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Epidemiology 



Cases of HCV in Canada 

Source: Public Health Agency of Canada (for details see full publication)  

Total :268,732 
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*Other modes of transmission include sexual, occupational, nosocomial and vertical transmission. 

IDU: injection drug use. 
1. Remis RS. Final Report. Public Health Agency of Canada. 2007. Available from: http://www.phac-aspc.gc.ca/sti-its-surv-epi/model/pdf/model07-eng.pdf. 
 

HCV Prevalence in Canada 
According to Exposure 

Presenter
Presentation Notes
The primary risk factor for HCV is injection drug use (IDU), which comprises 58% of all infections in Canada. Current IDU accounts for 38% of these cases, while 62% are due to previous IDU. Other exposures contributing to overall prevalence include immigration (20%), transfusion (11%), sexual, occupational, nosocomial and vertical transmission (11%) and hemophilia (0.4%).1 Since many baby boomers were infected in their teens and twenties between 1970 and 1980, due to health care exposures or experimentation with drug use, this population comprises a large proportion of these two categories.2,3 Of all HCV infections in Canada, approximately 20% of cases were born outside of Canada.1

References:
Remis RS. Modelling the incidence and prevalence of hepatitis C infection and its sequelae in Canada, 2007. Final Report. Public Health Agency of Canada. Accessed July 30, 2012 from http://www.phac-aspc.gc.ca/sti-its-surv-epi/model/pdf/model07-eng.pdf 
Centers for Disease Control and Prevention. Hepatitis C: Proposed Expansion of Testing Recommendations, 2012. [last modified 2012 May; cited 2012 Oct3]. Available from: http://www.cdc.gov/nchhstp/newsroom/docs/HCV-TestingFactSheetNoEmbargo508.pdf.
Centers for Disease Control and Prevention. MMWR Recommendations and Reports Vol. 61 No. 4 – Recommendations for the Identification of Chronic Hepatitis C Virus Infection Among Persons Born During 1945-1965 [last modified 2012 Aug17; cited 2012 Oct3]. Available from: http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6104a1.htm?s_cid=rr6104a1_w.




Impact of the top 20 pathogens in 
health-adjusted life years in Ontario 

Source: Kwong et al. Ontario Burden of Infectious  Disease Study 2010 
http://www.ices.on.ca/file/ONBOIDS_FullReport_intra.pdf 
 

Health-adjusted years of life lost 

Years of life lost 

Year equivalents of reduced functioning 

http://www.ices.on.ca/file/ONBOIDS_FullReport_intra.pdf


HCV Burden of Disease in Canada:  
Significant Increase in Medical Burden Due to  
Continued Progression of Liver Deterioration  

Source of graph data:  Robert P. Myers, MD, et al.  BURDEN OF DISEASE AND COST OF CHRONIC HEPATITIS C VIRUS 
INFECTION IN CANADA. Canadian Journal of Gastroenterology May 2014, Volume 28 Issue 5: 243-250. 

 

- Cirrhosis (+89%)                                      -   Decompensated Liver Disease (+80%) 

- Hepatocellular carcinoma (+160%)         -    Liver transplantation (+205%) 
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New therapies can allow us to control the 
disease burden of HCV 
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trend 

Future trend 
with new 
therapies 

Assumed higher treatment and cure rate (85-90%). 



Eliminate HCV infections in Canada by 
2025  
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Canadian Screening Policy 

Canadian Task Force on Preventative Health Care 



HCV Treatment Options 



Reimbursement Criteria  

• For treatment naïve or experienced adult patients with CHC 
infection who meet the following: 
 
– Tx prescribed by a Hepatologist, GI, or ID Specialist (or other physician 

experienced in treating patients with CHC) 
– Laboratory confirmed HCV Genotype 
– Two lab confirmed quantitative HCV RNA values taken at least 6 

months while the first level may be at the time of the initial dx 
– F2 or greater (METAVIR scale or equivalent) OR <F2 with special 

criteria 

 

 
 



Criteria 

• <F2 and at least one of the following: 
– HIV or HBV co-infection 
– Co-existent liver disease with diagnostic evidence of FLD 
– Post organ transplant (liver or other) 
– Extrahepatic manifestations 
– CKD Stage 3,4,5 as defined by NKFKD outcomes Quality 

Initiative  
– Diabetes on tx 
– WOCB age planning pregnancy with the next 12 months 

 



Key Direct Acting Antivirals 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwic5MXY4K3TAhXp1IMKHfKSDsMQjRwIBw&url=http://www.strategispartners.com.au/client-services/real-growth-options/&psig=AFQjCNH9Zf0QCJ3rjUkT9EHWI_8OwdCJdA&ust=1492596237478915


Sofosbuvir/Velpatasvir 
SOF  
Nucleotide 
NS5B 
polymerase 
inhibitor
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CH3 ♦ Sofosbuvir (SOF)1,2 

‒ Potent antiviral activity against 
HCV GT 1‒6 

‒ Once-daily, oral, 400-mg tablet  

SOF VEL 

VEL 
NS5A  
inhibitor 

♦ Velpatasvir (VEL; GS-5816)3-5 

– Picomolar EC50 against GT 1‒6 
– 2nd-generation NS5A inhibitor with 

improved resistance profile 
– Long half-life of ~13-23 h supports 

once-daily dosing 
– No food effect 

♦ SOF/VEL Single Tablet Regimen (STR) 
– Once daily, oral, STR (400/100 mg) 
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MAA, marketing authorization application 
1. Jacobson IM, et al. N Engl J Med 2013;368:1867-77; 2. Lawitz E, et al. N Engl J Med 2013;368:1878-87; 3. Cheng G, et al. EASL 2013, poster 1191; 4. German P, et al. EASL 2013, poster 
1195; 5. Lawitz E, et al. AASLD 2013, poster 1082. 

‡ 
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Efficacy Summary (ITT Analysis) 
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ASTRAL Phase 3 Program (ASTRAL-1, ASTRAL-2, ASTRAL-3, ASTRAL-4, ASTRAL-5) 
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R
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CTP-B Cirrhosis) 

Overall GT 1 GT 2 GT 4 GT 5 GT 6 

SOF/VEL SOF+RBV SOF/VEL + RBV 

12 Weeks 12 
Weeks 

24 
Weeks 

12 Weeks 24  
Weeks 12 Weeks 

618/ 
624 

323/ 
328 

104/ 
104 

116/ 
116 

34/ 
35 

41/ 
41 

133/ 
134 

124/ 
132 

264/ 
277 

221/ 
275 

75/ 
90 

82/ 
87 

77/ 
90 

Feld, AASLD, 2015, LB-2.  Feld JJ, et al.  N Engl J Med. 2015. DOI: 10.1056/NEJMoa1512610; Sulkowski, AASLD, 2015, 205.  Foster GR, et al.  New Engl J Med. 2015. DOI: 10.1056/NEJMoa1512612;  
Mangia, AASLD, 2015, 249; Charlton, AASLD, 2015, LB-13.  Curry MP, et al.  New Engl J Med.2015. DOI: 10.1056/NEJMoa1512614 
 

‡ 

99/ 
104 

12  
Weeks 

ASTRAL-5 
(GT 1-6 HIV/HCV 

Coinfection) 

 P=0.018*  P<0.001* 

*P-value for superiority of SOF/VEL compared with SOF+RBV.  
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SVR12 by Cirrhosis Status or Treatment History 

ASTRAL-1: SOF/VEL STR for 12 Weeks in GT 1, 2, 4, 5, 6 HCV-Infected Patients 

Error bars represent 95% confidence intervals. 
Feld, AASLD, 2015, LB-2.  Feld JJ, et al.  N Engl J Med. 2015. DOI: 10.1056/NEJMoa1512610 
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SVR12 by Cirrhosis Status and Treatment History 

ASTRAL-3: SOF/VEL STR for 12 Weeks in GT 3 HCV-Infected Patients 

a One treatment experienced subject without cirrhosis treated with SOF/VEL had GT1a HCV infection at failure indicating HCV re-infection and is therefore excluded from this 
analysis 
Mangia, AASLD, 2015, 249. Foster GR, et al.  New Engl J Med. 2015. DOI: 10.1056/NEJMoa1512612; EPCLUSA® Prescribing Information. Gilead Sciences, Inc. June 2016 
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Charlton M, et al., AASLD, 2015, #LB-13 20 

ASTRAL-4: SOF/VEL ± RBV in HCV Patients with Decompensated Liver Disease 

*Patient with nondetectable drug levels at time of virologic failure.  

SOF/VEL + RBV resulted in highest SVR12 in patients with decompensated liver disease 
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• HCV NS3/4A inhibitor 
• 100 mg once-daily, oral 

• HCV NS5A inhibitor 
• 50 mg, once-daily, oral 

 Fixed-dose combination tablet 
 Broad activity against most HCV genotypes in vitro1-3   
 Efficacious in treatment-naive & treatment-experienced cirrhotic and non-

cirrhotic patients with HCV, and in HIV/HCV co-infected patients (C-WORTHy)4,5 

1. Summa V, et al. Antimicrobial Agent Chemother 2012:56;4161-67 
2. Coburn CA,, et al. ChemMedChem 2013; 8: 1930–40 
3. Harper S, et al. ACS Med Chem Lett. 2012 Mar 2;3(4):332-6. 
4. Lawitz et al. Lancet 2015; 385:1075 
5. Sulkowski et al. Lancet 2015; 385:1087 

 

Elbasvir 
(MK-8742) 

Grazoprevir 
(MK-5172) 

Elbasvir 
(50 mg) 

Grazoprevir 
(100 mg) 



EBR/GZR Treatment Algorithm 

TN F0-F2* 

G1a  G1b  G3  G4 

8W 
 

12W 
 

16W 

TN and  
(PI)PR TE 

TN 
(+SOF) 

(PI)PR OTF  
(+RBV) 

TN and  
(PI)PR TE R TN and TE R 

PR OTF  
(+RBV) 

*  8 weeks may be considered 
TN = Treatment Naive 
TE = Treatment Experienced 
R = Relapser 
OTF = On-treatment virologic failure 
PR = PegIFN-RBV 
PI = 1st generation PI (BOC, TVR, SMV) 
RBV = Ribavirin 
SOF = Sofosbuvir 

with or without compensated cirrhosis 

Zepatier™ Product Monograph January 19, 2016 

o Indicated for the treatment of chronic hepatitis C (CHC) genotypes 1, 3, 
or 4 infection in adults  



Study GT 
Sample 

Size Cirrhosis Tx History 
Co-

Morbidity Regimen (Weeks) 
C-EDGE TN 1, 4, 6 421 ± Cirrhosis TN 12, no RBV 
C-EDGE TE 1, 4, 6 420 ± Cirrhosis PR-PTF ±HIV 12 or 16, ±RBV 
C-Salvage 1 79 ± Cirrhosis PI/PR-PTF 12, + RBV 
C-SURFER 1 237 ± Cirrhosis TN/PR-PTF CKD 4-5 12, no RBV 

C-WORTHY G1 1b 61 No Cirrhosis TN 8 ±RBV 
C-EDGE CO-INFXN 1, 4, 6 218 ± Cirrhosis TN HIV 12, no RBV 

C-SWIFT 3 41 ± Cirrhosis TN 8 or 12 + SOF 
C-WORTHY G3 3 41 No Cirrhosis TN 12 or 18 + RBV  

C-EDGE CO-STAR 1, 4, 6 300 ± Cirrhosis TN OST, ±HIV 12, no RBV 
C-EDGE H2H 1 250 ± Cirrhosis TN/PR-PTF ±HIV 12, no RBV 

C-EDGE InhBD 1, 4, 6 300 ± Cirrhosis TN/PR-PTF InhBD 12, no RBV 

MK2 Phase 2b and 3 Program 
 

TN: Treatment Naïve   
PR-PTF: Failed Prior Peg-IFN/RBV 
InhBD = Inherited Blood Disorders 
CKD 4-5: Chronic Kidney Disease Grades 4-5 (incl. Hemodialysis) 
OST = Opiate Substitution Therapy 





ILC  April 2016 
Barcelona, Spain EFFICACY: SUSTAINED VIROLOGIC RESPONSE 

MODIFIED FULL ANALYSIS SET (mFAS) 

Reinfection – counted as success 
5 5 0 1 

Failures 
Relapse 7 9 1 1 
Breakthrough 0 0 2 2 
Discontinuation 2 2 0 0 
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- In the mFAS, SVR  was >94% at FW12 and 24 in both ITG and DTG 
- In the FAS (where discontinuations were counted as failures), SVR12 was 91.5% in the ITG and 85.6% in the 
DTG, SVR24   was 89.5% in the ITG and 85.3% in the DTG. Dore G.J. et al. EASL 2016. Barcelona, Spain. April 13-17, 2016. SAT-163. 

CI, confidence interval. 

Presenter
Presentation Notes
Failures in the ITG mFAS
7 patients in the ITG mFAS met criteria for failure at FW12; all relapses.
Two additional patients in the ITG mFAS met virologic failure criteria at FW24.  In addition to the 7 relapses at FW12, this brings the total number of relapses to 9.
Despite the virologic evidence that the viral strain at FW24 is monophyletic (same/similar) to the viral strain at baseline, there is suspicion for reinfection.  It is rare to have a relapse at FW24 with any of the DAA regimens.  And current virologic methods can not account for or detect reinfection with the same strain (reinfection from sexual or drug-sharing partner). 

Other Failures in the ITG: 
Discontinuation due to AE, (n=1): 56 year old non-cirrhotic white male with chronic HCV GT1a infection.. On day 13, he experienced abdominal pain of moderate intensity that lasted for two hours and was treated with acetaminophen and oxycodone.  Subject discontinued at this time.  PI assessed this to be related.
Discontinuation due to administrative reason / Lost-to follow-up, (n=1): 37 yo, non-cirrhotic Asian male, with HCV GT 1a.  Detectable HCV RNA at FW4, but did not return for confirmation.  Sequencing and phylogenetics c/w reinfection.  Because HCV RNA was not confirmed, counted as a failure; administrative reason.  

Failures in the DTG mFAS
One relapse and two breakthroughs
One additional patients in the DTG mFAS met virologic failure criteria at FW24, and data is consistent with reinfection.



Excluded from ITG FW12 mFAS
3 patients lost-to-follow-up

Excluded from the ITG FW24 mFAS
15 patients (3 from FW12, and 12 additional patients lost-to-follow-up)

Excluded from the DTG FW12 mFAS
7 lost-to-follow-up

Excluded from the DTG FW24 mFAS
10 Lost-to-follow-up (7 from FW12, and 3 additional patients lost-to-follow-up)












Slide credit: clinicaloptions.com 

ENDURANCE-1, 2, 4: GLECAPREVIR / 
PIBRENTASVIR for Tx GT1, 2, 4, 5, 6 
ENDURANCE-1: randomized, open-label phase III trial[1] 

References in slidenotes. 

GLE/PIB*  
(n = 351) 

GLE/PIB*  
(n = 352) 

*Dosing: GLE/PIB given as 3 coformulated 100/40 mg tablets QD for a total dose of 300/120 mg. 

Noncirrhotic pts with GT1 HCV 
with or without  

IFN experience or  
HIV coinfection 

(N = 703) 

Wk 8 Wk 12 

GLE/PIB*  
(n = 202) 

Placebo 
(n = 100) 

Noncirrhotic pts with  
GT2 HCV 

with or without  
IFN experience  

(N = 302) 

ENDURANCE-2: randomized, double-blind, placebo-controlled phase III trial[2] 

ENDURANCE-4: open-label, single-arm phase III trial[3] 

 GLE/PIB*  
(N = 121) 

Noncirrhotic pts with GT4-6 HCV 
with or without IFN experience  

(N = 121) 

Presenter
Presentation Notes
GLE, glecaprevir; GT, genotype; HCV, hepatitis C virus; IFN, interferon; PIB, pibrentasvir; QD, once daily.

Absence of cirrhosis documented by one of the following: 
Liver biopsy
Transient elastography: FibroScan < 12.5 kPa
Serum markers: FibroTest ≤ 0.48 plus aspartate aminotransferase–to-platelet ratio index < 1

References:
1. Zeuzem S, et al. AASLD 2016. Abstract 253.
2. Kowdley KV, et al. AASLD 2016. Abstract 73.
3. Asselah T, et al. AASLD 2016. Abstract 114.

For more information about ENDURANCE-1, go to:
http://www.clinicaloptions.com/Hepatitis/Conference%20Coverage/Boston%202016/Clinical%20Impact/Capsules/253.aspx

http://www.clinicaloptions.com/oncology


ENDURANCE Studies: Key Baseline 
Demographics 

Characteristic, 
% 

ENDURANCE-1[1] ENDURANCE-2[2] ENDURANCE-4[3] 

GLE/PIB  
8 Wks 

(n = 351) 

GLE/PIB  
12 Wks 

(n = 352) 

GLE/PIB 
12 Wks  

(n = 202) 

PBO 
12 Wks 

(n = 100) 

GLE/PIB 
12 Wks  

(N = 121) 
Fibrosis stage 
 F0-F1 85 85 76 85 86 
 F2 6 7 9 9 7 
 F3 9 8 15 6 7 

Treatment 
experienced* 38 38 30 29 32 

HIV coinfected 4 5 NA NA NA 

Slide credit: clinicaloptions.com 

1. Zeuzem S, et al. AASLD 2016. Abstract 253. 
2. Kowdley KV, et al. AASLD 2016. Abstract 73. 
3. Asselah T, et al. AASLD 2016. Abstract 114. 

*Pts could have treatment experience with IFN or pegIFN ± RBV or SOF + RBV ± pegIFN.    

Presenter
Presentation Notes
GLE, glecaprevir; IFN, interferon; NA, not applicable; PBO, placebo; pegIFN, peginterferon; PIB, pibrentasvir; RBV, ribavirin; SOF, sofosbuvir.


http://www.clinicaloptions.com/oncology


Slide credit: clinicaloptions.com 

ENDURANCE Studies: Efficacy of GLE/PIB 
for Treating GT1, 2, 4, 5, 6 HCV 

1. Zeuzem S, et al. AASLD 2016. Abstract 253. 
2. Kowdley KV, et al. AASLD 2016. Abstract 73. 
3. Asselah T, et al. AASLD 2016. Abstract 114. 

*ITT-PS analysis: included all pts receiving ≥ 1 dose of study drug; excluded pts with HIV coinfection or 
SOF experience. †ITT analysis: excluded pts with SOF experience. ‡ITT analysis. §On-treatment virologic 
failure at Day 29 in pt with GT1a HCV. 

Outcome 

ENDURANCE-1[1] 

(GT1) 
ENDURANCE-2[2] 

(GT2) 
ENDURANCE-4[3] 

(GT4-6) 
GLE/PIB  

8 Wks 
GLE/PIB  
12 Wks 

GLE/PIB 
12 Wks  

GLE/PIB 
12 Wks  

SVR12, % (n/N) 99.1* 
(332/335) 

99.7* 
(331/332) 

99†  
(195/196) 

99‡ 
(120/121) 

Relapse/ 
on-treatment  
failure, n 

1§ 0 0 0 

Presenter
Presentation Notes
GLE, glecaprevir; GT, genotype; HCV, hepatitis C virus; ITT, intent to treat; PIB, pibrentasvir; SOF, sofosbuvir.

http://www.clinicaloptions.com/oncology


Slide credit: clinicaloptions.com 

SURVEYOR-II, Part 3: GLE/PIB for Pts 
With GT3 HCV ± Cirrhosis 
 Partially randomized, open-label phase II trial (N = 131)  

Wyles DL, et al. AASLD 2016. Abstract 113. 
*Dosing: GLE/PIB given as 3 coformulated 100/40 mg tablets QD for a total dose of 300/120 mg. 

GLE/PIB* 
(n = 22) 

GLE/PIB* 
(n = 22) 

Treatment-experienced, 
noncirrhotic 

pts with GT3 HCV 

GLE/PIB* 
(n = 40) 

GLE/PIB* 
(n = 47) 

Treatment-naive 
pts with GT3 HCV and 
compensated cirrhosis  

Treatment-experienced 
pts with GT3 HCV and 
compensated cirrhosis  

Wk 12 Wk 16 

 Prior treatment experience consisted of IFN or pegIFN ± RBV or SOF + RBV ± 
pegIFN 

Presenter
Presentation Notes
GLE, glecaprevir; GT, genotype; HCV, hepatitis C virus; IFN, interferon; pegIFN, peginterferon; PIB, pibrentasvir; QD, once daily; RBV, ribavirin; SOF, sofosbuvir.

For more information about this study, go to http://www.clinicaloptions.com/Hepatitis/Conference%20Coverage/Boston%202016/Clinical%20Impact/Capsules/113.aspx

http://www.clinicaloptions.com/oncology


SURVEYOR-II, Part 3: SVR12 Rates With 
GLE/PIB for Pts With GT3 HCV ± Cirrhosis 

Slide credit: clinicaloptions.com Wyles DL, et al. AASLD 2016. Abstract 113. Reproduced with permission.  
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Presenter
Presentation Notes
GLE, glecaprevir; GT, genotype; HCV, hepatitis C virus; LTFU, lost to follow-up; PIB, pibrentasvir; SVR, sustained virologic response; Tx, treatment.

http://www.clinicaloptions.com/oncology


HCV Resistance Testing 

• Drug 
– DAA Class 
– Co-Administered DAAs 

• Virus 
– Specific Mutation  
– Genotype  
– Resistance Assay Utilized 

• Host 
– Concurrent Negative 

Predictors of DAA 
Success 

 
 

• Complexity versus 
Capacity 
 



Pediatric HCV 



Pediatric HCV 

• NHANES3  
– 6-11 yo: 0.17% sero+ 
– 12-19 yo: 0.39% sero+ 
– 6600 CDN children 

• Vertical transmission 
primary mode of 
infection  
– 5-7% / pregnancy 

• Breast feeding does not 
promote transmission 

• Diagnosis 
– HCV antibodies <18/12 

• Spontaneous 
Resolution- 25-40% 
(usually by M24) 

• Manifestations 
• Work-Up 
• Treatment 

– FDA: SOF, Harvoni age 
12-17 

 
JPGN NASPGHAN Practice Guidelines 2012. 



Role of Infectious Diseases 

 
 



HCV Cascade of Care in BC, 2012 

Janjua NZ et al EBioMedicine DOI: (10.1016/j.ebiom.2016.08.035)  





Infectious Disease Expertise 

• Virology 
• Immunology 
• Multisystem Disease 
• Polypharmacy 
• Side Effect Profile 
• DDI 

 



Population  

• Concentration of Barriers to Engagement and 
Treatment Success 
– Diverse populations within the HCV community  
– Socioeconomic 
– Mental Health 
– Substance Abuse 
– Poverty 
– Remoteness 
– Stigma 

 

https://www.google.ca/imgres?imgurl=http://cdn.shopclues.com/images/detailed/633/rubiks_1371115158.jpg&imgrefurl=http://www.shopclues.com/rubiks-cube-en-2.html&docid=hwzHQmsrJYAP5M&tbnid=izc9osCnkZzmrM:&w=1600&h=1600&ei=QGXAVLfpDoiiyATWhYHYCg&ved=0CAIQxiAwAA&iact=c
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