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Upregulation of Antiphospholipid Antibodies
Following Cyclophosphamide Therapy in Patients with
Systemic Lupus Erythematosus
PANAYIOTIS G. VLACHOYIANNOPOULOS, SOPHIE P. TOYA, GHIKAS KATSIFIS, ELIAS ZINTZARAS,
ATHANASIOS G. TZIOUFAS, and HARALAMPOS M. MOUTSOPOULOS

ABSTRACT. Objective.We have observed several cases of patients with systemic lupus erythematosus (SLE) who
developed antiphospholipid antibodies (aPL) or full blown antiphospholipid syndrome (APS) after
being successfully treated with cyclophosphamide (CYC). To further evaluate the significance of this
phenomenon we undertook a retrospective study of our patient population with SLE.
Methods. The charts of 320 patients with SLE, either CYC treated (n = 117) or non-treated (n = 203),
were reviewed. The disease activity over time was evaluated using the European Consensus Lupus
Activity Measurement (ECLAM) scoring system, as well as initial and cumulative anti-dsDNA anti-
body titers and C3, C4 complement levels. aPL titers (IgG and IgM) were documented for all
patients. Seroconversion was defined as the de novo appearance of aPL antibodies at a titer higher
than the 99th percentile of 100 normal sera, tested on 2 occasions 12 weeks apart.
Results. Seroconversion occurred in 22 out of 117 patients treated with CYC as compared with 2 out
of 203 non-CYC treated patients [odds ratio (OR) = 23.27, 95% confidence interval (CI) 5.36-
101.01]. Six patients from the seroconverted CYC treated group were diagnosed withAPS compared
to none in the non-CYC treated group. The association between seroconversion and CYC remained
significant after adjustment for ECLAM score after treatment, prednisone dose and disease duration
(OR = 13.4, 95% CI 2.67-67.50). Seroconversion occurred despite successful disease remission as
judged by significant decrease of: anti-dsDNA antibody titers (p < 0.01), ECLAM scores (p < 0.01),
and C3 (p < 0.01) and C4 levels (p < 0.01).
Conclusion. Our data suggest that CYC therapy might be associated with upregulation of aPL and
development of antiphospholipid syndrome despite suppression of SLE activity. (First Release July
15 2008; J Rheumatol 2008;35:1768–75)
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Cyclophosphamide (CYC) is an immunosuppressant agent
widely used for the treatment of systemic autoimmune dis-
eases1,2. Its use is associated with reduction in the numbers
of circulating B and T lymphocytes3 and alteration in the
functionality of immune cells4, with subsequent suppression
of antibody responses5,6. Data from the US National
Institutes of Health studies7,8 have shown that CYC is supe-
rior to steroids for the treatment of systemic lupus erythe-
matosus (SLE) related nephritis, and has been considered
the preferred treatment for this purpose.

CYC has been known to have considerable side effects
including secondary infections and impaired fertility.
However, it has never, to our knowledge, shown to have
immune enhancing effects in humans. For this reason, we
were surprised to observe that use of CYC in our patients
with SLE was often associated with new development of
antiphospholipid antibodies (aPL). Equally surprising was
the fact that these autoantibodies appeared despite success-
ful treatment of SLE as indicated by remission of clinical
manifestations, reduction of anti-dsDNA levels, and
increase of C3 and C4 complement levels. To further clarify
this clinical impression, we retrospectively evaluated our
SLE patient cohort and divided them into 2 groups: (1)
patients who received CYC, and (2) patients who never
received CYC. The clinical picture, the autoantibody
responses, and the development of clinical antiphospholipid
syndrome (APS) were recorded and compared between the
2 groups.

MATERIALS AND METHODS
Patient cohort. The files of 320 consecutive patients with SLE, followed in
the department of Pathophysiology of the University of Athens Medical
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School from January 1995 until December 2005, either CYC treated (n =
117) or non-treated (n = 203), were reviewed. The data collected included
the initial and cumulative European Consensus Lupus Activity
Measurement (ECLAM) scores, serological measures such as anti-dsDNA,
aPL responses, C3 and C4 complement component levels, and therapeutic
interventions. Disease duration, length of followup, and time elapsed from
treatment initiation to seroconversion were also recorded. Anti-dsDNA and
aPL (ELISA) as well as C3 and C4 complement levels were recorded at
least 3 times yearly for each patient. From January 2000 until the end of the
study aPL positivity was verified by also testing antibodies against ß2-gly-
coprotein-I (ß2-GPI) IgG (ELISA).

The CYC therapeutic schedule consisted of monthly pulses of 0.75 to
1.00 g/m2 for up to 6 months, bimonthly for 12 months, and every 4 months
thereafter. Indications for initiation of CYC were: nephritis histopathologi-
cally classified as WHO class III and IV, systemic vasculitis, or central
nervous system disease. Alternative treatment modalities, for patients not
fulfilling the above criteria, were hydroxychloroquine, methotrexate, or
azathioprine. Five patients from the non-CYC treated group were treated
with mycophenolate mofetil, and 3 patients with anti-CD20 monoclonal
antibodies (rituximab) for a short period of time as compared to their entire
followup period. All the above were combined as needed with a high (10
mg or more daily) or low (less than 10 mg daily) dose of prednisone or
equivalent dose of methylprednisolone. This dose corresponded to the low-
est effective dose of prednisone and was determined within the first 6
months after initial presentation.

Definitions. The diagnosis of SLE was established in accordance with the
American College of Rheumatology diagnostic criteria9, which were fur-
ther updated in 199710, while the diagnosis of APS was made according to
recently revised criteria11. Seroconversion was defined as the new acquisition
of serum aPL documented at least twice, 12 weeks apart, and in titers higher
than the 99th percentile of 100 normal sera obtained from individuals
younger than 55 years11. Disease duration was defined as the time elapsed
from the first SLE related symptom to the last followup. Time to seroconver-
sion was defined as the length of the followup prior to seroconversion.
Neurologic disorder was defined as the presence of seizures without any other
cause and/or the presence of psychosis without any other cause. APS
nephropathy was defined according to recently revised criteria for APS and
related features11,12. The disease activity was appraised with the ECLAM
score13, C3 and C4 complement component, and anti-dsDNA levels.

Statistical analysis. The cumulative prevalence rates of clinical and sero-
logic characteristics of CYC treated and non-CYC treated patients were
compared by contingency tables using Fisher’s exact test. The association
between seroconversion and treatment group (CYC vs non-CYC treated
patients) was tested using a simple logistic model and was expressed with an
odds ratio (OR) and its corresponding 95% confidence interval (CI). The
above association was also examined after adjustment for the ECLAM score
(≤ 2, > 2), the intensity of prednisone treatment (high or low) and disease
duration, using a multiple logistic model. Further, the incidence of serocon-
version versus time was compared between the 2 groups by Kaplan-Meier
survival analysis and the log-rank test. TheWilcoxon matched pairs test was
used in the seroconverted group of CYC treated patients to compare the val-
ues of the ECLAM score, C3 and C4 levels, anti-dsDNA, and aPL IgG and
IgM antibody titers before and after treatment with CYC. Fisher’s exact test
was used to compare APS incidence in the 2 treatment groups. Receiver-
operating characteristic (ROC) analysis was used to determine diagnostic
accuracy of ECLAM score and prednisone dose in regards to seroconver-
sion. Statistical significance required a p < 0.05. The statistical analysis was
performed using SPSS v13 and Statistica v6.

RESULTS
Clinical and serological characteristics of the patients
The profile of the patients in the 2 treatment groups is sum-
marized in Table 1. The female to male ratio, the prevalence

of arthritis, photosensitivity, Raynaud’s phenomenon,
serositis, vasculitis, thromboembolic events, livedo reticu-
laris, autoimmune hemolytic anemia, and autoantibodies to
dsDNA and to extractable nuclear antigens were comparable
between the CYC treated and the non-CYC treated group.
The CYC treated group was characterized by a higher preva-
lence of severe disease (ECLAM score 5.81 ± 1.68 vs 2.5 ±
1.5 in the non-CYC treated group, p < 0.01) as manifested
by nephritis, neurologic disorder, and pulmonary arterial
hypertension and more frequent end organ damage.

CYC upregulates aPL response while it downregulates SLE
disease activity. The probability of being seroconversion-
free was significantly lower in CYC-treated compared to
non-CYC-treated patients (Figure 1). Treatment with CYC
was effective in inducing disease remission as documented
by a significant decrease in anti-dsDNA antibody titers
(86.94 ± 178.87 vs 19.69 ± 27.26, p < 0.01) and ECLAM
score (5.81 ± 1.68 vs 2.31 ± 1.14, p < 0.01), as well as an
increase of C3 (61.81 ± 28.37 vs 87.31 ± 24.82, p < 0.01)
and C4 (15.70 ± 9.53 vs 23.52 ± 12.51, p < 0.01) comple-
ment levels after treatment. The same improvement in
ECLAM (p < 0.01), dsDNA (p < 0.01), C3(p < 0.01), and
C4(p < 0.01) after treatment was noted for the 22 serocon-
verted patients in the CYC treated group. Seroconversion
involving both aPL IgG (p < 0.01) and IgM (p < 0.01) anti-
bodies occurred in these patients despite and irrespectively
of effective control of disease activity (Figure 2).

Markers of disease severity do not accurately predict sero-
conversion. The fact that the patients in the CYC treated
group had more severe disease at presentation prompted us
to further consider the hypothesis that there was an associa-
tion between the severity of the initial disease and the prob-
ability of seroconversion. To address this issue we chose 2
markers of disease severity, the ECLAM score and pred-
nisone dosage, and attempted to characterize each of these
variables with respect to their accuracy to detect serocon-
version. Sensitivity and specificity for ECLAM and pred-
nisone were calculated from 2 × 2 contingency tables for
each possible cutoff value (of ECLAM score and prednisone
dose, respectively) and were plotted as ROC curves (Figure
3). The area under the curve (AUC) for ECLAM was 0.66
with 95% CI (0.57-0.76) whereas the AUC for prednisone
was 0.63 with 95% CI (0.56-0.69).
Thus, although both ECLAM and prednisone dosage can

discriminate between patients who will and will not sero-
convert, the diagnostic accuracy for both variables is mod-
erate at best. On the other hand, as shown by a simple logis-
tic model, the CYC treatment was better correlated with
seroconversion than the ECLAM score, the prednisone
treatment, or the disease duration (Table 2).

Clinical features of APS can develop despite intensive
immunotherapy with CYC. Six patients from the serocon-
verted CYC treated group developed clinical features con-
sistent with APS versus none in the non-CYC treated group
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(p < 0.01). The characteristics of these patients and the
cumulative dose of CYC at the time of APS diagnosis are
shown in Table 3. In all cases the thrombotic lesions were
documented either through biopsy (patients 3 and 5), or
through the use of the appropriate imaging techniques
(patients 2 and 6) and/or electrocardiographic and hemody-
namic assessment (patients 1 and 4).
The mean dose of CYC at the time of clinical diagnosis

of APS was 21.5 g (range 13-28 g) and the mean time inter-
val from the documentation of seroconversion to the docu-
mentation of APS was 9 months (range 6 mos-1 yr). In all
cases the acute events occurred despite intensive immuno-
therapy with CYC and while the underlying disease was in
remission. A schematic representation of the gradual
improvement in disease activity measures and the simulta-
neous increase in aPL as well as the timing of APS diagno-
sis is depicted in Figure 4, using relevant data for patient 1.
Regarding coexistent known risk factors for vascular

thrombosis, patient 6 was an ex-smoker (5 pack/yrs) and

patient 4 had well controlled arterial hypertension. The rest
of the patients did not have known risk factors for vascular
disease and did not carry a diagnosis of vasculitis.

ß2-GPI antibody responses. ß2-GPI ELISA became avail-
able in our institution in January 2000. Since that time we
have been using the test to verify aPL positivity. Between
January 2000 and December 2005 10 patients in the CYC
treated group seroconverted based on the aPL titers. Of these
patients, 7 demonstrated a concomitant positivity of ß2-GPI
IgG antibody titers. During the same time period one patient
seroconverted in the non-CYC treated group and had con-
currently positive ß2-GPI IgG. We should note that 4 out of
the 6 patients with APS in the CYC treated group were diag-
nosed between 2000 and 2005, and of these, 3 also had
increased ß2-GPI IgG antibody titers. Since we did not use
ß2-GPI antibodies as a screening test, we cannot comment
on the prevalence of an isolated increase of these antibodies
in either the treated or the control population in our study.

Table 1. Differences in clinical and serological characteristics between CYC treated and non-CYC treated
patients.

Patient Characteristics CYC Treated Non-CYC Treated p <
(n = 117) (n = 203)

Clinical and pathologic findings N (%) N (%)
Women 105 (89.7) 181 (89.1) 0.99
Men 12 (10.2) 22 (10.83) 0.99
Arthritis 57 (48.7) 95 (46.7) 0.82
Photosensitivity 64 (54.7) 119 (58.6) 0.42
Raynaud’s phenomenon 61 (52.1) 126 (62.0) 0.10
Alopecia 58 (49.5) 56 (27.5) 0.01
Oral ulcers 56 (47.8) 73 (39.9) 0.04
Secondary Sjögren’s syndrome 22 (18.8) 69 (33.9) 0.01
Nephritis 78 (66.6) 35 (17.2) 0.01
Vasculitis 31 (26.4) 36 (17.7) 0.09
Serositis 35 (17.2) 43 (21.1) 0.10
Venous thrombosis 10 (8.5) 19 (9.3) 0.99
Arterial thrombosis 9 (7.6) 10 (4.9) 0.33
Abortions/N of women 8/112 (7.1) 21/181 (11.6) 0.24
Strokes 7 (5.9) 10 (4.9) 0.80
Neurologic disorder 32 (27.3) 27 (13.3) 0.01
Livedo reticularis 44 (37.6) 76 (37.4) 0.99
Pulmonary hypertension 8 (6.8) 1 (0.4) 0.01
Fever 53 (45.2) 71 (34.9) 0.08

Laboratory tests
Autoimmune hemolytic anemia 18 (15.3) 19 (9.3) 0.15
Leukopenia 58 (49.5) 106 (52.2) 0.73
Thrombocytopenia 30 (25.6) 51 (25.1) 0.99
Anti-Ro/SSA positive 42 (35.8) 72 (35.4) 0.99
Anti-La/SSB positive 22 (18.8) 35 (17.2) 0.76
Anti-Sm positive 13 (11.1) 26 (12.8) 0.73
Anti-U1RNP positive 14 (11.9) 44 (21.6) 0.04
Antiphospholipid positive† 25 (21.4) 6 (3.0) 0.01

Outcome
End stage disease (renal, CNS, lung) 25 (21.3) 2 (0.9) 0.01
Death 4 (3.4) 2 (0.9) 0.20

† aPL IgG and IgM antibodies documented at least twice, 12 wks apart, and in titers higher than the 99th per-
centile of 100 normal sera obtained from individuals younger than 55 yrs. CYC: cyclophosphamide; CNS: cen-
tral nervous system.
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DISCUSSION
Our data suggest that aPL antibodies are induced in CYC
treated SLE patients with a much higher frequency than in
the non-CYC treated ones. This induction occurs despite
successful treatment of the underlying disease as demon-
strated by reduction of ECLAM score and anti-dsDNA and
complement levels. Induction of aPL occurred in 22 patients
in the CYC treated group versus only 2 in the larger non-
CYC treated group. Although the former group had, by
treatment criteria, more severe disease at the onset of treat-
ment, the disease was in remission when the aPL antibodies
were first detected.
Seroconversion occurred at variable timepoints from

presentation and after variable doses of CYC had been
administered, with the minimum dose being 4 g and the
mean cumulative dose approximately 18 g. Further, a total
of 6 patients in the seroconverted group developed full
blown APS demonstrated by arterial or venous thrombosis
affecting various organs. None of the non-CYC treated
patients developed APS. The diagnosis of APS occurred
within a few months to a year after first documentation of

Figure 1. The probability that patients with SLE remain seroconversion
free after initiation of treatment.

Figure 2. Changes in SLE activity measures and antiphospholipid antibodies (aPL) before and after cyclophosphamide
(CYP) in 22 seroconverted patients.
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seroconversion. Although the contribution of additional risk
factors predisposing to arterial thrombosis cannot be com-
pletely excluded, known atherosclerotic factors were either
not present or well controlled in all patients. It should also
be noted that the clinical features of APS appeared despite
the institution of aspirin treatment in all seroconverted
patients.
Previous work has questioned the efficacy of CYC in the

treatment of established APS and specifically its lack of
effectiveness in halting the progression of the catastrophic
form of the syndrome when compared with anticoagulants,
corticosteroids, and plasmapheresis14,15. In isolated reports
of beneficial effects of its use16,17, CYC is combined with
the above therapeutic modalities, making difficult any
extrapolation as to its actual utility. Regarding the effect of

CYC on aPL titers in particular, a retrospective study com-
paring the antibody titers in 9 patients with SLE before and
after CYC found a decrease after small doses of CYC18.
In our patient cohort we found 25 patients positive for

aPL at the beginning of followup who were offered CYC
due to severe SLE. CYC effected a decrease in the aPL titers
in only 2 of them, as opposed to 3 patients in the non-CYC
treated group with initially positive aPL. Although our data
are insufficient to draw any conclusions regarding the effec-
tiveness of CYC in patients with positive aPL or established
APS, they do provide evidence of a possible association
between treatment with CYC and the appearance of such
antibodies in patients with SLE.
The alternative hypothesis, i.e., that the appearance of

aPL is a consequence, not of the treatment with CYC, but of

Figure 3. ROC analysis of diagnostic accuracy of ECLAM and prednisone dosage in regards to sero-
conversion.

Table 2. Adjusted odds ratios (OR) with 95% confidence intervals (CI) showing the association between sero-
conversion, therapy, disease activity, and disease duration.

Characteristic Seroconverted Non-seroconverted OR (95% CI)
(n = 24) (n = 296)

Treatment 13.39 (2.66–67.50)
CYC 22 95
Non-CYC 2 201

ECLAM score* 0.74 (0.20–2.76)
≤ 2 21 253
> 2 3 42

Disease duration, yrs, mean ± SD 11.08 ± 6.93 9.93 ± 6.50 1.02 (0.95–1.10)‡

Prednisone dose# 3.53 (0.38–33.13)
High 23 169
Low 1 127

* at time of seroconversion; ‡ comparison between 2 means; # determined within the first 6 mos from presenta-
tion. ECLAM: European Consensus Lupus Activity Measurement; SD: standard deviation.
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the severity of the underlying disease, cannot be categori-
cally excluded due to study design. However, our ROC
analysis of the ECLAM score and prednisone dosage
seems to support the hypothesis that the appearance of
aPL is not closely related to disease severity, a fact that
has already been observed by others19. It is possible for
APS to be diagnosed at a time that SLE is quiescent; how-
ever, that would not explain the difference in prevalence
between 2 patient groups with similar duration of disease.
In addition, the observed differences should not be attrib-
uted to differences in the monitoring frequency of aPL
between the 2 groups, as there is a policy of routine, at
least 3 times yearly, monitoring of aPL in all patients with
SLE in our institution.
How might CYC induce aPL? The pathogenic mecha-

nism can only be speculated at this point. However, several
observations suggest that CYC might demonstrate immune-
enhancing properties at least under specific conditions; in a
thymectomized mouse model, a single dose of CYC was
associated with a 50% incidence of autoimmune gastritis
associated with serum appearance of autoantibodies to the
alpha and beta subunit of gastric H/K ATPase20. In addition,
CYC induces Type 1 diabetes in the non-obese diabetic
mouse21,22 and enhances immune responses to allergens23,
tumors24, as well as autoantigens25. Administration of CYC
prevents oral tolerance to ovalbumin in mice and reverses
the cellular immune response in the gut under these
conditions26.
On the basis of the available data, we assume that this

immune enhancing effect of CYC is related to a reduction in
regulatory T cells that normally suppress immune respons-
es27,28. An alternative explanation might involve the release
of large amounts of PL and PL-binding proteins due to CYC

Table 3. Clinical and serologic data of 6 seroconverted patients with documented APS.

Patient Sex Age, yrs Findings CYC Dose Time to IgG aPL IgG aPL IgM aPL IgM aPL B2 GPI
at APS APSa, mo before CYC, at APSb, before CYC, at APSb, at APSb

Diagnosis, g UGPL/ml UGPL/ml UMPL/ml UMPL/ml U/ml

1 F 35 Non Q 23 7 0 111 0 116 NA
myocardial
infarction

2 F 35 CNS micro- 28 6 0 104 0 107 NA
infarction

3 M 20 Necrotic skin 24 12 4 119 5 96 118
ulcer

4 F 50 Myocardial 13 9 8 98 0 91 94
infarction

5 M 22 APS nephropathy 26 6 0 103 0 112 74
6 F 30 Venous 15 8 10 120 8 98 119

thrombosis

a Time from seroconversion to the APS diagnosis; b At time of APS diagnosis. APS: antiphospholipid syndrome; CYC: cyclophosphamide; UGPL: GPL units;
UMPL: MPL units.

Figure 4. Changes in SLE activity measures and aPL after initiation of
treatment with CYC, and timing of APS diagnosis (data from patient 1,
Table 3).
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induced cell apoptosis and/or necrosis29,30, which then stim-
ulate the immune system for the production of respective
autoantibodies.
Our observation might be described as another manifes-

tation of the phenomenon called “the kaleidoscope of
autoimmunity,” according to which a prior autoimmune dis-
ease and/or its treatment cause an immune disregulation that
leads to a subsequent autoimmune disease. Several inter-
ventions might serve as triggers of autoimmunity including
thymectomy31, splenectomy32, or bone marrow transplanta-
tion33, among others. In a notable case the emergence of full
blown APS followed thymectomy for myasthenia gravis34.
In our case the successful treatment of SLE is followed by
the appearance of new autoantibodies and, sometimes, a
new autoimmune disease, i.e., APS. If this is the case, one
might assume that the seroconversion is the result, not of
CYC per se, but of the successful treatment of SLE that
allows the appearance of new autoantibodies in genetically
predisposed individuals. A comparison between CYC and
other effective SLE regimens, such as mycophenolate,
would be very interesting in this regard.
We should finally note that all our seroconverted patients

received prednisone at some point during their disease
course. In 96% of them (23/24) the initial prednisone dose
exceeded 10 mg/day, although at the time of seroconversion
they were maintained at much lower doses. The widespread
use of prednisone in our patient cohort, including the
patients who initially presented with positive aPL and
became negative after treatment, prevents any conclusions
as to a direct effect of prednisone on aPL antibodies. A lit-
erature search on the effect of prednisone in this regard
yields few and contradictory data, with some studies report-
ing lowering of serum antibody titers35 after use of pred-
nisone and others showing no effect36. Our experience does
not support use of prednisone in either primary or secondary
APS, with the possible exception of the catastrophic form of
the syndrome.
The retrospective nature of our study represents its

major limitation. Prospective controlled trials are needed to
confirm and expand on our data. An important question that
remains to be answered involves the presence and nature of
predictive factors that will allow early recognition of this
potentially fatal complication of CYC therapy. At the mech-
anistic level, the ability of CYC to induce aPL, if proven,
raises important questions regarding the mechanism
responsible for its salutary effects on SLE and the role of
antibody independent mechanisms in the pathogenesis of
the disease.
In our cohort of patients with SLE followed over 10

years, treatment with high doses of CYC was associated
with high incidence of new development of aPL as well as
APS, despite achievement of disease remission. Whether the
observed association is a true cause and effect relationship
needs to be further elucidated.
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