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Rapid Recurrence of IBD-Associated Anemia and
Iron Deficiency After Intravenous Iron Sucrose and
Erythropoietin Treatment

Stefanie Kulnigg, MD', Lena Teischinger', Clemens Dejaco, MD', Thomas Waldhér, PhD? and Christoph Gasche, MD'?

OBJECTIVES:  Anemia is a common complication of inflammatory bowel disease (IBD) and iron deficiency (ID)
is its predominant cause. Therefore, oral and intravenous iron replacements are widely used. This
study was performed to evaluate the frequency and timing of anemia and ID recurrence after a

successful treatment cycle.

METHODS: Medical records of patients who had received iron sucrose with or without erythropoietin (EPO)
in one of three prospective clinical trials that had been conducted at our center (Ann Intern Med
1997, Digestion 1999, and Am J Gastroenterol 2001) were analyzed for a 5-year follow-up
period. The risk for recurrence of anemia (hemoglobin (Hb)<12/13 g per 100ml) and ID

(ferritin <30 pg/l) was evaluated by Kaplan—Meier analysis using the log-rank test.

RESULTS: Eighty-eight patients were available for analysis. Patients had received a mean iron dose of
2,500 mg (range 600-3,600 mg); 33 (37.1%) patients had also received EPO. Anemia recurred
in a median of 10 months (95% confidence interval (Cl) 8-12) and ID recurred within 19
months (95% CI 11-28). The iron dose had no influence on recurrence of ID or anemia. ID (but
not anemia) recurred faster in patients with a post-treatment ferritin level <100 pg/l (median 4
months, 95% Cl 1-7) than in patients with ferritin level between 100 and 400 pg/l (median 11

months, 95% Cl 6-16) and >400 pg/l (median 49 months, 95% Cl 32-66; P<0.001).

CONCLUSIONS: IBD-associated ID and anemia recur surprisingly fast, indicating that maintenance treatment
may be needed in a portion of the patient population. Recurrence of ID (but not anemia) can be
delayed by aiming for high post-treatment ferritin levels.
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INTRODUCTION

1, interleukin-6, tumor necrosis factor-a, and interferon-y,

Anemia is a common complication of inflammatory bowel
disease (IBD) affecting about one-third of patients (1). Iron
deficiency (ID) is the most frequent cause of anemia in IBD.
ID results not only from continuous or recurrent blood loss
through ulcerations of the bowel mucosa, but also from
decreased iron intake or limited absorption. This may lead
to a negative iron balance and iron deficiency anemia. In
chronic inflammatory diseases such as rheumatoid arthri-
tis or IBD, increased cytokine levels, including interleukin-

may suppress erythropoiesis (directly and through inhibition
of erythropoietin (EPO) production) and cause iron with-
holding in the reticuloendothelial system through hepcidin
(2). The resulting condition is termed as anemia of chronic
disease, which is also present in IBD and is usually coinci-
dent with ID. Anemia-specific symptoms such as headache,
dizziness, palpitations, and shortness of breath and ID-asso-
ciated symptoms such as impaired nail growth, skin defects,
sleeping disorders, loss of libido, and erectile dysfunction
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are associated with a decreased quality of life, reduced abil-
ity to work, and in severe cases with hospitalization or pro-
longation of hospital stays. Prevention, early detection, and
appropriate treatment of ID and anemia are important goals
in the management of IBD.

In IBD, intravenous iron preparations are considered the
preferred route of iron supplementation (3). Absolute indica-
tions for intravenous iron include severe anemia (hemoglobin
(Hb) <10g per 100ml), intolerance, or inappropriate response
to oral iron, severe intestinal disease activity, concomitant ther-
apy with an erythropoiesis-stimulating agent, or patient prefer-
ence. Modern intravenous iron preparations are safe, effective
(1,4), and can refill iron stores fast. In IBD, most studies were
conducted with intravenous iron sucrose (1). In patients who
do not respond or have only a partial response to intravenous
iron, the addition of an erythropoiesis-stimulating agent can
normalize Hb levels in up to 100% of patients (5-10), indicat-
ing that anemia and ID can be effectively managed by appropri-
ate therapy. However, no data are available on the short- and
long-term outcomes after anemia treatment. This study was
conducted to evaluate the frequency and timing of recurring
anemia and ID after a successful treatment cycle with iron
sucrose, with or without additional EPO. We hypothesized that
the recurrence inversely relates to the amount of iron infused
and the post-treatment size of iron stores (as reflected by serum
ferritin level).

METHODS

This retrospective analysis was conducted at the Medical Uni-
versity of Vienna between June and September 2008. The local
ethics committee approved the protocol. WHO criteria were
used to define anemia (Hb<12g per 100ml in non-pregnant
females and <13g per 100ml in males), ID was defined as
serum ferritin <30ug/l in patients without clinical or bio-
chemical evidence of inflammation, and <100 g/l in patients
with active inflammation (3). As this was a retrospective anal-
ysis, the presence of clinical disease activity was difficult to
judge. Therefore, both cut offs were used for analysis.

Patients

Patients who had participated in one of three prospective

clinical trials (9,11,12) each testing the efficacy of iron sucrose

with or without EPO for the treatment of anemia in IBD
were included into this analysis. In all studies, patients with

Hb<10.5g per 100 ml were included and response was defined

as Hb increase >2 g per 100 ml. The exact study design has been

described elsewhere (9,11,12). In brief:

(1) In the single-center Crohn study (9), 40 patients with
anemia and Crohn’s disease (CD) had received up to
3,600 mg intravenous iron sucrose within 16 weeks. In
addition to iron treatment patients had been randomized
to treatment with either placebo or EPO at a 1:1 ratio
during the first 8 weeks of the study. In the second part
of the study, non-responders received concomitant EPO
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treatment, whereas responders were continued on iron
sucrose only. Treatment had been stopped prematurely
in patients who had reached an Hb concentration >14.0g
per 100 ml before the end of the blinded phase.

(2) In the single-center Colitis study (11), 20 ulcerative colitis
(UC) patients were treated with 2,000 mg iron sucrose for
8 weeks. Partial responders (increase in Hb>2g per 100ml
but Hb<10.5g per 100 ml) were continued on iron sucrose
only, whereas EPO was added in non-responders.

(3) In the multi-center Predict study (12), 103 patients with
either CD or UC were treated with 1,200 mg iron sucrose
for 4 weeks. Non-responders or partial responders
received EPO and iron sucrose according to the investiga-
tor’s clinical judgment. A subgroup of 29 patients (8 UC,
21 CD) was treated at the Medical University of Vienna
and was available for analysis.

Data collection

Laboratory and clinical data were obtained from case report
forms and medical records, starting at study end for a maxi-
mum follow-up period of 5 years. Laboratory data included
complete blood count and iron parameters (transferrin,
transferrin saturation (TfS), serum iron, and serum ferritin).
Patients without complete blood count and iron status within
the first 3 months after the end of iron replacement therapy
(IRT) were excluded from analysis. If follow-up data (complete
blood count or iron status) were not available for more than 6
months, the patient was considered lost to follow-up. Values
for Hb, serum ferritin, and TfS at the end of IRT (=first data
point of this study) were taken from the last scheduled study
visit within the Crohn, Colitis, or Predict study. Primary end
points were time until Hb dropped to <12/13g per 100ml,
ferritin to <30 or <100pg/l, TfS<16%, and time until iron
re-treatment.

Statistical analysis

Descriptive statistics were applied to describe the study
cohort. For comparison of characteristics within the study
populations, one-way ANOVA was used. Time to meet certain
criteria was analyzed by Kaplan-Meier analysis using the log-
rank test. In case of multiple comparisons, Bonferroni-
corrected significance levels were used. If patients were lost
to follow-up they were censored for the Kaplan-Meier analy-
sis. A value of P<0.05 was considered to be statistically sig-
nificant. SPSS software (Version 15.0, SPSS Inc., Chicago, IL)
was used.

RESULTS

Patients’ characteristics after IRT

A total of 88 patients (n=39 from Crohn study, n=20 from
Colitis study, n=29 from Predict study) were available for
analysis; one patient from the Crohn study did not receive any
study medication and was therefore excluded from analysis.
Data for complete blood count were available for a median of
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27 months (95% CI 25-35 months), and for iron parameters
for 20 months (95% CI 21-30 months). Studies did not differ
in age, Hb, and serum ferritin before IRT. Differences, however,
were identified for gender, subtype of IBD, total iron dose, EPO
treatment, and TfS (Table 1). Patients received a mean iron
dose of 2,500 mg (range 600-3,600 mg). Thirty-three patients
(37.1%) also received EPO. The highest iron dose was given in
the Crohn trial, followed by the Colitis and the Predict study.
At the end of IRT, levels of Hb were higher in the Crohn study,
again followed by the Colitis and the Predict study (P<0.001).
This was also true for serum ferritin and TfS (P<0.001).

After IRT, 56 patients (63.6%) had Hb levels >normal,
84 (95.5%) had serum ferritin >30pg/l, 76 (86.4%)
ferritin >100pg/l, and 41 patients (47.1%) had TfS >16%
(Table 2). Of patients with normal hemoglobin, 2 (3.6%) had
ferritin levels <30ug/l, 2 (3.6%) between 30 and 100 pg/l, and
52 (92.9%) had ferritin levels >100 pug/l. Twenty-two patients
(39.3%) had TfS <16%. Of anemic patients, 2 (6.25%) had fer-
ritin levels <30ug/l, 6 (18.75%) between 30 and 100 pg/l, and
24 (75%) had ferritin levels >100pg/l. Twenty-four patients
(75%) had TfS<16%. In 34 patients (38.7%) all parameters
were within the normal range (Crohn study n=25/62.5%, Coli-
tis study n=>5/25%, Predict study n=4/13.8%).

Recurrence of anemia and ID after iron replacement
therapy

Only patients who had reached normal levels for a certain
parameter were analyzed for this parameter (e.g., a patient with
normal Hb but low TfS was analyzed for time until Hb drops
below normal but not for TfS below 16%). Anemia recurred
in 50% of patients after 10 months (95% CI 8-12 months).
The median time until the serum ferritin dropped to <30 g/l
was 19 months (95% CI 11-28 months), until the serum fer-
ritin dropped to <100 pg/l was 11 months (95% CI 8-14), and
until the TfS dropped to <16% was 6 months (95% CI 0-13)
(Table 3, Figure 1). The fastest recurrence for Hb and serum
ferritin was observed in the Colitis study, and for TfS in the
Predict study. Iron re-treatment was initiated within a median
of 16 months (95% CI 7-24).

Subgroup analysis (EPO treatment, gender, subtype of IBD)
revealed no difference for anemia recurrence, iron re-treat-
ment, or time until TfS dropped below normal. However,
severe ID (ferritin <30ug/l) recurred faster in patients with-
out concomitant EPO treatment and UC, and moderate ID
(ferritin <100 ug/1) faster in male patients and UC (Table 4).

Astheiron dosage varied within and between studies, patients
were further analyzed according to their actually adminis-
tered iron dosage. Twenty-four patients (27.3%) received
600-1,200 mg (referred to as the “1,200 mg group”), 21 (23.6%)
1,201-2,000 mg (referred to as the “2,000mg group”), and 53
(48.3%) 2,001-3,600 mg (referred to as the “3,600 mg group”).
No difference in Hb and serum ferritin was observed before IRT
(Table 5). The 1,200 mg group had significantly lower Hb levels
after IRT than the 2,000 mg or 3,600 mg group (P<0.001). Also,
serum ferritin and TfS after IRT were highest in the 3,600 mg
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Table 1. Patient characteristics before and after iron replacement therapy

Transferrin saturation (%)
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Hb (g per 100 ml)
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Table 2. Number (%) of patients with normal levels of hemoglobin, serum ferritin, or transferrin saturation after iron replacement

therapy

Hb >12/13g per 100 ml Ferritin =100 pg/I Ferritin >30pg/I TfS >16%
Crohn study 31 (79.5) 37 (94.9) 39 (97.5) 30 (76.9)
Colitis study 14 (70.0) 14 (70.0) 16 (80.0) 6 (30.0)
Predict study 11 (37.9) 25 (86.2) 29 (100.0) 5(17.9)
Combined 56 (63.6) 76 (86.4) 84 (95.5) 41 (47.1)

Hb, hemoglobin; TfS, transferrin saturation.
Data are presented as n (%).

Table 3. Time (months) until hemoglobin, serum ferritin, and transferrin saturation dropped below certain cutoff levels

Median (95% CI) Hb <12/13 g per 100 midI Ferritin <100 pg/I Ferritin <30pg/| TfS <16%
Crohn’s study 10 (9-11) 16 (5-27) 20 (13-27) 6 (4-8)
Colitis study 6 (0-14) 4 (3-5) 4 (0-19) 12 (4-20)
Predict study 14 (6-22) 7 (5-8) 11 (5-17) 3 (0-7)
Combined 10 (8-12) 11 (8-14) 19 (11-28) 6 (0-13)

Cl, confidence interval; Hb, hemoglobin; TfS, transferrin saturation.
Data are presented as median (95% Cl).

1.0 - Hemoglobin <12/13 g per 100 ml
Ferritin <100 pg/I
£i Ferritin <30 pg/l
i Transferrin saturation <16%
0.8
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S
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Time (months)

Figure 1. Recurrence of anemia and iron deficiency. Kaplan—-Meier
analyses were performed for the time until hemoglobin (Hb) dropped

to <12/13g per 100ml, ferritin dropped to <30pg/l, transferrin saturation
(TfS) to <16%, or time until iron re-treatment. Anemia recurred within a
median of 10 months with up to 80% of patients having subnormal Hb
levels after 2 years. Ferritin dropped to <100pg/I in a quite similar kinetic
and to <30pg/l somewhat slower. The fastest recurrence was observed for
the transferrin saturation.

group. However, the total iron dosage had no influence on
recurrence of anemia or ID, or start of iron re-treatment within
the follow-up period (Figure 2a-d).

© 2009 by the American College of Gastroenterology

Patients were further analyzed, according to their serum
ferritin level after IRT (reflecting iron stores). As serum
ferritin levels after intravenous iron replacement overesti-
mate the actual iron stores (13), patients were grouped into
those with serum ferritin level <100 pg/l (n=12, 13.6%),
between 100 and 400 ug/l (n=41, 46.6%), and >400 pg/l
(n=35, 39.8%). Patients with serum ferritin <100 g/l
had the lowest Hb after IRT (mean 11.4g per 100 ml, 95%
CI 10.4-12.4) compared with the other groups (100-400:
mean 12.8 g per 100 ml, 95% CI 12.3-13.2, and >400: 13.2¢g
per 100ml, 95% CI 12.4-13, P=0.001). In addition, the
TS was significantly higher in patients with serum ferri-
tin levels >400 pg/l than in the other groups (>400: mean
26.0%, 95% CI 21.1-30.9; 100-400: mean 14.7%, 95% CI
12.1-17.2; <100: mean 10.5%, 95% CI 2.5-18.4, P<0.001).
However, no difference was observed in the median time
until Hb and TfS dropped below normal (Figure 3a and
¢). The time until serum ferritin dropped to <30 ug/l was
shorter in the group with serum ferritin levels <100 pg/l
and 100-400 ug/l (P<0.001, Figure 3b). The same is true
when comparing the time until iron re-treatment between
these groups (P <0.001, Figure 3d).

DISCUSSION

Iron deficiencyis the prevailing nutritional deficit in patients
with IBD. Oral and intravenous replacement is the standard
of care. Although oral iron therapy is typically maintained
over years (if tolerated), intravenous replacement can be
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Figure 2. Recurrence of anemia and iron deficiency according to iron dose. Kaplan—-Meier analysis were performed until hemoglobin (Hb) dropped to <12/
13g per 100ml (a), ferritin <30pg/I (b), transferrin saturation (TfS) <16% (¢), and time until iron re-treatment (d), grouped by the total administered iron
dosage (1,200mg, 2,000mg, 3,600mg). The total iron dose did not affect recurrence of anemia, drop of transferrin saturation, or iron re-treatment. The
lowest iron group (1,200 mg) showed significantly faster recurrence of iron deficiency (ferritin <30 pg/I) within 12 months P<0.05). This effect was diluted

in the analysis of the full 60-month follow-up period.

administered within weeks, specifically when consider-
ing single, high-dose infusions (e.g., 1,000 mg). So far the
appropriate dosing of intravenous iron compounds is not
well established. Ganzoni’s formula (14) has been proposed
for the estimation of the iron deficit, but it rather underes-
timates the problem in IBD (15) and is rarely used in clini-
cal practice. When using iron sucrose, single doses between
200 and 300mg are given once a week until a proper
response is observed. However, on intravenous iron therapy
the serum ferritin overestimates the bone marrow iron con-
tent and thus has its limitations for judging the sufficiency
of iron replacement (13). For this study we hypothesized
that the likelihood of anemia and ID recurrence relates to
the initial iron dose and the post-treatment ferritin level.

© 2009 by the American College of Gastroenterology

Surprisingly, our data revealed a rapid recurrence: In 50%
of patients anemia and ID (serum ferritin <100 pg/l)
recurred within 10 and 11 months, respectively. The initial
iron dose was associated with a better primary treatment
success (Table 2 shows higher response rates for the Crohn
and the Colitis study, in which over 2,000 mg of iron had
been given), but did not influence the rate of anemia recur-
rence and only the immediate recurrence of ID within the
first year (Figure 2b). Post-treatment ferritin levels ranged
between 9 and 1,920 ug/l and were in a direct relation-
ship with the total amount of iron administered (Table 5).
Lower ferritin levels were related to a faster recurrence of
ID (Figure 3b), but again not to the recurrence of anemia
(Figure 3a). Post-treatment serum ferritin levels of >400 pg/1
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Figure 3. Recurrence of anemia and iron deficiency according to post-treatment serum ferritin levels. Kaplan—Meier analyses were performed for the time
to hemoglobin (Hb) level <12/13g per 100 ml (a), ferritin level <30pg/I (b), transferrin saturation (TfS) <16% (c), and iron re-treatment (d), grouped by
serum ferritin levels after iron replacement therapy (IRT). No effect of the post-treatment ferritin levels was seen for the drop in Hb and transferrin satura-
tion. Patients with low post-treatment ferritin levels, however, showed significant faster recurrence of iron deficiency (ferritin <30pg/l) and needed earlier

iron re-treatment.

prevented recurrence of ID within the following 1-5 years
significantly better than any level below. Thus, intravenous
iron replacement might want to target for ferritin levels of
at least 400 ug/l. Concomitant EPO therapy, male gender
and UC were associated with faster recurrence of ID. It is
quite unexpected that male gender is a risk factor for recur-
rence of ID as females lose more iron through menstrual
bleeding. In our studies, however, the primary iron replace-
ment was not adjusted for body weight (as in Ganzoni’s for-
mula), and thus it is likely that men received a lower iron
dose per kilogram than women. This “under-treatment”
could explain the faster recurrence of ID in males. Similarly,
patients treated with EPO received a higher iron dose (EPO:
mean 3,200mg (95% CI 2,900-4,300), no EPO: 2,100 mg
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(95% CI 1,800-2,400), P<0.001). Accordingly, patients
with CD received more iron (CD: mean 2,700 mg (95% CI
2,400-3,000), UC: mean 2,000mg (95% CI 1,700-2,300),
P=0.004). We therefore believe that these characteristics
are confounding variables of total iron dose influencing the
recurrence of ID.

To the best of our knowledge this is the only study evalu-
ating the long-term outcome after anemia treatment.
Therefore our data cannot be compared with the existing litera-
ture. As for the retrospective nature of this study, several short-
comings have to be considered. Patient follow-up was irregular
and incomplete. The best data were available for Hb levels. Clini-
cal disease activity was difficult to judge from patient charts and
reinitiation of iron therapy was at the physician’s personal
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discretion. Therefore, we did not present data on clinical
disease activity and the data on iron re-treatment have to be
judged carefully. Furthermore, the three clinical trials that
served as database for this analysis were performed in the pre-
infliximab era. Changes in anti-inflammatory therapy may
likely alter intestinal bleeding and thus recurrence of ane-
mia and ID. On the other hand, the use of well-characterized
study cohorts minimizes selection bias and ensures uniform
inclusion criteria (e.g., baseline Hb) and predefined treatment
regimen.

The higher the initial iron dose, the better was the initial
treatment outcome. However, our data show that neither the
iron dose nor post-treatment ferritin levels influenced the
long-term results. It is possible that besides adequate control
of inflammation, iron and/or EPO maintenance therapy is
needed to prevent anemia recurrence in a significant subset
of patients. To answer this question, a prospective, rand-
omized trial for testing the effect of a regular maintenance
therapy with intravenous iron has been initiated recently.
The first results can be expected in 2 years. Until then, we
may recommend aiming for a ferritin level of at least 400 ug/1
at the end of intravenous iron replacement (with an upper
safety limit of 800 g/l to avoid iron overload) and regular
follow-up of patients. The best indicator of recurrent ID has
yet to be defined. Keeping ferritin levels high may be at least
useful to prevent ID.
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Anemia Recurrence in IBD

WHAT IS CURRENT KNOWLEDGE
Iron deficiency anemia is very common in inflammatory
bowel diseases.
Anemia has a great impact on quality of life.
/Standard treatment includes oral or intravenous iron
with or without erythropoietin.
WHAT IS NEW HERE
/After a successful treatment cycle, anemia recurred

frequently and fast, indicating a need for maintenance
therapy.

Recurrence of iron deficiency is lower in patients with
elevated post-treatment ferritin levels.
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