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We all agree: the field of hepatitis C has lived an unprecedented therapeutic 

revolution. Since the discovery of hepatitis C virus (HCV) in 1989, the rates of cure of the 

infection have jumped from approximately 6% after one year of standard interferon alpha 

administered three times per week at the cost of numerous and often serious side effects to 

nearly 98% on average after 8 to 16 weeks of oral treatment nowadays [1]. Current direct-

acting antiviral (DAA) combination regimens are pangenotypic, easy to take (one to 3 pills 

once per day), highly efficacious and well tolerated. In this context, the World Health 

Organization set the goal to eliminate hepatitis C as a major public health threat (i.e. to 

reduce the incidence of new infections by 90% and HCV-related mortality by 65%) by 2030. 

However, as of today, only a few countries are on track to eliminate HCV by 2030 [2-4]. 

Many high-income countries are not expected to achieve HCV elimination before 2050, 

while the vast majority of low- and middle-income countries has not yet started addressing 

the issue [2-4]. Reasons commonly evoked to explain the difficulties in implementing 

efficient elimination policies include the lack of political will, the absence of national or 

regional action plans, insufficient funding, the lack of screening policies, poor linkage-to-care 

strategies, and treatment restrictions. 

Insidiously, another danger weighs on the hope for global HCV elimination: our HCV 

DAA combinations may not be as pangenotypic as claimed. Indeed, in the current issue of 

the Journal of Hepatology, Childs et al. [5] report suboptimal rates of sustained virological 

response (SVR) in patients of African origin followed in a London hospital who were infected 

with HCV genotype subtypes unusually found in Western Europe. Among 2,211 patients with 

chronic hepatitis C seen between 2010 and 2018 in their center, the authors identified 91 

individuals (4.1%) who were born in (mostly Sub-Saharan) Africa. Thirty-five of them were 

infected with unusual HCV genotype 1 subtypes, including 1e, 1g, 1h, 1l or unassigned 



genotype 1 (from which 15 new subtypes were identified by full-length HCV open reading 

frame sequencing). In addition, 12 of the 91 African patients (13.1%) were infected with 

unusual HCV genotype 4 subtypes, including 4c, 4e, 4f, 4k and 4r [5]. In contrast, patients not 

of African origin were infected with HCV genotypes usually found in the area, including 1a, 

1b or 3a, except 3.3% infected with an unassigned genotype 1 subtype. After treatment, only 

75% of African patients infected with unusual genotype 1 subtypes achieved SVR, whereas a 

high rate of response was achieved in those infected with usual subtypes. Factors associated 

with lack of SVR in patients of African origin in multivariate analysis were unusual HCV 

genotype 1 subtype and NS5A inhibitor-based vs protease inhibitor-based treatment 

regimen [5]. Failures of NS5A inhibitor-containing treatments were explained by the 

frequency of NS5A resistance-associated substitutions (RASs) present as natural 

polymorphisms at baseline in African subtypes, particularly at amino acid positions 24, 30 

and 31. Most patients had been treated before the implementation of last-generation 

pangenotypic regimens, but all of those who failed had received treatment combinations 

supposed to carry pan-genotype 1 activity (sofosbuvir/ledipasvir, grazoprevir/elbasvir, or 

ombitasvir/paritaprevir/ritonavir plus dasabuvir). One of 3 patients retreated with 

glecaprevir/pibrentasvir failed to achieve SVR, while 2 patients retreated with 

sofosbuvir/velpatasvir/voxilaprevir cured the infection [5]. 

These results echo our recent report of frequent antiviral treatment failures in 

patients of African origin infected with HCV subtype 4r [6]. In our experience, out of 537 

patients treated with DAAs who experienced a virological failure between 2015 and 2018, 

22.5% were infected with genotype 4 (whereas genotype 4 represents only 13.7% of HCV-

infected patients in France [7]), and among them, 22.3% were infected with subtype 4r, a 

very rare subtype in the French general population. All patients infected with subtype 4r 



were born in Sub-Saharan Africa [6]. This overrepresentation of subtype 4r among patients 

failing to achieve SVR as compared to the French general population was in keeping with a 

Rwandan study showing an only 56% SVR rate in patients infected with subtype 4r treated 

with sofosbuvir/ledipasvir, significantly lower than the 93% SVR rate in patients infected 

with other genotype 4 subtypes [8]. Low SVR rates in patients infected with genotype 4r 

receiving sofosbuvir and an NS5A inhibitor were explained by the presence at baseline of 

multiple NS5A RASs (L28M/V + L30R ± L31M) conferring substantially reduced susceptibility 

to NS5A inhibitors and of fit viral populations harboring S282C/T RASs in their polymerase 

sequence conferring reduced susceptibility to sofosbuvir [6].  

The implementation of the most recent pangenotypic regimens did not solve the 

issue: our laboratory is now receiving samples from patients of African origin infected with 

unusual subtypes of genotypes 1, 2 or 4 who carried NS5A RASs on their baseline genome 

sequences and failed to achieve SVR after sofosbuvir/velpatasvir or glecaprevir/pibrentasvir 

(unpublished). 

Sub-Saharan Africa is not the only region where HCV subtypes that are unusual in the 

Western world have been found to be less responsive to DAA combinations. Genotype 3, 

subtype 3b is prevalent in South-East Asia: 9.7% in a recent study from Thailand [9]; 8.9% in 

a report from mainland China including 27 provinces or municipalities across the country 

[10]. In a Chinese single-arm, open-label, Phase III trial, 89% of patients infected with 

subtype 3b without cirrhosis (25/28) and only 50% of those with cirrhosis (7/14 patients) 

achieved SVR after 12 weeks of sofosbuvir/velpatasvir [11]. Resistance analysis indicated 

that subtype 3b is inherently resistant to NS5A inhibitors, due to the presence at baseline of 

the A30K + L31M RAS combination that confers high-level resistance to daclatasvir, elbasvir 

and velpatasvir and intermediate-level resistance to pibrentasvir [12]. 



These findings must make us think more deeply about our biased vision of the world 

and its influence on the way we develop new medications in the 21st century. The United 

States of America (US) and Western Europe are, by far, the two biggest markets for the drug 

industry. As a result, new medications are developed essentially in the US and Europe to 

target these highly profitable markets. HCV made no exception. Currently approved HCV 

DAAs are all manufactured by American drug companies. Pangenotypic drugs have been 

designed and optimized to be efficacious against the HCV genotypes and subtypes most 

commonly found in these regions, including genotypes 1a, 1b, 2a, 2c, 3a and 4a. Fortunately, 

they were also active against genotypes 5a and 6a, frequent in South Africa and in some 

areas in South-East Asia, respectively, allowing them to be called “pangenotypic”. The vast 

majority of clinical trials and real-world studies with the new HCV DAAs have been 

performed in the United States, Europe and in some selected countries in the Asia-Pacific 

region (Japan, New Zealand, Australia). The high SVR rates obtained in these studies were 

considered sufficient to definitively halt HCV drug development several years ago. 

Like for many centuries, and although some of us thought these times were over, the 

Western world keeps thinking that what is good for him will also be good for the “other” 

world. Nevertheless, this “other world” displays an incredibly rich heterogeneity of human 

beings and diseases that often have little to do with what is found in the Western world. It 

should not be a surprise that Africa and Asia harbor a high genetic diversity of HCV strains, as 

this diversity has been described very soon after the virus discovery. In 2005, Simmonds et 

al. published a consensus proposal for a unified system of nomenclature of HCV genotypes. 

At that time, subtypes 1a to 1l, 2a to 2q, 3a to 3i, 4a to 4t, 5a, and 6a to 6q were already 

known [13]. In the 2014 update, classification of confirmed HCV subtypes was provided up 

to 1l, 2r, 3k, 4w, 5a, 6xa and 7a [14]. Complete coding region sequences had been obtained 



for each of the different subtypes from at least 3 independent strains; they included 

sequences from genome regions targeted by current HCV DAAs, i.e. NS3 protease, NS5A and 

NS5B polymerase [14]. Thus, it has been well known for decades that, in many parts of the 

world, HCV strains carrying RASs conferring high-level resistance to DAAs as natural 

polymorphisms are circulating and unlikely to respond to at least several of the available 

DAA regimens. Was this taken into account during the long HCV drug development process? 

No, never…  

Epidemiological studies describing the prevalence of the different HCV genotypes 

and subtypes in low- and middle-income countries of Africa and Asia are lacking. Precise 

subtyping requires technologies that are generally not available in these regions. Almost no 

clinical trials have been performed in these areas. In real-world studies, scarce data from 

these areas have been reported, generally with old-generation drug combinations, 

sometimes using generics. It is ironic that we had to wait for studies performed in Western 

Europe, such as the report by Childs et al. in the present issue of the journal [5] or our own 

data, to “discover” that patients born in Africa, who by chance immigrated to Europe and 

had access to HCV drugs, could be naturally resistant to DAA therapy. Sadly, HCV drug 

development has now been halted as the needs of the Western world have been fulfilled. 

Thus, no new HCV drugs will be commercialized.  

What should we do? First, we must think the world as global and diverse, with 

consideration for all needs, wherever they come from. Secondly, it is key to identify funding 

mechanisms by which profits made in the West benefit those who live elsewhere. Thirdly, 

we must treat the “other” world like ours, perform careful epidemiological studies to 

establish the prevalence of the different HCV genotypes and subtypes and clinical trials to 

define simplified first-line therapeutic strategies allowing for optimal access to care and high 



efficacy in any region. In this respect, it will be essential to assess whether first-line 

treatment should be based on a triple combination of sofosbuvir, an NS5A inhibitor and a 

protease inhibitor in regions where a significant proportion of patients are unlikely to 

respond to a dual combination including an NS5A inhibitor. Finally, access to cheap generic 

drugs that fit with the local needs, i.e. that provide equal efficacy against usual and unusual 

HCV subtypes present in the area, must be provided as part of local elimination strategies. 

One size never fits all. The WHO goal to eliminate HCV may be achievable, although 

probably much later than in 2030 at the global level, but this will require that the specific 

objectives and means are tailored to the local situations. This will now be the mission of the 

HCV community. There are many worlds in the global world and they are equally important. 

They all deserve that we take good care of them. 
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TABLES 

  



Table 1: Demographic and disease characteristics of patients at osimertinib introduction 

Characteristics Global population 

(n=226) 

 

Patients treated 

in ≥2nd line  with 

T790M (n =184) 

 

Patients treated 

in ≥2nd line  

without T790M at  

(n=35) 

Patients treated 

in first line 

(n=7) 

 

Age (median, 

range) 

66 (31-92) 68 (33-92) 65 (31-87) 59 (46-80) 

Female sex   157 (69) 126 (68) 28 (80) 3 (43) 

Ethnic group  

- Asian 

- Caucasian 

- African 

- Other 

 

32 (14) 

151 (67) 

43 (19) 

 

29 (16) 

120 (65) 

35 (19) 

 

3 (9) 

29 (83) 

3 (9) 

 

0 

2 (29) 

5 (71) 

 

Smoking status  

- Never 

- Current 

- Former 

- unknown 

 

145 (64) 

17 (8) 

62 (27) 

2 (<1) 

 

118 (64) 

13 (7) 

51 (28) 

2 (1) 

 

23 (66) 

4 (11) 

8 (23) 

 

4 (57) 

0 (0) 

3 (43) 

PS 

- ≤2 

- >2 

- unknown 

 

144 (63) 

8 (4) 

74 (33) 

 

118 (64) 

4 (2) 

60 (33) 

 

21 (60) 

4 (11) 

10 (29) 

 

3 (43) 

0 (0) 

4 (57) 

Histology  

- Non squamous 

- Squamous 

 

223 (99) 

3 (1) 

 

183 (99) 

1 (1) 

 

33 (95) 

2 (6) 

 

7 (100) 

0 

CNS involvement  121 (54) 92 (50) 26 (74) 3 (43) 

Previous systemic 

therapies  

- TKI 

- Chemotherapy 

- Immunotherapy 

 

 

214 (95) 

95 (42) 

10 (4) 

 

 

184 (100) 

72 (39) 

7 (4) 

 

 

30 (86) 

23 (66) 

3 (9) 

 

 

- 

- 

- 

Number of lines 

before OSI 

(median, IQR) 

OSI given in 2nd 

line of treatment 

after 1st/2nd G 

EGFR KI 

1 (1-2) 

 

 

 

 

117 (52) 

 

2 (2-3) 

 

 

 

 

105 (57) 

 

3 (2-4) 

 

 

 

 

12 (34) 

 

- 

 

 

 

 

- 

Data are presented as n (%) unlike otherwise specified; IQR: interquartile range; PS: 

performance status; CNS: central nervous system; OSI: osimertinib; TKI: tyrosine kinase 

inhibitors; 1st/2nd G: 1st/2nd generation 

 

 

  



Table 2: Molecular alterations at osimertinib introduction 

 

Type of alteration Global 

population 

(n=226) 

 

Patients 

treated in 

≥2nd line 

with T790M 

(n=184) 

 

Patients 

treated in 

≥2nd without 

T790M  

(total=35) 

 

Patients 

treated 

in first 

line 

(n=7) 

 

EGFR Exon 19 deletion 134 (59) 113(61) 16 (46) 5 (71) 

EGFR L858R mutation 76 (34) 63 (34) 11 (31) 2 (29) 

Other EGFR mutation 

- Exon 20 insertion 

- pL861Q exon 21 

- other 

20 (9) 

7 (3) 

3 (<1) 

11 (5) 

12 (7) 

1 (1) 

2 (1) 

9 (5) 

8 (23) 

6 (17) 

1 (3) 

2 (6) 

0 (0) 

- 

- 

- 

EGFR T790M mutation 186 (82) 184 (100) 0 (0) 2 (29) 

BRAF mutation 2 (<1) 0 (0) 2 (6) 0 

HER2 Amplification 1 (<1) 1 (1) 0 (0) 0 

MET Amplification 5 (2) 4 (2) 0 (0) 1 (14) 

PIK3CA 5 (2) 5 (3) 0 (0) 0 

RAS 

- KRAS 

- NRAS 

 

5 (2) 

1 (<1) 

 

3 (2) 

0 (0) 

 

1(3) 

1(3) 

 

1 (14) 

0 

TP53 9 (4) 8 (4) 1(3) 0 

Data are presented as n (%) unlike otherwise specified 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3: Molecular alterations at progression after osimertinib in patients with contributive 

sample at progression  

 

Type of histo-

molecular alteration 

Global 

population 

Patients 

treated in ≥2nd  

line with 

T790M  

Patients 

treated in ≥2nd  

line without 

T790M  

Patients 

treated in 

first line 

Number of patients 

with contributive 

samples   

73 61 9 3 

EGFR C797S 

mutation 

10* (13) 8* (13) 0 (0) 2 (67) 

MET amplification 8 (11) 8 (13) 0 (0) 0 (0) 

HER2 amplification 2 (3) 1 (2) 1 (11) 0 (0) 

BRAF V600E 

mutation 

1 (1) 1 (2) 0 (0) 0 (0) 

Histologic 

transformation 

- small cell lung 

cancer 

- squamous cell 

carcinoma 

 

 

 

4 (6) 

1 (1) 

 

 

 

4 (7) 

1 (2) 

 

 

 

0 (0) 

0 (0) 

TP53 mutation 3 (4) 3 (5) 0 (0) 0 (0) 

PTEN mutation 2 (3) 2 (3) 0 (0) 0 (0) 

PIK3CA mutation 2 (3) 2 (3) 0 (0) 0 (0) 

RAS mutation 2 (3) 2 (3) 0 (0) 0 (0) 

pL718Q exon 18 

EGFR mutation 

2 (3) 2 (3) 0 (0) 0 (0) 

CTNNB1 mutation 1 (1) 1 (2) 0 (0) 0 (0) 

SMAD4 mutation 1 (1) 1 (2) 0 (0) 0 (0) 

No evidence of 

molecular alteration 

33 (46) 26 (43) 7 (78) 1 (33) 

Data are presented as n (%) unlike otherwise specified. *1 patient had 2 different C797S 

mutations (c.2389T>A clone in ctDNA on ddPCR and c.2390G>C clone in lymph node on NGS) 

 




