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Abstract: In 1977, 5-aminosalicylic acid (5-ASA) was discovered as a therapeutically active 

moiety of sulfasalazine (SASP) and was launched for topical and oral therapy of ulcerative colitis 

(UC) in 1984. As a first-step, delivery systems had to be developed to protect 5-ASA against 

absorption in the upper gastrointestinal tract, resulting in different and competing strategies (azo 

compounds, controlled release, and pH-dependent release). In a second step, at the beginning of 

the new century, coinciding with the expiration of patent protection for the first 5-ASA formu-

lations, two component composite release mechanisms (pH-dependent and controlled release) 

were developed. Furthermore, the drug was formulated as granules instead of tablets, allowing 

higher unit strengths compared with tablets. Neither Salofalk Granu-Stix®, nor MMX 5-ASA, 

nor Pentasa® granules have initially been developed for once-daily (OD) dosing. A review of the 

achievements of 20 years of 5-ASA development has demonstrated that 5-ASA has equal efficacy 

compared with SASP at best, that there are no measurable differences in efficacy between vari-

ous 5-ASA preparations, and that in a group of patients tolerating SASP, adverse event profiles 

of SASP and 5-ASA did not differ significantly, with SASP being the far cheaper substance. 

Therefore, drug adherence came into focus as a new goal for improving UC therapy. Although 

adherence is a complex and multifactorial construct, a simple dosing schedule may contribute to 

higher drug adherence and better efficacy of treatment. Simultaneously, the US 5-ASA market, 

estimated to be worth US$1.4 billion, is expected to grow continuously. Naturally, this very 

competitive market is not only driven by scientific progress but also by commercial interests. 

Thus, patents for minor changes to the formulation may serve as protection against drug com-

panies trying to launch generic versions. Randomized controlled trials performed on OD dosing 

in induction of remission have demonstrated that OD administration of 5-ASA is as effective as 

conventional dosing in mild to moderate active UC. The three 5-ASA products MMX, Salofalk®, 

and Pentasa® employed in those studies so far have not shown differences in efficacy between OD 

and conventional dosing. No differences regarding safety outcomes have been detected between 

OD and conventional dosing, including incidence of adverse events, serious adverse events, or 

withdrawal from treatment due to an adverse event. Although the majority of patients prefer OD 

dosing to conventional dosing, it was not possible to detect differences in adherence between OD 

and multiple dose regimens in the clinical trial setting. Well-designed and controlled large-scale 

community-based studies are necessary to further investigate and prove the point of improved 

long-term adherence and treatment efficacy in OD dosing.

Keywords: dosing, adherence, mesalamine, 5-aminosalicylic acid

Introduction
Ulcerative colitis (UC) is a chronic inflammatory disorder involving the colonic 

mucosa. Most frequently, the mucosal inflammation involves the rectum, but it may 
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extend proximally, resulting in procto-sigmoiditis, left-sided 

colitis, or pancolitis. In addition, patients may suffer from 

extraintestinal manifestations of UC, including affections 

of the skin, eyes, joints, or the liver in the form of primary 

sclerosing cholangitis. In addition, there is an increased 

risk for colorectal cancer, with longstanding inflammation. 

UC most commonly affects teenagers and young adults, 

but may occur in any age group.1 The prevalence in the US 

adult population is 238 per 100,000, and the worldwide inci-

dence varies from 0.5 to 24.5 per 100,000 person-years.2,3 

The clinical presentation includes bloody  diarrhea, rectal 

urgency, tenesmus, and abdominal cramping. UC follows 

a relapsing and remitting course necessitating therapy for 

induction of remission as well as maintenance of remission. 

5-aminosalicylic acid (5-ASA) (the terms 5-ASA, mesala-

zine, and mesalamine are synonymous) was introduced into 

UC therapy 30 years ago and remains the backbone of treat-

ment in both indications. Thus, for induction of remission, 

current national and international guidelines recommend 

oral 5-ASA alone or in combination with topical application 

in the management of active mild to moderate left-sided or 

extensive UC.4–6

Lately, 5-ASA formulations developed more than 

10 years ago for a multiple daily dosing schedule have been 

marketed for once-daily (OD) dosing. Adherence issues have 

been cited as the main reason for this shift. According to this 

hypothesis, a more inconvenient drug regimen can interfere 

with the everyday life of a patient, reduce quality of life, 

and thus have a negative impact on adherence to the drugs, 

resulting in a poorer long-term prognosis.

In this review, we trace the evolution of 5-ASA formula-

tions, examine the rationale and motivation for the introduc-

tion of OD dosing in UC therapy, and sum up efficacy and 

safety of oral 5-ASA in the treatment of active UC adminis-

tered OD following this new therapeutic trend.

The path to OD dosing  
of oral 5-ASA
Sulfasalazine
The development of modern treatment of UC started with 

the introduction of sulfasalazine (SASP) by the Swedish 

physician Nanna Svartz in 1942. Serving as Professor of 

Internal Medicine at the Karolinska Institute from 1937 to 

1957, she was the first woman ever to be appointed professor 

at a Swedish university.7 Svartz synthesized and described 

SASP as anti-inflammatory principle in rheumatic arthritis 

and UC. SASP contains 5-ASA bound to sulfapyridine via a 

diazobond. This bond is cleaved by bacterial azoreductases 

in the colon to release the two components and thus deliver 

5-ASA to the intended site of action.1,8

Identification of 5-ASA as the 
therapeutically active component
Indeed, about 35 years ago, 5-ASA was found to be the 

therapeutically active moiety, while sulfapyridine is thought 

to function as the inactive carrier molecule.9–11 Sulfapyridine 

is absorbed into the systemic circulation and is believed to 

be mostly responsible for the adverse effects associated 

with SASP.12,13 Oral administration of unbound or uncoated 

5-ASA results in rapid and nearly complete absorption by 

the proximal small bowel and conversion to the inactive 

metabolite N-acetyl-5-ASA, thus preventing delivery of 

therapeutically sufficient concentrations to the colon where 

it supposedly acts locally on the mucosa.1,8,14,15 Therefore, key 

factors governing the development of 5-ASA formulations 

are minimizing systemic absorption of 5-ASA from the small 

intestine and maximizing delivery of the active drug to the 

site of inflammation in the colon.16,17

Mechanism of action
A number of different but not mutually exclusive mecha-

nisms of action have been proposed for the polypotent 

5-ASA, including inhibition of the activity of the nuclear 

factor-kappa B (NF-κB) pathway.18–22 Lately evidence is 

accumulating that the anti-inflammatory effects of 5-ASA are 

mediated, at least in part, by peroxisome proliferator-activated 

receptor gamma (PPARγ).1,23,24 PPARγ is a nuclear receptor 

that modulates the inflammatory response of monocytes and 

macrophages by inhibiting the production of nitric oxide 

(iNOS) and macrophage-derived cytokines such as tumor 

necrosis factor (TNF)-α, interleukin (IL)-1, and IL-6.1 Novel 

PPARγ modulators having similarities to 5-ASA have been 

developed, one of them (GED-0507-34-Levo) is evaluated 

in Phase 2 clinical trials with promising results.24

Pharmacokinetics
The pharmakokinetic profiles of oral mesalazine formulations 

and mesalazine pro-drugs have been extensively reviewed.16 

Another paper reviews whether pharmacological methods for 

assessing 5-ASA release and colonic distribution from oral 

formulations are useful for guiding clinical decisions. The 

strengths and weaknesses of in-vitro gastrointestinal models, 

gamma-scintigraphy, plasma pharmacokinetic studies, and 

mucosal biopsies are discussed. The latter provide direct 

evidence of colonic distribution and may predict clinical 

efficacy, but must be interpreted cautiously because of 
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considerable inter-subject variability and other confounding 

factors. The paper concludes that limitations of individual 

measurement techniques mean that randomized clinical 

studies in UC patients remain the best guide for dosing and 

treatment regimen decisions.25

Topical 5-ASA formulations
The requirements of minimizing systemic absorption of 

5-ASA from the small intestine and maximizing delivery of 

the active drug to the site of inflammation in the colon are 

ideally met by topical 5-ASA formulations like suppositories, 

foam, or enemas.17,26 Topical 5-ASA formulations result in 

200-fold higher mucosal concentrations than those achieved 

by oral administration. Data from clinical trials show that 

topical 5-ASA therapy is superior to oral therapy in distal 

UC and is an important part of the therapy in more extensive 

forms of UC up to pancolitis and is therefore recommended in 

current international guidelines.4,6,27,28 Topical use of 5-ASA 

was first described in 1981.26 Dr Falk Pharma’s (Freiburg, 

Germany) 250 mg Salofalk® suppositories launched in 

March 1984 were the first pure 5-ASA preparation world-

wide. By the early 1990s, topical 5-ASA was considered 

firmly established in UC therapy.29 Since about 80% of UC 

patients suffer from proctitis or left-sided colitis,30 it is all 

the more surprising that between 1992 and 2009 prescrip-

tions for oral 5-ASA increased nearly six-fold, while those 

for topical 5-ASA remained almost constant at a low 10% 

share of the entire 5-ASA market.27 Reasons for this dispar-

ity cited are patient discomfort or inconvenience caused by 

topical therapy, the opinion held by many practitioners that 

patients with active colitis have difficulties retaining rectal 

suspensions, and more aggressive marketing of oral 5-ASA 

preparations with patented release mechanisms claiming to 

enhance distal colon 5-ASA release.17,27,31

First-generation oral 5-ASA formulations
Only a few months after the suppositories, Dr Falk Pharma 

introduced also in 1984 the first pure oral 5-ASA preparation 

(Salofalk®), that was protected against absorption in the upper 

gastrointestinal tract by a pH-sensitive acrylic coating (Eudragit 

L) that delays 5-ASA release until luminal conditions approach 

pH 7, the pH present in the terminal ileum and cecum.8,16,17,27 

Other formulations using this strategy include Claversal® (1987; 

Merkle, Blaubeuren, Germany) and Asacol® (1988; Medeva 

Pharma Suisse, Bulle, Switzerland), Pentasa® (1986; Ferring; 

Saint-Prex, Switzerland) is a microsphere formulation that con-

sists of 5-ASA microgranules enclosed within a semipermeable 

membrane of ethylcellulose, which is designed for controlled 

drug release that begins in the duodenum and continues into 

the affected regions of the lower bowel.

Another strategy of protecting 5-ASA from early absorp-

tion is incorporation of 5-ASA into a prodrug, in which 

5-ASA is covalently bound to an active carrier molecule. 

Examples for this prodrug strategy other than SASP are 

olsalazine/Dipentum® (1990; UCB Pharma, Anderlecht, 

Belgium). which consists of two 5-ASA molecules linked 

by a diazo bond or balsalazide/Colazal®/Colazide® (1998 

Salix Pharmaceuticals Inc., Raleigh, NC, USA; Almirall, 

Barcelona, Spain), which is composed of a 5-ASA molecule 

azo-bonded to a benzoic acid derivative. Like SASP, these 

compounds are poorly absorbed in the upper digestive tract 

but are readily metabolized by bacterial diazoreductases of 

the intestinal flora in the lower bowel.8,16,17,27

It should be mentioned that for some of these 5-ASA 

products invention, production, and distribution lie in differ-

ent hands, and those may differ between continents or even 

between countries in Europe. Importantly, a formulation in 

one country may not be identical to a formulation with the 

same name produced in a different country. For example, for 

Asacol®, differences with respect to the pH at which 5-ASA 

is released, the overall dissolution profile, efficacy and safety 

have been described between tablets produced in the US and 

within Europe.32,33

The unit strength for the controlled-release 5-ASA 

products range between 250 and 500 mg, with daily target 

doses between 1.6 and 4.8 g for active UC and 0.75 and 4.8 g 

for maintenance, resulting in a number of units to swallow 

per day of up to 16. In the case of the azo compounds, unit 

strengths between 250 and 750 mg were available with daily 

target doses of 2.00–6.75 g for active UC and 1.00–6.75 g for 

maintenance, resulting in up to nine pills per day (16). The 

first 5-ASA product offered in a unit strength of 1,000 mg 

was Pentasa® in 1999.34,35

Second-generation oral  
5-ASA formulations
To offer the 1,000 mg unit strength, the Pentasa® microgran-

ules were no longer packaged into a tablet, which would 

have been difficult to swallow because of its size, but loosely 

filled into a sachet. Arguments for this product alteration 

were the necessity of administration of higher daily 5-ASA 

doses as a result of meta-analyses at that time finding a 

dose–response relationship and the resulting inconvenience 

of taking large amounts of tablets. The compliance issue was 

also mentioned.34,35 Lately, data were presented that patients 

indeed prefer granules over tablets.36 Interestingly, the paper 
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dealing with the pharmacology of the new preparation is also 

discussing the use of systemic bioequivalence data in the 

regulatory assessment of marketing authorities for generic 

or copy products in locally acting preparations.34 Indeed, at 

the beginning of the new century, the available oral 5-ASA 

products were reaching the end of their formulation patent 

protection, and 5-ASA copies were expected to compete 

with the proprietary products.33 For example, in 2003, Lagap 

Pharmaceuticals Ltd, now Sandoz Ltd, launched with Ipo-

col a copy of Asacol® with 400 mg 5-ASA in a Eudragit S 

coating, although with different characteristics.37 Therefore, 

modifications of 5-ASA products in the early 2000s were 

probably in part also driven by patent issues.

In 2005, Claversal®, similarly to Pentasa®, was also 

offered as a multi-unit 1,500 mg micropellet sachet in addi-

tion to the single-unit tablets.38,39

While Pentasa® and Claversal® were now basically just 

marketed as a multi-unit instead of a single-unit drug at a 

higher dose, Dr Falk Pharma developed its Salofalk® one step 

further. Salofalk Granu-Stix® launched in 2001 was now to 

release 5-ASA in a first-step pH-dependent by depolymer-

ization of the acrylic coating and in a second step from a 

matrix core, that is designed to provide a continuous release 

of 5-ASA even in the distal colon. In vitro dissolution and 

plasma concentration data suggested a slower and more 

prolonged release of 5-ASA from the pellets compared with 

the tablets. An in vivo pharmacologic and scintigraphic study 

demonstrated that the novel 5-ASA pellets and Salofalk® 

tablets release active 5-ASA in the same target region and 

pass through the gastrointestinal tract under fasting condi-

tions in healthy volunteers in a comparable time.40 Salofalk 

Granu-Stix® were marketed as 500 and 1,000 mg sachets. 

They were, however, not specifically developed for OD dos-

ing. In a dose-finding study in UC, the drug regimen was 

three times a day (TID).41

A similar two-component drug-release mechanism was 

employed by Italy’s pharmaceutical company Giuliani SpA 

in developing its multi-matrix (MMX) 5-ASA. The mol-

ecule is incorporated into a lipophilic matrix, which is itself 

dispersed within a hydrophilic matrix, to delay and prolong 

dissolution. Similar to other 5-ASA products a gastroresist-

ent polymer film leads to pH-dependent dissolution of the 

tablet at pH 7 in the terminal ileum. The hydrophilic matrix 

is then exposed to intestinal fluids and swells, resulting in 

the formation of a viscous gel mass supposedly leading to a 

slow gradual release of mesalazine throughout the length of 

the colon.42 The pharmacoscintigraphic study to evaluate its 

in vivo properties came to the conclusion that 5-ASA was 

mainly and selectively delivered to the colonic lumen, with 

a continuous release along the whole colon, and a lower 

systemic absorption was observed compared with other 

mesalazine sustained-release formulations.43 The MMX 

5-ASA tablet has a unit strength of 1,200 mg, nevertheless, 

similar to the other 5-ASA products, it was not primarily 

developed for OD dosing. The schedule in the pharmacologi-

cal study was twice a day (BID); in the first clinical study 

even TID.44 MMX 5-ASA was launched in 2007 by Shire 

(Basingstone, UK) as Lialda® and Mezavant® in the US and 

European markets, respectively.

Drawing the balance after 20 years  
of 5-ASA development
5-ASA preparations were intended to avoid the adverse 

effects of SASP while maintaining its therapeutic benefits. 

After more than 20 years of development of multiple compet-

ing oral 5-ASA formulations, Sutherland and MacDonald8,45 

measured the progress been made in their Cochrane system-

atic review on oral 5-ASA in induction and maintenance of 

remission of UC, published in 2006. The result was sobering 

in three regards:

•	 Efficacy of 5-ASA versus SASP

For maintenance of remission, SASP was found to have 

a higher degree of therapeutic effectiveness compared 

with 5-ASA, with an odds ratio of 1.29 (95% confidence 

interval [CI] 1.05–1.57). For induction of remission stud-

ies, investigating complete global or clinical remission 

found no difference between SASP and 5-ASA; only for 

endoscopic improvement was there a trend toward the 

superiority of 5-ASA over SASP, which did not reach 

statistical significance.8,45

•	 Adverse events of 5-ASA versus SASP

Regarding adverse events in the maintenance situation 

SASP and 5-ASA had similar profiles, with odds ratios of 

1.16 (95% CI 0.62–2.16) and 1.31 (95% CI 0.86–1.99), 

respectively. The NNH (number needed to harm) val-

ues were determined to be 171 and 78, respectively. 

 However, it is mentioned that there may have been a bias 

in favor of SASP, since many trials comparing 5-ASA 

and SASP involved patients who were known to have 

tolerated SASP in the past. This might have minimized 

SASP-related adverse events in these trials.45 The meta-

analysis examining induction of remission trials found a 

significantly higher proportion of withdrawals associated 

with SASP.8

•	 Differences in eff icacy between various 5-ASA 

preparations
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Both reviews arrive at the conclusion that there is little 

evidence to suggest that there are differences in the 

efficacy of various oral 5-ASA drugs. This conclusion 

was also bolstered by more recent studies comparing a 

pH-dependent (Asacol®) and a time-dependent (Pentasa®) 

5-ASA formulation46 as well as Asacol® with MMX.47

Incidentally, the updated versions of the pair of Cochrane 

systematic reviews in 2012 corroborated those results 

further.48,49

The authors drew the following conclusions for practice 

and research:

•	 In the light of the fact “that the newer 5-ASA prepara-

tions have yet to be proven to be more clinically ben-

eficial than SASP” and that they are three to four times 

more expensive than SASP, they “should be reserved for 

SASP-intolerant individuals, men concerned about fer-

tility, and other patients within special populations that 

may, in the future, be shown to gain unique therapeutic 

benefits from alternative 5-ASA delivery systems.”8,45 

A share of 25% for SASP among 5-ASA prescriptions in 

the US testifies to the continued value of SASP in daily 

practice.27

•	 “There is little evidence to suggest that there is a differ-

ence in efficacy of the oral 5-ASA drugs. Given, that the 

differences in efficacy are likely to be marginal, further 

trials comparing the efficacy of various 5-ASA agents 

do not appear to be justified. Future trials should look 

at enhancing patient adherence with medication rather 

than comparing the efficacy of various 5-ASA agents. 

Adherence to therapy is important for treatment success 

and may be an important predictor of relapse.”8,45

Thus a lack of substantial progress in efficacy and safety 

contributed to a shift of focus in 5-ASA drug development 

or rather marketing to the topic of adherence. Two important 

issues regarding this field are the dosing schedule (ie, multiple 

daily dosing versus OD dosing, as well as total dose).

Adherence and OD dosing
In chronic diseases like UC, therapy often must continue on 

an indefinite basis; this is especially true for the maintenance 

situation. This can result in significant levels of medication 

non-adherence.50–52

Prevalence of medication non-adherence 
in inflammatory bowel disease
While clinical trials in the inflammatory bowel disease 

(IBD) field report patient adherence rates between 70% and 

95%, in normal clinical practice non-adherence rates being 

defined as taking less than 80% of prescribed medication, 

range between 40% and 72%.53–56

The impact of non-adherence  
on clinical recurrence
A cohort study of 99 UC patients in remission demon-

strated a considerable impact of non-adherence on clini-

cal  recurrence.57 Patients who were non-adherent to their 

prescribed 5-ASA therapy had a greater than fivefold 

increased risk of clinical relapse. Moreover, adherent 

patients were shown to have an 89% chance of maintain-

ing remission, compared with only 39% in non-adherent 

patients.57 Other consequences of non-adherence to 5-ASA 

therapy are an increased risk of developing colon cancer 

and increased health care costs.51,52,56

Reasons for non-adherence
Adherence is a complex and multifactorial issue, in which a 

wide variety of factors play a role (eg, poor physician–patient 

relationship, lack of insight into illness, perceptions and 

beliefs about the illness, treatment of asymptomatic disease, 

and forgetfulness). Therefore, dosing regimen is just one of 

many factors potentially influencing drug adherence.51,52,56 

Nevertheless, the dosing schedule as a potential avenue to 

improve therapeutic outcome in UC has been addressed 

already, some 30 years ago. Van Hees and van Tongeren58 

measured urine levels of acetylated SASP as a marker 

for adherence and found considerably lower urine levels 

months after hospital discharge in 41.2% of patients. They 

suggested investigating whether SASP can be given BID 

in maintenance therapy instead of TID or QID (four times 

daily), citing studies from the late 1960s and early 1970s, 

which had demonstrated much higher adherence for BID 

schedules.58

OD dosing
A meta-analysis by Claxton et al59 published in 2001 exam-

ined the relationship between number of daily doses and 

rate of adherence. It included studies where adherence was 

measured only by electronic monitoring and excluded stud-

ies based on patient self-report, blood-level monitoring, 

prescription refills, or pill count data. A total of 76 studies 

from several disease areas were identified. The result sug-

gested that less frequent dosing is related to higher adherence. 

However, significant differences were only demonstrated 

between OD and three-times daily, or four-times daily dosing. 

No significant difference was found between OD and BID 

regimens.59

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical and Experimental Gastroenterology 2014:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

374

Böhm and Kruis

First steps
The pioneers of OD dosing of 5-ASA in UC were Hussain 

et al,60 who performed a pharmacokinetic study published in 

2001, and Kane et al,50 who undertook a first pilot feasibility 

study of OD versus conventional dosing for maintenance in 

UC, published in 2003.

In the pharmacokinetic study 12 healthy volunteers each 

received either 1.2 or 2.4 g of Eudragit S-coated 5-ASA 

 (Asacol®) either as three doses of 400 and 800 mg, respec-

tively, or as an OD dose for 7 days. Peak and trough serum 

levels and serum area under the curve values were similar 

with both regimens. Furthermore,  urinary, fecal, and most 

importantly, rectal tissue concentrations were similar fol-

lowing single or divided dosing. The authors suggested 

clinical trials examining efficacy and toxicity of OD dosing 

in patients with UC.60

In the clinical pilot study, 22 patients with UC in remis-

sion were randomized to OD 5-ASA versus conventional 

dosing (BID or TID), with the exact 5-ASA formulation 

and dose not further specified to assess adherence rates with 

both regimens. At 6 months nine patients (75%) in the OD 

group versus seven (70%) in the conventional dosing group 

were adherent. However, the amount of medication taken 

approached significance (90% versus 76%, P=0.07), and all 

patients in the OD group reported being either “very satis-

fied” or “satisfied” with their regimen. The performance of 

larger trials was suggested.50

In 2007, a further pharmacokinetic study compared 

an OD dosing regimen of 4 g Pentasa® with the current 

twice-daily dosage of 2 × 2 g/day. Similar to the previous 

study of Hussein et al,60 concentrations of 5-ASA and its 

metabolites were similar in plasma, urine, feces, and rectal 

tissue following single or divided daily dosing in 30 healthy 

volunteers.61

OD dosing and safety considerations
It was also in 2007 when a host of studies started to be pub-

lished exploring the effect of OD dosing versus conventional 

dosing on efficacy, safety, and adherence on a broader basis. 

Interestingly, safety concerns of employing OD dosing, which 

could potentially result in a higher peak dosis in the patient, 

are barely discussed in the literature. After all, the practice of 

divided dosing stemmed from the desire to reduce the toxicity 

and side effects that were originally associated with SASP 

therapy.62,63 It may be speculated that it was reasoned that 

the high OD 5-ASA doses would be well tolerated because 

the pharmacokinetic study of Hussain et al60 had not found 

relevant differences between OD and conventional dosing, 

and newer 5-ASA agents are generally tolerated better than 

SASP.

Dose-response relationship
Another important aspect closely related to safety and effi-

cacy is the issue of dose–response relationship. Safety might 

depend on the total dose necessary to gain efficacy. In this 

respect, it was observed early on that the clear dose–response 

relationship established for SASP between 1 and 18 g could 

not be reproduced for 5-ASA compounds. Related to dose-

dependent side effects of SASP, commonly 4 g daily for 

active disease and 2 g for maintenance treatment, providing 

1,600 and 800 mg 5-ASA, respectively, are used as a com-

promise between efficacy and safety.64 While studies have 

shown 5-ASA compounds to be as effective as 3–4 g SASP, 

none has been superior, even with doses of 4.8 g 5-ASA, 

equivalent to 12 g SASP, suggesting there is more to the 

action of SASP than delivering 5-ASA to its site of action.64 

The meta-analysis by Sutherland and MacDonald8,45 states 

no dose–response trend for the maintenance situation, while 

a dose–response trend was observed for induction therapy.

The ECCO (European Crohn’s and Colitis Organisation) 

guideline from 2012 states that for maintenance of remission, 

there is a minimum effective dose of oral 5-ASA of 1.2 g per 

day. In the comment, it is explained that a dose–response for 

maintenance of remission with mesalazine at doses greater 

than 0.8 g/day has not been established. It is possible that 

higher doses of maintenance oral mesalazine are required in 

some patients, perhaps in those that require high doses of oral 

5-ASA to induce remission or those with frequently relapsing 

disease, but at present, there is no robust evidence to sup-

port this.4,48,65 For treatment of left-sided or extensive active 

colitis of mild to moderate severity, use of oral 5-ASA at a 

dose .2 g is recommended. An advantage for doses beyond 

2 g was suggested regarding response and mucosal healing 

but not remission, in the Assessing the Safety and Clinical 

Efficacy of a New Dose of 5-ASA (ASCEND) II study.66,67 

The ASCEND III study suggested a benefit of the higher 

dose strategy for induction of remission (43% versus 35%; 

P=0.04),68 while a study with MMX did not demonstrate a 

benefit of 4.8 g/day compared to 2.4 g/day at 8 weeks.69

In summary, patient adherence is an important issue 

in the attempt to improve therapy of UC. Simplifying the 

dosing schedule and adapting it to the needs of the patient 

can be one element of improving drug adherence. A miss-

ing clear dose–response relationship limiting the maximal 

doses, pharmacokinetic studies demonstrating comparable 

results between OD and conventional dosing and overall 
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Table 1 Market shares of oral 5-aminosalicylic acid products in 
the 2010 United States market70

Product Manufacturer Licensed to Market 
share, %

Asacol® Medeva Pharma Suisse warner-Chilcott 42.4
Lialda® Shire 20
Pentasa® Ferring Shire 14
Asacol HD® warner-Chilcott 9
Balsalazide Generic 6.9
Apriso® Dr Falk Salix 6
Colazal® Salix 0.9
Dipentum® UCB Alaven Pharm LLC 0.6

good tolerability of 5-ASA compounds allowed clinicians 

and drug companies to follow the avenue of OD dosing in 

the therapy of UC.

Market
Innovation – or pseudo-innovation in some cases – in drug 

development is not only driven by scientific progress, but 

naturally also by commercial interests. 5-ASA has been in 

clinical use now for 30 years; patents on the substance have 

long expired. The last significant changes to the formula-

tion were made almost 15 years ago, and those patents are 

expiring as well. The market is more and more challenged 

from companies specializing in generics. A market with a 

considerable volume is to be protected.

Market volume
According to numbers from 2009, the US 5-ASA market 

was estimated to be worth US$1.4 billion, with continuing 

growth being expected.1 While the Shire plc70 annual report, 

2010 claims that 88% of all UC patients receive treatment 

with 5-ASA, a German health insurer covering 8.6 million 

people gives a lower number, with 49%.71 Those insured with 

Barmer GEK had 5-ASA prescriptions worth €14.2 million 

in 2012, a little down from 2011, with €14.5 million.72 The 

fraction of patients receiving 5-ASA for the treatment of 

Crohn’s disease ranges from 16% to 31%, depending on 

the source.71,73

The 5-ASA market is highly competitive, with several 

companies offering their products to physicians and patients. 

Tables 1 and 2 show the market share of different products 

in the US and the European markets for the year 2010 and 

2010/2011, respectively. The market is especially under 

pressure, since mesalamine and balsalazide products are 

generally protected by formulation patents only, and generic 

drug companies are looking to make a push into the 5-ASA 

market.

Competition through expiring patents
Salix’s patent on its balsalazide-containing product  Colazal® 

expired in 2007. The company fought since 2005 against 

approval of generic versions of Colazal® and was denied 

by the US Food and Drug Administration (FDA) in 2007. 

Salix subsequently announced the launch of an authorized 

generic version by Watson Pharmaceuticals; the FDA 

approved subsequently also three other generic versions 

of Colazal®, which had a 6.9% and 7.5% share of the 

US oral market in December 2010 and December 2011, 

respectively.70 In an attempt to offset the loss of patent 

protection of  Colazal®, Salix acquired rights to develop Dr 

Falk Pharma’s mesalamine granules and received approval 

from the FDA in October 2008 to market the granules 

 packaged in 375 mg capsules as Apriso® in the US. Apriso® 

was supposed to be patent-protected until 2018. In Sep-

tember 2012, Salix Pharmaceuticals and Dr Falk Pharma 

filed a lawsuit against the Indian drug company Lupin Ltd 

for patent infringement. Lupin seeks approval to market a 

generic version of Apriso®.

The patent for Asacol® expired in July 2013. In 2009, 

Proctor and Gamble launched (Cincinnati, OH, USA) 

launched an 800 mg mesalamine tablet as Asacol HD® in 

addition to its 400 mg tablet, which has been marketed since 

1992. The packages of Asacol® and Asacol HD® carried the 

notice, that both are not bioequivalent to each other. In the 

same year, Proctor and Gamble sold the Asacol® franchise 

to Warner-Chilcott (Rockaway, NJ, USA). The sales of Asa-

col®, which was the market leader, with a 52% share of the 

US oral 5-ASA market in 2008, were slowly eroding over 

the years (Table 3, column 9). Meanwhile the production of 

Asacol® was discontinued in the US market by Warner and 

Chilcott and substituted by the launch of Delzicol® in March 

2013.  Delzicol® offers 400 mg of mesalamine as an easier to 

swallow capsule instead of the tablet. Patents are supposed to 

protect Delzicol® until 2020; however, it was not granted a 

3-year new drug product exclusivity, limiting the protection 

in the marketplace. Investors and shareholders are consoled 

that generic competition for the company’s mesalamine-based 

UC franchise (Asacol®, Asacol HD®, and Delzicol®) remains 

highly unlikely over the next few years, given the challenging 

pathway to approval.74

Competition through new products
Even more competition in the 5-ASA market arrived with 

the “new kid on the block” in the form of Shire’s products 

Lialda® for the US market and Mezavant® for the  European 

market. Lialda® was launched in March 2007, and  Mezavant® 
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Table 2 Market shares of oral 5-aminosalicylic products in the 2010 and 2011 European market70

Product Manufacturer Market share, %

UK Germany Spain France EU5 (UK, Germany, 
Spain, France, Italy)2010 2011 2010 2011 2010 2011 2010 2011
2010 2011

Asacol® warner-Chilcott 56 45.8 21 19
Salofalk® Dr Falk 56 53.2
Mezavant® Shire 17
Pentasa® Ferring 25 27.1 18 46 35.2 78 29.6
Claversal® Recordati 15 41 29.3
Fivasa® Norgine Bv 19

Table 3 Market share and revenue reached by Shire’s products Lialda® and Mezavant® in comparison with Pentasa® and Asacol®70

Year 1 2 3 4 (=2 + 3) 5 6 7 8 (=1 + 6) 9

Lialda® 
US oral 
mesalamine 
market  
share, %

Lialda® 
US oral 
mesalamine 
revenue, 
million USD

Mezavant® 
Europe oral 
mesalamine 
revenue, 
million USD

Lialda® + 
Mezavant® 
worldwide 
revenue, 
million USD

Lialda® 
total 
US UC 
market 
share, %

Pentasa® 
US oral 
mesalamine 
market  
share, %

Pentasa® 
US market 
revenue, 
million  
USD

Shire US oral 
mesalamine 
market share 
(Lialda® + 
Pentasa®), %

Asacol® 
US oral 
mesalamine 
market 
share, %

2007 3.9 50.3 0.2 50.5 17.2 176.4 21.1
2008 11.7 134.8 5.6 140.4 18% 16.7 185.5 28.4 52.3
2009 20.0 235.9 12.0 214.8 32.0 42.4
2010 293.4 235.9 34.5 37.4
2011 372.1 251.1 35.8
2012 399.9 265.8

Abbreviation: UC, ulcerative colitis; USD, US dollars.

started in the UK in November 2007. Lialda’s® share of the 

US oral mesalamine market jumped from 3.9% in 2007 to 

20% in 2009, the combined worldwide revenue for Lialda® 

and Mezavant® reached in 2012, with US$400 million, eight 

times the level of 2007 (Table 3, columns 1 and 4). Meanwhile 

the market share of Pentasa®, which is also marketed by 

Shire in the US, dropped continuously (Table 3, column 6). 

The revenue for Pentasa® still grew continuously, despite 

lower  prescription demand due to the impact of price 

increases (Table 3, column 7).70 As mentioned above, the 

US market leader Asacol® also lost market share in the years 

following the launch of Lialda®. A decrease in prescriptions 

was offset in net sales (US$793 million for 2012) by higher 

selling prices and a decrease in sales-related deductions.75 

In May 2013, Watson Pharmaceuticals (now Actavis plc; 

Dublin, Ireland) sought approval from the FDA to market a 

generic version of Lialda®. The Southern District Court of 

Florida, however, upheld the validity of the patent covering 

Lialda® until it expires in 2020.

OD dosing: randomized  
controlled trials
From 2007 on, a series of randomized studies were pub-

lished dealing with the comparison of OD and conventional 

dosing for maintenance and induction of remission. The 

critical questions to be answered are as follows: What is 

the efficacy of OD dosing compared with conventional 

dosing? In the case that OD dosing is more efficient, is this 

because of better adherence or because of other reasons? 

Does OD dosing lead to more adverse events compared with 

conventional dosing?

OD dosing in maintenance of remission
Ford and coauthors published a meta-analysis on OD dosing 

versus a conventional dosing schedule of 5-ASA in mainte-

nance of remission in 2011.63 They identified seven eligible 

randomized controlled trials (RCTs) comprising a total of 

2,745 patients.47,65,76–80 Five RCTs compared OD with BID 

dosing, and two compared OD with TID. The drugs used in 

the studies were Asacol® (4×), MMX (2×), Pentasa® (1×), and 

Salofalk® (1×). Duration of treatment and follow-up was 12 

months in all studies.

Relapse rates were not significantly different between 

OD and conventional dosing schedules for 5-ASA, with 

423 (31.4%) versus 461 (33.0%) patients relapsing, respectively 

(relative risk [RR] of relapse 0.94; 95% CI 0.82–1.08).63

Four trials with 994 patients could be analyzed for 

noncompliance. Definitions of compliance in these trials 
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included taking between 75% and 90% or more of the study 

medication, according to self-report. There was no signifi-

cant difference in compliance, as 43 (8.8%) and 52 (10.3%) 

patients in the OD and the conventional dosing group were 

classed as being noncompliant (RR of noncompliance =0.87 

(95% CI 0.46–1.66). The failure to demonstrate better 

adherence in the OD arm was explained with the very high 

adherence rate of about 90%. This high rate is thought to 

mirror the high motivation of patients participating in RCTs 

and unlikely to be representative of patients seen in the real 

world.63 The result was especially disappointing, since poor 

adherence was thought to be particularly problematic in 

quiescent disease.

Finally, five trials comprising 1,356 patients provided data 

concerning total adverse events, but there were insufficient 

data regarding individual adverse events. Again, there was 

no statistically significant difference between adverse events 

in the OD arm (332; 50%) and the conventional dosing arm 

(320; 46.2%) resulting in an RR for experiencing any adverse 

event in the OD group =1.08 (95% CI 0.97–1.20).63

In summary, patients with UC in remission can be 

switched to an OD dosing schedule without compromising 

efficacy and safety. Outside of clinical trials, OD dosing may 

lead to enhanced drug adherence.

OD dosing in induction of remission
Up to this point, there were four RCTs on the comparison 

of OD dosing with conventional dosing in induction of 

remission,69,81–83 three of which were summarized in the meta-

analysis by Feagan and MacDonald.84 The study by Flourie 

et al83 published in 2013 was not included. The characteristics 

of those studies are summarized in Table 4.

The study of Lichtenstein et al81 compared MMX 5-ASA 

2.4 g BID, 4.8 g MMX 5-ASA OD or placebo for 8 weeks 

in patients with mild to moderately active UC. The primary 

endpoint was the percentage of patients in clinical and 

endoscopic remission at week 8 (UC-Disease Activity Index 

(DAI) score #1). This endpoint was achieved by 34.1% and 

29.2% of patients receiving MMX 5-ASA 2.4 g BID and 

MMX 4.8 g/day OD, respectively, versus 12.9%  receiving 

placebo (P,0.01). There was no significant difference 

between the MMX 5-ASA groups.

According to the double-blind, double-dummy design of 

this study performed between 2003 and 2005, each patient 

received medication BID. Therefore, the hypothesis of better 

adherence with OD dosing was not addressed. Adherence was 

similar in all the treatment groups. Ninety percent of patients 

in the safety population took between 80% and 120% of the 

study medication.

Both doses of MMX 5-ASA (2.4 g BID and 4.8 g OD) 

were well tolerated in this study, with a safety profile similar 

to other 5-ASA formulations. There was no evidence of a 

dose–response relationship for any safety parameter, and 

no clinically significant differences in safety were observed 

between placebo and either dose of MMX 5-ASA.81

The study by Kamm et al69 was conducted in 2003 and 

2004. Patients with active, mild-to-moderate UC received 

MMX 5-ASA 2.4 g OD or 4.8 g OD, Asacol® 0.8 g TID, 

or placebo for 8 weeks. The primary endpoint was the 

proportion of patients in clinical and endoscopic remission 

Table 4 Characteristics of randomized controlled trials of once-daily dosing versus conventional dosing in induction of remission in 
ulcerative colitis patients

Study Year Number of 
patients

Country, number  
of centers

Intervention Duration  
of therapy

Methodology

Lichtenstein   
et al81

2007 280 Eight countries,  
52 centers

4.8 mg MMX OD (n=94) 
2.4 mg MMX BiD (n=93) 
Placebo (n=93)

8 weeks Double-blind 
Double-dummy

Kamm  
et al69

2007 341 Ten countries,  
49 centers

2.4 mg MMX OD (n=84) 
4.8 mg MMX OD (n=86) 
800 mg Asacol® TiD (n=86) 
Placebo (n=86)

8 weeks Double-blind 
Double-dummy

Kruis et al82 2009 380 13 countries,  
54 centers

3 g Salofalk® OD (n=191) 
1 g Salofalk® TiD (n=189)

8 weeks Double-blind 
Double-dummy 
Non-inferiority

Flourie  
et al83 

2013 206 Four countries,  
44 centers

4 g Pentasa® OD (n=102) 
+ 1 g 5-ASA enema 
2 g Pentasa® BiD (n=104) 
+ 1 g 5-ASA enema

8 weeks 
Enema:  
4 weeks

Single-blind 
Non-inferiority

Note: Copyright © 2012. John wiley & Sons Ltd. Adapted from Feagan BG, MacDonald JK. Once daily oral mesalamine compared to conventional dosing for induction and 
maintenance of remission in ulcerative colitis: a systematic review and meta-analysis. Inflamm Bowel Dis. 2012;18:1785–1794.84

Abbreviations: MMX, multi-matrix; OD, once daily; BiD, twice a day; TiD, three times a day.
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(UC-DAI #1). In the intention-to-treat (ITT) population, 

a statistically significantly greater proportion of patients 

receiving MMX 5-ASA 2.4 g OD (40.5%; P=0.010) or 4.8 g 

OD (41.2%; P=0.007) achieved clinical and endoscopic 

remission compared with placebo (22.1%). The proportion 

of patients receiving Asacol® 0.8 g TID who achieved clinical 

and endoscopic remission was not statistically significantly 

greater than placebo (32.6%; P=0.124). In the subgroup 

analysis of the ITT population, including patients with mild 

or moderate disease at baseline and patients with left-sided or 

extensive disease,  remission rates (clinical and endoscopic) 

were not statistically significantly greater for either dose of 

MMX mesalamine or Asacol® than for placebo. This was 

felt to be due to the limited patient numbers.

Similar to the study by Lichtenstein et al,81 every patient 

received medication three times a day because of the double-

blind, double-dummy study design. Therefore, adherence 

according to the dosing scheme could not be evaluated. More 

than 92% of patients in each treatment group took between 

80% and 120% of the study medication.

There were no notable differences between the treatment 

groups with respect to the frequency of treatment-emergent 

adverse events, and there was no evidence of a dose–response 

relationship with MMX 5-ASA for any safety parameter. 

Hepatobiliary, renal, and urinary adverse events were very 

infrequent.69

In the study by Kruis et al,82 380 patients with confirmed 

diagnosis of UC (either established or first attack) with 

a clinical activity index .4 and endoscopic index $4 at 

baseline were randomized and treated with either 3 g OD 

or 1 g TID of Salofalk® 5-ASA granules. The primary 

endpoint was the percentage of patients achieving clinical 

remission defined as a clinical activity index #4 at the end 

of the study. In the ITT population, clinical remission was 

achieved by 151/191 patients (79.1%) in the OD group and 

143/189 patients (75.7%) in the TID group, demonstrating 

non-inferiority between the OD and TID group, with a highly 

significant P-value of 0.0001.82

Endoscopic remission using the endoscopic index was 

obtained in 135/191 patients (71%) in the OD group and 

132/189 (70%) in the TID group at the end of the study (ITT). 

There was no statistically significant difference between 

the groups.

In the subgroup analysis within the OD group, sig-

nificantly more patients with mild as compared with mod-

erate disease achieved clinical remission (85% versus 69%; 

P=0.0067). Disease localization also had an impact on the 

remission rates achieved. Whereas no significant difference 

in proximal disease (ie, left-sided, subtotal, and pancolitis) 

was observed between the OD and TID groups, there was 

a significant difference in distal disease between the groups 

(86% versus 73%; P=0.0298) as well as within the OD group 

itself between distal and proximal disease (86% versus 72%; 

P=0.0247). A pooled analysis also suggested higher efficacy 

in distal disease for 5-ASA granules administered OD in 

comparison with 5-ASA tablets TID,85 although the conclu-

sion was questioned by others due to the heterogeneity of 

the pooled studies.86

In a post hoc analysis, the efficacy data from the study by 

Kruis et al82 were recalculated using a more stringent defi-

nition of remission used in the MMX 5-ASA trials. In this 

analysis of the ITT population, 70/191 patients (37%) in the 

OD group and 73/189 (39%) in the TID group achieved remis-

sion. These numbers are nearly identical to those reported in 

a pooled analysis87 of the two trials discussed above,69,81 with 

remission rates of 64/172 (37%) for 2.4 g MMX 5-ASA OD 

and 61/174 (35%) for 4.8 g MMX 5-ASA OD.

Again the double-blind, double-dummy design precluded 

an analysis of medication adherence depending on the 

schedule. However, asked which dosing schedule they prefer, 

the vast majority of patients 313/380 (82%) favored an OD 

dosing regimen; only 6/380 patients (2%) preferred the TID 

schedule, and 55/380 (14%) had no preference.82

Treatment with the study medication was well tolerated, 

and there was no difference in the occurrence of adverse 

events between the two dosing regimens. The majority of 

adverse events were mild or moderate in intensity, and no 

unexpected side effects occurred. Special emphasis had been 

put on potential adverse effects on renal function. Urinary 

function tests using sensitive early markers of renal disease 

(α1-microglobulin, β-N-acetyl-D-glucosaminidase (β-NAG), 

and cystatin C) showed no impairment of renal function, and 

indicated that an oral OD dose of 3 g mesalazine, which may 

be associated with higher peak plasma levels as compared 

with a 1 g TID regimen, is at least as safe as a 1 g TID dose 

with regard to potential tubulo-toxicity.82

The meta-analysis of Feagan and MacDonald84 pooled 

the three trials discussed above with 738 patients.69,81,82 Of 

the patients in the OD dosing group, 42% (155/370) failed to 

enter remission compared with 44.3% (163/368) of patients 

in the conventional dosing group. The pooled RR was 0.95 

(95% CI 0.82–1.10), demonstrating no statistically signifi-

cant difference between OD dosing and conventional dosing 

(P=0.49). Furthermore, none of the subgroup comparisons 

by formulation showed any differences in efficacy between 

OD dosing and conventional dosing.84
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Finally, the study by Flourie et al83 randomized 

206 patients with mild-to-moderately active UC to 8 weeks of 

4 g Pentasa® OD or 2 g BID. Patients additionally received a 

1 g 5-ASA enema per day for 4 weeks. The primary endpoint 

was the percentage of patients in clinical and endoscopic 

remission after 8 weeks (defined as UC-DAI score #1). 

Although recruiting fell short of the goal, the primary end-

point was reached, and non-inferiority of OD versus BID 

dosing was demonstrated with 52.1% of patients in the ITT 

OD group and 41.8% of patients in the BD group in clinical 

and endoscopic remission at week 8.83

As this study was only investigator-blinded, an evaluation 

of acceptability and compliance for the two dosing schedules 

could be done. Acceptability using a visual analog scale was 

numerically but not statistically higher at week 8 for the OD 

arm compared with the BID arm (OD 73.2%±22.3% versus 

BID 66.3%±29.4%; P=0.10). Compliance was high, with 

median compliance rates of 100% in both treatment arms.

There were no differences in adverse events, laboratory 

results, or vital signs between the two study groups.83

In summary, available RCTs demonstrated consistently, 

the following:84

•	 5-ASA administration OD is as effective as conven-

tional dosing for induction therapy in mild to moder-

ate active UC.

•	 Subgroup analysis by drug formulation showed no differ-

ences in efficacy between OD and conventional dosing for 

induction of remission. 5-ASA formulations employed 

for OD dosing are MMX, Salofalk®, and Pentasa®.

•	 No differences regarding safety outcomes were detected 

between OD and conventional dosing, including incidence 

of adverse events, serious adverse events, or withdrawal 

from treatment due to an adverse event.

•	 OD dosing did not lead to superior efficacy, although 

three out of four studies showed a trend in this sense. 

Due to the study design, dosing-dependent adherence 

could not be evaluated in three of four studies. In the 

study by Flourie et al,83 there was no difference in 

adherence between the OD and the BID group. In the 

study by Kruis et al82 that measured patient preference, 

the majority preferred OD dosing to conventional dos-

ing; in the study by Flourie et al,83 the preference for 

OD dosing was not statistically significant. Overall, it 

is felt that it may be difficult to detect differences in 

adherence between OD and multiple-dose regimens in 

the clinical trial setting because of the adherence rates 

beyond 90%. To examine this issue further, large-scale 

community-based studies are suggested, although they 

should be most promising in the maintenance of remis-

sion situation.

To this end, several Shire-sponsored studies have been 

published suggesting an advantage of OD MMX 5-ASA 

over other 5-ASA formulations regarding adherence and 

persistency.88–90 However, these studies harbor several limita-

tions regarding the collection and interpretation of the data. 

Furthermore, 5-ASA formulations approved for OD dosing 

other than MMX were not considered. Overall, there remain 

doubts about the size of the contribution OD dosing can make 

to a better drug adherence.79,84,91

Safety
In 1991, Hayllar and Bjarnason64 argued for a continued role 

of SASP in the treatment of UC, also warning against 5-ASA 

toxicity due to the altered pharmacokinetics in comparison 

to SASP, which may lead to nephrotoxicity among others. In 

2002, Ransford and Langman92 stirred up the scientific and 

clinical community with their comparison of reported seri-

ous adverse advents between SASP and 5-ASA. With a total 

of 4.7 million prescriptions evaluated for SASP compared 

with 2.8 million for 5-ASA, interstitial nephritis was only 

described for 5-ASA, with 11.1 reports per million prescrip-

tions, and pancreatitis was reported seven times as frequently 

for 5-ASA (7.5 per million prescriptions) compared with 

SASP (1.1 per million prescriptions). In contrast, there were 

more serious adverse events reported for SASP regarding 

blood dyscrasias and hepatic disorders than for 5-ASA.92 

The authors came to the conclusion that there is no evidence 

to indicate a safety advantage of 5-ASA over SASP in the 

treatment of inflammatory bowel disease and that advice on 

renal monitoring in patients who receive 5-ASA may need 

reinforcing. The study was soundly criticized by others on 

several accounts.93

Meanwhile, numerous studies and systematic reviews 

demonstrate that 5-ASA has an adverse event profile and 

is frequency similar to placebo with intolerance occurring 

in up to 15%. No differences between different 5-ASA for-

mulations can be detected. Diarrhea (3%), headache (2%), 

nausea (2%), rash (1%) and thrombocytopenia (,1%) are 

reported.4,22,48,94,95

In particular, meta-analyses suggest that there is no 

difference in safety between OD and conventionally dosed 

mesalamine. No differences have been observed for safety 

outcomes including the overall incidence of adverse events or 

withdrawal from treatment due to an adverse event. Adverse 

events reported in the studies assessing OD dosing are mild 

to moderate in intensity and include gastrointestinal symp-
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toms (eg, flatulence, abdominal pain, nausea, and diarrhea), 

headache, and worsening UC.48,63,84

Nephrotoxicity
Among idiosyncratic reactions attributed to 5-ASA nephrotox-

icity remains the most debated.96,97 A continued issue remains 

the potential nephrotoxicity of 5-ASA and the measures to be 

taken to avoid an affection of the kidney function.

Gisbert et al98 summarized the current knowledge about 

the potential relationship between 5-ASA treatment and 

nephrotoxicity. They found that renal impairment in IBD 

patients may be partly attributable to the underlying disease, 

although users of 5-ASA may have an increased risk of renal 

disease. Epidemiological studies evaluating nephrotoxicity 

in IBD patients treated with 5-ASA suggest the incidence to 

be less than 0.5%. 5-ASA treatment-related nephrotoxicity 

is reported most often within the first 12 months, but also 

delayed presentation after several years has been observed. 

Nephrotoxicity is unlikely to be detected by urinalysis (eg, 

leukocyturia and low-grade proteinuria), therefore emphasiz-

ing the importance of monitoring serum creatinine in patients 

with IBD treated with 5-ASA. The low overall incidence 

of renal disease during 5-ASA treatment reported in the 

literature, and the absence of a clear relationship between 

5-ASA dose and the risk of nephrotoxicity, suggest that the 

renal reactions may be idiosyncratic rather than dose-related 

in nature. 5-ASA-associated nephrotoxicity most frequently 

takes the form of an indolent, severe, chronic, and progressive 

interstitial nephritis. The nephrotoxicity potential of mesala-

zine and SASP seems to be similar; potential differences in 

the relative risk with different oral preparations of 5-ASA are 

probably too small to influence the choice of agent. Although 

data in the literature about the safety of 5-ASA compounds in 

patients with IBD and chronic renal failure are lacking, there 

needs to be more attention and scrutiny for those patients.

In a patient with IBD in whom no other cause can be readily 

identified for renal impairment, 5-ASA should be discontinued. 

If withdrawal of 5-ASA treatment does not result in a fall in 

serum creatinine, then the patient should be referred for renal 

biopsy, as only this will determine whether interstitial nephritis 

or glomerulonephritis associated with IBD is the cause of 

the persistent impaired renal function. Although the data are 

ambiguous, a trial of high-dose steroid (60 mg/day or 1 mg day/

kg for up to 3 months) has been suggested in patients whose 

renal function does not respond to drug withdrawal alone.

It has been calculated that approximately 10% of the 

patients with 5-ASA nephrotoxicity will develop end-stage 

renal disease, emphasizing the need for timely recognition 

of renal impairment and prompt discontinuation of 5-ASA 

treatment of affected patients. Thus, many authors agree 

on performing a monitoring of renal function by serum 

creatinine measurements, although the optimal monitoring 

schedule remains to be established, and there is presently no 

evidence that such screening or monitoring improves patient 

outcomes.4,22,98

A recent study with the largest collection of patients 

(n=156) with suspected 5-ASA-related nephrotoxicity in 

IBD patients emphasizes some of the points made above.99 

The adverse effect was seen with all aminosalicylates 

(mesalazine, balsalazide, olsalazine, and SASP). The first 

abnormal blood test occurred in 22.4% of patients within 

the first 12 months after introduction of 5-ASA. After drug 

withdrawal, 81.1% had a recovery of renal function, 17 

patients required renal replacement therapy, including 15 

with kidney transplantation. The study includes genome-

wide association analysis and subsequent sequencing to 

identify clinically useful predictive genetic markers so that 

these drugs can be either avoided or monitoring intensified 

in high-risk patients.99
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