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Introduction
Combined antiretroviral (ARV) therapy (cART) has been the gold 

standard for the treatment of human immunodeficiency virus (HIV)-
infection since the midst of the 1990s. By early initiation of cART an 
almost normalized life expectancy of those infected with HIV could 
be achieved by the use of currently recommended treatment regimens 
[1]. By significantly reducing HIV-associated morbidity and mortality, 
a sustainable reduction of costs could be achieved. As a result however, 
cART has become the dominant cost factor and has increased up to 
85% of direct costs of disease for HIV infection in Europe [2-5].

In order to control pharmaceutical prices for patented drugs and 
to curb increasing pharmaceutical spending, important regulations 
have been introduced by the German legislator in recent years. 
First, the German law to strengthen competition in the health-care 
sector since 2007 promotes the spread of generic drugs after patent 
expiration and enhances the number of discount agreements between 
drug manufacturers and health insurance companies [6]. Second, 
the Act for Restructuring the Pharmaceutical Market in Statutory 

Health Insurance (AMNOG) since 2011 mandates pharmaceutical 
manufacturers to demonstrate a therapeutic benefit for innovative 
pharmaceutical agents. The result of price negotiations between the 
Federal Association of Statutory Health Insurance Funds and the 
pharmaceutical manufacturer depends on the level of additional benefit 
of the pharmaceutical product. The extent of additional benefit is 
assessed in a complex process, based on an external expertise about a 
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Abstract
Objective: The fixed dose combination (FDC) of tenofovir disoproxil (TD) fumarate/emtricitabine (FTC) has been 

the most widely used backbone treatment for HIV until recently. In 2016, tenofovir alafenamide (TAF)/FTC became 
available as FDC, which promises superior renal and bone safety. However, in November 2016, the German Federal 
Joint Committee concluded that there is no additional benefit to the use of TAF versus TD fumarate. The decision of 
choosing TD or TAF in FDC with FTC is of economic impact as cost-saving generics (Gx-TD/FTC) became available 
in Germany in August 2017. 

Methods: A budget impact analysis (BIA) was conducted to estimate the impact of Gx-TD/FTC on the German 
healthcare system for 5-years. The BIA compared a theoretical setting with and without introduction of Gx-TD/FTC; 
calculating the respective costs for antiretroviral treatment, monitoring, and adverse event management. 

Results: Based on the model assumptions, low and high values of year-wise savings with Gx-TD/FTC throughout 
5 years were estimated. The scenario of Gx-TD/FTC use growing to 35% by year 5, deemed the most realistic 
scenario(switch from TDF/FTC to Gx-TD/FTC only), would result in a saving of €22.6 million in first year and a 
maximum saving of €31.8 million by second year. In a maximum patient share scenario (80%) for Gx-TD/FTC which 
includes switch from branded TD fumarate/FTC and TAF/FTC, savings increased from €22.6 million annually to a 
maximum of €62.1 million.

Conclusion: The estimated savings are based on a conservative approach and will be higher with increasing 
generic price rebates. Additionally, this analysis makes cautious assumptions in favor of patient safety and care 
pathways. This analysis highlights the potential for substantial and sustainable cost savings by the use of Gx-TD/FTC 
for the German healthcare system which is most pronounced when patients from branded TD fumarate/FTC and TAF/
FTC are switched to this generic treatment.
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structured dossier to be provided by the manufacturer [7]. As a result, 
prices for newly approved antiviral medicines for the treatment of HIV 
or hepatitis C virus (HCV) infection in Germany have since declined 
compared with that in other industrialized nations [8]. 

By contrast, the price pressure from generic ARVs, which became 
available in the German market since 2013, was relatively low. A majority 
of initially availablegeneric drugs, i.e., zidovudine, nevirapine and 
efavirenz are no longer recommended as a preferred option in current 
national [9] and international [10,11] treatment guidelines. Their 
market share has therefore declined and budget impact has remained 
lower than predicted [2]. Meanwhile, generic tenofovir disoproxil (Gx-
TD), a tenofovir prodrug, and emtricitabine (Gx-FTC) became available 
in August 2017. About 75% of all cART regimens worldwide were 
estimated to be based on tenofovir in 2015 [12] and it was found to be 
between 70% and 75% in the German market in 2017 [13]. Therefore, 
the availability of Gx-TD/FTC has the potential to induce significant 
dynamics in the ARV drug market [14], followed by substantial cost 
savings for the healthcare systems in both, developing [12,15] and 
industrialized [16,17], countries. Interestingly, economists forecast price 
pressure to branded competitors, not just restricted to branded tenofovir 
disoproxil fumarate (TDF) but to the subsequently developed nucleotide 
analogue prodrug, tenofovir alafenamide (TAF), as well [18].

TAF became recently available as a component of cART and has 
shown similar efficacy but superior renal and bone safety compared 
with TDF in clinical studies [19-21]. In contrast to the analyses at 
week 48 and 96 [20,21], only the later update of 144 weeks data 
claimed superiority in the effectiveness of a specific TAF based fix 
combination co-formulated with elvitegravir/cobicistat/emtricitabine. 
But the inferior virological results at week 144 in the TDF arm were 
exclusively driven by missing values in the intention to treat Food and 
Drug Administration (FDA)-snapshot analysis, although the number 
of confirmed viral failures was slightly higher in the TAF group [22]. 
However, in November 2016, the German Federal Joint Committee (G-
BA) concluded that there is no additional benefit to the use of TAF/FTC 
versus TDF/FTC in ARV therapies [23,24]. Exclusively for its impact on 
pricing, the particular conclusion of the G-BA, an official authority by 

German law is an important aspect in the design of the budget impact 
model described in this paper: The G-BA conclusion is rather thought 
as a hallmark for the German price negotiations between the social 
insurers and the manufacturer.

The aim of our model is to estimate the budget impact of generic 
TD/FTC over a 5 years’ time horizon from the economic perspective of 
the payers of the German healthcare system for the tenofovir prodrug/
FTC containing double fix dose combination treatment segment. 
In order to ensure clarity, the analysis in our model is limited to the 
variation of few parameters, but it calculates the potential savings for 
two different scenarios. The underlying assumptions are discussed in 
detail against the background of existing scientific evidence on this 
topic.

Methods
A budget impact analysis (BIA) was performed to compare a 

hypothetical setting with and without the introduction of Gx-TD/
FTC for HIV treatment in the German healthcare system. The budget 
impact of treatment with Gx-TD/FTC was assessed every year up to 5 
years, from the perspective of a healthcare payer (not including indirect 
costs such as productivity loss). Another objective of this analysis was 
to modulate maximum saving opportunity for the German healthcare 
system by using Gx-TD for the Tenofovir prodrug/Emtricitabine 
double combination market comprising branded TDF/FTC, Gx-TD/
FTC and TAF/FTC.

Literature Search
An explorative search using the Medline database conducted 

through December 2016 yielded 423 citations. Figure 1 shows the 
step-by-step disposition of the citation. The citations were screened 
by an experienced researcher for qualitative synthesis. Evidence was 
selected if it provided data related to either plausible model structure 
or appropriate input values related to the safety profiles of TAF and 
TDF in HIV. References within eligible papers were also scrutinized for 
related evidence using the snowball method [25,26] and an additional 
hand search was applied. Non-English studies, non-human studies, 

 

Number of citation from search
N=423

Records screened
N=426

Snowball and hand search
N=3

Full-texts assessed for 
eligibility

N=26

Citations excluded
N=400

Studies included  in qualitative 
synthesis

N=10

Citations excluded
N=16

Figure 1: PRISMA literature search for model structure and safety profile.
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case reports, notes and short surveys were excluded. Evidence based in 
European and US settings, focusing on the general population of HIV 
adults rather than subgroups, were selected. Subgroups such as children, 
patients who had received pre-exposure prophylaxis, pregnant women 
or patients with hepatitis B virus co-infection were excluded.

Model Structure
As shown in Figure 2, the model structure accounted for the number 

of diagnosed adult HIV patients (aged ≥ 18 years) from the German 
healthcare system. This model focused exclusively on HIV patients who 
had been prescribed TDF/FTC or TAF/FTC as the nucleoside/nucleotide 
reverse transcriptase inhibitor (NRTI) backbone therapy. Backbone 
therapy is also given in fix combination with a third (triple therapy) 
or fourth agent (quadruple therapy), but our model focused solely on 
patients receiving the double combination plus separate 3rd agent. No 
unbundling of single-tablet regimen (STR) containing ‘TDF/FTC+X’ 
was foreseen. The model did not cater to undiagnosed HIV patients, 
patients waiting for treatment or patients receiving alternative ARV 
treatments (other than combination therapy). After deriving a patient 
population, patients were divided between the comparator treatments 
(TDF/FTC or TAF/FTC) in two hypothetical worlds, with and without 
introduction of Gx-TD/FTC. In the first world, it was assumed that Gx-
TD/FTC was an option and thus Gx-TD/FTC can take patient share 
away from the comparator treatments (TDF/FTC or TAF/FTC). In the 
second world, it was assumed that in the absence of Gx-TD/FTC, patient 
share gets divided between currently available comparators. TDF/FTC 
and Gx-TD/FTC were assumed only to differ in terms of renal and bone 
safety as compared to TAF/FTC; therefore this BIA exclusively modelled 
renal and bone adverse events (AEs) [18]. Patients were subjected to 
treatment specific rates of AEs. Patients who experienced AEs (renal 
and bone) incurred costs associated with management of AEs as well 
as costs associated with switching to the next line of treatment. The BIA 
applied the differential costs for ARV treatment, monitoring costs and 
AE (renal and bone) management costs. Using this information, the 

model estimated the annual incremental costs and/or annual savings 
associated with introducing Gx-TD/FTC for a 5 year time horizon. The 
model was developed in MS Excel.

Epidemiological Data
Country specific epidemiological data for the modelling exercise 

were derived from the published literature. The numbers of treated HIV 
patients in Germany was 72,000 per Robert-Koch Institute, a German 
federal government agency and research institute and, one of the most 
important bodies for the safeguarding of public health in Germany. 
Baseline mean age of the HIV patient population was 43 years, with 
17.9% of female patients [27]. Based on the recent data from Insight 
Health (July 2017), 36% of treated HIV patients received either TDF/FTC 
or TAF/FTC as a double combination backbone therapy [28]. Therefore 
the number of patients entering our BIA was estimated as 25,920. 

All-cause switching rate of patients from TDF/FTC and Gx-TD/
FTC to TAF/FTC was considered as 0.92%, based on the study from 
Mocroft et al. [29]. This study investigated the potential increase in 
chronic kidney disease (CKD) associated with cumulative exposure to 
TDF and presented the incidence of CKD with cumulative exposure 
to TDF as ratios relative to non-exposure to TDF. The incidence of 
CKD was found to increase in the first 2 years of exposure to TDF, but 
it did not continue to increase significantly thereafter, which might 
suggest a threshold with respect to the drug’s glomerular toxicity [29]. 
Inputs from this study were considered because the study included a 
European population and had an observational study design which was 
expected to have greater generalizability to real-world outcomes than 
randomized clinical trials. Mortality was excluded from the model as 
there were no differences in mortality between the comparators (TDF/
FTC vs. TAF/FTC) [30].

Costs
Three types of direct medical costs related to HIV treatment were 

 

Diagnosed HIV population

% Patients prescribed
recommended cART

% Patients prescribed TDF/FTC, Gx-TD/FTC 
or TAF/FTC as backbone therapy 

(double combination*)

Patient share Patient share

Adverse events Adverse events

Costs Costs

Budget impact results/
Incremental results

World with
Gx-TD/FTC

World without
Gx-TD/FTC

cART: Combination Anti-Retroviral Therapy; FTC: Emtricitabine; Gx-TD: Generic Tenofovir Disoproxil; HIV: Human Immunodeficiency Virus; TAF: Tenofovir Alafenamide; 
TDF: Tenofovir Disoproxil Fumarate
*No triple or quadruple therapies were included

Figure 2: Budget impact model flow.
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included in this BIA: annual acquisition costs for ARVs, laboratory 
monitoring costs, and AEs (renal and bone) management costs. Official 
national list prices [31] and published label dose [32,33] were assumed 
to arrive at drug acquisition costs. For calculating laboratory monitoring 
costs and AE management costs, eligible data from the exploratory 
literature search were used. All costs were inflated to year 2016 using 
the consumer price index (CPI) for health [34]. Cost inclusion in the 
model followed International Society for Pharmacoeconomics and 
Outcomes Research (ISPOR) good research practice recommendations 
as published by Hay et al. [35]. Costs and health effects were discounted 
at the rate of 3% [36].

Patients incurred the cost of drug therapy as per their treatment 
arm. Prices of Gx-TD/FTC, TDF/FTC, and TAF/FTC were taken from 
the Lauer-Taxe price list [31]. For Gx-TD/FTC the Sandoz/Hexal 
product was used as reference. Prices were arrived by deducting the 
product specific rebates to statutory health insurance (SHI) (which is 
6% manufacturer rebate for Gx-TD/FTC and TDF/FTC, 10% generic 
rebate for TDF/FTC and 0% for TAF/FTC), an additional rebate of 
20% from the manufacturer’s price was deducted from Gx-TD/FTC as 
the generic product is predominantly used in the context of SHI open 
house rebate contracts [37]. As a result, the prices per month were 
€424 for Gx-TD/FTC, €717 for TDF/FTC, and €655 for TAF/FTC. A 
calculation was also performed for a Gx-TD/FTC net price per month 
of €100. Laboratory monitoring costs were applied to patients taking 
either Gx-TD/FTC or TDF/FTC [38]. It consisted of annual monitoring 
of creatinine clearance and serum phosphate. Total monitoring cost was 
considered to be €4.40 in the first year and €3.20 in all the subsequent 
years [39,40].

Upon experiencing an AE (renal and bone), patients incurred 
costs associated with the next line of treatment, which in both arms 
was TAF/FTC. Costs of managing AEs were assumed to be annual 
costs of CKD and costs associated with experiencing a fracture. These 
costs were assumed to be inclusive of all healthcare professionals’ 
time and treatments. The mean annual direct medical cost per patient 
was assumed to be €3,581 in Germany for moderate and severe CKD 
[41,42]. The average one-off cost associated with bone fracture per 
patient was assumed to be €9,962 [43].

Model Assumptions
The BIA was built with certain key assumptions: Gx-TD/FTC was 

assumed to have similar antiviral efficacy as TDF/FTC. It was also 

assumed that TAF/FTC showed non-inferiority to TDF/FTC [19]. As per 
Mocroft et al. [29], all-cause switching rate of patients from TDF/FTC or 
Gx-TD/FTC to TAF/FTC was assumed to be 0.92% each year. Mortality 
was excluded from the model as there were no differences in the rate of 
mortality between the comparators [30]. The renal AE of interest were 
assumed to be CKD, which the bone AE of interest was assumed to be a 
composite cost of fracture of the spine, arm, wrist and hip as used in the 
literature [44]. TAF/FTC was considered to be a treatment option with a 
superior safety profile compared with TDF/FTC or Gx-TD/FTC. TAF/
FTC patients were not at risk of renal AEs and experienced a baseline 
risk of fracture. TDF/FTC and Gx-TD/FTC patients were at risk of 
CKD and an increased risk of fracture. Annual laboratory monitoring 
costs for creatinine clearance and serum phosphate were applied to Gx-
TD/FTC and TDF/FTC and not to TAF/FTC patients [45]. If a patient 
switched the treatment regimen owing to AEs, they continued to incur 
monitoring costs of their original treatment, as monitoring was assumed 
to be relevant to AEs.

Scenario Analyses
To test the impact of adoption of Gx-TD/FTC on budget, scenario 

analyses were conducted altering the patient share for Gx-TD/FTC. 
Two scenarios (realistic and maximum share) were considered keeping 
in mind the German healthcare system. It was assumed that Gx-TD/
FTC stabilises TAF/FTC market. Year-wise savings with Gx-TD/FTC 
were estimated to be between low value and high value throughout 5 
years dependent on previously defined model assumptions.

In the realistic scenario, BIA calculated with net prices including 
SHI mandatory rebates. Patient share for Gx-TD/FTC reached 35% 
in the second year and remained at that rate until the fifth year by 
switching patients from TDF/FTC only. The maximum share scenario, 
i.e. the scenario that assumed the greatest patient share for Gx-TD/FTC, 
assumed that Gx-TD/FTC penetrates the German market aggressively. 
Previous patient shares (25%) were used for the first year. To represent 
aggressive penetration, patient share for Gx-TD/FTC reached 80% by 
switching from TDF/FTC and TAF/FTC compared with 35% in the 
realistic scenario. All other rebates remained similar as in the other 
scenario.

Results
Recent patient share evolvements of TDF/FTC and TAF/FTC 

before generic entry are shown in Figure 3. According to the PIA patient 

Source: PIA patient database from Insight Health (ATC-codes of analysed antiretroviral: ATC J05C1, J05C2, J05C3, J05C4, J05C5 and J05C9)
ARV: Antiretroviral; FTC: Emtricitabine; pt: Patient; TAF: Tenofovir Alafenamide; TDF: Tenofovir Disoproxil Fumarate

Figure 3: German patient share of tenofovir based double combination backbone therapy (TDF/FTC or TAF/FTC).
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database from Insight Health, the on-drug share of TDF/FTC and TAF/
FTC for all HIV treated patients was around 36% (average of January-
July 2017) and had slightly decreased over the past year. This comprises 
€212 million treatment costs in Germany [13]. It is evident from the 
graph that since the launch of TAF/FTC, there has been a clear patient 
switch from TDF/FTC to TAF/FTC to approximately 50% (status July 
2017) [28].

Savings generated by Gx-TD/FTC penetration were substantial in 
the BIA. Year-wise total expenditure with Gx-TD/FTC and without Gx-

AE: Adverse event; FT: Emtricitabine; Gx-TD: Generic Tenofovir Disoproxil; TAF: Tenofovir Alafenamide; TDF: Tenofovir Disoproxil Fumarate; w/: With; w/o: Without
Figure 4: Year-wise total expenditure with and without Gx-TD/FTC (realistic scenario for the German healthcare system).

AE: Adverse event; FT: Emtricitabine; Gx-TD: Generic Tenofovir Disoproxil; TAF: Tenofovir Alafenamide; TDF: Tenofovir Disoproxil Fumarate; w/: With; w/o: Without 
Figure 5: Year-wise total expenditure with and without Gx-TD/FTC (maximum share scenario for the German healthcare system).

Setting World without Gx-TD/FTC World with Gx-TD/FTC
Year 1 2 3 4 5 1 2 3 4 5
Gx-TD/FTC 0 0 0 0 0 25 35 35 35 35
TDF/FTC 50 45 40 35 30 25 10 10 10 10
TAF/FTC 50 55 60 65 70 50 55 55 55 55
Total 100 100 100 100 100 100 100 100 100 100

FTC: Emtricitabine; Gx-TD: Generic Tenofovir Disoproxil; TAF: Tenofovir 
Alafenamide; TDF: Tenofovir Disoproxil Fumarate
All values in the table indicate percentages
Table 1: Patient share inputs in a world with and without Gx-TD/FTC (realistic 
scenario).

Setting World without Gx-TD/FTC World with Gx-TD/FTC
Year 1 2 3 4 5 1 2 3 4 5
Gx-TD/FTC 0 0 0 0 0 25 50 70 80 80
TDF/FTC 50 45 40 35 30 25 10 10 10 10
TAF/FTC 50 55 60 65 70 50 40 20 10 10
Total 100 100 100 100 100 100 100 100 100 100

FTC: Emtricitabine; Gx-TD: Generic Tenofovir Disoproxil; TAF: Tenofovir 
Alafenamide; TDF: Tenofovir Disoproxil Fumarate
All values in the table indicate percentages
Table 2: Patient share inputs in a world with and without Gx-TD/FTC (maximum 
patient share scenario).

TD/FTC in the realistic and maximum share scenarios are shown in 
Figures 4 and 5, respectively. These two graphs show a breakdown of 
costs in the two worlds specified: the world with Gx-TD/FTC and the 
world without Gx-TD/FTC, for each year of the 5 year time horizon. 
The total annual cost comprised costs associated with drug therapy, 
monitoring costs and AE management costs. The differences for each 
cost item between the two hypothetical worlds are presented (Tables 
1 and 2).

The realistic scenario of Gx-TD/FTC use (growing to 35% by year 5) 
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resulted in a saving of €22.6 million in the first year and in a maximum 
saving of €31.9 million (14.7% of total costs) in the second year as 
shown in Figure 4. Table 3 lists all the annual costs that were incurred 
by HIV patients in both arms (with and without Gx-TD/FTC). 

In an alternative scenario associated with a maximum patient share 
(80%) for Gx-TD/FTC, which includes switching from TDF/FTC and 
TAF/FTCs, savings increased to a maximum of €62.1 million (28.7%) 
per year as shown in Figure 5. The savings reflected around 3% to 6% of 
the total German national costs for all ARVs [13].

Irrespective of the scenarios, annual drug treatment cost emerged as 
the largest contributor to the savings generated by introducing Gx-TD/
FTC in the German market. As shown in Tables 3 and 4, these annual 
savings ranged from €22.6 to €31.8 million in the realistic scenario 
and €22.6 to €63.8 million in the maximum share scenario. Costs 
associated with AE associated switching from Gx-TD/FTC to TAF/
FTC were also minimal by comparison. Under the realistic scenario, 
the annual cost of switching associated with AEs ranged from €31,000 
to €144,000 from years 3 to 5. The cost of switching associated with AEs 
per year was higher in the maximum share scenario than in the realistic 

Costs (in million €) Year 1 Year 2 Year 3 Year 4 Year 5
Costs associated with patients who remain on initial treatment
Treatment costs without Gx-TD/FTC 212.4 212.6 212.9 213.1 213.4
Treatment costs with Gx-TD/FTC 189.8 180.8 181.8 182.8 183.7
Treatment drug costs, budget impact -22.6 -31.8 -31.1 -30.4 -29.6
Costs associated with patients who switch to TAF/FTC
Switch to TAF/FTC costs without Gx-TD/FTC 0.551 0.499 0.446 0.392 0.338
Switch to TAF/FTC costs with Gx-TD/FTC 0.534 0.474 0.477 0.479 0.482
Switch to TAF/FTC drug costs, budget impact -0.017 -0.024 0.031 0.087 0.144
Laboratory monitoring costs
Monitoring costs without Gx-TD/FTC 0.049 0.045 0.040 0.035 0.030
Monitoring costs with Gx-TD/FTC 0.049 0.045 0.045 0.045 0.045
Monitoring costs, budget impact 0 0 0.005 0.010 0.015
AEs management costs
AE costs without Gx-TD/FTC 3.0 2.9 2.8 2.7 2.6
AE costs with Gx-TD/FTC 3.0 2.9 2.9 2.9 2.9
AE management costs, budget impact 0 0 0.1 0.2 0.3
Total costs
Total costs without Gx-TD/FTC 215.9 216.0 216.2 216.3 216.4
Total costs with Gx-TD/FTC 193.3 184.2 185.2 186.2 187.2
Budget Impact -22.6 -31.8 -30.9 -30.1 -29.2

AE: Adverse event; FTC: Emtricitabine; Gx-TD: Generic Tenofovir Disoproxil; TAF: Tenofovir Alafenamide; TDF: Tenofovir Disoproxil Fumarate
Numbers may not add up due to application of rounding conventions

Table 3: Total costs with and without Gx-TD/FTC by year (realistic scenario).

AE: Adverse event; FTC: Emtricitabine; Gx-TD: Generic Tenofovir Disoproxil; TAF: Tenofovir Alafenamide; TDF: Tenofovir Disoproxil Fumarate
Numbers may not add up due to the application of rounding conventions

Table 4: Total costs with and without Gx-TD/FTC by year (maximum share scenario).

Costs (in million €) Year 1 Year 2 Year 3 Year 4 Year 5
Costs associated with patients who remain on initial treatment
Treatment costs without Gx-TD/FTC 212.4 212.6 212.9 213.1 213.4
Treatment costs with Gx-TD/FTC 189.8 169.8 156.0 149.4 150.2
Treatment drug costs, budget impact -22.6 -42.8 -56.9 -63.8 -63.2
Costs associated with patients who switch to TAF/FTC
Switch to TAF/FTC costs without Gx-TD/FTC 0.551 0.499 0.446 0.392 0.338
Switch to TAF/FTC costs with Gx-TD/FTC 0.534 0.630 0.842 0.952 0.957
Switch to TAF/FTC drug costs, budget impact -0.017 0.131 0.396 0.560 0.619
Laboratory monitoring costs
Monitoring costs without Gx-TD/FTC 0.049 0.045 0.040 0.035 0.030
Monitoring costs with Gx-TD/FTC 0.049 0.059 0.080 0.090 0.091
Monitoring costs, budget impact 0 0.015 0.040 0.055 0.060
AEs management costs
AE costs without Gx-TD/FTC 3.0 2.9 2.8 2.7 2.6
AE costs with Gx-TD/FTC 3.0 3.2 3.6 3.8 3.8
AE management costs, budget impact 0 0.3 0.8 1.1 1.2
Total costs
Total costs without Gx-TD/FTC 215.9 216.0 216.2 216.3 216.4
Total costs with Gx-TD/FTC 193.3 173.7 160.4 154.2 155.0
Budget Impact -22.6 -42.4 -55.7 -62.1 -61.4
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scenario (€131,000 to €619,000). Annual costs of monitoring and 
AEs management were minuscule as compared to the drug treatment 
costs. Annual cost of monitoring in the realistic and maximum share 
scenarios ranged from €0 to €15,000 and €0 to €61,000, respectively. 
The maximum cost that was incurred per year in the management of 
AEs in the TDF/FTC or Gx-TD/FTC arm was €300,000 and €800,000 
in the realistic and maximum share scenarios, respectively.

Discussion
The development and approval of innovative, efficacious and 

well-tolerated ARV drugs over the past few decades is an outstanding 
collaborative effort of basic, clinical and pharmaceutical research, study 
participants and social policy. An important incentive to carry out the 
highly expensive and economically risky research by pharmaceutical 
companies is the patent protection for successful approvals. The scope 
and duration of patent protection and the pricing of exclusive, essential 
medicines are subject to an evolving ethical discussion [46] and require 
a fair balance of interests between the involved parties, who must also 
recognize the access barriers associated with high costs of treatment 
[47]. This paves a critical role for generic drugs in any disease market. 

The balance of interests in HIV infection as an infectious 
disease with variability in epidemiology also requires global political 
agreements. In an effort to match patient needs for ARV treatments 
with the demands of global drug development, drug pricing is country/
region specific. Higher drug prices often apply to rich countries where 
newer technologies are adopted more readily, whereas low-income 
countries have greater reliance on generics and their early availability 
[15]. While this convention holds true, high-income countries must 
also pay attention to the responsible use of economic resources of 
their healthcare systems. Part of this effort includes demanding early 
integration of generics into economically efficient treatment strategies 
[48]. Another approach to reduce costs is to accelerate the exploitation 
of potential savings by a rapid and comprehensive exchange on low-
cost, substance-identical generic formulations [6].

Prescribing medicines in Germany is subject to the economic 
efficiency requirement enshrined in social legislation [49]. SHI may 
otherwise claim damage compensations directly from the prescribing 
physician. In this respect, the calculation of the aggressive scenario 
with a rather extensive exchange of branded tenofovir disoproxil 
fumarate against Gx-TD may, in future, be a realistic scenario for 
Germany. This would be in line with legislative initiatives to lower the 
price of prescription drugs [7] and would follow the existing criticism 
of moderate implementation of the legislation in Germany [6]. An 
aggressive exchange scenario has been calculated as an alternative in 
our BIA – it resulted in nearly doubling of the savings compared with a 
moderate scenario which is assumed in view of the existing conditions 
to be the rather realistic scenario.

Various arguments are made for carrying out a generic drug 
exchange within a functioning cART regimen on an individual basis 
only after weighing possible disadvantages. Owing to the special 
requirements for consistent compatibility and effectiveness of cART, 
a continuing controversy concerns the safety of a substance exchange 
even in the case of generics with identical active ingredients [50-52]. 
Some studies have described risks for sustainability of virological 
control by cART when the generic drug was associated with a 
higher number of pills [50,53]. Other studies found no difference in 
efficacy when switching to generic drugs [51] or considered concerns 
to be unfounded even against multiple exchanges, as long as the 
bioequivalence of the prescribed generic medicines was ensured [54]. 

However, in the field of ARV therapy, this concept has so far only been 
tested to a limited extent in clinical trials [55] or cohort studies [51] 
and therefore a more extensive integration of generic drugs into study 
concepts is demanded [14,48].

Interestingly, both patients and prescribers are open-minded and 
willing to share generic medicines [52]. Coincidentally, in two studies, 
about half of the patients, Engelhard et al. [56] and Krentz et al. [57] 
declared their consent to an exchange of elements of their cART even 
with a higher number of tablets, if the advantage would not only be theirs 
but a cost saving for their health insurance. The willingness was higher in 
older patients, after long-term therapy and higher educational or social 
status. Patients who were not in favor of exchange were more likely to 
have concerns about poorer efficacy, tolerability or convenience after 
an exchange of their existing cART regimen. In the realistic scenario in 
our BIA, we assume that patients and prescribers are not being driven 
by financial pressure or other repressions to change therapy, but by their 
own beliefs. In contrast to the studies by Engelhard et al. [56] and Krentz 
et al. [57], however, our BIA does not envisage an increase in the number 
of pills. Also, a switch from TAF/FTC to Gx-TD/FTC was excluded 
within this scenario. Therefore, it was assumed that the exchange rates 
used in the realistic scenario are a conservative estimate, which rather 
tends to underestimate the exchange rates in daily practice.

As described, our model assumes a superiority of TAF/FTC in 
terms of renal and bone safety but comparable effectiveness between 
TDF/FTC and TAF/FTC [19-21]. As this kind of TDF-associated 
clinically relevant AEs are usually not severe and, moreover, occur only 
rarely [29], they result in relatively low costs for the expense of the Gx-
TD treatment group. For all cases with an AE, we calculated a switch to 
TAF-based cART with its resulting higher treatment and monitoring 
costs. In an effort not to underestimate any possible specific additional 
costs in the Gx-TD arm, we calculated for all cases changing from Gx-
TD to TAF higher laboratory costs. This approach resulted in a slight 
overestimation of the costs for the Gx-TD arm, because in the German 
healthcare system, the reimbursement for laboratory tests is flat-rate 
based. Hence, the SHI would probably have no additional costs if all 
patients receive their comprehensive laboratory screening regularly in 
accordance with the treatment guidelines [9,10]. Furthermore, we did 
not calculate any potential cost impact of a less favourable lipid profile 
under TAF/FTC based cART compared with TDF/FTC. The clinical 
impact is not yet assessable, as only surrogate markers are available from 
clinical studies [22,58]. Considering that this would result in higher 
costs for lipid-lowering therapy and frequent cardiovascular events, 
these would not be reflected in the BIA. In this respect, there could be 
an underestimation of the costs incurred in favour of TAF-based ART, 
which would be in accordance with avoidance of any overestimation of 
TAF-related costs in the model.

Recently the majority of patients on cART in Germany receive a 
tenofovir based regime [13]. Hence it allows for the first time to estimate 
the potential of cost savings for the German SHI fund in a BIA based on 
real market prices since generic TD/FTC became available in Germany.

Interestingly the negotiated German price for the recently licensed 
TAF/FTC co-formulation was below the price for the branded TDF/
FTC co-formulated tablets from the same manufacturer. It confirms 
that price pressure by generics arises efficiently within the whole market 
of ARVs [18]. Our model was calculated with this actual price cut for 
TAF, and it revealed significant cost savings even then when Gx-TD/
FTC is used instead of branded TDF/FTC or TAF/FTC. Further price 
cuts for generic tenofovir are expected since Gx-TD/FTC is offered for 
use as a pre-exposure prophylaxis (PrEP) for a special price, which is 
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93% below the price of branded TDF/FTC [59]. The realistic scenario 
employed in the BIA was conservative in nature, and savings would 
certainly be higher with increasing generic price rebates. This was tested 
by assuming a net drug price per month of €100 for Gx-TD/FTC. Under 
the patient share assumptions that was deemed most likely, this price of 
Gx-TD/FTC led to a saving of between €47.6 and €67 million (data not 
shown), with peak savings being achieved in the second year after Gx-
TD/FTC implementation. Maximum patient share assumptions were 
also tested assuming a net drug price per month of €100 for Gx-TD/
FTC. Under these more generous assumptions, the introduction of Gx-
TD/FTC could result in a maximum saving of €143.3 million (data not 
shown), achieved in the fourth year after Gx-TD/FTC implementation. 
We were not able to implement the dynamics of generic price cuts and 
rebates e.g. arising by SHI tender contracts into our model because it 
would be a rather speculative approach. Since the cost savings are highly 
sensitive to the price of Gx-TD, higher savings would in any case result 
from the economic perspective of the German SHI fund: cost savings 
will be achieved with generic price reductions and branded ARV drug 
price reductions as well. The extent of savings in both cases depends 
on the availability of generic cART and the willingness to prescribe it 
extensively [18].

The limitations of the study result from its conception, as it focuses 
only on a few essential parameters and more differentiated aspects were 
not sufficiently represented. As a result, more far-reaching conclusions 
must be reserved for advanced analysis or future studies.

The strengths of the study are its limitation to a current market 
situation in the German healthcare system since the introduction of 
Gx-TD/FTC. The resulting clarity of the model and its limitation to 
two scenarios, one of which focused more on individualized treatment 
decisions and the other more on economically motivated restrictions of 
the treatment decision, allow a generally understandable representation 
of the model and its results. Furthermore, the chosen observation 
period was not so long that circumstances far in the future must appear 
as pure speculation. On the other hand, the period was long enough to 
give an imagination of a possible future shift in cost risks by choosing 
the therapy option with a potentially less favourable safety profile.

Conclusion
Savings for the German healthcare system with Gx-TD/FTC were 

substantial in the BIA.

•	 Maximum estimated savings per year: 15% (€31.9 million) by 
the conservative, rather realistic approach with switches to Gx 
from TDF/FTC only.

•	 Maximum estimated savings up to 29% (€62.1 million) per year 
of direct costs by a maximum share approach with switches to 
Gx from TDF/FTC and TAF/FTC.

•	 Savings reflect approximately 3% to 6% of the total German 
national costs for all ARVs.

•	 Savings would be higher with increasing generic price rebates 
or with resulting price cuts for branded comparators.

Our model makes cautious assumptions in favour of patient safety 
and care pathways.

•	 CKD (AE in this model) and associated costs would likely 
not be allowed to manifest in clinical practice since it would 
be monitored for within the conservative approach we made 
assumptions, which should exclude an overestimation of 

the savings in real clinical practice. Even after employing a 
conservative approach, this analysis highlights the cost-saving 
potential of Gx-TD/FTC for the German healthcare system.
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