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CLONAL HAEMATOPOIESIS AS A BIOMARKER

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application No. 63/333,628 filed on
April 22, 2022, which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The invention relates to the measurement of clonal haematopoiesis for the purposes of
assessing the risk associated with various disease states, particularly relating to solid
organs and/or cancer.

BACKGROUND OF THE INVENTION

Clonal haematopoiesis (CH) is the acquisition of mutations in hematopoietic stem cells
that results in selective clonal expansion leading to enhanced systemic inflammation.®
While early studies had shown that at least 10% of individuals harbour CH mutations in
their seventies,®> more sensitive techniques have demonstrated that CH mutations are
ubiquitous in healthy middle-age adults.®’ Despite these mutations increasing the risk
of haematological cancer development, progression to malignancy is low.?

Interestingly, CH is also associated with elevated cardiovascular risk;>%'© more than
most traditional risk factors." The presence of CH mutations is linked to a 25%
increase in the incidence of de novo heart failure (HF) and a 2-fold increase in
mortality in patients with pre-existing HF.>'? In animal models of HF, mice harbouring
CH mutations developed adverse left ventricular (LV) remodelling with fibrosis and a

concomitant increase in IL-6 and IL-1R."3

However, the incidence of CH in more specific cardiac diseases, specific cancers and

diseases in other organs, and its impact in clinical outcomes, remains unknown.

PCT/CA2023/050553
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For example, cardiogenic shock (CS) is a life-threatening condition with markedly
reduced cardiac output resulting in multi-organ failure.” Despite increasing recognition
of CS and implementation of intensive therapies, morbidity and mortality remain
exceedingly high.? The evolving epidemiological descriptions of CS patients illustrate
that there is a large variability in the underlying aetiology, response to medical therapy,
and outcomes."® The association of a systemic inflammatory response syndrome with
worse outcomes in CS® could be a key to understanding the heterogeneity in the
natural history of CS and uncover new pathways to target for treatment.*

Further, orthotopic heart transplant (OHT) is the treatment of choice for patients with
advanced heart failure to improve quality of life and survival.s' In the United States,
over 80,000 HT were performed in the past three decades and over 5,000 yearly
worldwide 5> s* However, despite the improvement in donor and recipient pre-
transplant care, post-transplant survival is affected by a number of complications
including infections due to long-term immunosuppression therapy, cancer development
and cardiac allograft vasculopathy (CAV).5* $ OHT recipients require extensive
monitoring after transplantation with endomyocardial biopsies (EMB) for rejection
vigilance, viral detection for opportunistic infection, echocardiograms and coronary
angiography for allograft function and CAV assessment to instill early treatment and
improve survival.* Despite this intensive care, new non-invasive surveillance methods
that could improve morbidity and reduce mortality are still warranted. *® The increased
inflammatory cytokine/chemokine production linked to CH could also affect outcomes

in OHT recipients, but this association has never been evaluated. 8 5'°

There remains a need to study the link between CH and various disease states,

including those listed above.

SUMMARY OF THE INVENTION

We hypothesized that the enhanced inflammatory environment associated with CH
may play a significant role in various disease outcomes and its related complications.
Therefore, we evaluated the prevalence of CH in patients with various cardiac

diseases, solid organ diseases and specific cancers.

PCT/CA2023/050553
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In an aspect, there is provided a method of predicting the risk of a disease condition of
a solid organ in a patient, the method comprising: receiving a sample from the patient
containing hematopoietic stem cells; sequencing the sample to detect a degree of
clonal hematopoiesis; comparing the degree of clonal hematopoiesis in the patient to a
control degree; and determining the patient is at an elevated risk of the disease
condition if the degree of clonal hematopoiesis in the patient is higher than the control

degree in a statistically significant manner.

In an aspect, there is provided a kit comprising a library of probes library comprising at
least 50%, 60%, 70%, 80%, 90%, 95%, 98% or 99% of the probes listed in Table A.

In an aspect, there is provided a method of predicting the benefit of immunotherapy in
a patient with melanoma, the method comprising: receiving a sample from the patient
containing hematopoietic stem cells; sequencing the sample to detect a degree of
clonal hematopoiesis in TET2; comparing the degree of TET2 clonal hematopoiesis in
the patient to a control degree; and determining the patient would benefit from
immunotherapy if the degree of TET2 clonal hematopoiesis in the patient is higher
than the control degree in a statistically significant manner. Preferably, the method

further comprises treating the patient with immunotherapy.

In an aspect, there is provided a method of predicting metastatic risk in a patient with a
non-hematological cancer, the method comprising: receiving a sample from the patient
containing hematopoietic stem cells; sequencing the sample to detect a degree of
clonal hematopoiesis in TET2; comparing the degree of TET2 clonal hematopoiesis in
the patient to a control degree; and determining the patient is at a lower risk of
metastasis if the degree of TET2 clonal hematopoiesis in the patient is higher than the
control degree in a statistically significant manner. Preferably, the method further
comprises treating the patient with a treatment and monitoring regimen reflective of a
low risk of metastasis.

BRIEF DESCRIPTION OF FIGURES

These and other features of the preferred embodiments of the invention will become
more apparent in the following detailed description in which reference is made to the
appended drawings wherein:

PCT/CA2023/050553
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Figure 1. Study design. Cardiogenic shock patients were screened for eligibility and
those with available biospecimen and consent were included. Ambulatory heart failure
patients were screened on a digital database and those with complete data for age,
sex, ejection fraction and aetiology of heart failure, available biospecimen and consent
were included. Cardiogenic shock and ambulatory heart failure patients were matched
on a 1:1 ratio for age, sex, ejection fraction, and aetiology. Ambulatory heart failure
and cardiogenic shock patients were sequenced for clonal haematopoiesis related
genes and its prevalence was estimated. A survival analysis was performed in each
group. A survival analysis for specific genes mutations and a cytokine profile were

assessed in cardiogenic shock patients.

Figure 2. Somatic variant characteristics in cardiogenic shock cohorts and ambulatory
heart failure. Panel A shows the number of mutations for the 10 most frequently
mutated genes according to each cohort. Panel B shows the number of mutations per
patient in those where a clonal haematopoiesis mutation was identified. Panel C
shows the variant allele frequency boxplot for patients with a mutation with a VAF
22%. No differences were observed between cohorts (P=0.87). Panel D shows the
number of patients with CH mutation according to age in both cohorts. Filled columns
represent those with CH mutations, and unfilled those without.

Figure 3. Survival according to clonal haematopoiesis and specific gene mutations.
Panels A, B and C shows the reduced survival in CS patients with CH mutations in 30-
day, 90-day and 3-year survival respectively. Panels D, E and F shows the reduced
survival in CS patients according to specific CH-related mutations (DNMT3A, ASLX1
and TET2) in 30-day, 90-day and 3-year survival respectively. All figures represents

VAD/OHT censored survival analysis.

Figure 4. Inflammatory cytokines in CS patients with TET2 and ASXL7 mutations.
Panel A shows the differences in SCD40L, IFNy, IL-4, TNF-a and abundance in
plasma of patients with or without TET2 mutations of variant allele frequency 22%.
Panel B shows the differences in CCL7 in patients with or without ASXL7 mutations

with a variant allele frequency =2% (P=0.03).

Figure 5. Somatic clonal hematopoiesis gene mutations prevalence and
characteristics in orthotopic heart transplant recipients. Panel A shows the frequency
of CH in OHT recipients. Panel B shows the number of mutations according to genes

related to CH. Panel C shows the number of patients with one, two, three, five and six

PCT/CA2023/050553
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CH mutations. Panel D shows the number of patients with CH mutations according to
age. (CH, clonal hematopoiesis; OHT, orthotopic heart transplant).

Figure 6. Survival analysis in orthotopic heart transplant recipients according to the

presence of clonal hematopoiesis gene mutations. (CH, clonal hematopoiesis)

Figure 7. Somatic mutations related to clonal hematopoiesis in patients with
hypertrophic cardiomyopathy. Panel A shows the number of mutations in the most
common affected genes in the cohort. Panel B shows the number of mutations per
patients in those with clonal hematopoiesis. Panel C shows the number of patients
with clonal hematopoiesis according to the decade of the assessment. (CH, clonal
hematopoiesis; HCM, hypertrophic cardiomyopathy).

Figure 8. Survival in patients with hypertrophic cardiomyopathy stratified according to
the presence of clonal hematopiesis. Panel A shows the survival according to the
presence of clonal hematopoiesis among HCM patients. Panel B shows the survival
according to the presence of clonal hematopiesis in the DNMT3A, TET2, and ASXL1
genes among HCM patients. Panel C shows the survival according to the presence of
clonal hematopoiesis among HCM patients with sarcomeric mutations. Panel D shows
the survival according to the presence of clonal hematopiesis in the DNMT3A, TET2,
and ASXL1 genes among HCM patients with sarcomeric mutations. (CH, clonal
hematopoiesis; HCM, hypertrophic cardiomyopathy).

Figure 9. Troponin I, cytokines and chemokines levels among HCM patients with
sarcomeric mutations according to the presence of clonal hematopoiesis. (CH, clonal

hematopoiesis; HCM, hypertrophic cardiomyopathy).

Figure 10. TET2-mutant clonal hematopoiesis is associated with clinical benefit from
immunotherapy in melanoma. A) 569 patients with melanoma, bladder cancer, renal
cell carcinoma (RCC), or non-small cell lung cancer (NSCLC) treated with immune-
checkpoint blockade were screened for clonal hematopoiesis using publicly-available
exome sequencing, with at least one mutation of variant allele frequency (VAF) >0.02
detected in 74 patients (datasets EGAD00001006632, SRP064805, SRP067938,
SRP072934, SRP090294, SRP095809, SRP115658, SRP128156). B) TET2-mutant
clonal hematopoiesis is associated with significantly higher odds of clinical benefit 6
months after receiving immunotherapy in melanoma patients (Odds Ratio = 5.98), but
not bladder cancer, renal cell carcinoma, or non-small cell lung cancer patients (p

PCT/CA2023/050553
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value from Firth’s multivariate logistic regression adjusted for patient age, sex, study,
and immune checkpoint). C) In an animal model of immunotherapy, mice with Tet2-
mutant hematopoiesis — mimicking TET2-mutant clonal hematopoiesis — show
enhanced response to PD-1 immune checkpoint blockade, while isotype control (ISO)
treated tumours show identical growth kinetics (*p<0.05 by Mann-Whitney Test).

Figure 11. TET2-mutant clonal hematopoiesis is associated with lower risk of
metastatic disease in patients with non-hematological cancers. A) 16,744 patients with
metastatic or non-metastatic solid tumours from Nguyen et al. Cell, 2022 were tested
for clonal hematopoiesis in Bolton et al. Nature Genetics, 2020 using the MSK-
IMPACT targeted sequencing panel. CH mutations with variant allele frequency of at
least 0.02 were detected in 19.5% of patients. B) The 5 most commonly detected
clonal hematopoiesis mutations from A) are shown. C) Exposure to TET2-mutant CH
is associated with lower risk of having metastatic cancer in patients from A) as
assessed by multivariate logistic regression adjusted for age, sex, smoking status, and
chemotherapy treatment. D) Exposure to TET2-CH is associated with significantly
lower risk of having metastases in patients from A) with Non-Small Cell Lung and
Breast Cancer, with a trend towards lower risk of metastases in colorectal and bladder
cancer, as assessed by multivariate logistic regression adjusted for age, sex, smoking
status, and chemotherapy treatment. Patients in A) with TET2-mutant CH have
significantly few metastases detected on clinical imaging (E) and have fewer overall
sites / organs involved with metastatic disease (F), p values from Wilcoxon Rank Sum
Test.

Figure 12. Clonal hematopoiesis prevalence among the 782 transplant recipients.
Figure 13. Clonal hematopoiesis prevalence according to transplanted organ..
Figure 14. Clonal hematopoiesis mutated genes among the 782 transplant recipients.

Figure 15. Clonal hematopoiesis mutated genes among the 127 heart transplant

recipients.

Figure 16. Clonal hematopoiesis mutated genes among the 90 lung transplant
recipients.

Figure 17. Clonal hematopoiesis mutated genes among the 189 kidney transplant
recipients.

PCT/CA2023/050553
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Figure 18. Clonal hematopoiesis mutated genes among the 374 liver transplant

recipients.
Figure 19. Mortality according to the transplanted organ.
Figure 20. Mortality according to clonal hematopoiesis.

Figure 21. Mortality according to clonal hematopoiesis by transplanted recipients.

DETAILED DESCRIPTION

In the following description, numerous specific details are set forth to provide a
thorough understanding of the invention. However, it is understood that the invention

may be practiced without these specific details.

As noted above, we investigated the role that the enhanced inflammatory environment
associated with CH may play in various disease outcomes and its related

complications.

In one example, we studied cardiogenic shock (CS) and its association with variable
systemic inflammation and whether it may be responsible for the patient heterogeneity
and the exceedingly high mortality rate. Cardiovascular events have been associated
with clonal haematopoiesis (CH) where specific gene mutations in hematopoietic stem
cells lead to clonal expansion and the development of inflammation. This study aims to
assess the prevalence of CH and its association with survival in a population of CS
patients in a quaternary centre.

We compared the frequency of CH mutations among 341 CS patients and 345
ambulatory heart failure (HF) matched for age, sex, ejection fraction, and HF aetiology.
The association of CH with survival and levels of circulating inflammatory cytokines
was analysed. We detected 266 CH mutations in 149 of 686 (22%) patients. CS
patients had a higher prevalence of CH-related mutations than HF patients (OR 1.5;
95% CIl 1.0-2.1, P=0.02) and was associated with decreased survival (30-days: HR
2.7, 95% Cl 1.3-5.7, P=0.006; 90-days: HR 2.2; 95% CI 1.3-3.9, P=0.003; and 3-years:
HR 1.7; 95% CIl 1.1-2.8, P=0.01). TET2 or ASXL1 mutations were associated with
lower survival in CS patients at all-time points (P<0.03). CS patients with TET2

PCT/CA2023/050553
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mutations had higher circulating levels of SCD40L, IFNy, IL-4, and TNFa (P<0.04),
while those with ASXL1 mutations had decreased levels of CCL7 (P=0.03).

CS patients have high frequency of CH, notably mutations in TET2 and ASXLT. This
was associated with reduced survival and dysregulation of circulating inflammatory
cytokines in those CS patients with CH.

Novel risk stratification and non-invasive surveillance methods are also needed in
orthotopic heart transplant (OHT) to reduce morbidity and mortality post-transplant,
and this was thus the focus of another example. The purpose of this study was to
investigate the association between CH and OHT. Blood samples were collected from
127 OHT recipients. Error-corrected sequencing was used to detect CH-associated
mutations. We evaluated the association between CH and acute cellular rejection,
CMV infection, cardiac allograft vasculopathy (CAV), malignancies, and survival. CH
mutations were detected in 26 (20.5%) patients, mostly in DNMT3A, ASXL1, and
TET2. Patients with CH showed a higher frequency of CAV grade 2 or 3 (0% vs. 18%,
P<0.001). Moreover, a higher mortality rate was observed in patients with CH [11
(42%) vs. 15 (15%), P=0.008] with an adjusted hazard ratio of 2.9 (95% CI, 1.4-6.3;
P=0.003). CH was not associated with acute cellular rejection, CMV infection or
malignancies. The prevalence of CH in OHT recipients is higher than previously
reported for the general population of the same age group, with an associated higher

prevalence of CAV and mortality.

Similar studies were conducted with respect to hypertrophic cardiomyopathy, lung
transplant, immunotherapy benefit in myleloma and metatstic risk of a non-

hematological cancer.

Accordingly, in an aspect, there is provided a method of predicting the risk of a disease
condition of a solid organ in a patient, the method comprising: receiving a sample from
the patient containing hematopoietic stem cells; sequencing the sample to detect a
degree of clonal hematopoiesis; comparing the degree of clonal hematopoiesis in the
patient to a control degree; and determining the patient is at an elevated risk of the
disease condition if the degree of clonal hematopoiesis in the patient is higher than the

control degree in a statistically significant manner.

As used herein, the term “control” refers to a specific value or dataset that can be used
as a reference to classify a measured value e.g. the wild type or frequency of

PCT/CA2023/050553
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mutations in a cohort. A person skilled in the art will appreciate that the comparison
between the measurement in the test sample and the reference values in the control

will depend on the control used.

As used herein “hematopoietic stem cell” refers to cells capable of developing into any
blood cell, including mature myeloid and/or lymphoid cells. These cells are typically
bone marrow, liver, spleen or cord blood in origin. Myeloid and lymphoid lineages both
are involved in dendritic cell formation. Myeloid cells include monocytes,
macrophages, neutrophils, basophils, eosinophils, erythrocytes, and megakaryocytes
to platelets. Lymphoid cells include T cells, B cells, natural killer cells, and innate
lymphoid cells.

The term “sample” as used herein refers to any fluid, cell or tissue sample from a
subject that can be assayed for the mutations in hematopoietic stem cells described
herein..

In some embodiments, the degree of clonal hematopoiesis is measured using a variant
allele frequency of mutations determined to be associated with clonal hematopoiesis.
Preferably, the variant allele frequency (VAF) is 22%. Further preferably, the VAF is =
5%.

In some embodiments, the following genes are sequenced in the sample: TET2,
DNMT3A, and ASXL1, and optionally one or more of, but preferably all of, BCOR,
BRAF, CALR, CBL, CEBPA, EZH2, FLT3A, GATA1, GATA2, GNAS, IDH1, IDH2,
JAK2, KIT, KRAS, MPL, NRAS, PHF6, PPM1D, PTPN11, RAD21, RUNX1, SETBP1,
SF3B1, SMC1A, SMC3, SRSF2, STAG2, TP53, U2AF1, WT1, and ZRSR2.

In some embodiments, the sequencing is performed using single-molecule molecular
inversion probes (smMIPs). The smMIPs technique is an assay that combines single
molecule tagging with multiplex targeted capture to enable practical and highly

sensitive detection of low-frequency or subclonal variation.

In some embodiments, the mutations associated with clonal hematopoiesis are
detectable by the probes listed in Table A.

In some embodiments, the mutations associated with clonal hematopoiesis are
detected using a library comprising at least 50%, 60%, 70%, 80%, 90%, 95%, 98% or
99% of the probes listed in Table A.

PCT/CA2023/050553



10

15

20

25

WO 2023/201442

10

In some embodiments, the mutations associated with clonal hematopoiesis are
detected using a library consisting of at least 50%, 60%, 70%, 80%, 90%, 95%, 98%
or 99% of the probes listed in Table A.

In some embodiments, the mutations associated with clonal hematopoiesis are
detected using a library consisting of substantially all of the probes listed in Table A.

In some embodiments, the mutations associated with clonal hematopoiesis are

detected using a library consisting of the probes listed in Table A.
In some embodiments, the solid organ is a heart.

In some embodiments, the disease condition is cardiogenic shock. In some
embodiments, an elevated risk of cardiogenic shock is associated with an elevated risk
of death. Preferably, the method further comprises treating or preventatively treating

the patient for cardiogenic shock.

In some embodiments, the disease condition is an adverse outcome after orthotopic
heart transplant (OHT). In some embodiments, the adverse outcome is an elevated
risk of mortality and/or elevated risk of cardiac allograft vasculopathy. Preferably, the
method further comprises treating or preventatively treating the patient for cardiac

allograft vasculopathy.

In some embodiments, the disease condition is hypertrophic cardiomyopathy.
Preferably, the method further comprises treating or preventatively treating the patient

for hypertrophic cardiomyopathy.

In some embodiments, the solid organ is a lung. In some embodiments, the disease
condition is an adverse outcome, including death, after lung transplant. Preferably, the
method further comprises treating or preventatively treating the patient for the adverse

outcome after lung transplant.

In an aspect, there is provided a kit comprising a library of probes library comprising at
least 50%, 60%, 70%, 80%, 90%, 95%), 98% or 99% of the probes listed in Table A.

In some embodiments, the kit comprises a library consisting of at least 50%, 60%,
70%, 80%, 90%, 95%, 98% or 99% of the probes listed in Table A.

PCT/CA2023/050553



10

15

20

25

WO 2023/201442

11

In some embodiments, the kit comprises a library consisting of substantially all of the
probes listed in Table A.

In some embodiments, the kit comprises a library consisting of the probes listed in
Table A.

In an aspect, there is provided a method of predicting the benefit of immunotherapy in
a patient with melanoma, the method comprising: receiving a sample from the patient
containing hematopoietic stem cells; sequencing the sample to detect a degree of
clonal hematopoiesis in TET2; comparing the degree of TET2 clonal hematopoiesis in
the patient to a control degree; and determining the patient would benefit from
immunotherapy if the degree of TET2 clonal hematopoiesis in the patient is higher
than the control degree in a statistically significant manner. Preferably, the method

further comprises treating the patient with immunotherapy.

In an aspect, there is provided a method of predicting metastatic risk in a patient with a
non-hematological cancer, the method comprising: receiving a sample from the patient
containing hematopoietic stem cells; sequencing the sample to detect a degree of
clonal hematopoiesis in TET2; comparing the degree of TET2 clonal hematopoiesis in
the patient to a control degree; and determining the patient is at a lower risk of
metastasis if the degree of TET2 clonal hematopoiesis in the patient is higher than the
control degree in a statistically significant manner. Preferably, the method further
comprises treating the patient with a treatment and monitoring regimen reflective of a
low risk of metastasis.

The advantages of the present invention are further illustrated by the following
examples. The examples and their particular details set forth herein are presented for
illustration only and should not be construed as a limitation on the claims of the

present invention.
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EXAMPLE 1
MATERIALS AND METHODS
Patient selection

We performed a retrospective study to evaluate the prevalence of CH in CS patients
and compared it to matched stable ambulatory HF patients. Stable ambulatory HF
patients were chosen as controls as there is a known relationship with CH. We
screened 1,315 consecutive patient admission with CS admitted to the cardiac
intensive care unit (CICU) at the Toronto General Hospital (Ontario, Canada) from
January 2014 to December 2020, identifying 341 patients with suitable biospecimens
and consent. CS was diagnosed based on international consensus.’ Only the first
CICU admission was considered for inclusion into the study. We also screened 9,485
ambulatory HF patients with no previous history of CS, orthotopic heart transplant
(OHT), durable ventricular assist device (VAD), or HF admission in the 12 months prior
to biospecimen collection and clinical evaluation (N=583). We included all patients
aged =18 years, with biospecimens stored in the Peter Munk Cardiac Centre
Cardiovascular Biobank. We excluded patients with incomplete digital records, those

who withdrew consent during follow-up, or low biospecimen quality (Figure 1).
Definition of clinical states of enrolled patients

Cardiogenic shock diagnosis was based on international consensus criteria’ which
required a systolic blood pressure <90 mmHg for more than 30 minutes, or the need
for inotrope/vasopressor support, signs of end-organ failure (clammy skin, capillary
filling time >3 seconds, urine output <0.5 mL/kg/h, lactate level >4 mmol/L), or a low
cardiac output (<2.2 L/min/m? if receiving inotropes/vasopressors or <1.8 L/min/m?
without inotropes/vasopressors). In contrast, we defined stable ambulatory HF as
patients with HF, with no history of OHT or VAD, or HF admission in the 12 months up
to the time-point of biospecimen collection.

Data collection

Clinical and laboratory data for CS patients were collected within the first 24 hours of
CICU admission. The Society for Cardiovascular Angiography and Intervention (SCAI)
CS stage' was calculated at 24 hours after CICU admission. Data collected after this
time were related to in-hospital outcomes such as use of mechanical circulatory
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support (MCS), renal replacement therapy, mechanical ventilation and death. Data for
ambulatory HF patients were collected as close to the biospecimen collection date as
possible. All study data were collected from electronic records and prior to CH

sequencing.
Follow-up and Outcomes

All CS patients were followed until death or their last visit to our institution after hospital
discharge. Follow-up time for the ambulatory HF group was defined from the time of
biospecimen collection until the last visit to our institution or notice of death. As OHT
and VAD substantially increase survival, a patient was right censored at the time of
VAD, OHT or last follow-up, whichever was earlier. We reported event-free survival at
30-day, 90-day and 3-year. Similar to other studies,® we defined CH-related mutations
at a VAF cut-off 22%.

Biospecimens and analysis

Biospecimens were collected from patients during their admission to the CICU unit of
the Toronto General Hospital with deferred consent. In the case that a patient, or their
substitute decision-maker, denied consent at a later time point, the biospecimens were
discarded. Biospecimens from ambulatory HF patients were obtained during routine
heart function clinic visits at our institution. All samples were stored at -80°C at the
Peter Munk Cardiac Centre biobank.

For patients with CS, biospecimens were collected within a median of 10 (interquartile
range, IQR 67) days from CS admission. In the ambulatory HF patient group, 89% of
biospecimens were collected on the same day as clinical evaluation. We felt the timing
of biospecimen collection was appropriate as changes in clonal haematopoiesis do not

occur over days, but rather over years.

Genetic Sequencing Procedures

Next-generation sequencing library construction was conducted with smMIPs.®
Cytokine Analysis

To define whether cytokine levels can be potential markers of inflammation, the

analysis was restricted to those samples obtained during the admission to the CICU.
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Statistical analysis

All analyses on the frequency and associations with CH were performed with a variant
allele frequency (VAF) cut-off 22%. For specific gene analysis, we compared patients
with no mutation with those with a mutation in one of the three more common
mutations (DNMT3A, TET2, or ASXLT) with a VAF =22% but with no overlap mutations.
We also transformed VAF and cytokines levels using the logarithm function to reduce
the distribution skewness.

A sample size of 345 patients for each group would detect a ratio of 1.5 in CH
frequency between CS and ambulatory HF groups with a power of 87.5% and alpha of
0.05. There were 345 CS patients and 583 stable HF patients selected after initial
screening. The CS and stable HF groups were one-to-one matched by age, sex,
aetiology of HF, and ejection fraction. A nearest neighbour method was applied without
replacement. After matching, there were 345 patients in each group. Figure 1

summarizes sample selection.

All variables were tested for normality with histogram analysis and Shapiro-Wilk test.
Normal and non-normal continuous variables are presented as mean + standard
deviation or median (interquartile range), and categorical variables with frequencies.
Between-cohort differences in continuous variables were evaluated with a Student’s t-
test or Mann-Whitney accordingly. Between-cohort differences in categorical variables
were evaluated with a chi-square test. Logistic regression was performed to quantify
the association of the prevalence of CH between CS and ambulatory heart failure
patients in terms of odds ratios. Next, we separately characterized the 30-day, 90-day
and 3-year event-free survival for each cohort using the Kaplan-Meier survival method.
Furthermore, within each cohort, we contrasted event-free survival in patients with and
without CH in terms of hazard ratios (HR) using Cox proportional hazards regression
and evaluated the survival differences using log-rank tests. The HRs in this descriptive
analysis were not adjusted for covariates. Subsequently, we also quantified the
association between CS and mortality both with age only and with other clinically
relevant covariates (i.e., age, sex, aetiology, use of mechanical circulatory support,
creatinine, sodium, and white blood count). The model was validated by the
proportional hazard assumption test based on Schoenfeld residual. Finally, as a
sensitivity analysis, we repeated the previous analyses on all-cause mortality without
right censoring patients at the time of OHT and VAD implantation. We described and
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explored the event-free survival and the levels of 48 cytokines in patients with a single
gene mutation in the three most commonly mutated genes to patients without any
mutations. We used a statistical significance of 0.05 for all analyses and a two-sided p-

value. All analyses were performed using SPSS, version 25.0 (SPSS Inc., NY, USA).
RESULTS AND DISCUSSION

In this study, 341 patients were included in the CS group and 345 in the ambulatory
HF group. Four (1%) patients were excluded from the CS group due to poor
biospecimen quality (Figure 1). All characteristics included in the case-control study
were similar between groups (Table 1). Our study population consisted mostly of
males with a predominance of non-ischemic cardiomyopathy. Patients with CS,
however, had a lower body mass index, more frequent history of smoking, lower
incidence of pre-existing chronic HF, higher admission serum creatinine and higher
BNP when compared with ambulatory HF patients.

In the CS group, the most common aetiology was acute decompensation of chronic HF
in 225 (66%) patients, followed by new onset HF in 93 (27%), myocardial infarction in
10 (3%) and myocarditis in 11 (3%). The majority were classified at SCAIl stage D (285
patients, 83%) and pulmonary artery catheter was used in 178 (52%) patients
confirming disease severity. Fifty-two (15%) patients required temporary MCS with
intra-aortic balloon pump being the most commonly used (n=26, 8%), followed by
extra-corporeal life support (n=18, 5%), and Impella device® (Abiomed Inc.,
Massachusetts, USA) (n=8, 2%). Mechanical ventilation was needed in 63 (18%)
patients and renal replacement therapy in 35 (10%). Clinical characteristics are
summarized for both CS patients (Table 2) and ambulatory HF (data not shown). CS
patients were followed for a median of 676 (1289) days, while ambulatory HF patients
were followed for 1246 (884) days.

In the CS group, 104 (30%) underwent OHT, 79 (23%) required durable VAD, 132
(39%) died during follow-up with 59 (17%) patients dying during the index
hospitalization and 73 (21%) after hospital discharge. In the ambulatory HF group, 19
(6%) patients had OHT, seven (2%) were referred for durable VAD, and 35 (10%)

patients died.
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Prevalence and distribution of CH muftations in the study groups

Overall, 422 mutations were identified in 28 genes, of which 266 (63%) mutations had
a VAF = 2% and were included in the analysis (data not shown), affecting 149 (22%) of
the 686 patients. The most common mutation type was missense, followed by
frameshift, nonsense and splice site (data not shown). The most mutated gene was
DNMT3A in 84 (32%), followed by TET2 in 48 (18%), and ASXL7 in 30 (11%) patients,
with a similar distribution in mutations observed in both the CS and ambulatory HF
groups (Figure 2A). Among all patients with CH, 83 (56%) had a single mutation, 35
(23%) had two and 31 (21%) had three or more (Figure 2B). The VAF distribution was
similar in both populations (Figure 2C). As expected, an age-associated increase in
CH prevalence (Figure 2D) was observed in both groups; however, the overall
frequency of CH was significantly higher in CS patients, as compared with ambulatory
HF patients (25.2% versus 18.3%; odds ratio, 1.5; 95% CIl 1.0-2.1, P=0.02). CS
patients with CH were older than those without mutations, and had a higher frequency
of dyslipidaemia, lower sodium, and white blood count (Table 2). The frequency of CH
in CS patients with previous HF was similar than those without out [24 (26%) vs. 24
(23%), P=0.54). Ambulatory HF patients with CH were older and more likely to have
ischemic cardiomyopathy (data not shown).

Association between CH and survival

The presence of CH in the CS group was associated with an increased risk of death in
a multivariable adjusted analysis for age, sex, aetiology of CS, use of mechanical
circulatory support, creatinine, sodium, and white blood count and censored for
VAD/OHT: 17 patients (20%) with CH died in the first 30-days compared with only 17
(7%) without mutations (hazard ratio, (HR), 2.7; 95% CIl 1.3 to 5.7, P=0.006; Figure
3A). A similar ratio was seen at 90-days (HR, 2.2; 95% CI 1.3 to 3.9, P=0.003; Figure
3B). At 3 years, 36 patients (42%) with CH had died compared with 47 (18%) without
detectable CH at initial admission for CS (HR, 1.7, 95% CI 1.1 to 2.8, P=0.01; Figure
3C). Similar results were observed with the unadjusted and age-adjusted analysis for
both uncensored and VAD/OHT censored (data not shown). There were no differences
in survival between CH and non-CH groups in the ambulatory HF patients uncensored
or VAD/OHT censored (data not shown). In addition, when considering VAF as a
continuous variable, there was no association with death. However, analysis of VAF

categorized as =2 to <5% and = 5% was associated with a higher risk of death in those
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with VAF = 5%, at 90-days and 3-years. Increasing number of mutated genes was not
associated with death (data not shown).

We then stratified the CS group according to the three most mutated genes (DNMT3A,
TET2, and ASXL1, Figures 3D, 3E, 3F) and found an association for TET2 and ASXL1
mutations with decreased 30-day, 90-day, and 3-year survival compared with patients
who had no CH mutations. Results for survival censored for VAD/OHT had similar
results. DNMT3A mutations had no effect on survival at 30-day, 90-day or 3-year
follow-up.

Cytokine expression in cardiogenic shock

To assess changes in the inflammatory milieu associated with CH, we compared 48
cytokines in the plasma of CS patients with mutations in the three most mutated
genes, to those without CH. CS patients with TET2 mutations exhibited higher
circulating levels of SCD40L, IFNy, IL-4, and TNFa (Figure 4A, 4B, 4C and 4D), and
those with ASXL1 mutations had lower levels of CCL7 (Figure 4E) compared with
patients lacking CH mutations. There were no differences in the cytokine profiles of
patients with DNMT3A mutations (data not shown).

Discussion

CH mutations are associated with increased risk for adverse cardiovascular events in
specific populations of patients with atherosclerosis and heart failure.>%'° We found
that patients with CS had a 1.5-fold higher prevalence of CH as compared to
ambulatory HF patients, with an associated decrease in 30-day, 90-day, and 3-year
survival. The observed prevalence of CH in ambulatory HF patients (18.3%) is
consistent with other reported findings, emphasizing the comparability of the
methodology applied.®'® Importantly, our data shows that CH may be considered as
risk factor for CS admission regardless of prior HF. Of note, mutations specifically in
TET2 and ASXL1 impacted the prognosis of CS and were associated with distinct
circulating inflammatory cytokine profiles, compared with those patients without CH
mutations. While the retrospective nature of this study may have introduced a survival
bias, as CS patients who did not survive the first hours of presentation were less likely
to have biospecimens taken, our study likely underestimates the prevalence of CH in
CS. To our knowledge, this is the first study to show the higher prevalence of CH and
lower survival in patients admitted with CS.
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DNMT3A was the most common mutated gene in both groups, followed by TET2 and
ASXL1. These genes are epigenetic regulators with a role in altering DNA methylation
to potentially promote stem cell self-renewal and clonal expansion.’” While DNMT3A is
responsible for de novo DNA methylation, TET2 promotes demethylation.”” ASXL1 has
a role in chromatin regulation, promoting myeloid leukemogenesis.’® Although the
mechanisms ascribed to these genes are still poorly understood, they likely boost
systemic inflammation which may have an impact in CS."%%37 TET2 mutations were
associated with a significant decrease in both short- and long-term survival in CS
patients. These findings mirror previous work showing higher pathogenicity of
mutations in TET2, compared to DNMT3A in the broader setting of HF.%10161°
Additionally, ASXL1 mutations have been related to increased risk for myocardial
infarction but its role in HF was unknown prior to our study. Here, we report a
decrease of short- and long-term survival in ASXLTY carriers admitted with CS.
DNMT3A mutations have been associated with HF hospitalization and death®, but this
was not seen in our analysis. Mutations in DNMT3A may have lower pathogenicity in
CS, explaining their higher frequency in this population.

CS is associated with acute systemic inflammation, which has been shown to increase
mortality.#?° Augmentation of this inflammatory state could explain the increased risk
of death seen in CS patients with CH mutations. In our study, patients with CS
harbouring TET2 mutations had elevated circulating levels of SCD40L, IFNy, IL-4, and
TNF-a. SCD40L has a pro-inflammatory, pro-coagulant function associated with
cardiovascular events related to atherosclerosis.?’?? IL-4 leads to tissue macrophage
accumulation,? and increases IFNy expression, which has a key role in the adaptive
immune response?*, and promotes myelopoiesis in response to inflammation®42°. TNF-
a is primarily produced by macrophages and can induce apoptosis in hematopoietic
cells.?52” Additionally, ASXL1 mutations in CS patients were associated with lower
circulating levels of CCL7, a chemokine that is a potent chemo-attractant for myeloid
cells.?® The differential regulation of cytokines promoted by specific CH mutation could
enhance the immune response leading to reduced survival in TET2 and ASXL1
mutation carriers. The lack of any dysregulation of circulating cytokines with DNMT3A

mutations offers an explanation why survival was not affected in our CS patients.

Clinically, the increasing incidence of CS remains a major limitation in patient
management.? The association of CH mutations with higher mortality could provide a
new biomarker to help identify patients at elevated risk, establishing a new paradigm of
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risk assessment in CS. The fact that CH patients were older does not explain the
dramatic increase in mortality in CH patients, as the age-adjusted analysis showed
similar results. Also, similar age differences between study populations were described
in previous studies showing the impact of CH in cardiovascular outcomes.®'
Mechanistically, the increased risk due to CH likely occurs through augmentation of
the acute inflammatory state in CS. The altered cytokine profile may provide potential
therapeutic targets in these patients. Prior studies have shown that decreased IL-6
receptor activity improved outcomes in patients with CH.>® The development of
smMIP-sq for CH assessment in our study should overcome the barrier to clinical
implementation of other sequencing methods.'®'® Furthermore, the 2% VAF cut-off
remains controversial. VAF reflects the size of the expanded clone evaluated in the
peripheral blood and it is reasonable to hypothesize that risk increases with an
increase in VAF."1677 However, we did not find a difference in the VAF between CS
patients and ambulatory HF, and its use as a continuous variable was not associated
with increased mortality in CS patients. We did find that CH-associated risk increased
with a categorized higher VAF cutoff.’® This may be explained by the highly-skewed
distribution of VAF.

CS patients had a 50% higher prevalence of CH mutations than stable ambulatory HF
patients. These mutations were associated with a 2-fold reduction in survival of CS
patients. Specifically, mutations in TET2 and ASXL71 genes were shown to be more
lethal than DNMT3A in this context and were associated with an altered profile of
circulating inflammatory cytokines that may suggest a mechanism for CH to affect
patient outcomes.

EXAMPLE 2
MATERIALS AND METHODS
Study population

We performed a retrospective study of 127 patients that underwent OHT in the Toronto
General Hospital from 2005 to 2021. Only patients older than 18 with available
biospecimens and complete clinical evaluation were included. No patients with active
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malignancies were included because it is considered a criteria for heart transplant
candidacy.

Data collection

The clinical chart and pre-transplant assessment of OHT recipients were reviewed
from the patients’ digital health records. We collected demographic data, medical
history, laboratory assessment, date of OHT, transplant-related treatment at the time
of the procedure and the immunosuppressive regimen at 1-yeart post-OHT, the
occurrence and grade of acute cellular rejection episodes, CMV infection, CAV, any
malignancy and death. All baseline characteristics regarding demographic and
comorbidities were collected as close as possible to the biospecimens collection date
because of its relationship with CH mutations.

Follow-up and outcomes

Patients were followed from the time of OHT procedure to the last visit at our institution
or death. The patients were evaluated for the following outcomes: the first occurrence
of acute cellular rejection, CMV infection, de novo post-transplant malignancy, CAV,
and death.

Cellular rejection episode was diagnosed and classified according to the International
Society for Heart and Lung Transplantation (ISHLT). % A positive cellular rejection
episode was defined as the occurrence of 2R and 3R classification in EMB performed
routinely or due to clinical suspicion of cellular rejection. As a routine, patients are
routinely evaluated for rejection in weeks 1-4, 6, 8, 10 and months 3-6, 9, 12, 18, 24.
Gene-expression profiling was also used for rejection surveillance in low-risk patients
at our center, with a gene-expression derived high-risk score verified by confirmatory
EMB. CMV assessment was performed when infection was suspected or when
prophylaxis was discontinued. CMV infection was defined as positive PCR in
peripheral blood regardless of clinical symptoms. Post-OHT malignancy vigilance is
performed routinely by our centre and the diagnosis is based on tissue biopsy showing
malignant neoplastic cells. OHT recipients have coronary angiography performed with
intravascular ultrasound at 3 months, 12 months, 1-year and 5-years post OHT,
though this may be deferred if intercurrent illness or significant kidney disease is
present. The findings are graded according to the ISHLT criteria for CAV and
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considered positive in the presence of CAV2 or CAV3. %% In the survival analysis, we
considered death from any cause in the end of follow-up.

Genetic Sequencing Procedures

Peripheral blood samples were collected with patient consent during clinical visits to
Toronto General Hospital and were stored in the Peter Munk Cardiac Centre biobank.
100ng of DNA was used to construct sequencing libraries using single molecule
Molecular Inversion Probes (smMIP) as previously described. s'® Paired-end 150bp
sequencing reads were generated using the lllumina Novaseq platform (lllumina Inc.,
California, USA).

Statistical analysis

All variables were tested for normality using the Shapiro-Wilk test. Normal and non-
normal continuous variables are presented as mean + standard deviation or median
(interquartile range). Difference among groups were evaluated with a Student’s t-test
or Mann-Whitney accordingly. Group differences in categorical variables were
evaluated with a chi-square test or Fisher's exact test as appropriate. The hazard
ratios (HR) for the event-free survival for OHT patients with or without CH was
calculated using the Cox proportional hazards regression. An adjusted Cox
proportional hazards regression including age, sex, primary heart failure diagnosis
(ischemic, non-ischemic and congenital) and chronic kidney disease was also
calculated to estimate the impact of CH on survival. The model was ascertained by the
proportional hazard assumption test based on Schoenfeld residual and found to be
valid. The survival function is represented graphically using Kaplan-Meier curves and
compared according to the presence of CH mutations using log-rank test. We used a
statistical significance of 0.05 for all analyses and a two-sided p-value. All analyses
were performed using SPSS, version 25.0 (SPSS Inc., NY, USA).

RESULTS AND DISCUSSION
Study participants

Between 2005 and 2021, 589 patients underwent OHT at our institution. 127 patients
(21.5%) were included in this study. 97 males and 30 females. Their mean age was
49+14 years. The most common comorbidities were prior smoking (n=34, 27%),
hypertension (n=33, 26%), dyslipidemia (n=33, 26%) and type 2 diabetes (n=28, 22%).
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90 patients (71%) were diagnosed with underlying non-ischemic HF prior to OHT while
28 patients (22%) had ischemic heart disease. Transplantation was conducted in 44
(35%) patients with a ventricular assist devices (VAD). All patients received induction
therapy, with the vast majority (n-123, 97%) receiving rabbit anti-thymocyte globulin.
The most common immunosuppressive therapy regimen at hospital discharge included
tacrolimus (n=119, 94%), sodium mycophenolate (n=123, 97%) and corticosteroids

(n=127, 100%). Table 3 summarizes the patient’s baseline characteristics.

Evaluation of CH in OHT recipients

The targeted sequencing of CH genes was successfully performed in all patients. In 87
(68%) cases, samples were collected before the procedure with a median time from
sample to procedure of 200 (IQR 428) days, and in 40 (32%) cases the sample was
collected after the transplant, with a median time from the procedure to the sample
collection of 114 (IQR 624) days. We observed 46 CH mutations in 26 (20%) OHT
recipients (Figure 1A) with a median variant allele frequency (VAF) of 8.6% (3.2-35.9).
The most commonly affected genes were DNMT3A in 11 (9%), ASXL1 in 5 (4%), and
TET2 in 4 (3%). TP53, PPM1D, and CEBPA affected two (2%) patients each, while
JAK2, IDH2, SF3B1 and SMC1A were found in one (1%) patient each (Figure 2B).
Most patients (N=16, 62%) with CH had only one mutation (Figure 3C). Clinical
characteristics of patients with specific CH mutations were summarized (data not
shown). The list of variants detected can be found in Table 5. Gene mutations and the
VAF according to immunosuppressive regimen at hospital discharge were summarized

(data not shown).

OHT patients with CH were older than those without mutation (54+13 vs 48+14 years,
P=0.04) and were followed for a longer period after OHT (4.3+3.9 vs. 2.9+2.1, P=0.01).
CH carriers also received an organ from EBV+ donor less frequently than those
without CH [16 (62%) vs. 81 (80%), P=0.02]. At hospital discharge, CH patients were
less likely to receive tacrolimus [22 (85%) vs. 97 (96%) P=0.03], and sodium
mycophenolate [23 (89%) vs. 100 (99%), P=0.006]. There were no statistically
significant differences in the prevalence of cardiovascular risk factors (diabetes,
hypertension, BMI, smoking, dyslipidemia) or pre-OHT HF etiology between patients
with and without CH (Table 3).

PCT/CA2023/050553



10

15

20

25

30

WO 2023/201442

23

CH is associated with increase mortality in the setting of OHT

The mean follow-up post-OHT was 3.2+2.6 years. Primary graft dysfunction occurred
in 19 (15%) with an in-hospital mortality post-OHT of 9%. During follow-up, 59 (46%)
patients had CMV infection, 69 (54%) had at least one 2/3R acute cellular rejection
episode, 11 (9%) had post-transplant malignancy, 4 (3%) CAV grade 2 or 3, and 26
(20%) died.

All four CAV diagnosis occurred OHT recipients with CH (18%; P<0.001), but no CAV
was found among those without CH. The number of patients assessed for CAV with
coronary angiogram was similar between patients with CH and those without CH CH
[17 (65%). Vs. 68 (67%), P=0.85], and also time from OHT to first coronary angiogram
441 (1192) days vs. 399 (107) days, P=0.19. Patients with CH showed a higher
mortality rate than those without CH [11 (42%) vs. 15 (15%), P=0.008], with an
unadjusted hazard ratio (HR) of 3.1 (95% CI 1.4-6.7), P=0.005, and an adjusted HR of
2.9 (95% CI 1.4-6.3; P=0.003). The clinical characteristics and cause of death of
patients with our without CH were summarized (data not shown). Because CH patients
had a trend towards more Cyclosporine prescription at discharge and at the end of the
first year after OHT, we performed an sensitivity analysis with age and type of
immunosuppressive drugs in the of the 1%t year. The adjusted model showed that CH
was associated with increased mortality with an HR of 5.9 (95% CI 1.7-19.9), P=0.004.
Figure 2 shows the Kaplan-Meier survival analysis with an increased mortality in those
with CH (P log-rank =0.003). The evaluation of outcomes according to specific gene
mutation showed that more acute cellular rejection 2/3R were observed in those with
DNMT3A, more CAV grade 2/3 in patients with DNMT3A and with TET2, and higher
mortality in those with TET2 gene mutation (data not shown). We did not observe a
higher mortality in patients with a VAF=210% (n=14) in comparison to those with
VAF<10% (N=113) [5 (35.7%) vs. 21 (18.6%), P=0.31]. Considering our results, we
undertook a post-hoc power calculation. With a sample size of 127 patients and a
hazard ratio of 3.1 for OHT survival, given an alpha of 0.05, we would have a power of
99.2% of detecting such a difference. No differences were observed between OHT
patients with or without CH regarding CMV infection, 2/3R acute cellular rejection or
post-transplant malignancy. Both cases of post-OHT malignancy in patients with CH
were diagnosed with squamous cell carcinoma of the skin, and one also developed
lung carcinoma. No patients developed PTLD. Table 4 summarizes outcomes in OHT
recipients according to CH.
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Discussion

CH has been linked to inflammatory conditions, increased mortality and incidence of
cardiovascular diseases, but data in the setting of solid organ transplantation is scarce.
8,817 \We showed that the CH prevalence in OHT recipients is higher than expected for
the same age in the general population. CH mutations are associated CAV and a 3-
fold increase in mortality after OHT. These findings suggests a new biomarker in post-

transplantation risk assessment.

The detection of CH is an exceedingly common feature of aging, with a prevalence of
10% by the 7" decade of life and an overall prevalence of 4-5%. " In this study, 20%
of OHT recipients were found to have a CH mutation in a younger population, mainly in
DNMT3A, ASXLT1 and TET2 genes, with most patients harboring a single mutation.
Previously, HF patients were shown to have an 18.5% frequency in CH mutations at a
median age of 65 years. $'0 s Similarly, the median VAF in our cohort was 12%,
which is much higher than the reported =4-6% in non-advanced HF cohorts. s'0 4
Additionally, CH patients have been consistently reported to be older than those
without these mutation, similar to our study. While concerns can been raised about CH
being a risk marker of aging instead of a disease-driving factor, several studies have
shown that CH is independently associated with increased cardiovascular risk after
adjusting for age. $'% s* CH has also been shown to have a causal effect in mice
harboring either Dnmit3a, Tet2, Jak2, Tp53, and Ppm1d mutations with adverse LV
remodeling, lower LV ejection fraction and worsening degree of fibrosis post-

myocardial infarction. 15 s18-s21

CH mutations have been shown to be associated with atherosclerosis, myocardial
infarction, stroke and HF. $8-510. 14 A similar background of inflammation driving clinical
outcomes would be expected in OHT recipients. In our study, CH was associated CAV
grade 3. Experimental models have shown that Tef2-deficient mice have larger
atherosclerotic plaque size and increased levels of several inflammatory cytokines. %
22 Higher levels of coronary artery disease have been observed in patients with CH. 8
The pathways involved in atherosclerosis development overlap with the inflammatory
background of CH, but the pathophysiology of CAV comprises a complex interaction of
immune and non-immune factors which contribute to a pro-inflammatory state and
ultimately result in endothelial injury, vascular cell proliferation, fibrosis, and

remodeling. 3~ 5% The increased inflammatory cytokines expressed in patients with
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CH could have a role in CAV development, but further studies are needed to confirm
this hypothesis, especially due to the low number of CAV diagnosis in the sample.

The complex relationship of immune phenomena and inflammation promoted by CH
could be responsible for other outcomes in OHT recipients. The innate immune system
can be activated by several different cytokines resulting in rejection episode % s/, and
activation of IL-1R pathway has a central role in ischemic reperfusion injury. %
However, despite the overall higher proportion of CH patients experiencing acute
cellular rejection, it failed to reach statistical significance. One possibility is that based
on the 16% absolute increase observed, a sample size of over 400 patients would be
required to reach statistical significance. CH has also been associated with the
occurrence of infections and malignancies. s $12 We observed only a small number of
such events which may explain the lack of association of CH with these outcomes.
Nevertheless, CH was associated with a 3-fold increase in mortality in OHT recipients
even after adjustment for confounding factors. Cardiovascular events in CH patients
have been shown to be related with ischemic events and progression to heart failure,
but these are not common in OHT recipients. s8 510514 The cause of death in this study
was related to allograft dysfunction, acute rejection episode, CAV, and septic shock.
The mechanisms responsible for the observed high mortality rate remains unclear, yet
previous work have shown that non-survivors after OHT were more likely to present
with sustained inflammation. s°° Nonetheless, patients with CH were older, and, despite
not being statistically significant, also had higher frequency of hypertension,

dyslipidemia and smoking that could have an impact in our results.

In summary, we demonstrated that CH is associated with, and a potential risk factor,
for CAV and mortality in OHT recipients. The complex interaction of the inflammatory
cytokines promoted by CH and the immune system could drive several other potential
outcomes such as rejection, infections and malignancies. A prior case series of graft
versus host disease in transplanted liver patients showed that 71% had CH,
highlighting the possible association with these somatic mutations to adverse

outcomes. s¥
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EXAMPLE 3
METHODS AND MATERIALS

We investigated a cohort of patients with hypertrophic cardiomyopathy (HCM)
submitted to targeted sequencing for detecting CH. We included 799 patients who
were > 18 years of age, with a clinical diagnosis of HCM by current guidelines®,
cardiac magnetic resonance imaging (MRI) and available biospecimens from the
PMCC Biobank. We excluded patients with incomplete records, those that withdraw

consent, or low biospecimen quality.

Among the 799 included patients, CH was found in 183 (22.9%). HCM patients with
genotype-positive and CH were found to be more symptomatic and with a higher
burden of fibrosis. CH was associated with major cardiovascular event (MACE) in
HCM patients [adjusted HR of 3.46 (95% CI 1.25-9.52; p=0.016)], with the highest risk
among genotype-positive and DNMT3A, TET2 and ASXL71 mutated genes [adjusted
HR of 7.23 (95% CIl 1.79-29.13) p=0.005]. Several cytokine and chemokines (IL-1ra,
IL-6, IL-17F, TGFa, CCL21, CCL1, CCL8, and CCL17), and also troponin | were
upregulated in those genotype-positive with CH. Fibrosis, a hallmark of HCM, was
found to be increased in those with CH, as well as ABPR at exercise. CH was also
associated with a higher mortality and major cardiovascular events (MACE). These
results indicate that CH is frequent among HCM patients and associated with a worse

clinical phenotype and outcomes.
Definitions

HCM was defined as the presence of maximal LV wall thickness (MLVWT) = 15 mm.
Also included were patients with MLVWT = 13 mm and a P/LP genetic variant or a
family history of HCM in the absence of other causes for hypertrophy. MLVWT was
defined as the higher LV wall measure on echocardiogram or cardiac MRI. The
assessment of P/LP variants was conducted using a previously published strategy by
our group?®. Evaluation for non-sustained ventricular tachycardia (NSVT) or abnormal
blood pressure response (ABPR) at exercise were performed according to the
attending clinician discretion. All patients with HCM underwent cardiac MRI with late
gadolinium enhancement (LGE) for quantification of fibrosis. The LGE was assessed
visually and quantified manually as previously validated®. LGE extent was defined as
the LGE mass percentage of the total LV mass. We were able to quantify LGE in
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(84.1%) of patients with MRI. In the remaining 127 (15.9%) patients, we only included
the qualitative measure of LGE as present or not.

Clonal hematopoiesis and cytokine assessment

The full method on CH and cytokines evaluation was performed substantially as
described in earlier examples. Briefly, we used a single molecule molecular inversion
probe (smMIP) method including 35 myeloid genes related to CH and smMIP-tools to
call mutations and reported those with variant allele frequency (VAF), a measure of
clone size, 22% for all analysis. The cytokine analysis was performed using a human
cytokine/chemokine 71-plex assay with the Luminex™ 200 system by Eve
Technologies Corp. (Alberta, Canada) and included brain natriuretic peptide (BNP)

and cardiac troponin | (cTnl).
RESULTS AND DISCUSSION
Clonal hematopoiesis prevalence and characteristics

Overall characteristic of cohort is summarized in Table 7. The median time from
biospecimen collection to the echocardiogram was 0 (0-16) days and median time
from biospecimen to MRI assessment was 2.2 (0.2-5.6) years.

All patients had an assessment of CH performed and all samples passed quality
control specifications. CH mutations were observed in 183 (22.9%) patients with a
median VAF of 6.7 (2.8-40.8)%, being 136 (17.0%) in the three most common genes:
DNMT3A in 70 (8.8%), TET2 in 51 (6.3%), and ASXL17 in 24 (3.0%), comprising 73.8%
of all CH mutations. All other genes included in the smMIP panel were present in less
than 1% of patients. Most patients (158, 19.8%) harbored a single mutation, while two
mutations were found in 18 (2.3%) patients, 4 (0.5%) three mutations, and 3 (0.3%)
four or more mutations. Among the 183 patients with CH, 135 (73.7%) were over 50
years old. However, among the 54 patients <30 years, CH was present in 14 (25.9%).
In relation to the age of HCM diagnosis, 27 (14.8%) patients with CH were diagnosis
before 30 years of age, while 62 (33.8%) within 31-50 years, and the majority, 94
(51.3%), were diagnosed after 50 years old. Figure 7 summarizes CH mutations
characteristics. Overall clinical characteristics of CH patients were similar to those
without CH (Table 7).
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We then analyzed the association of CH with the HCM phenotype. No differences
were found in those with or without CH on echocardiographic parameter such as
MLVWT (18.3+£4.2 mm vs. 18.845.1 mm, p=0.256), left atrium diameter (36.7£14.5 mm
vs. 38.1£12.7 mm, p=0.208) and LVOT gradient (24.1£36.2 mmHg vs. 22.1134.6
mmHg, p=0.491). Cardiac MRI parameters, including the presence of fibrosis
evaluated by LGE, as well as other HCM features such as syncope, ABPR at exercise,
among others were also similar between groups. However, apical aneurysm [33
(5.4%) vs. 14 (7.7)%, p=0.004] and death or need for orthotopic heart transplant was
higher among patients with CH [4 (0.6%) vs. 6 (3.3%), p=0.005]. MACE was also more
frequent among patients with CH [12 (2.0%) vs. 9 (5.2%), p=0.026], with an
unadjusted HR of 2.72 (95% CI 1.14-6.49; p=0.023), and adjusted HR of 3.46 (95% CI
1.25-9.52; p=0.016). CH patients showed a worse survival in comparison to those
without CH as shown in the Kaplan-Meier curve (Log-Rank P=0.018) (Figure 8A).

Clonal hematopoiesis related fo DNMT3A, TET2 and ASXL1

We evaluated whether somatic mutations in 3 genes (DNMT3A, TET2 and ASXL1)
alone are sufficient to drive poor HCM patient outcome. We found that patients
harboring DNMT3A, TET2 and ASXLT1 mutations were older than their counterparts
[65.3 (14.5%) vs. 58.1 (14.5%), p=0.042] and were more likely to have a family history
of SCD [28 (4.2%) vs. 9 (6.7%), p=0.038]. As we noted in the wider CH analysis, these
patients were more likely to have hypertension, a P/LP germline HCM related
mutation, a pacemaker and treated with a non-dihydropyridine calcium channel blocker
(Table 6).

While patients with DNMT3A, TET2 and ASXLY1 CH mutations, exhibited a similar
HCM phenotype to those without CH, patients with CH showed a higher mortality or
need for orthotopic heart transplant [4 (0.6%) vs. 6 (4.4%), p<0.0001] and MACE [13
(2.0%) vs. 8 (6.2%), p=0.008]. The unadjusted HR for MACE was 3.19 (95% CI 1.32-
7.73; p=0.010) and adjusted HR 3.97 (95% CI 1.39-11.28; p=0.010). Figure 8B shows

the Kaplan-Meir curve with worse survival for patients with CH (Log-Rank p=0.006).
Clonal hematopoiesis in HCM patients with a sarcomeric mutation

HCM patients harboring a sarcomeric gene mutation are associated with early age at
diagnosis, higher MLVWT and worse outcomes® . Because this subtype of HCM
patients have a distinct clinical profile, we sought to investigate if there could be a
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distinct interaction with CH. The overall characteristics shown among those with or
without CH were recorded (data not shown). A trend of a higher burden of symptoms
(NYHA class Il to IV) [15 (40.5%) versus 47 (28.0%), p=0.132] among those with CH,
but it was not statistically significant. However, CH was associated with a higher
burden of fibrosis as reflected by LGE in >15% of the LV mass [11 (29.7%) versus 26
(15.3%), p=0.044], with an odds ratio of 2.32 (95% CI 1.00-5.38, p=0.048), there was a
trend towards a higher amount of fibrosis in the LV of those with CH [15.6 % (10.4-
24.6)] in comparison to those without CH [12.2 % (7.7-17.6)], p=0.068. CH patients
also showed a higher frequency of ABPR at exercise [25 (29.8%) vs. 10 (62.5%),
p=0.012]. Finally, CH was associated with worse outcomes with higher mortality or
orthotopic heart transplant [3 (8.1%) versus 2 (1.2%), (p=0.013)]. This was also
observed for MACE in patients with CH [ 5 (13.5%) versus 5 (3.0%), p=0.008], with an
unadjusted HR of 5.28 (95% CI 1.51-18.4, p=0.009), and adjusted HR of 6.89 (95% CI
1.78-26.6, p=0.005). Figure 8C shows the Kaplan-Meier survival curve showing a

worse survival for those with CH (log-rank p=0.003).

We then stratified the HCM phenotype and clinical outcomes in those with sarcomeric
mutations and specifically the presence of DNMT3A, TET2, and ASXL1 mutations.
Baseline characteristics was similar between groups. The amount of fibrosis assessed
by LGE was higher in those with CH [21.2% (13.7-41.8) versus 12.2% (7.7-17.5),
p=0.014], whereas LGE =15% was not statistically different in HCM patients with and
without CH [7 (35.0%) vs. 30 (18.3%), p=0.09]. However, CH patients showed a higher
frequency of abnormal blood pressure response (ABPR) with exercise than those
without CH [8 (66.7%) vs. 27 (30.7%), p=0.014). Finally, mortality or orthotopic heart
transplant was more common in the CH group than in those without CH [3 (13.0%) vs.
2 (1.1%), p<0.0001], as well as MACE [4 (17.4%) vs. 6 (3.2%), p=0.004]. MACE was
associated with CH with an unadjusted HR of 5.04 (95%Cl 1.39-18.28) p=0.014 and
adjusted HR of 7.23 (95% CI 1.79-29.13) p=0.005. Figure 8D shows the Kaplan-Meier

survival curve showing a worse survival for those with CH (log-rank p=0.007).

Biomarkers and cytokines/chemokines

A panel of 71 cytokines and chemokines, BNP and cardiac troponin | were evaluated
in patients with a sarcomeric mutation and levels were compared among those with
(N=37) or without CH (N=169). It was observed that troponin | (p=0.008), IL-1ra
(p=0.037), IL-6 (p=0.028), IL-17F (p=0.006), TGFa (p=0.005), CCL21 (p=0.036), CCL1
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(p=0.002), CCL8 (p=0.036), and CCL17 (p=0.047) were all upregulated in patients with
CH. Figure 9 shows levels measured among those with and without CH. We then
sought to investigate if specific CH mutations were associated with specific
cytokines/chemokines. In HCM patients with sarcomeric mutations, those with CH due
to DNMT3A (N=16) mutations showed higher levels of IL-9 (p=0.031) and CXCL12
(p=0.046). TET2 CH carriers (N=6) showed higher levels of troponin | (p=0.013), IL-5
(p=0.012), IL-10 (p=0.010), CXCL10 (p=0.001), CXCL9 (p=0.012), CCL4 (p=0.037),
VEFG-A (p=0.041), CCL21 (p=0.013), CXCL13 (BCAp=0.012) and CCL1 (p=0.007).
Finally, CH due to ASXL1 (N=2) did not show any differences in comparison to those
without CH..

Discussion

In this study, we showed that CH prevalence among HCM patients is higher than
described in the general population. Fibrosis, a known SCD risk factor, was more
prevalent among CH patients with HCM sarcomeric gene mutations. We also observed
higher burden of symptoms and higher frequency of ABPR during exercise among CH
patients. Finally, CH was associated with higher mortality or orthotopic heart transplant
and MACE. Several cytokines, chemokines and troponin were differently expressed in
HCM patients with CH, highlighting a plausible causal relationship with the phenotype
and outcomes. This is the first cohort in which there is an association between CH

prevalence, HCM phenotype and clinical outcomes.

To our knowledge, this is the first study to evaluate the prevalence of CH in patients
with HCM. In this study, we found that 22.9% of HCM patients harbored CH.

When restricting analysis to the three specific genes DNMT3A, TET2 and ASXL1, we
observed that 17% of HCM patients harbored CH mutations.

Fibrosis was more common in those patients with HCM who have a sarcomeric
mutation and specific DNMT3A, TET2 and ASXL1 mutations. This is an important
finding as fibrosis is linked to SCD in patients with HCM“. In addition, ABPR at
exercise, a known marker of SCD risk and worse outcomes** was also more
frequent among those with CH and HCM with sarcomeric mutations. This result
potentially illustrates that CH could affect the HCM phenotype and promote adverse
outcomes in patients with HCM.
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We showed that, in subsets of HCM patients and evaluating for overall CH or specific
CH mutations, the mortality or need for orthotopic heart transplant is increased among
CH patients even when adjusting for confounding factors. Moreover, condensing
important major cardiovascular events in HCM, such as stroke, sudden cardiac death,
appropriate ICD shock, death or orthotopic heart transplant, CH increases its risk in all
subsets of patients, reaching the highest risk among those with sarcomeric mutations
and with specific CH genes. Our results show that CH is a new risk factor among HCM
patients. In fact, HCM patients with sarcomeric mutations with CH on the most
common genes showed the worse survival (17%), contrasting to recent cohorts
showing that HCM patients have a low mortality.® Our results do not show a clear
evidence of which mechanisms CH increase mortality in HCM, but its strong
association with ageing' leads us to hypothesize that the epigenic ageing and the
inflammatory milieu may have a causal relationship with the reduced survival.

Among HCM with sarcomeric mutations, CH was associated with several inflammatory
cytokines and chemokines such as IL-1ra, IL-6, IL-17F, TGFa, CCL21, CCL1, CCLS,
and CCL17, but also with troponin I, a marker of myocyte injury that is associates with
clinical outcomes in HCM.*” However, specific CH mutations may have distinct
prognosis and inflammatory profiles.’*34 We observed that DNMT3A driven CH was
associated with IL-9 and CXCL12. TET2 driven CH was associated with the higher
number of differently expressed cytokines/chemokines including troponin | among all
tested genes. DNMT3A was associated with LV remodeling and worse outcomes, but
the high frequency CH mediated by this gene in the population could be explained by
its low lethality and lower burden of inflammation, introducing a survival bias.'19.28.2934
Cardiac aging processes mediated by TET2 have shown to produce an enhanced
inflammatory background that could be related to hypertrophy and fibrosis, but the
worse prognosis associated with TET2 could also explain its lower frequency in
studies.”"2° ASXL1 carriers did not show different levels of expressed cytokines,
chemokines, BNP or Troponin I. We believe that the low number of patients with this
specific mutation could explain the results.

EXAMPLE 4

We also investigated TET2 mutant clonal hematopoiesis and its association with the
benefit of immunotherapy, as well as metastasis of non-hematological cancers.
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Referring to Figure 10, TET2-mutant clonal hematopoiesis is associated with clinical
benefit from immunotherapy in melanoma. Figure 10A shows 569 patients with
melanoma, bladder cancer, renal cell carcinoma (RCC), or non-small cell lung cancer
(NSCLC) treated with immune-checkpoint blockade were screened for clonal
hematopoiesis using publicly-available exome sequencing, with at least one mutation
of variant allele frequency (VAF) >0.02 detected in 74 patients (datasets
EGADO00001006632, SRP064805, SRP067938, SRP072934, SRP090294,
SRP095809, SRP115658, SRP128156). Figure 10B shows TET2-mutant clonal
hematopoiesis is associated with significantly higher odds of clinical benefit 6 months
after receiving immunotherapy in melanoma patients (Odds Ratio = 5.98), but not
bladder cancer, renal cell carcinoma, or non-small cell lung cancer patients (p value
from Firth’s multivariate logistic regression adjusted for patient age, sex, study, and
immune checkpoint). Figure 10C shows in an animal model of immunotherapy, mice
with Tet2-mutant hematopoiesis — mimicking TET2-mutant clonal hematopoiesis —
show enhanced response to PD-1 immune checkpoint blockade, while isotype control
(ISO) treated tumours show identical growth kinetics (*p<0.05 by Mann-Whitney Test).

Referring to Figure 11, TET2-mutant clonal hematopoiesis is associated with lower risk
of metastatic disease in patients with non-hematological cancers. Figure 11A shows
16,744 patients with metastatic or non-metastatic solid tumours from Nguyen et al.
Cell, 2022 were tested for clonal hematopoiesis in Bolton et al. Nature Genetics, 2020
using the MSK-IMPACT targeted sequencing panel. CH mutations with variant allele
frequency of at least 0.02 were detected in 19.5% of patients. Figure 11B shows the 5
most commonly detected clonal hematopoiesis mutations from Figure 11A are shown.
Figure 11C shows exposure to TET2-mutant CH is associated with lower risk of having
metastatic cancer in patients from Figure 11A as assessed by multivariate logistic
regression adjusted for age, sex, smoking status, and chemotherapy treatment. Figure
10D shows exposure to TET2-CH is associated with significantly lower risk of having
metastases in patients from Figure 11A with Non-Small Cell Lung and Breast Cancer,
with a trend towards lower risk of metastases in colorectal and bladder cancer, as
assessed by multivariate logistic regression adjusted for age, sex, smoking status, and
chemotherapy treatment. Patients in Figure 11A with TET2-mutant CH have
significantly few metastases detected on clinical imaging (Figure 11E) and have fewer
overall sites / organs involved with metastatic disease (Figure 11F), p values from
Wilcoxon Rank Sum Test.
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EXAMPLE 5

Applicant further sought to investigate the prevalence of CH among solid organ
transplant (SOT) recipients (heart, lung, liver and kidney), study the association with

specific CH-related genes and the impact on outcomes.
METHODS AND MATERIALS
Study Population

We conducted a retrospective study of 1,500 patients who underwent SOT at the
Toronto General Hospital between 2005 and 2021. The inclusion criteria were patients
aged 18 years or older with available biospecimens and complete clinical evaluation.
Patients with active malignancies were excluded, as it is a criterion for solid organ
transplant candidacy.

Data Collection

The electronic health records of the SOT recipients were reviewed to collect
demographic data, medical history, laboratory assessments, date of SOT, transplant-
related treatment at the time of the procedure, and the immunosuppressive regimen at
one year post-SOT. Baseline characteristics, including demographic data and
comorbidities, were collected as close as possible to the biospecimens collection date
due to their relationship with CH mutations.

Follow-up and Outcomes

Patients were followed from the time of SOT procedure until the last visit at our
institution or death. The following outcomes were evaluated: the first occurrence of
acute cellular rejection, CMV infection, de novo post-transplant malignancy, CAV, and
death.

Genetic Sequencing

Peripheral blood samples from patients who had provided consent during their visits to
Toronto General Hospital. These samples were stored in the biobank of the Peter
Munk Cardiac Centre. To construct the sequencing libraries, 100ng of DNA was
utilized, and single molecule Molecular Inversion Probes (smMIP) were employed. The
smMIPs were utilized to capture 35 genes known to be recurrently mutated in myeloid
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neoplasms. Sequencing was performed using the Illlumina Novaseq platform, and an
in-house computational pipeline was used to reduce artifacts and false-positive
mutation calls. Alleles were filtered based on a P-value cut-off of 0.05 and were
manually inspected based on several criteria, including base-pair change, annotation
in COSMIC, minor allele frequency, and number of reads supporting the alternative
allele. The resulting variants were analyzed and manually inspected to avoid selecting

false positives.
Statistical analysis

The normality of all variables was assessed using the Shapiro-Wilk test, and both
normal and non-normal continuous variables are reported as mean * standard
deviation or median (interquartile range). Student's t-test or Mann-Whitney test were
used to evaluate differences among groups depending on the normality of the data.
Categorical variables were assessed using chi-square test or Fisher's exact test. All
analyses were performed using SPSS, version 25.0 (SPSS Inc., NY, USA), with a
statistical significance level of 0.05 and a two-sided p-value.

RESULTS AND DISCUSSION

Out of the 1,500 patients enrolled, 782 have been sequenced as of the current date.
Among these patients, 127 (16.2%) underwent heart transplant, 90 (11.5%) underwent
lung transplant, 189 (24.2%) underwent kidney transplant, 374 (47.8%) underwent liver
transplant, and 2 (0.3%) underwent lung-liver transplant. The average age of the entire
cohort was 54.2112.7 years, with a majority of male patients (562.9%). The age
distribution varied significantly across organ groups (p<0.0001), with lung-liver
transplant patients being the youngest (47+12.7), followed by heart (49.2114.0), kidney
(63.7£13.3), lung (54.4+15.1) and liver (56.1+£10.8) transplant patients. Sex also
differed among the organ groups (p=0.05), with all lung-liver transplant recipients
being male, and a majority of heart (76.4%), kidney (76.2%), liver (66.5%), and lung
(68.9%) transplant recipients being male. For a summary of the overall cohort

characteristics, refer to Table 8.

CH was observed in 123 (15.7%) patients. CH prevalence was similar across the
organ groups (Figure 12), except for kidney (8%) that was lower than heart (20%), lung
(19%), and (liver 18%), p=0.007. Lung-liver showed a 50% of CH, but the low number

of patients may explain this result.
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We than analyzed the specific mutated genes among patients with CH. In the
literature, DNMT3A is the most common mutated gene in the general population,
followed by TET2.[13] In our cohort, DNMT3A was the most commonly mutated gene
(n=45, 5.7%), followed by TET2 (n=40, 5.1%) and ASXL1 (n=20, 2.5%). Notably,
DNMT3A was the most commonly mutated gene among heart transplant recipients
(Figure 15) and among kidney recipients (Figure 17), while TET2 was the most
common mutated gene among lung (Figure 16) and liver (Figure 18) recipients. These
findings suggest that TET2 may play a role in lung and liver end-stage disease, but

further clinical validation is required.

The overall mortality rate in our cohort was 18.3%. Mortality differed across the
different SOT (p<0.0001), with the highest mortality observed in lung-liver recipients
(50%), followed by lung (43.3%), heart (20.5%), liver (14.2%), and kidney (12.7%)
recipients (Figure 19). We observed a trend in mortality according to the presence of
CH (17.4% vs. 23.4%) (Figure 20). Among solid organ transplant recipients, those who
received a heart transplant showed a higher mortality rate when developing CH (14%
vs. 42%, p=0.002) with a trending shown for lung. CH did not affect the mortality of

recipients of kidney or liver (Figure 21).

The study partial results shows that CH was observed in 15.7% of patients, with similar
prevalence across most organ groups except for kidney, which had a lower
prevalence. DNMT3A was the most commonly mutated gene among heart and kidney
transplant recipients, while TET2 was the most common in lung and liver recipients.

Heart transplant recipients had a higher mortality rate when developing CH.

Although preferred embodiments of the invention have been described herein, it will be
understood by those skilled in the art that variations may be made thereto without
departing from the spirit of the invention or the scope of the appended claims. All
documents disclosed herein, including those in the following reference list, are
incorporated by reference.

PCT/CA2023/050553



WO 2023/201442 PCT/CA2023/050553
36
TABLE 1. CHARACTERISTICS OF THE PATIENTS AT BASELINEA
Cardiogenic Shock Ambulatory HF P
(N=341) (N=345) value

Matched variables
Age (years) 55115 57115 0.25

- median (range) 58 (19) 58 (19)
Male sex 249 (73%) 247 (72%) 0.64
Heart failure aetiology

Ischemic cardiomyopathy 107 (31%) 106 (31%) 0.85

Non-ischemic cardiomyopathy 221 (65%) 225 (65%) 0.91

Congenital disease 13 (4%) 14 (4%) 0.86
Ejection fraction (%) 26112 27110 0.09
Other baseline characteristics
Body mass index (kg/m?2)P 2616 29+6 <0.001
Hypertension 125 (37%) 109 (32%) 0.16
Dyslipidaemia 115 (34%) 122 (35%) 0.65
Diabetes 99 (29%) 78 (23%) 0.05
Prior/current smoker 101 (30%) 82 (24%) <0.001
Prior history of cancer 33 (10%) 41 (12%) 0.35
Prior coronary revascularization 69 (20%) 84 (24%) 0.19
gi':seeV;Z:Zransient ischer%?c';eabtzz\c/iscmar 39 (11%) 33(10%) 0.42
Atrial Fibrillation/Flutter 122 (36%) 101 (29%) 0.06
Chronic Heart Failure 237 (70%) 345 (100%) <0.001
Implantable cardioverter-defibrillator 85 (25%) 106 (31%) 0.09
Cardiac resynchronization therapy 69 (20%) 70 (20%) 0.98
White blood count (x10%/L) 10.746.6 7.312.4 <0.001
Creatinine (pmol/L) 1791128 11073 <0.001
Sodium (mmol/L) 13516 138+3 <0.001
B-type natriuretic peptide (pg/mL) 1,428 (1730) 168 (337) <0.001

aPlus-minus are meanstSD.

*The body-mass index is the weight in kilograms divided by the square of the height in meters.




WO 2023/201442

37

PCT/CA2023/050553

Table 2. Characteristics of Cardiogenic Shock Patients?

Age (year)

Male sex

Body mass index (kg/m?)P
Hypertension
Dyslipidaemia

Diabetes

Prior/current smoker
Prior history of cancer

Prior coronary
revascularization

Previous cerebrovascular
disease/transient ischemic
attack

Cardiogenic shock aetiology

Acute decompensation of
chronic heart failure

New onset of heart
failure

Myocardial infarction
Myocarditis
SCAI classification®
B
c
D
E

Number of inotropes or
vasopressors

Pulmonary artery catheter

Temporary mechanical

All cardiogenic shock

(N=341)

55415
249 (73%)
266

125 (37%)
115 (34%)
99 (29%)
101 (30%)

33 (10%)

69 (20%)

39 (11%)

225 (66%)

93 (27%)

10 (3%)

11 (3%)

27 (8%)
27 (8%)
285 (83%)
2 (1%)

1.7+1.0

178 (52%)

No clonal
haematopoiesis

(N=256)
54115
188 (73%)
2616

87 (34%)
78 (30%)
72 (28%)
75 (29%)

25 (10%)

52 (20%)

27 (11%)

168 (66%)

72 (28%)

6 (2%)

8 (3%)

21 (8%)
20 (8%)
213 (83%)
2 (1%)

1.6+£1.0

134 (52%)

Clonal
haematopoiesis P
value
(N=85)
6014 0.002
61 (72%) 0.76
2616 0.50
38 (44%) 0.09
37 (44%) 0.03
27 (31%) 0.57
25 (29%) 0.89
9 (11%) 0.86
17 (20%) 0.90
12 (14%) 0.39
57 (67%) 0.94
21 (25%) 0.27
4 (5%) 0.87
3 (4%) 0.58
6 (7%) 0.73
7 (8%) 0.90
72 (85%) 0.74
0 0.41
1.8+1.0 0.24
44 (52%) 0.92
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circulatory support
Intra-aortic balloon pump
Impella device®

Extra-corporeal life
support

Mechanical ventilation
Renal replacement therapy
White blood count (x10%L)
Creatinine (Omol/L)
Sodium (mmol/L)

Peak lactate (mmol/L)

B-type natriuretic peptide
(pg/mL)

26 (8%)

8 (2%)

18 (5%)

63 (18%)
35 (10%)
7.3:2.4
110473
13843

3.4£32

1428(1730)

38

20 (8%)

8 (3%)

16 (6%)

45 (18%)
24 (9%)
11.147.2
176+129
1356

3.4£31

1446(1712)

6 (7%)

0

3 (4%)

18 (21%)
11 (13%)
9.4+4.3
188+124
1335

3.4£31

1350(1737)

PCT/CA2023/050553

0.50

0.09

0.59

0.45
0.34
0.01
0.44
0.02

0.86

0.42

aPlus-minus are mean * SD.

*The body-mass index is the weight in kilograms divided by the square of the height in metres.

®Patients were classified according to the Society for Cardiovascular Angiography & Interventions. Briefly,
Class B are patients at beginning of shock; Class C is classic cardiogenic shock; Class D is deteriorating

5 and failure to respond to initial interventions; and Class E is extreme shock on patients supported by
multiple interventions who may be experiencing cardiac arrest and/or extracorporeal life support.
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Table 3. Clinical characteristics of OHT recipients and according to CH status.
Characteristics Al No CH cH P value
(N=127) (N=101) (N=26)
Age - year 49+14 48+14 54+13 0.04
Median (range) 53 (23) 52 (24) 58 (21) 0.03
Male sex — no. (%) 97 (77%) 79 (78%) 18 (69%) 0.33
Body mass index - kg/m?t 2516 2516 2515 0.97
Hypertension — no. (%) 33 (26%) 25 (25%) 8 (31%) 0.53
Dyslipidemia — no. (%) 33 (26%) 24 (24%) 9 (35%) 0.26
Diabetes — no. (%) 28 (22%) 23 (23%) 5 (19%) 0.69
Prior smoker — no. (%) 34 (27%) 25 (25%) 9 (35%) 0.31
Prior neoplasia— no. (%) 8 (6%) 8 (8%) None 0.20
Heart failure etiology— no. (%) 0.41
Ischemic cardiomyopathy 28 (22%) 20 (20%) 8 (31%)
Car(’;‘igrr;;f:g‘:tr:ﬁ no. (%) 90 (71%) 73 (72%) 17 (65%)
(%)Congenital disease— no. 9 (7%) 8 (8%) 1 (4%)
Previous VAD - no. (%) 44 (35%) 37 (37%) 7 (27%) 0.35
White blood count (x109%/L) 8.814.4 7.914.5 6.9+3.5 0.11
Sodium (mmol/L) 13415 13615 13516 0.53
Creatinine (mmol/L) 117 (92) 122 (86) 116 (127) | 0.65
Induction therapy
Thymoglobulin 123 (97%) 97 (96%) 26 (100%) | 0.30
Basiliximab 4 (3%) 4 (4%) None
Primary graft dysfunction 19 (15%) 17 (17%) 2 (8%) 0.24
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In-hospital death post OHT 12 (9%) 10 (10%) 2 (8%) 0.73

MCS post-OHT 18 (14%) 17 (17%) 1 (4%) 0.09

Follow-up from OHT, years 3.2426 2.9+2.1 43439 0.01

Donor CMV+ 57 (46%) 45 (46%) 12 (46%) 0.98

Recipient CMV+ 80 (65%) 63 (64%) 17 (65%) 0.91

Donor EBV+ 97 (14%) 81 (80%) 16 (62%) 0.02

Recipient EBV+ 115 (93%) 89 (91%) 26 (100%) | 0.10

Immunosuppressive therapy

at discharge post-OHT
Tacrolimus 119 (94%) 97 (96%) 22 (85%) 0.03
Sodium mycophenolate 123 (97%) 100 (99%) 23 (89%) 0.006
Steroids 127 (100%) 101 (100%) 26 (100%) | -
MTOR inhibitor 1 (1%) None 1 (4%) 0.04
Cyclosporine 6 (5%) 3 (3%) 3 (12%) 0.06
Azathioprine 1 (1%) None 1 (4%) 0.04

Immunosuppressive therapy

at 1year after OHT
Tacrolimus 80 (86%) 64 (87%) 16 (84%) 0.79
Sodium mycophenolate 71 (77%) 58 (80%) 13 (68%) 0.30
Steroids 87 (94%) 68 (82%) 19 (100%) | 0.19
MTOR inhibitor 17 (19%) 11 (15%) 6 (32%) 0.09
Cyclosporine 8 (9%) 5 (7%) 3 (16%) 0.21
Azathioprine 2 (2%) 1 (1%) 1(5%) 0.30

CH, clonal hematopoiesis; CMV, cytomegalovirus; EBV, Epstein-barr virus; HF, heart failure MCS,
mechanical circulatory support; OHT, orthotopic heart transplant, VAD, ventricular assist device; VAF,

variant allele frequency;
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Table 4. Clinical outcomes in patients with OHT according to CH mutations
All No CH CH P-
(N=127) (N=101) (N=26) value
CMV infection 59 (46%) 48 (47.5%) 11 (42.3%) 0.63
Acute cellular rejection
53R 69 (54%) 51 (53%) 18 (69%) 0.14
Post-transplant 11 (9%) 9 (9%) 2 (8%) 0.84
malignancy
CAV grade 2 or 3 4 (3%) None 4 (18%) <0.001
Mortality 26 (20%) 15 (15%) 11 (42%) 0.008

CAV, cardiac allograft vasculopathy; CH, clonal hematopoiesis; CMV, cytomegalovirus
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Table 7. Overall characteristics of the HCM cohort and between those with or without CH.
All No CH CH P

(N=799) (N=616) (N=183)
Age, mean (SD), years 55.7 (14.6) 55.3 (14.5) 57.2 (14.8) 0.126
Age at diagnosis, mean (SD), years 47.8 (15.8) 47.3 (15.6) 49.6 (16.3) 0.089
Male sex, No. (%) 547 (68.5) 424 (68.8) 123 (67.2) 0.679
Body mass index', mean (SD), kg/m? 29.0 6.9 29.0(7.1) 29.2 (6.2) 0.647
Hypertension, No. (%) 315 (39.4) 233 (37.8) 82 (44.8) 0.093
Diabetes, No. (%) 104 (13.0) 78 (12.6) 26 (14.2) 0.863
Prior/current smoker, No. (%) 155 (19.3) 119 (19.3) 36 (19.6) 0.637
Coronary artery disease, No. (%) 73 (9.1) 61 (9.9) 12 (6.5) 0.166
Atrial fibrillation, No. (%) 143 (17.8) 107 (17.3) 36 (19.6) 0.493
Genetic testing, No. (%) 712 (89.1) 554 (89.9) 158 (86.3) 0.170
Pathogenic/Likely pathogenic variant, No. (%) 206 (25.8) 169 (30.5) 37 (23.4) 0.083
MYH7, No. (%) 53 (25.7) 43 (25.6) 10 (27.0) 0.664
MYBPC3, No. (%) 127 (61.6) 106 (63.1) 21 (56.8)
Other, No. (%) 26 (12.6) 20 (11.8) 6 (16.2)
Family history of HCM, No. (%) 251 (31.4) 194 (31.5) 57 (31.1) 0.087
Family history of SCD, No. (%) 37 (4.6) 26 (4.2) 11 (6.0 0.048
Implantable cardioverter defibrillator, No. (%) 111 (13.9) 89 (14.4) 22 (12.0) 0.405
Pacemaker, No. (%) 13 (1.6) 6 (1.0) 7 (3.8) 0.007
NYHA [I-IV, No. (%) 235 (29.4) 182 (29.5) 53 (28.9) 0.803
Beta-blocker, No. (%) 421 (52.7) 321 (52.1) 100 (54.6) 0.547
z\ll;;-dihydropyridine calcium channel blocker, No. 116 (14.5) 77 (12.5) 39 (21.3) 0.003

o

Disopyridine, No (%) 67 (8.4) 51 (8.3) 16 (8.7) 0.842
Diuretic, No (%) 81 (10.1) 59 (9.5) 22 (12.0) 0.303
Septal reduction therapy, No. (%) 76 (9.5) 53 (8.6) 23 (12.5) 0.130
Abbreviations: CH, clonal hematopoiesis; HCM, hypertrophic cardiomyopathy; SCD, sudden cardiac death
'Body mass index calculated as weigh (kg)/height?(m)
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Table 8. Clinical characteristics of OHT recipients and according to CH status.
Characteristics (N:7I:32) (mgecsg) (NS’:.'23) P value
Age - year 54.2+12.7 54.1+12.8 54.4+12.3 0.795
Median (range) 57 (48-63) 58 (46-63)
Male sex 52.9% 68% 67.3% 0.882
Organ
Heart 127 (16.2%) 101 (15.3%) 26 (21.1%)
Lung 90 (11.5%) 73 (11.1%) 17 (13.8%)
Kidney 189 (24.2%) 174 (26.4%) 15 (12.2%) 0.007
Liver 374 (47.8%) 310 (47.0%) 64 (52%)
Lung-Liver 2 (0.3%) 1(0.2%) 1(0.8%)
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CLAIMS:

1. A method of predicting the risk of a disease condition of a solid organ in a
patient, the method comprising:

a) receiving a sample from the patient containing hematopoietic stem cells;
b) sequencing the sample to detect a degree of clonal hematopoiesis;

c) comparing the degree of clonal hematopoiesis in the patient to a control
degree; and

d) determining the patient is at an elevated risk of the disease condition if the
degree of clonal hematopoiesis in the patient is higher than the control
degree in a statistically significant manner.

2. The method of claim 1, wherein the degree of clonal hematopoiesis is
measured using a variant allele frequency of mutations determined to be
associated with clonal hematopoiesis.

3. The method of claim 2, wherein the variant allele frequency (VAF) is 22%.
4. The method of claim 3 wherein the VAF is = 5%.

5. The method of any one of claims 1-4, wherein the following genes are
sequenced in the sample: TET2, DNMT3A, and ASXL1, and optionally one or
more of, but preferably all of, BCOR, BRAF, CALR, CBL, CEBPA, EZH2,
FLT3A, GATA1, GATA2, GNAS, IDH1, IDH2, JAK2, KIT, KRAS, MPL, NRAS,
PHF6, PPM1D, PTPN11, RAD21, RUNX1, SETBP1, SF3B1, SMC1A, SMC3,
SRSF2, STAG2, TP53, U2AF1, WT1, and ZRSR2.

6. The method of any one of claims 1-5, wherein the sequencing is performed
using single-molecule molecular inversion probes (smMIPs).

7. The method of any one of claims 2-4, wherein the mutations associated with
clonal hematopoiesis are detectable by the probes listed in Table A.
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The method of any one of claims 2-4, wherein the mutations associated with
clonal hematopoiesis are detected using a library comprising at least 50%,
60%, 70%, 80%, 90%, 95%, 98% or 99% of the probes listed in Table A.

The method of any one of claims 2-4, wherein the mutations associated with
clonal hematopoiesis are detected using a library consisting of at least 50%,
60%, 70%, 80%, 90%, 95%, 98% or 99% of the probes listed in Table A.

The method of any one of claims 2-4, wherein the mutations associated with
clonal hematopoiesis are detected using a library consisting of substantially all
of the probes listed in Table A.

The method of any one of claims 2-4, wherein the mutations associated with
clonal hematopoiesis are detected using a library consisting of the probes listed
in Table A.

The method of any one of claims 1-11, wherein the solid organ is a heart.
The method of claim 12, wherein the disease condition is cardiogenic shock.

The method of claim 13, wherein an elevated risk of cardiogenic shock is
associated with an elevated risk of death.

The method of claim 13 or 14, further comprising treating or preventatively
treating the patient for cardiogenic shock.

The method of claim 12, wherein the disease condition is an adverse outcome
after orthotopic heart transplant (OHT).

The method of claim 16, wherein the adverse outcome is an elevated risk of

mortality and/or elevated risk of cardiac allograft vasculopathy.

The method of claim 17, further comprising treating or preventatively treating

the patient for cardiac allograft vasculopathy.

The method of claim 12, wherein the disease condition is hypertrophic

cardiomyopathy.
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The method of claim 19, further comprising treating or preventatively treating
the patient for hypertrophic cardiomyopathy.

The method of any one of claims 1-11, wherein the solid organ is a lung.

The method of claim 21, wherein the disease condition is an adverse outcome,
including death, after lung transplant.

The method of claim 22, further comprising treating or preventatively treating

the patient for the adverse outcome after lung transplant.

A kit comprising a library of probes library comprising at least 50%, 60%, 70%,
80%, 90%, 95%, 98% or 99% of the probes listed in Table A.

The kit of claim 24, comprising a library consisting of at least 50%, 60%, 70%,
80%, 90%, 95%, 98% or 99% of the probes listed in Table A.

The kit of claim 24, comprising a library consisting of substantially all of the
probes listed in Table A.

The method of any one of claims 2-4, comprising a library consisting of the
probes listed in Table A.

A method of predicting the benefit of immunotherapy in a patient with

melanoma, the method comprising:
a) receiving a sample from the patient containing hematopoietic stem cells;

b) sequencing the sample to detect a degree of clonal hematopoiesis in
TETZ;

c) comparing the degree of TET2 clonal hematopoiesis in the patient to a

control degree; and

d) determining the patient would benefit from immunotherapy if the degree of
TET2 clonal hematopoiesis in the patient is higher than the control degree
in a statistically significant manner.

The method of claim 28, further comprising treating the patient with

immunotherapy.
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A method of predicting metastatic risk in a patient with a non-hematological
cancer, the method comprising:

a) receiving a sample from the patient containing hematopoietic stem cells;
b) sequencing the sample to detect a degree of clonal hematopoiesis in TET2;

c) comparing the degree of TET2 clonal hematopoiesis in the patient to a
control degree; and

d) determining the patient is at a lower risk of metastasis if the degree of TET2
clonal hematopoiesis in the patient is higher than the control degree in a

statistically significant manner.

The method of claim 30, further comprising treating the patient with a treatment

and monitoring regimen reflective of a low risk of metastasis.
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because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent that
no meaningful intemational search can be carried out, specifically:

3. [0 Claim Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this intemational application, as follows:

The claims are directed to a plurality of inventive concepts as follows:
Group A - Claims 13 - 15 (completely) 1 — 12, 27 (partly) are directed to predicting the risk of cardiogenic shock;
Group B - Claims 16 - 18 (completely) 1 — 12, 27 (partly) are directed to predicting the risk of an adverse outcome
after orthotopic heart transplant;
Group C - Claims 19, 20 (completely) 1 — 12, 27 (partly) are directed to predicting the risk of hypertrophic cardiomyopathy;
Group D - Claims 21 - 23 (completely) 1 — 11, 27 (partly) are directed to predicting the risk of an adverse outcome after lung
transplant;

.../continued on “extra sheet” below.

1. O  As all required additional search fees were timely paid by the applicant, this international search report covers all searchable claims.

2. 1 As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. O As only some of the required additional search fees were timely paid by the applicant, this interational search report covers only
those claims for which fees were paid, specifically claim Nos.:

4. U No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to the
invention first mentioned in the claims; it is covered by claim Nos.:

Remark on Protest O  The additional scarch fces were accompanicd by the applicant’s protest and, wherc applicable, the payment
of a protest fee.

O  The additional search fees were accompanied by the applicant's protest but the applicable protest fee was not
paid within the time limit specified in the invitation.

U No protest accompanied the payment of additional search fees.
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_../continued from Box III above:

Group E - Claims 24 - 26 (completely) are directed to clonal hematopoiesis SmMIP probes;
Group F - Claims 28, 29 (completely) are directed to predicting the benefit of melanoma immunotherapy; and
Group G - Claims 30, 31 (completely) are directed to predicting the metastatic risk in a non-hematological cancer.

The common set of elements linking the subject-matter of claims 1 to 23 and 27 is prediction of the risk of a disease condition of a solid
organ.

The common set of elements is known from any one of D2 to D5; therefore the common set of elements does not mmvolve a same or
corresponding special technical feature. D2 teaches evidence of increased clonal hematopoiesis in a solid organ transplant population. D3
teaches the presence of Clonal Hematopoiesis of Indeterminate Potential (CHIP) that is associated with increased mortality rate in patients
with solid cancers. D4 teaches the mechanisms that drive the transition of a normal HSPC to a cell with a considerably stronger proliferation
advanlage, and study how the ensuing trajectories are shaped by host and environmental exposures including age, ethnicity, smoking and
solid cancer therapy. D5 teaches that in metastatic colon cancer, presence of DNMT3A clonal hematopoiesis was associated with improved
overall survival, possibly due to enhanced anti-tumor immunosuppressive activity following cytotoxic chemotherapy. Thus, due to the lack of
a common set of elements, the above-mentioned groups lack unity. Therefore the claims cannot be considered to be one invention in the sense
of being linked in such a manner that they form a single general inventive concept.

Further, claims 24 to 26 and 28 to 31 cannot be considered to be one invention in the sense of being so linked to form a single general
inventive concept because each of the groups E, F and G possess different special technical features and these features do not share any
technical relationship.

The claims must be limited to one inventive concept as set out in PCT Rule 13.
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