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Synthetic Histopathological Images Generation with Artificial Intelligence to Accelerate Research and Improve
Clinical Outcomes in Hematology
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Background: Hematological malignancies are rare and complex diseases and as a consequence, multimodal data (ranging
from clinical and genomic information to images) are required to improve diagnosis, prognosis and personalized treatments.
However, collecting all these layers of information is challenging, in particular when collecting cytological and histological
images from the bone marrow (BM) reproducing disease morphologic features. Synthetic data generation by Artificial Intelli-
gence (Al) can circumvent these issues by generating images conditioned from textual inputs (i.e. reports from pathologists),
which are widely available and contain many useful clinical information. This technology can enrich data with synthetic images,
thus boosting translational research and improving the performances of precision medicine strategies based on multimodal
information.

Aims:This project was conducted by GenoMed4all and Synthema EU consortia, with the aim to:1)Apply generative models
to real-world dataset with histological images of patients with myeloid neoplasms (MN). 2) Develop a Synthetic Images Val-
idation Framework (SIVF) to evaluate the utility and fidelity of generated images. 3) Verify the capability of synthetic images
to accelerate research and to improve clinical models.

Methods:We implemented Stable Diffusion (SD) generative model fine-tuned on hematological data to generate Hematoxylin
and Eosin (H&E) images of MN patients. We implemented a domain specific language model (HematoBERT) to encode tex-
tual input as condition for the generation process. Use cases were Myelodysplastic Syndrome (MDS), Acute Myeloid Leukemia
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(AML) and Myeloproliferative Neoplasm (MPN) patients, with available BM biopsies and their reports from pathologists, ge-
nomic and clinical data. We applied SIVF to evaluate distributions of morphological features extracted from real and synthetic
images.

Clinical validation was performed on disease classification and survival probability prediction, using real and synthetic images
features (experimental setting is reported in Figure 1).

Results: We trained SD model on 200 patients with available BM biopsies and associated reports. We first performed SIVF
to compare extracted morphological features (geometrical, color and texture features of cells nuclei) from synthetic and real
images of 55 patients never seen by the model. Results proved that features distributions and correlations in both datasets
were comparable. Similar results were obtained performing SIVF on each single patient data.

We verified if synthetic data augmentation could improve performances on MN classification (i.e. models able to correctly
assign a single patient to a specific clinical entity according to the 2022 WHO classification criteria). We implemented three
XGBOOST models to classify patients’ disease. Classifiers were trained and validated on morphological extracted features
of images from a real set of patients (n=614), a synthetic group (n=3%6) and a mixed dataset (n=1010). Data augmentation
improved classification performance by 10% (F1 Score) when we tested it on the three different validation sets.

Finally, demographics, clinical features, genomics (cytogenetics and gene mutations) were included as covariates together
with morphological features extracted from BM biopsies in L1 penalized Cox’s proportional hazards models, considering
Overall Survival as primary endpoint. Models were fitted on two different cohorts of real patients (n=182, n=294). Then we
added 112 synthetic patients to both sets and refitted the models. We observed an improvement in performances of >10%
(C-Index) for both cases (Figure 2), with morphological features (such as "major axis" of nuclei) being selected among the
best predictors.

All these results confirmed that data augmentation through synthetic data is a viable approach and can significantly improve
the models capability to efficiently capture clinical outcomes at individual patient level.

Conclusion:Al generated images preserve properties of real-world images, replicating cells morphological features relevant to
identify hematological diseases and their clinical status. This approach based on widely available textual data allows effective
data augmentation and effortless data sharing, thus accelerating and improving precision medicine research in hematology.
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Figure 1: Overview of the SD fine-tuning process and the clinical and statistical validation process. The Validation
Framework consisted of 3 steps: Validation through SVF to verify data similarities through Distributions, Correlations
and PCA; Validation through data augmentation of XGBOOST multi-classification model; Validation through data
augmentation of Cox’s proportional hazards model.
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Figure 2: Cox’s proportional hazards model to predict individual probability of overall survival in patients affected with
myeloid neoplasms. Demographics, clinical features, genomics (cytogenetics and gene mutations) were included as
covariates together with morphological features extracted from bone marrow biopsies. The first model was trained
only on 182 real patients and model 2 was trained on 294 patients. Model 3 was trained on 182 real patients and 112
synthetic ones. Model 4 was trained on 294 real patients and 112 synthetic ones.
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