16 negative OPC (ADCmean = 
1.11 ± 0.38 x 10-3 mm²/s and 1.26 ± 0.57 x 10-3 mm²/s, 
respectively, GLCM_Joint_Entropy, showed significant 
differences suggesting that p16 negative tumors are more 
heterogeneous than p16 positive tumors (Table 1*). ROC 
curves of all significant RF were generated of which the 
volumetric parameters major_axis and 
maximum_3D_diameter had the best AUC, both 0.80, 
followed by 
GLDM_dependence_non_uniformity_parameter 
(AUC=0.77). The optimal cut-off value of 6.78 mm 7.81 
mm and 5.89 respectively, provided 80.3% accuracy for 
these three radiomic features.  
 

 
 
Conclusion 
Evaluating the global primary tumor volume, we could not 
establish a significant difference in ADC value between 
p16 positive and p16 negative OPC. However, analysing 
the ADC based TA features at DW-MRI, there was a 
significant difference with p16 positive OPC having a more 
uniform and homogeneous distribution.  
Future research should investigate if these TA differences 
have a prognostic and predictive value and if they can be 
used in a DW-MRI based individualized treatment strategy. 
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Purpose or Objective 
The standard treatment of concurrent chemoradiotherapy 
(CRT) for anal cancer patients is known to cause high rates 
of severe haematologic toxicity (HT) such as lymphopenia. 
HT is associated with longer treatment times and/or 
reduction in chemotherapy dose, and may lead to 

suboptimal treatment outcome. Previous studies have 
hypothesized that irradiation of active bone marrow 
(ABM), as defined by [18F]fluorodeoxyglucose (FDG)-PET, is 
the principal radiation-induced cause of HT, but the 
results have been inconclusive. This study tests the same 
hypothesis on a larger patient cohort than the previous 
studies. 
Material and Methods 
84 patients with anal squamous cell carcinoma were 
included. All patients underwent a FDG-PET scan prior to 
curative CRT. Lymphocyte counts were collected during 
and after treatment on a weekly to monthly basis. 
Lymphopenia was defined as lymphocytes nadir (LN) lower 
than 0.5 × 109 cells/L (≥ grade 3, CTCAE v5.0). The pelvic 
bones from the top of the iliac crest to 1-2 cm below the 
lesser trochanter of femur, as defined by CT, was used as 
a surrogate for total bone marrow (TBM). ABMX was 
defined as the subvolume of TBM that exhibited the X% 
highest FDG-uptake, respectively (Figure 1). Median dose 
to the volumes was calculated. Linear and logistic 
regression were used to assess the correlation between 
dose to BM and LN and lymphopenia, respectively. The 
bootstrap technique was used to generate 95% confidence 
intervals (CI) for model comparison. 
 

 
 
Results 
Median lymphocytes nadir was 0.3×109 cells/L (range; 0.0 
– 0.8×109 cells/L). Table 1 shows results from univariate 
linear regression analyses. All dose metrics were 
significantly associated with LN (p<0.001). The model with 
the highest r2 was that for ABM25, but 95% CIs for adjusted 
r2 were [0.03, 0.28] and [0.07, 0.44] for TBM and ABM25, 
respectively, showing that the best ABM model was not 
superior to the TBM model. Lymphopenia occurred in 71 
(85%) patients. The incidence of lymphopenia was 
associated with median dose to TBM, ABM75, ABM50, 
ABM25 and ABM10 (p <0.05), with ABM75 being the strongest 
predictor. Bootstrapping gave log-likelihood 95% CIs of [-
36.6, -15.7] and [-35.0, -13.7] for TBM and ABM75, 
respectively, showing that the best ABM model did not 
significantly outperform the TBM model. 
 

 
 
Conclusion 
Irradiation of pelvic bone marrow was associated with risk 
of developing lymphopenia following treatment. However, 
models using ABM, defined by FDG uptake, did not 
significantly improve model performance compared to 
models using TBM. One reason for this might be the strong 
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correlation between median dose to TBM and ABM 
(Pearson’s r = 0.78 between TBM and ABM25). In future 
works a clinical trial can be considered where one group 
is treated according to standard clinical practice and the 
other with an ABM sparing dose plan. This will reduce the 
correlation between TBM and ABM volumes, making it 
easier to evaluate the predictive power of FDG-PET-based 
models for HT. 
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Purpose or Objective 
Multiparametric (mp)MRI is a well-established tool for 
response assessment in radiation oncology. In view of the 
upcoming analytical methodology of radiomics, the 
potential of Haralick textural features (TF) in the context 
of response assessment has so far not been fully explored. 
The aim of this study is thus to investigate the added value 
of Haralick textural features for response assessment in 
prostate cancer (PCa) radiotherapy. 
Material and Methods 
21 PCa patients were enrolled in this longitudinal 
prospective IRB approved response assessment study, 
consisting of mpMRI at four time points (TP): at baseline 
(BL), in week 2 of treatment (TP1), in week 4 of treatment 
(TP2) and 3 months after end of EBRT as follow up (FU). 
Inclusion criteria were biopsy proven primary PCa, 
external beam radiotherapy (EBRT) and no 
contraindications to MRI. mpMRI was performed on a 3T 
scanner (MAGNETOM® Trio Tim, Siemens). For TF analysis 
T2-weighted (T2w) and apparent diffusion coefficient 
(ADC) MRI data were used. 
Data collection of seven patients could be completed so 
far. The preliminary results are based on these 7 full 
datasets. The tumour lesion was delineated by an 
experienced radiologist on the BL T2w image dataset. The 
lesion was propagated to the other TP via rigid registration 
of the T2w images. Manual adaptations were performed 
on both T2w and ADC images in cases of tumour shrinkage, 
image distortions or artefacts caused by air in the rectum 
or movement. Both image datasets were normalized. Mean 
T2w and ADC values were extracted. After histogram 
equalization, 20 grey level invariant Haralick TF [1] were 
calculated for each modality. Data handling, visualization, 
image registration, pre-processing and feature extraction 
were carried out using MICE Toolkit® (© 2018 NONPI 
Medical AB). All features were tested for significant 
changes between TP with a Student’s t test.Results 
Mean T2w grey level did not change significantly between 
TP. In total, for five T2w and 13 ADC TF significant changes 
could be identified during or after EBRT. Significance 
levels of the corresponding TF and the mean ADC for p < 
0.05 are presented in table 1 for each pair of TP. For 
better comparability, the behaviour of mean ADC, T2w 
SumEntropy and ADC DifferenceEntropy is plotted in 
figure 1.   

  
 

 
 
Nine ADC TF showed very early changes already in the 
second week of treatment (TP1). Three T2w features and 
two ADC features (SumAverage and Autocorrelation) 
differed significantly with respect to FU. Correlation to 
clinical outcome was not assessed in the scope of this 
preliminary analysis, but will be part of the final 
evaluation.  
Conclusion 
This pilot study demonstrated that T2w and ADC TF of PCa 
lesions change during EBRT. The results might suggest that 
some TF reflect very early response mechanisms while 
others could aid mid-term response assessment. These 
primary findings motivate further analysis of the 
remaining patient datasets. 
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