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Background: Fluoropyrimidines are widely used in the treatment of multiple
neoplasms, but their use is limited by the risk of severe toxicity in patients with
dihydropyrimidine dehydrogenase (DPD) deficiency. Current clinical guidelines
recommend DPYD genotyping as pre-treatment screening for a limited number
of common variants; however, this approach fails to identify all patients at risk.
Case Description: We describe the case of a man with resected gastric
adenocarcinoma, wild type for the DPYD recommended variants, who
developed early-onset, life-threatening toxicity shortly after few days of
adjuvant capecitabine-based chemotherapy at full dose. The clinical course
was characterized by grade 4 gastrointestinal toxicity complicated by septic
shock, which required prolonged hospitalization and led to the definitive
discontinuation of chemotherapy. Extensive Next-Generation Sequencing
(NGS) revealed a heterozygous deletion spanning from exons 5 to 20 (for a
total of about 500 Kb) of the DPYD gene. The presence of this deletion was
validated using Single Nucleotide Polymorphism (SNP) Array. Functional analysis,
based on assessment of DPD activity in peripheral blood mononuclear cells
(PBMCs) and plasma concentrations of uracil and dihydrouracil, confirmed the
impaired DPD function.

Conclusion: This case highlights the limitations of routine DPYD genotyping
strategies and emphasizes the clinical relevance of rare structural variants as
an underestimated cause of severe fluoropyrimidine-related toxicity. The use of
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comprehensive NGS approach in pharmacogenetic diagnostics should be
considered as a step forward in the identification of patients at risk of
fluoropyrimidines-related toxicity particularly in the context of adjuvant therapy,
where it is essential to strike a balance between therapeutic benefits and

unacceptable toxicity.

KEYWORDS
case report,
sequencing

1 Introduction

Fluoropyrimidines, including 5-fluorouracil (5-FU) and the oral
prodrug capecitabine, are widely used both as single agents and as
part of combination regimens in various solid tumors, such as
gastrointestinal, breast and head/neck cancers (Longley et al., 2003).

Dihydropyrimidine dehydrogenase (DPD), encoded by the
DPYD gene, is a key enzyme involved in the metabolism of 5-FU
and its prodrugs, converting more than 80% of 5-FU into inactive
metabolites (Diasio and Harris, 1989). DPD deficiency, which affects
about the 3%-7% of Caucasian population, leads to excessive
concentrations of the active metabolites of 5-FU and consequent
severe  toxicity  (myelosuppression, diarrhea,  mucositis,
neurotoxicity), which is fatal in approximately 1% of patients
(Knikman et al., 2021).

Various genotyping or phenotyping approaches have been
developed to assess DPD deficiency and are routinely used in
clinical practice to individualize dosing of fluoropyrimidines
and reduce the incidence of severe toxicity (Henricks et al.,
2018a; Bignucolo et al., 2023), particularly grade 4-5 events,
which DPYD pathogenic variants strongly predict (Le Teuff
et al., 2024).

The European Medicines Agency (EMA) recommends two
methods for DPD deficiency testing before starting cancer
treatment including fluoropyrimidine: phenotyping by measuring
pre-treatment plasmatic uracil concentration or genotyping for the
presence of DPYD risk variant alleles, namely ¢.1905 + 1G>A
(rs3918290), c.1679T>G (rs55886062), c.2846A>T (rs67376798),
€.1129-5923C>G  (rs75017182) (European Medicines Agency,
2020). Although phenotyping

comprehensive approach to identify patients with impaired

appears to be a more
enzymatic activity as compared to genotyping (Etienne-Grimaldi
etal, 2023), it is currently challenged by several pre-analytical issues,
which make a wide routine application difficult (Knikman et al.,
2025). On the other hand, genotyping of a limited panel, as proposed
by current pharmacogenetic guidelines, limits the efficiency in
identifying all the patients at risk of severe toxicity. Population-
specific or rare DPYD variants, which are not always detected by
standard genotyping testing, can lead to severe and potentially life-
threatening toxicity from fluoropyrimidines (De Mattia et al., 2022;
De Mattia et al., 2025; De Mattia et al., 2024). New sequencing
technologies, such as NGS, may contribute to capture rare genetic
alterations (Larrue et al., 2024).

In this report, we present the case of a patient with gastric
adenocarcinoma, wild-type for the 4 most common DPYD variants,
treated with full-dose capecitabine-based chemotherapy in the
adjuvant setting, who experienced severe fluoropyrimidine-related
toxicity due to a large heterozygous deletion in DPYD.
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2 Clinical presentation

A 67-year-old Caucasian man with a history of ascending aortic
dilation, type 2 diabetes mellitus and benign prostatic hypertrophy,
with no significant family history of cancer, was admitted to the Casa
Sollievo della Sofferenza Hospital in San Giovanni Rotondo (Italy)
in August 2024, reporting 2 months of early satiety and an
unintentional weight loss of 5 kg in 3 months. Following a
gastroscopy and a contrast-enhanced CT scan of the chest and
abdomen, the patient was diagnosed with clinical stage IB diffuse-
type gastric cancer (cT2NO). Therefore, patient was offered
neoadjuvant chemotherapy with FLOT regimen (5-fluorouracil,
oxaliplatin, docetaxel), which he refused. In September 2024, the
patient underwent a laparoscopic subtotal gastrectomy with
and Billroth II
Histopathological examination revealed a diffuse-type gastric

D2 lymphadenectomy reconstruction.
carcinoma with signet-ring cell features, staged as pT3N3a, with
unaffected resection margins. After surgery, a post-operative CT
scan showed no local recurrence or distant metastases but
considering the high risk of recurrence, adjuvant therapy with
CAPOX (oxaliplatin 130 mg/mq day 1, capecitabine 1,000 mg/mq
for 14 days every 3 weeks) was planned for a total of 8 cycles.
According to the Italian pharmacogenetic guidelines (AIOM-SIF
Working Group, 2024), a targeted pharmacogenetic analysis by
DPYD genotyping (for the four most common variants: ¢.1905 +
1G>A (DPYD*2A, rs3918290), c.1679T>G (DPYD*13, rs55886062),
c.2846A>T (rs67376798), and ¢.1129-5923C>G (rs75017182) was
performed without revealing any pathogenic variants. On
18 November 2024, chemotherapy was started as planned.

After 8 days of capecitabine treatment the patient was admitted
to the emergency department for severe and persistent diarrhea
(12-15 stools per day) (G4 according to CTCAE, version 5.0)
unresponsive to antidiarrheal therapy, nausea G3 and vomiting
G2, accompanied by significant clinical deterioration. Blood tests
showed hypokalemia G2 and hypoalbuminemia G2, without any
significant alteration in blood count. The patient was then admitted
to the Oncology Department to continue the appropriate treatment
and capecitabine was discontinued. Salmonella and Shigella
infection, as well as Clostridium difficile toxin genes were
excluded. Gastroscopy as well as chest and abdominal CT scans
did not highlight any sign of early postoperative recurrence and
tumour markers were normal. A significant reduction in ejection
fraction - compared to the previous examination (45%) — was
attributed  the
reduction in ejection fraction to the patient’s severe hypovolemia.

detected. The cardiological evaluation thus

Hydration and intravenous potassium supplementation were

initiated, along with parenteral nutrition. DPYD genotyping was
repeated, confirming the absence of any pathogenic variants,
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including DPYD ¢.2194G>A (rs1801160) recommended by the
Italian guidelines in the post-toxicity setting (AIOM-SIF Working
Group, 2024).

On the tenth day of hospitalization, despite supportive
therapy and gradual improvement in diarrhea, nausea and
vomiting to grade GI, he developed significant hypotension
without fever, reduced urine output, dyspnea (91% saturation
in room air) and tachypnoea. Arterial blood gas analysis showed
a pO2 of 75 mmHg, normal pCO2 and pH, and an increase in
lactate to 3.5 mmol/L. Laboratory tests revealed elevated levels of
CRP (27,9 mg/L) and procalcitonin (174,8 ng/mL), with
leukocytosis (18 x 10°/L with neutrophils 16.8 x 10°/L) and
an increase in creatinine to 1.9 mg/dL. Blood cultures were taken
from the central vascular access and peripheral blood, both of
which tested positive for Klebsiella pneumoniae. In light of the
septic shock, following the recommendation of the resuscitation
team, norepinephrine 0.06 mcg/kg/min was administered.
Antibiotic
piperacillin/tazobactam

therapy was initially set empirically with
with  the
persistence of elevated inflammation indices and the results
of the

vaborbactam

and, subsequently,

antibiogram, it was switched to meropenem/
addition,

thrombocytopenia associated with the infection necessitated

and  linezolid.  In severe
the transfusion of three units of platelets.

During the subsequent days of hospitalization, hemodynamics
and inflammatory markers gradually improved, allowing de-
escalation to ceftazidime monotherapy and tapering of
norepinephrine; in addition, episodes of diarrhea were further
decreasing.

After 25 days of hospitalization, the patient was discharged in
significantly improved general condition, afebril, without diarrhea
and with negative inflammation indices. The patient had regained
oral feeding without reporting nausea or vomiting and with a
recovery in platelet and potassium values. Due to the severe
toxicity reported, adjuvant chemotherapy was definitively stopped
and a strict follow-up was planned, including clinical evaluation,
blood tests and CT-scan every 3—-4 months for the first year. From a
psychological point of view, there has been a marked improvement
in mood, with increased optimism and satisfaction after returning to
daily routines.

Additional subsequently

requested, and a targeted NGS approach focusing on the DPYD

pharmacogenetic analyses were
gene was performed to either confirm a gene-specific involvement or
rule out the possibility that the adverse drug reaction was
genotype-related.

3 Results

3.1 Real-time polymerase chain reaction
(RTg-PCR)

Pre-emptive real-time PCR (RT-PCR) screening of the DPYD
gene was conducted in accordance with the AIOM-SIF 2019 (and
2024 update) guidelines (AIOM-SIF Working Group, 2024). The
analyzed variants included DPYD ¢.1905 + 1G>A, c.1679T>G,
€.2846A>T, c.1129-5923 C>G, all showing a wild-type genotype,
indicating the absence of pathogenic variants or clinically relevant
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variants. After the reported adverse drug reaction (ADR), the
workflow was repeated with a new whole blood sample and
including ¢.2194G>A variant (DPYD*6, rs1801160), as per SIF-
AIOM guidelines, but RT-PCR genotyping confirmed the
absence of the five tested variants.

Whole DPYD gene sequencing using a custom NGS
pharmacogenetics panel was subsequently performed.

3.2 Next-generation sequencing (NGS)

The NGS analysis conducted using our pharmacogenetics panel
revealed indeed the presence of a large heterozygous deletion in
DPYD spanning about 500 kb, which includes the central part of the
gene from exon 5 to exon 20 (Figure 1). The CNV ratios derived
from the Alissa Reporter analysis showed a consistent reduction in
normalized read depth across the affected region, with mean
log2 ratio values of approximately —0.5, which is characteristic of
a heterozygous deletion. In Figure 1B the log2 ratio plot of the
sample shows a systematic shift toward negative values across the
deleted interval, while reference samples remain centered around
zero. The accompanying table reports genomic coordinates, gene
annotation, and average log2 ratio values, all consistent with copy
number loss. To further strengthen the interpretation, exon-level
quantification obtained from the independent SeqOne analysis has
also been included. The corresponding table (Supplementary Table
S1) reports copy ratio values for each exon, showing a reduction
ranging approximately from 0.43 to 0.60 across the affected region,
in line with the expected ~0.5 value for a heterozygous deletion. In
contrast, flanking exons display ratios close to 1.0, supporting a
normal diploid state. The consistency of these values across multiple
consecutive exons supports the presence of a true biological event. It
is noteworthy that the location of this deletion spans the gene
segment that includes 4 of the 5 variants generally analyzed for
DPYD gene screening; only the ¢.2846A>T variant, located in exon
22, is not included in the deleted region (Figure 1A). Overall, the
deletion was identified using a validated read-depth-based
approach; this finding was independently confirmed using a
both
approaches rely on different implementations of coverage-based

second bioinformatics platform (SeqOne); analytical

CNV detection, increasing confidence in the result obtained.

3.3 Single nucleotide polymorphism
(SNP) array

To confirm the presence of the detected deletion in the patient,
and to exclude the possibility of an NGS artifact, we collected a new
whole blood sample and performed a fresh DNA extraction. This
DNA was then analyzed using an alternative molecular technique
specifically, a single nucleotide polymorphism (SNP) Array which
offers a complementary and highly accurate method for the
detection of large genomic deletions.

The SNP array detected a 545.3 Kb deletion at chromosome
1p21.3 from the distal SNP at base pair 97176283 to the proximal
SNP at base pair 97721542 [GRCh38] (Figure 2). The deletion
includes 494 Log R
of —0.481.This region encompasses DPYD gene associated with
_Dihydropyrimidine dehydrogenase deficiency _(#274270_; _AR_)
_and_ 5-fluorouracil toxicity _(#274270; AR). The entire gene DPYD

clones with an average value
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number loss.

DPYD gene deletion. DPYD gene location of the 500 Kb deletion (NCBI RefSeq transcript NM_000110.4; ENSEMBL ENSTO0000370192.8 canonical
isoform). Positions of the variants screened according to Italian AIOM-SIF recommendations (AIOM-SIF Working Group, 2024) are showed ((A), lower
panel). In red the extension of the deletion. (B) Visualization of the DPYD locus (GRCh38) showing copy number analysis based on normalized read depth.
The CNV track (red) indicates an heterozygous deletion spanning a large genomic region. The log2 ratio plot for the sample shows a consistent shift
toward negative values across the affected exons (mean log?2 ratio ~ —0.5), while the reference samples remain centered around zero, supporting a copy
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FIGURE 2

SNP-array analysis. The figure shows a schematic representation of the deletion in 1p21.3, from 97,176,283bp to 97,721,542bp encompassing the
DPYD gene. The graph at the upper part of the figure represents the Log R value of the fluorescence intensity: it decreases to negative values in the deleted
region. The graph in the middle represents the B Allele Frequency (BAF): it shows the presence of a single allele (A or B) within the deleted region. The graph
at the lower part represents the deletion (red bar) compared to the entire gene (green bar).

is covered by 770 SNP clones and the deletion is completely within
the gene, from exon 5 to exon 20.

3.4 DPD activity in peripheral blood
mononuclear cells (PBMCs)

The DPD activity in peripheral blood mononuclear cells

(PBMCs) of the patient was decreased compared to two healthy
controls. As a matter of fact, DPD activity was reduced (49%)

Frontiers in Pharmacology

compared with that observed in healthy volunteers and was
comparable to that reported in obligate heterozygotes (van
Kuilen et al., 2002).

3.5 Dihydrouracil/uracil (DHU/U) ratio

The plasma concentrations of uracil (U) and dihydrouracil
(DHU) measured in the patient and four control subjects
(healthy individuals with a DPYD variant negative DNA) plasma
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TABLE 1 Uracil and dihydrouracil plasma concentrations (ng/mL) and their DHU/U ratio.

Samples Uracil (hg/mL) Dihydrouracil (ng/mL)

Mean Mean St. dev
Patient (n = 1) 275+ 0.7 68.3* 27 25 0.03
Controls (n = 4) 9.2 33 95.4 20.1 108 22

Plasma uracil and dihydrouracil concentrations were measured in the patient and control subjects.

The patient showed a marked increase in uracil relative to dihydrouracil, resulting in a reduced.

DHU/U ratio; this finding is suggestive of reduced DPD activity.
*Mean of duplicate sample.

samples are reported in Table 1. Patient samples were analyzed in
duplicate and compared to controls. Based on published evidence,
DPD deficiency was defined as plasma uracil concentrations >16 ng/
mL and/or a DHU/U ratio <6 (Knikman et al., 2021; Contu et al.,
2025; Capitain et al, 2020). Patient samples showed markedly
27.5 ng/mL)
relative to dihydrouracil levels, together with a reduced DHU/U

increased plasma uracil concentrations (mean =

ratio (mean = 2.5), supporting impaired DPD activity (Table 1).

4 Discussion

In this case report a case of severe capecitabine-related toxicity
in a patient with a large DPYD deletion not detected by routine pre-
treatment panel genotyping was described. This case highlights the
limitations of current pharmacogenetic screening for the initiation
of a fluoropyrimidine-based therapy and emphasizes the importance
of integrating genomic and functional strategies in selected cases.
Current national guideline recommendations (AIOM-SIF Working
Group, 2024), based on DPYD variants most strongly associated
with reduced enzyme function, have improved the safety of
fluoropyrimidine use, thanks to studies on variant-associated
toxicity, most notably the meta-analysis by Meulendijks et al.
(Pratt et al., 2024), which have been instrumental in preventing
adverse events. Furthermore, the FUSAFE meta-analysis (Le Teuff
et al., 2024) specifically demonstrated that the four recommended
DPYD
4-5 fluoropyrimidine toxicity — the most clinically critical events

variants are the strongest predictors of grade
to prevent — further consolidating the rationale for pre-treatment
genotyping. However, the sensitivity of our approach remains
limited: the AIOM-SIF

recommendations does not fully match the recent AMP

DPYD genotyping panel as for

consensus for clinical DPYD pharmacogenomic testing, which
specifies a minimum Tier 1 set of 10 alleles and an extended Tier
2 list of 12 additional variants (Meulendijks et al., 2015). Future
harmonization between national and international guidelines,
potentially incorporating the AMP-recommended variant tiers,
would enhance
DPYD testing.
In this study we identified a large heterozygous deletion
spanning from exon 5 to exon 20 of DPYD gene that was found to

standardization and comprehensiveness of

be associated with a strong decrease in the enzyme activity and
likely to be related to the observed toxic event. In our case report
the phenotypic effect of the observed genomic alteration was
evaluated by assessing enzymatic activity in PBMCs which was

Frontiers in Pharmacology

found to be reduced by 49% as compared to two wild type
healthy donors. This finding was further supported by the
analysis of plasma U and DHU. Based on published data, a
plasma uracil threshold of 16 ng/mL was used to discriminate
between normal and deficient DPD activity, with DPD
deficiency defined by U concentrations >16 ng/mL (Knikman
et al., 2021; Contu et al., 2025). The DHU/U ratio was also
considered to support the diagnosis of DPD deficiency, with
values < 6 indicating impaired DPD activity, according to the
literature (Contu et al., 2025; Capitain et al., 2020). Consistently,
the patient samples showed increased plasma U concentrations
and a reduced DHU/U ratio, supporting deficient DPD activity.

It has been previously documented that DPYD deletions
account for approximately 7% of DPD deficiency cases (van
Kuilenburg et al., 2009). Several cases have been described in
which severe fluoropyrimidine toxicity was observed despite
routine DPYD genotyping being negative and subsequently
associated with rare intragenic deletions or other structural
variants detectable only through extensive genomic analysis
(van Kuilenburg et al., 2010; Wigle et al., 2023; Malekkou
et al., 2024; Saarenheimo et al., 2021). In several cases,
profound mucosal toxicity has been reported to precede
systemic complications, including sepsis (Garcia-Gonzalez
et al.,, 2018; de Haar-Holleman et al., 2024; Ly et al., 2020;
Tong et al.,, 2018; Henricks et al., 2018b).

The likelihood of an association between the detected deletion
and the occurrence of severe capecitabine-related toxicity is fully
consistent with the patient’s clinical course, characterized by very
early grade 4 diarrhoea, mucositis and metabolic alterations with
consequent systemic complications shortly after exposure to
capecitabine therapy. In a case series of nine patients, reduced
DPD activity ranging from 9% to 53% of that observed in
controls was reported due to novel and rare DPYD alterations.
Severe toxicity ranging from grade 3 to lethal toxicity (grade 5), with
onset after a mean of 11 days from the start of chemotherapy was
observed in all patients (van Kuilenburg et al., 2017).

The residual DPD enzyme activity of approximately 50% in our
patient is consistent with an intermediate metabolizer phenotype
and indicates a reduced capacity to catabolize fluoropyrimidines.
According to current pharmacogenetic recommendations, DPD
activity in the range of 30%-70% of the mean control activity
warrants an initial dose reduction, typically of 50%, rather than
full-dose treatment. Accordingly, the enzymatic profile observed in
this patient suggests an increased risk of fluoropyrimidine-related
toxicity and does not support the assumption of normal drug
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tolerance. This case further underscores the clinical relevance of
partial DPD deficiency in the prediction of treatment safety
(Amstutz et al., 2018).

it should be highlighted that optimal
highly
variable pharmacokinetics—cannot be based only on genetic

Furthermore,

capecitabine dose selection—given its complex,
markers (i.e., DPYD variants); instead, it requires integration of
other parameters, such as renal and hepatic function, patient
covariates (sex, age, body size), and absorption-related
determinants, including strict prandial administration (within
30 min after a meal) (Ratain and O’Donnell, 2026; Knikman
et al., 2024). In gastric cancer, prior partial/total gastrectomy is
an additional key modifier, being associated with faster
absorption and higher peak concentrations (reported C_max
increases of ~18% and ~50%), plausibly increasing toxicity
susceptibility and warranting heightened vigilance when
individualizing therapy (Jacobs et al., 2019). Therefore,
although the extensive deletion of the DPYD gene was
probably the main factor underlying the severe capecitabine-
related toxicity observed in this patient, other clinical factors,
including the recent gastrectomy, the patient’s general clinical
condition and  inter-individual  variability in  the
pharmacokinetics of capecitabine, may also have contributed
to the severity of the adverse events.

The case described has important clinical implications given
the adjuvant context in which chemotherapy has a curative
purpose. In this context, treatment decision-making requires
a careful balance between the potential oncological benefit and
the acceptable risk. In fact, while definitive discontinuation of
treatment could potentially compromise oncological benefit, the
occurrence of early severe and potentially lethal toxicity
represents an unacceptable risk in patients who could already
be cured by surgery alone. This case therefore highlights the
need to carefully stratify risk before initiating adjuvant
fluoropyrimidine-based treatment based on comprehensive
genomic and phenotypic data relating to the DPYD gene. Pre-
treatment deletion detection would have indicated a 50% dose
reduction per CPIC guidelines (Amstutz et al., 2018), mitigating
severe toxicity risk. These findings support comprehensive
genomic assessment, including copy number variant analysis
and phenotypic confirmation, in patients with high planned
fluoropyrimidine exposure or personal/family history of
severe toxicity.

This case report provides further evidence that a sequencing-
based (NGS) approach can strengthen pharmacogenetic testing.
NGS enables comprehensive and less biased detection of
pharmacogene variability, including rare or novel variants and
structural gene aberrations. These alterations are inherently
missed by targeted assays restricted to predefined panels. By
overcoming limitations related to variant preselection, NGS offers
broader allelic coverage. It also enables more consistent
pharmacogenetic results across laboratories. This supports more
equitable applicability across diverse ancestries, in which actionable
allele spectra may differ. In addition, NGS allows future reanalysis of
data as evidence bases and allele definitions evolve.

Despite these advantages, routine clinical implementation
of NGS-based pharmacogenetics remains challenging. Relevant

drawbacks include higher costs, infrastructure and expertise
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requirements, and workflow and turnaround-time constraints.
A critical remaining issue is the lack of standardized variant
2024).
Furthermore, it should be considered that large structural

interpretation and reporting (De Mattia et al,

variants in the DPYD gene are rare and that the benefits in

terms of clinical outcomes of routinely performing
comprehensive NGS testing have yet to be demonstrated.
Several international initiatives are actively addressing these
barriers with the aim of incorporating rare-variant evidence
into pharmacogenomic clinical guidelines (Gong et al., 2025).
Together with the increasing availability of NGS platforms and
declining analytical costs, these efforts are expected to facilitate
broader adoption of targeted pharmacogene sequencing,

including DPYD, in routine clinical practice.

5 Conclusion

In conclusion, this case, based on robust molecular, biochemical
and clinical evidence, provides compelling support for a causal
relationship between the DPYD gene deletion, reduced DPD
enzyme activity and consequent severe toxicity related to the use
of fluoropyrimidines. The absence of a common DPYD variant in
routine screening tests does not always equate to normal
fluoropyrimidine metabolism. Structural alterations such as large
multi-exon deletions are underestimated by these standard
strategies, resulting in clinical

significant consequences.

Therefore, the use of comprehensive genomic techniques
(extended genomic sequencing) combined with functional assays
may help prevent potentially fatal toxicity, especially in selected

settings such as adjuvant therapy.
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