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Abstract
BACKGROUND
Drug shortages are common yet their impact on patient care and their
commercial ramifications has not been adequately researched. In Australia a
shortage of balsalazide (2012-2013) necessitated substitution with alternative 5-
aminosalicylate (5-ASA) formulations for ulcerative colitis (UC).

AIM
To assess and compare the clinical and commercial sequelae of non-medical
switching from balsalazide to another 5-ASA and/or return to balsalazide once
supply resumed.

METHODS
A prospective cohort study of patients on balsalazide for mild-moderate UC was
conducted where, strictly due to the national shortage (November 2012- January
2013), were switched to alternative 5-ASA and/or then returned to balsalazide
once supply resumed. Clinical (Partial Mayo), endoscopic (Mayo score) activity,
adverse effects (to alternative 5-ASA) and percentage market share (of continuous
5-ASA users) from baseline (i.e., time of switching due to shortage) through to
five years were assessed.

RESULTS
Of 31 patients switched due to the shortage, 12 (38.7%) resumed balsalazide
immediately once supply resumed, 8 (25.8%) prompted by adverse effects to the
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alternative 5-ASA used. Three patients (9.7%) had documented symptomatic
improvement, 15 (48.4%) were unchanged and 13 (41.9%) had symptomatic
worsening vs baseline (P < 0.01), after switching to an alternative 5-ASA. At 3 and
5y post switch, overall 26/31 (83.9%) and 23/31 (74.2%) had remained
continuously on any 5-ASA therapy respectively. Twelve (38.7%) and 11 (35.5%)
patients remained on balsalazide continuously at three and five years
respectively after drug supply returned, equating to a loss of market share
(within 5-ASA class) of 45.2% and 38.7% respectively.

CONCLUSION
This study of a balsalazide shortage in UC patients exemplifies the detrimental
impact of a drug shortage on long term patient, disease and commercial
outcomes.

Key words: Inflammatory bowel disease; Ulcerative colitis; Drug supply; Drug shortage;
Patient outcomes; Market share
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Core tip: As a chronic disease, this study of a drug shortage in ulcerative colitis provides
an excellent, novel insight into the short and long term effects of an sudden, unexpected
nationwide drug shortage (in this case balsalazide) in patients previously in stable
remission. The study highlights the importance of maintaining a seamless drug supply
for both patients (given significant rates of disease worsening occurred, directly
attributable to shortage), and drug manufacturers given the loss of market share
engendered by even a short term drug shortage.
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INTRODUCTION
Drug supply shortages are an insidious yet growing threat to the optimal medical
management of  chronic  diseases,  including ulcerative colitis  (UC).  Across  many
countries, healthcare settings and diseases, such shortages have been linked with
patient deaths and significant morbidity[1,2]. Drug shortages may be defined by “a
supply issue that affects the ability of preparation and/or dispensing of a drug such
that it influences patient care and/or prescribers must use an alternative agent[3]”.
They  appear  to  be  increasing  for  multiple  reasons,  including  growing  trends
worldwide to operate drug supply chains on a just-in-time basis to maximise cost
reduction and avoid excess inventory, brought about by lower profit margins due to
the  arrival  of  generics  and  other  market  competitive  forces.  Moreover,  in  most
countries, there is no requirement for suppliers to report drug supply issues, often
leading to clinicians and patients facing shortages with little or no warning. High cost
drugs for relatively narrow indications in smaller markets appear more at risk of
shortages, exemplified by the balsalazide shortage in Australia as studied here[4-6].

Over  a  three  month period from November  2012  to  January 2013  inclusive,  a
nationwide shortage in the supply of balsalazide (Colazal,  Colazide®)  in Australia
necessitated a blanket, non-medical substitution with alternative 5-ASA formulations
in patients with UC. Balsalazide is a prodrug of the active metabolite, mesalazine,
which is linked to a carrier molecule via an azo bond and released in the colon by
bacterial  azo-reduction[7].  The  5-aminosalicylic  acid  (5-ASA)  agents  as  a  class
(including balsalazide) are standard and effective therapies for the induction and
maintenance of remission in UC, particularly in mild to moderate disease. In the
setting of few randomized head-to-head trials or real-world comparative studies of
different oral 5-ASA preparations, the formulations are, pragmatically, considered to
be similar in efficacy when adjusting for dose for both induction and maintenance of
UC[8]. For instance, 6.75 g daily of balsalazide (equivalent to 2.34 g of mesalazine) was
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compared with a pH-dependent acrylic resin coated mesalazine formulation (Asacol®)
in  three  randomized-controlled,  double-blind  studies[9-11],  with  no  significant
differences in the primary endpoints between these formulations at 8 wk.

Therefore, this balsalazide shortage presented a unique opportunity to evaluate
short and long term outcomes of a semi-controlled, unselected cohort of patients with
UC  in  whom  a  non-medical  switch  in  5-ASA  formulation  was  undertaken
contemporaneously. Moreover, there are scant data regarding the short and long term
implications of a drug shortage in patients with chronic diseases,  including IBD.
Hence, the aims of this prospective study were to assess the short and long term
ramifications of a drug shortage imposed substitution of balsalazide to alternative 5-
ASA formulations in patients with UC, in terms of: (1) Efficacy (including symptom-
based, endoscopic activity and long-term outcomes); (2) Safety (including immediate
adverse effects  to  alternative 5-ASA upon switching);  and (3)  The proportion of
patients returning to the original product once supply resumed as a measure of loss of
market share in a competitive drug category such as 5-ASA agents.

MATERIALS AND METHODS
A prospective, long term cohort study was undertaken of patients with a confirmed
diagnosis of mild-moderate UC as per standard criteria, treated for a minimum of six
months with balsalazide at specialist inflammatory bowel disease (IBD) Clinics at two
Melbourne  metropolitan  hospitals,  in  whom switching  to  an  alternative  5-ASA
formulation (at the treating doctor’s discretion) was mandated by drug unavailability
between November 1st 2012 to January 31st 2013. Patients who were switched from
balsalazide to an alternative 5-ASA due to medical reasons, including intolerance,
tablet  burden  or  active  disease  were  excluded from this  study.  After  supply  of
balsalazide resumed, the occurrence of switching back to balsalazide was solely at the
discretion and agreement of the patient and treating clinician.

Patient demographics, disease characteristics (including Montreal Classification
extent/severity of IBD[12]), biomarkers including C-reactive protein (CRP) and faecal
calprotectin (where available), medication changes (including adverse effects and
concomitant medications)  and symptom-based disease activity (via  partial  Mayo
score)  were  collected  immediately  at  baseline  pre-switch  and  then  at  multiple
timepoints (3-6 mo at post-switch subsequent clinic review, then at 3 years and 5
years) after 5-ASA substitution. A balsalazide dose of 6-6.75 g was assumed to be
equivalent to sulfasalazine or mesalazine 2-2.4 g as per the manufacturer’s product
information documentation.

Endoscopic data (via Mayo endoscopy score) were also collected at baseline (data
included if endoscopy had occurred no more than 12 mo pre-switch), then post-switch
(no less than 3 mo and no more than 12 mo from date of switch) and subsequently at
three and five years (included if within six months in each case). A Mayo endoscopy
score of 0 or 1 was deemed to represent endoscopic remission. Clinical remission was
defined as a partial Mayo score of ≤ 2, where each subscore was ≤ 1. Patients with
newly diagnosed ulcerative colitis in the preceding 12 mo prior November 1st 2012
were excluded from the analysis.

The impact  on market  share of  balsalazide affected by the drug shortage was
calculated as the proportion derived by the number of patients who were switched
temporarily to an alternative 5-ASA before returning to balsalazide through to the
three and five-year timepoints, divided by the total number of patients who, upon
switching from balsalazide to an alternative 5-ASA, then remained on this or any
alternative 5-ASA agent continuously to the respective timepoints.

Data were analyzed with GraphPad Prism version 7 (GraphPad software, La Jolla,
United States 2018). Given the data were non-normally distributed and of relatively
small sample size, non-parametric statistics were used. For continuous data, medians
are presented and compared with Kruskal-Wallis (unpaired) or Wilcoxon (paired)
tests. For categorical data, proportions were compared with Fisher exact tests. Patients
without complete data at  both baseline and five year follow-up timepoints were
excluded from the study. A P < 0.05 was considered to be clinically significant. The
statistical methods of this study were reviewed by Dr Danny Con, Biostatistician,
Eastern Health.  Ethics  approval  was obtained from the Eastern Health Office  of
Research and Ethics (LR 61/2015).

RESULTS
Thirty-one patients with UC were switched from balsalazide to an alternative 5-ASA
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formulation specifically due to the balsalazide drug shortage. The majority of patients
were  switched from balsalazide  to  multi-matrix  (MMX)  mesalazine  (28,  90.3%).
Further characteristics of this cohort are shown in Table 1.

Short term outcomes post switch compared to baseline (pre-switch)
Compared to baseline clinical (partial Mayo score) activity, three patients (9.7%) had
documented symptomatic improvement (≥ 1 point reduction in partial Mayo score),
15 (48.4%) were unchanged and 13 (41.9%) had symptomatic worsening (≥ 1 point
increase in partial Mayo score) (improvement vs worsening, P < 0.01, Fisher exact test)
after switching from balsalazide to an alternative 5-ASA formulation.

Twenty-six (83.9%) of the cohort had endoscopic assessment both within 12 mo
prior  and  then  within  12  mo  after  the  switch.  Of  these,  compared  to  baseline
endoscopic  activity  (Mayo  endoscopy  score),  13  (50%)  patients  had  similar  or
improved endoscopic activity and 13 (50%) had worsening of their endoscopic activity
post switch (P = 1.0, Fisher exact test). There were no significant differences (pre to
post-switch) in serum CRP [median difference 0 mg/L (-6, 108)], serum ALT [1.0 (-15,
61)], serum GGT [0.5 (-8, 507)] or serum white cell count [-0.5 (-3.0, 3.3)] (all tests +/−3
mo of switch, each P > 0.2, Wilcoxon tests).

Based on the published dose equivalence of balsalazide compared to mesalazine[7],
in all 31 patients there was an equal or increased effective mesalazine dose received
after switching to the alternative 5-ASA formulation [median delta increase of 1.4 g (0,
3.2) mesalazine daily, P < 0.01 (Wilcoxon test)], Figure 1.

Adverse events with substitution of balsalazide to alternative 5-ASA agent during
shortage
Adverse events were reported by 8/31 (16.2%) patients, all documented within 2 wk
after switching, and attributable to, the alternative 5-ASA agent. These included one
or more of hepatotoxicity (n  = 2),  abdominal pain (n  = 6),  nausea (n  = 1) and/or
hypersensitivity reaction (n = 1). Of these patients with adverse events, all 8 (100%)
had prompt resolution of symptoms upon cessation of alternative 5-ASA therapy.
Then upon switching back to balsalazide once supply returned, all 8 continued on
balsalazide without further adverse event/s during the remainder of the follow-up
period (Figure 2).

Long term outcomes
At three and five years following the switch, overall 26/31 (83.9%) and 23/31 (74.2%)
patients had remained continuously on any 5-ASA therapy respectively.  Twelve
(38.7%) patients switched back to balsalazide as soon as supply returned (within three
months).  All  twelve (38.7%) remained on balsalazide at 3 years,  with 11 patients
(35.5%) on balsalazide at 5 years.

Compared to the total number and accounting for the resultant attrition of those on
continuous 5-ASA therapy, there was a loss of long-term market share of 45.2% and
38.7%  at  three  and  five  years  respectively  after,  and  as  a  direct  result  of,  the
balsalazide shortage (Figure 3). Also, at each subsequent timepoint following the
switch through to five years,  there were no significant differences in the rates of
clinical or endoscopic remission between those who continued on alternative 5-ASA
therapy vs those who had switched but then returned to balsalazide as soon as supply
returned (Figure 4A-B).

Finally,  there  was  no significant  difference  in  rates  of  treatment  escalation to
immunomodulators or biologics, colectomy or mortality (all causes) between the two
groups at both the 3 and 5-year follow-up timepoints. However, there was a higher
rate of flares requiring hospitalization in those who switched from balsalazide then
remained on an alternative 5-ASA (36.8 vs 0.0% at 5 years, P = 0.03, Fisher exact test),
Table 2.

DISCUSSION
To our knowledge, this study is the first to demonstrate the long-term ramifications of
a  drug shortage in  a  cohort  of  patients  with inflammatory bowel  disease.  Mild-
moderate UC is an archetypal chronic disease in which to examine the effect of a drug
shortage  given  it  is  a  lifelong,  relapsing-remitting  disease  in  typically  young,
otherwise  healthy  patients,  where  remission  is  achieved  and  maintained  in  a
significant proportion by daily administration of oral drugs such as mesalazine or
balsalazide, with a highly favourable risk: benefit ratio. Long-term stability of disease
control  and outcomes depend primarily on adherence,  and therefore continuous
supply, of the drug. Consequently, a drug shortage has the potential to exert multiple
deleterious flow-on effects including a flare or worsening of disease with possible
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Table 1  Characteristics of the patient cohort (n = 31) who were switched from balsalazide (due to shortage) to an alternative
aminosalicylate formulation

Variable Pre-switch (baseline) Post-switch (at subsequent review)1

Age (yr) (median, range) 54 (20-79)

Male sex (%) 16 (51.6)

Disease duration (yr) (median, range) 10 (3-48)

Montreal Classification, n (%)

Disease extent

Proctitis (E1) 4 (12.9)

Left sided colitis (E2) 21 (67.7)

Extensive colitis (E3) 6 (19.4)

Disease severity

Clinical remission (S0) 14 (45.2) 10 (32.2)

Mild (S1) 16 (51.6) 15 (48.4)

Moderate (S2) 1 (3.2) 6 (19.4)

Severe (S3) 0 (0.0) 0 (0.0)

Endoscopic (Mayo) subscore, n (%)

Mayo 0 6 (19.4) 13 (41.9)

Mayo 1 9 (29.0) 9 (29.0)

Mayo 2 13 (41.9) 5 (16.1)

Mayo 3 3 (9.7) 3 (9.7)

Endoscopic remission (Mayo 0/1) 15 (48.4) 22 (71.0)

Alternative 5-ASA formulation switched to

MMX mesalazine 28 (90.3)

Time-dependent, ethylcellulose coated2 2 (6.5)

Sulfasalazine 1 (3.2)

Median balsalazide dose (g, range) 5.3 (3.0-9.0) -

Median equivalent mesalazine dose (g, range)3 2.1 (1.1-3.2) 3.6 (2.0-4.8)

Concurrent Medical therapy, n (%)

Nil other 7 (22.6)

Topical aminosalicylate 10 (32.2)

Oral corticosteroid 1 (3.2)

Azathioprine/mercaptopurine 14 (45.2)

Methotrexate 3 (9.7)

Anti-TNF biologic 0 (0.0)

Other biologic 0 (0.0)

1Median 3 mo after baseline–overall cohort data reported here (i.e., either on alternative aminosalicylate or had resumed balsalazide).
2Marketed as Mezavant® (Shire Pty Ltd) and Pentasa® (Ferring Pty Ltd) in Australia respectively.
3Based on Balsalazide Product Information[7].

hospitalization or colectomy, as well as significant anxiety, psychological distress, and
loss of work productivity. Hence, such a shortage poses a risk for not only the patient
but health payers and the drug manufacturer.

The  most  striking  finding  of  this  study  is  perhaps  the  significant  loss  of
balsalazide’s  market  share  resulting  from  the  shortage  to  competitor  5-ASA
formulations of approximately 40% which persisted even to 5 years in this cohort.
Given the sudden, unexplained nature of the drug shortage for both clinicians and
patients with no advanced notification of return of supply, all patients were switched
immediately  to  alternative  5-ASA  formulations  in  order  to  maintain  treatment
continuity. Once balsalazide was again available, it is perhaps unsurprising that given
the loss  of  confidence in drug supply that  most  patients  chose to  remain on the
alternative  5-ASA  therapy.  This  study  therefore  presents  a  warning  to  drug
manufacturers that despite a relatively short-duration, once-off drug shortage, the
effects  on patient and clinician confidence in a product may be far more lasting,
especially where similarly effective, competing formulations are available. Indeed, a
sustained loss  of  40% of  prior  market  share  as  depicted in  this  study highlights
financial risks to pharmaceutical companies as a result of suboptimal manufacture
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Figure 1

Figure 1  Change in equivalent mesalazine dose with switch from balsalazide to alternative aminosalicylate
agent.

and supply-chain processes, especially in chronic diseases.
In this study there was no significant impact elicited in either clinical or endoscopic

assessed disease activity on a per-group basis between those who remained on an
alternative 5-ASA formulation post-switch and those who returned to balsalazide
after  drug  supply  returned,  at  each  of  the  assessment  timepoints  to  five  years.
Although this might imply the bioequivalence of the 5-ASA formulations, given the
small sample size in this study no further conclusions can be made. It is important to
reiterate that all switches were performed for non-medical reasons (i.e., shortage) only
and those switched for other reasons such as intolerance, active disease, or tablet
burden were excluded from the study. However, on a per-patient basis, a greater
proportion of patients suffered a symptomatic worsening than improvement of their
colitis at initial review post-switch (P < 0.01) and there was a higher rate of flares
requiring hospitalization through to  five  years  (37% vs  0%,  P  =  0.03)  despite  no
differences in rates of treatment escalation between the groups. One may therefore
hypothesise that for a given individual, not all oral aminosalicylate preparations are
equal and due to reasons including disparate tablet/granule composition, delivery
system, pharmacodynamics and phenotypic differences, switching between agents
within  class  may result  in  improved/worsened disease  control  and/or  adverse
effects.  Regardless,  these data exemplify the potential clinical sequelae of a drug
shortage, which hitherto has not been well characterized in previous studies[13-15].

Notably, upon non-medical switching from balsalazide to an alternative 5-ASA
formulation,  approximately  one-third  of  patients  developed  an  adverse  effect
requiring drug cessation.  This  is  a  far  higher  proportion of  adverse  effects  than
typically seen in commencing 5-ASA agent/s in UC, and certainly higher than that
reported in mesalazine registration trials[16,17]. Furthermore, many of the side effects
appeared to be of idiosyncratic type (e.g., abdominal pain, Figure 2), occurred rapidly
within 1-2 wk of commencement and all resolved upon cessation and recommencing
balsalazide. It is plausible therefore that at least a proportion of these adverse effects
might  be  explained  by  a  nocebo  effect–  i.e.,  an  effect  occurring  when  negative
expectations of the patient regarding a treatment cause the treatment to have a more
negative effect than it otherwise would have, such as recently reported with the non-
medical  switching  from  originator  to  biosimilar  infliximab  in  similar  disease
populations[18,19]. If so, this further illustrates the potential negative impact of a drug
shortage on patients, especially in diseases like UC where psychological stress has
been linked with flares and/or symptom provocation[20]. Another possible explanation
is that, given the vast majority of patients were switched to MMX mesalazine, that this
particular  formulation  might  be  the  cause  of  adverse  effects.  Alternatively,  the
increase in side effects might have been explained by the almost universal increase in
equivalent mesalazine dose received by patients switching to the alternative 5-ASA
therapy  (median  increase  of  1.6  g  mesalazine),  although  multiple  studies  have
demonstrated that adverse effects to mesalazine are not dose-dependent[21,22].

The  authors  acknowledge  several  limitations  of  this  study,  including  the
observational design and small sample size which limit the ability to make definitive
conclusions  given  potential  bias,  or  ascribe  causality.  However,  this  was  an
unselected,  consecutive  patient  cohort  who  were  all  on  the  same  treatment
(balsalazide) prior to a non-medical therapeutic switch, were well phenotypically
characterized (all mild-moderate UC), were all followed prospectively for five years
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Figure 2

Figure 2  Flow chart depicting the switch to alternative aminosalicylate resulting from the balsalazide
shortage, with adverse effect rate of 35.5% occurring immediately post-switch, which in all cases resolved
upon return to balsalazide.

and all treatments and disease (including endoscopic) assessments were recorded,
thus alleviating much of the potential bias. Moreover, the vast majority (over 90%)
were switched to MMX mesalazine upon shortage of  balsalazide,  further  aiding
uniformity.  Other limitations of  the study included that  endoscopic  and clinical
assessment of disease activity prior to and post-switch was not performed at strictly
uniform timepoints and faecal calprotectin testing was not routinely available for
most patients during this study. Assessment by CRP was performed at the clinic visits
by these patients, but CRP has known poor sensitivity in the assessment of disease
activity in UC[23]. Finally, concomitant medications were not controlled in keeping
with the “real world” nature of this cohort, however it should be noted that none of
the patients were on biologic therapy at the time of drug shortage though a significant
proportion were on concurrent immunomodulators.

In summary, this study has demonstrated the deleterious effects of a drug shortage
in ulcerative colitis, with a higher than expected proportion of patients exhibiting a
worsening  of  disease  and/or  significant  side  effects  upon  substitution  of  their
maintenance agent balsalazide with an alternative in the same class. Furthermore, this
study  demonstrated  the  adverse  commercial  impact  of  a  drug  shortage  for  the
manufacturer, with a 40% loss of market share persisting even to five years post-
shortage. Despite enhanced globalization, supply chains and technological advances,
drug shortages are increasingly common and relative low incidence chronic diseases
such as IBD appear at higher risk. Hence, this study highlights the threat posed by
drug  shortages  to  patients,  clinicians,  healthcare  payers  and  pharmaceutical
companies  alike,  and the need to explore ways to  minimise such occurrences  in
future.
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Table 2  Long term cumulative outcomes including rates of treatment escalation, colectomy and mortality in those who continued on
alternative aminosalicylate therapy (n = 19) vs those who switched but then returned to balsalazide as soon as supply returned (n = 12),
n (%)

Outcome (cumulative) Post-switch review (baseline), n
(%) As of 3y follow-up1, n (%) As of 5y follow-up1, n = (%)

Alternative 5-
ASA2

Resumed
alsalazide

Alternative 5-
ASA2

Resumed
balsalazide

Alternative 5-
ASA2

Resumed
balsalazide

Escalated to
immunomodulator

14 (73.7) 5 (41.7) 16 (84.2) 5 (41.7) 16 (84.2) 5 (41.7)

Escalated to biologic 0 (0) 0 (0) 3 (15.8) 0 (0) 6 (31.6) 2 (16.7)

Hospitalised for flare3 0 (0) 0 (0) 3 (15.8) 0 (0) 7 (36.8)a 0 (0)a

Colectomy 0 (0) 0 (0) 1 (5.3) 0 (0) 1 (5.3) 0 (0)

All-cause mortality4 0 (0) 0 (0) 2 (10.5) 0 (0) 2 (10.5) 0 (0)

1Outcome occurring prior to or at timepoint.
25-ASA: Aminosalicylae.
3First hospitalization counted for UC flare only.
4Both deaths in cohort were unrelated to ulcerative colitis (one due to sarcoma and one acute myocardial infarction).
aP < 0.05.

Figure 3

Figure 3  Long term outcome of balsalazide drug shortage on market share through to five years follow-up (compared to persistence on alternative
aminosalicylate therapy).
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Figure 4

Figure 4  Comparison of rates of Clinical remission and Endoscopic remission over multiple timepoints in those who switched to and remained on
alternative aminosalicylate vs those who switched back and remained on balsalazide. A: Clinical remission; B: Endoscopic remission.

ARTICLE HIGHLIGHTS
Research background
Drug shortages appear to be occurring more frequently, yet their clinical impact and sequelae are
not yet well described. Here, a nationwide drug shortage of balsalazide occurred over several
months in 2012-3, necessitating a sudden switch to alternative aminosalicyclate formulations.

Research motivation
In  this  study  the  impact  of  this  balsalazide  shortage  was  intensively  assessed  in  a  well
characterized population of patients with ulcerative colitis over a five year period to assess short
and long term effects of a drug shortage. We hypothesized that this and similar drug shortages
can have significant detrimental impacts on disease course and patient outcomes.

Research objectives
This  study aimed to elucidate the short  and long term ramifications of  a  drug shortage in
ulcerative colitis  patients  on (1)  efficacy (including symptom-based,  and objective disease
assessments);  (2)  safety  (including immediate  adverse  effects  occurring after  switching to
alternative agents); and (3) the proportion of patients returning to the original product once
supply resumed as a measure of loss of market share. This comprehensive, holistic assessment of
drug shortage-related outcomes sets a benchmark for further quantitative research in this field.

Research methods
A prospective cohort study of patients on balsalazide for mild-moderate ulcerative colitis was
conducted where, strictly due to the national shortage patients were switched to alternative 5-
ASA and/or then returned to balsalazide once supply resumed. Clinical and disease activity
assessments were performed at baseline pre-switch, then immediately and at 3 and 5 years after
the drug shortage-imposed switch to assess short and long term sequelae.

Research results
Although in stable remission at the time of the drug shortage, almost half of the patients when
switched from balsalazide had documented clinical  worsening at  their  subsequent review,
including several  reporting side  effects  to  the  alternative  formulation.  Only a  minority  of
patients returned to balsalazide after drug supply returned, equating to a loss of market share
(within the same class) of approximately 40% even to five years post-shortage in this cohort.
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These data highlight the importance of maintaining a seamless drug supply for both patients
(given significant rates of disease worsening occurred, directly attributable to shortage), and
drug manufacturers given the loss of  market share engendered by even a short  term drug
shortage.

Research conclusions
In one of the first published studies of its kind to date, this study of a balsalazide shortage in UC
patients exemplifies the detrimental impact of a drug shortage on long term patient, disease and
commercial outcomes. Hence, patients, clinicians and drug manufacturers should be more aware
and explore ways to address and minimize this growing problem worldwide.

Research perspectives
Further prospective, larger scale studies are needed to document the impacts of drug shortages
in patients across multiple chronic and/or life-threatening diseases. By documenting the scope of
this problem in this manner, hopefully long term solutions can then be instituted accordingly.
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