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Abstract The standard treatment of testicular germ cell tu-
mors is based on the combination of bleomycin, etoposide,
and cisplatin (PEB). However, this treatment may be associ-
ated with severe adverse reactions, such as hematological and
non-hematological toxicities. Here, we report a case of a pa-
tient suffering from severe PEB-related toxicities, to whom
pharmacogenetic analyses were performed, comprising a pan-
el of genes involved in PEB metabolism. The analysis re-
vealed the presence of a complex pattern of polymorphisms
in GSTP1, UGTIAI (TA)6/7, UGTIA7, and ABCBI. The
present case shows that a pharmacogenetic approach can help
in the management of adverse drug reactions in order to pre-
dict, prevent, and personalize treatments.
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Introduction

Germ cell tumors (GCT) are a group of heterogeneous neo-
plasms most frequently occurring in testes and ovaries. Type 11
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GCT, the most common form, is formed by seminomas and
non-seminomas, with an incidence of about 6/100,000 per
year [1]. Up to 50% of all testicular GCT (TGCT) are
seminomas, with a median age at diagnosis of 35 years.
Non-seminomas usually develop in 30% of cases, most com-
monly in 25-year-old patients. The remaining 20% are char-
acterized by combined seminomas and non-seminomas [2].
TGCT represents the prevalent malignancy in 20- and 40-
year-old caucasian males and include almost 60% of solid
cancers in young men [3]. Despite the incidence of TGCT
increased by 70% during the last 20 years [1], TGCT is among
the most curable solid tumors with 10-year survival rate of
more than 95%. The standard treatment of TGCT is the che-
motherapeutic combination of bleomycin, etoposide, and cis-
platin (PEB) [4], sometimes associated with severe adverse
reactions, such as hematological (leukopenia grades 3 and 4,
anemia, thrombocytopenia, and neutropenic fever) and non-
hematological toxicities (vomiting, diarrhea, and stomatitis)
[5]

Cisplatin-based chemotherapy is the cornerstone in the
management of metastatic TGCT and the PEB regimen is
usually well tolerated with manageable acute and chronic tox-
icities including neutropenia, anemia—not usually requiring
transfusions—and thrombocytopenia. Neutropenic fever oc-
curs in approximately 10—15% of patients receiving etoposide
and cisplatin and it is more common with the addition of
bleomycin [5].

Here, we report an uncommon case of severe toxicity in a
patient treated by PEB regimen.

A 45-year-old man affected by advanced seminoma was
treated with only one course of PEB chemotherapy because
grade 4 neutropenic fever, mucositis, and intestinal obstruc-
tion occurred on day 9 after the beginning of chemotherapy.
Abdominal X-ray showed dilated bowel loops and multiple
air-fluid levels. The patient was hospitalized and given
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infusional antibiotics, parenteral nutrition, and hemopoietic
growth factors (G-CSF). In the following days, red blood cell
and platelet transfusions were needed due to severe
anemia and thrombocytopenia. On day 23rd from the
beginning of chemotherapy, the patient underwent
esophagogastroduodenoscopy (EGD) for the persistence of
anemia and dysphagia; a mucositis likely due to Candida
albicans was detected (Fig. 1). On day 26th, he showed symp-
toms of digestive bleeding (hematemesis, melena, rectal
bleeding) and underwent selective arteriography that, howev-
er, did not allow the identification of the site of bleeding. A
subsequent EGD demonstrated duodenal and gastric ulcers as
well as erosive gastro-duodenitis. In the following days the
patient was again treated with transfusions of blood, platelets
and plasma and tranexamic acid was added for the persistence
of melena. In this occasion another endoscopic examination
demonstrated an additional erosive duodenojejunitis with 0oz-
ing bleeding. The patient also presented skin toxicity similar
to that induced by capecitabine (Fig. 2). He was finally
discharged in good general medical condition on day 49th
from the beginning of the chemotherapy. Since the
inactivating metabolic pathways of PEB regimen involve the
glutathione-S-transferase (GST) and uridine diphosphate-
glucuronosyltransferase (UGT) enzymes (in particular for cis-
platin and etoposide), and renal excretion is mediated by the
ATP-binding cassette (ABC) transporters, we performed a
pharmacogenetic analysis to explain the reported toxicity
(Fig. 3).

Materials and methods

In order to investigate the genetic basis of severe toxicity, the
following polymorphisms of genes involved in PEB metabo-
lism were examined: glutathione-S-transferase isoform 1P
(GSTP1) ¢.313A>G; uridine diphosphate-
glucuronosyltransferase isoforms 1A1 (UGT1A1) (TA)6/7

Fig. 1 Severe mucositis in this patient receiving PEB. The figure shows
the presence of whitish patches on the surface of gums due to the presence
of underlying sores, as well as red, shiny, and swollen gums associated
with poor oral hygiene (diffuse dental plaques are visible)
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Fig. 2 Severe hand-foot syndrome in this patient receiving PEB. The
figure shows the presence of cracked and peeling skin of the feet,
patchy redness, and calluses of the soles. The skin shows tightness and
thinning

and ¢.-3156G>A, UGT1A7 ¢.387T>G/391C>A/392G>A,
and c.-57T>G; ATP-binding cassette B1 (ABCBI1)
¢.1236T>C, ¢.2677T>G and ¢.3435C>T. These variants were
selected because they are associated with a reduced metabo-
lism of cisplatin and etoposide by GSTP1 and of etoposide by
UGT and impaired renal transport and excretion of etoposide
by ABCBI (frequency of selected variants are reported in
Table 1). DNA was extracted from peripheral blood using
the BioRobot EZ1 (Qiagen®, Valencia, CA, USA) and muta-
tions were analyzed by automatic sequencing on ABI 3100
automated DNA sequencer (Applied Biosystems®, Foster
City, CA).

Results

Sequence analysis revealed the presence of a complex pattern
of polymorphisms: GSTP1 ¢.313AG; UGT1A1 (TA)6/7 and
¢.-3156GA; UGT1A7 ¢.-57TG and ¢.387GG/391AA/392AA,
and ABCB1 ¢.2677TG, ¢.3435CT and ¢.1236CC. Taken to-
gether, the genetic profile could be associated with an im-
paired hepatic and renal clearance, thus explaining the accu-
mulation of active drugs and the observed toxicity.
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Fig. 3 Enzymes involved in the metabolic pathway of PEB regimen

ETOPOSIDE-
Glucuronide




EPMA Joumal (2017) 8:69-73

71

Table1 Genotype frequencies of

Genotype frequencies

analyzed variants (https:/www. Gene Polymorphism
ncbi.nlm.nih.gov/snp)
GSTP1 c313A>G
UGT1Al  (TA)6/7
c.-3156G> A
UGT1A7
c-57T>G
ABCBI c.1236 T>C
c.2677 T>G
¢.3435C>T

¢.387 T>G/c.391C>A/c.392G > A;

AA 32% — AG 55% — GG 13%

6/6 44% — 6/7 47% — /7 9%

GG 5% — GA 43% — AA 52%

TT/CC/GG 29% — TG/CA/AA 47% — GG/AA/AA 22%
TT 34% — TG 53% — GG 12%

TT 76% — CT 57% — CC 26%

TT19% — TG55% — GG26%

CC 15% — CT 55% — TT 29%

Discussion

The present case report describes the role of deficient variants
of enzymes of PEB metabolic pathway as a possible cause of
toxicity and highlights the deleterious effect of their combina-
tion on treatment tolerability. In particular, bleomycin is main-
ly excreted by the kidneys and inactivated by bleomycin hy-
drolase (BMH). In particular, the c.1450A>G polymorphism
in the BMH gene results in a reduced enzymatic activity and
possibly development of pulmonary toxicity [6]. However,
not enough evidences substantiate this correlation.

The metabolic pathway of cisplatin involves the GST en-
zymes, isoforms T1 and P1 (GSTT1, GSTP1) [7]. GSTs are a
family of eukaryotic and prokaryotic phase I metabolic iso-
zymes regulating the conversion of toxic compounds to hy-
drophilic metabolites during detoxification process. They
have an important role in the accumulation of DNA adducts
and oxidative DNA damage when their activity is reduced [8].
Seven classes of cytosolic GSTs have been discovered [9] and
are implicated in the metabolism and resistance to several
drugs, including cisplatin [10]. The main human GST isoform
is the P1 (GSTP1), localized in many tissues, including eryth-
rocytes, placenta, lung, brain, muscle, and liver [11]. The
prevalent functional polymorphism of GSTP1 is an
isoleucine/valine change at codon 105 (p.Ile105Val;
¢.313A>G; rs1695). In a retrospective study, it has been
shown that this polymorphism has a considerable impact on
treatment tolerability in testicular cancer: patients adminis-
tered with cisplatin-based chemotherapy carrying the
¢.313AA or ¢.313AG genotype had more than three-fold in-
creased risk of severe numbness and paresthesia in bilateral
toes, Raynaud-like phenomena, tinnitus and hearing impair-
ment than those with the ¢.313GG genotype [12].

Etoposide is mainly metabolized by cytochromes P-450
isoforms 3A4 and 3A5 (CYP3A4, CPY3AS5) into the active
catechol metabolite, a topoisomerase inhibitor [13, 14], while
GSTT!1 and Pl and UGTI1AI inactivate the drug [15-18].
UGTs are a large family of enzymes catalyzing the addition
of a glucuronosyl group to small hydrophobic molecules to
generate more polar compounds that may be easily cleared

from the body. Moreover, the UGT family plays an important
role in the detoxification processes of endogenous and exog-
enous products (bile acids, dietary amines and flavones, phe-
nols, steroids, bilirubin) [19]. According to Mackenzie et al.
[20], 18 UGT-isoforms have been recognized in humans, most
of them located in the liver. To date, 113 UGT1A different
variants have been described having a notable significance in
pharmacogenetic research [21]. The most clinically relevant
variant affects the number of TA dinucleotides in the TATA
box region of UGT1A1 [22], from 6 [A(TA)6TAA] (wild
type) to 7 TA repeats [A(TA)7TAA] (UGT1A1%28) [23, 24].
While UGT1AT1 is primarily responsible for conjugation of
bilirubin, the presence of an additional TA repeat in the
TATA region of the UGT1A1 promoter decreases UGT1Al1
production, leading to a reduced glucuronidation, consistent
with a diagnosis of Gilbert’s syndrome [25, 26]. UGT1A1 also
catalyzes the glucuronidation of several drugs, including
etoposide, and for this reason patients with a decresed enzyme
activity have a higher risk of developing toxicities when treat-
ed with UGT substrates [17]. In addition to the UGT1A1%28,
other polymorphisms have been identified in the UGT gene.
The UGT1A1%93 (¢.-3156G>A;rs10929302) is located in the
promoter region and decreases the UGT1A1 protein levels
[27]. UGT1A1%#93 is in partial linkage disequilibrium with
the UGT1A1%28 [28] and may be a more robust biomarker
for neutropenia than UGT1A1%28 [27]. The activity of
UGTI1A7 may be reduced by the presence of ¢.-57T>G in
the promoter region, which is correlated with a 70% reduction
of the gene transcription [29] while others may be linked to
severe hematologic toxicity of irinotecan, i.e., ¢.387T>G,
c.391C>A, ¢.392G>A, and ¢.622T>C [28, 30, 31].

The efflux of conjugated or unconjugated metabolites of
etoposide is mediated by ABCB1, ABCCI, and ABCC3 [32,
33]. The ABCs are transmembrane proteins that use energy
from ATP to transport various molecules through the cell
membranes (34). ABCBI is able to transfer hydrophobic sub-
strates, including colchicine, etoposide, doxorubicin, and vin-
blastine [34]. ABCBI is expressed in many secretory cells
including kidney, liver, intestine, and adrenal glands. The
main polymorphisms of ABCBI1 are frequently in linkage
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disequilibrium and include ¢.1236T>C (rs1128503,
p-Gly412Gly), ¢.2677T>G/A (rs2032582, p.Ser893Ala/Thr),
and ¢.3435>C (151045642, p.Ile11451le) [35]. The ¢.3435C>T
affects ABCB1 mRNA levels and protein expression, whereas
the non-synonymous ¢.2677G>T has been reported to in-
crease transport activity [36]; finally, the ¢.1236T>C seems
to be correlated to increased drug exposure [37]. The patient
was bearing the following variants (ABCB1 ¢.2677TG,
¢.3435CT, and ¢.1236CC) that are potentially associated with
impaired clearance and increased drug levels.

In conclusion, the severe toxicities developed in this
patient could be associated with an impaired clearance
activity of GST, UGT, and ABC. The results of the pres-
ent work demonstrate that pharmacogenetic analysis of
metabolic pathways of drugs may help identify patients
at risk of adverse events, allowing a safer and personal-
ized approach to chemotherapy [38]. Unfortunately, there
are no widely accepted guidelines for pharmacogenetic
screening, except for some clinical relevant situation.
Therefore, further investigations in this field are needed
to clarify the complexity of drug metabolism and identify
patients at high risk.

Conclusions and expert recommendations

The present case highlights the importance of including phar-
macogenetic tests in the clinical practice. The drug metabo-
lism can be altered by genetic variants that may result in var-
iations of enzyme activity. Consequently, individuals classi-
fied as “slow metabolizers” may have high concentrations of
drugs and increased risk of toxicity, and “fast metabolizers”
may be undertreated in certain cases. In this regard, pharma-
cogenetic tests may help in the selection of drugs and their
dosages reducing the risk of toxicities. Nowadays, a treatment
adaptation based on pharmacogenetic results is often required
(i.e., fluoropyrimidines and DPD, irinotecan and UGT, warfa-
rin and CYP2C9 and VKORCT) [39]. Due to an expansion of
the pharmacogenetic tests, costs have become very low, also
with the introduction of new high throughput genotyping
techniques. Of course, the use of pharmacogenetic test in clin-
ical practice has still to be regulated, and specific guidelines
are even more required.
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