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PrecisionLife has developed a unique combinatorial 
approach to analyzing large scale genomic and other 
patient data. This captures the non-linear effects of 
interactions between multiple genes and exogenous 
(e.g., clinical, epidemiological, transcriptomic etc.) 
factors. The inclusion of non-linear interactions 
enables discovery of deeper and more reproducible 
insights than Genome-Wide Association Studies 
(GWAS) alone.

We find more significant SNPs in complex disease 
patient data than GWAS, evaluate their causality, 
explain more disease variance, and our results 
translate between populations with different 
ancestries better than GWAS or polygenic risk 
scores1,2.

Our mechanistic patient stratification correlates 
disease risk signatures with specific subgroups of 
patients who share similar disease drivers and 
treatment responses, to make precision medicine 
possible in over 60 complex chronic diseases. We  
work with key opinion leaders, disease charities and 
patients to find better treatment options for patients 
with unmet medical needs, including endometriosis 
and other chronic women’s health disorders. 
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This study applied combinatorial analytics to genotype 
data for 2 case cohorts, using ICD-10 codes to 
designate adenomyosis or endometriosis case status.  

• Adenomyosis (ICD-10 code, N80.0) – n = 2,024

• Endometriosis (ICD-10 code, N80.1-9) – n = 4,493

Each case group was compared against a unique 
healthy female control population without chronic 
gynecological disease.

COMBINATORIAL ANALYSIS:

Each dataset was analyzed in the PrecisionLife 
platform to identify combinations of SNP (single 
nucleotide polymorphisms) genotypes that were 
significantly associated with the case population (i.e., 
endometriosis or adenomyosis) (Figure 1). 

SNP combinations that have high odds ratios, low p- 
values and high prevalence in cases are prioritized. 
This process undergoes 1,000 cycles of fully 
randomized permutations and combinations must 
meet a specified FDR threshold.

SNPs are scored using a Random Forest (RF) 
algorithm in a 5-fold cross validation framework and 
prioritized based on their ability to differentiate cases 
and controls.

The highest scoring SNPs are then mapped to genes 
and clustered by the patients they co occur in to 
generate a disease architecture.

Reproduction of disease signatures (Figure 2) was 
performed in All of Us5 case-control cohorts. 

Endometriosis and adenomyosis are chronic 
gynecological conditions that significantly impact the 
quality of life of hundreds of millions of women. 
Adenomyosis and endometriosis produce similar 
debilitating symptoms, including dysmenorrhea and 
chronic pelvic pain. However, they differ in the 
underlying pathology as in endometriosis, endometrial 
tissue growth occurs outside the uterus, while in 
adenomyosis, it invades the uterine walls3. 

Patients often face years-long diagnostic delays, 
inadequate symptom management, and insufficient 
research funding has led to persistent unmet needs in 
awareness, diagnosis, and comprehensive care.

We aimed to identify genetic signatures in both 
diseases and evaluate the genetic and biological 
differences between them in order to further our 
understanding of the overlapping and unique disease 
mechanisms driving each condition. 

Endometriosis & Adenomyosis 

Research described in this study was conducted using data 
from the UK Biobank Resource (application 44288) and 
All of Us Research Program accessed in collaboration with 
the Complex Disorders Alliance (CODA).

Thanks to all patients who gifted their data and the whole 
PrecisionLife team for their input and support.

Results

The results demonstrate that the PrecisionLife 
combinatorial analysis platform is uniquely able 
to stratify heterogenous patient populations 
with complex disease pathologies. We can use 
these insights to identify more effective 
diagnostic strategies and accompanying 
therapies. 

Adenomyosis remains challenging to diagnose 
and treat. This research provides valuable 
insights into the genetic risk factors and 
pathophysiological mechanisms underlying the 
disease, potentially improving diagnostic and 
therapeutic approaches in adenomyosis.

Conclusion
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Combinatorial analysis of the adenomyosis case-
control dataset revealed 171 disease-associated SNP 
combinations (‘disease risk signatures’), mapping to 27 
unique genes (Figure 3). In contrast, we identified 182 
disease signatures in our combinatorial analysis of the 
UKB endometriosis cohort that were confirmed 
significant in AoU. 

Nine of these genes appeared in both adenomyosis and 
endometriosis analyses, though in different 
combinations of SNP signatures. Among them, three 
genes, including MPPED2 and PPARG, have also been 
associated with endometriosis in prior GWAS studies. 
In genes that were found in both adenomyosis and 
endometriosis studies, we find higher case prevalence 
in the UK Biobank endometriosis population as shown 
in Figure 5. 

Genes uniquely linked to adenomyosis in this study 
have not been identified in previous endometriosis 
GWAS or non-genomic studies, suggesting novel 
pathways. Many of these genes are involved in uterine 
function, particularly through estrogen signaling, and 
have connections to endometrial cancer, pregnancy, 
and fertility.

A comparative pathway enrichment analysis suggests 
that there are biological differences between the genes 
that are unique to adenomyosis vs those common 
between the two (Figure 4). Genes found only in 
adenomyosis were enriched for pathways involved in 
cell-cell adhesion, whereas genes that had also been 
found in PL’s endometriosis study were enriched for 
processes such as lipid metabolism and regulation of 
phagocytosis. 

PrecisionLife has been awarded a €2.5m non-dilutive 
grant by the European Innovation Council (EIC) for its 
TRANSCEND project, to more rapidly and accurately 
triage and treat patients with endometriosis. As 
adenomyosis and endometriosis share similar 
symptoms, and may be co-associated in some women, 
it is crucial to further understand the genetic and 
mechanistic overlap between the two disorders. 
Reproduction of both adenomyosis and endometriosis 
disease signatures in the AoU and other datasets is 
critical to provide further in silico validation for the 
significance and predictive value of these signatures in 
defining each disease. 

Figure 1. Combinatorial Analysis of Genomic Data vs GWAS 
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Figure 2. Methodology Pipeline using UKB and AoU Cohorts 

Study flow and overview reproducing disease signatures identified in the original 
combinatorial analysis of the endometriosis and adenomyosis cohorts derived from 
the UKB in the disjoint and more ancestrally diverse All of Us cohort.

Figure 3. Combinatorial Analysis of Adenomyosis Cohort in the UK Biobank
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Figure 4. Pathway Enrichment Analysis Shows Biological Differences between Disease Genes

Combinatorial analysis and mechanistic patient stratification results, shown as a disease architecture, for the UK Biobank adenomyosis dataset. 
Circles are SNPs, and lines indicate co-association in over 20% of patients in the study. (A) Disease architecture is coloured by patient subgroups, formed by clustering 
disease signatures by the patients they co-occur in. (B) Disease architecture demonstrating the genetic overlap between PL’s adenomyosis and endometriosis studies. 
Patient subgroups containing genes also found in PL’s endometriosis study are coloured black, patient subgroups containing genes unique to adenomyosis are grey.  

Comparative pathway enrichment plot for genes associated with adenomyosis only (‘adeno_unique’) or found to also be significant in prior PL endometriosis studies 
(‘adeno_endo’), using Gene Ontology (GO) biological processes. ‘Adjusted p-value’ represents the p-value adjusted for multiple testing. 

Gene Ontology (Biological Processes)

adeno_unique

adeno_endo

SUBGROUP CRITICAL
GENE LITERATURE EVIDENCE PREVALENCE IN 

ADENOMYOSIS
PREVALENCE IN 
ENDOMETRIOSIS REPRODUCTION IN All of Us

               22 PPARG

• Promoter region 
hypermethylated in 
adenomyosis, resulting 
in decreased expression 
in adenomyotic lesions6

5% N/A
Disease signature has been 

reproduced in AoU
(RR>1)

                31 DSCAM

• Decreased expression of 
DSCAM in endometriotic 
lesions in context of 
netrin-1 associated pain7

< 5% 20%
Disease signature has been 

reproduced in AoU
(RR>1)

                19 MPPED2

• GWAS association -  
endometriosis8

• Differentially expressed 
in endometriosis tissue9

6% 22%
Disease signature has been 

reproduced in AoU
(RR>1)

Table demonstrating examples of gene targets identified in 3 different patient subgroups (highlighted on the disease architecture) defined by combinations of SNPs that 
are significantly associated with adenomyosis. The table contains the (minimum) prevalence of the disease signature in PL’s adenomyosis and endometriosis studies (if 
found) . Validation of disease signatures in the All of Us (AoU) dataset is defined as signatures with a risk ratio (RR) > 1.

Figure 5.  Examples from Gene-Subgroup Analysis of Adenomyosis Targets   

(A) (B)
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