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Susceptible to adverse drug reactions
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Disease progression and drug response may vary significantly from patient to patient
(heterogeneity of disease and heterogeneity in drug response). The personalized medicine aims to
better target intervention to the individual while maximizing benefit and minimizing harm. It has
significant potential advantages.

Fortunately, the rapid development of high-throughput ‘omics’ technologies has allowed for the
identification of potential biomarkers that may aid in the understanding of the heterogeneities in
disease development and treatment outcomes. However, mechanistic gaps remain when the
genome or the proteome are investigated independently in response to drug treatment. Therefore,
in parallel to pharmacogenomics, concordant analysis at the proteome and metabolome levels via
the more recently-evolved fields of pharmacoproteomics, toxicoproteomics, and
pharmacometabolomics play a key role in precision medicine.
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A. Single nucleotide polymorphism (SNP) arrays
B. Protein array
C. Biomarker discovery
D. Disease detection
E. RNA sequencing
F. Next generation DNA sequencing
G. mRNA microarray
H. Drugresponse
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Presympotatic screening

Tools

* Genetics and precision
genomics
Whole-exome sequencing
Genome-wide association
studies
Pharmacogenomics

* Metabolism
Metabolomics

* Proteomics
Biomarkers

* Cohort development linking
biological and clinical data

* Molecular imaging

* Volatile organic compounds
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To introduce an alternative targeted therapy

Objectives

To improve the
identification of patients
at risk of disease
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To anticipate efficacy of a specific drug for each patient
To benefit the synergistic effects of drugs
To determine the risk/benefit of a specific drug for each patient
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* |dentification of new pathophysiological
mechanisms and development of new clinical
trials in pre-defined groups of patients

* New design of clinical trials based on biomarkers?
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Treated patients
Responders

Random patient selection
Targeted paitent selection
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Metformin action through the microbiome and bile acids

Metformin was derived from galegine, an herbal extract from Galega officinalis, and was first
introduced to humans in 1957 to treat diabetes by a French physician, Dr. Jean Sterne. Though
metformin has been used in the clinic to improve insulin sensitivity for decades, the exact
mechanism or mechanisms of action have been elusive, and explanations keep on expanding.
Nonetheless, the American College of Physicians recommend metformin as the first-line
treatment for type 2 diabetes to improve insulin sensitivity, and metformin is believed to have
become the world’s most widely prescribed antidiabetic medication acting through AMP-
activated protein kinase (AMPK)- dependent and AMPK-independent mechanisms in liver and
other target tissues. Metformin is known to cause adverse gastrointenstinal events and to alter
gut microbiota composition in humans, but the exact bacterial species and microbial
metabolites that are affected and whether these microbiome changes are responsible for the
antihyperglycemia action of metformin remain undefined.

In this issue, Sun et al. report that metformin specifically reduced the abundance of Bacteroides
fragilis (B. fragilis) in the gut, which led to an increase in antagonists of farnesoid X receptor
(FXR) and resulted in improved insulin sensitivity.

Bile acids are known to be endogenous modulators of FXR and are synthesized from cholesterol
in the liver. They have an essential role in facilitating intestinal absorption of lipids and lipid-
soluble vitamins, activating the nuclear receptor FXR and the membrane-bound G-protein
coupled bile acid receptor 1 (also called TGR5). FXR activation is essential in maintaining bile
acid homeostasis and is important in regulating the metabolism of lipids and glucose, as well as
inflammation. Sun et al. find that Chinese patients with newly diagnosed type 2 diabetes
treated with metformin for 3 days presented with a reduced abundance of B. fragilis in their
guts compared with untreated individuals. B. fragilis is a microbiota species that is able to
convert primary bile acids into secondary bile acids through its bile salt hydrolase (BSH) activity.
They find that as a result of the reduced BSH activity, the bile acid glycine-ursodeoxycholic acid
(GUDCA), which is known to be associated with reduced levels of B. fragilis and is not commonly
present in humans, was markedly increased in the stool and serum of these individuals. To
provide compelling evidence that metformin increases GUDCA in the gut and that GUDCA is a
human FXR antagonist, Sun et al. carried out experiments in vitro and in vivo using mice. They
found that reduced GUDCA correlated with a decreased level of fibroblast growth factor 19
(FGF19) in humans and FGF15 in mouse gut and with increased activity of CYP7A1 in humans
and expression of Cyp7al in mouse liver.

Increased FGF19 and FGF15 and reduced CYP7A1 are markers of FXR activation in the gut and
liver, respectively. The authors next showed that in diabetic mice, fecal transplantation of
samples from patients who had been treated with metformin improved insulin sensitivity,
whereas transplanting samples from patients who had not received metformin treatment
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worsened it. Furthermore, increased colonization of the guts of diabetic mice with B. fragilis
abrogated the improvement of glucose metabolism by metformin.

However, oral administration of GUDCA to these mice was sufficient to relieve glucose
intolerance and insulin resistance. Moreover, the metabolic improvement induced by
metformin and the therapeutic benefit of GUDCA were abolished in mice lacking intestinal FXR.

Surprisingly, this study reports that metformin inhibits intestinal FXR signaling via gut
microbiota in an AMPK independent manner. The authors found that the effects of metformin
in inhibiting intestinal FXR and improving overall metabolic function remained intact in mice in
which AMPK-al, the primary isoform of AMPK in the gut, was deficient specifically in the
intestine.

Consistent with this, a previous report confirms the activity of metformin in mice lacking AMPK
in the liver, indicating that the idea that AMPK is the therapeutic target of metformin is not
without controversies. Providing evidence for a related role for bile acids, recent studies have
also shown that high doses of the bile acid UDCA may improve insulin sensitivity in patients with
nonalcoholic steatohepatitis, a more severe form of fatty liver disease that is commonly linked
to metabolic syndrome. The mechanisms of these beneficial actions of UDCA have been unclear
and seem multifactorial. As conjugated UDCA has been identified as an antagonist of human
FXR, the metabolic benefit of UDCA could be accounted for by its conjugation derivatives.
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Organic cation transporter 1 variants and gastrointestinal side effects of metformin in
patients with Type 2 diabetes.

Organic cation transporter 1 (Oct1) belongs to the Solute Carrier family (SLC22A) and is localized
in the sinusoidal membrane of hepatocytes. The preferential action of metformin in
hepatocytes is due to the predominant expression of Octl that are responsible of hepatic
uptake of metformin. Octl as well as being responsible for the hepatic uptake of metformin,
plays a role in the intestinal uptake of metformin.

In the current study, ninety-two patients with a Type 2 diabetes diagnosis after the age of 35
years were included in the study. Patients with chronic gastrointestinal diseases, including
chronic liver disease, cholelithiasis, chronic pancreatitis, inflammatory bowel disease and
gastroduodenal ulcer, chronic kidney disease, endocrine disorders, infection and hormonal
therapy were excluded. Patients were monitored during the first 6 months of metformin
treatment. The gastrointestinal side effects of metformin were defined as the presence of any
of the following symptoms during metformin therapy: bloating, abdominal pain, nausea,
diarrhea, vomiting, and anorexia, in the absence of any acute gastrointestinal disease.

Patients were genotyped afterwards for two common loss of-function variants in the OCT1 gene
(SLC22A1): R61C (C>T; rs12208357, located in Exon 1) and M420del (rs72552763), using
TagMan genotyping assays. Both variants were in line with the Hardy—Weinberg equilibrium (P
> 0.05).

Differences in the categorical variables were tested using the v2-test, and differences in
continuous variables using the t-test (variables with normal distribution) or Mann—Whitney U—
test (variables with non-normal distribution). R61C and M420del variants were analyzed
together, according to the number of haplotypes carrying reduced-function alleles: 0, 1 or 2
(OCT1 combined genotype). Haplotype analysis was performed using PLINK software. The OCT1
combined genotype frequencies between the two groups were compared using the exact
Cochran—Armitage trend test (additive model). The association of OCT1 diplotypes with
gastrointestinal side effects was analyzed using logistic regression, with age, sex, weight and
concomitant use of OCT1-inhibiting medications as covariates. Statistical analyses were
performed with SAS 9.3 (SAS Institute Inc., Cary, NC, USA).

Results are summarized in table 1 and 2.




Table 1. Baseline characteristics of patients with and without gastrointestinal side effects

Group without gastrointestinal Group with gastrointestinal side

side effects (n = 49) effects (n = 43)
Age (years) 58.8+8.4 57.1+£9.5
Women/men (% women) 22/27 (44.9) 32/11(74.4)
Weight (kg) 93.7+15.8 85.2+1338
Fasting plasma glucose (mmol/I) 8.0(7.59.2) 8.2(7.5-9.2)
HbA, . (mmol/l) 56 (51-63) 58 (53-66)
Metformin daily dose (mg) 1000 (821-1500) 1000 (960-1700)

Number of OCT1 reduced-function

alleles (0/1/2)° 30/17/2(61.2%/34.7%/4.1%) 18/20/5 (41.9%/46.5%/11.6%)

P value

0.365
0.004
0.007

0.573
0.376
0.492

0.048°

Data are presented as means * SD, medians (interquartile range) or numbers (percentages).

2 Data are presented as numbers of individuals (percentages).

®Significance of test for comparison of combined genotype frequencies between the two groups under

the additive model.

Table 2. Association of OCT1 combined genotype with metformin
gastrointestinal side effects — logistic regression model

Qdds ratio (95% ClI) P value
Age 0.96 (0.91-1.01) 0.121
Sex (Women vs Men) 2.49 (0.91-6.82) 0.076
Weight 0.97 (0.94-1.00) 0.074
Number of OCT1 reduced-function 231 (1.07-5.01) 0.034
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Results

We found strong evidence that the relapsed tumors were closely genetically related to their
baseline counterparts, despite up to 2 years between biopsies. In the case of Patients 1 and 2, of
1173 and 240 nonsynonymous mutations, respectively, originally identified in the baseline sample,
92.5% and 95.8% were also seen in the resistant tumor. The relapsing tumors also contained the
same chromosomal loss-of-heterozygosity events as the baseline tumors, and all differences were
due to further loss in the relapse samples. In the relapse biopsy samples from both patients, we
identified new homozygous loss-of-function mutations in the kinases associated with the
interferon-receptor pathway, with a Q503* nonsense mutation in the gene encoding Janus kinase 1
(JAK1) in Patient 1 and a F547 splice-site mutation in the gene encoding Janus kinase 2 (JAK2) in
Patient 2. RNA sequencing showed that the JAK2 splice-site mutation caused intron inclusion,
producing an in-frame stop codon 10 bp after exon 12. Therefore, both mutations were upstream
of the kinase domains and probably truncated the protein or caused nonsense-mediated decay.
Neither mutation was seen at baseline in the exome sequencing reads, by Sanger sequencing, or by
targeted amplicon resequencing.

To assess the functional consequences of the observed JAK mutations, we focused on the JAK2
mutation from Patient 2 using two cell lines established at baseline (M420, wild-type JAK2) and at
the time of relapse (M464, JAK2 F547 splice-site mutation). Whole-exome sequencing confirmed
that the original bulk tumor was well represented by M464. Western blot analysis showed that the
baseline cell line responded to interferon alfa, beta, and gamma with the expected signal
transduction, including an increase in signal transducer and activator of transcription 1 (STAT1) and
interferon regulatory factor (IRF) expression, STAT1 phosphorylation (pSTAT1), and the production
of downstream interferon targets such as PD-L1, transporter associated with antigen processing 1
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(TAP1), and major histocompatibility complex (MHC) class I. However, the cell line from the
progressing lesion showed a total loss of JAK2 protein, resulting in a lack of response to interferon
gamma, without change in sensitivity to interferon alfa or beta. This was true of the pSTAT1
response and the expression of PD-L1 and MHC class | molecules.

When cultured in recombinant interferon alfa, beta, or gamma, the M420 and M407 parental cell
lines showed interferon-induced growth inhibition in a dose-dependent manner. However, both
the JAK2-deficient M464 cell line (from Patient 2 at relapse) and the M407 JAK2-knockout subline
were insensitive specifically to interferon gamma—induced growth arrest, yet remained sensitive to
type | interferons alfa and beta; in contrast, the M407 JAK1-mutated subline was resistant to all
three interferons. This is again consistent with the specific association of JAK2 with the interferon-y
receptor and the common use of JAK1 by all three interferon receptors.

In Patient 3, whole-exome sequencing of the baseline and progressive lesions showed a 4-bp S14
frame-shift deletion in exon 1 of the beta-2-microglobulin component of MHC class | as 1 of only 24
new relapse-specific mutations and the only such mutation that was homozygous.
Immunohistochemical analysis for MHC class | heavy chains revealed loss of outer-membrane
localization as compared with adjacent stroma or the baseline tumor, even though diffuse
intracellular staining indicated continued production of MHC class | molecules. This finding is in line
with the role of beta-2-microglobulin in proper MHC class | folding and transport to the cell surface,
and its deficiency has long been recognized as a genetic mechanism of acquired resistance to
immunotherapy. Both the baseline and relapse biopsy samples were negative for MHC class |
expression, which suggests a lack of compensatory MHC upregulation.
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Genetic background favouring the development of complex karyotype in CLL

The precise mechanisms underlying the development of Complex Karyotype (CK) in CLL have not
been elucidated, however using Next-Generation Sequencing (NGS), evidence was provided on a
panel of CLL driver genes that the CK may be associated with a distinct pattern of genetic lesions.
Considering that up to 90% of CLL with CK show a U-IGHV mutational status a relationship may
exist between the IGHV gene configuration and the development of CK. Indeed, a large body of
evidence showed that the lymphocytes with U-IGHV

1) respond to antigen stimulation by activating intracellular signaling,

2) undergo cell divisions in vivo as shown by incorporation of deuterated water,

3) carry relatively shorter telomeres and,

4) tend accumulate genomic defects.

One sutdy used a whole exome sequencing (WES) approach to study gene mutations in correlation
with the IGHV gene configuration and found that exonic CLL driver gene lesions were more
common in U-IGHVCLL than in CLL with mutated IGHV gene. Coding mutations
involved NOTCH1, SF3B1, TP53, KLHL6 and, less frequently, IKZF3, SAMHD1 and BIRC3. These gene
mutations may directly increase genome instability reducing the ability of the cells to respond to
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DNA damage and may also act in an indirect manner, affecting pathways linked to cell proliferation
or serving as an important bridge with the microenvironment, which is of particular importance in
CLL.

Another study reported that loss or mutation of TP53 was associated with an increased number of
break events, with frequent involvement of (near-) heterochromatic regions adjacent to the
centromeres, generating dicentric chromosomes and whole-arm translocations. In analysis on
relapsed/refractory (R/R) CLL, TP53 mutations preceded clonal evolution leading to the emergence
of clones with CK. Furthermore, patients with TP53 mutations showed significantly shorter
telomeres a condition causing chromosomal instability. Though few data are available on the
association between CK and telomere length, it is worth noting that two studies showed that
patients with CK had shorter median telomere length. In patients with 11qg-/ATM deletions and a
CK, the frequency of TP53 mutations was significantly lower than in patients with CK without del
(11qg), suggesting that the disruption of the DNA damage control pathway
through ATM or TP53 lesions may favour the development of multiple chromosomal
rearrangements.

Other mutations occurring at a higher incidence in patients with CK involved FBXW7 (16.7%) in a
study and MYD88 (14.3%) in another study. These genes have been linked to
the NOTCH1/WNT pathways and to the inflammatory pathway, respectively. FBXW?7 encodes for a
tumour suppressive protein, which regulates ubiquitin-mediated degradation of various
oncoproteins (cyclin E, c-MYC, NOTCH). The abnormal binding of cyclin E to FBXW7 has been
related to chromosomal instability in hematopoietic cells providing a possible functional link to the
development of CK. MYD88 mutation may have a role in generating genome instability through the
activation of the RAS/ERK pathway leading to inflammatory pathways.

Moreover, a recent study pointed out a possible role of the histone methyltransferases SET and
MYND domain containing 2 (SMYD2) and SET and MYND domain containing 3 (SMYD3), members
of the SMYD family of methyltransferases, in the development of CK. In this study, SMYD2
and SMYD3 were found to be overexpressed in CLL patients. Interestingly, lower expression
of SMYD2 and SMYD3 was significantly associated with a CK. Although the mechanism linking these
methyltransferases and CK is unknown, it noteworthy that SMYD2 may act as an oncogene by
promoting the methylation of TP53 and of the retinoblastoma tumor suppressor protein (RB), and
that SMYD3 promotes MAP3K2 methylation, inducing genomic instability by activation of
Ras/Aurora kinase A-driven mechanisms.

Diagnostic platforms using whole genome sequencing to detect single nucleotide variants and
insertion/deletions are being developed and validated for potential usage in clinical practice.
Although these methods will likely provide comprehensive genomic characterisation of CLL and will
represent alternative method to recognize the prognostic or predictive role genetic lesions in trials,
they still require standardization and a univocal definition of “genome complexity”.
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Comparison of the analytes found in solid and liquid biopsy samples

Early detection refers to measures that can be taken to diagnose cancer as early as possible, when
the disease is easiest to treat. The term liquid biopsy was first used to describe methods that can
derive the same diagnostic information from a blood sample that is typically derived from a tissue
biopsy sample. In oncology, the term is used in a broad sense to refer to the sampling and analysis
of analytes from various biological fluids, mostly blood but also other fairly easily accessible fluids
such as urine, ascites or pleural effusions. Analytes in the peripheral blood include circulating
tumor cells; circulating cell- free DNA, which in patients with cancer contains: circulating tumor
DNA; circulating cell- free RNA, which contains predominantly small RNAs but also mRNAs;
circulating extracellular vesicles, such as exosomes; tumor- educated platelets; proteins; and
metabolites. Together, these analytes have the potential to provide information about features of

primary tumors or metastases that are usually obtained by pathologists.

cfRNA: circulating cell- free RNA
CTC: circulating tumor cell
ctDNA: circulating tumor DNA
EVs: extracellular vesicles
mMiRNA: microRNA
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82. Copy number alterations

YES, YES, YES, YES
YES, YES, YES, NO
YES, YES, NO, NO

YES, NO, NO, NO

YES, NO, YES, NO
NO, YES, NO, YES
NO, NO, YES, YES
NO, YES, YES, YES
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83. Splice variants

A. YES, YES, YES
YES, YES, NO
YES, NO, NO
NO, YES, NO
YES, NO, YES
NO, YES, YES
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84. Information at single-cell level
A. YES, YES, YES, YES

YES, YES, YES, NO

YES, YES, NO, NO

YES, NO, NO, NO

NO, NO, NO, NO

NO, NO, NO, YES

NO, NO, YES, YES

NO, YES, YES, YES
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85.

86.

Tracking of clonal evolution over time

A. YES, YES, YES
YES, YES, NO
YES, NO, YES
NO, YES, NO
NO, NO, YES
NO, YES, YES

mmoonw

Early identification of resistance mechanisms

YES, YES, YES
YES, YES, NO
YES, NO, YES
NO, YES, NO
NO, NO, YES
NO, YES, YES
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