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RESEARCH ARTICLE Open Access

Real world costs and cost-effectiveness of
Rituximab for diffuse large B-cell lymphoma
patients: a population-based analysis

Sara Khor'***, Jaclyn Beca'*", Murray Krahn**®"'! David Hodgson®"®'"", Linda Lee®, Michael Crump'®,
Karen E Bremner®, Jin Luo'', Muhammad Mamdani“"'"", Chaim M Bell"'*, Carol Sawka™, Scott Gavura~,
Terrence Sullivan®”'*, Maureen Trudeau'®, Stuart Peacock®'®'” and Jeffrey S Hoch'#3%11"

Abstract

Background: Current treatment of diffuse-large-B-cell lymphoma (DLBCL) includes rituximab, an expensive drug,
combined with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) chemotherapy. Economic
models have predicted rituximab plus CHOP (RCHOP) to be a cost-effective alternative to CHOP alone as first-line
treatment of DLBCL, but it remains unclear what its real-world costs and cost-effectiveness are in routine clinical
practice.

Methods: We performed a population-based retrospective cohort study from 1997 to 2007, using linked administrative
databases in Ontario, Canada, to evaluate the costs and cost-effectiveness of RCHOP compared to CHOP alone. A
historical control cohort (n = 1,099) with DLBCL who received CHOP before rituximab approval was hard-matched on
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— LI a0
' Table 1 Baseline characteristics of CHOP and RCHOP patients before and after age, treatment intensity and propensity

score matching

Before matching After matching
Characteristics CHOP RCHOP Std. diff P value CHoP RCHOP Std. diff P value
N=1,196 N =2,825 N=1,099 N=1,099

Age at diagnosis

Mean + 5D 56-7+16 65-5+14 0-62 <001 57-5+16 58-6%+15 0-07 0-12
Age group

0-19 1% <1% 0-09 <001 <1% <1% 0-00 1-00

20-59 56% 25% 0-67 53% 53% 0-00

60-69 19% 30% 0-25 20% 20% 0-00

70-79 20% 33% 0-30 21% 21% 0-00

80+ 5% 12% Q.22 &% 6% 0-00
Female 47% 48% 0.0 0-74 47% 48% 0-00 0-93
ACG group

0 <1% <1% 0-09 <001 <1% <1% 0-00 0-96

1-3 7% 5% 0-10 7% 7% 0-02

BEERODENEFINTIVD

Income quintile 10
1 16% 17% 0-02 0-18 16% 15% 0-04 0-62
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Figure 1 Kaplan-Meier Survival functions for Pre-era CHOP and Post-era RCHOP patients.
.
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Table 2 3-year and 5-year cost-effectiveness results by patient age at diagnosis

Time frame Age group RCHOP CHOP Incremental (95% Cl) ICER (95% CI) (S/LYG)
3 year All ages n=109 n=1099 134,135 (71,368~ 398 400)
Mean costs 576,815 561,354 5154271 (10945 - 20469)
Mean life-years 228 216 011 (0060 19)
<60 n= 586 n= 586 F3037 (19839- 326 574)
Mean costs s 561,860 510,267 (3680 - 164064)
Mean life-years 25 237 014 (0040 23)
a0-7% =450 n=450 302,881 (90,094 - dominated)
Maan costs 582,149 562,328 519,822 (13,780 - 26,693)
Mean life-years 204 1498 007 (=0 07 -0 20)
=80 n=6&3 n=63 128,766 (40,809- dominated)
Mean costs 8045 550,39 5300075 (14048 - 49,583)
Mean life-years 178 155 03 (=0n-081)
5 year All ages n=109 n=1,099 61,984 (34,087 - 135290)
Maan costs 585,293 568,995 S16,298 (10,829 - 22,044)
Mean life-years 344 318 026(013-039
<6l n= 586 n= 586 31,789 5,195 - 160,587)
Mean costs SAT AN 68,281 59,172 (1,785~ 16253)
Mean life-years 388 360 029(009-047)
60-79 n= 450 n=450 BOH01 (34420~ dominated)
Mean costs 560,818 572006 S18812 (12124 -26,3M)
Mean life-years 302 2719 023 (-0 02-0 45)
280 n=63 n=63 110,01 (33478 - dominated)
Mean casts 594131 554,174 540017 (18077 68.826)
Mean life-years 246 210 036 (-0 22 -0 98)

CHOP, cyd ophosphamide, doxorubidn, vinoristine, and prednisone RCHOP, CHOP with rituxdmaky ICER, inoemental cost-effectiveness ratio; O, confidence interval
All values discounted fat r= 3% and censored adjusted (with Inverse Probability Welghting). All costs are in 2009 Canadian dollars
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Safety, effectiveness, and cost effectiveness of long

acting versus intermediate acting insulin for patients
with type 1 diabetes: systematic review and network
meta-analysis

et OPEN ACCESS

Andrea G Tricco research scientist', Huda M Ashoor research coordinator', Jesmin Antony research
coordinator', Joseph Beyene biostatistician®, Areti Angeliki Veroniki post-doctoral fellow', Wanrudee
Isaranuwatchai research associate', Alana Harrington research assistant', Charlotte Wilsen research
coordinator', Sophia Tsouros research assistant', Charlene Soobiah graduate student', Catherine
H Yu endocrinologist', Brian Hutton ressarch scientist’, Jeffrey S Hoch associate professor of health
policy', Brenda R Hemmelgarn professor of medicine*, David Moher research scientist’, Sumit R
Majumdar professor of medicine®, Sharon E Straus professor of medicine'®

1L Ka Shing Knowledge Instiute, 51 Michaers Hospital, Toronto, ON, MSB 178, Canada; *Clinical Epkdemiclogy and Blostatistos, McMaster
University, Hamiion, ON, LES 4K1, Canada; "Clinical Epidemiology Program, Ottawa Hospital Research Instilue and Faculty of Medicine, University
of Otawa, Ottawa, ON, K1H 5L6, Canada; ‘Depariments of Medicing and G Health Sch y of Calgary, Calgary, AB, T2N
476, Canada; *Dapartment of Madicine, Univarsity of Albena, Edmonton, AB, TEG 2R3, Canada; *Department of Gerlatric Medicine, University of
Toronlo, Torondo, ON, M5S 1A1, Canada

Abstract

Objective To examine the safely. effectivaness, and cost eflectiveness
of lang acting insulin for type 1 disbsles.

Design Systematic review and network meta-analysis.

Data sourcas Medline, Cochrane Central Ragister of Controled Triaks,
Emizase, and grey literabune were mmmmmhmzﬂls_
Study selection Randomized di
of long acting (glargine, detemir) and Inlarrrndat&a:ﬂnu (mautral
protaming Hagedom (NPH), lanta) insulin for adulls with type 1 disbelas
wene included.

Results 39 studies (27 randomized controlled trlals including 7406

varsus NPH oncetwice daily: odds ratio 0,62, 95% confidence interval
0.42 to 0.91) and welght gain {13 randomized controlled tials; detemir
onee daily versus MPH once/twica daily: mean difterence 4.04 kg, 3.08
10 5.02 ky; detemir oncafwice daily versus NPH once daily: -5.51 kg,
~B6.56 10 ~4. 48 kg; glargine once daily versus NPH once daily: -5.14 kg,
=B.07 o =4.21). Compared with NPH, detemir was less costly and mone
effective in 3114 cost eflectiveness analyses and glargine was ess costly
and more affective in 28 cost effectiveness analyzes. The remaining
cos! eflectivenass analysas lound that detemir and glargine were mone
coetly but more efective than NPH. Glargine was not cost allective
comgarned with delemir in 2/2 cost effectivensass analysas.

Cmnlnhm Long acting insulin analogs are probably superior to

patients) wera included atter screening of 6501 Blles’ab: and 190
full bext arficles. Glargine once dally, delemir once dally, and delemir

diate acting insulin analogs. although the differsnce i small for
hannﬂohln&‘ Patienis and thedr physicians should tailor their cholce

y reduced lobin A, with
NPH once daily in network meta-analysis (26 randomized d

ding 1o preference, coat, and accessibiliy.

irias, ce ~0.39%, 85% confid interval ~0.59% lo

review PROSPERQ CRD42013003610.

Tricco AC, Ashoor HM, Antony J, et al. Safety, effectiveness, and cost effectiveness of long
acting versus intermediate acting insulin for patients with type 1 diabetes: systematic review



Treatment comparison

NPH (gid) v NPH {od/bid)

NPH (od) v NPH {od/bid)
Detemir (od/bid) v NPH (od/bid)
Detemir (gid) v MPH (od/bid)
Detemir (od) v NPH (od/bid)
Glargine (bid) v NPH (od/bid)
Glargine (od) v NPH (od/bid)
NPH (od) v NPH (gid)

Detemir (od/bid) v NPH (gid)

Mean difference Mean difference
(95% CI) (95% CI)
——t—a—i> .32 (-0.15 t0 0.79)
—_—r— 0.31 (0.02 to 0.60)
—_— -0.05 (-0.28 to 0.18)
- -0.07 (-0.54 t0 0.39)
—_—t 0.05 (-0.25 to 0.36)
+ = + -0.08 (-0.54 10 0.39)
—— -0.08 (-0.32 t0 0.16)

+ -0.01 (-0.46 to 0.44)

-0.37 (-0.84 10 0.10)

Detemir (gid) v NPH (qid)
Detemir (od) v NPH (gid)
Glargine (bid) v NPH (gid)

-0.40 (-0.96 10 0.17)

-0.27 (-0.73 to 0.20)

Glargine (od) v NPH (gid)
Detemir (od/bid) v NPH (od)
Detemir (gid) v MPH (od)

-0.40 (-0.97 t0 0.17)

-0.40 (-0.80 to 0.00)
-0.36 (-0.65t0 -0.08)

Detemir (od) v NPH (od)

-0.39 (-0.83 to 0.06)
-0.26 (-0.48 to -0.03)

Glargine (bid) v NPH (od)
Glargine (od) v NPH (od)
Detemir (gid) v detemir (od/bid)
Datemir (od) v detemir (od/bid)
Glargine (hid) v detemir (od/bid)
Glargine (od) v detemir (od/bid)
Detemir (od) v detemir (qid)
Glargine (bid) v detemir (gid)
Glargine (od) v detemir (gid)
Glargine (bid) v detemir (od)
Glargine (od) v detemir (od)
Glargine (od) v glargine (bid)

'1 r?

Fig 2 Network meta-analysis estimates for glycated hemoglobin (26 randomized clinical trials including 6776 patients).

id=twi il =0n

-0.39 (-0.84 to 0.06)

S -0.39 (-0.59 to -0.19)
. -0.02 (-0.49 t0 0.45)
— e 0.11 (-0.17 to 0.38)

-0.03 (-0.50 to 0.45)
-0.03 (-0.27 t0 0.22)

- : 0.13 (-0.34 t0 0.59)

' 0.00 (-0.57 to 0.57)

I -0.01 (-0.41 to 0.40)

- -0.13 (-0.60 to 0.34)

— -0.13 (-0.37 t0 0.10)

-GI?

0.00 (-0.41 to 0.40)
05 1

r 1um

95% predictive
interval

(-0.38 to 1.02)
(-0.25 to 0.87)
(-0.58 to 0.47)
(-0.77 to 0.62)
(-0.52 to 0.62)
(-0.78to 0.62)
(-0.61 to 0.45)
(-0.69 to 0.67)
(-1.07 to 0.33)
(-1.18 to 0.39)
(-0.96 to 0.43)
(-1.19 to 0.39)
(-1.04 to 0.24)
(-0.92 to 0.20)
(-1.07 to 0,29)
(-0.78 to 0.26)
(-1.07 to 0.29)
(-0.90to 0.12)
(-0.72 to 0.68)
(-0.45 to 0.66)
(-0.73 to 0.68)
(-0.56 to 0.51)
{-0.57 to 0.83)
(-0.79 to 0.79)
(-0.65 to 0.64)
(-0.83 to 0.57)
(-0.66 to 0.39)
(-0.65 to 0.64)
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National Institute for
Health and Clinical Excellence

INHS |
National Institute for
Health and Clinical Excellence

Issue date: June 2008
Issue date: August 2011

Abatacept for the treatment
of rheumatoid arthritis after
the failure of conventional
disease-modifying anti-
rheumatic drugs

This guidance was developed using the
single technology appraisal process

NICE technology appraisal guidance 234
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NE: more SE:less NW: SW: less Quadrants
costly, costly, more costly,less vary across
more more  costly,less effective decisions

effective effective effective
Number Al 418 33 31 6 22
decisions  Yes (%) 282 (67%) 33 (100%) 0 (0%) 5 (83%) 13 (59%)
No (%) 136(33%)  0(0%) 31 (100%) | (17%) 9 (41%)
Mean All £34207  Dominant Dominated £5,760 -
CER Yes £17,450  Dominant : £5,544 5
No £68,952 : Dominated  £6,839 ;

= Average ICER is >3 times higher for ‘no’ decisions than ‘yes’
* Dominance perfectly predicts NICE recommendations

= Subsequent analyses focus on the NE quadrant decisions
B Para
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[50%3EHE 42 145,000 Rk 2
At average levels for all covariates, a decision would have a
50% chance of rejection if its ICER were £45,1 |8/QALY

Probability of rejection

100% -

90%

80%

/
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70%
60%

P

50%

*

)4

40%
30%

4

20%

o
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10%
0%

——

£0

£20,000

£40,000
ICER (cost/QALY)

£60,000
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(3007 R FFRE)

Allowing for other factors has little impact on curve or threshold

100% -
—I|CER only
90% +
- 80% H ——Basic model
o
* 70% -+ —Allvariables improving 4
_& ’ predictions //
@ 60%
5 cou //ﬁ:ER only: £45,449
g 2 Basic model: £45,1 18
% S 1 Basic model minus severity, plus
'§ 30% : i STA, PSA, orphan, ICER range,
& 509 . cancer, CVD, infection,
e 1 musculoskeletal & respiratory :
- : : £41,808
0%) L T v T v T T T T 1
£0 £20,000 £40,000 £60,000 £80,000 £100,000
ICER (cost/QALY 5
IQUE (costaALY g
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' NICE decisions and thresholds appear to vary substantially
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30% / // / / :g::zlrovascular |
20k // / / —Cancer

10% / / / :Infectiolus dilsealse
0% __—/// | | | Musculoskeleta

Probability of rejection
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ICER (cost/QALY)
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Threshold appears to be higher (>£50,000) post—2009
End-of-life treatments have higher ICER

100% -
i Not end of lif /7
_ 80% ot en .o ife
© 0% —End of life / /
° ’ / /
3 60%
% 50%~ —/ /
> 40% ) Not end of life: £53,534
0
= | I End of life: £67,646
-8 300/0 | /i nda oft lire
e} I I
2 20% |
S 10% it |
I
ocyo //I L T 1 T T T 1
IE £0 £20,000 £40,000 £60,000 £80,000 £100,000
= ICER (cost/QALY)
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Types of economic evaluation

Number: 38 67 47 62 58 61 61 47 51 46 36 36 49 49 52 49 45 49 57 42
o, Total=1037
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ICER per ICER per
TA QALY QALY
(OEVED)) (societal)
HBV Universal : 1,600-3,000
Vaccination Vaccination LEEAI JIH
HCV HCV , ,
Screening  Screening 250731 =/0/31
HCV TSE?SPIIT:\I/\iIr Dominant
- (805 ik
Treatment RBV 1.2QALYiER)
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LT« A= N—H)L =7
JOF &R 9.610 184.211 174.601
FXEEERE 4.869 2.283 ~2.586
it (EEERDOAEM) 14.479 186.494 172.015
ERAEE ML 10.885 4.150 -6.735
EEAEEMEL 0.556 141.742 141.186
it (EEMELXET (EM) 25.920 332.387 306.467
EBQALY 31,037,070 31,038,104 1,034
ICER (B =ER DA, M) 16,635,919
ICER (B4 /%%, M) 15,984,562
ICER (B + w1+ 1%5E M) 29,638,962
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Genotype2 EE~NDEFHXIZNER

(sofosbuvir, treatment—natve)

SOF+RBV 8,460,000 28.76 25.82
IFN+RBV 4,520,000 27.00 23.64
+3,940,000 +1.76 +2.18

ICER: 2205 /QALY 180/ H/LY
EFEEMIEX5005MALEN T, SHICERAXMRIIHE?
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Provisional results for various vaccines

Hib 11.0 Million

Pneumococcus (child) 45.5 Million

Pneumococcus (adults) dominant

HPV 2.0 Million

Varicella dominant (first), 23.9 Million (second)
Mumps dominant (first), 1.3 Million (second)
Pertussis 0.7 Million
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AR 1QALYH =Y DBHBERARRLE
(ICEREBRBENDHER)
—aFUEBREE dominant
Sk E DI RRE T VT dominant
CTan/%J574— (K7 16073 F/QALY
HPVI HF > 20075 [ /QALY
A3 IAILRIIFY 78075 F/QALY

INBDRRRERE T OF > (1340)

INRDMRIRED 7F > (71#)

1,490 5 FH/QALY

3,190 5 F/QALY
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Types of economic evaluation

Number: 38 67 47 62 58 61 61 47 51 46 36 36 49 49 52 49 45 49 57 42
Total=1037
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