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Abstract. Desmopressin is a synthetic analogue of vasopressin
and a selective vasopressin receptor 2 agonist. It was first
synthesised in 1967 and utilised for its antidiuretic properties.
It is also used in bleeding disorders to enhance clotting. Other
potential uses of the drug have been reported. The present
review aims to provide a broad overview of the literature on
potential further uses of oral forms of desmopressin. Key
therapeutic areas of interest were identified based on known
physiological activities/targets of desmopressin or reports of
an effect of desmopressin in the literature. The feasibility of
adequate dosing with oral forms of the drug was also consid-
ered. Systematic literature searches were carried out using
the silvi.ai software for the identified areas, and summaries
of available papers were included in tables and discussed. The
results of the searches showed that desmopressin has been
investigated for its efficacy in a number of areas, including
bleeding control, renal colic, the central nervous system and
oncology. Evidence suggests that oral desmopressin may
have the potential to be of clinical benefit for renal colic and
bleeding control in particular. However, further research is
needed to clarify its effect in these areas, including randomised
controlled studies and studies specifically of oral formula-
tions (and doses). Further research may also yield findings for
cancer, cognition and overactive bladder.
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1. Introduction

Desmopressin is a vasopressin (AVP) receptor 2 (V2) agonist,
first synthesised in Prague in the late 1960s by Zaoral et al (1).
At the time, the objective was to develop an analogue of the
native vasopressin hormone that could be used in the treatment
of central diabetes insipidus, avoiding the, mainly V1-mediated,
side effects of vasopressin treatment relating to its pressor
effects, while maintaining or improving upon its antidiuretic
effects. Among several analogues produced and evaluated,
desmopressin (1-deamino-8-D-arginine vasopressin) proved to
be a triumph in achieving the required efficacy and tolerability
profile: ‘Rarely in pharmacology is an agent produced that so
specifically enhances the desired effect and simultaneously
decreases the side effect’ (2).

To this day, desmopressin is used widely for central diabetes
insipidus and in other conditions requiring antidiuretic treat-
ment, including nocturnal enuresis (bedwetting), idiopathic
nocturnal polyuria and nocturia (nocturnal voiding) (3).

In the 1970s, a new indication came to light when intrave-
nous administration of high doses of desmopressin was found
toraise levels of the clotting factor Factor VIII in healthy volun-
teers and in patients with mild-to-moderate haemophilia A and
von Willebrand's disease (VWD). These are both inherited
bleeding disorders characterised by low levels of Factor VIII
or von Willebrand factor (a carrier for Factor VIII), leading
to impaired blood clotting (4,5). Desmopressin became, and
remains, a valuable addition to the treatment armamentarium
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for these conditions, helping to prevent bleeding episodes via
intravenous or intranasal administration (6).

While these uses of desmopressin are well established, there
has also been a significant number of reports of clinical benefit
in other diverse clinical areas, including distinct but related
areas within urology and haematology, as well as completely
different disciplines such as oncology and psychiatry/cognition.

In this review, we explore potential for further clinical
applications of current and possible future forms of oral
desmopressin. We focus on oral formulations, rather than
intravenous, subcutaneous or intranasal, because they have
the advantages of being easily administered in the home or
outpatient setting, are more child friendly, and data suggest
that side effects are reduced with oral formulations compared
with intranasal ones (7). Because the available oral formula-
tions [tablet and orally disintegrating tablet (ODT)] are used
at bioequivalent doses, we refer to them collectively as oral
desmopressin. The ODT dissolves under the tongue in a few
seconds, whereas the tablet is swallowed.

Desmopressin dosing, formulations and target tissues. The
widespread distribution of V2 receptors in the human body
(Fig. 1) is itself suggestive that a V2 agonist is likely to have
diverse physiological and clinical effects. However, there are
two important questions that need to be considered when deter-
mining the potential for oral desmopressin to be beneficial in
relevant clinical conditions. First, is desmopressin able to reach
and/or affect each of the target organs of interest when admin-
istered orally? Second, can desmopressin be administered
orally at a dose which is both effective and has an acceptable
safety profile. Existing oral formulations of desmopressin have
low bioavailability. It is currently available as a tablet and as
an orally disintegrating (ODT)-see Table I for an overview of
dose comparisons across formulations. The ODT has greater
bioavailability than the tablet, enabling lower dosing. The
ODT formulation has a maximum daily dose of 240 ug for
enuresis, while in adults with idiopathic nocturnal polyuria
(nocturia) the maximum daily dose is lower and sex-specific at
25 ug for women and 50 ug for men (3). Doses differ in other
indications. All formulations, however, demonstrate increased
risk of side effects with increasing dose, particularly in older
age, when hyponatraemia becomes more likely (8). For current
indications requiring higher doses, administration is limited to
single or few dosages that are used for specific one-off events,
such as surgery or trauma in patients with mild to moderate
haemophilia A and VWD.

Pharmacokinetic data indicate that the desmopressin tablet
and ODT tablet formulations have a linear dose relationship as
follows: 60, 120, 240 and 360 ug ODT correspond to 0.1, 0.2,
0.4 and 0.6 mg tablet, respectively. Regarding bioequivalence
of the two oral formulations, all regulatory approvals were
based upon bioequivalence studies which showed that lower
dosing of the ODT is required due to its higher bioavailability
(0.25 vs. 0.16%, as shown in Table I). In addition, it has been
proposed that there are some clinically relevant differences
between the two oral formulations in terms of their PK/PD
profile, such as more predictable dosing (9) and lower food
interaction with the ODT (10,11).

A conversion factor between intravenous and oral desmo-
pressin has not been defined; however, the bioavailability of oral

desmopressin is approximately 100 times lower than that of IV
desmopressin (12). Thus, the IV equipotent dose to 200 pg oral
desmopressin would be around 2 pg (13). Each formulation
delivers the adequate dose for the approved indications.

We have selected a subset of target organs/tissues for
discussion (Table II) based on V2 agonism effects that are
well-recognised and understood (in blood and kidney), or on
studies in the literature suggesting that desmopressin may be
of interest in these areas (ureter, CNS, oncology).

2. Methods

Systematic literature searches of PubMed-indexed literature
were conducted using the Silvi.ai software (https:/www.silvi.ai/)
in each of the potential new areas of interest identified: bleeding
control, renal colic, CNS and oncology. Details of the searches
are provided in Table III.

Relevant studies in humans, published in English, were
included and a table of publications compiled for each area. A
small number of additional relevant studies were found during
PubMed searches/citation chasing. Summary tables of relevant
studies, their characteristics and findings were developed to
summarise the literature in therapeutic areas where oral
desmopressin use may be feasible, and studies were catego-
rised according to whether findings were supportive of the use
of desmopressin or not. Although the literature searches were
systematic, the literature cited in this report is not exhaus-
tive due to the wide remit of interest and the fact that some
publications could not be accessed without payment-articles
were paid for only in the renal colic and CNS searches as
these retrieved fewer results. This review therefore provides a
broad overview of the evidence across multiple clinical areas.
For bleeding disorders, publications specifically of relevance
to low-dose desmopressin were sought, since there is a huge
body of literature on the approved use of high dose (intrave-
nous/subcutaneous) desmopressin in bleeding disorders and
summarising this literature was deemed out of scope because
our interest is specifically in oral desmopressin and possible
new uses of these formulations. Similarly, for oncology, the
doses used in human studies have been above those achiev-
able with oral formulations and only a brief overview of the
literature is given.

3. Results of literature review and discussion of findings

Desmopressin and bleeding disorders. Desmopressin (IV,
subcutaneous or intranasal) is indicated for use in bleeding
disorders (VWD and mild-to-moderate haemophilia type A),
with a long history of clinical usage and many publications
confirming its efficacy (6,14). Although IV desmopressin is
recommended before surgery or for treating severe haemor-
rhages because very consistent responses are required in these
situations, subcutaneous desmopressin can be self-adminis-
tered and can therefore be used at home to prevent or treat
minor bleeding episodes and in women with VWD who have
excessive bleeding at menstruation (15). In bleeding disorders,
desmopressin is used at high doses (0.3-0.4 ug/kg body weight
IV) to increase Factor VIII:C and Factor VIII:Ag in patients
with mild to moderate haemophilia A or VWD who are under-
going surgery or following trauma (16). In order to achieve
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Table I. Dose comparison of different formulations of desmopressin.

Parameter IV injection (solution)  Intranasal spray Tablet ODT
Bioavailability, % (SD or 95% CI) N/A 6.00(+2.29) 0.16(x0.17)  0.25(95% CI1,0.21-0.31)
Equivalent doses®, ug N/A 2.5 100 60
<0.5 5 200 120
<1 10 400 240

“Note that there appear to be some age-related differences in equivalence in small children (10). The table is based on Ferring data on file from
three studies (internal identifiers: CS004, RG84063-102 and 45A02/48) (114). 1V, intravenous; N/A, not applicable; ODT, orally disintegrating
tablet.
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Figure 1. Sites tested for arginine vasopressin receptor 2 expression in human tissue. The figure shows alternate site labels only. The full listing of sites is as
follows (asterisks denote detection of vasopressin receptor 2 transcript in at least one study) (113): Adipose”, adipose tissue®, adrenal”, adrenal gland, amygdala,
animal ovary’, aorta’, appendix’, atrium auricular region”, basal ganglion (developing), bladder”, blood, bone marrow", brain, brain fragment (developing),
breast”, Brodmann (1909) area 24, Brodmann (1909) area 9, C1 segment of cervical spinal cord, caudate nucleus, cerebellar hemisphere”, cerebellum”, cerebral
cortex, choroid plexus (developing)®, colon”, coronary artery”, cortex of kidney”, diencephalon, duodenum®, Epstein-Barr virus-transformed lymphocyte,
ectocervix’, endocervix”, endometrium’, esophagogastric junction”, esophagus”, esophagus mucosa’, esophagus muscularis mucosa’, fallopian tube”, forebrain
(developing), forebrain and midbrain (developing), frontal lobe”, gall bladder”, greater omentum”, heart", heart left ventricle”, hindbrain (developing), hippo-
campus proper, hypothalamus, kidney”, leukocyte, liver, lower leg skin®, lung”, lymph node*, medulla oblongata (developing), midbrain (developing), minor
salivary gland®, nucleus accumbens, ovary”, pancreas”, pituitary gland, placenta’, prefrontal cortex, prostate”, prostate gland”, putamen, rectum, saliva-secreting
gland’, salivary gland", sigmoid colon”, skeletal muscle”, skeletal muscle tissue”, skin®, small intestine”, small intestine Peyer's patch”, smooth muscle tissue”,
spinal cord (developing), spleen”, stomach”, subcutaneous adipose tissue”, substantia nigra, suprapubic skin”, telencephalon (developing), temporal lobe (devel-
oping), testis”, thyroid”, thyroid gland’, tibial artery", tibial nerve", tonsil", transformed skin fibroblast, transverse colon”, urinary bladder”, uterus”, vagina®,
vermiform appendix”, and zone of skin. ENCODE, The Encyclopedia of DNA Elements; GTEx, Genotype-Tissue Expression; HDBR, Human Developmental
Biology Resource; w, weeks.

a bioequivalent dose in an average adult, approximately = However, there is currently a recall and temporary halt in
5,000-7,000 pg desmopressin ODT would be needed. production of the nasal spray, so there is perhaps a place for

Intranasal administration is also indicated for patients oral administration to substitute for nasal administration, as
with these bleeding disorders (17) when they are undergoing  an alternative user-friendly formulation. Some studies suggest
surgery, following trauma or for other bleeding episodes such  that lower absolute doses of desmopressin in children could
as menorrhagia and epistaxis (nosebleeds). The intranasal  still achieve efficacy. A study by Akin (18) demonstrated that a
spray may be used (300 ug) half an hour before surgery or  lower dose of desmopressin (0.15 ug subcutaneous) was effec-
at bleeding. Using bioequivalence data (Table I), approxi- tive in increasing Factor VIII, VWF:RCo and VWF:Ag levels
mately 7,200 ug oral desmopressin ODT would be required  in children with type 1 VWD, and wider use of desmopressin,
to achieve the same dosing as recommended for adults using  especially in developing countries, was recommended. In a
the intranasal spray (i.e. 10 ug intranasal=240 ug ODT, so  retrospective study, half dose desmopressin (0.15 ug/kg IV)
300 pg intranasal=7,200 ug ODT). Currently, the maximum  was also found to be effective in adult bleeding disorder
strength of oral ODT is 240 ug, meaning that the use of patients undergoing low to moderate risk invasive proce-
oral desmopressin in these indications may not be practical. ~ dures (19). There are ongoing studies looking at the feasibility
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Table II. Selected V2 receptor locations and functions of V2 agonist at each location.

Therapy area Organ

V2 agonist function

Blood*
Ureter®, Kidney®

Bleeding disorders?, bleeding control®
Renal colic®

CNSP®
Various®

Depression®, memory®
Oncology®

Factor VIII*, von Willebrand factor®

Antidiuresis®, other? (such as reduction of intra-ureteral mean
pressure® or inhibition of smooth muscle fibre contraction®)
Cognition®, memory?®, social behaviour®, diurnal rhythms®
Different mechanisms proposed®

*Actions of desmopressin directly related to established indications. "Research reports in areas where desmopressin is not currently indicated

for use. CNS, central nervous system; V2, vasopressin receptor 2.

of pharmacokinetic-guided dosing of desmopressin since there
is considerable pharmacokinetic variability (20,21). There
is also variation in clinical response to desmopressin, which
was recently demonstrated to be affected by VWF genetic
variants (22). These factors suggest that there may be a subset
of patients who could benefit from low doses of desmopressin
achievable via oral administration, but further studies would
be needed in this area.

A systematic review in 2012 noted that desmopressin has
been used successfully for prevention of bleeding during preg-
nancy and postpartum haemorrhage in people with bleeding
disorders (23). Most of the studies used 0.3 pg/kg IV infusion
(166 cases), while 12 and 20 ug I'V desmopressin were used in
one case each. Intranasal desmopressin was used in two studies
(33 cases) at a dose of 300 ug. Intranasal desmopressin (300 ug
for two days) also effectively reduced menstrual blood loss
and improved quality of life in patients with abnormal labora-
tory haemostasis, although the effect of tranexamic acid was
greater (24). There may be a role for desmopressin in long-term
prophylaxis in patients with vWD, although Factor VIII/von
Willebrand factor concentrate is generally the preferred option
here (25). It should also be noted that patients with bleeding
disorders may develop tolerance to long-term use of desmo-
pressin, and that there are important safety considerations for
the long-term use of high-dose desmopressin.

Additional studies-noted during general literature
searches-mentioned the use of high dose (0.3-0.4 IV ug/kg
in most studies) desmopressin in other bleeding disorders
including platelet dysfunction during antiplatelet therapy (26),
Hermansky-Pudlak syndrome (27,28), and unclassified
bleeding disorders (29,30), but in most cases there was a lack
of randomised, controlled trials, and no indication that lower,
oral dosing would be effective.

Summary: oral desmopressin in bleeding disorders. An oral
formulation of desmopressin would be a more child-friendly
formulation for prophylactic use (e.g. before dental surgery)
or treatment of bleeding episodes if adequate dosing could
be achieved in this patient population. In general, however,
bleeding disorders require high doses of desmopressin
(0.3 ug/kg IV or 300 pg intranasal) in order for the haemato-
logical effects of the drug to be observed. Some studies suggest
that half dose (0.15 ug/kg) intravenous desmopressin is still
effective, but for oral desmopressin to achieve equivalence,
doses would still need to be high.

Desmopressin and bleeding control in patients without a
bleeding disorder. In the 1980s, Lawrence Czer's group at
the Cedars-Sinai Medical Center in Los Angeles published
research indicating that desmopressin reduced bleeding time
and improved reoperation rates in patients with mediastinal
haemorrhage after cardiopulmonary bypass (31). It was
hypothesised that this was due to release of Factor VIII,
increase in von Willebrand's factor (an established effect of
desmopressin) and improvement in platelet adhesion. Since
then, several studies have evaluated desmopressin's potential
use in various areas of bleeding control, in patients who do not
have a specific bleeding disorder.

A systematic literature review was carried out for studies
investigating the use of desmopressin for bleeding control
(excluding patients with bleeding disorders-covered in the
previous section). Twenty-one studies of interest for which
full-text articles were freely available were identified (see
supplementary Table SI)-due to an error in the PubMed
filtering system, 10 pre-2012 articles were retrieved despite the
search string stipulating articles should be from 2012 onwards
and these were removed from the final selection. Another
five studies were identified through other PubMed searches
and citation chasing and were also included in summary
Table I'V. Studies involved the use of desmopressin for cardiac
surgery, endoscopic sinus surgery/rhinoplasty, renal surgery,
gastrointestinal surgery and intracerebral haemorrhage.

Cardiac surgery and renal surgery. All except one study of
cardiac or renal surgery used the intravenous formulation of
desmopressin. Overall, studies in cardiac surgery reported
inconsistent findings but generally did not show significant
benefit with desmopressin. However, a literature review
reported that there are certain subgroups that may benefit from
desmopressin use, including patients with demonstrable pre-
or perioperative platelet dysfunction as determined by TEG
analysis or platelet function assays, those who have received
preoperative aspirin within 7 days of surgery, and patients
with cardiopulmonary bypass times in excess of 140 min (32).
However, further studies are required.

Similar findings were reported in renal surgery (kidney
biopsy), with certain subpopulations of patients (serum creati-
nine >1.8 mg/dl and GFR <15 ml/min/1.73 m?) more likely to
experience benefit with desmopressin (33,34).

Endoscopic sinus surgery/rhinoplasty. There were five
studies of desmopressin in endoscopic sinus surgery or



ld 2 SPANDIDOS
/) PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 28: 303, 2024

“MOTAQI INJBIANI] JIIBWIISAS YIS ‘SSuIpeoy 109[qng [BOIPIIN ‘HSIIA ‘SISA[RUB-BIOW ‘YA

VIA 1O MITAI (2Im)[nd

[[90 uBWINY ‘9SBISIP IOULD
Sunean jou urssaxdowsop
¢adoos aprsino ‘urssardosea
jou ¢s309[qns uewiny 0N

a3en3ue|

USI[SUF 10U ‘Y IA/MITAI
armeray <adoos apIsino
‘curssardowsap noqe jou
)oeI)sqe ou {Apnjs [eWIuy
VIA 10 YIS ‘Apmis &

jou ‘oFen3ue] ysiSug 10U
‘9[qeqreAe o[onIe ou (odoos
aprIsino ‘urssardosea

j0U {ApMyS [ewIUy

BIRp AIRpU0d9s ‘s109[qns
uewny jou ‘urssardowsop
Inoge jou ‘3urpas[q noqe

jou ‘o3en3ue[ ysiSug

Apnys Arewnid jo odAy Aue
‘yst3uy ‘urssaxdowsop
1o urssaxdosea

‘syuaned uewny

Apnys Arewrnid

Jo ad£y Aue ‘o[qerrea
QWO2IN0 AANIUT0D
‘yst3uy ‘urssaxdowsop
1o urssaxdosea

‘syuaned uewny

Apnmys Arewnid jo od£y Aue
‘ys13uyg ‘urssaxdowsop
JIo urssaxdosea

‘syuoned uewny

Apnys Arewnad jo odAy Aue
‘ystSuy ‘urssardowsop

([yseIN] . swise[doaN

1apperg Areurin), YO [m1],I90ued [£10310[09, JO [USSIA ], swse[doaN [819210[0)),
MO [M1],300ued 3uny, YO [YSOIA ], swse[doanN SunT, YO [m1],100ued ajeisoid, YO
[ysoAT] swse[doaN oneIsold, YO [M1],190ued 3sea1q, YO [USN ], swse[doay] Isearq,

MO [M1],300ued, YO [YsoIA ], swse[doaN], JO [M1].A30[00u0, JYO [YseIA].£30[00uO
[e2IPIIN,) ANV ([Mm1]urssardowsop JO [USOIN ], urssardoseA auruISry ourwea(d,)

([swIs], HSOIN]. AnanoeiadAH yaim J9pIOSI(T M0Y(J UONUAMNY, JYO [SwIa],
HS9IA] J01ARYRg [B190S, YO [SWIAL, HSOIA ], [eo130[0y2Asd ‘suonounjsAp [enxas,
MO [swId], HSON . Ade1ay ], aAIS[nAU0001991H, JO [SwIa], HSON ] uorssardo(g,
MO [SwIa], HSON ], SutureaT, YO [SWIs], HSOIN ], WaIsAS SnoAIoN [enud)),) ANV
([p1op 31x91 ] urssaxdowsop, YO [SwIaL, HSOIA ] u1ssa1dosep ouruisry ourued(d,)
([swIal, HSOA ] Aianoesad A yarm IOpIOSI(J 0P UONUNY, O [SulIa],
HS9IA] Jo1aRYQg [B190S, YO [SWIAL, HSIIA ], [eo130[0yoAsd ‘suonounjs£p [enxas,
MO [swIa], HSOIN ] Adeiay ], 9AIS[nAU0S01II[H, MO [SWwIa], HS9A] uorssaida(q,
MO [swIo], HSON . SutureaT, YO [SWIs], HSON ], WaIsAS SnoAIoN [enud)),) ANV
([pr0opp 3%91 ] urssardowsap, YO [SwI], HSON | urssardosep auruidry ourwed(d,)
[ysoAl], s19p10sIq uonem3eo)) poord, LON [M1],Ioplosip

3urpa9yq, LON ((([uoneorigng-21el.000¢, :[uonesrqnd-2eql.z10e,)

ANV [m1],5doa1d,) YO (([uonearjqnd-e].000¢, :[uonesrqnd - e(]

C10T,) ANV [M1],,10810s,) YO [UsoN] A1031ng [e1ouan), YO (([uonesrqng

- 9e].000€, :[uonesnqnd-a1edl.z102,) ANV [USSIA].pIoe orexsuen,) JO
[401],3UIpas[q [eNNSUIW JAISSAOXI, YO [USOIA ], RISRYLIOUSIA, MO [MI], +P91q

ccoe/e/1
-9Jep 1181S ON

ccoe/e/1
-9Jep 1181S ON

7C0T/6/1
-3Jep 1IeIS ON

A3o[00uQ

WA)SAS
SNOAJOU
[enus)

JT[00 [euY

10U SYTS/VIA ‘1odar Jo urssaxdosea osou, YO [YsoNT] . srxesstdd, YO [m1] uorsnysuen poolq, YO [YSOIA ] uoisnjsuel], 7202/6/1 [onuod
aseo ‘adoos apIsinQ ‘sjuoned uewny pooid,) ANV ([mi]uissardowsap YO [YsoN ] urssardosep auruiSry ourwea(d,) -2102/1/1 Surpasrg
BLIQJLID UOISN[OXH BLISJLID UOISN[OU] Suns yoreag aSue1 ojeq vy

‘suonjeorjqnd paxopul-pajAqn 10} s1oyowered yoreas arnjeIo) T ‘I 9[qeL


https://www.spandidos-publications.com/10.3892/etm.2024.12592

EVERAERT et al: POTENTIAL CLINICAL USES OF ORAL DESMOPRESSIN

"QUISIPIIAL 19[lB[d-BUY
Sunye], 103y dung ssedAg
Areuowndorpie)) e yim

‘snje}s uonenseod A1331ng 1yeIn) ssedAg Aoy
U0 109JJ9 JUBOYIUSIS B 9ARY Jou pIp urssardowsa(q K1eU010)) 3Ur03IopU() SIUANIR]
‘1ye13 ssedAq £1911e A12UOIOD 1938 SSO[ POO[q JO ur 3urpas[g Jo Junowy Jy) uo 910T
611) NI 31 oy JUNOWE A} 2ONPAI Jou P[nod urssarxdowsop NI 001 urssardowso( Jo 1091 9y, Jgyouaq ON ‘D 12 TI00SUBULITIA

sdnoi3 om] 9y} UdIM1IaQq 2Jel UOISNJSURI)
19191e[d puUR [[90 POO[q PAI UI SQOUIJJIP OU
a1om 219y, "dnoi8 JAVP Ul PaseaIdap uoIsnjsuer)

ewse[d UazoIJ Ysalf JO 0UapIour aaneIadolsoq "A193InSs 118y IB[NATRA
"AI93Ins I9)Je U /7 I8 SSO[ pOO[q UI SIOUAIJIP SuroSropun sjuanyed ur ssof Jgyouaq
jueoyrugis oN "dnoig [onuood ‘sa dnoi3 JAVAp pooiq pue uonedai3se jooreld  ju)sISUOIUT
(811) Al 331 ¢ Ul paonpal sem A1931ns I93Je U 9 18 SSO[ poo[g 201 uo urssardowsap Jo 1097 10 IB3[oU) G10T ‘If pue uIf
"A1931ng juepdsuely,
*dnoi13 jonuoo ‘sa dnoi3 urssaxdowsap ur 1IeoH Juro3Iopu() syudned
posnjsuen Ajjuanbaig ss9[ s[[20 Poo[q pa1 payoed ul SjudWRIINbay uorsnjsuely,
*dnoi3 jonuoo oy ueyy dnoi3 urssardowsop pue 3uIpa9[g Jo Junowy ay} L10T
i Al 38 ¢ Ul 19MO] [ ¢ 8 93eureIp aqn} 3sayd UBIN Q¥ uo urssaxdowsa(J JO 10907 jgouag ‘Ip 12 pIejLISURYR(
‘AyIeliowr Jo Kejs jrun
QIBD QAISUIUI ‘UONB[JUIA [EITUBYIIW ‘SSO POO[q ‘TeLn
Ul 9OUIQIJIP OU pue (£9/€¢ "SA 89/ ) UOISnjsuer) POZIWOpULI IJUADN[NW
1199 pooiq pa1 Surinbar syuened jo zoquinu Jo ‘sjuaned SuIpas[q ur A1931ns
911) Al 38 ¢ sur1o) ur 0qaoe[d ‘sA 90uQIeyIp UEOYIUSIS ON  G€T orIpIed 19}k urssardowsa(q Jgouaq ON 9107 ‘v 12 Twreusrg

*PIOR OTWEXAURI) JO AOBOYJO O1JBISOWdRY
PoA®[op pue [0UOD FUIPII[Q UO JO91J9 JUBIYIUSIIS OU

Py JAVAP "9318UdSIp 0) SWIT) PUB 9IBD JATISUIUI UL *9)e1008 urssardowsop pue proe

Ke3s Jo Y3u9l ‘uoneqmiut Jo y33uol ‘syonpoxd pooiq orwrexauen Jo s309p9 :Adeiay

J0 1500 ‘ewse[d/uorsuadsns 9140013410 JO SoWN[OA Jo[ererdnue [enp jo souanpur

‘a3eurelp jo sjunowe aAneIadoisod ‘sown aInsopd oy zopun syuaned ur £1931ns
SI1D Al 381 ¢0 Jo uoneanp 1918313 pey sdnoid [onuod pue JAVAP S ssedAq Areuoioo AousSrowyg JgJouaq ON L102 ‘Ip 12 unmy
('sjoy)  uOmE[NULIO] Jsog SInsoy "ON apL {9sn JAVAP Ieok ‘s/zoyine ISI{

syoddng

A1931ns oerpre) ‘y

‘Jonuod urpas)q ur urssardowsap Jo saIpmS ‘AT 9[qeL



EXPERIMENTAL AND THERAPEUTIC MEDICINE 28: 303, 2024

SPANDIDOS
[} PUBLICATIONS

81 g jo A
-Iqe[feaeolq
YA ULITUTIA,
{[rmsou yoea

*dnoi3 [onuoo ay} ur asoy) Yim
paredwod pasoxduwr arom urssardowsop SuIAIa0a1

‘Kysejdouryroydog
uadQ ur Aeadg [eseN © se

ur Aeads jo dnoi3 oy ur stsowAyo09 praAs roddn pue awnjoa Surpasrg uo urssaxdowsaq 610C
(9¢) NI synd omJ, SuIpa9[q ¢SI00S UOTIORJSIIES ‘1008 1IBRZA0g oYL, (f JO 109JJH O1RISOWSH oY ], Jjgouag ‘v 12 yaueiqy-ApeppeH
‘TeLn [eorur[d
BISQU)SORUE O} ‘PIoy [eo13ins oy jo Ayenb ayp poziwopuel y :A103Ins snuis
Joud urw 9 oaoxduwr pue Jurpas|q 2onpal p[nod A133Ins 210Joq ordoosopus urmnp Jurpasiq
(se) NI 87 o 10 g Yy [ 8# o Jo asop e Je urssardowsop [eseuenu] ([ uo urssardowsap Jo 109157 jgouayg 20T ‘v 12 modreqyy
(‘sjoy)  uonER[NULIO] aso(q sjnsoy ‘ON oPILL L9sn JAVAP IeoA ‘s/101Ine ISIL]
suoddng
Kysejdouryr/A1031ns snurg ‘9
Qinpadoxd oW €L /U G > oM
oy 03 oud WD yim syuaned ur jgouaq premo) pual) B A[[B1 31 SO0 :2In[IeJ [euax Jgouaq
urw ()9-0¢ Sem I, ‘[[eI0A0 sdnoiI3 0m] AY) USIM)q SIeT ur SuIpa9[q QONPAI 0} AJLJAOR  JUA)SISUOIUT 102
(€9) Al 381 ¢ SUIPa9[q UI PUNOJ SBAM QOUSIAJJIP WUBOYIUIIS ON ¢ urssaxdowsap ainpadoid-aig 10 Ie3[oun ‘Ip 12 urUYSLRYPRY
*(Apm3s 110109 2A1302dsomar) urssardowsop JUTAra0x
jou 9soy} M paredwod sarpmnis J130[o1per JudIn
JI0J Paau JomO[ & pue sewojewory donewojdwLs STy Surpas[g YSTH WA Jgyauaq
JO pooyI[ayI] Je[rwis e pey urssardowsap ursn sjuanjeq ur Asdorg Aouprs{ 03  Ju9)sISuOdUI
(1z1) Al 337 €0 syuaned ‘Asdorq a103oq ysu1 Surpaolq 1oy3y audsoq €1+ Joiq urssaxdowsa(y Jo s JO JB3[oU() 020T ‘1P 12 213997
*S1U9AQ 3urpa9lq Jolew 10} -3urpa9iq Asdorg-1sod
pue uoIsnjsue1} poo[q ‘UONBZI[OqU AI)IE [RUI JO Jofew Jo ysu1 oy uo Asdoiq
QOUQPIOUIL A} UI SAOUAIPIP ou {dnoi3 urssardowrsop AKaupry 210J9q uoneNSIUIPE
oz1) Al 331 ¢ u3 ur yuanbaiy 10w suorsnjsuen poolg  {10°¢ urssaxdowsap JO 1992 ON JJouaq ON 120T ‘1 12 3uoayD
-3urpa9iq 103 s Y31y je a1e oym Asdorq Asupry
snoaueinoxad Surogiapun sjuened I10J PoAIdSAI 9q
pIoys JAVAP "(100'0>d) [P/SW §'[> Sem dUIUNEAId
Ksdoiq 0 WNIOS UAYM SLI SUIPad[q pasearour Inq (60 0=d) ‘Ksdoiq Aaupry Jgouaq
Joud urmg  YS1 SUIPOS[q PASEAIIIP [P/SW § [< SUTUNLAID WNISS snooueinoiad I1o)Je ST JUQISISUODUT
#¢) Al 381 ¢ yim sjuanied 03 urssordowsop Jo uonensIuIwpy  69¢ 3urpagq pue urssaxdowsaq IO IB3[oU) 610C ‘[P 12 drearpy
('sjoy)  UOIB[NULIO] asoqg SINsoy ‘ON L {9sn JAVAP Ieak ‘s/zoyine ISIL]
syroddng

A1331ns [euay ‘g

5

"panunu0) "AJ d[quL


https://www.spandidos-publications.com/10.3892/etm.2024.12592

EVERAERT et al: POTENTIAL CLINICAL USES OF ORAL DESMOPRESSIN

A1931ns 9y

" $/¢ 1 dnoig aurfes [ewIou a3 Ul jey}

*£193InS [eUnSARUIONSLT

o)e Aep e uey) Joysty sem dnoi3 JAVP 9y} Ul uonouny Suro3opun a3eyrioway
90UO UTW ()¢ J9[91e[d "dnois surfes [ewIou Y UT By} UBY) QATSseW M sjuanied
10§ 3Y/3M ¢ Iomo[ sem dnoi3 JAVAQ 2y ur uiqoj3owoey Ul SSO[ POO[q SOSBAIIAP
(zzn Al dAVAPp UI 9SBI09p Y] ‘AI03Ins oY) 103Je Y $7 IV /Y ey urssaxdowsag jgouag 020T ‘v 12 Suepy
('sjoy)  uolE[NULIO] asoq SINSY "ON L, {9sn JAVAP Ieak ‘s/10yIne IS
syoddng
K1931ns [eunsajuIoONses) ‘(q
“Ter} [eSTUI[O ‘PZIOpURI ©
:K1931ns snurts ordoosopua
*(yueoyrugis jou) dnoi3 urssaxdowsap 9y} ur 19110Ys [euonouny SuLnp ploy
sem AI93Ins Jo uoneIn(J ‘S[OHUOD UBY) [O[OWS puL [eo131ns Yy jo Ayfenb pue
[TUBJUQJUIWAI A 10} S)udwInbar 1omo[ pamoys sso[ poojq daneradoenur
381 ¢’  dnoi3 urssardowsap ay) ur syudAned ‘PIoY [BIISINS Ay} Uuo uonensuIwupe
(6€) Al dAVAP Jo Ayrenb pue ssof poojq uo urssaxdowsap Jo 1095 06 urssaxdowsap Jo 10054 Jjgouayg S10T ‘Jv 12 oeys
‘3uruonons painbai ‘A193Ins snuis
sny) pue [< $2109s SuIpas[q pey dnoi3 oqaoerd ayp o1doosopua [euonouny
ur syuanjed Jo 9,0/ searaym ‘A1931ns Jo Suruuidaq Surnmp p[ey [eo13ins ay}
oy 193Je | parmbar sem Suruonons ou ‘qAV P uo Jo Ayrrenb a3 soaoxdur
31 gz Jo sjuoned jo jrey uey) arow uf "dnoi3 oqooeld oy} ur PUE SSO[ POO[q SIONPaI
(8¢) NI Keids eseuy  jey) uey) 10Mo[ sem dnoiS JAVP 9y UI SSO[ poo[g 09 Keids [eseu urssardowso(q jgouayg 1202 ‘Iv 12 ueraejes
“[e1n [estur[o papurjq-ajdin
© ISTISNUISOUTYI OTUOIYD
A1931ns s syuened ur £1931ns snuts
) 210J9q “(utwr o6 pue 9 ‘Q¢ ‘ST I8 paInseawr) axnpaosoid ordoosopua [euonouny JuLmnp
uru Og A1331ns oy) Surnp sjutod s} paIdsI3al [[e Py [eo131ns oy Jo Ayjenb
KJ1A®D e dnoi3 [onuod ay) ueyl dnoid urssardowsap ay3 ur pue sso[ poo[q 2aneIadoenur
[eseu Jo opIs PIoY [8O13INS Y} YIIM PIYSHES IOW AIOM SU0JING UO UOIjeISIUIUpPE
(L) NI yoeo ur 31 o *dnoi3 urssexdowsap oYy ur I9MO[ Sem SSO[ POOTg 06 urssaxdowsop [800] JO 1095 jgouayg 610C ‘v 12 TyeysSuRyR[
('sjoy)  UOLB[NULIO] asoq SINsoy "ON L {9sn JAVAP Ieok ‘s/zoyine ISIT]
syroddng

Kyserdouryy/£1931ns snuig )

"panunuo) "AJ d[quL



Ela| SPANDIDOS .
) PUBLICATIONS EXPERIMENTAL AND THERAPEUTIC MEDICINE 28: 303, 2024 9

rhinoplasty (35-39)-4 used intranasal desmopressin prior to
surgery (20, or 20 and 40 ug), and all found significant benefit
with desmopressin, in terms of blood loss and quality of the
surgical field. In a randomised trial of low-dose (20 pg) intra-
nasal desmopressin, high-dose (40 ug) intranasal desmopressin
and placebo, only the high dose was found to significantly
reduce volume of blood loss compared with placebo, as well
as doubling the odds of having a good surgical field (35).
Overall, these results suggest that this may be a promising

(Refs.)
(41)

Formulation
A%

+ = E o E gﬂ area for future use of the drug at dose levels that could poten-
% é’) - 2 ‘; o ’@ = tially be achieved with oral formulations, although the impact
Q|2 'fé ‘a S é § g on efficacy of moving from the intranasal formulation to an
;f. % § o Q fé éé oral formulation would need to be investigated.
Intracerebral haemorrhage. Neurocritical Care guidelines
_ recommend consideration of desmopressin in antiplatelet-
_‘g associated intracranial haemorrhage (40). However, the one
g study in this therapeutic area identified in our search reported
5 - no significant benefit with desmopressin (0.4 pg/kg IV) in
k= -‘—; patients on anti-platelet therapy (41). A recent metanalysis
= 2 also concluded that the available literature does not support
8 g = the routine use of desmopressin in the setting of antiplatelet-
E § % associated intracerebral haemorrhage (42).
._*2 § E ﬁ In contrast, a review by Andersen et al (26) found that
2|1 88 o desmopressin improved bleeding time and increased platelet
R = 2 z aggregation in patients with intracerebral or subarachnoid
S .28 haemorrhage while receiving antiplatelet therapy, as well
% é é as in non-cardiac surgery patients and in healthy adults and
570 55 animals exposed to antiplatelet therapy. There were also some
§ g g observational data to suggest that desmopressin could reduce
z % % haematoma expansion in patients with intracerebral haemor-
2 g g rhage or traumatic brain injury. Nevertheless, the authors
2 s = considered that randomised controlled trials in these areas are
still needed.
s | < In terms of oral desmopressin formulations, as the focus of
Z | = this review, it is likely that oral administration would not only
be unsuited to this kind of acute care setting but also would
be unable to achieve equivalent dosing to the intravenous
formulation.
Summary: oral desmopressin in bleeding control. Most
studies of desmopressin in bleeding control identified in this
Q review used the intravenous formulation at high doses that are
i unlikely to be achieved with oral formulations. In cardiac and

renal surgery, results are inconsistent in any case.

However, the use of oral desmopressin as a preventative
measure before endoscopic sinus surgery or rhinoplasty may be
feasible given that there have been a number of studies reporting
significant benefits for bleeding and for the surgical field with
intranasal desmopressin. Results cannot necessarily be extrapo-
lated from localised intranasal delivery to oral administration,
however, and studies in this area would be needed.

Desmopressin and Platelet
Transfusion for Reducing
Hematoma Expansion in
Patients With Acute Anti-
platelet Therapy Associated
Intracerebral Hemorrhage.

Early Administration of

Supports
dDAVP use?
No benefit

Desmopressin in renal colic. Renal colic is a common
urological condition, with a lifetime risk of around 12% in
men and 6% in women (43), although estimates vary across
studies and geographic regions. It refers to severe pain
resulting from the presence of a stone in the urinary system
causing acute obstruction, ureteric dilatation, tensile stretch
and spasmodic activity (44-46). The ureter releases prosta-
glandins in response to the obstruction, rendering nociceptors
sensitive to stimuli such as bradykinins that induce pain and

*Subpopulations that experienced benefit with dADAVP. dDAVP, desmopressin; GFR, glomerular filtration rate; IN, intranasal; IV, intravenous.

E, Intracerebral haemorrhage under antiplatelet treatment

Table IV. Continued.
First author/s, year
Mengel et al, 2020
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other visceral responses such as nausea (47). Prostaglandins
also cause increased renal blood flow and down-regulation of
the antidiuretic hormone, arginine vasopressin, as well as the
contraction of ureteral smooth muscle (47).

In uncomplicated cases of stones up to 10 mm, a conserva-
tive approach may be taken, with observation for spontaneous
passage for around 4-6 weeks (45). Medical expulsive therapy
(MET) is commonly used to increase stone passage rate,
decrease time to passage and decrease pain. MET aims to
increase ureteral diameter via relaxation of the smooth muscle,
and agents including alpha-blockers, calcium channel blockers
and prednisolone have been investigated-however, the evidence
base for these is limited and some have significant side
effects (48-51). MET using alpha-blockers is recommended by
the European Association for Urology (EAU) as a potential
treatment option for distal ureteral stones >5 mm (51).

Analgesia in renal colic seeks to relax the ureteric smooth
muscle and decrease flow within the urinary tract (decreasing
the diuretic effect). Non-steroidal anti-inflammatory drugs
(NSAIDs) inhibit prostaglandin synthesis, are first-line
therapy recommended by the EAU and are considered supe-
rior to opioids (51). However, they are also associated with
unwanted side effects such as gastrointestinal bleeding and
renal failure (52).

Since the 1990s, a number of reports have been published
documenting an analgesic effect of desmopressin, either used
alone or in combination with other therapies, in renal colic
patients. A nationwide registry study in Denmark confirmed
that desmopressin is prescribed in addition to opioids or
NSAIDs, and in some cases as monotherapy, to treat renal
colic (47).

The mechanism of pain relief with desmopressin has not
been comprehensively investigated but is thought to be a
result of one or more of the following possible processes (47):
reduction in intra-ureteral mean pressure inside the excretory
tract, while kidney blood perfusion is maintained; combating
the downregulation of AVP that is brought about by prosta-
glandin release, encouraging antidiuresis via V2 receptors in
the kidney; inhibition of smooth muscle fibre contraction (53);
release of B3-endorphin from the hypothalamus in response
to desmopressin administration leading to central analgesic
effects (54), although this has not been proven, and-as discussed
in the section of this review on CNS effects-it is unclear
whether desmopressin can cross the blood-brain barrier.

Studies of desmopressin in renal colic. Our systematic litera-
ture search for studies investigating the use of desmopressin
in renal colic identified 13 relevant studies, including 12 inter-
ventional studies. Findings are summarised in Table V, with
further study details included in supplementary Table SII.

The majority of studies were conducted in Iran (52,55-62).
Two studies used the ODT formulation at 60 ug (59) or 60
and 120 ug (63), while all other interventional studies used
the intranasal formulation at doses ranging from 20 ug in one
study (56) to 40 pg in all others. Some studies investigated
desmopressin monotherapy (60-62,64) but most looked at
combination therapy.

Overall, mixed findings are reported regarding the efficacy
of desmopressin compared with a range of comparators for
pain relief in renal colic, although most studies have reported

it to have at least some beneficial effects. Moreover, desmo-
pressin has advantages over many of its comparators in terms
of ease of administration and tolerability that mean that it
could be useful, especially in combination therapy and for
ambulatory pain relief. Some studies have noted a variability
in response to intranasal desmopressin across patients (65);
oral formulations, which have more reliable dosing, may
produce more consistent and/or rapid effects. One study has
already demonstrated significantly greater pain relief with
120 g ODT compared with ketorolac (63), and the number of
dropouts due to pain escalation was significantly lower in all
groups receiving desmopressin (combination therapy or mono-
therapy at 60/120 ug). It is also of note that several studies
only followed patients for a short period (e.g. 30 min) (64,65),
although desmopressin may not reach peak effectiveness until
one hour after administration with some formulations (52).

A systematic review and meta-analysis published in 2016
found that most studies were low quality but suggested that
desmopressin can be used as an adjuvant therapy in renal
colic management in combination with opioids (66). Another
recent meta-analysis concluded that desmopressin has lower
pain reduction properties than comparators (67). However, it
should be noted that some patients do not tolerate first-line
therapies well, and as such, effective alternatives are needed.
We propose that larger, high-quality studies that follow patient
response for a sufficient duration would be beneficial in
settling the current confusion and inconsistency surrounding
the use of desmopressin in renal colic.

Summary: oral desmopressin in renal colic. Oral desmo-
pressin (60-120 yg ODT) may be useful in renal colic but
further, high quality studies are needed to confirm the efficacy
of desmopressin in this indication. Oral desmopressin could
potentially be used as monotherapy (63) or in combination
with NSAIDs-the Pricop study showed mild but statistically
significant additive analgesic effects after 30 min of follow-up
when ketorolac was used in combination with the lower
dose of desmopressin (60 ug ODT) (63), suggesting possible
supplementary beneficial effects of this drug combination.

Desmopressin and the central nervous system. Vasopressin,
and its sister hormone oxytocin (which differs by only two
amino acids), are neuropeptides. Both have been impli-
cated in the modulation of social behaviour and the stress
response (68-71).

Since the 1970s, there have been a number of sporadic
reports suggesting an effect of desmopressin on different func-
tions of the brain or central nervous system (CNS), including
memory, learning and attention. It has also been reported that
there may be a central mode of action for desmopressin in
its established role as an effective treatment for enuresis: an
improvement in short-term memory in children with enuresis
treated with desmopressin has been reported (72), and pre-pulse
inhibition of startle has been found to be impaired in children
with enuresis but restored to normal levels by treatment with
desmopressin (73). Similarly, benefits of desmopressin treat-
ment on memory function in patients with diabetes insipidus
have been reported (74).

Vasopressin receptors in the CNS. There are three vaso-
pressin receptor subtypes: Vla (primarily responsible for
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vasoconstriction), V1b (primary involved in activation of
the hypothalamic-pituitary-adrenal axis) and V2 (primarily
responsible for antidiuresis via action in the kidney).

The action of vasopressin in the brain has predominantly
been attributed to Vla receptors which are expressed at higher
levels in several areas of the brain (75), and have been associ-
ated with pair-bonding, aggression and stress management in
animal studies (76). V2 receptors are largely excluded from
discussions of CNS effects of vasopressin (68,77) because
they are considered not to be expressed at high enough levels
in the brain. This may limit the relevance of desmopressin, a
V2-selective agonist, for effects on the CNS.

However, V2 receptor expression has been reported in
human cerebellum (78) and in rat cerebellum (79), as well as
in other areas of the developing rat brain (80). The cerebellum
is mainly known for its role in motor control/coordination, but
may also be involved in other functions including cognition,
emotion (81) and working memory (82).

It is also possible that there is some limited residual
effect of desmopressin on V1 receptors in the brain-this
would require specific investigation, however. It is thought
that desmopressin may be able to activate V1b receptors in
certain conditions, such as in people with ACTH-dependent
Cushing's disease (83)-this interaction may result from upreg-
ulation of V1b receptors (or the aberrant expression of type
2 receptors by neoplastic ACTH-producing cells) (84). Some
support for the theory that desmopressin may act centrally
also comes from case studies of patients with nephrogenic
diabetes insipidus and nocturnal enuresis caused by genetic
mutations that prevent the kidney being responsive to AVP
(and therefore desmopressin). In a number of reports, these
patients have nevertheless experienced improvements in
their bedwetting, or transition from bedwetting to nocturia,
with desmopressin treatment (85,86). It has therefore been
proposed that desmopressin may be able to impact enuresis
through effects on arousal or other processes, acting via
central rather than renal AVP receptors and possibly via V1
rather than V2 receptors.

Can desmopressin reach the CNS? In general, it is thought
that desmopressin is unable to cross the blood-brain (or
blood-CSF) barrier when administered intravenously (87-89).
However, a mechanism of bidirectional saturable transport
across the blood-brain barrier for vasopressin has been
demonstrated and, from this, it was concluded that a saturable
system exists for brain to blood transport of AVP and some
structurally similar peptides (90).

One way to bypass the blood-brain barrier is using
intranasal administration to deliver drugs to the brain via
the olfactory and trigeminal nerve pathways (91). Indeed,
intranasal administration of antidiabetic peptides has been
demonstrated to allow drug delivery directly to the brain in
animals (92) and humans (93), with a view to therapeutic
application in Alzheimer's disease (94).

There may be other routes by which desmopressin could
exert CNS effects, for example by acting from the periphery to
alter gene expression in the brain (95), binding to receptors in
the periphery that feed back to the CNS, altering permeability
of the blood-brain barrier to other substances (96,97), or by the
formation of active fragments that can cross the blood-brain
barrier following peripheral administration (98-101). In

support of the ability of desmopressin to affect brain function,
an inhibitory effect of intravenous desmopressin on hypotha-
lamic dopamine function in humans has been reported (102)-it
was unclear whether this was a direct or indirect effect.

Studies of desmopressin in the CNS. A systematic litera-
ture search was performed to identify studies that investigated
effects of desmopressin on the CNS in humans. Forty-one
were identified, and 16 were obtained as full-text articles.
Details of these are presented in the comprehensive table
in supplementary Table SIII. A small number of additional
studies of interest were identified through review of abstracts,
citation chasing or more focused literature searches-these are
also included in Table VI which provides a brief overview of
23 studies.

All studies had relatively small sample sizes.

Desmopressin was administered intranasally in all
studies except two that used intramuscular injection in
schizophrenia (103,104). In general, studies with intranasal
desmopressin used doses ranging from 20-60 pg/day, although
there were some outside this range.

Variable effects of desmopressin on different aspects
of CNS function were reported. In Table VI, studies are
grouped according to outcome of interest: learning, memory,
memory after electro-convulsive therapy (ECT), reaction
time, language, cognitive function/affective disorder and
schizophrenia. Overall, 14 studies showed a clear benefit
of desmopressin for some or all of the chosen endpoints
(Table VI), while a further three showed unclear or inconsis-
tent benefit. Memory improvements were seen more often in
short-term rather than long-term memory.

Summary: oral desmopressin in the CNS. Further basic
research is needed in this area before any conclusions can
be drawn regarding effects of desmopressin on the CNS.
Although a number of studies suggest effects of desmopressin
in areas such as learning, memory or clinical symptoms in
certain patient populations, studies are often small and of
low quality. Furthermore, there are several outstanding ques-
tions regarding the overall concept of using desmopressin to
target the CNS. These relate primarily to two major issues:
the ability of desmopressin to penetrate the blood-brain barrier
or act on the CNS from the periphery, and the localisation of
desmopressin-responsive receptors in the brain. Given that
studies of CNS effects to date have used the intranasal formu-
lation of desmopressin-a delivery mode which is believed to
be able to bypass the blood-brain barrier in certain cases-the
extrapolation of findings from these studies to oral desmo-
pressin cannot be made without further studies specifically of
oral formulations.

Desmopressin in oncology. Vasopressin receptors are present
in some cancer cells, including human lung, breast, pancre-
atic, colorectal, and gastrointestinal tumours (105). It has
been suggested that V1 receptors are associated with cellular
proliferation, but that the V2 receptor is associated with
anti-proliferative effects (106). Desmopressin, as a selective
agonist for the V2 receptor, shows anti-tumour properties in
breast, colorectal, lung and prostate cancer models (105).

Mechanisms of action/early results. Stimulation of vascular
V2 receptors leads to acute release of haemostatic factors into
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the bloodstream, including Factor VIII, tissue-type plasmin-
ogen activator and von Willebrand factor (VWF) (107). VWF
is involved in several biological processes such as coagulation
(as discussed above), vascular normalisation, cancer cell apop-
tosis and metastatic resistance. Animal models suggest that
efficacy of docetaxel in castration-resistant prostate cancer is
enhanced when used in combination with desmopressin (108).
Phase II trials in humans also show some encouraging results
with the use of desmopressin, including a drop in circulating
tumour cells in breast cancer patients (109) and a reduction
in tumour vascular perfusion in rectal cancer patients with
bleeding (110). In animal studies, infusion of desmopressin
during surgery appears to inhibit perioperative metastatic
events and may impede micro-metastases that occurred before
surgery (109,111).

However, high doses of desmopressin have been used
in human trials of desmopressin for cancer treatment: two
1 pg/kg intravenous doses (one just before surgery, one 24 h
after surgery) in one study (109) and a maximum tolerated dose
of 2x0.5 ug/kg/12 h in another (110).

The likelihood of the oral formulations of desmopressin
providing adequate dosing for use in oncological treatment is
therefore low. As such, we did not perform an extensive review
of the literature on this topic, and intend to carry out a compre-
hensive review of the use of desmopressin (all formulations) in
this therapeutic area as a separate exercise.

4. Conclusion

The use of desmopressin has been explored in a multitude of
diverse areas since it was first synthesised (1). Since many of
these have not been formally investigated for the purpose
of regulatory approval, further studies and RCTs will be
needed before any new indications can be recommended.
Renal colic is perhaps one of the most promising areas with
viable mechanism(s) of action and a reasonably supportive
literature on desmopressin use. More studies are required
to confirm benefits with oral formulations of desmopressin
at standard doses, in monotherapy or combination therapy.
Doses at the higher end of the normal range have yielded the
most promising results, but dose-finding studies are needed,
and the ideal protocol and management of up-titration are yet
to be determined.

In bleeding control, most studies of desmopressin that
were identified used the intravenous formulation at high
doses that are unlikely to be achieved with oral formulations.
In cardiac and renal surgery, results are inconsistent but the
use of oral desmopressin as a preventative measure before endo-
scopic sinus surgery or rhinoplasty may be feasible-however,
the relevance of intranasal vs oral administration must be
investigated. Desmopressin has established efficacy in bleeding
disorders but high doses (0.15-0.3 ug/kg 1V) are required.
Achieving this level of dosing with oral formulations would be
challenging.

Further basic research is needed in the CNS (e.g. location
of desmopressin-responsive receptors, relevance of blood-brain
barrier) before viable uses for oral desmopressin can be properly
explored.

Desmopressin has demonstrated intriguing anti-cancer
effects in a number of studies, many of which are
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animal/preclinical. In the small number of human trials,
however, high doses of desmopressin have been used
(0.5-1 ug/kg IV), again meaning that use of oral formulations
is unlikely to be practical.

There are other areas of research that are in their infancy,
that may yet prove to be important avenues of investigation for
oral forms of desmopressin, such as the bladder and bladder
contractility (112), patients with spinal cord injury, and older
adults with renal impairment. These are not discussed in this
manuscript as there are not yet sufficient studies to gauge the
potential role of desmopressin. However, the very fact that we
are continuing to learn about credible uses of a drug that was
first developed over 50 years ago is testament to the complexity
of the human body and the untold possibilities of established, as
well as novel, medicines.
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