Treatment of refractory giant cell arteritis with cyclophosphamide:
A retrospective analysis of 35 patients from three centres
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ABSTRACT

Patients with giant cell arteritis (GCA)
refractory to standard immunosuppres-
sive therapy may constitute a significant
clinical problem with a high risk of glu-
cocorticoid-related adverse effects.
Objective. To evaluate efficacy and
safety of cyclophosphamide for remis-
sion induction in GCA patients with per-
sistent disease activity despite standard
immunosuppressive treatment.
Methods. Thirty-five individuals from
3 tertiary rheumatological centres
treated for persistently active GCA un-
responsive to treatment with glucocor-
ticoids plus at least either methotrex-
ate or azathioprine for a minimum of
3 months and unable to reduce daily
glucocorticoid dose to <10 mg pred-
nisolone equivalent. We recorded signs
of disease activity (clinical, laboratory,
imaging); course of glucocorticoid dos-
es during cyclophosphamide treatment
and follow-up; relapse rate; treatment-
related adverse events; and survival.
Since all patients had been refractory
to standard therapy, a matched control
group could not be defined.

Results. Data from 31 patients com-
pleting cyclophosphamide treatment
were available for analysis. Twenty-
eight patients (90.3%) responded with
improved disease activity and sustained
reduction of daily prednisolone intake
to <10 mg (mean reduction -13.1 mg or
-51.6%, p<0.001). Twelve months lat-
er, doses <7.5 or <5 mg were achieved
in 89.3% and 67.7% of these patients
on maintenance Immunosuppressive
treatment, respectively. Relapses oc-
curred in 12 patients after a median of
20.5 months. Survival over 5 years was
similar to expected rates of the general
population. Adverse events comprised
transient leucopenia, infections and 1
case of haemorrhagic cystitis.
Conclusion. Cyclophosphamide can be
considered a therapeutic option with an
acceptable safety profile for remission
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induction in GCA refractory to stand-
ard immunosuppressive treatment.

Introduction

Glucocorticoids are the currently rec-
ommended first-line therapy for the
treatment of giant cell arteritis (GCA,
1-2). However, long-term or even in-
definite treatment may be necessary
(3-7), and a sustained reduction of
glucocorticoid doses to an acceptable
range may be hampered by frequent
recurrence of disease activity. As a con-
sequence, up to 86% of GCA patients
have been affected by glucocorticoid-
related side effects (8-10). Long-term
glucocorticoid use has been correlated
with an increased risk of severe and
opportunistic infections (11), and in-
creased death rates have been associ-
ated with initial high dose treatment of
GCA within the first months as well as
with daily maintenance doses of >10
mg prednisolone equivalent (3, 8, 12,
13). On the other hand, the incidence
of large-artery stenoses and aortic an-
eurysms / dissections during follow-up
is high (about 25%), and active aorti-
tis was demonstrated on autopsy in the
majority of cases of fatal thoracic aortic
dissection (14-17). To enable tapering
of the glucocorticoid dose as quickly
as possible while maintaining adequate
disease control, the early consideration
of adjunctive immunosuppressive treat-
ment has been recommended (1, 2). A
meta-analysis of three clinical studies
indicates significant glucocorticoid-
sparing effects of methotrexate, and a
small study suggests similar effects for
azathioprine (18-20). However, there
are refractory cases in whom an accept-
able glucocorticoid dose reduction can-
not be achieved in spite of concurrent
use of these agents. There are currently
no recommendations or guidelines
for this setting, and treatment has to
rely largely on clinical judgement and
personal experience of the responsi-



ble physicians. The role of biological
therapies in GCA treatment is yet to be
established (1). In an attempt to control
the disease in critical situations, suc-
cessful treatment with cyclophospha-
mide has been reported in single cases
and small case-series (21-24). The aim
of this study from 3 tertiary care rheu-
matological centres was to evaluate the
use of cyclophosphamide for induc-
tion of remission in GCA refractory to
standard treatment in a larger patient
cohort.

Patients and methods
Inclusion and exclusion criteria
All patients satisfying American Col-
lege of Rheumatology (ACR) and/or
Chapel Hill criteria for GCA (25, 26)
were considered eligible, if the criteria
for refractory disease defined as follows
were fulfilled, i.e. if the patient showed
evidence of a persistently active or
progressive disease requiring systemic
glucocorticoid doses of =10 mg daily
prednisolone equivalent in spite of ad-
junctive steroid-sparing treatment by at
least either methotrexate or azathioprine
for at least 3 months. As an exception,
less than 3 months of treatment with ei-
ther one of these agents were permitted
if side effects or contraindications pre-
cluded its continuation.
In addition, patients not satisfying
ACR or Chapel Hill criteria (lack of
clinical involvement of cranial arteries,
unavailable or inconclusive histology)
were included if both refractory disease
as defined above was present and all of
the following criteria were fulfilled:
I the clinical features were very sugges-
tive of the disease, defined as either:
a. concomitant polymyalgia rheu-
matica and/or  constitutional
symptoms (fever, weight loss,
night sweats) in the acute phase;
or
b. evidence of cranial and / or limb
ischaemia
together with an elevated erythro-
cyte sedimentation rate (ESR) =50
mm/h and a favourable clinical re-
sponse to glucocorticoid treatment
(at least 20 mg/day prednisolone
equivalent),
IT the patient was over 50 years of age
at disease manifestation,

Cyclophosphamide for refractory giant cell arteritis / J. Loock et al.

Table I. Patient characteristics and previous immunosuppressive treatment. The first col-
umn contains data for all included patients. The right columns display data for subgroups:
patients with evident inflammatory involvement of the aorta and/or proximal large arteries
(“large-artery involvement”), and patients satisfying the American College of Rheumatolo-
gy criteria for giant cell arteritis (“ACR+"). GC: glucocorticoid; CYC: cyclophosphamide.

All patients Large artery ACR+
involvement

Patient number (n) 35 24 29

Histology positive (Chapel Hill) 13 7 13
Gender

male (% of total) 8 (23%) 5 (21%) 7 (24%)

female (% of total) 27 (77%) 19 (79%) 22 (76%)
Age at GCA diagnosis (years)

mean = standard deviation 653+ 7.7 65 +7 657 +74
Prior GC treatment (months)

mean + standard deviation 309+ 353 324 +364 283 +319

median 16 18 16
Clinical manifestations and involvement of aorta / large arteries

new onset headache 28 (80%) 17 (71%) 28 (97%)

polymyalgia rheumatica 29 (83%) 20 (83%) 24 (83%)

B-symptoms 25 (71%) 19 (79%) 23 (79%)

large artery involvement 24 (69%) 18 (62%)

signs of aortitis on imaging 19 (54%) 19 (79%) 14 (48%)

proximal artery stenoses / occlusions 16 (46%) 16 (67%) 12 (41%)

aortic ectasia / aneurysm 3 (9%) 3 (12%) 2 (7%)

amaurosis fugax, ischaemic stroke 8 (23%) 4 (17%) 7 (24%)
Prior GC-sparing treatment

methotrexate 30 (86%)* 19 (79%) 24 (83%)

azathioprine 14 (40%)** 8 (33%) 14 (48%)

leflunomide 8 (23%)"** 5 (21%) 6 (21%)
Number of different previous GC-sparing agents (single or combined)

1 22 (63%) 19 (79%) 18 (62%)

2 9 (26%) 2 (8%) 8 (28%)

3 4 (11%) 3 (12%) 3 (10%)

Indications for CYC treatment
- persistent, intolerable symptoms requiring
high GC intake
- stenoses of large proximal arteries
- aortitis + aortic aneurysm
- recurrent visual impairment / stroke

35 (100%) 24 (100%) 29 (100%)

13 (37%) 13 (54%) 9 (31%)
11 31%) 11 (46%) 9 (31%)
8 (23%) 4 (17%) 7 (24%)

*median methotrexate dose 0.28 mg/ kg body weight weekly (all parenteral)
**median azathioprine dose 1.94 mg/kg body weight daily

sk

median leflunomide dose 20 mg daily (7/8 cases combined with methotrexate)

IIT imaging showed typical inflamma-
tory changes of the thoracic aorta
and / or proximal large (subclavian,
axillar, carotid, iliac) arteries, and

IV no other disease was found account-
able (specifically, no evidence of
systemic infection, ongoing malig-
nancy or other rheumatic diseases
such as systemic lupus erythema-
todes, rheumatoid arthritis, other
vasculitides).

Although the diagnosis cannot be re-

garded as definitive in these individual

patients due to the lack of histological
evidence and incompliance with evalu-
ated classification criteria for GCA, we
decided to include these cases, since
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they comprise a significant and clini-
cally important fraction of patients, and
from the available evidence GCA can
be considered the most likely disease
entity underlying a large-vessel vas-
culitis in the vast majority of patients
above the age of 50 years. In support of
this view, granulomatous changes com-
patible with GCA have been shown
previously by others in 77-85% of re-
sected thoracic aortic segments with
aneurysms or dissections due to nonin-
fectious aortitis (27-28).

Patients with ongoing or recent (dis-
tance <2 years) malignant disease, and
patients incompliant with recommend-
ed therapeutic measures were excluded.
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Table II. Performance of cyclophosphamide treatment. Data are provided on application
route, dosing, inter-infusion intervals and treatment duration, including cumulative cyclo-
phosphamide doses. All patients received prophylactic treatment with mesna and forced hy-
dration for bladder protection during cyclophosphamide treatment. In addition, all patients
received pneumocystis jiroveci prophylaxis with cotrimoxazole three times weekly unless
contraindicated while on glucocorticoid doses of =15 mg prednisolone daily. The right
columns display data for subgroups: patients with evident inflammatory involvement of the
aorta and/or proximal large arteries (“large-artery involvement”), and patients satisfying
the American College of Rheumatology criteria for giant cell arteritis (“ACR+").

All patients Large artery ACR+
involvement
Application route [patient number (%)]
intravenous (i.v.) only 21 (60%) 16 (67%) 16 (55%)
oral only 8 (23%) 5 (21%) 8 (28%)
both i.v. and oral (subsequently)* 6 (17%) 3 (12%) 5 (17%)
*indications for switching:
leucopenia during oral application 2 2
inadequate response to i.v. doses 4 3 3
Application details
i.v. [mean + standard deviation]
number of infusions 75+2.7 78+3 7.8+3
dose per infusion (mg/kg body weight) 158+64 145+3.1 16.8 £6.9
inter-infusion interval (days) 23.1+4 228+39 239+4.1
cumulative dose (g) 92+5.7 9+64 9.6+64
oral [mean + standard deviation]
daily dose (mg/kg body weight) 1604 1.6+04 1.5+04
treatment duration (weeks) 239+154 26.8 £16.6 25.5+15.1
cumulative dose (g) 144+74 163 +6.7 15+£75
total [mean =+ standard deviation]
cumulative dose (g) 124+7.6 129+83 13.5+7.7

Chart review and data collection

According to the above stated criteria,
eligible patients were retrieved from the
chart archives of the participating rheu-
matology centres in Germany (centre 1:
University of Liibeck, Department of
Rheumatology, Klinikum Bad Bram-
stedt, January 1990 — December 2009;
centre 2: University Hospital of Tiibin-
gen, Department of Internal Medicine,
Haematology, Oncology, Immunology,
Rheumatology and Pulmology, Janu-
ary 2004 — December 2009; centre 3:
Hannover Medical School, Clinic for
Immunology and Rheumatology, April
2007 — December 2009). A comprehen-
sive data collection was performed in-
cluding detailed history of prior disease
course, clinical presentation, imaging
results, previous and cyclophospha-
mide treatment, incidence of adverse
events. Follow-up data included the
clinical course, further immunosuppres-
sive treatment, steroid dose, relapse,
potential treatment-related sequelae,
malignancy and survival. If not avail-
able from the hospital charts, follow-up
data were collected from the patient’s

general practicioner, rheumatologist or
family members.

Definition of disease states and
outcome parameters

— Refractory disease
See above.

— Response

Substantial improvement of evident ac-
tive vasculitis (clinical and/or imaging)
as estimated by radiologist and treat-
ing physician, and ability to reduce
glucocorticoid intake to <10 mg pred-
nisolone daily (alternatively by >50%
of the dose before cyclophosphamide
initiation).

— Remission

Absence of signs of active vasculitis
(clinical, imaging if available, ESR
<20mm/h) and glucocorticoid dose
<7.5 mg prednisolone daily.

— Relapse

Reoccurrence of significant signs of
active vasculitis (clinical and/or imag-
ing and/or ESR>40 mm/h attributable
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to active disease) requiring a sustained
increase of the glucocorticoid dose to
>10 mg prednisolone daily for more
than 4 weeks and/or escalation of glu-
cocorticoid-sparing treatment.

— Primary outcome parameter:
Response (as defined above) at the time
of cyclophosphamide discontinuation.

Statistical analysis

The Wilcoxon test was used for com-
parison of glucocorticoid requirement
at different time-points.

Results

Thirty-five patients satisfying the above
stated inclusion criteria qualified for
analysis (26, 6 and 3 from centres 1-3,
respectively). Baseline characteristics
of the patients at the time of initiation
of cyclophosphamide treatment are
displayed in Table I. All patients were
older than 50 years at disease manifes-
tation. While the majority of patients
(82.9%) tulfilled ACR criteria (ACR+),
six patients not satisfying ACR or
Chapel Hill criteria (no new localised
headache, no tender / pulsless temporal
arteries, no jaw claudication, histology
unavailable) but showing signs of large-
vessel arteritis on imaging together with
other symptoms suggestive of GCA as
defined above were also included. Dif-
ferences between these groups regard-
ing age and gender were not significant.
Polymyalgia was a frequent accompa-
nying symptom present in more than
82% of all patients independent of the
presence or absence of clinical involve-
ment of cranial arteries. Twenty-four
patients (68.6%) showed evidence of
large artery involvement on imaging.
All tables include separate analyses for
all patients as well as for the subgroups
of ACR-positive patients and individu-
als with large-artery involvement. The
overall median time from introduc-
tion of glucocorticoid treatment until
cyclophosphamide initiation was 16
months. Thirteen patients (37.1%) had
received previous trials with more than
one glucocorticoid-sparing agent. All
subjects had persistent symptoms of
active disease preventing reduction of
glucocorticoid intake to <10 mg pred-
nisolone equivalent daily, either since
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Fig. 1. Course of glucocorticoid dose from before initiation of cyclophosphamide (CYC) until 12
months after completion. Shaded area corresponds to the time of cyclophosphamide treatment. The
upper panel shows dose curves for all 31 individual patients with available follow-up who completed
cyclophosphamide treatment including the 3 patients with inadequate response to cyclophosphamide
(dashed lines, confined to time until cyclophosphamide termination). Box plots in the lower panel
show median (thick horizontal bars), st and 3rd quartile (box) as well as 5" and 95" percentile (whisk-
ers) from the 28 patients who fulfilled the response criteria after cyclophosphamide treatment, illustrat-
ing the ability to continuous further glucocorticoid tapering after cyclophosphamide completion. In
13 patients (41.9%), the prednisolone dose had been increased simultaneously to cyclophosphamide
initiation, while in the majority (18 cases, 58.1%) it had not (overlapping graphs in upper panel). Stars
indicate significant dose reductions between the values before cyclophosphamide initiation (-1 month)
and termination (CYC end) as well as between succeeding time-points during follow-up (***p<0.001,
*p<0.01, *p<0.05).

related side effects (diabetes mellitus,
glaucoma, zoster, candida esophagitis,

disease onset (primarily refractory,
n=30) or due to disease recurrence.

Thirteen patients had developed severe
large-artery stenoses despite treatment,
eleven showed evidence of active aor-
titis on imaging, in part combined with
aortic ectasia or aneurysm formation.
Eight patients presented with a his-
tory of recurrent visual impairment or
ischaemic stroke attributed to active
vasculitis. Significant glucocorticoid-

osteoporosis with fractures, avascular
osteonecrosis, Cushing’s syndrome, se-
vere skin atrophy) were present in 25
patients (71.4%).

Cyclophosphamide treatment was ini-
tiated by intermittent intravenous (i.v.)
bolus infusions in 25 patients (71.4%)
and orally in 10 patients (28.6%). De-
spite persisting signs of active disease,
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the glucocorticoid dose was not esca-
lated further in the majority of patients
(increase by >5 mg per day in only 10
of 35 cases). Details regarding cyclo-
phosphamide application are displayed
in Table II. For i.v. cyclophosphamide,
a standard infusion series consisted of 6
applications, but infusion number, doses
and intervals were adapted on clinical
grounds depending on the achieved ef-
fect and patient tolerance. Intravenous
glucocorticoid (100 mg prednisolone
equivalent) and 5-HT, receptor block-
ade were used for antiemetic purposes
prior to each cyclophosphamide infu-
sion. In four cases, cyclophosphamide
application was switched from i.v. to
oral because of insufficient treatment
efficacy, leading to disease remission in
all 3 cases available to follow-up. Two
patients were switched from oral to i.v.
application due to leucopenia during
oral intake. The overall mean cumula-
tive cyclophosphamide dose for all pa-
tients was 12.4 g (i.v.9.2 g, oral 144 g;
seven patients >20 g, maximum 30 g).

Thirty-one patients completed cyclo-
phosphamide treatment. Follow-up
data were available in each of these
patients for at least 12 months, with a
mean follow-up of 49 months. Twen-
ty-eight patients (90.3%) achieved a
treatment response as defined above
(“responder”). The reduction of the
daily glucocorticoid intake achieved
in these patients was highly significant
compared to the values before cyclo-
phosphamide initiation (mean relative
reduction by 51.6+23.6%, mean abso-
lute reduction by 13.1 mg, p<0.001).
For 8 of the 31 patients (25.8%), the
criteria of remission as defined above
were fulfilled at cyclophosphamide
completion. During the following 12
months, glucocorticoid intake could be
further reduced while on maintenance
immunosuppressive treatment, and
prednisolone doses of <7.5 mg daily
were achieved in 60.7%, 71.4% and
89.3% of these 28 responders at 3, 6
and 12 months after cyclophosphamide
completion, respectively (Fig. 1). Data
on maintenance glucocorticoid-sparing
treatment can be obtained from Table
III. At 12 months after cyclophospha-
mide completion, 21 patients received
glucocorticoid doses of <5 mg pred-
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Table III. Outcome of cyclophosphamide treatment and type of maintenance immunosup-
pressive therapy after achieved response. The right columns display data for subgroups:
patients with evident inflammatory involvement of the aorta and/or proximal large arteries
(“large-artery involvement”), and patients satisfying the American College of Rheumatol-
ogy criteria for giant cell arteritis (“ACR+"). GC: glucocorticoid.

All patients Large artery ACR+
involvement
Treatment completion
completed with available follow-up 31 (89%) 22 (92%) 25 (86%)
terminated prematurely™ 2 (5.5%)
unavailable for follow-up 2 (5.5%)
Outcome (compared to patient number available for follow-up)
Response 28 (90.3%) 19 (86.4%) 22 (88%)
Remission 8 (25.8%) 7 (31.8%) 6 (24%)
Treatment failure 3 (9.7%) 3 (13.6%) 3 (12%)
Maintenance GC-sparing treatment
methotrexate 15 (54%) 10 (53%) 10 (46%)
azathioprine 8 (29%) 6 (32%) 7 (32%)
leflunomide 2 (7T%) 1 (5%) 2 (9%)
GC only 1 (4%) 1 (5%) 1 (4%)
other 2 (7%) 1 (5%) 2 (9%)

B

n=1: refusal of any further treatment; n=1: haemorrhagic cystitis.
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Fig. 2. Comparison of the observed survival after initiation of cyclophosphamide treatment in relation
to expected survival as calculated from age- and gender-specific mortality rates of the general popula-
tion obtained from the German Federal Statistical Office.

nisolone daily. Tapering of immuno-
suppressive therapy was attempted in
the continued absence of signs of dis-
ease activity, and three patients could
finally end all immunosuppressive
treatment with sustained remission un-
til the end of individual follow-up after
60 months, while two other patients
could be managed on low-dose gluco-
corticoids alone. The remainder of the
patients continued combined immuno-
suppressive maintenance therapy until

the end of available follow-up (mean
50 months after cyclophosphamide
completion). The duration of response
to cyclophosphamide was mostly long-
lasting. Relapses occurred in 12 cases
(42.9%) after a median of 20.5 months
while still on maintenance immuno-
suppressive treatment. All relapses
could be controlled by a temporary
glucocorticoid dose increase or / and
intensification of glucocorticoid-spar-
ing treatment, including 3 cases of cy-
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clophosphamide re-treatment (additive
cumulative cyclophosphamide dose <6 g
in all cases), again leading to a good
response.

Three of the 31 patients completing
cyclophosphamide treatment (2 from
centre 1, 1 from centre 3) did not re-
spond adequately with persistent signs
of active disease and were switched to
alternative immunosuppression.
Significant adverse events during cy-
clophosphamide treatment were re-
corded in 11 of the 33 patients with
available follow-up (33.3%). Transient,
at least moderate leucopenia appeared
in 6 patients. A case of severe leucope-
nia (grade 4 according to WHO defini-
tion) resulted from insufficient control
of blood counts after transfer to a reha-
bilitation unit in a patient on oral cyclo-
phosphamide and was complicated by
bilateral pneumonia requiring intensive
medical treatment. After recovery, cy-
clophosphamide was resumed intrave-
nously at a reduced dose without further
complications. Six other recorded cases
of infection (4 moderate, 2 requiring
hospital admission) likewise resolved
with antibiotic or virustatic therapy.
Two patients had to discontinue mesna
due to allergic reactions. In one patient
with unclear adherence to mesna in-
take, oral cyclophosphamide had to be
terminated prematurely after 6 weeks
for cystoscopically confirmed haemor-
rhagic cystitis.

The second case of premature termina-
tion of cyclophosphamide was in an 80
year-old woman treated with azathio-
prine and prednisolone for histological-
ly confirmed GCA diagnosed 10 years
before, who presented with persistent
critical lower leg ischaemia with dry
necrosis at both feet, high inflamma-
tory markers, and angiography findings
compatible with bilateral severe, oc-
clusive atherosclerotic changes without
options for revascularisation regarded
as the main cause for ischaemia. Since
PET showed intensive tracer uptake
in the right femoral artery, a GCA re-
currence contributing to the ischaemia
could not be excluded and cyclophos-
phamide i.v. and high-dose prednisolo-
ne were introduced as a salvage treat-
ment. After 2 cyclophosphamide appli-
cations, lower leg amputation was rec-
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Fig. 3. Overview on duration of cyclophosphamide (CYC) treatment, outcome and available follow-
up data of all 35 included patients. Shaded area corresponds to patients with a sustained response to

cyclophosphamide treatment.

ommended for progressive gangrene,
but the patient then refused all further
medical treatment and died in a nurs-
ing home 2 weeks later. In retrospect, it
appears most likely that severe arterio-
sclerotic disease was deciding for the
lack of improvement in this patient.
For two other patients, in whom cyclo-
phosphamide was started, follow-up
on duration of treatment and response
could not be retrieved. One of these
patients reportedly died 23 months
later from metastasised lung cancer. In
one patient, an early renal cell carci-
noma detected 18 months after cyclo-
phosphamide completion (cumulative
dose 5.3 g) was curatively treated by
nephrectomy. In total, 3 patients died
between cyclophosphamide initiation
and the end of a 5-year follow-up. The
observed death rate is not higher than
expected from age- and gender-specific
mortality rates of the general popula-
tion obtained from the German Federal
Statistical Office (Fig. 2). An overview
on the available response and follow-
up data from the 35 included patients is
given in Figure 3 and Table III.

Discussion

From the experience with severe forms
of other vasculitides, it is known that
cyclophosphamide is a powerful im-
munosuppressive agent which can be
used successfully in conjunction with

glucocorticoids for the induction of
disease remission. Once remission has
been achieved, therapy can be safely
de-escalated to a less aggressive main-
tenance regimen (29). In analogy, we
used a limited course of cyclophospha-
mide for remission induction in cases of
GCA refractory to standard treatment
including glucocorticoids plus at least
either methotrexate or azathioprine for
glucocorticoid-sparing purposes. This
study is the first to provide data on cy-
clophosphamide treatment of a larger
cohort of well-characterised GCA pa-
tients. With the above mentioned regi-
men, an excellent response rate of 90%
of previously refractory GCA patients
could be achieved, which was main-
tained for years in most cases while on
maintenance immunosuppressive treat-
ment. Different from the majority of
GCA cases from other cohorts (3,7), the
greater number of our patients required
continued combined therapy with glu-
cocorticoids plus glucocorticoid-spar-
ing agent(s) throughout the whole fol-
low-up period, and a significant portion
of the patients experienced a relapse of
disease activity during treatment de-es-
calation, necessitating re-escalation of
therapy. Thus, it appears that patients
who are refractory to the initial stand-
ard therapy may constitute a subset of
GCA with an extraordinary, long-last-
ing tendency to relapse that may require
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permanent immunosuppressive therapy
and close surveillance.

Although severe adverse events were
recorded, overall tolerability of cyclo-
phosphamide in this elderly patient
population was acceptable, especially
when weighed against the potential
risks of long-term treatment with high
glucocorticoid doses. Educating and
advising the patient (and next of kin)
and his/her general practitioner on the
use and risks of toxicity and possible
infections is crucial to avoid serious
complications. The urgent need for fre-
quent blood count controls during oral
cyclophosphamide treatment (at least
twice weekly recommended) must be
emphasised, and the use of pneumo-
cystis jiroveci prophylaxis during cy-
clophosphamide treatment is strongly
advised. The cumulative cyclophos-
phamide doses in our patients were
comparably low (overall mean 12.4 g),
especially in those patients treated with
i.v. cyclophosphamide. Higher cumu-
lative cyclophosphamide doses have
been associated with an increased risk
of bladder cancer and haematologic
malignancies, especially acute my-
eloid leukaemia (30-32), but were not
reached in the majority of our patients
(maximum dose 30 g). We did not ob-
serve bladder cancer or haematological
malignancies in our patient cohort. The
two cases of cancer recorded during
follow-up (bronchial and renal cell car-
cinoma) did not exceed the number of
malignancies expected from data of the
general population.

This study is limited by its retrospec-
tive design including variations of
glucocorticoid and cyclophosphamide
dosing and lack of standardised follow-
up. However, differences in treatment
performance were minor to moderate
at most, thus not preventing analysis.
Screening for large-artery involvement
was not performed in all patients. Since
the decision for initiation of cyclophos-
phamide treatment had been made only
in cases without other good therapeu-
tic options and in whom a simple con-
tinuation of the pre-existing ineffective
standard therapy had appeared inap-
propriate, we were unable to define a
matched control group for comparison
to cyclophosphamide treatment data.
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In

conclusion, cyclophosphamide in-

duced a sustained disease remission in
the vast majority of GCA patients re-
fractory to standard therapy, enabling
tapering of glucocorticoids. The safety
profile of cyclophosphamide in our
patient population was acceptable, but
close observation, adherence to prophy-
lactic measures and patient education
are necessary to avoid potential treat-
ment-related complications, especially
in elderly patients. Use of the less toxic
intravenous application appears to be
effective in most cases and should be
considered as the preferred application
form in all cases. On the basis of the re-
sults of this study, a prospective evalua-
tion of cyclophosphamide for remission
induction in therapy-resistant cases of
GCA appears warranted.
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