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Abstract

Polygenic risk scores (PRSs) have improved substantially in predictive performance, yet
results remain difficult to compare across studies that differ in cohorts, phenotype definitions,
and evaluation procedures. Comparison to machine-learning methods is harder still, since their
performance depends strongly on how data are partitioned and whether related individuals
leak across splits. Here, we introduce a family-aware benchmark for polygenic prediction built
on version 9 of the All of Us Research Program (AoU). The benchmark assigns entire family
components to fixed discovery, calibration, and test partitions, reserves first-degree relatives for
within-family evaluation, and separates models trained only on AoU discovery data from those
using external GWAS summary statistics. This enables direct comparison between conventional
PRS pipelines and machine-learning models trained under identical data budgets. We report
results for 14 binary disease traits. Our strongest scores explain 5.7-24.9% of liability-scale
variance, with particularly strong prediction for Alzheimer’s disease, type 2 diabetes, prostate
cancer, glaucoma, and inflammatory bowel disease, and match or exceed published commercial
and academic scores for most traits. For all 12 traits with sufficient cases, we see stable
within-family predictive signal, with direct-to-population effect ratios between 0.86 and 1.24.

1 Introduction

Polygenic risk scores (PRSs) have become increasingly predictive, driven by larger genome-wide
association studies (GWASs) [Uffelmann et al., 2021] and improved statistical methods [Privé
et al., 2020, Zheng et al., 2024, Park and Chung, 2026, Williams et al., 2026]. However, reported
performance is difficult to compare across studies. Most PRS methods are trained on one or more
large external GWASs and evaluated in an independent cohort [Ge et al., 2019, Lloyd-Jones et al.,
2019, Zheng et al., 2024, so differences in methodology are confounded with differences in discovery
power, phenotype definitions, and evaluation procedures. This paradigm is appropriate for validating
a fixed clinical score, but less suited for developing and comparing new methods.

Comparison to machine-learning methods is harder still. Their performance depends strongly on
how data are partitioned, and can be inflated when related individuals are shared across training and
evaluation sets [Jeong et al., 2025, Ellis et al., 2024]. Efforts to standardize PRS reporting [Wand
et al., 2021, Lambert et al., 2021] and benchmarks of statistical methods in the UK Biobank [Sudlow
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et al., 2015, Park and Chung, 2026, Pain et al., 2021, Chen et al., 2026] have begun to address
these issues, and recent work has proposed the All of Us Research Program (AoU) [The All of Us
Research Program Genomics Investigators, 2024] as a resource for PRS discovery and validation
[Tsuo et al., 2026, Williams et al., 2026, Das and Cui, 2026, Wu et al., 2026]. However, these works
have yet to provide a reusable framework with fixed, leakage-safe data partitions that supports
both internal-only and externally powered discovery, and that evaluates prediction among unrelated
individuals, across ancestries [Kachuri et al., 2024], and within families, where shared ancestry
and family-level confounding are substantially reduced [Selzam et al., 2019, Howe et al., 2022,
Young et al., 2022]. Within-family prediction is also the most relevant evaluation for reproductive
applications such as embryo selection, where scores are used to compare siblings.

In this work, we make two key contributions: (1) we construct a family-aware benchmark in
AoU v9 that assigns entire family components to fixed discovery, calibration, and test partitions
and reserves first-degree relatives for within-family evaluation, and (2) we define two modeling
tracks, AoU-discovery-only and external-permitted, so that conventional PRS pipelines and machine-
learning models can be compared under identical data budgets. We then populate the benchmark
with baselines for 14 binary disease traits and report population, within-family, and cross-ancestry
performance. Published scores from Herasight [Moore et al., 2025], Nucleus [Cordogan et al., 2025],
and academic groups [Thompson et al., 2024, Mars et al., 2022] are included as context rather than
as formal comparisons.

We structure the paper as follows. Section 2 describes the benchmark design and modeling
tracks. Section 3 details data processing, partitioning, phenotype definitions, and evaluation metrics.
Section 4 presents results for population prediction, within-family attenuation, and cross-ancestry
transport, and Section 5 discusses implications and limitations. We summarize our main findings
below.

Key findings

e Built to avoid inflated results. No evaluated participant had a second-degree or closer
relative in the training data, and the test set was reserved for one-time evaluation after
models were finalized.

e A same-data reference for new methods. Scores trained only on AoU discovery
data establish how much prediction is attainable from AoU alone, giving machine-learning
methods a fair baseline under an identical data budget.

e Strong prediction. Across 14 diseases, our scores explain 5.7-24.9% of variation in
underlying disease risk (liability-scale R%), strongest for Alzheimer’s disease, type 2 diabetes,
prostate cancer, glaucoma, and inflammatory bowel disease, and match or exceed published
scores for most traits.

e Holds within families. For 11 of 12 diseases with sufficient cases, prediction within
families was nearly identical to prediction in the general population (effect ratios 0.86-1.24),
the comparison that matters when choosing between embryos.

e Tested across ancestries. Scores were evaluated in held-out participants drawn from
a diverse US cohort of over 535,000, with strong performance in Admixed American and
reduced but meaningful performance in African ancestry individuals.




2 Benchmark design

2.1 Design goals

The benchmark was designed around four goals. First, it should allow iterative discovery using
individual-level AoU data without using the final evaluation sample for model selection. Second, it
should prevent obvious relatedness leakage by assigning connected family components, rather than
nominally unrelated individuals, to data partitions. Third, it should support models trained from
different information sources under explicitly labeled tracks. Fourth, it should preserve evaluation
layers that answer different scientific questions rather than reducing all model performance to a
single headline metric.

This led to a benchmark architecture with distinct roles for discovery, calibration, evaluation, and
family-based confirmation. The discovery partition is the only AoU sample from which phenotype-
associated training signal may be learned. The calibration partition is used for operations such
as hyperparameter selection, component-score weighting, or post-hoc scaling that are explicitly
permitted by the model specification. A separate evaluation sample is preserved for one-time
validation after a model and analysis plan are frozen. Family-based confirmation is treated as an
additional validation axis rather than folded into the ordinary population test set.

This separation was intentionally conducive to discovery-only training: new methods can use the
AoU discovery genomes and phenotypes aggressively, for GWAS, feature selection, representation
learning, interaction discovery, rare-variant aggregation, or direct prediction, while the provenance
of every reported result remains clear. Repeated method development can therefore occur without
silently converting the full biobank into training data.

2.2 Family-aware partitioning

AoU participants were organized using a genome-wide relatedness graph before the primary modeling
partitions were created. Family components were constructed across ancestries to enable cross-
ancestry familial structures for admixed populations and minimize cross-ancestry genetic leakage.
First-degree relatives and their entire family components were first isolated as the downstream
within-family holdout. Remaining individuals were allocated component-wise across the remaining
three roles. We elaborate more on this in Section 3.2

2.3 Separate model-development tracks

We distinguish separate benchmark tracks according to where phenotype-associated training in-
formation originates in Table 1. This distinction is important because an externally trained PGS
and a model learned from AoU individual-level data solve different statistical problems even when
validated in the same evaluation sample.

The external-permitted track anchors the benchmark to the strongest summary statistic-based
predictors currently available using AoU-clean GWAS sources. We consider any GWAS that
does not directly incorporate data from explicit contribution partners to AoU at an institutional-
or biobank-level as clean. Hence, large-scale American biobanks including the Million Veterans
Program (MVP) [Verma et al., 2024] are considered clean, even though we cannot extensively audit
individual-level overlap. This characterization is generally accepted by previous studies that have
developed PRS methods in MVP and validated in AoU [Haydarlou et al., 2026, Smith et al., 2026].
The AoU-discovery-only track was designed as a fair comparison for downstream machine learning
and method development: it defines a clean task in which the target phenotype is learned only from



Table 1: Primary model-development tracks in the Reticular AoU benchmark. The
two model-development tracks emphasize different scales of discovery information for phenotype-
associated signal. Reference resources that do not contain target-phenotype labels, such as annotation

databases or LD resources, are governed separately by each model specification.

Track

Phenotype-associated train-
ing signal

Primary purpose

External-permitted

AoU-discovery-only

Any clean GWAS or externally-
trained model weights

Discovery for learning; calibration
for pre-specified tuning

Assess wvalidation of strongest
PRSs and scaling of summary
statistic-powered methods

Benchmark AoU-only training sig-
nal for method development

the discovery partition, making it possible to compare conventional GWAS-plus-PRS pipelines with
methods that operate directly on individual-level genomes.

2.4 Evaluation layers

The benchmark reports several evaluation layers rather than a single leaderboard. Population
prediction evaluation measures out-of-sample disease association and the variance explained on a
liability-scale. Cross-ancestry evaluation measures determine whether a model trained in one ancestry
or jointly across ancestries transports well to other ancestries. Within-family evaluation measures
whether the same score remains predictive even when the contrast is driven by genetic segregation
within a family. These layers are deliberately separated, as a model may improve populution
prediction metrics while worsening cross-ancestry transfer or maintain ancestry performance while
losing signal within families. Reporting outcomes separately creates a more informative target for
future method development and validation than maximizing a single aggregated metric. For this
reason, the benchmark should be viewed as an experimental infrastructure rather than a static
leaderboard. New models can be added over time while the phenotype definitions, split assignments,
evaluation code, and baseline results remain versioned. For reproducibility of our existing results,
we provide phenotype definitions in Table B1 and detail our evaluation settings in Section 3.7. We
cannot export exact split assignments with participant IDs from AoU, but similar split generation
protocols should yield comparable results.

3 Methods

3.1 All of Us Data

All of our analyses used the AoU Research Program Controlled Tier dataset version 9 [The All of
Us Research Program Genomics Investigators, 2024] for whole-genome sequencing and longitudinal
EHR-derived phenotypes for over 535,000 participants in a diverse American cohort, including large
contributions from European (EUR), African (AFR), and Admixed American (AMR) ancestry
cohorts. Existing data also include individuals of East Asian (EAS), South Asian (SAS), and Middle
Eastern (MID) descent. Data were accessed through the Researcher Workbench under Controlled
Tier (C2025Q4R6). Ancestry was determined from the AoU-provided Echo v4 r2 ancestry-prediction
table. We took the Baseline-LD annotation set [Gazal et al., 2017, Marquez-Luna et al., 2021] and
ran variant-level quality control, keeping only variants with non-zero variance and call rate > 0.98



Table 2: Sample allocation by ancestry across discovery, calibration, locked test, and within-family
holdout sets. Note that the within-family holdout does not follow the 70/5/25 split rule, as all
first-degree relative graphs are directly assigned to the holdout.

Ancestry Discovery Calibration Locked test Within-family holdout Total
AFR 60,717 4,292 21,516 14,275 100,800
AMR 62,436 4,484 22,416 18,592 107,928
EAS 10,259 742 3,755 1,137 15,893
EUR 195,034 13,931 69,655 24,094 302,714
MID 1,370 102 484 195 2,151
SAS 4,039 296 1,408 433 6,176
Total 333,855 23,847 119,234 58,726 535,662

with an adaptive minor allele count (MAC) per ancestry, with a floor of 20 and a ceiling of 100,
otherwise using a cutoff at 1% of the called cohort. This maintained a MAC 100 threshold for EUR,
while for smaller ancestries, the cutoff was adaptive to include more variants, down to a floor of
20. No Hardy-Weinberg filter was applied, leaving us with a total of 7,724,164 biallelic variants.
Principal components were fit exclusively inside the discovery train set, sampling up to 10,000
individuals per ancestry for diversity and balance, before projecting onto remaining individuals.
Linkage disequilibrium (LD) was estimated within the EUR ancestry discovery cohort on a set of
unrelated individuals.

3.2 Relatedness graph and partition algorithm

We constructed a genome-wide relatedness graph in which participants are vertices and edges
connect individuals whose estimated kinship exceeds the benchmark threshold. We utilize the KING
robust estimator [Manichaikul et al., 2010] to compute kinship coefficients, building kinship edges
at the second-degree relative threshold with kinship coefficient > 0.0884. Connected components,
rather than individual participants, formed the atomic unit for primary split assignment. The
first-degree within-family holdout set was constructed first, with entire components held out before
the remaining graph was partitioned. Individuals were then assigned component-wise, allocating to
the discovery, calibration, and test partitions at a 70/5/25 ratio. The number of individuals by split
and ancestry is shown below in Table 2.

The resulting benchmark contains four logical roles: discovery, calibration, test, and family
confirmation. The discovery partition may be used repeatedly for phenotype-associated feature
learning. Calibration may be used only for pre-specified tuning operations or model selection, before
evaluation is run on the test set. Family confirmation is used for within-family estimands and is not
treated as an ordinary unrelated test sample.

Where ancestry-specific analyses were performed, the split assignment was inherited directly
from the same global family-aware partition rather than reconstructed independently within each
ancestry. As family components were constructed across ancestry, each split for each ancestry was
clean with respect to the discovery-train of any other ancestry, and ancestry-specific splits were
strict subsets of global splits.



3.3 Phenotype definitions

Binary phenotypes were defined from AoU EHR data using trait-specific OMOP concept sets
and eligibility rules. Where clinically appropriate, case definitions required repeated diagnosis
dates separated in time to reduce single-code misclassification. Control definitions incorporated
trait-specific age and observation requirements and excluded related or precursor diagnoses when
necessary. Sex-specific cancers are restricted to the relevant eligible population. Specific phenotype
definitions for the 14 included binary traits are detailed in Table B1, with additional specific concept
IDs further detailed in Appendix D.

3.4 Benchmark track definitions

A model is labeled external-permitted when any phenotype-associated training signal is obtained
from sources outside AoU. AoU internal discovery and phenotype-associated training signal and
AoU calibration are permitted under this framework as well. A model is labeled AoU-discovery-only
when all target-phenotype-associated training signal is estimated from individuals in the discovery
partition. The use of external LD references, functional annotations, genome annotations, or
unsupervised reference data does not by itself change the training-track label, provided these
resources do not contain target-phenotype labels from AoU evaluation participants. Internally built
LD resources and PCA projections should be fit only on the discovery set and should not include
any individuals in the calibration, test, or within-family holdout, regardless of benchmark track.

3.5 External PRS Benchmarks

For each trait, we identified clean, large external GWAS summary-statistic datasets with phenotype
definitions sufficiently close to the AoU target phenotype. To account for misspecification in external
GWAS sources [Privé et al., 2022], external summary statistics were harmonized to the benchmark
variant panel by rsID with strand and allele-frequency—assisted palindrome resolution, retaining
only biallelic SNPs with valid effect estimates. Palindromic variants were resolved by frequency
when both source and panel MAF < 0.4 and otherwise excluded. When several independent sources
were used, they were aggregated via meta-analysis. Specific provenance for external consortia and
meta-analyses are documented in Table B5. Where available, publicly available GWAS from UK
Biobank [Sudlow et al., 2015], FinnGen[Kurki et al., 2023], and MVP[Verma et al., 2024] contributed
to final meta-analysis. Case and control counts for the final meta-analyses are provided in Table B3.
We utilized SBayesRC, an LD-aware Bayesian shrinkage methodology that leverages functional
annotations to convert GWAS summary statistics into a posterior effect estimator [Zheng et al.,
2024]. This was fitted across the ~ 7.7M SNP panel. We followed the settings in the original paper,
matching the 591-block LD eigen-decomposition (which we refit on our discovery cohort), SNP-level
QC, annotations, and MCMC settings.

3.6 AoU-discovery-only baseline construction

Internal-only baselines were trained using target phenotypes from the discovery partition. In this
initial benchmark, we utilized SAIGE [Zhou et al., 2018] to fit discovery GWAS for each trait.
SAIGE was selected due to strong binary-trait calibration for imbalanced phenotypes. Discovery
case and control counts are provided in Table B2. Discovery GWAS marginal effect estimates
were then harmonized to the variant panel and fed into SBayesRC to yield a posterior effect
estimator. These internal-only benchmarks are such that downstream methods are compared with a
strong statistical baseline under the same data budget. Due to discovery cohort size, we focused



primarily on EUR-ancestry GWAS and provide evaluation across ancestry cohorts. Likewise, to
avoid ancestry-specific conversion between observed-scale and liability-scale variance, we report
score-only AUC for each PRS across ancestries. When a model required hyperparameter selection,
these were selected in calibration or family-aware cross-validation confined to discovery. The final
fitted models are then evaluated without refitting on the evaluation sample.

3.7 Evaluation Metrics

We evaluated PRSs in two tracks for both predictive and explanatory power. In the predictive
setting, we computed predictive metrics on the test set and report score-only AUC. Our calibration
set design permits a separate covariate-adjusted predictive performance, where the covariates and
PRS are fit in calibration, frozen, and then evaluated on the test set. In the explanatory setting, we
followed the methodology in Moore et al. [2025], isolating the incremental contribution of a score by
residualizing the PRS against nuisance covariates

S+ =5, —E[S: | Cil, (1)

and estimated the observed-scale variance explained from the pre-specified outcome model. We
residualized against age and the first 10 genetic principal components as covariates. The primary
binary-trait metrics are liability-scale R? and AUC. The conversion to liability-scale variance
explained is detailed in Appendix A.1. Uncertainty was estimated through 2000 individual bootstrap
replicates.

3.8 Within-family evaluation

We evaluated whether the PRS association attenuates within families on the first-degree within-
family holdout. The direct genetic effect was estimated with a within/between sibship decomposition
that requires no parental genotype information. For each proband i in family f(i) the score was
decomposed into

S;oetween — Sf(z)v Szwithin — Sz . gf(z)’

and, per trait, we fit
Y ~ Swithin + Sbetween + C,

with covariates C' = age and sex. The coefficient on S™*h" ig identified solely by within-sibship
score differences arising from Mendelian segregation; shared ancestry, shared environment, and all
parental-score components are absorbed by SP¢t"een The population effect Bpop Was estimated from
Y ~ Sproband + C' on the same modeled rows, and within-family retention was summarized as

Rdirect = 6within/5pop-

This design was chosen because parental genotypes are available for only a minority of holdout
families: across modeled probands, approximately 3% have both parents genotyped, 31% have
exactly one, and 65% have neither, with parental scores for the latter strata reconstructed by
SNIPAR [Young et al., 2022]. Where neither parent is genotyped the imputed maternal and paternal
scores are identical in expectation, so parental-score-adjustment designs are non-identifying in that
stratum by construction; the sibship contrast remains fully identified there. Parental-adjustment
estimates restricted to families with at least one genotyped parent, together with per-stratum
composition and estimates, are reported in Appendix A.2.

Uncertainty was estimated by nonparametric bootstrap resampling of whole families (2,000
replicates): in each replicate both models were refit on the same resampled families and the ratio



recomputed, preserving within-family dependence and the covariance between the two coefficients.
Confidence intervals are empirical percentile intervals from the bootstrap distribution. Estimates
were flagged non-interpretable when the 3y, interval included zero or the modeled case count was
< 20.

3.9 Cross-ancestry evaluation

Ancestry-stratified analyses inherited the global family-aware split assignment. Scores were evaluated
separately within ancestry groups using locally estimated nuisance coefficients under the frozen PC
basis and evaluation specification. While not provided in this report, the benchmark formulation is
easily compatible with multi-ancestry methods. For results across ancestries, metrics should report
which benchmark track is followed, which ancestry groups contribute training signal, and distinguish
cross-ancestry portability from joint multi-ancestry training.

3.10 Published comparator context

Published PGS results from Thompson et al. [Thompson et al., 2024], Mars et al. [Mars et al., 2022,
Herasight [Moore et al., 2025], and Nucleus [Cordogan et al., 2025] are used as contextual references.
When necessary, reported estimates are transformed into the benchmark metric under frozen trait-
specific prevalence assumptions. These cross-study values are not used to select benchmark models
and are not interpreted as formal pairwise tests because the underlying cohorts, phenotypes, training
sources, and analysis procedures differ.

4 Results

4.1 Liability-scale variance explained across sources

We first characterized our meta-analyses for the 14 binary traits in terms of liability-scale variance
explained relative to two other commercial groups in Herasight [Moore et al., 2025] and Nucleus
[Cordogan et al., 2025], as well as two academic works [Thompson et al., 2024, Mars et al., 2022].
Note that due to different discovery cohorts, evaluation settings, data split methodologies, and
phenotype definitions, these comparisons are not strictly head-to-head, but rather demonstrate that
meta-analysis of publicly available GWAS yields strong polygenic risk prediction within AoU v9.
These results are plotted in Figure 1.

These meta-analysis results include external GWAS and internal GWAS sources. We also wanted
to characterize the discovery power inherent within AoU through our family-aware data splitting
mechanism. We were unable to run a meaningful internal-only GWAS on testicular cancer due to
the low case count, so we demonstrate this across the remaining 13 binary traits. These results are
displayed in Figure 2. Numerical results are provided in Table C1 and Table C2. External-permitted
PRSs explain more variance in liability-scale than internal-only, which is unsurprising given the
difference in discovery power. These results demonstrate the importance of separating raw metric
strength from discovery power for fair comparisons in method development.

4.2 Within-family analysis for external-permitted and internal-only scores

We then hoped to characterize the attenuation of polygenic risk prediction within-family. Plots of
the attenuation ratio, the ratio between the direct and population effect, are shown in Figure 3.
For statistical power, we focus on our between-sibling attenuation. We found that the predictive
power of PRSs was not significantly different within-family from the population at large for 13
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Figure 1: Liability-scale variance explained across 14 binary traits for external-permitted track.
Reticular refers to our meta-analysis of external and AoU internal GWAS. We exceed or match the
liability variance explained for most traits, though exact phenotype definitions, evaluation cohorts,
and populations differ by source. Numerical values provided in Table C1.
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Figure 2: Comparison of liability-scale variance explained across 13 binary traits (testicular cancer
dropped) between external-permitted and internal-only benchmark tracks. Use of high-power
external GWAS sources strongly strengthens performance of polygenic risk predictors.
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Figure 3: Within-family attenuation ratio across 14 binary traits. Alzheimer’s disease and testicular
cancer estimates are unstable due to low case counts. 11 binary traits do not meaningfully attenuate
within family, while type 2 diabetes shows slight attenuation in within-family evaluation. Numerical
values are provided in Table C3.

of our PRSs. For type 2 diabetes, we observe slightly worse within-family than between-family
performance. Estimates for Alzheimer’s disease and testicular cancer are unstable due to a limited
case count in the within-family holdout.

4.3 Cross-ancestry transport for external and internal methods

We wanted to characterize the predictive power of PRSs across ancestries. To avoid computing
ancestry-specific liability-scale variance explanation metrics, which require ancestry-specific lifetime
risk estimates for each trait, we instead evaluated cross-ancestry transport on predictive tasks.
Because of the low case count and different covariate structures and distributions across populations,
we instead report only score-only PRS AUC for a clean comparison across ancestries. These
results are displayed below in Table 3 for external-permitted track PRSs. For certain trait ancestry
combinations, there are too few cases in the test set and metrics are not included. Overall, we see
strong performance, with better transport into AMR than AFR for 13 of our EUR-trained PRSs,
with the exception of breast cancer. EAS, MID, and SAS populations are smaller and estimates are
thus noisier, with certain instances approaching noise-only, such as with EAS for melanoma and
SAS for prostate cancer. Full case and population sizes for traits across ancestries are provided in
Table B4. Results for internal discovery-only transport are provided in Table C4.

5 Discussion

This work reframes PRS validation in AoU as a benchmark-design problem. Existing company
whitepapers have importantly demonstrated that modern PRSs can reach substantial disease-
prediction performance and can retain signal within families [Moore et al., 2025, Cordogan et al.,
2025]. Our objective is somewhat complementary. While we are interested in disease-predictive
performance of modern PRSs, we also recognize the need for a standardized evaluation setting in
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Table 3: Cross-ancestry score-only AUC for external-permitted PRSs. 95% confidence intervals
are computed on 2000-replicate stratified bootstraps. Only estimates with more than one case are
provided.

Trait EUR AFR AMR EAS MID SAS
Testicular cancer 0.775 [0.714, 0.833]  0.591 [0.214, 0.967]  0.665 [0.553, 0.773]  0.701 [0.460, 0.893]

Inflammatory bowel disease  0.761 [0.744, 0.778] ~ 0.649 [0.589, 0.706] 0.704 [0.650, 0.755] ~ 0.837 [0.712, 0.945] 0.595 [0.321, 0.847] 0.771 [0.616, 0.905]
Multiple sclerosis 0.748 [0.729, 0.768]  0.586 [0.533, 0.643]  0.692 [0.628, 0.755]  0.736 [0.475, 0.934]  0.592 [0.294, 0.885] 0.652 [0.424, 0.877]
Glaucoma 0.733 [0.714, 0.752]  0.669 [0.635, 0.704]  0.705 [0.657, 0.749] ~ 0.622 [0.519, 0.725]  0.712 [0.447, 0.924]  0.584 [0.391, 0.755]
Gout 0.703 [0.690, 0.715]  0.609 [0.583, 0.634]  0.669 [0.630, 0.708]  0.726 [0.675, 0.773]  0.581 [0.363, 0.943]  0.771 [0.554, 0.924]
Type 2 diabetes 0.699 [0.692, 0.707]  0.582 [0.568, 0.594]  0.649 [0.635, 0.662] 0.638 [0.597, 0.678] 0.611 [0.513, 0.700] ~0.613 [0.557, 0.671]
Psoriasis 0.694 [0.674, 0.711]  0.540 [0.459, 0.624]  0.647 [0.592, 0.699]  0.653 [0.514, 0.791] ~ 0.719 [0.260, 0.965] 0.604 [0.436, 0.770]
Alzheimer’s disease 0.690 [0.642, 0.734]  0.575 [0.414, 0.715]  0.754 [0.674, 0.823] — 0.840 [0.680, 0.983] —
Melanoma 0.670 [0.648, 0.695]  0.593 [0.348, 0.829]  0.650 [0.493, 0.805] — — —

Basal cell carcinoma 0.663 [0.652, 0.675]  0.615 [0.342, 0.895]  0.717 [0.644, 0.783]  0.828 [0.671, 0.956] 0.820 [0.760, 0.880] ~0.916 [0.885, 0.948]
Breast cancer 0.662 [0.650, 0.675]  0.623 [0.593, 0.653]  0.617 [0.586, 0.649] 0.641 [0.564, 0.711]  0.691 [0.565, 0.811]  0.652 [0.497, 0.790]
Prostate cancer 0.653 [0.643, 0.661]  0.579 [0.556, 0.603]  0.616 [0.588, 0.641] 0.609 [0.548, 0.670] 0.603 [0.461, 0.729] 0.512 [0.396, 0.635]
Hypertension 0.647 [0.642, 0.653]  0.570 [0.559, 0.581]  0.632 [0.619, 0.645] 0.660 [0.629, 0.690] 0.653 [0.568, 0.730] 0.645 [0.582, 0.702]
Osteoporosis 0.613 [0.603, 0.622]  0.580 [0.548, 0.615]  0.593 [0.563, 0.625] 0.557 [0.495, 0.620] ~ 0.672 [0.531, 0.805] ~0.678 [0.570, 0.776]

which existing PRSs can iteratively be seen as baselines for the next generation of genomic methods.

Our central methodological choice is a family-aware data partition. A random holdout is sufficient
only when the final model is trained once and close relatives are absent. It is less satisfactory for an
iterative research program in which new models are repeatedly proposed, individual-level AoU data
are used for feature discovery, and family structure may create hidden dependence between samples.
By freezing family-aware discovery, calibration, evaluation, and within-family partitions, we make the
information boundary explicit. The same split can support conventional GWAS-plus-PGS pipelines
and more flexible machine-learning models without redefining what constitutes an independent test.

The distinction between external-only and AoU-discovery-only performance is also important.
Large external GWASs provide far more association power than a single internal discovery split
for many diseases, so an external PGS is an intentionally difficult baseline. Internal-only results
provide an important measurement for the efficiency with which a model converts a fixed set of
individual-level genomes and phenotypes into held-out prediction. This is the relevant quantity for
assessing new methods that claim to learn more from the same biobank data. The most powerful
methods can then be scaled to larger sizes and provide more powerful PRS prediction.

The nested nature of our data partitioning methodology across ancestries is also important
for evaluation and development of multiancestry methods. Prior work has demonstrated limited
cross-ancestry performance of PRSs Kachuri et al. [2024] leading to the development of several multi-
ancestry methods, including PRS-CSx [Ruan et al., 2022], SDPRX [Zhou et al., 2023], MUSSEL [Jin
et al., 2024], JointPRS [Xu et al., 2025], and MIXPRS [Xu et al., 2026]. While we do not benchmark
these methods here, we provide a strong infrastructure for the clean benchmarking of these methods
internally. Because family graphs are constructed across ancestries, the evaluation cohorts for each
ancestry are leakage-safe with respect to the discovery cohorts of all other ancestries. We leave the
benchmarking of these and other multiancestry methods to future work.

The present benchmark has several limitations. First, EHR phenotypes contain diagnostic
heterogeneity and trait-dependent observation bias. Second, the discovery sample is necessarily
smaller than the full AoU cohort, which limits power for rare diseases and makes internal-only
comparisons sensitive to case count. Third, ancestry groups differ in sample size and disease
prevalence, so not every internal-only task will be equally powered across populations. Fourth,
within-family estimates remain less precise than population estimates for rare traits due to low
sample count and case count. Finally, benchmark results depend on the frozen phenotype definitions,
prevalence assumptions, and evaluation metrics; these must be versioned rather than changed
opportunistically as models evolve.
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These constraints are features of the scientific problem rather than reasons to avoid benchmarking.
By making the constraints explicit, the resource can distinguish gains due to statistical methodology
from gains due to additional training data, altered phenotyping, or inadvertent leakage. The intended
endpoint is a benchmark in which a new genomic method can be evaluated along a sequence of
increasingly stringent questions: does it learn efficiently from discovery-only data, does it improve
over externally trained PGSs, does it transport across ancestry, does it retain signal within families,
and does the gain persist in a locked reserve that was never used during development?

6 Data availability

Individual-level AoU data are available to authorized researchers through the All of Us Researcher
Workbench subject to program access requirements. All external GWAS summary statistics used in
the baseline models are publicly available and downloadable from the original studies and consortia.
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Appendix
A Extended background and methods

A.1 Conversion between observed-scale and liability-scale variance

For a binary trait with population or lifetime prevalence K, sample case fraction P, observed-scale
incremental variance explained R2, threshold

t=0"1(1-K), (2)

and standard-normal density z = ¢(t), we used the Lee et al. liability-threshold transformation [Lee
et al., 2012]. Defining

K?*(1-K)?
= 2( _)7 (3)
2?P(1— P)
) z
/L_?a (4)
P-K / (P-K
0 zl—K(Zl—K_t>’ (5)
we compute
CR?
2 _ (@)
RL_1+CGR2O' (©)

Trait-specific prevalence assumptions were frozen as part of the benchmark version. We matched
the same prevalence as in Moore et al. [2025] for all traits.

A.2 Within-family evaluation settings

Scores for probands and parents were computed by SNIPAR [Young et al., 2022] with identical
weight vectors and frozen normalization across family members. Parental genotyping in the holdout
is sparse: across modeled probands, ~ 3% had both parents genotyped, ~ 31% exactly one, and
~ 65% neither, with the last stratum’s maternal and paternal scores collinear by construction
(Table C3). Modeled rows required complete phenotype, proband score, age, and sex, and at least
two modeled members per family. Traits used a probit GLM with family-cluster-robust standard
errors (cluster unit: family ID). Estimates were flagged non-interpretable when the S, interval
included zero or modeled cases were < 20. Parental-adjustment (Young) estimates restricted to the
> l-genotyped-parent stratum and per-stratum sibship-contrast estimates are reported in Table C3.
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B Supplementary tables

B.1 Phenotype definitions

Table B1: Phenotype definitions and control criteria across traits. Concept IDs are OMOP concepts
(SNOMED vocabulary unless noted) as resolved under the All of Us C2025Q4R6 curated dataset.
"Root + descendants” includes all active standard descendants of the listed concept in the extraction
CDR. Case concepts and control exclusions are designed to avoid phenotype misclassification.

Trait

Case concept(s)

Control exclusions

Alzheimer’s disease

Basal cell carcinoma

Breast cancer

Glaucoma

Gout

Hypertension

Inflammatory bowel
disease

Melanoma

Multiple sclerosis

Osteoporosis

Prostate cancer

Psoriasis

Type 2 diabetes

Testicular cancer

378419 (Alzheimer’s disease), including de-
scendants

109 SNOMED concepts under root
4112752 (Basal cell carcinoma of skin) (Ta-
ble D1) plus 6 BCC-specific procedures
(Table D2)

256 primary-malignancy concepts under
4157332 (Malignant neoplasm of female
breast) (Table D3)

435262 (Primary open angle glaucoma)
and 441561 (Low tension glaucoma), in-
cluding descendants

440674 (Gout), including descendants

16-concept essential-hypertension set (Ta-
ble D5)

62-concept union of Crohn’s disease, ulcer-
ative colitis, and indeterminate IBD (Ta-
ble D7)

222 invasive cutaneous melanoma concepts

(Table D9)
15 explicit concepts (Table D10)

80502 (Osteoporosis), including descen-
dants

93 direct or advanced prostate-malignancy
concepts (Table D11)

140168 (Psoriasis), including descendants

201826 (Type 2 diabetes mellitus), includ-
ing descendants

65 TGCT or broad-malignancy diagnosis
concepts (Table D13)

Any dementia, MCI, or major-neurocognitive-
disorder condition based on name pattern; con-
trols age > 65 with > 5 years observation

None

Secondary or metastatic breast evidence (11
concepts; Table D4); controls with > 5 years
observation; female sex

Roots 437541, 3663197, and 381290 (sec-
ondary, neovascular, or borderline glaucoma);
controls age > 40 with eye-exam (4263508,
4302595)

None

115 blocking concepts (Table D6); controls age
> 50

11 nonspecific-colitis exclusion concepts (Ta-
ble D8)

Any reviewed melanoma evidence; controls with
> 5 years observation and age > ql0 case-age
floor

Roots 37116351 (Factor VIII deficiency syn-
drome) and 44811462 (Uhthoff Phenomenon)

None

102 indeterminate concepts block controls (Ta-
ble D12); controls with > 5 years observation;
male sex

None

None

Controls with > 5 years observation; male sex;
age > 18
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B.2 Case count for discovery phenotypes

Table B2: Phenotype sample sizes and effective sample sizes for discovery cohort internal GWAS.

Trait Cases Controls Nog
Alzheimer’s disease! 1,709 85,284 6,702
Basal cell carcinoma 6,000 137,203 22,994
Breast cancer 8,271 41,323 27,566
Glaucoma? 6,976 183,592 26,883
Gout 10,142 244,163 38,950
Hypertension 92,410 124,235 211,970
Inflammatory bowel disease 2,559 247,509 10,131
Melanoma 2,464 172,127 9,717
Multiple sclerosis 2,853 228,791 11,271
Osteoporosis 10,497 238,174 40,216
Prostate cancer 16,243 78,457 53,828
Psoriasis 2,496 250,161 9,885
Type 2 diabetes 26,585 230,364 95,338
Testicular cancer? 201 91,202 802

B.3 Case count for external-permitted scores

Table B3: Summary of GWAS sample sizes used for polygenic score construction for external-
permitted track.

Trait Total cases Total controls Combined N.g
Alzheimer’s disease 93,422 670,144 ~324,800
Type 2 diabetes 346,267 2,108,070 ~1,184,000
Prostate cancer 135,161 651,656 ~447,300
Glaucoma ~33,174 ~900,890 ~237,400
Inflammatory bowel disease 51,348 1,442,239 ~161,600
Gout 64,328 1,527,850 ~913,400
Testicular cancer ~11,541 ~408,056 ~31,900
Hypertension 220,206 1,429,162 ~1,586,100
Psoriasis 67,974 1,519,119 ~257,200
Melanoma 56,752 1,281,103 ~207,500
Osteoporosis 16,280 1,066,572 ~510,700
Breast cancer 172,128 996,467 ~388,400
Multiple sclerosis 9,269 1,486,134 ~36,800
Basal cell carcinoma 67,389 1,097,039 ~253,500

'Related-dementia cases were included in discovery for greater GWAS power.
2Self-report cases (survey-answer endpoint 43528731) were included in discovery for greater GWAS power.
3No downstream analysis was run on the testicular cancer internal GWAS due to low power.
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B.4 Cross-ancestry transport case counts

Table B4: Locked-test sample sizes and case counts for the cross-ancestry score-only AUC analysis
for internal-discovery-only PRS. Testicular cancer results are not provided as no internal testicular
cancer GWAS was run with sufficient power. Entries are reported as total n / number of cases.

Trait EUR AFR AMR EAS MID SAS
Multiple sclerosis 50,766 / 509 14,791 / 117 13,726 / 81 2,291 / <20 344 /<20 770 /<20
Alzheimer’s disease 23,404 / 144 4,072 / <20 2,635 /26 470 /<20 90/<20 130/ <20
Basal cell carcinoma 34,552 / 2,057 9,193 / <20 6,237 / 50 990 / <20 151 /<20 287 /<20
Inflammatory bowel discase 54,630 / 746 15,806 / 84 15225 /86 2,638 / <20 373 /<20 901 / <20
Type 2 diabetes 56,423 / 4,999 15952 / 2,045 15,602 / 1,855 2,768 / 193 387 /39 956 / 87
Gout 55,799 / 2,404 15,697 / 473 15,267 / 193 2,637 /87 372/ <20 898 /<20
Melanoma 40,485 / 882 11,374 / <20 8,635 /13 1,381 /<20 207 /<20 421 /<20
Psoriasis 55,338 / 731 15,889 / 55 15,326 / 112 2,639 /23 376 /<20 900/ <20
Glaucoma 5,575 / 850 940 / 377 900 / 155 154 /38 28 /<20 60/<20
Prostate cancer 21,365 / 4,552 6,001 / 615 4,882 / 485 817 /84 169 /21 383 /25
Hypertension 47,643 / 20,649 10,413 / 6,805 7,559 / 4,546 1,142 /559 180 /94 328 / 175
Osteoporosis 54,361 / 3,073 15,767 / 268 15,161 / 325 2,606 /71 373 /<20 889 /<20
Breast cancer 29,754 / 1,857 8,553 / 324 8,891 / 290 1,479 /56 176 / <20 386/ <20

B.5 Provenance for external consortia GWAS

Table B5: External non-biobank GWAS analyses used for polygenic score construction. Where
available, GWAS summmary statistics from UK Biobank, FinnGen, and MVP are used as well.
These are not documented in this provenance table for brevity.

Trait External GWAS Source
Alzheimer’s disease EADB et al. [2026]
Type 2 diabetes Suzuki et al. [2024]
Prostate cancer Wang et al. [2023]
Glaucoma Gharahkhani et al. [2021], Han et al. [2021]
Inflammatory bowel disease De Lange et al. [2017]
Testicular cancer Wang et al. [2017]
Psoriasis Dand et al. [2025]
Breast cancer Zhang et al. [2020]
Basal cell carcinoma Seviiri et al. [2022]
Hypertension Keaton et al. [2024]
Gout Cho et al. [2024]
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C Supplementary results

C.1 Liability-scale variance explained for external-permitted PRSs

Table C1: Liability-scale variance explained for our meta-analyses across 14 binary trait endpoints.

Trait Liability R2 [95% CI]
Alzheimer’s disease 24.91 [13.66, 38.41]
Type 2 diabetes 18.05 [16.82, 19.23]
Prostate cancer 17.32 [15.52, 19.15]
Glaucoma 16.28 [13.75, 18.93]
Inflammatory bowel disease 14.63 [12.45, 16.83]
Basal cell carcinoma 13.76 [12.07, 15.52]
Gout 13.14 [11.49, 14.84]
Testicular cancer 12.86 [7.69, 19.49]
Breast cancer 12.14 [10.29, 14.00]
Hypertension 11.83 [11.04, 12.60]
Multiple sclerosis 11.02 [9.13, 13.07]
Psoriasis 9.28 [7.33, 11.35]
Melanoma 7.69 [5.76, 10.05]
Osteoporosis 5.73 [4.83, 6.73]

C.2 Liability-scale variance explained for internal-only PRSs

Table C2: Performance of SAIGE-only polygenic scores across traits. For each trait, the total
number of individuals in the test sample, the population prevalence matching [Moore et al., 2025],
and the corresponding R% and predictive score-only AUC are reported, without covariate adjustment.
Internal-only results for testicular cancer are not reported; the low case count in AoU prevents a
meaningful discovery GWAS. Predictive AUC was only computed on the covariate-complete subset
of the test set.

Trait Ntest K Internal-only R?2% [95% CI] Predictive AUC
Alzheimer’s disease 23,149 0.111 14.51 [7.01, 24.19] 0.650
Glaucoma 5,022 0.0702 2.68 [1.72, 3.89] 0.599
Gout 54,611 0.0705 5.88 [4.69, 7.14] 0.632
Type 2 diabetes 55,971 0.199 7.13 [6.30, 7.98] 0.624
Prostate cancer 21,365  0.1257 2.79 [2.26, 3.38] 0.587
Basal cell carcinoma 34,216 0.195 7.52 [6.17, 8.96] 0.636
Inflammatory bowel disease 54,196  0.0177 3.62 [2.60, 4.79] 0.634
Hypertension 36,279  0.4685 5.75 [5.18, 6.37] 0.602
Breast cancer 29,754 0.1387 1.15 [0.67, 1.73] 0.567
Psoriasis 54,886 0.029 2.78 [1.79, 4.07] 0.605
Multiple sclerosis 50,419  0.00365 6.22 [4.80, 7.79] 0.680
Melanoma 39,742 0.02975 5.17 [3.45, 7.05] 0.635
Osteoporosis 53,920 0.34 1.74 [1.20, 2.35] 0.570
Testicular cancer — — No internal GWAS analyses —
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C.3 Within-family evaluation for external-permitted PRSs

Table C3: Within-family direct-effect estimates by parental-genotype stratum. Entries give the
point estimate over the 95% bootstrap CI. Rfffﬁect is the sibship-contrast ratio Syithin/Bpop (2,000
whole-family bootstrap replicates); Rgifect is the Young parental-adjustment ratio restricted to
probands with > 1 genotyped parent (also 2,000 replicates). * non-interpretable under frozen
feasibility gates (Spop interval spans zero or modeled cases < 20). The first two estimate columns
are Rﬁf};ect; the last is Rg?ri - Parental-genotype composition is given as coarsened percentages of
modeled probands; cells below the disclosure threshold are suppressed.

Parents genotyped (%) sibship contrast parental adj.
Trait Nmod both  one neither all sibships no parent > 1 parent
0.60" 1.31%
Alzheimer’s disease 3009 <1 3 97  [-6.30,5.38] [—0.41,4.37] —
0.86 0.86 1.02
Type 2 diabetes 15488 3 28 68 [0.76,0.97] [0.70,1.03] [0.86,1.19]
0.90 1.16 0.69*
Multiple sclerosis 13598 3 28 69 [0.56,1.25] 0.75,1.72] 0.22,1.11]
0.91 1.00 0.96
Hypertension 13715 3 28 69 [0.80,1.01] [0.85,1.16] 0.77,1.16]
0.94 0.64 1.05"
Psoriasis 15113 3 28 69 [0.62,1.25] 0.02, 1.13] [0.58, 1.55]
0.96 0.85 1.14*
Glaucoma 9015 2 19 79 [0.67,1.29] [0.36, 1.30] [0.23,2.57]
0.97 1.00 0.61"
Osteoporosis 14552 3 29 68 [0.73,1.20] [0.68,1.32] [—0.61, 1.44]
1.07 1.01 0.90"
Basal cell carcinoma 6003 1 9 90 [0.78,1.39] [0.69,1.35] [0.05,1.74]
1.08 1.01 0.54"
Breast cancer 7120 3 29 68 [0.78,1.39] [0.54,1.54] [0.00,0.95]
1.09 1.02 1.55
Gout 15345 3 928 69 [0.86,1.33] 0.72,1.34] [0.96, 2.46]
1.11 0.83 0.85"
Prostate cancer 1279 3 o1 70 [0.72,1.60] [0.38, 1.55] [0.19,1.78]
1.13 1.00 0.67"
Inflammatory bowel disease 14786 3 28 68 [0.86,1.41] [0.61,1.43] [0.39,0.94]
1.24 1.18 1.67"
Melanoma 8097 2 15 83 [0.79,1.84] 0.67,1.79]  [~1.65,5.21]
6.03" 4.47% 8.27*
Testicular cancer 1607 3 26 71 [-16.48,29.66] [2.82,115.92] [—84.48,37.51]
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C.4 Internal-only trained cross-ancestry transport

Table C4: Cross-ancestry score-only AUC for EUR-trained AoU-internal-only PRS. 95% confidence
intervals are computed on 2000-replicate stratified bootstraps. Score-only PRS AUC was computed
on the entire test set, including individuals missing covariate information that were excluded for

other evaluations. Only estimates with more than 1 case are provided.

Trait EUR AFR AMR EAS MID SAS

Multiple sclerosis 0.690 [0.667, 0.714]  0.560 [0.509, 0.611] 0.610 [0.544, 0.675] 0.533 [0.330, 0.735] 0.662 [0.400, 0.889] 0.546 [0.280, 0.800]
Alzheimer’s disease 0.648 [0.600, 0.699]  0.548 [0.403, 0.696] 0.705 [0.620, 0.785]  0.646 [0.601, 0.680] 0.837 [0.671, 0.95] —

Basal cell carcinoma 0.635 [0.624, 0.648]  0.590 [0.354, 0.845]  0.667 [0.583, 0.743]  0.596 [0.004, 0.935] — —

Inflammatory bowel disease  0.635 [0.614, 0.654]  0.563 [0.506, 0.618]  0.623 [0.562, 0.687]  0.647 [0.481, 0.802] 0.553 [0.410, 0.736]  0.724 [0.576, 0.862]
Type 2 diabetes 0.624 [0.617, 0.632]  0.545 [0.532, 0.558] 0.592 [0.579, 0.606] 0.627 [0.585, 0.668] 0.570 [0.464, 0.666] 0.554 [0.495, 0.612]
Gout 0.613 [0.601, 0.624]  0.563 [0.538, 0.589]  0.646 [0.607, 0.685] 0.662 [O 610, 0.717]  0.735 [0 493, 0.930]  0.690 [0.555, 0.829]
Melanoma 0.612 [0.594, 0.632]  0.417 [0.208, 0.655]  0.640 [0.447, 0.820] —

Psoriasis 0,604 [0.584. 0.625] 0.489 [0.409, 0.570] 0560 [0.505. 0.617] 0.664 [0.544, 0.778] 0485 [0.327, 0.710] 0.453 [0.295, 0.620]
Glaucoma 0.600 [0.579, 0.621]  0.581 [0.543, 0.617] 0.603 [0.553, 0.652] 0.535 [0.438, 0.636] 0.591 [0.318, 0.848] 0.758 [0.601, 0.890]
Prostate cancer 0.587 [0.578, 0.596]  0.532 [0.508, 0.555] 0.547 [0.519, 0.573] 0.548 [0.482, 0.615] 0.603 [0.448, 0.748] 0.511 [0.380, 0.642]
Hypertension 0.578 [0.573, 0.583]  0.534 [0.522, 0.545] 0.601 [0.589, 0.615] 0.623 [0.590, 0.655] 0.632 [0.547, 0.710] 0.588 [0.529, 0.650]
Osteoporosis 0.570 [0.559, 0.581]  0.543 [0.509, 0.578] 0.572 [0.541, 0.602] 0.556 [0.487, 0.623] 0.526 [0.390, 0.654] 0.622 [0.463, 0.775]
Breast cancer 0.567 [0.554, 0.580]  0.490 [0.456, 0.522]  0.527 [0.494, 0.550] 0.462 [0.382, 0.545] 0.480 [0.259, 0.719] ~0.481 [0.329, 0.643]
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D Specific trait concept roots

D.1 Basal cell carcinoma

Table D1: Basal cell carcinoma case condition concepts.

Concept ID Concept name

602030 Primary basal cell carcinoma of skin of perianal area
602140 Primary basal cell carcinoma of skin of scrotum
602141 Primary basal cell carcinoma of skin of male genitalia
602666 Primary basal cell carcinoma of skin of right hip
602667 Primary basal cell carcinoma of skin of right shoulder
605435 Primary basal cell carcinoma of skin of left hip
605436 Primary basal cell carcinoma of skin of left shoulder
608890 Primary basal cell carcinoma of skin of right breast
608891 Primary basal cell carcinoma of skin of left breast
609123 Primary basal cell carcinoma of skin of left hand
609124 Primary basal cell carcinoma of skin of right hand
609125 Primary basal cell carcinoma of skin of labium majus
609198 Primary basal cell carcinoma of left upper eyelid
609199 Primary basal cell carcinoma of right upper eyelid
609200 Primary basal cell carcinoma of right lower eyelid
609201 Primary basal cell carcinoma of left lower eyelid

4110721 Basal cell carcinoma with eccrine differentiation

4112752 Basal cell carcinoma of skin

4115292 Basosquamous carcinoma of skin

4115293 Fibroepithelioma of Pinkus

4220171 Basal cell carcinoma of earlobe

4220181 Basal cell carcinoma of pinnal sulcus

4220475 Basal cell carcinoma of antihelix of ear

4221229 Basal cell carcinoma of postauricular skin

4221232 Basal cell carcinoma of preauricular skin

4221981 Basal cell carcinoma of dorsum of nose

4221984 Basal cell carcinoma of tip of nose

4222105 Basal cell carcinoma of upper lip

4222107 Basal cell carcinoma of conchal bowl of ear

4222108 Basal cell carcinoma of antitragus

4222109 Basal cell carcinoma of tragus

4222110 Basal cell carcinoma of obverse of pinna

4222265 Basal cell carcinoma of ala nasi

4222266 Basal cell carcinoma of supratip of nose

4222267 Basal cell carcinoma of lower lip

4222268 Basal cell carcinoma of helix of ear

4223496 Basal cell carcinoma of lateral side wall of nose

4223497 Basal cell carcinoma — micronodular

4224745 Basal cell carcinoma of root of nose

Continued on next page
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Table D1 — continued from previous page

Concept ID Concept name
4291143 Basal cell carcinoma of lower eyelid
4291144 Basal cell carcinoma of lateral canthus
4291145 Basal cell carcinoma of anterior chest
4291146 Basal cell carcinoma — keratotic
4291147 Basal cell carcinoma with matrical differentiation
4291148 Metastatic basal cell carcinoma (non-standard)
4291149 Basal cell carcinoma recurrent following excision
4291454 Basal cell carcinoma of nose
4292378 Basal cell carcinoma of medial canthus
4292379 Basal cell carcinoma of nasal columella
4292380 Basal cell carcinoma of nasolabial groove
4292381 Basal cell carcinoma of cheek
4292382 Basal cell carcinoma of abdomen
4292383 Basal cell carcinoma of upper back
4292384 Basal cell carcinoma of hand
4292385 Basal cell carcinoma with granular cell change
4292386 Basal cell carcinoma — first recurrence
4292387 Basal cell carcinoma — second recurrence
4294416 Basal cell carcinoma of ear
4295626 Pigmented basal cell carcinoma
4297182 Circumscribed solid basal cell carcinoma
4297183 Sclerosing morpheic basal cell carcinoma
4297184 Basal cell carcinoma of glabella
4297185 Basal cell carcinoma of upper eyelid
4297665 Basal cell carcinoma of chin
4297666 Basal cell carcinoma of neck
4297667 Basal cell carcinoma of upper extremity
4297668 Basal cell carcinoma of truncal skin
4297669 Basal cell carcinoma — adamantinoid
4297670 Basal cell carcinoma — follicular
4297671 Basal cell carcinoma — infiltrative
4297672 Basal cell carcinoma recurrent following cryosurgery
4297673 Basal cell carcinoma recurrent following radiotherapy
4297674 Basal cell carcinoma — third recurrence
4298031 Nodulo-ulcerative basal cell carcinoma
4298032 Basal cell carcinoma of scalp
4298033 Basal cell carcinoma of forehead
4298740 Basal cell carcinoma of skin of lip
4299416 Basal cell carcinoma of lower back
4299417 Basal cell carcinoma of face
4299418 Basal cell carcinoma of lower extremity
4299419 Basal cell carcinoma — adenoid
4299420 Basal cell carcinoma with monster cells
4299421 Basal cell carcinoma with sebaceous differentiation

Continued on next page
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Table D1 — continued from previous page

Concept ID Concept name

4299422 Basal cell carcinoma with signet ring change
4299423 Basal cell carcinoma — primary
4299424 Recurrent basal cell carcinoma
4299425 Basal cell carcinoma recurrent following Mohs’ excision
4299426 Basal cell carcinoma recurrent following curettage
4299427 Basal cell carcinoma — multiple recurrences (more than three times)
4299996 PUVA therapy-associated basal cell carcinoma
4300563 Cystic basal cell carcinoma
4300564 Superficial basal cell carcinoma
4300565 Basal cell carcinoma of temple
4307538 Basal cell carcinoma of back
4308629 Basal cell carcinoma of external auditory canal
4313482 Basal cell carcinoma of auricle of ear
4313634 Basal cell carcinoma of chest wall
4335883 Basal cell carcinoma of eyelid
36712711 Primary basal cell carcinoma of left upper limb
36712712 Primary basal cell carcinoma of left ear
36712713 Primary basal cell carcinoma of left eyelid
36712714 Primary basal cell carcinoma of right ear
36712715 Primary basal cell carcinoma of right eyelid
36712716 Primary basal cell carcinoma of right lower limb
36713415 Basal cell carcinoma of vulva
36717018 Primary basal cell carcinoma of left lower limb
36717259 Primary basal cell carcinoma of right upper limb
37016571 Basal cell carcinoma of naris
37396458 Nodular basal cell carcinoma of skin

Table D2: Basal cell carcinoma-specific procedure concepts.

Concept ID Concept name

3181661 Mohs removal of basal cell carcinoma

4100935 Cryotherapy of basal cell carcinoma

4114319 Excision of basal cell carcinoma

4181318 Excisional biopsy of basal cell carcinoma
42537228 Excision of basal cell carcinoma from right postauricular region with closure
45766358 Excision of postauricular basal cell carcinoma with closure
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D.2 Breast cancer

Table D3: 256 Primary breast malignancy case concepts.

Concept ID Concept name

36402993 Paget disease in situ and intraductal carcinoma (C50._) of nipple

36403075 Paget disease, mammary in situ (C50..) of nipple
759932 Infiltrating duct carcinoma of left female breast
759933 Infiltrating duct carcinoma of right female breast
761170 Infiltrating duct carcinoma of bilateral female breasts

36517460 Mucin-producing adenocarcinoma of nipple

36517509 Malignant tumor, clear cell type of nipple

36517515 Mucinous cystadenocarcinoma, NOS, of nipple

36517806 Hemangiosarcoma of nipple

36517996 Basal cell adenocarcinoma of nipple

36518002 Duct carcinoma, desmoplastic type of nipple

36518332 Infiltrating ductular carcinoma of nipple

36518576 Phyllodes tumor, malignant of nipple

36518802 Signet ring cell carcinoma of nipple

36520200 Squamous cell carcinoma, NOS, of nipple

36520783 Small cell sarcoma of nipple

36521490 Langerhans cell sarcoma of nipple

36521708 B lymphoblastic leukemia/lymphoma, NOS, of nipple

36521743 Fibroblastic reticular cell tumor of nipple

36522135 Solid carcinoma, NOS, of nipple

36522597 Intraductal papillary adenocarcinoma with invasion of nipple

36522605 Medullary carcinoma with lymphoid stroma of nipple

36522838 Large cell carcinoma, NOS, of nipple

36523238 Hodgkin sarcoma of nipple

36523456 Dedifferentiated liposarcoma of nipple

36523513 B lymphoblastic leukemia/lymphoma with t(v;11q23); MLL rearranged of nipple

36523586 Sezary syndrome of nipple

36523645 Follicular lymphoma, grade 3 of nipple

36523688 Verrucous carcinoma, NOS, of nipple

36523859 Mesenchymoma, malignant of nipple

36524088 Leiomyosarcoma, NOS, of nipple

36524161 Malignant lymphoma, NOS, of nipple

36525094 Precursor T-cell lymphoblastic leukemia of nipple

36525641 Epithelioid leiomyosarcoma of nipple

36525676 Epithelioid sarcoma, NOS, of nipple

36525707 Myxofibrosarcoma of nipple

36525748  T-cell/histiocyte rich large B-cell lymphoma of nipple

36526585 Polygonal cell carcinoma of nipple

36527177 Round cell liposarcoma of nipple

36527390 Hodgkin lymphoma, lymphocyte depletion, diffuse fibrosis of nipple

36527656 Mast cell sarcoma of nipple

Continued on next page
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Table D3 — continued from previous page

Concept ID

Concept name

36528520
36528635
36528685
36529601
36529700
36530281
36530356
36530388
36530409
36530435
36530498
36530708
36531090
36531354
36531426
36531652
36532344
36532444
36532451
36532695
36532838
36533887
36534084
36534130
36534279
36536105
36536346
36536630
36536968
36537556
36538039
36538045
36538093
36538776
36538924
36538949
36539400
36539962
36540505
36540867
36540965
36541084
36541280
36541476

Fibrosarcoma, NOS, of nipple

Infiltrating lobular mixed with other types of carcinoma of nipple
Lipid-rich carcinoma of nipple

Mature T-cell lymphoma, NOS, of nipple

Systemic EBV positive T-cell lymphoproliferative disease of childhood of nipple
Intravascular large B-cell lymphoma of nipple

Neuroendocrine carcinoma, NOS, of nipple

Myxoid liposarcoma of nipple

Secretory carcinoma of nipple

Squamous cell carcinoma, keratinizing, NOS, of nipple

Glassy cell carcinoma of nipple

Myeloid or lymphoid neoplasm with PDGFRA rearrangement of nipple
Polymorphous adenocarcinoma of nipple

Carcinoma with osteoclast-like giant cells of nipple
Rhabdomyosarcoma, NOS, of nipple

Squamous cell carcinoma, small cell, nonkeratinizing of nipple
Hodgkin lymphoma, lymphocyte-rich of nipple

Stromal sarcoma, NOS, of nipple

Giant cell sarcoma of nipple

Giant cell and spindle cell carcinoma of nipple
Angioimmunoblastic T-cell lymphoma of nipple
Carcinosarcoma, NOS, of nipple

Acinar cell cystadenocarcinoma of nipple

Plasmacytoma, extramedullary of nipple

Pleomorphic carcinoma of nipple

Epithelial-myoepithelial carcinoma of nipple

Hodgkin lymphoma, nodular sclerosis, cellular phase of nipple
Mantle cell lymphoma of nipple

B lymphoblastic leukemia/lymphoma with t(9;22)(q34;q11.2); BCR-ABL1 of nipple
Hodgkin lymphoma, lymphocyte depletion, NOS, of nipple
Myoepithelial carcinoma of nipple

Solitary fibrous tumor, malignant of nipple

Small cell carcinoma, fusiform cell of nipple
Myosarcoma of nipple

Hodgkin lymphoma, NOS, of nipple

Adenoid cystic carcinoma of nipple

Malignant histiocytosis of nipple

Spindle cell sarcoma of nipple

Hodgkin lymphoma, nodular sclerosis, NOS, of nipple

Papillary squamous cell carcinoma of nipple

Hodgkin lymphoma, nodular lymphocyte predominant of nipple
Osteosarcoma, NOS, of nipple

Burkitt lymphoma, NOS, of nipple

Metaplastic carcinoma, NOS, of nipple

Continued on next page
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Table D3 — continued from previous page

Concept ID

Concept name

36541792
36541890
36542159
36542372
36542432
36542493
36542809
36543218
36543496
36543766
36543781
36543906
36544024
36544249
36544449
36544796
36545441
36545927
36546031
36546372
36546405
36547138
36547472
36547912
36548236
36548604
36549874
36550109
36550313
36550519
36550807
36551299
36551719
36551860
36552133
36552161
36552167

36552573
36553240
36553345
36553527
36553810
36553938

Adenocarcinoma with spindle cell metaplasia of nipple
Liposarcoma, well differentiated, NOS, of nipple

Interdigitating dendritic cell sarcoma of nipple

Giant cell carcinoma of nipple

Squamous cell carcinoma, large cell, nonkeratinizing, NOS, of nipple
Hodgkin lymphoma, nodular sclerosis, grade 2 of nipple

Malignant tumor, giant cell type of nipple

Hodgkin granuloma of nipple

B lymphoblastic leukemia/lymphoma with t(5;14)(q31;q32); IL3-IGH of nipple
Desmoplastic small round cell tumor of nipple

Diffuse large B-cell lymphoma, NOS, of nipple

Myeloid or lymphoid neoplasm with FGFR1 abnormalities of nipple
Epithelioma, malignant of nipple

Follicular lymphoma, grade 1 of nipple

B lymphoblastic leukemia/lymphoma with hypodiploidy (Hypodiploid ALL) of nipple
Malignant lymphoma, non-Hodgkin, NOS, of nipple

Embryonal sarcoma of nipple

Hodgkin lymphoma, mixed cellularity, NOS, of nipple

Superficial spreading adenocarcinoma of nipple

Undifferentiated sarcoma of nipple

Small cell carcinoma, NOS, of nipple

Malignant tumor, spindle cell type of nipple

Follicular lymphoma, NOS, of nipple

Carcinoma, undifferentiated, NOS, of nipple

Pleomorphic liposarcoma of nipple

Malignant mastocytosis of nipple

Hemangioendothelioma, malignant of nipple

Cystadenocarcinoma, NOS, of nipple

Composite Hodgkin and non-Hodgkin lymphoma of nipple
Squamous cell carcinoma, microinvasive of nipple

Spindle cell carcinoma, NOS, of nipple

Adenocarcinoma with mixed subtypes of nipple

Adenocarcinoma with neuroendocrine differentiation of nipple
T-cell large granular lymphocytic leukemia of nipple

Alveolar soft part sarcoma of nipple

Squamous cell carcinoma, adenoid of nipple

B lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); E2A-PBX1 (TCF3-
PBX1) of nipple

Squamous cell carcinoma, spindle cell of nipple

Myeloproliferative neoplasm, unclassifiable of nipple

Langerhans cell histiocytosis, disseminated of nipple

Medullary carcinoma, NOS, of nipple

Adenocarcinoma with squamous metaplasia of nipple

Fibroblastic liposarcoma of nipple

Continued on next page
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Table D3 — continued from previous page

Concept ID Concept name
36553980 Carcinoma, anaplastic, NOS, of nipple
36554216 Malignant lymphoma, large B-cell, diffuse, immunoblastic, NOS, of nipple
36554300 NK/T-cell lymphoma, nasal and nasal type of nipple
36554533 Apocrine adenocarcinoma of nipple
36554750 Mixed liposarcoma of nipple
36554874  Cystic hypersecretory carcinoma of nipple
36555654 Papillary adenocarcinoma, NOS, of nipple
36555657 Carcinoma simplex of nipple
36556060 Epithelioid hemangioendothelioma, NOS, of nipple
36556222 Mixed cell adenocarcinoma of nipple
36556445 Malignant tumor, small cell type of nipple
36556821 Encapsulated papillary carcinoma with invasion of nipple
36557153 Adenocarcinoma with cartilaginous and osseous metaplasia of nipple
36557205 Anaplastic large cell lymphoma, T-cell and Null-cell type of nipple
36557226 Sarcoma, NOS, of nipple
36557230 Pseudosarcomatous carcinoma of nipple
36557277 Squamous cell carcinoma with horn formation of nipple
36557321 Oxyphilic adenocarcinoma of nipple
36557877 Lymphoplasmacytic lymphoma of nipple
36559780 Granular cell tumor, malignant of nipple
36559859 Large cell carcinoma with rhabdoid phenotype of nipple
36559944 B lymphoblastic leukemia/lymphoma with hyperdiploidy of nipple
36560055 Sebaceous carcinoma of nipple
36560424 Histiocytic sarcoma of nipple
36561380 Infantile fibrosarcoma of nipple
36561381 Clear cell adenocarcinoma, NOS, of nipple
36562037 Carcinosarcoma, embryonal of nipple
36562231 Marginal zone B-cell lymphoma, NOS, of nipple
36562484  B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma of nipple
36562616 Neoplasm, malignant of nipple
36563045 Tumor cells, malignant of nipple
36563176 Malignant lymphoma, mixed small and large cell, diffuse of nipple
36563615 Large cell neuroendocrine carcinoma of nipple
36563848 Granular cell carcinoma of nipple
36563907 Hodgkin lymphoma, lymphocyte depletion, reticular of nipple
36564008 Follicular lymphoma, grade 2 of nipple
36564200 Fascial fibrosarcoma of nipple
36564604 Glycogen-rich carcinoma of nipple
36564713 Myxoid leiomyosarcoma of nipple
36565000 Liposarcoma, NOS, of nipple
36565551  Precursor cell lymphoblastic lymphoma, NOS, of nipple
36566123 Plasmacytoma, NOS, of nipple
36566267 Acinar cell carcinoma of nipple
36566310 Trabecular adenocarcinoma of nipple

Continued on next page
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Table D3 — continued from previous page

Concept ID Concept name
36566588  Follicular dendritic cell sarcoma of nipple
36566773 Adenocarcinoma with apocrine metaplasia of nipple
36566941 Alveolar adenocarcinoma of nipple
36567217 Adenocarcinoma in villous adenoma of nipple
36567418 Comedocarcinoma, NOS, of nipple
36567537 Adenosquamous carcinoma of nipple
36567866 B lymphoblastic leukemia/lymphoma with t(12;21)(p13;q22); TEL-AML1 (ETV6-
RUNXT1) of nipple
36567991 Hodgkin lymphoma, nodular sclerosis, grade 1 of nipple
36568025 Angiomyosarcoma of nipple
36712719 Infiltrating ductal carcinoma of upper inner quadrant of left female breast
36712720 Infiltrating ductal carcinoma of upper outer quadrant of left female breast
36712721 Infiltrating ductal carcinoma of central portion of right female breast
36712722 Infiltrating ductal carcinoma of upper inner quadrant of right female breast
36712723 Infiltrating ductal carcinoma of upper outer quadrant of right female breast
36712724 Infiltrating lobular carcinoma of left female breast
36712725 Infiltrating lobular carcinoma of right female breast
36717260 Infiltrating ductal carcinoma of central portion of left female breast
37016439 Primary invasive malignant neoplasm of female breast
37018660 Primary malignant inflammatory neoplasm of female breast
37208322 Infiltrating ductal carcinoma of axillary tail of left female breast
37208324 Infiltrating ductal carcinoma of lower inner quadrant of left female breast
37208325 Infiltrating ductal carcinoma of lower outer quadrant of left female breast
37208326 Infiltrating ductal carcinoma of axillary tail of right female breast
37208328 Infiltrating ductal carcinoma of lower inner quadrant of right female breast
37208329 Infiltrating ductal carcinoma of lower outer quadrant of right female breast
40486565 Sarcoma of axillary tail of female breast
40489485 Sarcoma of lower outer quadrant of female breast
40489897 Sarcoma of upper inner quadrant of female breast
40489927 Sarcoma lower inner quadrant of female breast
40489928 Sarcoma of central portion of female breast
40489942 Sarcoma of female breast
40489945 Sarcoma upper outer quadrant of female breast
40492507 Infiltrating duct carcinoma of female breast
42512247 Plasmablastic lymphoma of nipple
42512452 HHVS positive diffuse large B-cell lymphoma of nipple
42512503 Myofibroblastic sarcoma of nipple
42512576 ALK positive large B-cell lymphoma of nipple
42512817 Adenomyoepithelioma with carcinoma of nipple
42512849 Invasive micropapillary carcinoma of breast of nipple
42512881 Solid papillary carcinoma with invasion of nipple
44499448 Paget disease and infiltrating duct carcinoma of breast of nipple
44499538  Cribriform carcinoma, NOS, of nipple
44499675 Carcinoma, NOS, of nipple
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Concept ID Concept name
44499753 Infiltrating duct mixed with other types of carcinoma of nipple
44499790 Papillary carcinoma, NOS, of nipple
44499805 Tubular adenocarcinoma of nipple
44500370 Paget disease and intraductal carcinoma of breast of nipple
44500439 Adenocarcinoma, NOS, of nipple
44500441 Scirrhous adenocarcinoma of nipple
44500599 Infiltrating duct carcinoma, NOS, of nipple
44500882 Lobular carcinoma, NOS, of nipple
44500940 Infiltrating duct and lobular carcinoma of nipple
44501583 Inflammatory carcinoma of nipple
44501805 Atypical medullary carcinoma of nipple
44501894 Mucinous adenocarcinoma of nipple
133711 Overlapping malignant neoplasm of female breast
137809 Primary malignant neoplasm of female breast
432263 Primary malignant neoplasm of lower inner quadrant of female breast
432845 Primary malignant neoplasm of central portion of female breast
433148 Primary malignant neoplasm of areola of female breast
436353 Primary malignant neoplasm of upper outer quadrant of female breast
440956 Primary malignant neoplasm of upper inner quadrant of female breast
441515 Primary malignant neoplasm of lower outer quadrant of female breast
442127 Primary malignant neoplasm of nipple of female breast
765123 Primary malignant neoplasm of female right breast
4091464 Malignant neoplasm of nipple and areola of female breast
4091465 Malignant neoplasm of upper-outer quadrant of female breast
4091466 Malignant neoplasm of lower-outer quadrant of female breast
4091467 Malignant neoplasm of axillary tail of female breast
4092511 Malignant neoplasm of central part of female breast
4092512 Malignant neoplasm of upper-inner quadrant of female breast
4095740 Malignant neoplasm of lower-inner quadrant of female breast
4095741 Malignant neoplasm of ectopic site of female breast
4157332 Malignant neoplasm of female breast
4246036 Primary malignant neoplasm of ectopic female breast tissue
36684817 Primary malignant neoplasm of axillary tail of left female breast
36684818 Primary malignant neoplasm of female left breast
36684819 Primary malignant neoplasm of central portion of female left breast
36684820 Primary malignant neoplasm of axillary tail of right female breast
36684821 Primary malignant neoplasm of central portion of female right breast
36712738 Recurrent primary malignant neoplasm of left female breast
36712739 Recurrent primary malignant neoplasm of right female breast
36712934 Primary malignant neoplasm of bilateral female breasts
40486563 Carcinoma of female breast

33



Table D4: Metastatic or metastatic breast cancer concepts used to block controls.

Concept ID Concept name
140960 Metastatic malignant neoplasm of female breast

4110019 Metastasis to breast of unknown primary! (updated)

4246350 Metastatic malignant neoplasm of areola of female breast

4246352 Metastatic malignant neoplasm of axillary tail of female breast

4248184 Metastatic malignant neoplasm of nipple of female breast

4312296 Metastatic malignant neoplasm of ectopic female breast tissue

4312544 Metastatic malignant neoplasm of lower inner quadrant of female breast

4312546 Metastatic malignant neoplasm of lower outer quadrant of female breast

4312938 Metastatic malignant neoplasm of central portion of female breast

4314072 Metastatic malignant neoplasm of upper inner quadrant of female breast

4314189 Metastatic malignant neoplasm of upper outer quadrant of female breast
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D.3 Hypertension

Table D5: Essential-hypertension case concepts.

Concept ID Concept name
312648 Benign essential hypertension
317898 Malignant essential hypertension
320128 Essential hypertension
4034031 Benign essential hypertension complicating AND/OR reason for care during
pregnancy
4058987 High-renin essential hypertension
4083723  Essential hypertension complicating AND/OR reason for care during childbirth
4148205 Benign essential hypertension complicating AND/OR reason for care during
puerperium
4159755 Labile essential hypertension
4180283 Systolic essential hypertension
4215640 Benign essential hypertension complicating AND/OR reason for care during
childbirth
4217486 Essential hypertension in obstetric context
4263067 Low-renin essential hypertension
4269358 Benign essential hypertension in obstetric context
4302591 Essential hypertension complicating AND/OR reason for care during preg-
nancy
4321603 Essential hypertension complicating AND/OR reason for care during puer-
perium
45757787 Postpartum pre-existing essential hypertension
Table D6: Hypertension control-blocking concepts.
Concept ID Concept name
134414 Pre-eclampsia or eclampsia with pre-existing hypertension — delivered with
postnatal complication! (deprecated)
135601 Pre-eclampsia or eclampsia with pre-existing hypertension — delivered! (depre-
cated)
136743 Pre-eclampsia or eclampsia with pre-existing hypertension — not delivered!
(deprecated)
141084 Pre-eclampsia or eclampsia with pre-existing hypertension
192684 Renal hypertension complicating pregnancy, childbirth and the puerperium —
not delivered! (deprecated)
197930 Renal hypertension complicating pregnancy, childbirth and the puerperium
200157 Renal hypertension complicating pregnancy, childbirth and the puerperium —
delivered! (deprecated)
201912 Renal hypertension complicating pregnancy, childbirth and the puerperium —

delivered with postnatal complication! (deprecated)
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Concept ID Concept name
312648 Benign essential hypertension
314103 Benign essential hypertension complicating pregnancy, childbirth and the
puerperium — delivered! (deprecated)
314423 Benign essential hypertension complicating pregnancy, childbirth and the
puerperium — not delivered® (deprecated)
314958 Benign secondary hypertension
316866 Hypertensive disorder
317895 Renovascular hypertension
317898 Malignant essential hypertension
318437 Malignant secondary hypertension
319826 Secondary hypertension
320128 Essential hypertension
320456 Benign essential hypertension complicating pregnancy, childbirth and the
puerperium — delivered with postnatal complication’ (deprecated)
321074 Pre-existing hypertension complicating pregnancy, childbirth and puerperium
321080 Hypertension complicating pregnancy, childbirth and the puerperium
321638 Benign essential hypertension complicating pregnancy, childbirth and the
puerperium
443771 Renal hypertension
1340364 Exacerbation of hypertensive disorder
3169253 Hypertension with apparent mineralocorticoid excess
3191244 Hypertension with hyperadrenergic findings
3656115 Hypertension due to aortic arch obstruction
4006325 Hypertension secondary to renal disease in obstetric context
4023318 Malignant hypertension complicating AND/OR reason for care during child-
birth
4028741 Benign hypertension
4028951 Malignant hypertension complicating AND/OR reason for care during puer-
perium
4032952 Renal sclerosis with hypertension
4034031 Benign essential hypertension complicating AND/OR reason for care during
pregnancy
4048212 Goldblatt hypertension
4049389 Paroxysmal hypertension
4057978 Pre-existing hypertensive heart and renal disease complicating pregnancy,
childbirth and the puerperium
4057979 Pre-existing secondary hypertension complicating pregnancy, childbirth and
puerperium
4058987 High-renin essential hypertension
4061667 Hypertension induced by oral contraceptive pill
4062550 Pre-eclampsia or eclampsia with pre-existing hypertension with postnatal
complication
4062811 Benign essential hypertension complicating pregnancy, childbirth and the

puerperium with postnatal complication
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Concept ID Concept name

4080325 Chronic hypertension complicating AND/OR reason for care during puer-
perium

4083723 Essential hypertension complicating AND/OR reason for care during childbirth

4094374 Hypertension secondary to renal disease complicating AND/OR reason for
care during childbirth

4108213 Hypertension secondary to drug

4110947 Malignant secondary renovascular hypertension

4110948 Hypertension secondary to endocrine disorder

4118910 Maternal hypertension

4146816 Pre-existing hypertension complicating AND/OR reason for care during child-
birth

4148205 Benign essential hypertension complicating AND/OR reason for care during
puerperium

4151903 Pre-existing hypertension complicating AND/OR reason for care during puer-
perium

4159755 Labile essential hypertension

4162306 Malignant hypertension complicating AND/OR reason for care during preg-
nancy

4167358 Diastolic hypertension

4174979 Hypertension secondary to renal disease complicating AND/OR reason for
care during pregnancy

4178312 Hypertension secondary to kidney transplant

4180283 Systolic essential hypertension

4209293 Systolic hypertension

4212496 Parenchymal renal hypertension

4215640 Benign essential hypertension complicating AND/OR reason for care during
childbirth

4217486 Essential hypertension in obstetric context

4218088 Malignant hypertension in obstetric context

4219323 Hypertension secondary to renal disease complicating AND/OR reason for
care during puerperium

4221991 Rebound hypertension

4227607 Chronic hypertension in obstetric context

4242878 Sustained diastolic hypertension

4249016 Benign secondary renovascular hypertension

4253928 Secondary diastolic hypertension

4262182 Hypertension with albuminuria

4263067 Low-renin essential hypertension

4269358 Benign essential hypertension in obstetric context

4276511 Labile diastolic hypertension

4277110 Pre-existing hypertension complicating AND/OR reason for care during preg-
nancy

4279525 Hypertension in the obstetric context

4283352 Pre-eclampsia added to pre-existing hypertension
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Concept ID Concept name
4289142 Eclampsia added to pre-existing hypertension
4289933 Malignant hypertension
4291933  Chronic hypertension complicating AND/OR reason for care during pregnancy
4302591 Essential hypertension complicating AND/OR reason for care during preg-
nancy
4304837 Chronic hypertension complicating AND/OR reason for care during childbirth
4305599 Renal arterial hypertension
4311246 Pre-existing hypertension in obstetric context
4321603 Essential hypertension complicating AND/OR reason for care during puer-
perium
4322735 Hypertension associated with transplantation
35624277 Hypertension due to gain-of-function mutation in mineralocorticoid receptor
36713024 Labile systemic arterial hypertension
36715087 Brachydactyly and arterial hypertension syndrome
37016726 Supine hypertension
37208172 Resistant hypertensive disorder
40481896 Hypertensive urgency
42538697 Diastolic hypertension and systolic hypertension
42538946 Hypertension complicating pregnancy
42873163 Hypertension complicating pregnancy, childbirth and the puerperium, antepar-
tum
43020424 Hypertensive emergency
44783643 Intermittent hypertension
44784484 Hypertension in the puerperium with pulmonary edema
44809026 Stage 1 hypertension (NICE — National Institute for Health and Clinical
Excellence 2011)
44809027 Severe hypertension (NICE — National Institute for Health and Clinical Excel-
lence 2011)
44809548 Hypertension resistant to drug therapy
44809569 Stage 2 hypertension (NICE — National Institute for Health and Clinical
Excellence 2011)
44811110 Nocturnal hypertension
44811932 Stage 1 hypertension (NICE 2011) without evidence of end organ damage
44811933 Stage 1 hypertension (NICE 2011) with evidence of end organ damage
45757119 Eclampsia with pre-existing hypertension in childbirth
45757137 Pre-existing hypertensive heart and chronic kidney disease in mother compli-
cating childbirth
45757356 Pre-existing hypertensive chronic kidney disease in mother complicating preg-
nancy
45757444 Hypertension in chronic kidney disease stage 5 due to type 2 diabetes mellitus
45757445 Hypertension in chronic kidney disease stage 4 due to type 2 diabetes mellitus
45757446 Hypertension in chronic kidney disease stage 3 due to type 2 diabetes mellitus
45757447 Hypertension in chronic kidney disease stage 2 due to type 2 diabetes mellitus
45757756 Page kidney
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Concept ID Concept name

45757787 Postpartum pre-existing essential hypertension

45768449 Hypertensive crisis

45771064 Hypertension in chronic kidney disease due to type 2 diabetes mellitus
45771067 Hypertension in chronic kidney disease due to type 1 diabetes mellitus
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D.4 Inflammatory bowel disease

Table D7: Inflammatory bowel disease case concepts.

Concept ID Concept name

77317 Chronic ulcerative rectosigmoiditis
78799 Chronic ulcerative ileocolitis
81893 Ulcerative colitis
194077 Chronic ulcerative enterocolitis
194684 Crohn’s disease of large bowel
195575 Crohn’s disease of small and large intestines
195585 Crohn’s disease of small intestine
201606 Crohn’s disease
602593 Acute ulcerative pancolitis
602594 Acute left-sided ulcerative colitis
602607 Acute ulcerative rectosigmoiditis
1340297 Exacerbation of Crohn’s disease
1340490 Exacerbation of ulcerative colitis
1340491 Exacerbation of ulcerative proctocolitis
3184226 Pancolonic ulcerative colitis
4025853  Ulcerative ileocolitis
4029372 Acute ulcerative colitis
4031048 Severe chronic ulcerative colitis
4055020 Crohn’s disease of terminal ileum
4055884 Crohn’s disease of oral soft tissues
4086978  FEosinophilic ulcerative colitis
4122617 Crohn’s disease of gingivae
4142544 Crohn’s disease in remission
4166480 Ulcerative proctocolitis
4177488 Crohn’s disease of colon
4187900 Exacerbation of ulcerative colitis
4210469 Crohn’s disease of duodenum
4212991 Exacerbation of Crohn’s disease of large intestine
4212992 Exacerbation of Crohn’s disease of small intestine
4239382 Crohn’s disease of jejunum
4242392 Crohn’s disease of rectum
4244235 Crohn’s disease of ileum
4246693 Crohn’s disease of intestine
4259504 Iritis with ulcerative colitis
4264850 Gastrointestinal Crohn’s disease
4266370 Crohn’s disease of pylorus
4301738 Mild chronic ulcerative colitis
4302002 Moderate chronic ulcerative colitis
4323289 Crohn’s disease of pyloric antrum
4340114 Crohn’s disease of esophagus
4341633 Indeterminate colitis
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Concept ID Concept name

4342643 Crohn’s disease of stomach

4342656  Ulcerative enterocolitis
36686095 Crohn’s disease of small intestine with stenosis
36715915 Crohn disease of anal canal
36716695 Crohn’s disease of gastrointestinal anastomosis
36716986 Arthritis co-occurrent and due to Crohn’s disease
37116446 Crohn disease of appendix
40479837 Chronic ulcerative colitis
40479839  Ulcerative pancolitis
40481367 Chronic left-sided ulcerative colitis
40482241 Chronic ulcerative pancolitis
40482865 Left sided ulcerative colitis
42537666 Crohn disease of upper gastrointestinal tract
44783784 Ulcerative colitis in remission
46269838 Abscess of intestine co-occurrent and due to chronic ulcerative pancolitis
46269848  Abscess of intestine co-occurrent and due to chronic ulcerative rectosigmoiditis
46269878  Abscess of intestine co-occurrent and due to Crohn’s disease of small and large

intestine

46269883  Abscess of intestine co-occurrent and due to Crohn’s disease of small intestine
46269888  Abscess of intestine co-occurrent and due to Crohn’s disease
46269951 Abscess of intestine co-occurrent and due to ulcerative colitis
46274073  Abscess of intestine co-occurrent and due to Crohn’s disease of large intestine

Table D8: Inflammatory bowel disease control-exclusion concepts.

Concept ID Concept name
192960 Noninfectious gastroenteritis
201773 Enteritis of small intestine
443865 Noninfectious colitis
4074815 Inflammatory bowel disease
4083999 Noninfectious jejunitis
4145072 Noninfective enteritis and colitis
4196810 Noninfectious ileitis
4201583 Noninfectious sigmoiditis
4234755 Idiopathic chronic inflammatory bowel disease! (updated)
4272488  Colitis
4324838 Noninfectious enteritis of intestine
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D.5 Melanoma

Table D9: Invasive cutaneous melanoma case concepts.

Concept ID Concept name

133419  Overlapping malignant melanoma of skin
133713 Malignant melanoma of skin of face
133714 Malignant melanoma of skin of trunk
134294 Malignant melanoma of skin of external auditory canal
139757 Malignant melanoma of skin of lower limb
140048 Malignant melanoma of skin of lip
141232 Malignant melanoma of skin
434590 Malignant melanoma of skin of eyelid
438983 Malignant melanoma of skin of upper limb
440050 Malignant melanoma of skin of neck
442143 Malignant melanoma of skin of scalp
444462 Malignant melanoma of skin of ear
602586 Malignant melanoma of skin of right ankle
602588 Malignant melanoma of skin of right wrist
602597 Malignant melanoma of skin of left wrist
604286 Malignant melanoma of skin of left forearm
608893 Bilateral malignant melanoma of skin of lower limbs
608894 Bilateral malignant melanoma of skin of upper limbs
616697 Malignant melanoma of skin of left ankle
619931 Malignant melanoma of skin of right forearm
3183080 Malignant melanoma of skin with BRAF V600E sequence variant
4080901 Amelanotic malignant melanoma of skin
4092364 Malignant melanoma of auricle (ear)
4095591 Malignant melanoma of temple (updated)
4110725 Superficial spreading malignant melanoma of skin
4110726  Acral lentiginous malignant melanoma of skin
4110727 Malignant melanoma arising in intradermal nevus
4112760 Nodular malignant melanoma of skin
4115298 Malignant melanoma arising in congenital nevus
4116198 Lentigo maligna melanoma
4141249 Malignant blue nevus of skin
4244049 Malignant melanoma of skin of abdomen
4244050 Malignant melanoma of skin of back
4244051 Malignant melanoma of skin of breast
4244166 Malignant melanoma of skin of cheek
4244167 Malignant melanoma of skin of chin
4244168 Malignant melanoma of skin of finger
4244169 Malignant melanoma of skin of foot
4244170 Malignant melanoma of skin of forearm
4244488 Malignant melanoma of skin of nose
4244489 Malignant melanoma of skin of perineum

Continued on next page
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Concept ID Concept name
4245465 Malignant melanoma of skin of ankle
4245466 Malignant melanoma of skin of axilla
4245467 Malignant melanoma of skin of buttock
4245918 Malignant melanoma of skin of eyebrow
4245919 Malignant melanoma of skin of groin
4246470 Malignant melanoma of perianal skin
4246472 Malignant melanoma of skin of chest
4246473 Malignant melanoma of skin of elbow
4246474 Malignant melanoma of skin of forehead
4246790 Malignant melanoma of skin of hip
4246791 Malignant melanoma of skin of popliteal area
4246792 Malignant melanoma of skin of temporal region
4247221 Malignant melanoma of skin of hand
4247224  Malignant melanoma of skin of thigh
4247225 Malignant melanoma of skin of umbilicus
4247226 Malignant melanoma of skin of wrist
4247713 Malignant melanoma of skin of knee
4247714 Malignant melanoma of skin of shoulder
4247715 Malignant melanoma of skin of toe
4300096 PUVA therapy-associated malignant melanoma
4309088 Malignant melanoma of skin of upper lip
4309539 Malignant melanoma of skin of lower eyelid
4310839 Malignant melanoma of skin of lower lip
4313171 Malignant melanoma of skin of canthus of eye
4313205 Malignant melanoma of skin of upper eyelid
35617772 Malignant melanoma of skin of left upper limb
36518338 Malignant melanoma in precancerous melanosis of skin of trunk
36519380 Malignant melanoma arising in giant congenital nevus of skin of lower limb
and hip
36519480 Malignant melanoma in junctional nevus of skin of lower limb and hip
36521362 Acral melanoma of skin of lip, NOS
36521679 Malignant melanoma arising in giant congenital nevus of skin, NOS
36521926 Amelanotic melanoma of skin of lower limb and hip
36522683 Balloon cell melanoma of skin of lower limb and hip
36523026 Malignant melanoma, regressing of skin of lower limb and hip
36524101 Malignant melanoma, regressing of skin of other and unspecified parts of face
36525177 Nodular melanoma of skin of upper limb and shoulder
36525199 Malignant melanoma, regressing of external ear
36526412 Acral melanoma of eyelid
36526559 Amelanotic melanoma of skin of upper limb and shoulder
36526622 Acral melanoma of overlapping lesion of skin
36527048 Balloon cell melanoma of skin, NOS
36527205 Malignant melanoma, regressing of skin of upper limb and shoulder
36528293 Balloon cell melanoma of external ear
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Concept ID Concept name

36529065 Malignant melanoma, regressing of eyelid

36529357 Blue nevus, malignant of skin of other and unspecified parts of face

36529405 Lentigo maligna melanoma of overlapping lesion of skin

36532308 Malignant melanoma arising in giant congenital nevus of skin of upper limb
and shoulder

36532847 Malignant melanoma in junctional nevus of eyelid

36533016 Malignant melanoma in junctional nevus of skin, NOS

36533239 Blue nevus, malignant of overlapping lesion of skin

36533686 Blue nevus, malignant of skin of upper limb and shoulder

36534975 Balloon cell melanoma of overlapping lesion of skin

36535699 Lentigo maligna melanoma of skin of lip, NOS

36535705 Amelanotic melanoma of skin of lip, NOS

36536386 Blue nevus, malignant of skin of scalp and neck

36536415 Lentigo maligna melanoma of skin of lower limb and hip

36536797 Malignant Spitz tumor of skin of trunk

36537261 Desmoplastic melanoma, NOS, of skin of lower limb and hip

36538436 Desmoplastic melanoma, NOS, of overlapping lesion of skin

36538652 Malignant melanoma in junctional nevus of overlapping lesion of skin

36538697 Amelanotic melanoma of external ear

36538883 Malignant melanoma arising in giant congenital nevus of skin of lip, NOS

36538971 Balloon cell melanoma of skin of upper limb and shoulder

36539718 Malignant melanoma in precancerous melanosis of skin of lower limb and hip

36540636 Desmoplastic melanoma, NOS, of skin of lip, NOS

36540643 Malignant melanoma in precancerous melanosis of overlapping lesion of skin

36542886 Epithelioid cell melanoma of overlapping lesion of skin

36543197 Lentigo maligna melanoma of skin of upper limb and shoulder

36543265 Malignant melanoma in precancerous melanosis of external ear

36543603 Malignant melanoma arising in giant congenital nevus of skin of scalp and
neck

36544050 Balloon cell melanoma of eyelid

36544667 Desmoplastic melanoma, NOS, of skin of upper limb and shoulder

36544787 Spindle cell melanoma, NOS, of skin of lower limb and hip

36545191 Nodular melanoma of skin of lower limb and hip

36545723 Malignant melanoma, NOS, of overlapping lesion of skin

36545835 Epithelioid cell melanoma of skin of lip, NOS

36545924 Low cumulative sun damage melanoma of skin of lip, NOS

36546325 Balloon cell melanoma of skin of other and unspecified parts of face

36546648 Malignant Spitz tumor of skin of lip, NOS

36547183 Low cumulative sun damage melanoma of overlapping lesion of skin

36547254 Blue nevus, malignant of skin of lower limb and hip

36549146 Amelanotic melanoma of overlapping lesion of skin

36549966 Malignant Spitz tumor of skin of lower limb and hip

36550489 Malignant melanoma in precancerous melanosis of skin of other and unspecified

parts of face
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Concept ID Concept name

36551092 Balloon cell melanoma of skin of lip, NOS

36551392 Low cumulative sun damage melanoma of skin of lower limb and hip

36551591 Malignant melanoma in junctional nevus of skin of lip, NOS

36552402 Malignant melanoma, NOS, of skin of upper limb and shoulder

36552448 Blue nevus, malignant of skin of lip, NOS

36553353 Low cumulative sun damage melanoma of skin of upper limb and shoulder

36555212 Malignant melanoma in precancerous melanosis of skin of scalp and neck

36555693 Malignant melanoma in junctional nevus of skin of other and unspecified parts
of face

36555705 Malignant Spitz tumor of skin of upper limb and shoulder

36556372 Epithelioid cell melanoma of skin of other and unspecified parts of face

36556552 Balloon cell melanoma of skin of scalp and neck

36557043 Malignant melanoma arising in giant congenital nevus of overlapping lesion of
skin

36557414 Acral melanoma of external ear

36558120 Acral melanoma of skin of upper limb and shoulder

36559367 Malignant melanoma, regressing of skin of lip, NOS

36559388 Amelanotic melanoma of eyelid

36559573 Malignant melanoma, regressing of overlapping lesion of skin

36559731 Epithelioid cell melanoma of skin, NOS

36559746 Epithelioid cell melanoma of eyelid

36559941 Spindle cell melanoma, NOS, of skin of upper limb and shoulder

36561208 Epithelioid cell melanoma of skin of upper limb and shoulder

36561552 Spindle cell melanoma, NOS, of overlapping lesion of skin

36563329 Malignant melanoma in junctional nevus of skin of scalp and neck

36563439 Acral melanoma of skin of lower limb and hip

36564259 Malignant melanoma in precancerous melanosis of skin of upper limb and
shoulder

36564461 Spindle cell melanoma, NOS, of eyelid

36564549 Malignant melanoma, regressing of skin, NOS

36564904 Malignant melanoma arising in giant congenital nevus of external ear

36565129 Malignant melanoma in junctional nevus of skin of upper limb and shoulder

36565165 Acral melanoma of skin of scalp and neck

36565315 Malignant melanoma in precancerous melanosis of skin of lip, NOS

36565542 Malignant Spitz tumor of skin of scalp and neck

36565544 Malignant melanoma in precancerous melanosis of eyelid

36566011 Epithelioid cell melanoma of skin of lower limb and hip

36566338 Malignant melanoma in precancerous melanosis of skin, NOS

36566436 Malignant Spitz tumor of overlapping lesion of skin

36566825 Malignant melanoma arising in giant congenital nevus of eyelid

36567403 Desmoplastic melanoma, NOS, of eyelid

36567448 Nodular melanoma of overlapping lesion of skin

36712733 Malignant melanoma of skin of left lower limb

37111319 Familial malignant melanoma of skin
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37208039 Malignant melanoma of skin of right upper limb
40486090 Malignant melanoma of skin of anus
40488963 Malignant melanoma of skin of scrotum
40488990 Malignant melanoma of skin of penis
40488993 Malignant melanoma of skin of vulva
42535535 Malignant melanoma of skin of right lower limb
42709764 Malignant melanoma of skin of lower leg
42709765 Malignant melanoma of skin of upper arm
44499518 Nodular melanoma of skin of trunk
44499825 Desmoplastic melanoma, NOS, of skin of other and unspecified parts of face
44499826 Epithelioid cell melanoma of skin of scalp and neck
44499924 Amelanotic melanoma of skin of other and unspecified parts of face
44499925 Malignant melanoma in junctional nevus of external ear
44500152 Malignant melanoma arising in giant congenital nevus of skin of trunk
44500209 Lentigo maligna melanoma of skin of scalp and neck
44500263 Spindle cell melanoma, NOS, of skin of trunk
44500309 Balloon cell melanoma of skin of trunk
44500310 Amelanotic melanoma of skin of trunk
44500373 Low cumulative sun damage melanoma of external ear
44500512 Spindle cell melanoma, NOS, of skin of lip, NOS
44500607 Desmoplastic melanoma, NOS, of skin of scalp and neck
44500608 Spindle cell melanoma, NOS, of skin of scalp and neck
44500678 Desmoplastic melanoma, NOS, of external ear
44500740 Malignant melanoma, regressing of skin of scalp and neck
44500741 Lentigo maligna melanoma of skin of other and unspecified parts of face
44500742 Desmoplastic melanoma, NOS, of skin of trunk
44500804 Malignant Spitz tumor of skin, NOS
44501098 Spindle cell melanoma, NOS, of skin, NOS
44501099 Blue nevus, malignant of skin of trunk
44501359 Low cumulative sun damage melanoma of skin of other and unspecified parts
of face
44501418 Spindle cell melanoma, NOS, of skin of other and unspecified parts of face
44501532 Malignant melanoma, NOS, of external ear
44501662 Nodular melanoma of skin of lip, NOS
44501663 Nodular melanoma of external ear
44501808 Lentigo maligna melanoma of external ear
44501809 Acral melanoma of skin of other and unspecified parts of face
44501856 Low cumulative sun damage melanoma of skin of scalp and neck
44501961 Malignant melanoma, regressing of skin of trunk
44501965 Epithelioid cell melanoma of external ear
44502043 Acral melanoma of skin of trunk
44502119 Malignant melanoma, NOS, of skin of scalp and neck
44502120 Nodular melanoma of skin of scalp and neck
44502124 Malignant Spitz tumor of skin of other and unspecified parts of face
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44502294 Lentigo maligna melanoma of eyelid
44502400 Amelanotic melanoma of skin of scalp and neck
44502719 Nodular melanoma of eyelid
44502888 Nodular melanoma of skin of other and unspecified parts of face
44502889 Low cumulative sun damage melanoma of eyelid
44502964 Malignant melanoma in junctional nevus of skin of trunk
44502965 Low cumulative sun damage melanoma of skin of trunk
44503100 Lentigo maligna melanoma of skin of trunk
44503101 Malignant melanoma arising in giant congenital nevus of skin of other and
unspecified parts of face
44503102 Epithelioid cell melanoma of skin of trunk
44503103 Spindle cell melanoma, NOS, of external ear
44505119 Blue nevus, malignant of skin, NOS
44505544 Malignant melanoma, NOS, of skin of other and unspecified parts of face
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D.6 Multiple sclerosis

Table D10: Multiple sclerosis case concepts.

Concept ID Concept name
374919 Multiple sclerosis
1340507 Multiple sclerosis acute and progression
3174547 Cognitive dysfunction accompanying multiple sclerosis
4046108 Acute relapsing multiple sclerosis
4101729 Multiple sclerosis of the spinal cord
4102337 Exacerbation of multiple sclerosis
4105353 Multiple sclerosis of the brainstem
4137855 Secondary progressive multiple sclerosis
4145049 Relapsing remitting multiple sclerosis
4178929 Primary progressive multiple sclerosis
4231948 Benign multiple sclerosis
4258676 Malignant multiple sclerosis
35623817 Marburg acute multiple sclerosis
37110514 Progressive relapsing multiple sclerosis
37311816 Progressive multiple sclerosis
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D.7 Prostate cancer

Table D11: Prostate cancer direct and advanced case concepts.

Concept ID Concept name
200962 Primary malignant neoplasm of prostate
764971 Prostate cancer metastatic to eye! (non-standard)

1553133 Non-small cell carcinoma of prostate gland

4082919 Endometrioid carcinoma of prostate

4116087 Carcinoma of prostate

4141960 Hormone refractory prostate cancer

4161028 Adenocarcinoma of prostate

4163261 Malignant tumor of prostate

4164017 Squamous cell carcinoma of prostate

4200890 Local recurrence of malignant tumor of prostate

4288534 Small cell carcinoma of prostate (updated)
36517801 Superficial spreading adenocarcinoma of prostate gland
36519069 Schneiderian carcinoma of prostate gland
36519743 Adenocarcinoma in tubulovillous adenoma of prostate gland
36520216 Cloacogenic carcinoma of prostate gland
36520903 Adenocarcinoma with cartilaginous and osseous metaplasia of prostate gland
36524677 Spindle cell carcinoma, NOS, of prostate gland
36528487 Basaloid carcinoma of prostate gland
36529044 Papillary carcinoma, NOS, of prostate gland
36529897 Giant cell and spindle cell carcinoma of prostate gland
36530505 Adenocarcinoma with spindle cell metaplasia of prostate gland
36531450 Squamous cell carcinoma, large cell, nonkeratinizing, NOS, of prostate gland
36532395 Squamous cell carcinoma, microinvasive of prostate gland
36532454 Squamous cell carcinoma, small cell, nonkeratinizing of prostate gland
36533689 Pleomorphic carcinoma of prostate gland
36534013 Squamous cell carcinoma, keratinizing, NOS, of prostate gland
36534105 Squamous cell carcinoma with horn formation of prostate gland
36535056 Adenocarcinoma with squamous metaplasia of prostate gland
36535925 Giant cell carcinoma of prostate gland
36538788 Adenocarcinoma in villous adenoma of prostate gland
36539709 Solid carcinoma, NOS, of prostate gland
36540664 Adenoid cystic carcinoma of prostate gland
36543315 Squamous cell carcinoma, spindle cell of prostate gland
36543338 Villous adenocarcinoma of prostate gland
36543398 Urothelial carcinoma, micropapillary of prostate gland
36544659 Polygonal cell carcinoma of prostate gland
36545616 Glassy cell carcinoma of prostate gland
36547882 Myoepithelial carcinoma of prostate gland
36550033 Acinar cell cystadenocarcinoma of prostate gland
36550618 Scirrhous adenocarcinoma of prostate gland
36550817 Alveolar adenocarcinoma of prostate gland

Continued on next page

49
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Concept ID Concept name

36551411 Oxyphilic adenocarcinoma of prostate gland

36552560 Adenocarcinoma with apocrine metaplasia of prostate gland
36552590 Small cell carcinoma, fusiform cell of prostate gland
36553778  Verrucous carcinoma, NOS, of prostate gland

36554023 Basal cell adenocarcinoma of prostate gland

36554139 Tubular adenocarcinoma of prostate gland

36554370 Large cell carcinoma, NOS, of prostate gland

36555690 Epithelial-myoepithelial carcinoma of prostate gland
36556099 Metaplastic carcinoma, NOS, of prostate gland

36557451 Large cell carcinoma with rhabdoid phenotype of prostate gland
36559535 Encapsulated papillary carcinoma with invasion of prostate gland
36559613 Carcinoma with osteoclast-like giant cells of prostate gland
36560590 Clear cell adenocarcinoma, NOS, of prostate gland
36563396 Lymphoepithelial carcinoma of prostate gland

36564577 Duct carcinoma, desmoplastic type of prostate gland
36566340 Medullary carcinoma, NOS, of prostate gland

36566722 Carcinoma, anaplastic, NOS, of prostate gland

36567202 Papillary squamous cell carcinoma of prostate gland
36684947 Metastatic castration-resistant prostate cancer’ (non-standard)
36712762 Recurrent malignant neoplasm of prostate

36716186 Hormone sensitive prostate cancer

37016740 Prostate cancer metastatic to bonel (updated)

37208188 Non-metastatic prostate cancer

37311236 Infiltrating duct carcinoma of prostate

37311683 Acinar cell cystadenocarcinoma of prostate

37395835 Familial prostate cancer

42512260 Sebaceous carcinoma of prostate gland

42512655 Mixed acinar-ductal carcinoma of prostate gland

42512952 Mixed adenoneuroendocrine carcinoma of prostate gland
44499514 Infiltrating duct carcinoma, NOS, of prostate gland
44499641 Papillary adenocarcinoma, NOS, of prostate gland
44499712 Carcinoma, undifferentiated, NOS, of prostate gland
44499734 Papillary urothelial carcinoma of prostate gland

44499820 Adenocarcinoma with neuroendocrine differentiation of prostate gland
44499864 Large cell neuroendocrine carcinoma of prostate gland
44500341 Combined small cell carcinoma of prostate gland

44500459 Signet ring cell carcinoma of prostate gland

44500494 Basal cell carcinoma, NOS, of prostate gland

44500595 Adenocarcinoma with mixed subtypes of prostate gland
44500716 Squamous cell carcinoma, adenoid of prostate gland
44500734 Mixed cell adenocarcinoma of prostate gland

44501195 Transitional cell carcinoma, NOS, of prostate gland
44501350 Mucinous adenocarcinoma of prostate gland

44501528 Mucin-producing adenocarcinoma of prostate gland

Continued on next page

50



Table D11 — continued from previous page

Concept ID Concept name
44501627 Neuroendocrine carcinoma, NOS, of prostate gland
44502000 Neoplasm, malignant of prostate gland
44502035 Acinar cell carcinoma of prostate gland
44502766 Small cell carcinoma, NOS, of prostate gland
44503133 Carcinoma, NOS, of prostate gland
44503145 Cribriform carcinoma, NOS, of prostate gland
44503555 Intraductal papillary adenocarcinoma with invasion of prostate gland
44503558 Adenosquamous carcinoma of prostate gland

Table D12: Prostate cancer indeterminate and control-exclusion concepts.

Concept ID Concept name
192681 Prostatic intraepithelial neoplasia
200970 Carcinoma in situ of prostate
201527 Neoplasm of uncertain behavior of prostate
1553105 Adenosarcoma of prostate gland
1553597 Paraganglioma, NOS, of prostate gland
1553599 Adenocarcinoid tumor of prostate gland
4113119 Carcinoma in situ of prostatic ducts
4283738 Malignant tumor involving prostate by direct extension from bladder
4289381 Malignant tumor involving prostate by separate metastasis from bladder?
(updated)
4314337 Secondary malignant neoplasm of prostate! (non-standard)
36517339 ALK positive large B-cell lymphoma of prostate gland
36518000 Precursor T-cell lymphoblastic leukemia of prostate gland
36519105 Rhabdomyosarcoma, NOS, of prostate gland
36519333 Solitary fibrous tumor, malignant of prostate gland
36520178 Neuroendocrine tumor, NOS, of prostate gland
36521407 B lymphoblastic leukemia/lymphoma with t(12;21)(p13;q22); TEL-AML1
(ETV6-RUNX1) of prostate gland
36521611 Langerhans cell histiocytosis, disseminated of prostate gland
36522370 Fibrosarcoma, NOS, of prostate gland
36522940 Malignant fibrous histiocytoma of prostate gland
36524219 B lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); E2A-PBX1
(TCF3-PBX1) of prostate gland
36525240 Rhabdoid tumor, NOS, of prostate gland
36525551 Malignant tumor, spindle cell type of prostate gland
36525831 Mixed type rhabdomyosarcoma of prostate gland
36526468 Sarcoma, NOS, of prostate gland
36527397 Neuroblastoma, NOS, of prostate gland
36527764 Intravascular large B-cell lymphoma of prostate gland
36527975 Squamous cell carcinoma in situ with questionable stromal invasion of prostate

gland

Continued on next page
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Table D12 — continued from previous page

Concept ID

Concept name

36528448

36529320
36531255
36531262
36531690
36533342
36534262
36534955
36535181

36536835
36538823
36539639
36540099
36540394
36540523
36540790

36540985
36542383
36543006
36543214
36543289
36543452

36544527
36544648
36545389
36545805
36545971
36545982

36546114
36546708
36547024
36547390

36547431
36548533
36548625
36550323
36550674
36551235

B lymphoblastic leukemia/lymphoma with t(v;11q23); MLL rearranged of
prostate gland

Ectomesenchymoma of prostate gland

Marginal zone B-cell lymphoma, NOS, of prostate gland
Undifferentiated sarcoma of prostate gland

B lymphoblastic leukemia/lymphoma, NOS, of prostate gland

Epithelioid sarcoma, NOS, of prostate gland

Urothelial carcinoma, sarcomatoid of prostate gland

Papillary carcinoma in situ, NOS, of prostate gland

B lymphoblastic leukemia/lymphoma with t(9;22)(q34;q11.2); BCR-ABL1 of
prostate gland

Malignant peripheral nerve sheath tumor, NOS, of prostate gland
Epithelioma, malignant of prostate gland

Myosarcoma of prostate gland

Malignant tumor, giant cell type of prostate gland

T-cell large granular lymphocytic leukemia of prostate gland

Cribriform carcinoma in situ of prostate gland

B lymphoblastic leukemia/lymphoma with hypodiploidy (Hypodiploid ALL)
of prostate gland

Choriocarcinoma, NOS, of prostate gland

Squamous cell carcinoma in situ, NOS, of prostate gland

Carcinosarcoma, NOS, of prostate gland

HHVS positive diffuse large B-cell lymphoma of prostate gland

Myeloid or lymphoid neoplasm with FGFR1 abnormalities of prostate gland
Myeloid or lymphoid neoplasm with PDGFRA rearrangement of prostate
gland

T-cell /histiocyte rich large B-cell lymphoma of prostate gland

Yolk sac tumor, NOS, of prostate gland

B lymphoblastic leukemia/lymphoma with hyperdiploidy of prostate gland
Myxofibrosarcoma of prostate gland

Glandular intraepithelial neoplasia, high grade of prostate gland

B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma of prostate
gland

Infantile fibrosarcoma of prostate gland

Adenocarcinoma in situ in tubulovillous adenoma of prostate gland
Hemangiosarcoma of prostate gland

Systemic EBV positive T-cell lymphoproliferative disease of childhood of
prostate gland

Seminoma, NOS, of prostate gland

Carcinosarcoma, embryonal of prostate gland

Adenocarcinoma in situ in villous adenoma of prostate gland
Leiomyosarcoma, NOS, of prostate gland

Plasmablastic lymphoma of prostate gland

Myxoid leiomyosarcoma of prostate gland

Continued on next page
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Concept ID Concept name

36552151 Small cell sarcoma of prostate gland

36552989 Fascial fibrosarcoma of prostate gland

36554563 Teratocarcinoma of prostate gland

36556846 Myeloproliferative neoplasm, unclassifiable of prostate gland

36558122  Spindle cell rhabdomyosarcoma of prostate gland

36558501 Stromal sarcoma, NOS, of prostate gland

36559400 B lymphoblastic leukemia/lymphoma with t(5;14)(q31;q32); IL3-IGH of
prostate gland

36559448 Chondrosarcoma, NOS, of prostate gland

36559668 Nephroblastoma, NOS, of prostate gland

36563308 Malignant melanoma, NOS, of prostate gland

36563529 Pleomorphic rhabdomyosarcoma, adult type of prostate gland

36564066 Malignant tumor, clear cell type of prostate gland

36564328 Fibroblastic reticular cell tumor of prostate gland

36564340 Epithelioid leiomyosarcoma of prostate gland

36565415 Pseudosarcomatous carcinoma of prostate gland

36565427 Desmoplastic small round cell tumor of prostate gland

36566280 Angiomyosarcoma of prostate gland

36567912 Spindle cell sarcoma of prostate gland

36568174 Tumor cells, malignant of prostate gland

40486666 Non-Hodgkin’s lymphoma of prostate

40488897 Diffuse non-Hodgkin’s lymphoma of prostate

40488901 Follicular non-Hodgkin’s lymphoma of prostate

40489289 Low grade prostatic intraepithelial neoplasia

40489291 High grade prostatic intraepithelial neoplasia

42511841 Extra-adrenal paraganglioma, NOS, of prostate gland

42512377 Paget disease, extramammary of prostate gland

42512398 Myofibroblastic sarcoma of prostate gland

42512430 Follicular lymphoma, NOS, of prostate gland

42512688 Diffuse large B-cell lymphoma, NOS, of prostate gland

44499799  Urothelial carcinoma in situ of prostate gland

44500839 Carcinoma in situ, NOS, of prostate gland

44500910 Malignant lymphoma, non-Hodgkin, NOS, of prostate gland

44501366  Alveolar rhabdomyosarcoma of prostate gland

44501968 Giant cell sarcoma of prostate gland

44502092 Adenocarcinoma in situ, NOS, of prostate gland

44502350 Embryonal rhabdomyosarcoma, NOS, of prostate gland

45769849 Prostatic intraepithelial neoplasia and adjacent atypia
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D.8 Testicular cancer

Table D13: Testicular germ cell tumor and broad-malignancy case concepts.

Concept ID Concept name
433716 Primary malignant neoplasm of testis
436054 Primary malignant neoplasm of undescended testis
619381 Primary malignant neoplasm of left testis
619382 Primary malignant neoplasm of right testis
619383 Bilateral primary malignant neoplasm of testes
4003028 Primary malignant neoplasm of descended testis
4092524 Malignant tumor of undescended testis
4095164 Malignant tumor of ectopic testis
4114339 Seminoma of testis
4133189 Mixed seminoma teratoma of testis
4177115 Malignant tumor of testis
4193703 Seminoma of descended testis
4197601 Seminoma of undescended testis
4217083 Malignant teratoma of undescended testis
4219402 Malignant teratoma of descended testis
4220146 Malignant teratoma of testis
4306529 Seminoma of testis, stage 3
4309671 Seminoma of testis, stage 2
4309811 Seminoma of testis, stage 1
4313771 Seminoma of testis, stage 4
35610170 Malignant neoplasm of descended testis
36521552 Polyembryoma of undescended testis
36524505 Malignant teratoma, undifferentiated of undescended testis
36525037 Malignant teratoma, intermediate of testis, NOS
36530105 Malignant teratoma, trophoblastic of testis, NOS
36532477 Teratoma with malignant transformation of undescended testis
36533891 Teratoma with malignant transformation of testis, NOS
36540915 Malignant teratoma, trophoblastic of undescended testis
36546145 Polyembryoma of testis, NOS
36547010 Teratoma with malignant transformation of descended testis
36547066 Yolk sac tumor, NOS, of undescended testis
36547328 Polyembryoma of descended testis
36547800 Malignant teratoma, trophoblastic of descended testis
36549712 Malignant teratoma, intermediate of undescended testis
36550324 Malignant teratoma, undifferentiated of testis, NOS
36553786 Malignant teratoma, intermediate of descended testis
36554633 Malignant teratoma, undifferentiated of descended testis
36558353 Seminoma, anaplastic of undescended testis
36568342 Choriocarcinoma, NOS, of undescended testis
36712742 Primary seminoma of left testis
36712743 Primary seminoma of right testis

Continued on next page
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Concept ID Concept name
36715833 Primary choriocarcinoma of testis
36717487 Primary embryonal carcinoma of testis
37016122 Non-seminomatous germ cell neoplasm of testis
37017381 Malignant germ cell tumor of testis
44498978 Choriocarcinoma combined with other germ cell elements of undescended
testis
44499767 Yolk sac tumor, NOS, of descended testis
44500520 Teratocarcinoma of descended testis
44500690 Seminoma, anaplastic of testis, NOS
44500691 Germ cell tumor, nonseminomatous of descended testis
44500898 Teratocarcinoma of undescended testis
44500899 Teratocarcinoma of testis, NOS
44500948 Choriocarcinoma, NOS, of descended testis
44501541 Seminoma, anaplastic of descended testis
44501817 Mixed germ cell tumor of descended testis
44502187 Embryonal carcinoma, NOS, of descended testis
44502561 Choriocarcinoma combined with other germ cell elements of testis, NOS
44502839 Choriocarcinoma combined with other germ cell elements of descended testis
44502897 Embryonal carcinoma, NOS, of undescended testis
44503172  Yolk sac tumor, NOS, of testis, NOS
44505590 Germinoma of undescended testis
44505591 Germ cell tumor, nonseminomatous of undescended testis
44505594 Mixed germ cell tumor of undescended testis
44505600 Germinoma of descended testis
44505610 Germinoma of testis, NOS
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