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• Scientific challenges: history, platforms, and perspectives 
Henning Müller (20min + 5min questions)


• Organizing a data science competition: A  
checklist illustrated by the HECKTOR challenge 
Adrien Depeursinge (20min + 5min questions)


• Exercise: organizing a challenge based on your dataset

• Reflexion by groups of 3 participants (20min)


• Short presentations and discussions  (20min)



ORGANIZING A DATA SCIENCE COMPETITION:  
A CHECKLIST ILLUSTRATED BY THE HECKTOR CHALLENGE

Adrien Depeursinge, Open Science Days 2023, 9.5.2023


HECKTOR 
HEad and neCK TumOR 

segmentation and outcome 
prediction in PET/CT images



TODAY’S AGENDA AND OBJECTIVES

• Our starting point is a dataset that is either already available or 
you plan to collect/extend


• We present a generic checklist to assess the relevance and 
work involved in organizing a data science competition based 
on a given dataset

• Exemplify how we addressed the points of the checklist via our experience in 

leading the organization of the HECKTOR challenge for three consecutive 
years


• In groups of 3 participants, analyse the potential of organizing 
a challenge based on an existing/imaginary dataset in terms of 
the provided checklist

• 20min analysis


• 20min presentations and discussions



A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

• Based on established guidelines1 (Maier-Hein et al. 2020)


• Main categories of the checklist

1. Domain and community 


2. Dataset and curation 


3. Ranking


4. Challenge organization and implementation


5. Impact and output

1 Enhancing the QUAlity and Transparency Of health Research (EQUATOR),  
  https://www.equator-network.org/, as of May 2023. 
Maier-Hein, L et al. (2020). BIAS: Transparent reporting of biomedical image analysis challenges.  
Medical Image Analysis, 66, 101796.
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• HECKTOR 2020-2022: HEad and neCK TumOR segmentation 
and outcome prediction in PET/CT images 
Oreiller, V et al. (2022) “Head and neck tumor segmentation in PET/CT: The HECKTOR challenge.” Medical Image Analysis, 77(1).
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• HECKTOR 2020-2022: HEad and neCK TumOR segmentation 
and outcome prediction in PET/CT images 
Oreiller, V et al. (2022) “Head and neck tumor segmentation in PET/CT: The HECKTOR challenge.” Medical Image Analysis, 77(1).


• H&N cancer 5th leading cancer by incidence (Parkin et al. 2005)

• High local failure: 40% in first 2 years after treatment (Chajon et al. 2013)


• Precision oncology: finding optimal  
treatment for each patient, crucial for  
patient outcome AND well-being


• FDG-PET/CT standard for staging and  
treatment planning


• Can AI help predict the best treatment  
based on PET/CT images and clinical data  
(Vallières et al. 2017, Bogowicz et al. 2017)

• Correlate visual (lesion size, location and texture) and clinical (age, HPV status, smoking) 

features with response to treatment

• Automatic detection and segmentation of the primary tumor and met. lymph nodes

• Performance is promising but not (yet?) clinically satisfactory

6 Given-name Surname et al. /Medical Image Analysis (2023)

(a) CHUM (b) CHUS (c) HGJ

(d) HMR (e) CHUV (f) CHUP

Fig. 1: Case examples of 2D sagittal slices of fused PET/CT images from each of the six centers. The CT (grayscale) window in Hounsfield units is [�140, 260].
The PET window in SUV is [0, 12], represented in a “hot” colormap.

Definition 3.1 (GTVp primary tumor delineation guidelines).

Oropharyngeal lesions are contoured on PET/CT using information from PET and unenhanced CT acquisitions. The contouring

includes the entire edges of the morphologic anomaly as depicted on unenhanced CT (mainly visualized as a mass e↵ect) and

the corresponding hypermetabolic volume, using PET acquisition, unenhanced CT and PET/CT fusion visualizations based on

automatic co-registration. The contouring excludes the hypermetabolic activity projecting outside the physical limits of the lesion

(for example in the lumen of the airway or on the bony structures with no morphologic evidence of local invasion). For more specific

situations, the clinical nodal category was verified to ensure the exclusion of nearby FDG-avid and/or enlarged lymph nodes (e.g.

submandibular, high level II, and retropharyngeal). In the case of tonsillar fossa or base of tongue fullness/enlargement without

corresponding FDG avidity, the clinical datasheet was reviewed to exclude patients with pre-radiation tonsillectomy or extensive

biopsy.

The contours for the CHUV center were drawn by an expert radiation oncologist for radiomics purposes (Castelli et al., 2019).

The expert contoured the tumors on fused PET/CT scans. The cases from HGJ, CHUS, HMR, and CHUM centers were originally

contoured in the context of radiotherapy (Vallières et al., 2017). All contours were re-delineated for radiomics purposes according to

the aforementioned guidelines for HECKTOR 2020 (Oreiller et al., 2022). For the data added to the current HECKTOR 2021 edition

(CHUP), the delineations were obtained semi-automatically with a Fuzzy Locally Adaptive Bayesian (FLAB) segmentation (Hatt

et al., 2009) applied to the PET image, and subsequently corrected by an expert radiation oncologist based on the corresponding

CT information for radiotherapy planning. The re-delineation of true tumoral volume was performed by three experts: one nuclear

medicine physician, one radiation oncologist and one who is both radiologist and nuclear medicine physician. The 71 cases were

divided between the three experts and each delineation was then cross-checked by all three of them. This re-delineation was

performed in a centralized fashion with the MIM software, and the verification of the contours was made possible by the MIM

Parkin DM, et al. (2005) "Global cancer statistics, 2002." CA 55(2). 
Chajon E, et al. (2013) "Salivary gland-sparing other than parotid-sparing in definitive head-and-neck intensity-modulated radiotherapy  
does not seem to jeopardize local control." Rad. Onc. 8(1). 
Vallières M, et al. (2017) “Radiomics strategies for risk assessment of tumour failure in head-and-neck cancer.” Nat. Sci. Rep. 7(1). 
Bogowicz M, et al. (2017) "Comparison of PET and CT radiomics for prediction of local tumor control in head and neck squamous cell  
carcinoma." Acta Oncologica 56(11). 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corresponding FDG avidity, the clinical datasheet was reviewed to exclude patients with pre-radiation tonsillectomy or extensive

biopsy.

The contours for the CHUV center were drawn by an expert radiation oncologist for radiomics purposes (Castelli et al., 2019).

The expert contoured the tumors on fused PET/CT scans. The cases from HGJ, CHUS, HMR, and CHUM centers were originally

contoured in the context of radiotherapy (Vallières et al., 2017). All contours were re-delineated for radiomics purposes according to

the aforementioned guidelines for HECKTOR 2020 (Oreiller et al., 2022). For the data added to the current HECKTOR 2021 edition

(CHUP), the delineations were obtained semi-automatically with a Fuzzy Locally Adaptive Bayesian (FLAB) segmentation (Hatt

et al., 2009) applied to the PET image, and subsequently corrected by an expert radiation oncologist based on the corresponding

CT information for radiotherapy planning. The re-delineation of true tumoral volume was performed by three experts: one nuclear

medicine physician, one radiation oncologist and one who is both radiologist and nuclear medicine physician. The 71 cases were

divided between the three experts and each delineation was then cross-checked by all three of them. This re-delineation was

performed in a centralized fashion with the MIM software, and the verification of the contours was made possible by the MIM

Parkin DM, et al. (2005) "Global cancer statistics, 2002." CA 55(2). 
Chajon E, et al. (2013) "Salivary gland-sparing other than parotid-sparing in definitive head-and-neck intensity-modulated radiotherapy  
does not seem to jeopardize local control." Rad. Onc. 8(1). 
Vallières M, et al. (2017) “Radiomics strategies for risk assessment of tumour failure in head-and-neck cancer.” Nat. Sci. Rep. 7(1). 
Bogowicz M, et al. (2017) "Comparison of PET and CT radiomics for prediction of local tumor control in head and neck squamous cell  
carcinoma." Acta Oncologica 56(11). 
 

Let’s organize a challenge 
to solicit worldwide experts 
on medical image analysis !
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• HECKTOR 2020-2024 challenges comparison
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• HECKTOR 2020-2022: lessons learned

• Segmentation of the primary tumor GTVp and lymph nodes GTVn

14 V. Andrearczyk et al.

(a) MDA-203

(b) CHB-001

(c) USZ-010

Fig. 2: Examples of results of the winning team (NVAUTO [32]). The automatic
segmentation results (light) and ground truth annotations (dark) are displayed
on an overlay of 2D slices of CT (left) images and PET (right). GTVn is in red
and GTVp in blue. CT are clipped between [-140,260] HU and PET images are
between [0,5] SUV.

Table: Leaderboard segmentation 2022

• On par with expert performance

• Simple methods work well 


• 3D U-Net always in top three
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• HECKTOR 2020-2022: lessons learned

• Outcome prediction: Recurrence Free Survival (RFS)


• Segmentation and outcome prediction tasks are synergistic 

• Learning to segment helps improving outcome prediction (Andrearczyk et al. 2021)


Overview of the HECKTOR 2022 Challenge 19

position (center of mass) of each connected component was also concatenated in
the vector of radiomics features. Only clinical variables without missing informa-
tion were used. Prediction of RFS was achieved by training a multiple-instance
neural network in order to handle multiple lesions per patient. Amongst various
training strategies (5-fold CV or the entire training set), the best was using the
entire training set, reaching a C-index of 0.619 on the test set.

In [36], Salmanpour et al. extracted deep features from the bottleneck of an
auto-encoder fed with PET and CT images fused via a weighted technique. These
features were selected with mutual information and fed to a random survival
forest trained through a 5-fold CV and grid search, obtaining a C-index of 0.59
on the test set.

Results The results are reported in Table 4.

Team C-index rank
LITO [34] 0.68152 1
BDAV USYD [29] 0.68084 2
AIRT [46] 0.67257 3
RT UMCG [26] 0.66834 4
RokieLab [49] 0.65817 5
MLC [43] 0.65598 6
VokCow [30] 0.64081 7
junma [25] 0.63896 8
LMU [47] 0.63536 9
TheDLab [35] 0.6305 10
SMIAL [9] 0.61877 11
TECVICO Corp [36] 0.59042 12

Average 0.64769

Table 4: Results of Task 2. The best out of three possible submissions is
reported for each eligible team. Full list of results available at https://
hecktor.grand-challenge.org/evaluation/challenge/leaderboard/. The
predictions of the MLC team were concordant with the time (prediction of days),
instead of a risk score. Their C-index results on the leaderboard were, therefore,
< 0.5 and they were ranked last on this task. Other teams made this mistake for
their first submission, not reported here because we keep only the best results.

The participants’ results range from a C-index of 0.59042 to 0.68152, obtained
by Rebaud et al. [34].

5 Discussion: Putting the Results into Context

5.1 Outcomes and Findings

Task 1: Automatic segmentation of GTVp and GTVn

• RFS prediction not (yet?) ready for clinical use

• More data needed to better represent (and focus)  

on subpopulations,  e.g. HPV positive only, specific 
image acquisition protocols, …


• While 4/5 deep learning in top five, 
the winning team used a very  
simple radiomics approach 

Andrearczyk V et al. (2021) "Multi-Task Deep 
Segmentation and Radiomics for Automatic 
Prognosis in Head and Neck Cancer.” PRIME.

4 V. Andrearczyk et al.

Fig. 1. 3D multi-modal (PET/CT) and multi-task architecture with a common down-
sampling branch (green), an up-sampling segmentation branch (blue) and a radiomics
branch (red). Residual convolutional layers are used in the down-sampling part.

architecture is presented in Fig. 1, including down-sampling (green) and up-
sampling (blue) parts. The probabilities of the softmax activated outputs are
thresholded at 0.5 to obtain a binary mask. More details on the implementation
can be found in [22]. The model is trained with a Dice loss, computed as

LDice = �2

P
k ŷkykP

k ŷk +
P

k yk
, (1)

where ŷk 2 [0, 1] is the softmax output for a voxel k, yk 2 {0, 1} is the value of
this voxel in the 3D ground truth mask and the sum is computed over all voxels.

2.2 Multi-task Segmentation and Radiomics

The multi-task architecture is composed of the normal 3D segmentation with an
additional radiomics branch (red in Fig. 1) at the bottleneck of the network. This
radiomics branch is connected to multiple layers of the downsampling path using
skip connections to gather information at multiple scales and complexity. It is
composed of a global average pooling layer to aggregate the spatial information,
a densely connected layer (ReLU activated) with 128 neurons and a prediction
layer with a single neuron. Dropout with 0.5 probability is added before the
dense layers for regularization. For the segmentation task, we use the Dice loss
defined in Eq. (1). For the radiomics task, we use a Cox loss [7] computed as

LCox = �
1

NE=1

X

i:Ei=1

0

@ĥ(xi)� log
X

j2H(Ti)

eĥ(xj)

1

A , (2)

Table: Leaderboard  
RFS prediction 2022
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A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

• Based on established guidelines1 (Maier-Hein et al. 2020)


• Main categories of the checklist

1. Domain and community 


2. Dataset and curation 


3. Ranking


4. Challenge organization and implementation


5. Impact and output

1 Enhancing the QUAlity and Transparency Of health Research (EQUATOR),  
  https://www.equator-network.org/, as of May 2023. 
Maier-Hein, L et al. (2020). BIAS: Transparent reporting of biomedical image analysis challenges.  
Medical Image Analysis, 66, 101796.



A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

1. Domain and community

• Task(s) to solve: motivation and objectives


• Likely equivalent to the initial goal of the dataset, but not only (reutilization of the data)

• Scientific (e.g. assess feasibility/maturity, publications as output)


• Industrial (e.g. assess robustness, commercial product as output)


• Targeted population


• State of the art
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• HECKTOR 2020-2022: HEad and neCK TumOR segmentation 
and outcome prediction in PET/CT images 
Oreiller, V et al. (2022) “Head and neck tumor segmentation in PET/CT: The HECKTOR challenge.” Medical Image Analysis, 77(1).



A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

2. Dataset and curation (Wilkinson et al. 2016)

• Size and population


• Statistical power, risk of overfit (e.g. max 10 features/observation)


• Sampling the adequate population and representation (diversity)


• Curation level

• Systematic Quality Control (QC), Outliers


• Unification of the nomenclature (classes, variables, endpoints, metadata)


• Preprocessing (imposed or free), open source code


• Versioning and changelog


• Quality of ground truth

• E.g. Single/multiple expert annotator(s), guidelines, crowdsourcing


• Report potential sources of errors (intra- and inter- annotator variability)

Wilkinson, M. D., et a. (2016). The FAIR Guiding Principles for scientific data management and stewardship.  
Scientific Data 2016 3:1, 3(1), 1–9.




A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

2. Dataset and curation (Wilkinson et al. 2016)

• Size and population


• Statistical power, risk of overfit (e.g. max 10 features/observation)


• Sampling the adequate population and representation (diversity)


• Curation level

• Systematic Quality Control (QC), Outliers


• Unification of the nomenclature (classes, variables, endpoints, metadata)


• Preprocessing (imposed or free), open source code


• Versioning and changelog


• Quality of ground truth

• E.g. Single/multiple expert annotator(s), guidelines, crowdsourcing


• Report potential sources of errors (intra- and inter- annotator variability)


• HECKTOR 2022 : 9 centers, ~900 patients, partially public data

• Huge effort! (>10 annotators)


• cloud contouring platform sponsored by 


• Contouring guidelines and outcome definition 
were missing and defined (output)



A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

2. Dataset and curation (Wilkinson et al. 2016)

• Size and population


• Statistical power, risk of overfit (e.g. max 10 features/observation)


• Sampling the adequate population and representation (diversity)


• Curation level

• Systematic Quality Control (QC), Outliers


• Unification of the nomenclature (classes, variables, endpoints, metadata)


• Preprocessing (imposed or free), open source code


• Versioning and changelog


• Quality of ground truth

• E.g. Single/multiple expert annotator(s), guidelines, crowdsourcing


• Report potential sources of errors (intra- and inter- annotator variability)


• Most often, the dataset itself constitutes the main contribution of a challenge!

• Risk of misleading scientific outcomes

Wilkinson, M. D., et a. (2016). The FAIR Guiding Principles for scientific data management and stewardship.  
Scientific Data 2016 3:1, 3(1), 1–9.




A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

2. Dataset and curation (cont’d)

• Sharing and data protection


• Anonymization


• Data Transfer and Use Agreement (DTUA)1 or licences (e.g. CC-BY2)


• Lifecycle


• Public resources


• Volume and storage (e.g. Zenodo3, AWS Open Data Registry4)

1 E.g. Swiss Personalized Health Network (SPHN) templates in Switzerland,  
  https://sphn.ch/services/dtua/, as of May 2023. 
2 Creative Commons (CC), https://creativecommons.org/about/cclicenses/, as of May 2023. 
3 https://zenodo.org/, as of May 2023. 
4 https://registry.opendata.aws/, as of May 2023.
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2. Dataset and curation (cont’d)

• Sharing and data protection


• Anonymization


• Data Transfer and Use Agreement (DTUA)1 or licences (e.g. CC-BY2)


• Lifecycle


• Public resources


• Volume and storage (e.g. Zenodo3, AWS Open Data Registry4)


• HECKTOR 2022

• End User Agreement (EUA) approved by all centers


• Ethics Committees at center level


• Switch Drive for sharing (~51GB)
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2. Dataset and curation (cont’d)

• Sharing and data protection


• Anonymization


• Data Transfer and Use Agreement (DTUA)1 or licences (e.g. CC-BY2)


• Lifecycle


• Public resources


• Volume and storage (e.g. Zenodo3, AWS Open Data Registry4)


• Challenge types

• Type A: prediction submission where the data “moves" to the algorithm


• Type B: algorithm submission where the algorithm “moves" to the data


• Validation strategy

• Train, (validation,) test split(s)


• Watch out for cheaters! The test set should remain strictly hidden

1 E.g. Swiss Personalized Health Network (SPHN) templates in Switzerland,  
  https://sphn.ch/services/dtua/, as of May 2023. 
2 Creative Commons (CC), https://creativecommons.org/about/cclicenses/, as of May 2023. 
3 https://zenodo.org/, as of May 2023. 
4 https://registry.opendata.aws/, as of May 2023.




A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

3. Ranking

• Performance measure(s) for the considered task(s)


• Quantitative measures are needed to rank the participants’ submissions


• None are perfect (Maier-Hein et al. 2022)


• A combination is possible (e.g. average, average rank, Borda-count)


• Include variability estimation if possible, at a participant/method level


• Provide evaluation code with example(s) as open source


• Statistical tests and ranking stability (Wiesenfarth et al. 2021)


• One ranking per task is typically considered

Maier-Hein, L. et al. (2022). Metrics reloaded: Pitfalls and recommendations for image analysis validation. 
https://arxiv.org/abs/2206.01653v5 
Wiesenfarth et al. (2021) “Methods and open-source toolkit for analyzing and visualizing challenge results.” 
Scientific Reports 11:1 11, 1-15 (2021).

https://arxiv.org/abs/2206.01653v5
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(a) O�cial ranking based on Borda count (0.819) (b) Ranking based on average DSC (0.843)

(c) Ranking based on median HD95 (0.793) (d) Ranking based on aggregated DSC (0.841)

Fig. 4: Ranking robustness against changes in test data. The robustness is assessed by ranking 1000 bootstraps of the test set. The size of the circles is proportional
to the number of times a team obtained the corresponding rank for each bootstrap. The dashed lines represent the confidence intervals at 95 % computed from the
bootstrap analysis. The Kendall tau is reported in brackets.

Ranking Robustness. The robustness of the ranking toward changes in the test set was assessed with a bootstrap analysis (n=1000).

The methodology used here is inspired by the challengeR toolkit (Wiesenfarth et al., 2021). The results are reported in Fig. 8. We

computed the Kendall rank coe�cient between the actual rank and the ones obtained for each bootstrap. The following coe�cients

were obtained. O�cial rank (based on Borda count): 0.819 (0.744 - 0.885), average DSC: 0.843 (0.642 - 0.916), median HD95:

0.793 (0.689 - 0.882), and aggregated dice: 0.841 (0.724 - 0.924). The aggregated dice is defined as

DSCagg =
2
P

i |Ai \ Bi|P
i |Ai| + |Bi|

, (3)

with Ai and Bi respectively the ground truth and predicted segmentation for image i, where i spans the entire test set. This metric

was employed in Andrearczyk et al. (2022) and is used as the ranking metric in HECKTOR 2022, for this reason we wanted to

evaluate its stability.

Ensemble of Participants. In this section, we create a “super-algorithm” as an ensemble of the di↵erent participants’ predictions.

Such analyses often revealed superior performances to all submitted runs (Menze et al., 2014), leveraging the diversity of distinct

methods (Hastie et al., 2009). We ensemble the (binary) predictions of multiple participants ((i) all 20 participants with paper

submissions, and (ii) top-5 ranking participants) using the Simultaneous Truth And Performance Level Estimation (STAPLE)

algorithm (Warfield et al., 2004). A simpler ensembling method is also computed by taking the average of the di↵erent participants’

predictions for each patient, and then thresholding at 0.5 to obtain a binary prediction. The results are reported in Table 3.

Most ensembles outperform the best participant result (pengy: DSC 0.778, HD95 3.09). The best ensemble performance is

obtained by the average of all 20 participants with a DSC of 0.780 and HD95 3.06. Note that many participants already reported

results obtained by an ensemble of multiple independent network predictions (see Table ??).

Ranking stability for 
the segmentation task 
based on 1000 bootstraps (HECKTOR 2021)
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Timeline HECKTOR 2022:
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HECKTOR 2022 
Platform/website: 
grand-challenge.org
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Gatidis, S. et al. (2022). A whole-body FDG-PET/CT Dataset with manually annotated Tumor Lesions.  
Scientific Data 2022 9:1, 9(1), 1–7.
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5. Impact and output

• For the community


• Assess the feasibility and maturity of the task

• Identify problems and potential solutions


• Ideas for the next edition


• Motivates the collection of additional data representing specific subpopulations


• Define standards and guidelines

• new metrics


• new guidelines for establishing ground truth


• Publication of the dataset itself as a resource E.g. (Gatidis et al. 2022)

• Importance to promote scientific excellence and innovation  

instead of pure quantitative performance


• For the organizers 

• Strong bibliometric impact (citations)  

HECKTOR: 3 proceeding volumes, ~10 papers from us, ~300 citations as of May 2023

• Network and visibility (future projects and funding)

• Fantastic adventure and unique learning process 

Gatidis, S. et al. (2022). A whole-body FDG-PET/CT Dataset with manually annotated Tumor Lesions.  
Scientific Data 2022 9:1, 9(1), 1–7.



A CHECKLIST FOR ORGANIZING A COMPETITION IN DATA SCIENCE

• Conclusions

• A challenge can have a major impact on the scientific/technological maturity 

of both the field and the researcher

• Unique and exciting experience !


• The dataset often constitutes the most important outcome or  
resource of the challenge

• A challenge can highly valorize an existing dataset

• In the context of the HECKTOR challenge, data curation was among the top time 

consuming task

• Starting out from an existing and highly curated dataset can be extremely valuable 


• Organizing a challenge requires taking several decisions that will have a 
direct impact on the field

• Poor decisions and data quality can lead to erroneous scientific conclusions


• Organizing the challenge in the right conference and for 2-3 consecutive 
years will likely lead to optimal impact



GROUP EXERCISE (3 PERS.): REFLEXION (20MIN), PRESENTATIONS

• Simple checklist for assessing efforts related to the 
organization of a challenge based on your dataset (idea)


1.    Domain and community 
    Task(s) to solve, disciplines involved, choice of the venue 

2.    Dataset and curation 
    Size and population, curation level, availability/quality of ground truth, sharing,  
     volume and storage, validation strategy 

3.    Ranking 
    Performance measure(s) for the considered task(s) 

4.    Challenge organization and implementation 
    Rules, timeline and phases, prize, scientific session, post-challenge activities, workforce 

5.    Impact and output 
    For the community, for the organizers


