Therapeutic Apheresis
and Dialysis

Therapeutic Apheresis and Dialysis 2017
doi: 10.1111/1744-9987.12641
© 2017 International Society for Apheresis, Japanese Society for Apheresis, and Japanese Society for Dialysis Therapy

Atypical Hemolytic Uremic Syndrome: A Meta-Analysis of
Case Reports Confirms the Prevalence of Genetic Mutations
and the Shift of Treatment Regimens

Vinod Krishnappa,'=** ® Mohit Gupta,>** Mohamed Elrifai,' Bahar Moftakhar,*
Michael J Ensley,” Tushar J Vachharajani,® Sidharth Kumar Sethi’, and Rupesh Raina'~

!Cleveland Clinic Akron General/Akron Nephrology Associates, > Department of Internal Medicine and
Nephrology, Cleveland Clinic Akron General, *Department of Internal Medicine, Summa Health System,
Akron, > Department of Political Science, Kent State University, Kent, Ohio, Department of Nephrology, Weill
Cornell Medicine/NewYork Presbyterian, New York, °Division of Nephrology and Hypertension, Salisbury VA
Health Care System, Salisbury, NC, USA; and 7Kidney Institute, Medanta, The Medicity Hospital, Gurgaon, India

Abstract: Atypical hemolytic uremic syndrome (aHUS) is
a rare life-threatening thrombotic microangiopathy
(TMA) affecting multiple organ systems. Recently, aHUS
has been shown to be associated with uncontrolled com-
plement activation due to mutations in the alternative
pathway of complement components paving the way for
targeted drug therapy. By meta-analysis of case reports,
we discuss the impact of new treatment strategies on the
resolution time of aHUS symptoms and mortality, and the
distribution of genetic mutations. A PubMed/Medline
search was conducted for “atypical hemolytic uremic syn-
drome” case reports published between November 2005
and November 2015. R Version 3.2.2 was used to calcu-
late descriptive statistics and perform univariate analyses.
Wilcoxon rank-sum test was used to compare time to
symptoms resolution, creatinine and platelet count nor-
malization across the treatment and mutation carrier
groups. A total of 259 aHUS patients were reported in
176 articles between 2005 and 2015. In the last 5-year
period compared to the precedent, there was an increase
in the number of aHUS cases reported (180 vs. 79 cases)
and the use of eculizumab also increased (6.3% to 46.1%,
P < 0.000), although plasma exchange usage did not
change (P = 0.281). CFH antibodies were present in a sig-
nificantly higher number of patients treated with plasma
exchange therapy (19.1%, P = 0.000) while none of the
non-plasma exchange therapy group had CFH antibodies.
Most common mutation was CFH (50%, 69/139) followed
by CFHR1 (35%, 30/85), MCP (22.8%, 23/101) and CFI

(16.6%, 17/102). Time to symptoms resolution and serum
creatinine or platelet count normalization were not signifi-
cantly different between eculizumab and non-eculizumab
group (P =0.166, P =0.361, P =0.834), and between
plasma exchange and non-plasma exchange group
(P =0.150, P = 0.135, P = 0.784). However, both eculizu-
mab and plasma exchange groups had early platelet
recovery (22 vs. 30 days and 25.5 vs. 32.5 days), faster cre-
atinine normalization (27 vs. 30.5 days and 27 vs. 37 days)
and interestingly, a longer period for symptoms resolution
(45.5 vs. 21 days and 30 vs. 18.5 days) compared to non-
eculizumab and non-plasma exchange groups. Mortality
rate decreased with the use of eculizumab significantly
(P = 0.045) compared to non-eculizumab group and there
was no change in mortality rate with the use of plasma
exchange therapy (P =0.760) compared to non-plasma
exchange group. Plasma exchange continues to be the ini-
tial treatment of choice for aHUS. Although significant
reduction in the mortality rate was noted with the use of
eculizumab, there were no differences in time to resolu-
tion of symptoms or serum creatinine or platelet normali-
zation with the use of either eculizumab or plasma
therapy. Atypical HUS is acute and life-threatening, so
plasma exchange may be initiated before the confirmed
diagnosis and in patients positive for CFH antibodies.
Eculizumab therapy should be considered once aHUS is
confirmed by genetic testing. Key Words: Alternative
pathway of complement, Atypical hemolytic uremic syn-
drome, Eculizumab, Genetic mutations, Plasma exchange.
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Atypical hemolytic uremic syndrome (aHUS) is a
rare but life-threatening thrombotic microangiopa-

thy (TMA) that affects multiple organ systems.
Caused by uncontrolled activation of complement
proteins, aHUS impacts renal function, leads to gas-
trointestinal disturbance, and also affects the central
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nervous system (CNS). In addition to a wide distri-
bution of effects, aHUS carries a mortality rate of
25% and progression to end-stage renal disease
(ESRD) occurs in up to 50% of cases during the
acute phase (1).

In the past, aHUS was a diagnosis of exclusion.
Patients presenting without ADAMTS13 deficiency
and without shiga-toxin E. coli infection, yet with
symptoms of TMA were considered to have atypical
disease. With a greater understanding of the comple-
ment system and its components, different mutations
are now known to be involved in the pathophysiology
of the disease. Moreover, many of these mutations
have been specifically associated with the alternative
pathway of complement, paving the way for corre-
sponding targeted therapy. These include mutations
in complement factor H (CFH), complement factor I
(CFI), complement factor B (CFB), as well as mem-
brane cofactor protein (MCP) which is encoded by
CD46 gene (1g32). Recently, recessive mutations in
DGKE (Diacylglycerol Kinase &) have been shown to
be associated with non-complement mediated aHUS
(2). Anti-CFH antibodies are also implicated in the
pathogenesis of aHUS particularly in patients with
non-allelic homologous recombination of CFH
related genes namely CFHR1/3 deletions.

Formerly, treatment was not disease-specific and
was largely restricted to plasma exchange. Recently,
a prospective phase 2 trial of eculizumab in
20 patients with aHUS demonstrated suppression of
TMA in 80% of the patients at 26 weeks of therapy,
with an increase in platelet count and eGFR
observed in a separate arm of the same study (3).
Eculizumab inhibits breakdown of compliment fac-
tor C5 to C5a and C5b by C5 convertase, thus pre-
venting the formation of C5b-9 complexes
(membrane attack complex, MAC) in the alternate
complement pathway. CS5a is a potent anaphyla-
toxin, and both C5a and C5b-9 are prothrombotic
and  proinflammatory, thereby  eculizumab
completely halts inappropriate systemic coagulation.
It was approved in 2011 in the US and since then it
has been used worldwide for the treatment of aHUS
(4). Given that many aHUS patients have mutations
in the alternative pathway of complement (APC)
components, the specific approach of inhibition at
the level of the terminal pathway of complement
(TPC) is what makes eculizumab very effective.
However, eculizumab use is limited by the cost of
the treatment, which exceeds $300 000 (5).

The rarity of aHUS leads many clinicians to offer
case reports. With the recent development of eculi-
zumab as a highly effective treatment, many case
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studies now offer information on the efficacy of com-
plement pathway inhibition in aHUS. This study
seeks to assimilate knowledge from the case reports
submitted over the 10-year period with the aim of
using a meta-analysis approach to understand how
new treatments have impacted the time to resolu-
tion of aHUS symptoms and the distribution of
complement pathway genetic mutations that lead
to aHUS.

METHODS

A PubMed/MEDLINE search for the terms “atyp-
ical hemolytic uremic syndrome” was performed,
with filters applied for case reports and dates
between November 2005 and November 2015. Case
reports were sought because the rarity of aHUS pre-
vents its extensive study; chronology was restricted
to the 10-year period to minimize era effects.

Articles were included if the subject was diag-
nosed with aHUS consistent with lack of
ADAMTS13 deficiency and negative E. coli O157:
H7/stool culture. Studies that focused on genetics, as
opposed to patient presentation or outcomes, were
excluded. Selected articles were reviewed by three
independent reviewers, and information regarding
demographics, complement pathway genetics, dis-
ease, and outcomes were tabulated. Two primary
endpoints were selected for review: mortality and a
composite of time to lab value normalization or
symptoms resolution. Patients whose lab values or
symptoms did not resolve within 180 days of starting
treatment were considered non-responders to ther-
apy. For lab parameters, only the lowest or highest
reported values were collected if the case report has
more than one value for each variable. Patients in
whom aHUS recurred were excluded from time to
resolution analysis. Time to resolution of symptoms
was defined as complete resolution of proteinuria,
hematuria, hypertension and cardiac or neurological
symptoms.

Statistical analysis

R version 3.2.2 was used to calculate descriptive
statistics and perform univariate analyses across
interval and treatment strata. Wilcoxon rank-sum
tests were performed to compare time to symptom
resolution, creatinine normalization, and platelet
count normalization across treatment and mutation
carrier groups. For a comparison of the means of the
continuously measured characteristics across interval
and treatment strata, a difference of means -test was
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conducted. The P-values for the other patient char-
acteristics were calculated from a test of the equality
of two binomial proportions across interval and
treatment strata, which is equivalent to a x> test for
categorical data from a 2 x 2 table. However, if the
observed frequency was less than five for one of the
cells that comprised the 2 x 2 table, the P-values
were calculated using a Fisher’s exact test.

RESULTS

A PubMed search returned 695 results, of which
191 articles were selected for full text review (Fig. 1).
Three articles were excluded for a lack of informa-
tion regarding pre-specified variables, seven were
excluded due to description of genetic characteristics
rather than clinical characteristics, and five articles

PubMed search conducted for terms

Identification

Screening

FIG. 1. Literature search flow
chart.

Eligibility

Included
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“atypical hemolyitc uremic
syndrome” with filters applied for
dates between November 2005 and

November 2015

Total 695 articles returned

457 articles excluded based
on title screening

238 articles selected

47 articles excluded based on
abstract screening

191 articles considered
for full text review

3 articles excluded due to lack
of information regarding pre-
specified variables

7 articles excluded due to focus
on genetic characteristics

5 articles excluded due to
description of diarrhea and E.
Coli on stool culture

176 articles reviewed for

variables listed in Tables

1,2 and 3
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TABLE 1. Characteristics of aHUS patients, stratified by 5-year interval

2005-2010 2011-2015 P
No. of patients 79 180
Age, years (mean (sd)) 13.74 (14.88) 15.32 (17.42) 0.485
Sex =M % (N) 57 (45/79) 45 (81/180) 0.076
Pre-aHUS Conditions % (N)
Dialysis dependence 3.8 (3/79) 16.7 (30/180) 0.004
CKD 1.3 (1/79) 6.7 (12/180) 0.067
ESRD 10.1 (8/79) 20 (36/180) 0.051
Prior transplantation 6.3 (5/79) 12.2 (22/180) 0.153
aHUS symptoms % (N)
Hypertension 53.2 (42/79) 41.7 (75/180) 0.087
Proteinuria 48.1 (38/79) 56.7 (102/180) 0.203
Hematuria 21.5 (17/79) 31.1 (56/180) 0.114
Cardiac 10.1 (8/79) 15.6 (28/180) 0.245
Neurological 19 (15/79) 20.6 (37/180) 0.772
Treatment strategies % (N)
Eculizumab 6.3 (5/79) 46.1 (83/180) 0.000
Plasma exchange 73.4 (58/79) 66.7 (120/180) 0.281
Dialysis 60.8 (48/79) 63.3 (114/180) 0.694
Laboratory values
CFH Ab % (N) 10.1 (8/79) 18.9 (34/180) 0.078
C3 mg/dL (mean (sd)) 54.84 (32.01) 40.84 (24.00) 0.000
C4 mg/dL (mean (sd)) 35.12 (16.89) 35.35(18.82) 0.926
Peak creatinine mg/dL (mean (sd)) 5.17 (4.31) 414 (3.21) 0.036
Peak BUN mmol/L (mean (sd)) 9.10 (2.45) NA
Lowest platelets x 10°/uL (mean (sd)) 54.81 (32.56) 49.85 (27.22) 0.208
aHUS Outcomes
Time to resolve, days median {IQR} 34.00 {14.00, 130.00} 24.50 {12.50, 90.00} 0.401
Time for creatinine normalization median {IQR} 38.50 {20.00, 55.00} 26.00 {15.00, 46.00} 0.077
Time to platelet normalization median {IQR} 29.50 {12.50, 40.00} 25.00 {14.50, 40.00} 0.935
Mortality % (N) 7.6 (6/79) 6.1 (11/180) 0.657
Mutations
CFH % (N positive/N tested) 60.9 (28/46) 44.1 (41/93) 0.063
Heterozygous 52.2 (24/46) 36.6 (34/93)
Homozygous 8.7 (4/46) 7.5 (7/93)
None 39.1 (18/46) 55.9 (52/93)
CFI % (N positive/N tested) 28.6 (8/28) 12.2 (9/74) 0.047
Heterozygous 21.4 (6/28) 12.2 (9/74)
Homozygous 7.1 (2/28) 0.0 (0/74)
None 71.4 (20/28) 87.8 (65/74)
CFHR1% (N positive/N tested) 36.4 (8/22) 34.9 (22/63) 0.903
Heterozygous 9.1 (2/22) 15.9 (10/63)
Homozygous 27.3 (6/22) 19 (12/63)
None 63.6 (14/22) 65.1 (41/63)
MCP % (N positive/N tested) 43.8 (14/32) 13 (9/69) 0.001
Heterozygous 34.4 (11/32) 13 (9/69)
Homozygous 9.4 (3/32) 0 (0/69)
None 56.2 (18/32) 87 (60/69)

Ab, antibody; aHUS, atypical hemolytic uremic syndrome; CFH, complement factor H; CFHR1, complement factor H-related protein
1; CFI, complement factor I; CKD, chronic kidney disease; ESRD, end-stage renal disease; IQR, interquartile range; M, male; MCP, mem-

brane cofactor protein; n, number; sd, standard deviation.

were excluded due to description of diarrhea and
E. coli on stool culture. The remaining 176 articles
were reviewed for information regarding the vari-
ables listed in Tables 1-3. Descriptive statistics for
all collected variables, across time intervals and
treatment category are presented in Tables 1-3.

A total of 259 aHUS patients were reported in
176 articles during the 10-year period. There has
been an increase in the number of aHUS patients
reported (180 vs. 79 cases) as well an increase in
the use of eculizumab from 6.3% to 46.1%

Ther Apher Dial, Vol. e, No. ®e, 2017

(P < 0.000) during the last 5-year period compared
to the precedent. The rates of plasma exchange
and dialysis usage for aHUS did not change signifi-
cantly during the same time periods (P = 0.281,
P =0.694). During the last 5-year period compared
to the precedent, greater proportions of patients
had chronic kidney disease (CKD), ESRD, trans-
plantation and were dialysis-dependent before the
diagnosis of aHUS; however, only ESRD and dial-
ysis dependence were statistically significant
(P=0.051, P=0.004). Mean C3 and serum
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TABLE 2. Characteristics of patients treated with eculizumab
No Yes P

No. patients 171 88
Age, years (mean(sd)) 12.6 (15.62) 19.1 (18.48) 0.003
Sex =M % (N) 50.9 (87/171) 34.1 (30/88) 0.010
Pre-aHUS conditions % (N)
Dialysis dependence 7.6 (13/171) 20.45 (18/88) 0.003
CKD 2.9 (51171) 9.1 (8/88) 0.031
ESRD 8.8 (15/171) 29.5 (26/88) 0.000
Prior transplantation 4.1 (71171) 20.5 (18/88) 0.000
aHUS symptoms % (N)
Hypertension 38 (65/171) 38.6 (34/88) 0.922
Hematuria 50.3 (86/171) 39.8 (35/88) 0.108
Proteinuria 25.1 (43/171) 15.9 (14/88) 0.089
Cardiac 8.8 (15/171) 13.6 (12/88) 0.225
Neurological 13.5 (23/171) 17 (15/88) 0.439
Treatment strategies % (V)
Plasma exchange 68.4 (117/171) 69.3 (61/88) 0.883
Dialysis 62.5 (107/171) 62.5 (55/88) 0.991
Laboratory values
CFH Ab % (N) 19.9 (34/171) 9.1 (8/88) 0.026
C 3 mg/dL (mean (sd)) 46.34 (29.77) 45.54 (24.08) 0.828
C 4 mg/dL (mean (sd)) 36.68 (16.40) 34.03 (19.93) 0.255
Peak creatinine mg/dL (mean (sd)) 4.45 (3.34) 4.53 (4.28) 0.869
Peak BUN mmol/L (mean (sd)) 9.10 (2.45) NA
Lowest platelets x 10*/uL (mean (sd)) 54.61 (30.56) 47.08 (25.89) 0.050
aHUS outcomes
Time to resolve, days median {IQR} 21.00 {11.00, 90.00} 45.50 {15.50, 101.25} 0.166
Time to creatinine normalization median {IQR} 30.50 {15.25, 49.00} 27.00 {14.00, 44.00} 0.361
Time to platelet normalization median {IQR} 30.00 {13.25, 40.00} 22.00 {15.00, 39.75} 0.834
Mortality % (N) 8.8 (15/171) 2.3 (2/88) 0.045
Mutations
CFH % (N positive/N tested) 50.6 (41/81) 48.3 (28/58) 0.785
Heterozygous 42 (34/81) 41.4 (24/58)
Homozygous 8.6 (7/81) 6.9 (4/58)
None 49.4 (40/81) 51.7 (30/58)
CFI % (N positive/N tested) 16.7 (9/54) 16.7 (8/48) 1.000
Heterozygous 13 (7/54) 16.7 (8/48)
Homozygous 3.7 (2/54) 0 (0/48)
None 83.3 (45/54) 83.3 (40/48)
CFHR 1% (N positive/N tested) 37.5 (15/40) 33.3 (15/45) 0.688
Heterozygous 17.5 (7/40) 11.1 (5/45)
Homozygous 20 (8/40) 22.2 (10/45)
None 62.5 (25/40) 66.7 (30/45)
MCP % (N positive/N tested) 29.1 (16/55) 15.2 (7/46) 0.098
Heterozygous 23.6 (13/55) 15.2 (7/46)
Homozygous 5.5 (3/55) 0 (0/46)
None 70.9 (39/55) 84.8 (39/46)

Ab, antibody; aHUS, atypical hemolytic uremic syndrome; CFH, complement factor H; CFHR1, complement factor H-related protein
1; CFI, complement factor I; CKD, chronic kidney disease; ESRD, end-stage renal disease; IQR, interquartile range; M, male; MCP, mem-

brane cofactor protein; N, number; sd, standard deviation.

creatinine levels were observed to be low during
the last 5-year period (P = 0.000, P = 0.036). Simi-
larly, the number of patients with mutations was
lower during the last 5-year period compared to
the precedent with significantly decreased numbers
noted among CFI (P=0.047) and MCP
(P = 0.001) mutations. However, there were no sta-
tistically significant differences in time to symptoms
resolution or creatinine or platelet normalization
between the two S-year intervals (P = 0.401,
P =0.077, P = 0.935).

© 2017 International Society for Apheresis,
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Patients treated with eculizumab were older, more

likely to be females, more often dialysis-dependent,
or had CKD or ESRD or prior transplantation. The
average age of patients treated with eculizumab was
19.1 years compared to the non-eculizumab group
who were 12.6 years. Lab parameters were not sig-
nificantly different between the eculizumab and non-
eculizumab groups, except for CFH antibodies and
platelet count. CFH antibodies and mean platelet
count were significantly lower in patients treated
with eculizumab compared to non-eculizumab group
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TABLE 3. Characteristics of patients treated with plasma exchange

No Yes P
No. of patients 81 178
Age, years (mean (sd)) 14.49 (18.46) 15.47 (16.51) 0.671
Sex =M % (N) 49.4 (40/81) 46.6 (83/178) 0.681
Pre-aHUS conditions % (N)
Dialysis dependence 6.2 (5/81) 15.2 (27/178) 0.041
CKD 2.5 (2/81) 5.6 (10/178) 0.351
ESRD 7.4 (6/81) 19.1 (34/178) 0.016
Prior transplantation 4.9 (4/81) 12.4 (22/178) 0.076
aHUS symptoms % (N)
Hypertension 16 (13/81) 45.5 (81/178) 0.000
Proteinuria 28.4 (23/81) 53.4 (95/178) 0.000
Hematuria 22.2 (18/81) 20.8 (37/178) 0.793
Cardiac 4.9 (4/81) 9.6 (17/178) 0.325
Neurological 9.9 (8/81) 18 (32/178) 0.094
Treatment strategies % (N)
Eculizumab 35.8 (29/81) 33.14 (59/178) 0.676
Dialysis 45.7 (37/81) 70.2 (125/178) 0.000
Laboratory values
CFH Ab % (N) 0 (0/81) 19.1 (34/178) 0.000
C 3 mg/dL (mean (sd)) 4411 (27.65) 48.08 (28.17) 0.293
C 4 mg/dL (mean (sd)) 36.52 (16.46) 34.54 (18.30) 0.408
Peak creatinine mg/dL (mean (sd)) 2.87 (2.42) 5.32 (3.84) 0.000
Peak BUN mmol/L (mean (sd)) 747 (NA) 9.64 (2.69)
Lowest platelets x 10°/uL (mean (sd)) 48.11 (29.69) 53.56 (30.17) 0.179
aHUS outcomes
Time to resolve, days (median {IQR}) 18.50 {8.00, 60.00} 30.00 {14.00, 112.00} 0.150
Time to creatinine normalization (median {IQR}) 37.00 {21.25, 49.00} 27.00 {13.00, 47.50} 0.135
Time to platelet normalization (median {IQR}) 32.50 {13.75, 40.00} 25.50 {14.00, 39.25} 0.784
Mortality % (N) 3.7 (3/81) 5.6 (10/178) 0.760
Mutations
CFH % (N positive/N tested) 37.9 (11/29) 52.7 (58/110) 0.156
Heterozygous 24.1 (7/29) 46.4 (51/110)
Homozygous 13.8 (4/29) 6.4 (7/110)
None 62.1 (18/29) 47.3 (52/110)
CFI %(N positive/N tested) 0 (0/23) 21.5 (17/79) 0.011
Heterozygous 0 (0/23) 19 (15/79)
Homozygous 0 (0/23) 2.5 (2/79)
None 100 (23/23) 78.5 (62/79)
CFHR 1% (N positive/N tested) 24 (6/25) 40 (24/60) 0.160
Heterozygous 16 (4/25) 13.3 (8/60)
Homozygous 8 (2/25) 26.7 (16/60)
None 76 (19/25) 60 (36/60)
MCP % (N positive/N tested) 20 (5/25) 23.7 (18/76) 0.703
Heterozygous 20 (5/25) 19.7 (15/76)
Homozygous 0 (0/25) 3.9 (3/76)
None 80 (20/25) 76.3 (58/76)

Ab, antibody; aHUS, atypical hemolytic uremic syndrome; CFH, complement factor H; CFHR1, complement factor H-related protein
1; CFI, complement factor I; CKD, chronic kidney disease; ESRD, end-stage renal disease; IQR, interquartile range; M, male; MCP, mem-

brane cofactor protein; N, number; sd, standard deviation.

(P =0.026, P = 0.050). There was no statistically sig-
nificant difference in mutations between the eculizu-
mab and non-eculizumab group. Interestingly, in
eculizumab group, MCP mutations were present in
only 15.2% of patients who had genetic testing com-
pared to 29.1% in the non-eculizumab group.

There were no significant differences in age or
sex between plasma exchange therapy group and
non-plasma exchange therapy group. However, the
plasma exchange therapy group had a significantly
higher number of people with hypertension and
proteinuria (P = 0.000, P = 0.000), had ESRD and

Ther Apher Dial, Vol. e, No. ®e, 2017

were dialysis dependent (P = 0.016, P = 0.041), and
were overall more likely to be treated with dialysis
(P = 0.000). CFH antibodies were present in a sig-
nificantly higher number of patients treated with
plasma exchange therapy (19.1%, P = 0.000) while
none of the non-plasma exchange therapy group
had CFH antibodies. Mean serum creatinine levels
were observed to be higher in patients treated with
plasma exchange compared with the non-plasma
exchange group (5.32 mg/dL vs. 2.87 mg/dL,
P < 0.000). Patients treated with plasma exchange
therapy showed significant association with CFI
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mutation (P = 0.011), and associations with CFH,
CFHRland MCP mutations were insignificant
(P =0.156, P=0.160, P =0.703), although they
were more frequently associated.

Mortality rate decreased with the use of eculizu-
mab significantly (P = 0.045) and there was no sig-
nificant change in mortality rate with the use of
plasma exchange therapy (P = 0.760) compared to
non-eculizumab and non-plasma exchange groups,
respectively. Furthermore, mortality rates did not
change significantly during the last 5-year period
where eculizumab use was noted to be high com-
pared to the precedent 5-year period (P = 0.657).
Time to symptoms resolution and serum creatinine
or platelet count normalization were not statistically
significant between the eculizumab and non-
eculizumab group (P = 0.166, P = 0.361, P = 0.834),
and between plasma exchange and non-plasma
exchange group (P =0.150, P =0.135, P = 0.784).
However, both the eculizumab and plasma
exchange groups had early platelet recovery (22 vs.
30 days & 25.5 vs. 32.5 days), faster creatinine nor-
malization (27 vs. 30.5 days and 27 vs. 37 days) and
interestingly, longer period for symptoms resolution
(45.5 vs. 21 days and 30 vs. 18.5 days) compared to
non-eculizumab and non-plasma exchange groups.

The most common mutation noted was CFH fol-
lowed by CFHR1, MCP and CFI. Of the patients
(N =139) who were screened for CFH genetic
mutations, 50% (69/139) had mutation in the CFH
gene with 15.9% (11/69) being homozygous and
84.1% (58/69) being heterozygous for the mutation

(Table 4). CFH receptor 1 (CFHR1) mutations
were observed to be less frequent (35%, 30/85) with
homozygous mutation in 60% (18/30) and heterozy-
gous mutation in 40% (12/30) of the patients. Of
the patients (N = 102) who were screened for CFI
mutations, only 16.6% (17/102) had CFI mutation
with the majority being heterozygous (88.2%, 15/17)
and the remaining were homozygous (11.8%, 2/17)
for the mutation. MCP mutations were prevalent in
22.8% of patients tested (23/101) with majority of
them being heterozygous (87%, 20/23) and remain-
ing being homozygous (13%, 3/23) for the mutation.

Mortality and time to resolution of symptoms or
normalization of lab values were stratified by muta-
tion type and treatment (Table 5). Mortality was
infrequent among treatment strata, but the fre-
quency was greater in patients treated with plasma
exchange therapy than with eculizumab.

DISCUSSION

The use of aggregate information from case stud-
ies is subject to potential biases. Only noteworthy
cases are considered for analysis after rigorous
screening by three independent reviewers. Still,
given the exceeding rarity of aHUS, the sum of
knowledge from these experiences may offer worth-
while lessons.

Regarding chronological trends, the first notable
feature is an increase in the number of aHUS cases
reported during the last 5-year period compared to
the precedent (180 vs. 79 cases). This may be attrib-
uted to increasing rates of publication, or may

TABLE 4. Distribution of genotypes across patients

Total number of
patients with mutation

Patients with
homozygous mutations

Patients with
heterozygous mutations

Patients with
no mutations

CFH Mutation 70 84.1% (58/69) 15.9% (11/69) 50% (69/139)
CFHR 1 Mutation 55 40% (12/30) 60% (18/30) 35% (30/85)

CFI Mutation 85 88.2% (15/17) 11.8% (2/17) 16.6% (17/102)
MCP Mutation 78 87% (20/23) 13% (3/23) 22.8% (23/101)

CFH, complement factor H; CFHR1, complement factor H-related protein 1; CFI, complement factor I; MCP, membrane cofactor
protein.

TABLE 5. Outcomes across genotypes

CFH Mutation CFHR 1 Mutation CFI Mutation MCP Mutation
Eculizumab Mortality (N (%)) 0(0%) 0(0%) 0(0%) 1(25%)
Time to resolve (days (sd)) 72.2 (81.6) 51.0 (49.3) 35 (19.8) 16.33 (16.2)
Total patients 25 13 8 4
Plasma exchange Mortality (N (%)) 4(7.7%) 2(9.1%) 0(0%) 1(6.3%)
Time to resolve (days (sd)) 80.6 (86.9) 105.9 (96.8) 123.3 (153.6) 45.5 (55.13)
Total 52 22 12 16

CFH, complement factor H; CFHR1, complement factor H-related protein 1; CFI, complement factor I; MCP, membrane cofactor pro-
tein; N, number; sd, standard deviation.

© 2017 International Society for Apheresis,
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reflect growing interest in aHUS and complement
disorder treatment with the terminal complement
inhibitor, eculizumab following its approval by FDA
and EMA (European Medicines Agency) in 2011.
Plasma exchange is usually considered as the first
line treatment for aHUS. Our analysis confirmed
that the plasma exchange remained as the most
used initial treatment modality for aHUS with no
significant difference in its use in the last 5-year
period compared to the precedent (66.7%
vs. 73.4%, P = 0.281). Plasma exchange therapy for
aHUS consists of removing pathologic mutated fac-
tors, antibodies, immune complexes and cytokines
to restore endothelial function and prevent platelet
aggregation (6,7). Effective aHUS treatment with
plasma exchange is generally defined as increase in
platelet count and cessation of hemolysis (7). Of the
259 cases we analyzed, plasma exchange was used
in 68.7% (178/259) of the patients. CFH antibodies
were present in 19.1% (34/178) of patients who had
plasma exchange therapy compared to none in non-
plasma exchange group, reflecting plasma exchange
to be effective and the main treatment modality in
antibody positive cases. Furthermore, expensive
eculizumab therapy was used in only 9.1% of CFH
antibody positive cases.

The majority of patients who underwent plasma
exchange had dialysis (125/178, 70.2%, P = 0.000),
and had significantly higher levels of mean serum
creatinine (5.32 vs. 2.87 mg/dL, P = 0.000), and a
higher number of patients with hypertension and
proteinuria (45.5 vs. 16%, P =0.000 and 53.4
vs. 28.4%, P = 0.000). These associations may be
attributed to the fact that plasma exchange is initi-
ated as an acute treatment when aHUS is suspected
and dialysis treatment yet to be started. Further-
more, there was no significant difference in the time
to resolution of symptoms, normalization of serum
creatinine or platelets between plasma exchange
and non-plasma exchange groups. Similarly, no sig-
nificant mortality difference was observed between
the two groups, although there was a slight increase
in the number of deaths in the plasma exchange
group, which may be attributed to the severity of
the aHUS in this sub-group. Interestingly, genetic
mutations were found to be higher in patients who
had plasma exchange compared to the non-plasma
exchange group, although it was not statistically sig-
nificant except for CFI (52.7% vs. 37.9% and
P =0.156 for CFH, 21.5% vs. 0% and P = 0.011 for
CFI, 40% vs. 24% and P =0.160 for CFHRI,
23.7% vs. 20% and P = 0.703 for MCP).

Many studies reported the use of eculizumab as a
treatment modality to replace plasma exchange or

Ther Apher Dial, Vol. e, No. ®e, 2017

to treat plasma exchange resistant aHUS (8-10).
During the last 5-year period, there has been a sig-
nificant increase in the use of eculizumab for aHUS
treatment. This may be partly attributed to its
approval by FDA and EMA (European Medicines
Agency) in 2011. Eculizumab, a monoclonal anti-
body, binds to C5 to prevent its cleavage into CSa
and C5b effector molecules; this results in blockade
of the pro-inflammatory, pro-thrombotic and lytic
functions of complement (11). Several studies have
described the use of eculizumab in the treatment of
aHUS. Ohanian et al. described the long-term use
of eculizumab to maintain and improve renal func-
tion (12). Other case studies, such as Mache et al.,
Chatelet et al., and Zuber et al., discuss the use of a
maintenance dose of eculizumab to prevent aHUS
relapse, which was described as recurrent hemolysis
and deterioration of renal function (13-15). Eculizu-
mab has also been recently used in the treatment of
gemcitabine induced HUS (16). Fakhouri
et al. described a randomized clinical trial in which
eculizumab was used to treat adult patients with
severe aHUS and was found to benefit approxi-
mately 73% of the patients following 26 weeks of
treatment (17). Once remission is achieved, discon-
tinuation of eculizumab is encouraged owing to its
side-effects. It has been shown to be associated with
maintenance of remission in a majority of cases;
however, relapses were reported in selected
cases (18). Our analysis showed more than half of
the cases (51.4%, 88/171) had eculizumab treatment
and a significant proportion of the eculizumab treat-
ment group had pre-morbidities such as CKD, prior
transplantation, ESRD and dialysis dependence
(P =0.031, P=0.000, P=0.000, P=0.003) com-
pared to the non-eculizumab group. Interestingly,
lower numbers of CFH, CFHR1 and MCP muta-
tions were observed in eculizumab group compared
to non-eculizumab group, although, there were no
significant differences observed between the two
groups (48.3% vs. 50.6% and P = 0.785 for CFH,
16.7% vs. 16.7% and P=1 for CFI, 33.3%
vs. 37.5% and P =0.688 for CFHR1 and 15.2%
vs. 29.1% and P =0.098 for MCP). Although
patients who were treated with eculizumab had a
higher number of premorbid conditions, the mortal-
ity rate with the use of eculizumab was significantly
low (2.3% compared to 8.8%, P = 0.045) compared
to the non-eculizumab group.

A study by Bresin et al. involving 794 patients with
aHUS revealed mutations in CFH, CFI, C3, CFB and
CD46 in 41% of patients (19). A majority of the
aHUS cases analyzed reported mutations occurring in
key complement components and regulators such as

© 2017 International Society for Apheresis,
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CFH, CFHR1, MCP, and CFI. These mutations
results in unregulated activation of complement cas-
cade predominantly in glomerular capillary bed caus-
ing thrombotic microangiopathy and renal failure—a
hallmark of aHUS (20). CFH gene mutation results in
functional disruption of the CFH protein, an impor-
tant fluid-phase regulator of alternative pathway caus-
ing thrombotic microangiopathy seen in aHUS (21).
More than half of the cases linked to the CFH muta-
tion were related to the homozygous deletion of four
nucleotides located at the end of CFH (22). Of the
139 cases analyzed for CFH gene mutation, 41.7%
(58/139) of cases were heterozygous and 7.9% of
cases were homozygous (11/139). CFI mutations are
less common in aHUS and were reported in 16%
(17/102) of patients analyzed for CFI abnormality.
Mutations in MCP gene accounted for 22.8% of
aHUS patients analyzed for MCP abnormality. CFI is
a serine protease that downregulates both alternative
and classical complement pathways in the presence of
its cofactors such as MCP proteins. MCP serves as a
cofactor for factor I and plays a role to protect host
cells from complement attack (21). A study by
Caprioli et al. involving patients with MCP mutations
demonstrated reduced protein expression and better
prognosis with almost 90% remission rates compared
to CFH-mutated patients (1). Similarly, Noris
et al. studied 273 patients and reported MCP muta-
tions to be associated with the best prognosis com-
pared to other mutations (23). Bresin et al. studied
the above genetics of aHUS in relation to the risk of
recurrence after renal transplant and found that
patients with mutations in either CFI or CFH had a
higher risk of recurrence compared MCP gene muta-
tions (24). Comparatively, CFH mutation was shown
to be associated with poor outcome and increased
recurrence (25). Our analysis revealed that there was
no significant difference in MCP mutations between
the plasma exchange group and non-plasma exchange
group. However, there was a higher number of CFH
mutations noted in patients who had plasma exchange
compared to non-plasma exchange group, although
not statistically significant (52.7% vs. 37.9%,
P = 0.156). The time to resolution of symptoms was
longer in this group. Though plasma exchange is rou-
tinely used as a treatment option for aHUS, genotype
might contribute to varying outcomes.

Strengths and limitations of this study

Unlike many other literature reviews, our work is
the result of aggregated case studies. The case study
is considered as the least significant source of evi-
dence due to its sample size and may have potential

© 2017 International Society for Apheresis,
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for bias due to reporting of only selected informa-
tion. Yet, with a lack of studies and rarity of a dis-
ease like aHUS, it is possible that aggregate results
of case studies represent the “best available evi-
dence”. Currently, high-quality evidence is largely
limited to studies whose populations are less than
the number of patients studied here (3,26,27). To
minimize the possibility of bias as a result of using
case studies, each of the selected patient characteris-
tics was carefully chosen before retrieving any infor-
mation. Further, data were retrieved by several
people, to help minimize individual reviewer bias.

Atypical HUS was not an established medical term
a decade ago according to published literature (28).
The definition of aHUS has evolved during recent
years to indicate more specific etiology that includes
anti-CFH antibodies and genetic mutations in the
components of complement system and their regula-
tory genes (29). Hence, the key term “atypical hemo-
lytic uremic syndrome” might indicate different
diseases in the case reports published during the last
S-year period from the precedent. The second limita-
tion of this study was lack of proper reporting about
symptoms resolution and normalization of laboratory
values especially renal functions in some of the case
studies, which would have affected the results. It is
known that antibody-mediated aHUS (anti-CFH anti-
body) responds well to plasma exchange therapy, but
usually, aHUS is acute and life-threatening, so plasma
exchange may be selected in the majority of cases
before the diagnosis and initiation of eculizumab ther-
apy. This may be the third limitation of our study to
verify the contribution of eculizumab.

Given the heterogeneity inherent in many different
case reports, only univariate methods were used. For
those patients who were treated with eculizumab, it
appears that their pre-aHUS state was of lower health
than those patients not treated with eculizumab—
patients were older, and more likely to have ESRD.
Similarly, creatinine values were significantly higher
for patients treated with plasma exchange, as was the
proportion of patients presenting with hypertension
and proteinuria. These associations may be attributed
to the fact that plasma exchange is initiated as acute
treatment when aHUS is suspected, and eculizumab
therapy is considered at a later stage after confirmed
diagnosis, perhaps after several episodes of aHUS
resulting in the development of ESRD. Furthermore,
low levels of serum creatinine in eculizumab therapy
group may be attributed to the fact that these patients
are more likely to be on hemodialysis compared to
plasma exchange group where it was initiated as acute
treatment.

Ther Apher Dial, Vol. e, No. ®e, 2017
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CONCLUSIONS

Despite the limitations associated with meta-
analysis of case studies, this study provides enough
atypical hemolytic uremic syndrome cases to draw
conclusions cautiously. Reports of aHUS cases and
use of eculizumab significantly increased during the
last 5-year period which may be due to its approval
by FDA and EMA in 2011 or may reflect growing
interest in aHUS resulting in increased rates of pub-
lication. Plasma exchange remained as the most
used initial treatment modality for aHUS as the
majority of analyzed patients and most CFH anti-
body positive cases in our study underwent plasma
exchange. There was a decrease in CFH, CFI and
MCP mutations in the last 5-year period compared
to the precedent for unknown reasons. Although
significant reduction in the mortality rate was
observed with the use of eculizumab, there were no
differences in time to resolution of symptoms or
serum creatinine or platelet normalization with the
use of eculizumab or plasma therapy. Atypical HUS
is acute and life-threatening, so plasma exchange
may be initiated before the confirmed diagnosis and
in patients positive for CFH antibodies. Eculizumab
therapy should be considered once aHUS is con-
firmed by genetic testing. Atypical HUS was a dis-
ease of exclusion, but now has been shown to be
associated with mutations. More registry programs
and clinical trials are warranted to better under-
stand the impact of various treatment modalities on
aHUS outcome.
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