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Features and properties of hexyl aminolevulinateAbstract
(Hexvix, hexaminolevulinate, 5-aminolevulinic acid

▲ Hexyl aminolevulinate, the hexyl ester of 5-ami- hexylester, hexyl 5-aminolevulinate, hexylester
aminolevulinate)nolevulinic acid, is a photosensitising agent de-

signed to enhance the detection of bladder cancer
Indicationtumours, in particular highly malignant carcinoma

in situ (CIS).
Detection of bladder cancer (e.g. carcinoma in situ)▲ After cellular uptake, hexyl aminolevulinate and/or

hydrolysed 5-aminolevulinic acid enter the haem
Mechanism of actionbiosynthetic pathway and induce accumulation of

the photoactive compound protoporphyrin IX
Photosensitiser (hexyl ester of 5-aminolevulinic acid)(PpIX) in malignant as opposed to nonmalignant

cells. PpIX emits red fluorescence when illuminated
Dosage and administration

under blue light.
▲ Blue-light fluorescence cystoscopy with hexyl ami- Route of administration Intravesical

nolevulinate (hexyl aminolevulinate cystoscopy)
was more effective than standard (white-light) cys- Instillate concentration 8 mmol/L
toscopy for detecting non-muscle-invasive (‘super-
ficial’) disease in two European, multicentre, phase Instillation volume 50mL
III trials, which evaluated hexyl aminolevulinate
cystoscopy as an adjunct to standard cystoscopy in Instillation time ≈1h
patients with known or suspected bladder cancer.

Pharmacokinetic profile▲ In one trial, hexyl aminolevulinate cystoscopy de-
tected 96% of the patients with CIS; it identified

After cellular uptake, hexyl aminolevulinate either directly or28% more patients with CIS than standard cystosco-
after hydrolysis into 5-aminolevulinic acid (by nonspecificpy. In the other trial, 17% of patients were selected esterases) enters the haem biosynthetic pathway, where it is

to receive more complete treatment following hexyl metabolised into the photoactive intermediate compound
protoporphyrin IXaminolevulinate cystoscopy than standard cystosco-

py, because of the improved tumour detection rate.
Tolerability profile (as an adjunct to standard cystoscopy)▲ Hexyl aminolevulinate cystoscopy is well tolerated

as an adjunct to standard cystoscopy; adverse events
Similar to that of standard cystoscopy/biopsy; most adversewere those typically associated with standard cys-
reactions (e.g. postoperative pain) are transient and mild or

toscopy/biopsy (e.g. postoperative pain). moderate in intensity
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nosing (and monitoring) bladder cancer.[7,8] Cystos-
copy allows direct visual inspection of the urotheli-
um and mucosa; cystoscopy-guided biopsy (i.e.
TUR of suspicious lesions/areas) remains the ‘gold

NH2

O

O

O

HCI standard’ procedure for verification of bladder can-
Hexyl aminolevulinate cer, including CIS.[5,8,9] However, conventional cys-

toscopy is limited in its ability to detect flat lesions,
such as CIS, which may be diffuse and indistin-Urinary bladder cancer, the fourth most common
guishable from normal or nonspecific inflam-malignancy among men in the Western world, is 3–4
matory-appearing mucosa,[1] while the use of ran-times more common in men than in women.[1] In the
dom biopsies to detect and confirm CIS is of ques-US, for example, there were an estimated 47 010
tionable benefit, as the detection rate is low and thenew cases diagnosed in men and 16 200 new cases
risk of tumour seeding may be increased.[10] There isdiagnosed in women in 2005.[2] Bladder cancer is
also a significant risk of overlooking papillaryprimarily a condition of advanced age; the median
tumours with conventional cystoscopy.[1,11]age at diagnosis is 65–70 years.[1]

Urothelial (transitional cell) carcinomas account Cytology has both a high specificity and sensitiv-
for >90% of all bladder cancers; non-muscle-inva- ity for high-grade lesions; it remains the noninvasive
sive (or ‘superficial’) transitional cell carcinomas diagnostic tool of choice for bladder cancer detec-
account for 70% of all newly diagnosed bladder tion (including CIS) in preference to urinary mark-
cancer cases.[3] Non-muscle-invasive cancers com- ers, which appear to have better sensitivity (espe-
prise mostly exophytic papillary tumours confined cially for low-grade, non-muscle-invasive tumours),
to the mucosa (pathological stage pTa) or sub- but less specificity than cytology.[7,9] Nonetheless,
mucosa (pT1), but also include nonexophytic flat cytology results are not immediately available, are
lesions confined to the mucosa (i.e. carcinoma in highly dependent on the interpreter and provide no
situ; CIS).[3,4] Whereas pTa tumours are mostly low information on the location and extent of dis-
grade (minimal to moderate risk of progression to ease.[7,12,13]

potentially life-threatening muscle-invasive dis-
Missed diagnosis leading to delayed or incom-ease), pT1 tumours are generally more aggressive

plete treatment has significant prognostic implica-(moderate to high risk of progression) and CIS, by
tions for patients with potentially aggressivedefinition, is highly malignant (high risk of progres-
tumours, such as CIS, and is also a factor contribut-sion). In addition, all non-muscle-invasive cancers
ing to the high rate of recurrence of non-mus-are characterised by a high rate of recurrence
cle-invasive cancers after TUR. Improved methods(50–90%[4]) despite treatment, which essentially
of detecting bladder lesions are therefore desirable.consists of transurethral resection (TUR) of the

bladder followed by intravesical immunotherapy Intravesical porphyrin-based fluorescence cys-
with bacillus Calmette-Guerin for all CIS, pT1 and toscopy has been developed to enhance the early
high-grade pTa lesions.[4,5]

diagnosis of bladder cancer. Briefly, this technique
Muscle-invasive tumours are staged pT2–4 ac- involves instilling into the bladder via a catheter a

cording to the degree of muscle penetration and photosensitising agent that, by mechanisms not fully
have an associated 5-year mortality rate of 50%.[6] understood, induces preferential intracellular ac-
Treatment consists of radical cystectomy with pel- cumulation of photoactive (fluorescent) endogenous
vic lymphadenectomy (with or without neoadjuvant porphyrins, mainly protoporphyrin IX (PpIX), in
chemotherapy).[4,5] malignant cells as opposed to nonmalignant cells of

urothelial origin. Under subsequent blue-light illu-Typically used in combination, cystoscopy and
urinary cytology are the standard methods for diag- mination, the neoplastic lesions emit red fluores-
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cence (and thus can be visualised) in contrast to the accelerated urothelial accumulation of PpIX relative
non-fluorescing normal mucosa.[8] to 5-aminolevulinic acid and resulted in a more

homogeneous distribution of PpIX accumulation5-Aminolevulinic acid, a precursor of PpIX in the
within the urothelium.[18]haem biosynthesis cycle, was initially investigated

as a topical photosensitising agent.[8] ‘Blue-light’ ● Similarly, hexyl aminolevulinate at an ≈20-fold
fluorescence cystoscopy with 5-aminolevulinic acid lower concentration than 5-aminolevulinic acid (8
(5-aminolevulinic acid cystoscopy) significantly im- vs 180 mmol/L) produced an approximately 2-fold
proved the tumour and premalignant lesion detec- greater fluorescence signal in a clinical pilot study in
tion rate relative to standard (white-light) cystosco- which six patients had 50mL of hexyl aminolevu-
py.[14-16] Additionally, TUR of bladder tumours linate (n = 2) or 5-aminolevulinic acid (n = 4)
guided by 5-aminolevulinic acid cystoscopy was solution instilled for 4 hours followed by a 2-hour
superior to TUR guided by standard cystoscopy in (solution-free) rest period before fluorescence cys-
terms of the residual tumour detection rate and toscopy.[19] The fluorescence level was markedly
recurrence-free survival in patients with non-mus- enhanced by reducing the instillation time of 8
cle-invasive disease.[16,17] mmol/L hexyl aminolevulinate solution from 4 to 2

hours (while retaining the 2-hour rest period) in thisSince cellular uptake of 5-aminolevulinic acid (a
trial[19] and another.[20]charged molecule) is limited, it has been chemically

modified (esterified) to increase its lipophilicity and ● Use of a short instillation time (≈0.5 hours) with-
penetration into tissues, and hence photosensitising out a rest period did not compromise the diagnostic
effect. Hexyl aminolevulinate (Hexvix),1 the hexyl efficacy of the technique;[21] typically, a 1-hour in-
ester of 5-aminolevulinic acid, provides brighter stillation time was used in preregistration studies
fluorescence after a shorter instillation time.[13] It (section 2).
has been investigated in the detection of bladder
cancer, and is the subject of this profile. 2. Pharmacokinetic Properties

1. Pharmacodynamic Properties
Many investigators assume that after cellular up-

● Once located in the intracellular environment, take hexyl aminolevulinate is hydrolysed (by non-
hexyl aminolevulinate and/or 5-aminolevulinic acid specific esterases) into 5-aminolevulinic acid, which
(see section 2) bypass the regulatory step of the then enters the haem biosynthetic pathway.[19,20,22]

haem biosynthetic pathway (negative feedback con- However, it remains unclear whether the metabo-
trol from haem to 5-aminolevulinic acid synthase), lism of hexyl aminolevulinate in the bladder is dom-
causing a temporary accumulation of PpIX in situ, inated by (i) hydrolysis to 5-aminolevulinic acid; (ii)
particularly in malignant cells.[18,19] direct entry of this ester into the haem biosynthetic

pathway; or (iii) other decomposition reactions. In● Hexyl aminolevulinate represented a good com-
the case of experimental (hairless mouse) skin mod-promise between lipophilicity, solubility and activi-
els, results suggest that metabolic processes otherty in an in vitro study in which porcine or human
than hydrolysis are involved in the degradation ofbladder mucosae were incubated with 5-aminolevu-
5-aminolevulinic acid esters (e.g. hexyl aminolevu-linic acid or one of its esters, including the ethyl-,
linate).[23]butyl-, or octyl-esters.[18] Compared with 5-ami-

nolevulinic acid, the optimum concentration of hex- Additional information regarding the pharma-
yl aminolevulinate was 45 times lower, but induced cokinetics of hexyl aminolevulinate is very limited
approximately 2.5 times greater fluorescence (i.e. and currently available only from the manufactur-
PpIX accumulation). Hexyl aminolevulinate also er’s prescribing information.[24]

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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● In vivo autoradiography studies in rats showed of the bladder under locoregional or general
that high (unspecified) concentrations of hexyl ami- anaethesia.
nolevulinate were present in the bladder wall fol- The bladder was inspected with standard cystos-
lowing intravesicular administration of the drug.[24]

copy followed by hexyl aminolevulinate cystoscopy
● The systemic bioavailability of total radioactivity in a nonrandomised order, since the latter was used

was approximately 5–10% after intravesical instilla- as an adjunct to the former.[13,25-28] The number,
tion of radiolabelled hexyl aminolevulinate in location and type of tumours and suspicious areas
healthy volunteers.[24]

seen with each method were documented on the
same bladder chart. Thereafter, all lesions mapped

3. Clinical Use during standard cystoscopy and[13,28]/or[25] hexyl
aminolevulinate cystoscopy were biopsied or re-

The diagnostic efficacy of blue-light fluores-
sected for histological confirmation by a local

cence cystoscopy with hexyl aminolevulinate (hexyl
and[25]/or[13,26-28] central pathologist blinded to the

aminolevulinate cystoscopy) versus that of standard
identity[13,28] or mode of identification[25] of the le-

cystoscopy in bladder cancer has been evaluated in
sion.

several multicentre studies, including two phase III
Primary endpoints in the European studies weretrials conducted in Europe,[13,25] one phase III trial

the sensitivity and specificity of hexyl aminolevu-performed in the US/Canada[26,27] and one phase II
linate cystoscopy based on biopsy findings,[28] thetrial carried out in Europe.[28] The three European
proportion of patients who had more histologicallystudies, which included 211,[13] 146[25] and 52[28]

confirmed CIS lesions detected by hexyl aminolevu-efficacy-evaluable patients, have been published in
linate cystoscopy than by standard cystoscopy[13]full. In contrast, preliminary reports from the (com-
and the difference in intended patient treatmentpleted) North American phase III study are available
(more or less aggressive) following diagnosis withas abstracts only.[26,27]

hexyl aminolevulinate cystoscopy or standard cys-The European studies[13,25,28] enrolled adult male
toscopy.[25] The latter was assessed by rating theand female patients (mean age 67–72 years) with
severity of treatment (none to cystectomy) and com-known or suspected bladder cancer based on cystos-
paring two treatment plans for each patient, onecopy findings or abnormal cytology; the largest tri-
based on the results of hexyl aminolevulinate cys-al[13] aimed to recruit a high proportion of patients at
toscopy and the other based on the results of stan-high risk for CIS lesions. Ineligible patients were
dard cystoscopy, each established by an independentthose with gross haematuria, porphyria or allergy to
urologist blinded to the diagnostic technique. In thehexyl aminolevulinate. Patients who had received
event that the plans were identical, but more lesionstopical treatment with intravesical immunotherapy
were detected on hexyl aminolevulinate cystoscopy,or chemotherapy within 3 months prior to the study
the patient was deemed to undergo more completewere also excluded[13,25,28] (except those who had
treatment (i.e. more extensive resection).[25]

received only a single course of chemotherapy im-
mediately following TUR of the bladder[25]). In the European phase III studies,[13,25] the lesion

Similar to the largest European trial,[13] the North detection rate was defined as the number of lesions
American phase III trial[26,27] aimed to recruit a large detected by hexyl aminolevulinate or standard cys-
percentage of patients at high risk for CIS lesions.[29] toscopy divided by the total number of lesions de-
All studies shared a similar prospective, open-label, tected by hexyl aminolevulinate and/or standard
within-patient controlled design[13,25-28] in which cystoscopy (excluding duplicates). The false-posi-
50mL of hexyl aminolevulinate 8mmol/L solution tive detection rate was defined as the number of
(where reported[13,25,28]) was instilled into the empty lesions mistakenly identified (negative histology) by
bladder and retained for 1–3 hours[13,25-28] (typically hexyl aminolevulinate or standard cystoscopy divid-
1 hour[13,25,28]) prior to planned cystoscopy and TUR ed by the total number of lesions identified by,[13] or
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Fig. 1. Efficacy of blue-light fluorescence cystoscopy with hexyl aminolevulinate (HAL) [HAL cystoscopy] for detection of carcinoma in situ
(CIS) in patients with bladder cancer. Shown are the proportions of patients with biopsy-confirmed CIS (n = 83 total) who had their CIS
lesions identified by HAL cystoscopy only, by standard cystoscopy only or by both HAL and standard cystoscopy in a large, within-patient
controlled, multicentre, phase III trial conducted in Europe.[13]

areas biopsied under,[25] hexyl aminolevulinate and ● Of the 83 patients with CIS, 46 (55%) had more
standard cystoscopy, respectively. CIS lesions detected by hexyl aminolevulinate cys-

toscopy compared with 3 (4%) who had more CISUsing methods similar to those employed in the
lesions detected by standard cystoscopyafore-mentioned trials, two small studies (n = 20[30]

(p < 0.0001). Of the remaining patients, 33 (40%)and 45[31]) conducted in single centres in Europe
had the same number of CIS lesions detected bycompared hexyl aminolevulinate cystoscopy with
hexyl aminolevulinate and standard cystoscopy; onestandard cystoscopy performed using a flexible
had a CIS lesion detected by nonguided biopsyand[31]/or[30] rigid cystoscope.
only.[13]

● Hexyl aminolevulinate cystoscopy was superior
● All 18 patients with CIS-only lesions were iden-to standard cystoscopy for detecting CIS lesions in

tified by hexyl aminolevulinate cystoscopy com-the larger of the two European phase III studies.[13]

pared with 12 detected by standard cystoscopy.[13]
Of the 211 efficacy-evaluable patients, 83 (39%)
had biopsy-confirmed CIS; of these, 18 had CIS ● Seventy-two patients with CIS had bladder
alone and 65 had CIS in conjunction with pTa or barbotage or voided-urine cytology results, of whom
pT1-4 tumours. Eighty (96%) patients with CIS 61 (85%) showed positive cytology according to
were detected by hexyl aminolevulinate cystoscopy standard definitions.[13] All 11 cytology-negative
compared with 64 (77%) detected by standard cys- CIS cases were detected by hexyl aminolevulinate
toscopy (figure 1). cystoscopy compared with only 7 identified by stan-

dard cystoscopy.● Eighteen (22%) of the 83 patients with CIS le-
sions had their CIS lesions detected by hexyl ami- ● The lesion detection rate pattern was similar in
nolevulinate cystoscopy alone (figure 1); according- both European phase III studies.[13,25] In particular,
ly, this procedure identified 28% more patients with the proportion of dysplasia, CIS and pTa lesions
CIS lesions than standard cystoscopy (i.e. an addi- identified by hexyl aminolevulinate cystoscopy rela-
tional 18 patients vs 64 diagnosed by standard cys- tive to standard cystoscopy was significantly higher
toscopy).[13]

in the larger trial[13] (94% vs 53%, 97% vs 58% and

 2006 Adis Data Information BV. All rights reserved. Drugs 2006; 66 (4)
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97% vs 88%, respectively; p-values not provided) of the 65 patients with pTa lesions had more lesions
and numerically higher in the smaller trial[25] (93% detected by hexyl aminolevulinate cystoscopy.[27]

vs 48%, 95% vs 68% and 96% vs 85%, respectively; ● Hexyl aminolevulinate and standard cystoscopy
statistical tests not reported). had, respectively, a 96% and 73% per-patient sensi-

tivity, a 76% and 46% per-lesion sensitivity and a● Overall, hexyl aminolevulinate cystoscopy de-
79% and 93% per-lesion specificity in the Europeantected 96%[25] and 97%[13] of all lesions (including
phase II study (n = 52).[28]CIS) in the smaller[25] and larger[13] European phase
● Results from the two small studies,[30,31] whichIII trials, respectively, compared with 77% and 78%

compared hexyl aminolevulinate cystoscopy withidentified by standard cystoscopy. The overall false-
standard cystoscopy performed using a flexiblepositive detection rate for hexyl aminolevulinate
and[31]/or[30] rigid cystoscope, indicated that flexiblecystoscopy was numerically higher than that for
hexyl aminolevulinate cystoscopy was feasible andstandard cystoscopy, although the absolute differ-
generally similar in diagnostic efficacy to the otherence between the two imaging techniques was only
imaging techniques. In relative terms, however,3% in the larger study[13] (13% vs 10%) compared
flexible hexyl aminolevulinate cystoscopy increasedwith 11% in the smaller study[25] (37% vs 26%).
the CIS lesion detection rate by 35% and 24%

● The improvement in the overall lesion detection
compared with flexible standard and rigid standardrate with hexyl aminolevulinate cystoscopy relative
cystoscopy, respectively, in the larger of the twoto that with standard cystoscopy led to more com-
studies.[31]

plete treatment in 25 (17%) of 146 efficacy-evalu-
able patients in the smaller European phase III study

4. Tolerability(p < 0.0001).[25] Specifically, 15 patients had addi-
tional postoperative procedures recommended and

● Hexyl aminolevulinate cystoscopy (including in-
10 had more extensive resection as a result of hexyl stillation of hexyl aminolevulinate into the bladder)
aminolevulinate cystoscopy. As such, hexyl ami- was well tolerated as an adjunctive procedure to
nolevulinate cystoscopy improved treatment in standard cystoscopy.[13,25,28] Adverse events report-
21.7% (i.e. ≈1 in 5) of those patients with confirmed ed by patients in clinical trials were those typically
lesions (n = 115). associated with standard cystoscopy/TUR of the
● Preliminary results from the North American bladder (e.g. postoperative pain); <3% of negative

phase III trial suggest that hexyl aminolevulinate experiences were considered to be (clearly) related
cystoscopy may complement standard cystoscopy in to hexyl aminolevulinate.[13,25,28] Most reported ad-
the diagnosis of non-muscle-invasive bladder can- verse reactions were transient and mild or moderate
cer.[26,27] For example, whereas all 41 patients with in intensity, according to the manufacturer’s pre-
biopsy-confirmed CIS were identified by hexyl ami- scribing information.[24]

nolevulinate and/or standard cystoscopy, individual- ● Postoperative pain (13% of patients), haematuria
ly, these imaging techniques failed to identify CIS in (5%), abdominal pain (3.6%), insomnia (3.6%), uri-
two different sets of seven patients (both 83% per- nary tract infection (3.2%), urinary retention (2.9%),
patient sensitivity).[26]

dysuria (2.5%) and pyrexia (2.5%) were the most
● Hexyl aminolevulinate cystoscopy had 89% and commonly reported adverse events in the largest

94% per-patient sensitivity for pTa and pT1 lesions, European phase III trial (n = 279 safety-evaluable
respectively, in this trial; the corresponding results patients).[13] Overall, 47% of patients in this study
for standard cystoscopy were 92% and 90%, respec- reported one or more adverse event; 6% reported
tively.[27] Similar to experience in the smaller Euro- one or more serious adverse event (none of which
pean phase III study (in which 13 [20%] of 66 were considered definitely related to hexyl ami-
patients with pTa lesions had more lesions detected nolevulinate instillation). No unexpected adverse
by hexyl aminolevulinate cystoscopy),[25] 17 (26%) events were reported in this study.
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●  No clinically significant changes in laboratory plemented as an adjunct to standard cystoscopy,
safety parameters or vital signs were observed dur- without increasing the risk of complications.[13,25,28]

ing hexyl aminolevulinate instillation/cystosco- Ongoing studies are assessing whether diagnosis
py.[13,28] and treatment guided by hexyl aminolevulinate cys-

toscopy, as opposed to standard cystoscopy, reduces
recurrence rates (e.g. as a result of greater detection5. Dosage and Administration
and/or more complete resection of lesions) or im-

Hexyl aminolevulinate is indicated for the detec- proves cure rates (e.g. as a result of greater identifi-
tion of bladder cancer, such as CIS, in patients with cation of appropriate candidates for cystectomy).[25]

known disease or suspected disease based on screen-
ing cystoscopy and/or positive urine cytology.[24] Disclosure

Adults (including the elderly) should have 50mL
During the peer review process, the manufacturerof hexyl aminolevulinate 8 mmol/L solution in-

of the agent under review was offered an opportuni-stilled into their bladder for ≈1 hour; cystoscopy
ty to comment on this article; changes based on anyshould commence within 1 hour following evacua-
comments received were made on the basis of scien-tion of the bladder. Hexyl aminolevulinate cystosco-
tific and editorial merit.py should be used as an adjunct to standard (white-

light) cystoscopy to guide the taking of biopsies
References(which is normally carried out under white light).
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