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SUMMARIZING DISCUSSION

Since the introduction of combination antiretroviral therapy (cART) to treat HIV-infection,
an immense number of lives have been saved. However, this lifesaving treatment comes at
a cost in a substantial number of individuals due to adverse events (AE), high pill-burdens,
drug-drug-interactions, or lack of efficacy with the subsequent emergence of resistant viruses.
It remains difficult to define the optimal cART regimen due to large interclass ART differ-
ences and, more importantly, to align them per individual clinical situation. Therefore, the
central aim of this thesis is to evaluate the efficacy and safety of existing and new cART
strategies, with a focus on integrase strand transfer inhibitors (INSTI), which could help to
tailor antiretroviral regimens to the need of individual patients. The discussion of this thesis
is divided in three parts. The first part describes the efficacy of a maintenance monotherapy
simplification strategy with the second-generation INSTI dolutegravir (DTG), the second
part is on the safety of INSTI initiation in the most vulnerable HIV population, and the third
part further focuses on cART related toxicities and potential solutions. In this last part of the

thesis, the clinical relevance of these findings is summarized (also in Dutch).

THE ROLE OF DOLUTEGRAVIR IN SIMPLIFIED ANTIRETROVIRAL
REGIMENS

Simplification of triple cART might have advantages, including reduction of AEs, pill burden,
and drug-drug-interactions, and cost-effectiveness. DTG has a high virological efficacy and
a high genetic barrier to resistance. Even in patients with previous treatment failure, DTG
often remains active.'” The good virological properties, combined with a low risk on AEs and
DDI, made DTG an ideal candidate to be studied as maintenance monotherapy simplification

strategy in HIV patients.

Dolutegravir maintenance monotherapy

In the randomized clinical non-inferiority DOlutegravir maintenance MONOtherapy for
HIV-1 infected adults (DOMONO) study, presented in Chapter 2, the aim was to prove that
simplification to DTG maintenance monotherapy was non-inferior to cART. This strategy
turned out to be of no clinical use, despite formal non-inferiority at the week 24 primary
endpoint, since in total eight patients had virological failure (VF) on monotherapy and none
in the control group continuing cART. Three of the eight patients also acquired mutations
associated with resistance (RAM) in the integrase gene, which is in sharp contrast to the
absence of any mutated virus in patients on DTG in the published phase 3 trials. The study
was therefore prematurely terminated, with the conclusion that DTG should not be used as

maintenance monotherapy.® Five observational studies of DTG monotherapy in 118 patients
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in total were conducted. Of note, they were all conducted prior to DOMONO and without
report of ethical committee approval in the manuscripts. Interestingly, no VF with acquisition
of resistance associated mutations (RAM) was found in patients who were never treated with
INSTISs before and who did not have a history of VE.”'' Other randomized studies confirmed
the DOMONO results, however. The DOLAM-study in 91 patients included a simplification
DTG maintenance monotherapy arm and compared this to cART and DTG dual therapy with
lamivudine (3TC). Two patients on DTG monotherapy had VF, both with clinically signifi-
cant emerging RAMs (S147G/Q148R/N155H and E138K/G140S/N155H), compared to one
patient on DTG/3TC without RAM in the integrase gene.">" Also, the MONCAY-study had
seven patients with VF, including two with RAMs in the integrase gene, compromising clinical
management (S147G/N155H and R263K) among a total of 78 patients on DTG monotherapy.
A plasma HIV-RNA load between 0 and 20 copies/mL (¢/mL) and low CD4 T-lymphocyte
counts seemed to predict VF in these patients.'* On the other hand, a randomized trial on
68 patients, who initiated cART during a primary HIV-infection showed non-inferiority of
DTG maintenance monotherapy to cART, although the follow up period was limited. In this
trial, one patient experienced VF, but no RAM was identified in the rebounding virus.'” The
results of these four randomized trials clearly show that simplification to DTG maintenance
monotherapy is not a useful clinical strategy with the current armamentarium of effective
triple drug based cART. Currently, INSTI monotherapy is not recommended by international

guidelines.'*™"®

In Chapter 3, viral dynamics of patients with VF on DTG maintenance monotherapy are de-
scribed." Besides, DOMONO, we also conducted a DOMONO pilot study. In the latter study,
we included patients with the same inclusion criteria as in DOMONO, except for a CD4 T-
lymphocyte nadir below 200 cells/mm’. In our DOMONO studies combined, ten patients had
VF, including four with acquired INSTI-RAMs during DTG monotherapy compared to none
on triple drug cART. This shows that the genetic barrier to resistance of DTG monotherapy
is too low for maintenance of viral suppression. The large time variation to VF after start of
DTG monotherapy (from 4 to 72 weeks) suggests that stochastic reactivation of pre-treatment
existing proviruses, containing a single INSTI-RAM, may be the responsible mechanism
for VF. Interestingly, we found that one patient with VF without RAMs in integrase had
changes in the 3’polypurinetract (3’PPT). This points to a new HIV antiretroviral resistance
mechanism in vivo, which, until now, has only been described in vitro.*® This mutation is
thought to result in alterations of the four terminal bases of the long-terminal repeat leading
to a decreased binding capacity of INSTIs to the integrase, while leaving its strand-transfer-
activity intact.”’ This resembles a resistance mechanism also described for protease inhibitors
(PIs).”? In four patients with VF during DTG monotherapy, the viral integrase and the 3’PPT
were unaffected. However, it should be kept in mind that VF during INSTI-containing cART

without the detection of RAMs in the integrasegene is observed in a substantial number of
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patients in phase 3 studies with different INSTIs. Sequencing areas outside integrase should
therefore be considered in these cases. Preferably this should also be done in the genome
of non-B HIV subtypes, as the majority of data regarding mutations outside the integrase

causing antiretroviral resistance is obtained from HIV subtype B.

We only can speculate about an ideal antiretroviral agent maintaining plasma virological
suppression when applied as maintenance monotherapy. A number of virus- and patient-
related factors are known to be associated with plasma viral rebound. One of them is the
viral reservoir, which could be defined as all the cells in the body that are infected with
HIV. A theory is that in some parts of this reservoir, ongoing viral replication due to low
antiretroviral drug levels might lead to selection of viruses with the emergence of RAMs.” 2
A larger reservoir size might increase this chance. In Chapter 4 we therefore investigated
characteristics, including reservoir size measured as total HIV-DNA, associated with VF
during DTG maintenance monotherapy. We found that (similar to PI monotherapy) VF was
associated with a lower CD4 T-lymphocyte nadir, a longer time between HIV diagnosis and
cART initiation, and a higher HIV-DNA at the time of DTG monotherapy initiation.”” ' Thus,
the efficacy of future simplification strategies might be based on the time of infection at start
of first line cART but this assumption needs further investigation. A low CD4 T-lymphocyte
nadir, a longer time between HIV diagnosis and cART initiation, and a higher HIV-DNA
at the time of DTG monotherapy initiation however seem intertwined since the longer the
time between HIV-diagnosis and initiation of cART, the lower the CD4 T-lymphocyte nadir,
and the higher total HIV-DNA is likely to be.**** Nevertheless, the results imply that the
viral reservoir size, measured here as total HIV-DNA, plays an important role in plasma
viral outcomes in patients on monotherapy. Future studies on simplification strategies should
evaluate the relevance of the relation between total HIV-DNA as marker for the reservoir,

virological suppression, and non-virological markers.”*’

Next, we investigated metabolic effects of a switch from cART to DTG maintenance
monotherapy in Chapter 5. We found that DTG monotherapy led to creatinine based esti-
mated glomerular filtration rate (¢GFR) decreases but amelioration of proteinuria. No major
clinically relevant effects on bone density, lipids, or inflammation were observed. The vast
majority of participants in the DOMONO study was using tenofovir disoproxil fumarate
(TDF)-containing cART, and use of TDF is associated with a number of metabolic effects: 1)
an accelerated eGFR decline, ii) renal proximal tubular dysfunction (PTD), iii) a decrease in
bone mineral density (BMD), and iv) lowering of plasma lipids.”®™* It is therefore surprising
that we did not observe relevant lipid changes or improvements in BMD. The eGFR decrease
after TDF-discontinuation is unsurprising, given DTG’s inhibitory activity of renal tubular
creatinine clearance. This leads to eGFR underestimation since this creatinine increase does

not affect true glomerular function. True glomerular function was not measured in DOMONO,
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but the measurements reflecting tubular function all ameliorated. The trabecular bone score
(TBS) has not often been studied in HIV patients. It can provide additional information about
the bone microarchitecture. Several studies suggest that a lower TBS increases the risk for
osteoporotic fractures independently of the BMD and therefore leads to a better prediction
of the fracture risk.*** Our data did not show a clinically relevant change in TBS in HIV
patients after discontinuing TDF. It has to be studied whether TBS is a better predictor of
the fracture risk than BMD, especially in patients at risk for osteoporosis. The stable lipid
parameters might be a consequence of including predominantly healthy middle-aged males,
which is also illustrated by the low Framingham Risk Score (FRS) indicating a low ten-
year cardiovascular risk in our patient cohort. Besides, stable virological suppression during
cART-use, not necessarily TDF-containing cART, has been associated with stable low levels
of inflammation, as well as with adequate but not normalized T-cell immunity compared to
HIV-negative individuals. Both these factors are associated with less mortality.*”** However,
the results of these explorative analysis on metabolic markers still has to be interpreted with
caution due to intrinsic limitations in our study design such as relatively few elderly, female,
or non-Caucasion patients included, and the lack of a control-arm. Furthermore, prolonged
simplified regimens, even in the absence of frank viremia, might still result in unfavorable
metabolic changes due to a persistent suboptimal state of virological suppression exemplified
by frequent viral blips for example. Although DTG monotherapy is virologically inferior to
cART and should therefore not be considered as a useful clinical simplification strategy, the
findings in Chapter 4 and Chapter 5 remain relevant for the studies on DTG-containing
treatment strategies such as dual therapy with DTG/rilpivirine (RPV) or DTG/3TC.

To conclude, with the studies mentioned in Chapters 2 to 5, unique data are available about
the consequences of a switch to DTG monotherapy, which may have consequences for the
use of current second-generation INSTI-containing dual therapy simplification strategies.
In fact, several clinical trials already show favorable results of DTG/3TC, DTG/RPYV, and
cabotegravir (CAB)/RPV in virologically suppressed, but also cART-naive patients, so data
on virological and non-virological consequences of simplification of cART using a second-

generation INSTI remain very important.*>*

Implications and future directions

Although DTG failed as maintenance monotherapy, it can still be a useful drug for simplifica-
tion strategies. Dual drug strategies including an INSTI have shown promising initial results
and might well become the first simplification strategies that are also effective in the long
term. This treatment strategy is the first successful switch from triple drug containing cART
to more simplified antiretroviral strategies since the failed dual therapy strategies in the 90s
with NRTIs. The success of dual therapy strategies with INSTI and NRTI or NNRTI might

origin from the ongoing inhibition of the reverse transcriptase step in the HIV replication
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cycle, as also observed for PI dual therapy.”*” However, unfavorable immunological or
reservoir characteristics might still interfere with maintenance of virological suppression
by a DTG-containing dual antiretroviral regimen, illustrated by the GEMINI study where
a subgroup analysis showed more treatment failure in patients with low CD4 T-lymphocyte
count.” Although VF was rare, these factors should be taken into account in future research
on, and implementation of, INSTI-based simplification strategies. Expanding DTG dual
therapy strategies with boosted PI would be interesting and can also provide essential infor-
mation about the necessity to inhibit the reverse transcriptase step to maintain adequate viral
suppression rates. Furthermore, whether once daily DTG 50 mg in dual therapy strategies is
sufficient in patients with resistance against ART classes, and the influence of dual therapies
on reservoir evolution and inflammation, remain areas of research. It would be interesting to
determine the most important reservoir sites for rebounding virus in individual patients and
to improve methods to guarantee adequate intracellular antiretroviral drug-concentrations to
stop replication. This may lead to less viral replication, less development of resistance, and
improved virological suppression. However, these research and treatment goals seem to be
particularly of interest for resource-rich settings. At this moment, DTG-containing dual thera-
py does not seem to be a good treatment option in the context of the 90-90-90 treatment goals
in resource-poor countries with highly prevalent (transmitted) drug-resistance to (N)NRTI,
less clinical and safety monitoring options, less drug-adherence, and a very high prevalence
of Mycobacterium tuberculosis co-infections with a high risk of drug-drug-interactions and

lower effective INSTI concentrations due to rifampicin based TB co-treatment.

With the expected inclusion of INSTI-containing dual therapy in guidelines as recommended
HIV-treatment strategy, a unique era is approaching. After decades of studies that came to the
conclusion that triple drug based cART should include treatment with multiple drug classes,
resulting in varying virological efficacy, sometimes high pill burdens, drug-drug-interactions,
and AE risks, the second generation INSTIs are the first class that can be used in clinical
effective simplification strategies, without the risk of drug-drug-interactions that hindered
PI simplification strategies. In the future, INSTI-containing dual therapy could very well be-
come the cornerstone of HIV induction and maintenance treatment, while new monotherapy
strategies and cure strategies are getting developed. One of these new strategies are new ways
to administer cART, e.g. by injection. With prolonged adequate plasma drug-concentrations
as a result of injection of antiviral drugs the antiretroviral effect in the cells likely will be
guaranteed. Besides, injection of antiretrovirals will cause a further reduction in pill burden.
Another interesting future option would be if we would be able to determine, using whole
genome sequencing, the proportions of INSTI-resistant viruses and their localization in the
reservoir, which would help to make an a priori estimation of the virological success of
INSTI-containing cART. With periodical repeated assessment of localization, activity, and

sequence analyses of the whole viral population in an individual patient, instead of the current
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practice of plasma HIV-RNA monitoring, an increasing risk on VF may be better predicted

and emergence of RAMs may be prevented prior to the occurrence of plasma viral rebound.

SAFETY OF INTEGRASE STRAND TRANSFER INHIBITORS

The second part of the discussion of this thesis focuses on the safety of initiation of INSTI-con-
taining cART in vulnerable patients with the acquired immunodeficiency syndrome (AIDS).
The fast HIV-RNA decline and immunological recovery that is associated with INSTI use,
could promote the development of an immune reconstitution inflammatory syndrome (IRIS),
especially in those with severely immunocompromised states or opportunistic infections
(OD).** In Chapter 6 we test the hypothesis that INSTI-containing cART, initiated during
AIDS, increases the IRIS risk. In our cohort of 672 AIDS patients, we found that raltegravir
(RAL), but not DTG or elvitegravir (EVGQ) initiation was associated with more IRIS develop-
ment compared to non-INSTI regimens. Furthermore, patients initiating INSTI had more
steroid exposure, but hospitalization rates and mortality were comparable to those who initi-
ated non-INSTI regimens. Our findings are in line with another cohort study from a resource-
rich setting among 2287 hospitalized AIDS patients, although this study was hampered by a
limited follow up period, and no distinction between INSTI were made.®' In another study of
417 patients, a similar pattern in those exposed to INSTI was observed. Notably, the use of
DTG and EVG, but not RAL, increased IRIS risk which is in contrast to our study and might
partially be explained by differences in IRIS definitions.®” The findings from these cohort
studies were, however, not reproduced in three randomized trials in which INSTI-containing
cART was started in AIDS patients. Although IRIS risk was not the primary endpoint in these
trials, nor were these studies designed to assess this risk, no higher incidence of IRIS after
initiation of INSTI was reported in these studies. In the multifactorial REALITY-trial from
sub-Sahara Africa, AIDS patients either received usual cART or intensified cART with RAL,
next to other interventions including additional food or enhanced prophylaxis for OI. Despite
a faster HIV-RNA decline in the RAL group, the all-cause and IRIS related mortality were not
increased with RAL exposure.” In the INSPIRING-study, HIV/Mycobacterium tuberculosis
co-infected patients were simultaneously treated with rifampicin-containing antimycobacte-
rial therapy and DTG twice daily 50 mg or efavirenz (EFV) in combination with two NRTTs,
and TRIS-rates were similar in both groups.** Also in the OPTIMAL-trial, initiation of INSTTs
was not associated with an increased IRIS-risk.” Currently, the ADVANCE-trial, including
1110 HIV patients, is ongoing in a resource limited setting where a high proportion of AIDS
patients can be expected and in which patients are randomized to DTG based regimens or
TDF/emtricitabine (FTC)/EFV. This study started enrollment in 2017, and week 48 data are
expected the first quarter of 2019.°“%” Taken together, these trials do not provide evidence for
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an increased IRIS risk with INSTI, but definite conclusions can nonetheless not be drawn due

to the multifactorial designs and non-unified IRIS classifications.

The difference in IRIS risk between observational studies and randomized clinical trials is
striking. It should be kept in mind however, that IRIS definitions varied between the stud-
ies and no uniform way to diagnose or study this heterogeneous disease is available.”®™
Importantly, IRIS risk seems to differ between observational studies depending on type of
INSTI used which hints on the difficulty of diagnosing IRIS, especially in observational
and retrospective studies. Also, for specific Ols, additional IRIS-definitions were used by
the investigators, which further increases the variability of IRIS definitions. Furthermore,
confounding by indication in observational studies is likely a main confounder, which can
divided in different considerations. Until recently, INSTI-containing cART was predomi-
nantly used in special situations. Particularly patients at a high risk of drug-drug-interactions
initiated INSTI-containing cART, which is also the population that consists mainly of patients
with mycobacterial infections, cancers, or other OIs.”' From 2016 on, increasing proportions
of patients initiated DTG-containing cART, as this was recommended by guidelines. This
means that over time, the indication for INSTI-containing cART changed, as well as the
type of INSTI initiated. This might reduce the IRIS-risk over time, and it also increases the
IRIS-risk of RAL relatively to DTG. However, the awareness for IRIS as a consequence of
initiation of INSTI-containing cART may have increased, which may have led to an increase
in IRIS-diagnoses by clinicians. On the other hand, the fear for IRIS may have increased,
which may have resulted in avoidance of INSTIs in certain patients. These three factors might
interact, and the net influence on the observed IRIS risk in observational studies, including
ours, cannot be specified. Observational studies cannot fully correct for these types of biases
in multivariable models and as such, our data should be interpreted with caution.

Until future data show otherwise, the risk of IRIS should not restrict INSTI use in AIDS pa-
tients. In the future, it can be expected that the incidence of IRIS will decline in resource-rich
countries with the developments in healthcare leading to a decrease in HIV late presenters.
However, in resource-poor settings, the AIDS incidence remains high, as well as the burden
of OIs. For these settings, awareness for any potential increased IRIS risk with INSTI use
should remain high, especially in light of the limited availability of care facilities to treat
this complication of antiretroviral treatment. Given the fact that IRIS is not an HIV-specific
problem (it also occurs in transplant recipients who discontinue immunosuppressive medica-
tion), knowledge about the immunological pathophysiology might be gained from these areas
and could be extrapolated to HIV infected patients. The determination of the specific pro-
inflammatory mediators could contribute to the answer of the question whether the IRIS risk
is increased during INSTTI use, as the conclusions of cohort studies and clinical trials differ.

Measuring IRIS-specific markers in HIV late presenters using either INSTI- or non-INSTI
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containing cART, and relating them to clinical IRIS development, might help to distinguish
between IRIS and other mechanisms responsible for clinical deterioration in a patient, and it

would also help in solving the issue of heterogeneity of the IRIS syndrome.

After marketing of DTG, there is still an ongoing debate on neuropsychiatric AEs. The
DOMONO study also provided insights regarding the association between neuropsychiatric
AE and INSTIs, In the DOMONO study, 2% discontinued DTG for drug-related neuro-
psychiatric AEs, which is higher than observed in phase 3 registration trials. Other studies
showed mixed signals: a meta-analysis of all phase 3 studies did not show an increased risk,
but large cohort studies did also show an increased risk on neuropsychiatric AE. A representa-
tive prospective cohort-study including 1315 patients who discontinued INSTI-containing
cART, showed an increased risk for patients using DTG to discontinue treatment because
of neuropsychiatric AEs.”>” These studies demonstrate important differences between AEs
in trials and in real-life, and the risk on neuropsychiatric AEs can therefore not be ignored.
Further research is warranted on the occurrence and deterioration of well-monitored neu-
ropsychiatric AEs in patients initiating INSTI-containing cART. Moreover, the underlying
pathophysiological mechanism for INSTI-related neuropsychiatric AEs is unknown. In the
future, it would be useful to determine neuropsychiatric substrates of INSTIs, for example
neurotransmitter-concentrations in plasma or cerebrospinal fluid, or markers of immune
activation which are known to be associated with neuropsychiatric symptoms. When these
biomarkers could be determined, a screening test for the risk of neuropsychiatric AEs may

be developed.

OPTIMIZING THE NRTI-BACKBONE

Despite all advances in safety, use of cART is still associated with toxicity in a considerable
number of patients. For now, the use of one or two (N)NRTIs remains the cornerstones of
cART, as was also illustrated by the results of our DTG monotherapy study. HIV-treatment
guidelines therefore recommend treatment with an INSTI and either an ABC- or a tenofovir
(TDF or tenofovir alafenamide fumarate (TAF)) containing NRTI-backbone. These back-
bones are unfortunately associated with specific toxicities. TDF is used worldwide as WHO
recommended cART. Since TDF is also generically available, recommended as pre-exposure
prophylaxis, and active against hepatitis B, its frequent use may still result in a significant
number of patients with, predominantly renal, toxicity.”*’> The optimal way to handle TDF-
associated renal toxicity is unknown, but the availability of TAF broadens potential NRTI
switch options. Part 3 of this thesis centers on safety aspects of TDF-containing cART and
possibilities to further individualize treatment of an HIV-infected individual.
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Inosine 5’-triphosphatase as predictor for TDF-associated nephrotoxicity

A way to prevent TDF-associated nephrotoxicity is to identify patient-related risk factors. In
Chapter 7, the influence of /TPA genotype and Inosine 5’-triphosphatase (ITPase) activity on
TDF-associated nephrotoxicity is determined. In this study, albeit the number of cases was
limited, patients with TDF associated nephrotoxicity more frequently had a wildtype (wt)/wt
ITPA genotype with normal ITPase activity. ITPase activity or /TP4 genotype therefore might
function as a screening- and prognostic tool for TDF-associated nephrotoxicity. In order to
become a useful screening tool, several important issues need to be addressed. First, knowl-
edge about ITPase activity related to HIV-treatment is sparse. ITPase is an enzyme involved
in the purine metabolism, which is responsible for the formation of DNA, and involved in
intracellular energy-metabolism. Apart from HIV, purine analogues are also frequently used
in the treatment of malignancies, inflammatory bowel diseases, organ transplant recipients,
and their cellular metabolism depends partially on ITPase activity.”*”® HIV-infected indi-
viduals have a lower ITPase activity in their lymphocytes and erythrocytes, and the exact
mechanism and effect of ITPase on the metabolism of various NRTIs is variable.”*” Also,
ITPase activity seems to differ between different human tissues, and it is not known whether
erythrocyte ITPase activity, which was measured in our study, is a good surrogate of activ-
ity in renal tubular cells.*® Second, the definition of TDF-associated nephrotoxicity has to
be more strict for successful screening. Also in our study, the interpretation of the results
depends on the definition of TDF-associated nephrotoxicity, as we used a logical but non-
validated definition leading to potential misclassification of patients with renal dysfunction
that were actually not caused by TDF.*’ Third, the external validation of ITPase activity in
predicting renal dysfunction and other TDF related toxicities (e.g. decreased BMD) in vari-
ous populations is essential, including an optimal cut-off. Also cost-effectiveness analyses
should be done to assess whether testing is beneficial. The remarkable extent of recovery
after stopping TDF in patients with normal ITPase activity cannot fully be explained by the
removal of TDF, given a natural irreversible eGFR-decline of 1 mL/min as a result of aging
and a long duration of TDF-use in many patients. Another explanation might be that, besides
being involved in intracellular oxidative stress, a normal functioning ITPase also catalyzes
the hydrolyzation of 6-N-hydroxylaminopurine (HAP), which prevents incorporation of HAP
in the DNA, which prevents the cellular DNA from HAP’s mutagenic effects, and therefore
catalyzes faster DNA-recovery.® A translation of this knowledge to the relation between
ITPA genotype, ITPase activity, and use of TAF should also be made. It is important to gain
more insight in factors influencing ITPase-activity, and the epidemiology of /TP4 genotype
and ITPase activity. The latter provides information about the proportion of HIV-infected
individuals who do not develop NRTI-related AEs while having a wt/wt ITPA genotype and
normal ITPase activity. This may contribute to the usefulness of ITPase as screeningstool for
tenofovir-toxicity. However, even in patients already using TDF-containing cART, determi-

nation of ITPase activity could contribute to more individualized care. In patients using TDF,
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serum and urine markers of renal function should be measured at least once a year to detect
TDF-associated nephrotoxicity as early as possible. Patients with normal ITPase activity,
in whom TDF is considered as part of antiretroviral therapy, should be informed about the
increased risk on TDF-associated nephrotoxicity. Patients with reduced ITPase activity, who
use TDF, should be monitored more frequently, for example twice a year, and when the first
signals of nephrotoxicity occur, TDF should immediately be discontinued, as recovery of
TDF-associated nephrotoxicity is less likely in those patients. In conclusion, ITPase activity
might be useful in cases of TDF treatment or where TDF initiation is considered, but its exact
place should be elucidated.

Recovery of TDF-associated nephrotoxicity

HIV-treatment guidelines advise to discontinue TDF in case of renal tubulopathy or evidence
of decreased glomerular function, and to initiate ABC- or TAF-containing cART-regimens
instead.'”"® ABC and TAF in NRTI backbones of cART have comparable virological efficacy.
However, direct comparative renal recovery analyses of ABC versus TAF in patients with
TDF-associated nephrotoxicity are unavailable.*” In Chapter 8, this knowledge gap has been
studied and renal recovery rates after discontinuing TDF for renal toxicity are reported. This
interim analysis showed that regardless of switching to ABC or TAF containing cART, the
eGFR decline stabilizes. Furthermore, proteinuria decreased, virological suppression rates
remained high, and the beneficial lipid effect of TDF waned similarly in both groups. Longer
follow up should further strengthen these results.*** These findings, especially in combina-

tion with ITPase findings, can contribute to further individualization of HIV-treatment.

Future perspectives on tenofovir-containing antiretroviral therapy

In the future, patients will likely be more in the lead of their own healthcare process, which
could be an improvement for their dedication to their own health. Providing patients with
exact knowledge about the advantages and risks of TDF, and other ART, and gaining more
knowledge on factors involved in toxicity could help them and their health care profession-
als to make the best choices for their HIV-treatment. Patients at the lowest risk of VF and
AE could be identified, and this knowledge could be valuable to tailor cART regimens for
individual patients.

CONCLUDING REMARKS

The effectiveness and safety of new HIV treatment strategies including INSTIs and NRTI
backbones in HIV infected individuals will likely remain important in the upcoming decades
since the prospect of a cure is still unclear. This thesis helps to individualize patient care by

showing what and how several first-line drugs, which will remain important in the upcoming
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decade due to worldwide roll-out should be used, and which strategies should be avoided. The

main conclusions are that:

i) DTG should not be used as maintenance monotherapy for viral efficacy, since INSTI-
resistance acquired on DTG monotherapy is frequent and may be caused by mutations
outside the integrase gene. The viral reservoir size and activity are likely to be useful as
predictor for VF during simplification strategies.

ii) INSTI containing cART is safe in AIDS patients and not associated with an increased
IRIS-related mortality risk.

iii) ITPA genotype and ITPase activity may be future biomarkers for toxicity during TDF use,
and ABC or TAF can both be used for optimal renal recovery in cases of TDF-related
nephrotoxicity.

Future research should remain focused on safe and efficacious HIV-treatment strategies
especially with newer simplification regimens, development and effect of existing and new
antiretroviral resistance mechanisms, and improve ways to predict virological success and
toxicity on ART. These research goals contribute to more individualized care, which will
further optimize HIV-treatment, until curing HIV is possible.
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