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Abstract

Background

The interaction between warfarin and fluoropyrimidines is well established; however, the clinical
circumstances in which this interaction progresses to marked supratherapeutic anticoagulation,
particularly in patients receiving low doses of warfarin, remain insufficiently characterized. We report a
case illustrating how a low warfarin dose requirement and treatment-emergent clinical changes may
converge to increase anticoagulant response during and after S-1 therapy.

Case presentation

A 69-year-old Japanese man with advanced gastric cancer had received warfarin for 5 years for a left
ventricular thrombus. After distal gastrectomy, warfarin was maintained at 1.0 mg/day with long-term
amiodarone 75 mg/day. At initiation of SOX therapy, the S-1 dose was reduced from the planned body-
surface-area-based dose of 120 mg/day to 100 mg/day because of impaired renal function; estimated
creatinine clearance was 46.5 mL/min. On day 13, estimated creatinine clearance transiently decreased
to 41.1 mL/min, and fever, diarrhea, and anorexia developed. S-1 was completed on day 14, but diarrhea
and anorexia persisted. The patient subsequently developed epistaxis and melena. On day 22, the
prothrombin time-International Normalized Ratio (PT-INR) exceeded the institutional upper reportable
limit (> 8.0), and the hemoglobin level decreased to 7.4 g/dL. Warfarin was discontinued, and
menatetrenone was administered. Pharmacogenetic testing showed CYP2C9 rs1057910 A/A (CYP2C9*3
non-carrier), VKORC1 rs9923231 A/A, CYP4F2 rs2108622 C/C, and GGCX rs699664 G/G.

Conclusions

This case highlights that marked S-1-associated supratherapeutic anticoagulation can occur despite
both a low warfarin dose and a reduced S-1 dose. A low warfarin dose requirement, impaired renal
function during S-1 exposure, and persistent gastrointestinal symptoms may act as sequential clinical
risk factors. PT-INR monitoring should be intensified when such changes occur and continued after S-1
discontinuation.

Background

Warfarin has a narrow therapeutic index and substantial interindividual variability in dose requirements.
The more pharmacologically active S-enantiomer is metabolized predominantly by CYP2C9, whereas the
pharmacodynamic effect of warfarin is mediated through inhibition of vitamin K epoxide reductase
complex subunit 1 (VKORC1) [1]. Warfarin dose requirements are influenced by clinical factors,
concomitant medications, and pharmacogenetic factors, particularly CYP2C9 and VKORC1 genotypes,
with additional contributions from CYP4F2 [1]. In Japanese patients, the VKORCT - 1639 A/A genotype is
common, and maintenance warfarin doses of approximately 3 mg/day have been reported [2, 3]. Thus, a
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low warfarin maintenance dose does not preclude clinically important enhancement of anticoagulation
when additional risk factors are present.

Clinically significant interactions between warfarin and fluoropyrimidines, including 5-fluorouracil (5-FU),
have long been recognized [4]. Pharmacokinetic and pharmacodynamic evidence supports this
interaction. During capecitabine treatment, S-warfarin exposure increased by 57%, and its elimination
half-life increased by 51%, accompanied by enhanced anticoagulant activity [5]. Repeated 5-FU exposure
has also been shown to reduce CYP2C9 activity in patients with cancer [6]. These findings provide a
pharmacological basis for enhanced warfarin activity during fluoropyrimidine treatment.

S-1 is an oral fluoropyrimidine comprising tegafur, a prodrug of 5-FU; gimeracil, an inhibitor of
dihydropyrimidine dehydrogenase; and oteracil. It is widely used in the treatment of gastric cancer, either
as monotherapy or as part of combination regimens [7]. Previous studies have reported prothrombin
time-International Normalized Ratio (PT-INR) elevation during concomitant use of warfarin and S-1 and
have characterized the occurrence, magnitude, and timing of this interaction [8—-10]. However, the clinical
circumstances in which this established interaction progresses to marked supratherapeutic
anticoagulation, particularly in patients receiving low maintenance doses of warfarin, remain
insufficiently characterized. We report the case of a Japanese patient receiving warfarin 1.0 mg/day who
developed clinically significant bleeding with a PT-INR > 8.0 following S-1 treatment and examine the
dynamic clinical factors that may have increased the risk of marked supratherapeutic anticoagulation
during and after S-1 therapy.

Case presentation

A 69-year-old Japanese man with a history of myocardial infarction and atrial fibrillation had received
warfarin for 5 years for a left ventricular thrombus. The target PT-INR had been set at 2.0-3.0. On day -
96 relative to the initiation of SOX therapy, his PT-INR was 2.51 while receiving warfarin 2.0 mg/day. He
was subsequently diagnosed with stage IV gastric cancer (pT4aN3bCY1) and underwent distal
gastrectomy with cholecystectomy on day - 92. After surgery, warfarin was maintained at 1.0 mg/day.
Concomitant medications included long-term amiodarone 75 mg/day and aspirin 100 mg/day; other
medications are listed in Table 1.
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Table 1

Patient demographics and clinical characteristics

Characteristic
Age,y
Sex

Height, Weight, Body surface
area

Primary Diagnosis
Cancer Type
Stage

Prior Surgery
Warfarin Therapy

Indication

Duration of warfarin therapy, y
Target PT-INR

Postoperative maintenance
warfarin dose

Chemotherapy Regimen
Protocol

S-1 Dose

Oxaliplatin Dose

Concomitant Medications,
mg/day

Aspirin
Amiodarone
Vonoprazan
Carvedilol
Enalapril

Furosemide

Details

69

Male

168.6 cm, 50.0 kg, 1.56 m?

Advanced gastric cancer
Stage IV (pT4aN3bCY1)

Distal gastrectomy + cholecystectomy

Left ventricular thrombus associated with prior myocardial
infarction and atrial fibrillation

5
2.0-3.0

1.0 mg/day

SOX therapy
100 mg/day on days 1-14, followed by a 7-day rest

150 mg on day 1, every 3 weeks

100
75
10
5

5
40

Abbreviations: CY1, positive peritoneal cytology; PT-INR, prothrombin time—international normalized

ratio; SOX, S-1 plus oxaliplatin.

Page 5/14




Characteristic Details
Dapagliflozin 10
Ferrous citrate Na 100

Abbreviations: CY1, positive peritoneal cytology; PT-INR, prothrombin time—international normalized
ratio; SOX, S-1 plus oxaliplatin.

Considering his cardiac comorbidity, postoperative chemotherapy was initiated with S-1 monotherapy
100 mg/day from day - 22 to day - 8. Based on his body surface area (approximately 1.56 m?), the
planned S-1 dose was 120 mg/day; however, it was reduced to 100 mg/day because of impaired renal
function. After the treatment-free interval, SOX therapy was initiated on day 1, consisting of S-1 100
mg/day on days 1-14 and oxaliplatin 150 mg on day 1. Warfarin 1.0 mg/day was continued
concomitantly. The clinical course is shown in Fig. 1.

Estimated creatinine clearance (eCrCl) was calculated using the Cockcroft—Gault equation and actual
body weight [11]. When body weight was not measured on the same day, the most recent preceding
body weight was used. At SOX initiation, the patient’s body weight was 50.0 kg, serum creatinine level
was 1.06 mg/dL, and eCrCl was 46.5 mL/min. On day 13, the patient developed a fever (> 37.5°C),
diarrhea, and anorexia without upper respiratory symptoms, nausea, or abdominal tenderness. His serum
creatinine level increased to 1.20 mg/dL, corresponding to an eCrCl of 41.1 mL/min. His serum albumin
level decreased from 3.6 to 3.2 g/dL, whereas the C-reactive protein level increased from 1.1 to 83.4
mg/L. He was managed as an outpatient with 500 mL of intravenous lactated Ringer’s solution and
symptomatic treatment. No definitive cause of the acute inflammatory response was documented. S-1
administration was completed as scheduled on day 14.

Diarrhea and anorexia persisted after S-1 discontinuation, and the patient’s body weight decreased from
50.0 kg on day 1 to 45.4 kg on day 21. On day 21, the patient developed epistaxis and melena and was
subsequently hospitalized. On day 22, his PT-INR exceeded the institutional upper reportable limit (> 8.0),
and warfarin was discontinued. Hemoglobin levels decreased from 14.0 g/dL on day 13 t0 9.0 g/dL on
day 21 and 7.4 g/dL on day 22, whereas the platelet count remained 184 x 103/uL. Menatetrenone 10
mg/day was administered on days 22-24, and 2 units of irradiated leukocyte-reduced red blood cells
were transfused on each of days 22 and 25. No endoscopic examination was performed, and the source
of bleeding was not identified. Apart from menatetrenone administration and red blood cell transfusions,
no additional hemostatic or anticoagulation-reversal treatment was given.

The PT-INR decreased to 1.59 on day 23, 1.25 on day 25, and 1.22 on day 27. The hemoglobin level
reached a nadir of 6.6 g/dL on day 25, and the serum albumin level decreased to 1.9 g/dL. Renal function
had already improved by day 22, with a serum creatinine level of 0.90 mg/dL and an eCrCl of 49.7
mL/min. No clinically meaningful elevations in alanine aminotransferase or total bilirubin were observed
during the clinical course. Serial laboratory findings and body weight are summarized in Table 2.
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Warfarin was restarted at 1.0 mg/day on day 28. The PT-INR was 1.56 on day 33, and the patient was
discharged on day 34.

Table 2
Serial laboratory data and body weight during the clinical course

Day relative to initiation of SOX therapy
-96 -22 1 13 19 21 22 23 25 27 33

PT-INR 251 - - - - - 1.59 125 122 1.56

>
8.00
Hb,g/dL 128 129 137 140 128 9.0 7.4 7.0 6.6 9.1 10.4

PLT, 291 225 168 168 224 213 184 146 117 137 167
M103/pL

Alb, 3.9 3.8 3.6 3.2 2.7 2.3 2.2 2.2 1.9 2.1 2.3
g/dL

CRP, 0.2 0.4 1.1 834 433 16.8 101 7.9 16.7 256 5.6
mg/L

SCr, 1.02 111 1.06 120 099 098 090 087 066 065 0.71
mg/dL

eCrCl, 48.7 444 46,5 411 498 457 497 515 678 727 665
mL/min

ALT, 15 15 15 13 12 10 10 11 11 10 12
IU/L

T-BIl, 0.7 0.5 0.6 1.0 1.1 0.6 0.6 1.1 1.1 1.1 0.7
mg/dL

Body 504 50.0 500 - - 454 - - - 479 -

weight,

kg

Days are relative to initiation of SOX therapy. eCrCl was estimated using the Cockcroft—Gault
equation with actual body weight. When body weight was not measured on the same day, the most
recent preceding body weight was used. A PT-INR value > 8.00 represents the upper reportable limit
at our institution.

Abbreviations: Alb, albumin; ALT, alanine aminotransferase; CRP, C-reactive protein; eCrCl, estimated
creatinine clearance; Hb, hemoglobin; PLT, platelet count; PT-INR, prothrombin time—-international
normalized ratio; SCr, serum creatinine; SOX, S-1 plus oxaliplatin; T-Bil, total bilirubin.

Pharmacogenetic testing was performed using residual whole-blood samples after verbal informed
consent was obtained from the patient and documented in the medical record, in accordance with the
recommendations of the Japanese Society of Clinical Pharmacology and Therapeutics [12]. No
additional blood sampling was required.
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Genomic DNA was extracted from the residual samples using a DNA extraction kit from QIAGEN (Hilden,
Germany). Genotyping was performed using TagMan SNP Genotyping Assays (Thermo Fisher Scientific,
Waltham, MA, USA) with a CFX Connect Real-Time PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, USA). CYP2C9 rs1057910 was A/A (CYP2C93 non-carrier), VKORC1 rs9923231 was A/A,
CYP4F2 rs2108622 was C/C, and y-glutamyl carboxylase (GGCX) rs699664 was G/G (Table 3).

Table 3
Patient pharmacogenetic characteristics
Gene / variant Genotype Pharmacological relevance
CYP2C9rs1057910 A/A S-warfarin metabolism

(CYP2C9*3 non-carrier)

VKORC1 rs9923231 A/A Warfarin target and vitamin K recycling

CYP4F2 rs2108622 C/C Vitamin K oxidation

GGCXrs699664 G/G }(-Carboxylation of vitamin K-dependent clotting
actors

Abbreviations: CYP2C9, cytochrome P450 family 2 subfamily C member 9; CYP4F2, cytochrome
P450 family 4 subfamily F member 2; GGCX, y-glutamyl carboxylase; VKORC1, vitamin K epoxide
reductase complex subunit 1.

Discussion and conclusions

The clinical significance of this case lies not in demonstrating the S-1-warfarin interaction itself, which
is already established, but in illustrating a clinically recognizable setting in which a low warfarin dose
requirement and treatment-emergent factors may increase the risk of marked supratherapeutic
anticoagulation sequentially. The patient did not carry CYP2C9%*3, the major reduced-function CYP2C9
allele relevant to S-warfarin metabolism in Japanese patients, whereas the VKORCT - 1639 A/A genotype
is common in this population [2, 3]. The CYP4F2 rs2108622 genotype was C/C, without the variant allele
associated with higher warfarin dose requirements [1], whereas the clinical relevance of GGCX rs699664
is less well established. Thus, the marked supratherapeutic anticoagulation was not readily explained by
a pharmacogenetic variant known to increase warfarin sensitivity markedly.

Previous reports have shown substantial variability in the magnitude of the S-1-warfarin interaction. PT-
INR values of 6.84 and 5.82 have been reported in individual cases [13, 14], and increases to 3.79-4.92
were observed in patients receiving warfarin 1.5—-3.5 mg/day [15]. PT-INR elevation to 3.49 has also been
reported despite reduction of warfarin to 1.0 mg/day [16]. Importantly, Hata and colleagues
demonstrated that PT-INR normalized to the current warfarin dose increased from 0.85 before
fluoropyrimidine chemotherapy to a maximum of 1.41 despite warfarin dose reductions [10]. In the
present patient, the PT-INR exceeded 8.0 with clinically significant bleeding while warfarin was
maintained at only 1.0 mg/day. This dose was substantially lower than typical maintenance doses
reported in Japanese cohorts [2, 3], suggesting a relatively low individual warfarin dose requirement.
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Long-term amiodarone therapy, which is known to reduce warfarin dose requirements [17], may have
contributed to this baseline setting; because it had been administered concomitantly with warfarin for
approximately 5 years before the present event, it was unlikely to represent an acute trigger. Notably, S-1
had also been reduced from the planned 120 mg/day to 100 mg/day because of the patient’s impaired
renal function. Thus, marked supratherapeutic anticoagulation may occur even during low-dose warfarin
therapy despite reduction of the S-1 dose, underscoring the need for careful PT-INR monitoring.

Renal dysfunction and gastrointestinal symptoms may have acted as temporally linked pharmacokinetic
and pharmacodynamic risk factors. Renal function remained impaired at approximately 40—50 mL/min
throughout and shortly after S-1 administration, with an eCrCl of 46.5 mL/min at SOX initiation, 41.1
mL/min on day 13, and 49.7 mL/min on day 22. Because gimeracil is eliminated predominantly by the
kidneys and inhibits dihydropyrimidine dehydrogenase, persistent renal impairment may have reduced
gimeracil clearance, thereby increasing gimeracil exposure and reducing 5-FU catabolism, with a
consequent increase in systemic 5-FU exposure [18, 19]. Diarrhea and anorexia developed on day 13 and
persisted after S-1 discontinuation. Although both are recognized adverse effects of S-1 [20], their
etiology in this patient remained uncertain, because fever and a marked inflammatory response occurred
simultaneously. Persistent diarrhea and anorexia may also have reduced intestinal vitamin K absorption
and dietary vitamin K intake, respectively. Acute diarrhea is associated with supratherapeutic
anticoagulation in patients receiving vitamin K antagonists [21], and lower dietary vitamin K intake has
been associated with unstable warfarin anticoagulation [22]. This clinical setting may be particularly
relevant in postgastrectomy patients with gastric cancer, in whom anorexia and diarrhea frequently
necessitate S-1 dose reduction, lower creatinine clearance has been associated with a greater tendency
to require dose modification, and postoperative body weight loss has been associated with poorer
continuation of S-1 therapy [23, 24]. In the present patient, body weight decreased from 50.0 kg on day 1
to 45.4 kg on day 21, accompanied by a decline in the serum albumin level from 3.6 to 1.9 g/dL, findings
consistent with substantial deterioration in nutritional and overall clinical status. Taken together,
persistent renal impairment during S-1 treatment may have increased fluoropyrimidine exposure,
whereas gastrointestinal symptoms and reduced oral intake extending beyond S-1 discontinuation may
have increased warfarin sensitivity through reduced vitamin K availability.

Several limitations should be acknowledged. The PT-INR was not measured immediately before or during
the second S-1 treatment period; therefore, although a PT-INR > 8.0 was documented on day 22, this
represents the first documented severe elevation rather than the confirmed onset or peak of
supratherapeutic anticoagulation. Plasma concentrations of R- and S-warfarin, gimeracil, and 5-FU were
not measured, and vitamin K availability, including dietary intake and intestinal absorption, was not
directly assessed. Consequently, the proposed pharmacokinetic and pharmacodynamic pathways
cannot be directly confirmed, and the temporal sequence of these risk factors should be regarded as a
clinically plausible interpretation rather than a demonstrated mechanism. Nevertheless, the timing
remains clinically informative. Yamada et al. reported PT-INR elevation within 3 weeks of S-1 initiation in
all nine patients studied [8], whereas Hata et al. reported a median time of 46.5 days to maximal PT-
INR/dose in the S-1 group [10]. In the present patient, a PT-INR > 8.0 was detected approximately 44 days
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after initiation of the first recorded S-1 treatment period and 8 days after completion of the second
treatment period. These observations emphasize that clinically important supratherapeutic
anticoagulation may become apparent after S-1 has already been discontinued.

In conclusion, this case demonstrates that marked supratherapeutic anticoagulation can occur during S-
1 therapy, even with warfarin 1.0 mg/day and a reduced S-1 dose, in the absence of the major reduced-
function CYP2C9#3 allele. The clinical significance of this case lies in the convergence of a low individual
warfarin dose requirement with persistent renal impairment during S-1 exposure and gastrointestinal
symptoms extending beyond treatment, highlighting the importance of integrating dynamic clinical
changes with baseline dose requirements and pharmacogenetic information when assessing
anticoagulation risk. Close PT-INR monitoring is warranted when such dynamic clinical changes occur
and should be continued after S-1 discontinuation.

Abbreviations

5-FU

5-fluorouracil

Alb

albumin

BSA

body surface area

CRP

C-reactive protein

eCrCl

estimated creatinine clearance
GGCX

y-glutamyl carboxylase

Hb

hemoglobin

PLT

platelet count

PT-INR

prothrombin time—international normalized ratio
SCr

serum creatinine

SOX

S-1 plus oxaliplatin

VKORC1

vitamin K epoxide reductase complex subunit 1.
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Figure 1

Clinical course of S-1 and warfarin therapy, clinical symptoms, and changes in the PT-INR.

Day 1 indicates the initiation of SOX therapy. S-1 was also administered from day -22 to day -8. The
shaded area indicates the target PT-INR range of 2.0—3.0. A PT-INR > 8.0 represents the upper reportable
limit at our institution. Warfarin was discontinued on day 22 and restarted at 1.0 mg/day on day 28.
Menatetrenone 10 mg/day was administered on days 22-24. Two units of red blood cells were
transfused on each of days 22 and 25.
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