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Abstract

In severe aplastic anemia, approximately one-third of responders to standard horse antithymocyte
globulin (h-ATG) plus cyclosporine (CsA) will relapse. Anecdotal experience has suggested that a
gradual CsA taper might avoid relapse, but this practice has not been rigorously assessed
prospectively. In 2003, we adopted a strategy to taper CsA beyond 6 months, with the intention to
reduce hematologic relapse compared to our extensive historical experience. In total, 102 patients
received h-ATG/CsA for 6 months in two sequential clinical protocols: 67 patients (66%)
responded and all had the CsA dose tapered per protocol over the subsequent 18 months (total of 2
years). The rate of relapse at 5 years was 33% (95% CI 27%-44%), which did not differ from our
large historical relapse experience (patients treated before 2003) of 30-40%, in protocols in which
CsA was simply discontinued at 6 months. However, time to relapse was prolonged by about 1
year with the longer CsA course. The rates of clonal evolution and overall survival did not differ
between the two cohorts. We infer from this large prospective study that CsA taper as
implemented delayed but did not prevent relapse. The kinetics of relapse with long course CsA
does suggest that a lower long-term dose might be adequate to maintain patients in remission.
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Introduction

Methods

Severe aplastic anemia (SAA) is successfully treated with horse ATG (h-ATG) and
cyclosporine (CsA), with hematopoietic recovery achieved in 60-80% of cases [1].
However, this therapy is limited by relapse in 1/3 of responders, as well as clonal evolution
to myelodysplasia and acute leukemias in about 15% of all treated patients. Most research
protocols have specified a 6-month course of CsA, a duration also common in practice.
Anecdotal experience has suggested that hematologic relapse among responders might be
avoided by a more gradual discontinuation of CsA. In addition, the benefit of a taper has
been inferred from large observational studies in the 1990s, in which some patients appeared
to require CsA in order to maintain adequate blood counts [2-4]. Despite being logical, data
to support this practice are limited, as no prospective study have formally addressed the
possible benefits of long course CsA.

At our institution, CsA was discontinued at 6 months in all h-ATG protocols from
1989-2003. With this approach, hematologic relapse was observed in 30-40% of patients
over the 5 years after ATG administration [2]. To lower this rate, we postulated that
continuing CsA beyond 6 months might reduce relapse, as is observed in other autoimmune
disorders with maintenance therapy [5, 6]. To test this hypothesis, we prospectively
implemented a longer, 18-month taper of CsA in all responders to h-ATG. Here we report
on the outcomes of the first prospective study of continued CsA use beyond 6 months in
SAA.

Patients were enrolled into two sequential treatment-naive SAA protocols from June 2003 to
July 2010 (registered at clinicaltrials.gov as NCT00061360 and NCT00260689). These
studies investigated new regimens in SAA: the first specified randomization between
standard h-ATG/CsA (n=42) and h-ATG/CsA/sirolimus (n=35) from 2003-2005 and in the
second patients were randomized between standard h-ATG/CsA (n=60), rabbit ATG/CsA
(n=60), and alemtuzumab (n=16) from 2005-2010 [7, 8]. For both randomized protocols, the
control arm was standard h-ATG/CsA, which was administered in 102 patients in the
context of these studies. For these protocols, SAA was defined as bone marrow cellularity of
less than 30% and severe pancytopenia with at least two of the following peripheral blood
count criteria: (i) absolute neutrophil count less than 0.5x10%/L; (ii) absolute reticulocyte
count less than 60x10%/L; and (iii) platelet count less than 20x10%/L. for Fanconi anemia
conducted in patients under 40 years of age [1, 7, 8]. All patients (or their legal guardians)
signed informed consent according to protocols approved by the Institutional Review Board
of the National, Heart, Lung, and Blood Institute. All patients were treated at the Clinical
Center of the National Institutes of Health (NIH) in Bethesda, MD. ATG administration and
landmark visits for evaluation (at 3, 6, and 12 months, and then yearly thereafter) were
conducted at the NIH. The 6-month hematologic response outcome was the primary
endpoint in these protocols and defined as no longer meeting criteria for SAA [7, 8]. The
combined long-term outcomes and comparative analysis (to historical control) in all patients
who had a long course of CsA has not yet been reported. Hematologic relapse, clonal
evolution and survival were specified secondary endpoints in both studies. A complete
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response (CR) was defined as ANC above 1.0x10%L, Hgb > 10 g/dL, and a platelet count >
100x10%/L and a partial response (PR) defined as counts no longer meeting criteria for SAA
but not sufficient for a CR. CsA taper was initiated at 6 months irrespective of the quality of
response (PR or CR) with a 25% dose reduction every 3 months for 18 months.
Cyclosporine levels were maintained at 200-400 ng/ml and monitored for the first 6 months
only, after which no further blood level monitoring was conducted once the taper had been
initiated. CsA was continued in all patients until relapse occurred or the taper was complete
at 2 years from initiating immunosuppression. By protocol design, the rate of relapse with
long-term CsA was to be compared to our extensive historical experience with standard h-
ATG/CsA, where patients treated at the Clinical Center from 1989 to 2003 had CsA
discontinued at 6 months.

Patient characteristics were described using summary statistics including means,
proportions, standard errors and 95% confidence intervals. Survival analysis for years from
the first course of IST to relapse, clonal evolution, and overall mortality was with the
Kaplan-Meier method with patients who had hematopoietic stem cell transplantation
(HSCT) or loss of follow-up treated as censored at their HSCT or loss to follow-up time. For
the purpose of determining the impact of a long CsA taper, only responders from 1989-2003
and 2003-2010 who had CsA discontinued or tapered at 6 months, respectively, were
compared for hematologic relapse, clonal evolution, and survival. Numerical results were
computed using the S-PLUS 8.0 software package (TIBCO). A 2-sided P value was used
throughout and considered statistically significant if < .05. Analysis was based on intention
to treat.

Of the 102 patient cohort treated with h-ATG/CsA, 67 (66%) responded at 6 months (PR
+CR), and these patients had their dose of CsA gradually reduced per protocol (this
hematologic response rate is in accordance with our large historical experience). Patient
characteristics are shown in Table 1. Side effects such as hypertension, hirsutism, and
gingival hyperplasia improved once the CsA dose was tapered at 6 months with the first
25% dose reduction. The tolerability remained good with subsequent tapers at which point
patients no longer complained of drug-related side effects. The median follow-up in
surviving patients was 4.9 (range, 1.3-8.3) years. At 5 years, the cumulative incidence of
relapse was 33% (95% CI 11%-44%) in those treated from 2003-2010 who had a prolonged
CsA course and 36% (95% CI 27%-44%; p=0.334) among historical controls, in whom CsA
was simply discontinued at 6 months (Figure 1A). Of the 21 relapsed patients, 7 achieved a
CR and 14 a PR by 6 months, suggesting that a robust response (CR) did not preclude a
relapse. In those who relapsed (6 within the first 2 years), CsA dose was increased in 16 of
whom 11 responded (leading to maintenance CsA dosing determined by blood counts). This
response rate to CsA resumption in relapsed patients is in accordance with our historical
experience suggesting that the taper did not affect responsiveness to CsA at relapse. The
median time to relapse for the taper cohort was approximately 2 years, which contrasts to
about 1 year when CsA was discontinued at 6 months in earlier protocols conducted from
1989-2003. Only 1 (1.5%) patient in the CsA taper group relapsed before 1-year post-ATG,
while about 40-50% of the relapses occurred within the first year when CsA was
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discontinued at 6 months (from 1989-2003) [1, 2, 9, 10]. However, by 5 years the relapse
rate with the CsA taper was almost identical to our reported relapsed rate of 30-40% when
CsA was discontinued at 6 months (Figure 1A) [1, 2, 9, 10].

Among the CsA taper group (n=67), the 5-year evolution rate was 15% (95% ClI, 9%-23%),
also not different from our historical figure of 10-20% in protocols in which CsA was
simply discontinued at 6 months (p=0.965; Figure 1B) [2, 9]. There were 11 evolutions:
monosomy 7 (5), acute leukemia (2), complex cytogenetics (1), del13q (1), del5q (1), del20q
(1). This evolution pattern is comparable to our historical experience. Survival among
responders between the 2 time periods (1989-2003 and 2003-2010) also did not differ for
both group; at 5 years (p=0.768; Figure 1C).

Discussion

To our knowledge, ours is the first prospective study to test a simple strategy to avoid
relapse in immune mediated marrow failure. Our results show that a prolonged CsA taper,
over the course of two years post-ATG, delays hematologic relapse by approximately 1 year
but do not ultimately prevent it. The mechanisms for hematologic relapse are not well
understood but one plausible explanation is that expanded CD8* T-cell clones that persist
after effective immunosuppression are functionally suppressed but not eliminated by
continued CsA but then become active effectors as the dose is reduced or the drug
discontinued [11, 12]. We reasoned that testing long course CsA was rational, as continued
immunosuppression might allow the ultimate elimination of residual auto-reactive
lymphocytes, “burn-out”, as is observed long term in other immune-mediated diseases [13,
14]. That the CsA taper prolonged time to relapse and that the initial two dose reductions (3
months apart starting at 6 months) maintained remission blood count suggest that lower
doses of CsA might be adequate to suppress immune-mediated progenitor suppression and
destruction. Unfortunately, as the taper continued per protocol beyond the first year, relapses
were observed at a higher rate. We cannot exclude the possibilities that maintaining some
lower dose of CsA after 1 year for a longer period than two years or that a different (slower)
taper regimen might be more effective in ultimately preventing relapses. The daily dose of
CsA at the time of relapse during the taper was at a median of 1.3 (range, 0.52-4.18) mg/kg
and mean of 1.8 mg/kg (Figure 1A, inset). This suggests that a dose level of 2-2.5-mg/kg
daily—much lower than the initial (arbitrarily determined) dose of CsA utilized in this
disease--might preclude hematologic relapse in most cases. This hypothesis could be
validated in prospective trials.

Despite being frequently recommended [15] the presumed activity of CsA beyond 6 months
derives only from anecdotal and retrospective analysis, both methods subject to reporting
and post-hoc biases. The largest experience was based on a retrospective review of records
from only 42 pediatric patients treated from 1991 and 1999 in Italy [16]. The CsA taper
regimen varied between patients and three groups were retrospectively defined in this study.
With a median follow-up of 118 months (range 49-185) in surviving patients, the cumulative
incidence of relapse was 7.6% in the “slower” CsA taper group, compared to 60% in the
“rapid” taper group. However, the retrospective nature of the study design, data collection,
definitions, and analysis limit the interpretation of these results. It is possible that our results,
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which included patients of all ages, differed from the Italian pediatric experience due to the
inclusion of adults in our study.

The current prospective study is limited by comparison to historical controls. However, our
historical data set comprises a relatively large number of patients, uniformly treated in a
single institution and with periodic and long-term evaluations. Protocol eligibility has
remained consistent over the course of the two prospective trials. The CsA taper regimen
was implemented prospectively since 2003 in consecutive patients enrolled on registered
sequential clinical protocols with all responders participating in the taper and all patients
accounted for and included in the final analysis. The definitions for clinical outcomes
(including relapse) have remained consistent at our institution since the 1980s.

We found that relapse was delayed but not ultimately prevented with a taper over two years.
The delay in relapse did not have an impact on survival, which was the same in patients who
had the CsA stopped or tapered at 6 months. It is plausible that chronic CsA (even at low
doses, which are better tolerated and less toxic) continue to suppress auto-reactive T-cells
and decrease or eliminate relapse. However, as only 1/3 of responders experience relapse,
such a strategy would commit 2/3 of responding patients who ultimately may not benefit
from prolonged CsA. Relapse early in the taper in our study (between 6 and 12 months)
were very infrequent, and during this period of dose reduction there were marked
improvements in the usual CsA toxicities. Thus, while a strategy that employed lower dose
and longer duration CsA can be tested in the clinic, ideally an accurate and applicable
method to identify those at higher risk for relapse at baseline (for example, telomere length
measurement) or during treatment by careful hematologic or immune monitoring would
allow continued therapy to be targeted to those at greater risk, and allow early
discontinuation of CsA in those who are not likely to experience this complication [11, 17].

In conclusion, CsA taper was effective in delaying relapse, but the optimal taper regimen is
yet to be determined. These data have clinical implications, as CsA tolerance is limited by
troubling symptoms and nephrotoxicity, hypertension, electrolyte imbalances, gingival
hyperplasia and general risks associated to immunosuppression. Shorter or lower exposure
to CsA abbreviates drug toxicity associated with more prolonged use.
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Figure 1. Rates of late events and survival after horse antithymocyte globulin (h-ATG)/
cyclosporine (CsA) followed by CsA taper

(A) The cumulative incidence of relapse at 5 years was 33%, which is comparable to our
historical relapse rate of 30-40% in immunosuppression protocols at our institution where
CsA was simply discontinued at 6 months [7, 8] Among responders, the CsA dose at the
time of relapse during the taper phase was at a median of 1.32 (range, 0.52-4.18) mg/kg and
a mean of 1.8 mg/kg (inset). This suggests that a CsA dose level above these levels might
preclude relapse and improve tolerability of chronic maintenance. Not depicted in the inset
are patients who did not experience relapse or that relapsed after conclusion of the 18-month
taper Only responding patients who relapsed during the taper are included. (B) For clonal
evolution the cumulative incidence at 5 years (15%) also did not differ from our historical
experience of a rate of 10-20% [7, 8] (C) Survival rate at 5 years in the CsA taper group was
91% in this responding cohort which is in accordance to survival in this group of patients
who responded to immunosuppression from 1989-2003 [18] Only patients who responded to
immunosuppression by 6 months who had the CsA stopped at 6 months (from 1989-2003)
or tapered (from 2003-2010) are shown in the figures.
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Table 1

Patient characteristics’

Variable N =67
Mean age, yrs 35.1+215
Male sex 38 (56.7%)
Etiology
Idiopathic 66 (98.5%)
Post-hepatitis 1(1.5%)
Cell counts per x109/L
ANC 0.432 +0.357
ARC 27.357 + 20.955
Platelets 12.851 + 30.443
PNH clone (>1%) 31 (46.3%)

*
Plus-minus values are means + SD
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