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Pharmacoeconomic Systematic Review of Anticoagulants for the Prevention and Therapy of Venous
Thromboembolism in Cancer Patients

ZHOU Qian, GAO Xiaonan, GAO Jinglin, FENG Zhangying, WANG Mingxia (Dept. of Clinical Pharmacology,
the Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, China)

ABSTRACT OBIJECTIVE: To systematically review the pharmacoeconomics of anticoagulants for the prevention and therapy of
venous thromboembolism (VTE) in cancer patients. METHODS: Retrieved from PubMed, Embase, Cochrane library, CNKI,
Wanfang database, VIP, SinoMed, The NHS Economic Evaluation Database, The Healthy Technology Assessment Database and
EconLit, supplemented by manual retrieval, the economic evaluation studies on the prevention and therapy of VTE in cancer
patients with different anticoagulants were collected. The retrieval time was from the inception to Nov. 12th, 2020. After screening
and extracting, the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) was used to evaluate the quality of
the included literatures. The basic characteristics of the included literatures were summarized by descriptive methods, and the
economic results were summarized according to medication purpose and different intervention grouping. RESULTS: A total of 15
literatures were included. Three literatures were of excellent quality; ten were of good quality; and the other two were of moderate
quality. Included studies were widely conducted in countries of different economic levels, including China (1 piece), the United
States (7 pieces), Canada (3 pieces), France (2 pieces), the Netherlands (1 piece), Brazil (1 piece) and Austria (1 piece). For
preventing VTE in cancer patients, the economic evaluation results of warfarin and low-molecular-weight heparin (LMWH) needed
to be updated. Novel oral anticoagulants (NOACs) for the prevention of VTE were less cost-effective among cancer patients with
medium- and high-risk venous thrombosis in China than in the United States, but the economic advantage increased among the
high-risk patients. Compared to enoxaparin, aspirin was absolutely dominant to preventing VTE in patients with myeloma. For the
treatment of VTE in cancer patients, LMWH was not cost-effective, compared to warfarin in the United States; but it was
cost-effective in Canada and some countries of Northern Europe. Compared with LMWH, NOACs could save total cost, but the
incremental utility in the United States and Brazil were opposite. Sensitivity analysis showed that economic results were sensitive to
drug prices, the baseline rate of thrombosis risk, and the risk of adverse events (thrombosis recurrence, major bleeding and death)
of different interventions, the first two of which could reverse the conclusions. CONCLUSIONS: For the prevention of VTE in
cancer patients, compared with no intervention or placebo, the economic advantages of NOACs were different in different countries
or for patients with different thrombosis risk; the economics of warfarin and LMWH were not yet clear. Aspirin had obvious
economic advantages compared with enoxaparin. For the treatment of VTE in cancer patients, LMWH had different economic
advantages compared with warfarin in different countries; NOACs could save costs compared with LMWH. Economic strategies are
greatly affected by the risk of diseases, medical systems, drug price, patient preferences and values, economic levels, cost-utility
threshold standards in different countries. Therefore, the final economic strategies need to be based on the contexts of different
countries.

KEYWORDS Anticoagulants; Cancer; Venous thromboembolism; Pharmocoeconomics; Systematic review
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#1  MeSH descriptor: [Cost-Benefit Analysis] explode all trees

#2  (Benefit* Cost*) :ti,ab, kw OR (cost utility) : ti,ab, kw OR (cost effectiveness) : ti, ab,
kw OR (cost Analys*) : ti,ab,kw OR (economic*) :ti,ab,kw OR (pharmacoeconomic*) :ti,
ab,kw OR (Marginal) : ti,ab, kw

#3  #1OR#2

#4  MeSH descriptor: [Anticoagulants] explode all trees

#5 (Anticoagulation Agent*) : ti, ab, kw OR (Anticoagulant®) : ti, ab, kw OR (Indirect
Thrombin Inhibitors) : ti, ab, kw

#6 (heparin) : ti, ab, kw OR (dicumarol) : ti, ab, kw OR (coumarins) : ti, ab, kw OR
(NOACsS) : ti, ab, kw OR (NOACs) : ti, ab, kw OR (UFH) : ti, ab, kw OR (LMWH) : ti, ab,
kw OR (Enoxaparin) : ti, ab, kw OR (Dalteparin) : ti, ab, kw OR (Tinzaparin) : ti, ab, kw OR
(warfarin) : ti, ab, kw OR (vitamin K antagonist) : ti, ab, kw OR (Fondaparinux) : ti, ab, kw
OR (Rivaroxaban) : ti, ab, kw OR (edoxaban) : ti, ab, kw OR (Apixaban) : ti, ab, kw OR
(dabigatran) :ti,ab,kw OR (aspirin) :ti,ab, kw
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#8 MeSH descriptor: [Thromboembolism] explode all trees
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#10 #8 OR#9

#11 MeSH descriptor: [Neoplasms] explode all trees

#12  Neoplas* OR Tumor* OR Cancer*

#13 #11 OR #12

#14 #3 AND #7 AND #10 AND #13
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Fig 2 Flow chart and results of literature screening
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Tab 1 General characteristics of included literatures
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Note: VLDM means very-low-dose warfarin; CMA means cost-minimization analysis; COST means cost; RCT means randomized controlled trial;

CUA means cost-utility analysis; the blank in the table means untested or no item
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QALYs ¥, 7EHE, MU E N AE ™ SUE (GDP) 1)
LAEVE R (BT, NOACs AN HAG AR 3 s i 7 26
,NOACs 52 B AH HL i ICER 1A% T (. , A
B AR -SSR A B Ak, TEie v A S 95 ], NOACSs
TE VTE 5 XU (Khorana P43 = 3 ) V. 4H £ 35 H () B AR 54
AL B BRI . %5 F H T NOACs 76 1 [ A 4% i
1=, Du S AIF 5T I AS 5k Z4E FE 5 FH NOAC 3k i By
VTE, fie 2 0] MR 48 98 5 F 38 0 S0 2% | I A A0 o PG
VRS T

Chalayer %" W58 R W, 263552 V0 I BE iR 7 1Y)
B2 2 R M iR R T SRR A L, R BT
A VEARFT VTE 6 4~ A REFEARALAS , 1T HAE#S 32 =
TR AR HAT A X R

ST FR T VTE Wiy F 245 B 4 B 22 P 45 R dn 3k 2
FiR
2.5.2 JEAEEH VTEIRIT 2y

(1)LMWH X} LB bk 56 [ 2 JTpi 58 25 3R 3, 78
A VTE BRAE 5 P LMWH i QALY s 4 fE R
3 B LMWH 9 25 ¥ U4 2ot i, 4 5 5 A8 bR L 1
ICER iz i i HL (A, PRI AR R fin 2 -1,

SRM , Dranitsaris %"~ R S F 57 B, 20
TR DA R A 24 7% [ R B8 R S AU RR I 52, A L AR AR
LMWH JAYT i 2% VTE 6 H i sA -0 3
WIS, e e R T, LMWH HA T TERY
2 X% 2 PRI, Dranitsaris 556 AITBE I R I
5 CLOT WFE I B AR -7 T 2 I ZE 8, k3
KRR T 0 B AR R AE RIS S R re i B
S ZIPA T AR, ok R T S el 8
SEEIRYT ARG BB F AR R R R e RS TE
Gy AR 5, W] B BUERAR AR

AR 2 PSR ) AR L BOR T , TR 2T T 24
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Tab 2 Economic evaluation result of drug use of VTE prevention of cancer patients

F-EREFEEN EWE  TH#HE Dt 4 JREA  HEQALYs ICER IEFR" Bl U
Rajan 1995" ek viDw? v A 641 % 100 fil 8 % SHEOMT AR VTERIFBA EEIT
244301 A R
Pishko 2012 EE KRR w K UM 323%TE 0035 90 8932TL/QALYs 100 000F7Eak, 1 H A4 XEEHUE ) 2 AR A0  LMWH LA
HTH S0000€7C  FEL AR AR AR
TURZ A T iR T RBE TSR 28 4 U
PSA: 4100 00035 56.1 % ; 5 50 000 76.9.5%
Du 2020% E A E NOAG " A Khorana ¥/3>2 93070 0072 12919%7C/QALYs 3% 10276F7c° S5 A VTE F U s
vs. SR ST PET IR TE RO ATRE U JE 3 ek 7
SEEATEAR T AINOACS A 1
PSA:42%
Khorana?F53>3 890%70 0.108 8 2805JC/QALYs
1i2020° #H 0 NOAG” 40  KhommiFAr22 1537%7%0 011 M430ET/QALYs 3%  S0000FIC"  HEREAMT M VTE SR HUR
vs. SR RZ M4 25 % PEDVT A MB A K
1) St DOACs 2 Ak sk
PSA:94%
Khorana P4} >3 110370 0.9 57943I0/QALYs
Chalayer 2016" WE WAL w (ki 6 —1 245t 0001  —687 398HKIL/QALYs RN BT

iz
T : PSA MR AL ST s MB Ry oK Hi L 5 26 N 28 11 2RR AR BTG BT ; D2 7m A8 AR A Y ; @28 VLDW 1 mg/d, 15226 i, SRR 4%
75 DL A5 R B o Ak LA (INR) TE 1.3~ 1.9 9, #1575 6 1~ H s @F R KT R 40 mg/d, Filli 4 ™ H ; @F R AL BE 10 mg, qd i BTIR VD HE 2.5
mg, bid, FiBj 6 4~ ; 3R 2019 4 [E 35 GDP 19 1 i ; @37 55 [ I AR ER T B ; DR B 5] LR 100 mg/d, TR 6 4~ H s @R Kt
%40 mg/d, i 6 1~ A

Note: PSA means probabilistic sensitivity analysis; MB means major bleeding; the blank in the table means untested or no item; (1) means cost and

output; @ means VLDW 1 mg/d for consecutive 6 weeks, followed by adjustment of the dose to maintain the INR within 1.3-1.9, preventing for 6
months; (3 means enoxaparin 40 mg/d, preventing for 4 months; @) means rivaroxaban 10 mg, qd or apixaban 2.5 mg, bid, preventing for 6 months;

(5 means 1 time of the per-capita gross domestic product of China in 2019; (6 means the lower limit of threshold standard recommended in the United

States; (7) means aspirin 100 mg/d, preventing for 6 months; &) means enoxaparin 40 mg/d, preventing for 6 months

YA b £, 0 0 ) AR TR K (46 % ~67% vs.
3% ~13% )" MARTEARI) VTE IR Y7 A #0155 56 %
WM A | e de

LMWH X F AR ARIG T IR S VTE 4 D524 0F
Mas AR 3 iR .

(2)NOACs X} tt LMWH 35 bR L K HoA 259 - 7
2 EFEPY , NOACs #ik IF 2= I6 Y7 4iE /8 % VTE H g
WA AR AN, 7E 22 E],NOACS 1 QALY's
WA TR R (2 T H A AR T LMWH 1 2 A 2
EPEDS 9 i AE ELPE , NOACs A QALY 5 TikAf £,
I NOACs & 4 % 28 U SR B ™, oI Je & 51 18 1 il
P IE B E , NOACs 4 [H i A i S ik 7 LMWH 17 B 8
G 5 i A A R T NOACs (19 B siAR PR il
JRUBSS F4 1 fan g 36, AHA e DA LMWH X H NOAC )
ICERAIL T {H",

Lopes 2™ [ fiff 5% 2 B , 24 LA PG A 35 GDP 1) 3 fi%
VB R BERT, 5k i, 2 W PRy e
VTE HA B 8 AR 3

Avritscher 25" fiff 57 £ BH , 78 [ VTE 4E B iR 7
W, 5 UFH HLER , 35 1 25 RE A5 38 o 45 J 9 i A8 8 1 B B
V] R/ W I R T FL A SR/ VAR

NOACs X} tt LMWH  F 7L R DL K A 25 903697 96
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JiE S VTE 2 TP 45 SR AN 4 PR o
2.6 BIRMESWER

NN SCRRI AT T RO S BT, S Rk 2~ 3K 4
JiR. Hop, 14 R SCRIEF T TR R A Hre 7, 2 6
HEAT T E AT, 3R AT TR B 4B, 6 /s
PEFTT PSAC- 21721
2.6.1 JERSERFH VTE Wi 2y

X T AT FR 2 VTE, 258 A 2 28 T sk 1y 4
[RIBK AR =2 Rajan P RIFIE B , B8 5 A %
VTE AT AR ARTEMRIT R R il S8 AN R 4 & A AH
Xof RS SRR, BV AS R S 4 2B R84 5 VTE IIRYT A
A EARES , VLDW B & G 2 — 2 B Ik . Pishko
SEITFT FE B, R TR X B 2 S 5] A A0 T A X XU
SRR B 2 U 4 M SR I R AR U R AR L
ICER 52 JF AT .

TCYSTE [ A 2 36 [, {157 5 NOACSs X Fb 22t i)
() ICER X & 4= VTE \MB FISET = {4 (AT XU 25 8 26
o E R, THOT 25 ) BLAR Y987 s 1) AR 5 AR A AR
b5 R 2R A SRR AR B A /N e v g RE BT
VTE XU FL 2k 3R 230 75 NOACs X L 2Rl 1 48 1 2 45
W™, PSA 455 R , NOACs 78 35 [F H A A -3
PAHE R B T E (94% vs. 42% ~55% )@, [&
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VTE JXURE: B2 A A, HoAh 2 300 A8 A AN 2 AR AR ) LW AR AR R LAY TREAE SR VTE 2 TF H s

NOACs ¥} e R 22 T ™0, Fi6g 2 Ky R R0 0 At R 5 2 i A B
2.6.2 AR VTEIRIT HZY o 1ESEE LA NOACs, ik TR ks

&3 LMWHX L EEMKIBFEERE VIENEFFTNER
Tab 3 Economic evaluation result of LMWH vs. warfarin for treatment of VTE in cancer patients

B-lEREEER BR  HENR PR A HRMA QALY ICER T EilE fE ]
Aujesky 2005 EE O ORIFR R & 76098 0051 149865%JE/QALYs 3% 50000 Ca  BARZ AT X BET AR R

100000£E  LMWH BAIUR
PSA: 1 50 000 ¢ 97% ; 5 100 000

EIL72%

Dranitsaris 206" MK BHE w RER 6 2159fc 0157 13751 fIJC/QALYs S0000MC  ERHEAMEE
Dranitsaris 2017 fI&k  WHE wHEK 6N ITT 320268 0.14 23 100%76/QALYs >100 000 7¢"

PEEERG  239%K 017 14,000 70/QALYs
Dranitsaris 2016 fii BHFRY vs. e 64 ITT 651t 0.14 4700 [C/QALYs

PEEESG 3008 017 1 800[0E/QALYs
Dranitsais 20177 #H  WHFE w AR 6 ITT NV 0.14 6 6007C/QALYs 3700080

MEEESG  e31Bu 017 3800/ J0/QALYs”

BHF RIFE w R 6] ITT 675 T 0.14 4 9001IC/QALYs 45000 c°

WEEESG 2818 017 1 700B06/QALYs

Connell 2017" EE IMWH w R %4k SE 58 592%¢ 027 217 007%76/QALYs 100000F7C  HER M X IMWH HAHR

TEITT RS AR s 22 428 11 3RR SR N sl T8 L 03T s D7 A48 A #1™ H; @ R I5IF 31 )7 200 1U/kg, qd, RJG 7 2~6 4 JT i i &2
150 TU/kg: @FRIBNFER 200 TU/Kg, qd, GHREME AT 5~7 K, Z ISR A bR B2 6 T, P10 {45 INR ZERA7E 2~ 3 DFRIRIEE
B A 254K 45 451 QALY s THFEMY LA > 100 000 3670 ; @R /RIZAA I 95 % C1UT B <0, A W E M 4o 285 4 s @ Zm AR R A4
GDP (1 1 ; DF R AR LA A

Note: ITT means intent-to-treat population; the blank in the table means untested or no item; (D means cost and output; (2 means dalteparin 200
IU/kg, qd in the first month, then decreased to 150 TU/kg in 2 to 6 months; (3 means dalteparin 200 [U/kg, qd for 5-7 days, overlapped with warfarin,
followed by adjustment of warfarin to maintain the INR within 2-3 for 6 months; @ means the cost of using other drugs in cancer patients to obtain each
QALY >$100 000; 3 means lower limit of 95% CI of its value was less than 0, suggesting potential absolute economic dominance; (6 means 1 times

of the per capita gross domestic product of the corresponding country; (7 means specific dose was not described

R4 NOACsXfLt LMWH A M IR H M 25 friE 8 VIE EFFIEMER
Tab 4 Economic evaluation result of NOACs vs. LMWH, warfarin or other drugs for treatment of VTE in cancer

patients
R HE  THb nR T4 BERRA B QALYs ICER WEE R R
Comnell 2019 E[H  LHZVH w BFZ" 647 1T ~1337EL —001 1873 535FIC/QALYs 15000030 MEZZHT 2T B ZHIRA A & Tk
el VAN E —001 694058 FIL/QALYs
1i2019" EE NOAG v hIFZY 54 ITT —M419%7 —004  6349FTL/QALYs 3% SRZ M AR B MR A
MRS (R
TEEEIM THARFZ (i
PSA:EE
FEMESESE —460FT  —003 730 I3FET/QALYs
Lopes 2020 EF§ LW v fKiEME" SO —16654271% 32 —S20446FT/QALYs 5% 2273820 BINEMT BE
PSALRAE
LEBPE v A" SO 736957 029 254103 FTL/QALYs
Avritscher 2004”7 £E  kHFE vs. UFH® {Epttim” =1 56970 BR RO SRR

TE - RN 2 IR RN ST T s DR A4 A ™ s @FIRIKIT R 200 1U/Kg, qd, b K25 B #2210 PE 60 mg, qd, B i ERAH
30~50 mL/min 84 fi ik <60 kg B}, (% 30 mg, qd; @FRIiEFZ T 200 TU/Kg, qd, SRJ5E 7E 2~6 4~ JT B % 150 TU/kg; @F2 R R IPPE 15 mg,
bid, #4523 J , ZJ5 20 mg, qd; @FRKEIF R M 5 K, ZJ5 B8k L Z VPP 60 mg, qd, 24 B 5 FRFE K 30~50 mL/min o {4 5 i <60 kg i, [& =
30 mg, qd; @F/R RARIE BRI DFR BTG 2019 4F A3 GDP 11 3 1% ; @ F /s IKIETFR SHIEME S 7K, Z R H8 AR EE 64
H VAR 15 INR 4ERF7E 2~ 35 @358 200 TU/Kg, qd; 078 F-34 3.19 K vs. 5.22 K

Note: the blank in the table means untested or no item; () means cost and output; (2) means dalteparin 200 IU/kg, qd for the first 5 days, followed
by edoxaban 60 mg, qd, and then decreased to 30 mg, qd when the renal clearance rate was 30-50 mL/min or body weight <60 kg; (3 means
dalteparin 200 IU/kg, qd in the first month, and then decreased to 150 IU/kg in 2 to 6 months; @ means rivaroxaban 15 mg, bid for consecutive 3
weeks, and then increased to 20 mg, qd; (3 means enoxaparin for the first 5 days, followed by edoxaban 60 mg, qd, and then decreased to 30 mg, qd
when the renal clearance rate was 30-50 mL/min or body weight <60 kg; (6 means specific dose was not described; (7) means 3 times of the per-capita
gross domestic product of Brazil in 2019; means enoxaparin for the first 7 days, overlapped with warfarin, followed by adjustment of warfarin to

maintain the INR within 2-3 for 6 months; @ means 200 TU/kg, qd; 10 means average 3.19 days vs. 5.22 days
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