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Background: Although thromboembolism is common and one of the major causes of mortality in cancer patients, main-
taining therapeutic anticoagulation effect with warfarin is challenging. This study aimed to determine the prevalence and
the causes of non-therapeutic INR (International Normalized Ratio) in cancer patients. Methods: Medical and pharmacy
records for cancer patients managed by the pharmacist-run anticoagulation service (ACS) between May, 2010 and April,
2011 at Seoul National University Hospital were retrospectively reviewed. The causes of non-therapeutic INR were iden-
tified and compared with the results from a former study with mechanical heart valve patients. Results: A total of 335
cancer patients and 6,737 patient-visits were analyzed producing 68% (n=4,590) of non-therapeutic INR readings. Eighty-
five percent of the non-therapeutic INR readings were categorized as sub-therapeutic. Frequent causes linked to non-ther-
apeutic INR included inadequate dosage adjustment (21.8%), changes in health status (11.8%), dietary changes (8.1%),
and drug interactions (4.2%). More than half of the non-therapeutic INR values had no known etiology. As causes for
non-therapeutic INR, changes in health status (p<0.0001), adverse reactions (p<0.0001), and dietary changes (p=0.017)
were statistically more frequent in cancer patients than in patients with mechanical heart valves. Furthermore, exposure to
sub-therapeutic INR were more prevalent in cancer patients than in patients with mechanical heart valve (p<0.0001).
Conclusions: This study shows that there is a tendency to keep the level of INR low and that health status change,
dietary change, and drug interactions are found to be frequent causes for non-therapeutic INR in cancer patients.
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Table 1. Demographic characteristics of patients (n=335).

Characteristics N (%)
Gender (male / female) 184 (54.9)/ 151 (45.1)
Median Age (Range) 66 (16-93)
< 65years old 128 (38.0)
> 65 years old 207 (62.0)

Weight (kg) 61.5+11.8
Indications for anticoagulation

Deep vein thrombosis 86 (25.7)

Atrial fibrillation 123 (36.7)

AVR, MVR, TVR 70 (20.9)

Pulmonary embolism 56 (16.7)
Operation

performed 88 (26.3)

not performed 247 (73.7)
Radiation therapy

performed 22 (6.6)

not performed 313 (93.4)
Chemotherapy

performed 75 (22.4)

not performed 260 (77.6)
Duration of ACS

<1 year 185 (55.2)

1-2 years 41 (12.2)

2-3 years 29 (8.7)

>3 years 80 (23.9)

AVR=aortic valve replacement; MVR=mitral valve replacement;
TVR=tricuspid valve replacement, ACS=Anticoagulation Service
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Table 2. Causes of non-therapeutic INRs in cancer patients.
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No. of cases (%)

Total Sub-therapeutic Supra-therapeutic
Total 4,590 (100) 3,896 (100) 694 (100)
Unknown 2,394 (52.2) 2,184 (56.1) 210 (30.3)
Recent Dose Control 1,001 (21.8) 930 (23.9) 71 (10.2)
Initial dose adjustment 856 (18.6) 809 (20.8) 47 (6.8)
Excessive dosing change 103 (2.2) 79 (2.0) 24 (3.5)
Over-anticoagulation Management 42 (0.9) 42 (1.1) 0(0.0)
Nonadherence 551.2) 48 (1.2) 7(1.0)
Adverse Reactions 31(0.7) 31(0.8) 0 (0.0)
Drug Interactions 193 4.2) 96 (2.5) 97 (14.0)
Herb and health foods 72 (1.6) 69 (1.8) 3(0.4)
Anticancer drugs 36 (0.8) 3(0.1) 33(4.8)
Other drugs 85(1.9) 24 (0.6) 61 (8.8)
Dietary Change 370 (8.1) 220 (5.6) 150 (21.6)
Weight loss, decreased vitamin K ingestion 150 (3.3) 0(0.0) 150 (21.6)
Weight gain, increased vitamin K ingestion 220 (4.8) 220 (5.6) 0(0.0)
Changes in Health Status 540 (11.8) 384 (9.9) 156 (22.5)
Dental care 23 (0.5) 23 (0.6) 0(0.0)
Congestive heart failure 8(0.2) 0(0.0) 8(1.2)
Inflammation 26 (0.6) 0(0.0) 26 (3.7)
Febrile illness 41(0.9) 0(0.0) 41(5.9)
Diarrhea 41(0.9) 0(0.0) 41(5.9)
Liver dysfunction 13(0.3) 0(0.0) 13(1.9)
Kidney dysfunction 4(0.1) 4(0.1) 0(0.0)
Surgery 355(7.7) 355(9.1) 0(0.0)
Pain (Emergency Room Visit) 21(0.5) 0(0.0) 21 (3.0)
Edema (Emergency Room Visit) 5(0.1) 2(0.1) 3(0.4)
Others 3(0.1) 0(0.0) 3(04)
Alcohol Use 6 (0.1) 3(0.1) 3(0.4)
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Fig. 1. Interactions of warfarin with antineoplastic agents (A) and other drugs (B) resulting in supratherapeutic INR.
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Table 3. Causes of non-therapeutic INR in patients with mechanical heart valves and cancer patients.

No. of cases (%)

Patients with mechanical heart valves (n=5,434) Cancer patients (n=4,590) P-value
Unknown 2,302 (42.4) 2,394 (52.2) <0.0001
Recent Dose Control 1,162 (21.4) 1,001 (21.8) 0.607
Nonadherence 705 (13.0) 55(1.2) <0.0001
Adverse Reactions 10 (0.2) 31(0.7) <0.0001
Drug Interactions 644 (11.8) 193 (4.2) <0.0001
Dietary Change 370 (6.8) 370 (8.1) 0.017
Changes in Health Status 105 (1.9) 540 (11.8) <0.0001
Concomitant disease 36 (0.6) 517 (11.3) <0.0001
Alcohol Use 41 (0.7) 6(0.1) <0.0001
A7 AR A B A} D91 89 2 ol 3 DAY Lk Am9 NRS Ao

sl HHA o> S 83 A5 1471(25%), Moﬂ
5 g 4 gAY S8ake] ERHE A o
ﬁol BH8 A9 671(11%), 3Ake] oF 43F o]5)] =0
2 488 A% 543 79 12(2%) el

QIZEALX|EH EHXlet ef8kXie| H|mEA
2] 3 3RS A= g o] A Al wlsiA &
739 G} 31 vl go] =3(1.2:1 vs. 1:1.4), FT
EUdHSIA vs. 66A1]).
W23 S e R 3 o] A9 A§ INR
o] X EWSIE wlod 7-fol dsle] ZARSIHI ZA] INR
5 Zgel Wigh vl 7]5He] A kol ARWAE
A8 INRS| B Eol] #A3jx = sh3ktele] 2o} vl wsh=
| E7Fsslh A2 9S Bleld INR 5 INRo] w2
7} 2R R vl 3| 3t 337 63.1% el Ml
32ke] 735 84.9%= -2l 3HAl =8k (p<0.0001).
2239 INRS Blolt gle 2= AlE 2] ulgo] ¢
Ao A5 AFHLA S FAFH T F9hTH52.5% vs.
42.4%, p<0.0001). INR ¥5-2] 1q1o2 2] 3}(p=0.017),
SFEH AL (p<0.0001), AW X2 2 2 Abe) s 3H(p<0.0001)
o] Ml <lFFA| 3 hate|| u]s] °‘§‘rx}°ﬂﬂ 2] 57
Eskem, BopE-o] g (p<0.0001), =& 2H(p<0.0001), &
F(p<0.0001)2] W Ex= AFHHA|Z FAtel| A frosh] &
= 222 Ll TH(Table 3).

7
chd
3 s

[

il

HEAE warfarin 2|8 2N F A ALA A
A § ol WeE Qs vk 89 INRS
FAI3HE Zlol olfe & dFelAE A8HAE Hold
INR®] H]&o] AL 68%F 2Ash= A= vehygted|

£ 54-59%,'0 ARANHAZ HAAEF A8 9 AL o
Eﬂ—i warfaring F-o33F ket 3xfol|A] BalEl 47%%.
o 24 vebd Agpgel?) 235 Ajolgl wale] u]go)
62%% = o2 AN AHE 4 gl ok 2 ATol|A
At A H A S 2| Rl g ACCP, ASCO 7}e] =&)elel]
w2l A8 INRS 2.0-3.09] °]i AR sk A e A
A Aeklel vlsiA =9l B2 &Y AE 93 «I
g2l Ale] whel A& FRE ”ﬂl k7] Wil 4 %
o A2 INRS 1.5-3.022 A 2MT 35 ilE
W3 INRS ot B2 384%2 WA AHEE9]

Rose 52] 7ol AE= X839 INR f-A8]£o] L3kx}r
o} vkt A fro]EHAl ekl B arEkel A Rh(tE X} 54%
vs. H|93EA} 66%, p<0.001),'® & QAT Ajg =08
F3Exte} wigkskte] 2R 9] INR F-A]0] £l gt A 4n]
2= Brbsasieh o STl A 3R warfaring
ol A 9l 3L SFAlel i B4 S4E INRAF
o} BlaA]? X 29 INRS A8 v]go] £ 7o) bk
Aol M o] AR o L Zloz eEPRrh42.1% vs.
31.9%). e} SFAlel] st ghkx)3kskxle] % INRe]
1.8-3.082 2 d7Re) A AAR A, warfaring 583
TR $3A} F -S54 Y SRR F8kA71 A, 20014 -
200610l o] Foil Aehe A Fo= Qs E A7AFe}
o] AA Al vl = 227F )& 7FeAd o] s

E ATolA A AZHAES INRo| w2 797}
3,89671(84.9%) 22 ¢1-7hetx] gh3kx} 342774 (63.1%)1] ¥
3 INRS WAl A3 Adke] o 255 g 4 ol
H(p<0.0001). o]= sk3kake] 7, wlg PW}J‘&} =9 99
Al o] l-—_—rf’ﬁ&lno) ’6]—%]—§]—5_’1 \:{jo]p]- H]—/\}/\-] mﬁﬁ. tﬂags}_.
sbsiate] S HAaTg S o3 DAH o2 £3 Ao
FolrlmzY o)2jgt 23] 9PAL 13l A v
INRE FX3}8= A3zt 43kAte] warfarin 7] 83 =4

2

f

>~l



hgabe) A= 9E Mol INR el A

o] ofefgo] uted®l 7l o= AR H™ Rose 52 A7 o
g Aol gy} B AFe M= 2 INRZ QI3
A& A3, S ANGAF AL 2 %‘ F2HE- EA ol o
g BA o] =] kot7] wiitel W2 WS INR X7}
A& Aol v]A)= FA = EAE 5 glsldh
o3t 9 WS warfaring B8 39l 9+3k2ke] INR W5
< doled F83 89le] & 4 9)ar 53] INR A
FA o] 9lor tkRlol| A warfarin 2HS oA =
89lor Hyg u} guh 2P B ool AlAl 3t}
oS Al3EPEA warfaring Fo 3 A= WA 9kA|
ot warfarin2}2] Aysahg-o] 2F oAzl HjEA <l A <l
capecitabine, fluorouracil®}2] ¥-8-o] 2|3 9] INRE Hlold
dele g ui= A Yephdd.
INRe| X295 wlout A<l =5 =
1oL Q=] $hskabe) gk 3kr}zhe] 2] 3t Aol & Bl

A} o] ¥ #H(p=0.017), 2FEH2H2(p<0.0001), A= li el
A W 3H(p<0.0001), E-2FE-0] 3] (p<0.0001), FEA 5=}
£(p<0.0001), =F(p<0.0001)Z }e}de}.

EofpRo]3)e] 73 ol T 3R 70571(13.0%), &
ks 5571(1.2%) -2 SFabAre] Bokgol 3 A7t A4l

ol sl A, Ao FHx A} “Lo}—OlL
ARETL T3 B87|7ke] Aoz 37| wiiiel Ae=
Held,

Aozl glel At 3} QFgh| 3 Sl
vleiA folsA wlge] EUI(p=0.017), A= X el
oJgt 7o, FE, A &Fxle 4%—"* ggoz ol A
o] 312 ol AA =Ho] INR W] o & 722 FAF
w o] oA o] AT} UX] Lv‘rms)

FENAE & Sl digt IR A5 INRS Hlold
A AN o =3hom o] sbsiabr} viskgiaiR o
=3 930 rie ATATET A8 Aol gl

A akei ske] 739, T 3kAF 10571(1.9%), S
32} 54071 (11.8%) -2 F3kapr} ¥ % A A Slef| o}-E
INR ¥WF *}3117} 2okt ol gAte] A9, WEAW
w2 INR 52 ouslr] $1s) & 1 st )7 ged Ao
2 887l o7 TIEH dAEe AAYS 4 U
(p<0.0001).2+2)

E A7 53 A7 8 3R] g, oAk
22 ol] u}2 INRQ] X B53% W9 A}o] S 13T 5 ¢
Aok A, A= INR 9ol w2 FAYAd © A ok
gol] tfgt BA o] EFEA] ok A2 Ao
et =3 F8fx A2 ¢le] INR WHEel] 33
W2l xH(confounding factor)Sol] dlsl |3t
el o vhof] glol o FEAFF A2 X EHSE
L 2uk AR 7| ool Al Azt
e wlE Y AFsakg Ao Ygk AT o] Fo A A
Aot webr g5 F3AlE AR X8 S E sleld

rjg

o
e
ol
tlo
£
to

[0

2 o

woy S
L

K
%
Z
=
T

M oo ME L otlo 2
o
2 e
[

237

INRe|| 33F& F+= 291 #A 3} A=ste] APl A7-9|
Baol glon] shgaberg u $324, Sa) 2] 4o
ZA4e gk AeFHel A7t 3Rl A A 2] warfarin
28] Ego] & 7oz AtgEldh
z =
B A7 A ] A A2 SE dleld INR B E
o] Eokom, 53] 89 olst2 fAlslE e A Fal
g 4 sldet T R3bAtel] wlsl kAl X8
INRS- Hlojid geloz Ao|uis), ofaiahg, AWixg 1l
A e ate] Wi=rt =27] Wi gel shebAlellA F-galekE
A2 A] ol2lat gelell Fo] & 7]goof & o= Algd

ror

S22

1. Prandoni P, Falanga A, Piccioli A. Cancer, thrombosis and
heparin-induced thrombocytopenia. Thromb Res 2007;
120(2): 137-40.

2. Lee AY, Levine MN. Venous thromboembolism and cancer:
risks and outcomes. Circulation 2003; 107(23): 117-21.

3. Lyman GH, Khorana AA, Falanga A, et al., American
society of clinical oncology guideline: recommendations
for venous thromboembolism prophylaxis and treatment in
patients with cancer. J Clin Oncol 2007; 25(34): 1-16.

4. Blom JW, Doggen CJ, Osanto S, et dl.,
prothrombotic mutations and the risk of venous thrombosis.
JAMA 2005; 293(6): 715-22.

5. Semarad TJ, O’ Donnell R, Wun T, ef al., Epidemiology of
venous thromboembolism in 9489 with malignant glioma. J
Neurosurg 2007; 106(4): 601-8.

6. Hutten BA, Prins MH, Gent M, et al.,
recurrent thromboembolic and bleeding complications

Malignancies,

Incidence of

among patients with venous thromboembolism in relation
to both malignancy and achieved international normalized
ratio: a retrospective analysis. J Clin Oncol 2000; 18(17):
3078-83.

7. Akl EA, Kamath G Yosuico V, et al., Thromboprophylaxis
for patients with cancer and central venous catheters: a
systematic review and a meta-analysis. Cancer 2008; 112
(11): 2483-92.

M, Lee AY. Prophylactic and
anticoagulation for thrombosis-major issues in oncology.
Nature Clinical Practice 2009; 6(2): 74-84.

9. Geerts WH, Bergqvist D, Pineo GF, et al., Prevention of
venous thromboembolism. American College of Chest

8. Carrier therapeutic

Physicians Evidence-Based Clinical Practice Guidelines(8™



238

10.

11.

12.

13.

14.

1.

16.

17.

18.

Edition). Chest 2008; 133(6): 381-453.

National cancer comprehensive network clinical practice
guidelines in oncology: Venous Thromboembolic Disease
V.1.2009. http://www.nccen.org/professionals/physician_gls/
f guidelines.asp. Accessed 5 June 2011.

Adamson D.J.A., Currie J.M. Occult malignancy is associated
with venous thrombosis unresponsive to adequate anticoagula-
tion. Br J Clin Pract 1993; 47(4): 190-1.

Lars J, Petersen LJ. Anticoagulation therapy for prevention
and treatment of venous thromboembolic events in cancer
patients: A review of current guidelines. Cancer Treatment
Reviews 2009; 35(8): 754-64.

Lee BK, Lee JY, Jeong YM, et al., Analysis of Factors
Affecting Nontherapeutic INRs in Korean Outpatients with
Mechanical Heart Valves. Korean J Thorac Cardiovasc
Surg 2005; 38: 746-60.

Nutescu E, Chuatrisorn I, Hellenbart E. Drug and dietary
interactions of warfarin and novel oral anticoagulants: and
update. J Thromb Thrombolysis 2011; 31(3): 326-43.

Lacy CF. Lexi-Comp’s Drug Information Handbook, 17"
ed. Lexi-Comp Inc. 2008.

Lee AY, Levine MN, Baker RI, et al., Low-molecular
weight heparin versus a coumarin for the prevention of
recurrent venous thromboembolism in patients with cancer.
N Engl J Med 2003; 349: 146-53.

Jones KL, Barnett C, Gauthier M, et al., Clinical outcomes
of a pharmacist-managed anticoagulation service for breast
cancer patients. J Oncol Pharm Pract 2012; 18(1): 122-7.
Rose AJ, Sharman JP, Ozonoff A, et al., Effectiveness of
warfarin among patients with cancer. J Gen Intern Med
2007; 22(7): 997-1002.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kor. J. Clin. Pharm., Vol. 23, No. 3, 2013

Song HS, Chang BC, Gwak HS. Analysis of warfarin-
induced complications in patients with mechanical heart
valve replacement in emergency center. Kor J Clin Pharm
2007; 17 (2): 70-5.

Prandoni P, Piccioli A, Lensing AW, et al., Recurrent
venous thromboembolism and bleeding complications during
anticoagulant treatment in patients
thrombosis. Blood 2002; 100(10): 3484-8.
Grogan KM, Wong C, Nutescu EA, er al., Examining

with cancer and

differences in weekly warfarin dose in patients with and
without cancer. Ther Drug Monit 2007; 29(5): 638-43.
Camidge R, Reigner B, Cassidy J, et al., Significant effect of
capecitabine on the pharmacokinetics and pharmacodynamics
of warfarin in patients with cancer. J Clin Oncol 2005;
23(21): 4719-25.

DA, Fugate SE.
reductions

Davis Increasing warfarin  dosage

associated with concurrent warfarin and
repeated cycles of 5-fluorouracil therapy. Pharmacotherapy
2005; 25(3): 442-7.

Pangilinan JM, Percival H, Pangilinan Jr, et al., Use of
warfarin in the patient with cancer. J support Oncol 2007;
5(3): 131-6.

Warfarin-indications, risks and drug interactions. Aust Fam
Physician 2010; 39(7): 476-9.

Demirkan K, Stephens MA, Newman KP, et al., Response
to warfarin and other oral anticoagulants: effects of disease
states. South Med J 2000; 93(5): 448-54.

Nutescu EA, Shapiro NL, Ibrahim S, et al., Warfarin and its
interactions with foods, herbs and other dietary supplements.

Expert Opin Drug Saf 2006; 5(3): 433-51.



