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Tolvaptan and ADPK D: Does slowing kidney growth
preserve function?
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Autosomal dominant polycystic kidney disease (ADPKD) represents a significant clinical challenge,
characterised by progressive cyst growth and an inexorable decline in renal function. For years, managing
ADPKD largely focused on symptom control and managing complications, with few interventions directly
addressing the underlying disease progression.

The development of tolvaptan, a vasopressin V2 receptor antagonist, offered a new approach by targeting the
cellular mechanisms driving cyst formation. The central question for clinicians has always been whether this
observed slowing of kidney enlargement truly translates into ameaningful preservation of kidney function over

the long term, impacting patient quality of life and delaying the need for renal replacement therapy.

The Pivot: Tolvaptan demonstrably slows the rate of total kidney volume increase in ADPKD.

The Data: Clinical trials have shown a reduction in the annual rate of total kidney volume increase with
tolvaptan compared to placebo.

The Action: Consider tolvaptan for ADPKD patients with rapidly progressive disease, but monitor for
adverse effects, particularly liver function.

Autosomal dominant polycystic kidney diseaseisthe most common inherited kidney disorder, affecting millionsglobally.
It is characterised by the development and growth of numerous fluid-filled cystsin the kidneys, leading to progressive
kidney enlargement and eventual renal failure. The disease often presents with hypertension, abdominal pain, and
recurrent urinary tract infections, but its most insidious impact is the gradual |oss of kidney function, often necessitating
dialysis or kidney transplantation by middle age.

The underlying pathophysiology involves mutations in the PKD1 or PKD2 genes, leading to abnormal polycystin
proteins. These proteins play an important role in renal tubule development and function. Their dysfunction resultsin
increased intracellular cyclic AMP (cCAMP) levels, which in turn promotes cell proliferation, fluid secretion into cysts,
and ultimately, cyst expansion. This relentless growth of cysts compresses healthy renal parenchyma, leading to fibrosis
and adecline in glomerular filtration rate (GFR).

Targeting the M echanism of Cyst Growth
Tolvaptan is a selective vasopressin V2 receptor antagonist. Vasopressin, also known as antidiuretic hormone, binds to

V2 receptors on renal collecting duct cells, stimulating adenylyl cyclase and increasing cAMP production. InADPKD,
thisincreased cAMP further exacerbates cyst growth. By blocking the V2 receptor, tolvaptan aimsto reduce intracellular
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cAMP levelsin rena tubular cells, thereby inhibiting cyst cell proliferation and fluid secretion.

Therationae for its use is straightforward: if cyst growth is the primary driver of kidney damage in ADPKD, then
dlowing this growth should, in theory, preserve kidney function. This mechanistic approach marked a significant shift
from purely symptomatic management to a disease-modifying strategy. The drug is administered orally, typically in a
split-dose regimen to manage its aquaretic effects.

M easuring the Impact on Kidney Volume
Clinicd trials investigating tolvaptan in ADPKD have primarily focused on total kidney volume (TKV) as a surrogate

marker for disease progression. TKV, measured by magnetic resonance imaging (MRI) or computed tomography (CT),
isawell-established prognosticindicator inADPKD. A faster rate of TKV increase correlates strongly with amorerapid
declinein GFR and progression to end-stage renal disease.

Thetrials consistently demonstrated that tolvaptan significantly reduced the annual rate of TKV increase compared to
placebo. Thisreduction in kidney enlargement was a consistent finding across various patient subgroups, including those
with different baseline kidney function and rates of disease progression. The effect on TKV was dose-dependent, with
higher doses generally leading to a greater reduction in growth rate.

DoesVolume Trandateto Function?
Thekey question for cliniciansiswhether this observed slowing of TKV growth trans atesinto ameaningful preservation

of kidney function. While TKV isastrong surrogate, it is not adirect measure of renal function. Therelationship between
TKYV reduction and GFR preservation is complex and has been a subject of extensive discussion.

Studies have shown that tolvaptan slows the rate of decline in estimated glomerular filtration rate (eGFR) in patients
with ADPKD. This effect on eGFR declineis generally modest but statistically significant over the trial durations. The
benefit appearsto be more pronounced in patients with earlier-stage di sease and those with evidence of rapid progression,
such as a high baseline TKV or arapid rate of TKV increase prior to treatment. This suggests that intervening before
substantial irreversible damage occurs may yield greater functional benefits.

But the magnitude of eGFR preservation has led to some debate. While statistically significant, the absolute difference
in eGFR decline between tolvaptan and placebo groups over several years might appear small to some clinicians. This
raises questions about the clinical meaningfulness of the functional benefit, especially when weighed against the drug's
side effect profile. For a deeper understanding of how kidney disease is diagnosed and managed, the Oxford Handbook
of Nephrology and Hypertension offers practical guidance.

Adver se Effects and Patient M anagement
Tolvaptan's mechanism of action, antagonism of the vasopressin V2 receptor, leads to predictable aquaretic side effects.

Patients commonly experience polyuria, nocturia, and polydipsia. These symptoms can be bothersome and impact quality
of life, often requiring patients to adjust their fluid intake and daily routines. Managing these symptomsis a key aspect
of patient education and adherence.

A more serious concern with tolvaptan is the potential for liver injury. Transient elevationsin liver enzymes have been
observedin some patients, and rare cases of severeliver injury have been reported. Thisnecessitates regular monitoring of
liver function tests, particularly during theinitial phases of treatment and after dose adjustments. Therisk of liver toxicity
requires careful patient selection and ongoing vigilance, making it asignificant consideration in long-term management.
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Patient selection for tolvaptan isimportant for treatment success. It is generally considered for adults with ADPKD and
evidence of rapidly progressing disease, typically defined by arapid declinein eGFR or ahigh rate of TKV growth. The
decision to initiate therapy involves a careful discussion of the potential benefits in slowing disease progression against
the burden of aquaretic symptoms and the risk of liver toxicity. Thisis particularly relevant given the long-term nature
of ADPKD management, where adherence to complex regimens can be challenging. For example, understanding the
neglected link between oral and kidney health highlights the broader systemic considerations in these patients.

The Unanswered Questions
Despite the evidence for slowing TKV growth and eGFR decline, several questions remain. The long-term impact of

tolvaptan on hard clinical endpoints, such asthetimeto end-stage renal disease or the need for renal replacement therapy,
isstill being fully elucidated. While surrogate markers are val uabl e, definitive evidence on these patient-centric outcomes
would further solidify its rolein ADPKD management.

The optimal timing for initiating tolvaptan also requires further refinement. Current guidelines generally recommend

it for patients with rapidly progressive disease, but identifying these patients precisely can be challenging. Biomarkers
beyond TKV and eGFR, such asurinary exosomes, could potentially offer moregranular insightsinto disease activity and
progression, guiding treatment decisions more effectively. Our previous coverage on the promise of urinary exosomes
in kidney disease diagnosis explores this area.

The cost-effectiveness of tolvaptan is another important consideration for healthcare systems. Given its chronic use and
the need for regular monitoring, the economic burden can be substantial. Balancing the clinical benefitswith the financial
implicationsis akey aspect of health policy and access to treatment. The broader context of drug approvals and pricing,
as seen with recent kidney drug approvals, highlights these challenges.

Thetolerability of tolvaptan, particularly the aguaretic side effects, can significantly impact patient adherence. Strategies
to mitigate these symptoms and improve patient experience are important for maximising the real-world effectiveness of
the drug. Thisincludes careful dosetitration, patient education on fluid intake, and proactive management of symptoms.
The long-term impact on quality of life, beyond just kidney function, is an area that warrants continued investigation.

CLINICAL IMPLICATIONS
Tolvaptan offers a tangible, if modest, benefit in slowing the progression of ADPKD by reducing kidney
volume and preserving eGFR. Clinicians must weigh this against the significant aquaretic side effects and
the non-trivial risk of liver toxicity. Patient selection is paramount; those with rapidly progressing disease are
the most likely to benefit, but careful monitoring is non-negotiable.

The challenge lies in translating surrogate markers like total kidney volume into meaningful patient outcomes.
While slowing TKV growth is a positive step, the absolute preservation of eGFR over several years may not
always feel transformative to patients or clinicians. This necessitates a frank discussion with patients about
expectations and the daily burden of treatment.

From an industry perspective, the development of tolvaptan highlights the potential of targeted therapies for
rare diseases. But it also shows the need for drugs with a more favourable side effect profile and a clearer,
more substantial impact on hard clinical endpoints. The next generation of ADPKD therapies will need to
address these gaps to truly shift the treatment paradigm.
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For healthcare systems, the cost-effectiveness of long-term tolvaptan therapy, coupled with the need for
intensive monitoring, presents a complex resource allocation problem. Ensuring equitable access while
managing the financial burden will require careful consideration and potentially more refined criteria for
treatment initiation.
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