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Summary

Horse anti-thymocyte globulin (h-ATG) and cyclosporine are the initial therapy for most patients
with severe aplastic anaemia (SAA), but there is no practical and reliable method to predict
response to this treatment. To determine whether pre-treatment blood counts discriminate patients
with SAA who have a higher likelihood of haematological response at 6 months to
immunosuppressive therapy (IST), we conducted a single institution retrospective analysis on 316
SAA patients treated with h-ATG-based IST from 1989 to 2005. In multivariate analysis, younger
age, higher baseline absolute reticulocyte count (ARC), and absolute lymphocyte count (ALC)
were highly predictive of response at 6 months. Patients with baseline ARC > 25 x 10° /Il and ALC
>1 x 109 /1 had a much greater probability of response at 6 months following IST compared to
those with lower ARC and ALC (83% vs. 41%, respectively; p < 0.001). This higher likelihood of
response translated to greater rate of 5-year survival in patients in the high ARC/ALC group
(92%) compared to those with a low ARC/ALC (53%). In the era of IST, the baseline ARC and
ALC together serve as a simple predictor of response following IST, which should guide in risk
stratification among patients with SAA.
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Introduction

Severe aplastic anaemia (SAA) can be successfully treated with haematopoietic stem cell
transplantation (HSCT) or anti-thymocyte globulin (ATG)-based immunosuppression. Prior
to the introduction of immunosuppressive treatment (IST), non-transplant options for SAA
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included androgens and transfusions (Furuhjelm and Eklund 1966, Sanchez-Medal, et al
1969). HSCT could be performed in patients with a human leucocyte antigen (HLA)-
matched sibling donor. The introduction of ATG in the late 1970's and the addition of
cyclosporine (CsA) to ATG in the 1980's led to a significant improvement in haematopoietic
recovery and better survival in patients with SAA (Frickhofen, et al 1991, Gluckman, et al
1978). In the majority of cases, IST is often used first since most patients are not suitable
candidates for HSCT due to age, comorbidities, or lack of a histocompatible sibling donor.
The current standard immunosuppressive regimen is the combination of horse ATG (h-
ATG) + CsA (Frickhofen and Rosenfeld 2000).

SAA has been pathophysiologically characterized as T-cell mediated organ-specific
destruction of the haematopoietic stem cell compartment (Young, et al 2006). Early
experiments showed that patient's lymphocytes suppressed haematopoiesis by activation of
cytotoxic T cells expressing TH1 cytokines (interferon-y and tumour necrosis factor)
resulting in apoptosis of CD34+ progenitor cells, at least partially by expression of the Fas
receptor and resulting in immune-mediated cytotoxicity (Maciejewski, et al 1995a,
Maciejewski, et al 1995b). More recently, oligoclonal T-cell expansions have been
described in SAA patients that diminish or disappear following successful IST (Risitano, et
al 2004). However, despite the better understanding of the immune pathophysiology of
SAA, response to IST cannot be routinely predicted.

We conducted a retrospective analysis in 316 patients with SAA who were treated with h-
ATG-based IST at the National Institutes of Health (NIH) since 1989. Here we report for the
first time that the combination of pre-treatment absolute reticulocyte count (ARC) and
absolute lymphocyte count (ALC) is highly predictive of response and survival in SAA
patients treated with a h-ATG based regimen.

Patient and methods

Patients who fulfilled entry criteria for SAA were enrolled in four different treatment
protocols from November 1989 to April 2005 at the Warren Grant Magnuson Clinical
Center and the Mark O. Hatfield Clinical Research Center at the National Institutes of
Health in Bethesda, MD. Consecutive patients treated in these four sequential
immunosuppression protocols were analyzed. All adult patients or parents (or legal
guardian) of children (< 18 years of age) signed informed consent according the Institutional
Review Board of the National, Heart, Lung, and Blood Institute. For protocol entry
purposes, SAA was defined as a bone marrow cellularity of less than 30% and severe
pancytopenia with at least two of the following peripheral blood count criteria: 1) absolute
neutrophil count (ANC) < 0.5 x 109 /I; 2) ARC < 60 x 10° /I; 3) platelet count < 20 x 109 /I
(Rosenfeld, et al 2003, Rosenfeld, et al 1995). Response was defined as no longer meeting
criteria for SAA and was determined at 3 and 6 months following ATG (Rosenfeld, et al
2003, Rosenfeld, et al 1995, Scheinberg, et al 2006a). In this paper the haematological
response at 6 months following initial h-ATG was adopted as the criteria for haematological
recovery.
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Bone marrow biopsy and aspiration, for morphology and cytogenetics, were performed
before enrolment. Children and young adults (< 40 years of age) had chromosomes assayed
after in vitro exposure of peripheral blood lymphocytes to diepoxybutane and in some cases
also to mitomycin C to exclude Fanconi anaemia. All patients were tested for paroxysmal
nocturnal haemoglobinuria (PNH) with the Ham test to 2000, when it was replaced by a
flow cytometric assay (Dunn, et al 1999). The presence of a clone using flow cytometry was
defined as the absence of glycosylphosphatidylinositol (GPI)-anchored surface proteins
greater than 1% of neutrophils or red cells, and the size of the clone was defined by the
highest level of red blood cells or neutrophils lacking GPI-anchored proteins.

Study design and treatment regimens

Three h-ATG-based regimens were included in the analysis: standard h-ATG/CsA, h-
ATG/CsA/mycophenolate mofetil (MMF) and h-ATG/CsA/sirolimus. H-ATG (ATGAM,
Pharmacia & Upjohn Company, Kalamazoo, Mich), CsA, and prednisone (the last for serum
sickness prophylaxis) administration was the same for the 3 regimens and has been
described previously (Rosenfeld, et al 1995, Scheinberg, et al 2006a). CsA was discontinued
after 6 months in all but 37 patients who received h-ATG/CsA, which was followed by a
slow CsA taper in the subsequent 18 months. MMF was dosed on the first day of ATG at
600 mg/m? twice daily for children 11 years and younger and at 1 g twice daily for children
12 or over and adults, for a total of 18 months (Scheinberg, et al 2006a). Sirolimus was
initiated on day 1 at 2 mg/d in adults and 1 mg/m?/d in children (< 40 kg) and administered
for 6 months to a trough between 5 — 15 ng/ml.

Baseline counts

The variables included in the analysis were age, PNH and results from an automated
complete haemogram. The haemoglobin level (and the mean corpuscular volume) were
found to be unreliable due to variability in the threshold for packed red blood cell
transfusion, the individual response to transfusion, and the influence of concomitant PNH
clone. In order to account for biological and instrument variations and to minimize the
effects of haematopoietic growth factors and transfusions, the lowest value during the 4
weeks preceding h-ATG were defined as “baseline” and the variables included were the
ARC, ANC, ALC and the platelet count.

Statistical methods

Summary statistics including means, proportions and their corresponding standard
deviations have been used to describe patients' age, sex, and other baseline characteristics.
P-values based on multi-sample tests for proportions and the analysis of variance F-tests
were used to compare patients' baseline characteristics across the treatment groups. Sample
proportions and their 95% confidence intervals were used to describe the 6-month response
rates for patients categorized by discrete risk factors. Multi-sample tests for proportions
were employed to compare the 6-month response rates for patients in different risk groups.
For the purpose of statistical analysis, patients who did not complete 6 months of initial IST
due to death, HSCT or who underwent a second course of IST were counted as non-
responders, and those who underwent a second course of IST or HSCT prior to 6 months
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following initial IST were counted as “dead” on the short term survival (< 6 months)
analysis. Univariate and multivariate logistic regression models were used to evaluate the
effects of continuous baseline risks on the response probabilities and the probabilities of
overall survival at 6 months. Since many of these risk variables, such as ARC, ALC, and
ANC, are highly skewed and may have values at zero, natural log transformations log (X+1)
for the observed covariates X served as the independent variables for the logistic models.
Important covariates in the multivariate logistic regression models were chosen by the
stepwise variable selection procedures.

For the purpose of presenting a simple picture on the effects of these covariates on the
probabilities of response at 6 months and survival, we also considered categorical variables
for ARC (< 25 x 109 /1, 2 25 x 109 /1), ALC (< 1 x 10° /1, =1 x 10° /1), ANC (< 0.2 x 109 /1,
>0.2 x 109 /1) and platelet count (< 10 x 10% /I, = 10 x 109 /1), and evaluated the estimated
probabilities of response at 6 months and survival probabilities under these categorical
covariates. These threshold values were chosen after examining both the parametric and
nonparametric estimated probability curves of 6-month response and survival with
continuous covariates. The parametric and nonparametric regression analyses suggested that
the selected threshold values, while subjective, represented a simple parameter to
demonstrate the overall effects of these variables, and potentially useful to guide clinical
practice. We also examined various other thresholds using classification-tree regression (S-
PLUS 8, Insightful Inc., Seattle, WA, USA) and found that our threshold choices were
reasonably balanced between statistical accuracy, clinical relevance and simplicity. Survival
probabilities for all patients with discrete and continuous baseline risks were evaluated using
the Kaplan-Meier estimates and the Cox proportional hazard models with patients who
underwent HSCT or lost to follow-up counted as censored. A P-value < 0.05 was considered
to be statistically significant. The numerical results were computed by S-PLUS statistical
package (Insightful Inc.).

A total of 346 patients received IST for SAA at our institution between 1989 and 2005 on
four different treatment protocols where three regimens were studied: h-ATG/CsA (used
in two separate protocols), h-ATG/CsA plus MMF (Scheinberg, et al 2006a), and h-
ATG/CsA plus sirolimus [our unpublished data]. These regimens yielded virtually identical
outcomes and were therefore combined for this analysis. Only patients who received a h-
ATG/CsA based regimen as their initial therapy were included; patients who received h-
ATG/CsA as a second course, h-ATG alone without CsA or other investigational agent were
excluded. A total of 316 patients who were treated with an initial course of h-ATG/CsA
were analyzed for predictive characteristics. At 6 months following IST, 286 patients were
evaluable for response; 25 patients had died and 5 patients received alternative therapies
prior to completing 6 months from initial h-ATG due to worsening pancytopenia and clinical
deterioration (three received a second course of IST and two underwent HSCT). The number
of patients in each treatment regimen and the baseline characteristics of the 316-patient
cohort are shown in Table 1. A correlation analysis between all the variables showed that the
correlation coefficient was less than 0.2 between all the parameters included in the analysis
with the exception of a weak association between the baseline ANC and ARC (0.483).
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Baseline blood count values correlate to response at 6 months

In univariate logistical regression analysis, younger age, higher ARC, ALC, and ANC
correlated to response at 6 months. Neither the presence of a PNH clone nor the platelet
count was predictive (Table 2). The continuous analysis of the graphical representation of
the predicted 6-month response rate versus the baseline ARC, ALC, ANC, platelet count,
and PNH is shown in Figure 1. Patients with a lower ARC and ALC had a lower probability
of responding to IST compared to those with higher baseline values (Figs. 1A, B). The
relationship between response and the baseline ANC was present but not as strong as with
the ARC and ALC (Fig. 1C) and no significant relationship was observed with the baseline
platelet count and the presence or size of the PNH clone (Figs. 1D, 1E). There was an
inverse relationship between response and age, younger patients having a higher probability
of response compared to older patients (Fig. 1F). A categorical risk factor analysis showed
that patients with an ARC =25 x 109 /I, ALC =1 x 10° /I, ANC = 0.2 x 10% /I and age
younger than 18 had a higher probability of response at 6 months (Table 3).

In multivariate analysis, only younger age, ARC, and ALC were predictive of response at 6
months (Table 2). The contribution of the baseline ANC to lack of response primarily
resulted from more early deaths (counted as non-responders) following ATG in patients with
a very low ANC: 23 out of 25 patients (82%) who died during this period had a baseline
ANC < 0.2 x 109 /1. When data from the 286 patients who were evaluable at 6 months were
subjected to multivariate analysis, only pre-treatment baseline ARC and ALC (p=0.005 and
0.036, respectively) were predictive of response, along with younger age (p=0.018).
Baseline ANC did not predict response in these 286 patients, consistent with the expected
impact of low pre-treatment ANC on short-term survival (< 6 months).

When the two predictive baseline blood count parameters of ARC and ALC were combined
in multivariate analysis, patients with an ARC = 25 x 10% /l and an ALC =1 x 10 /I had a
response rate 40% higher compared to those with baseline ARC < 25 x 10% /l and ALC < 1
x 109 /1 (83% vs. 41%, respectively) (Table 4) (The increase in likelihood of response was
observed at several other cut-off values other than 25 x 109 /I for ARC and 1 x 10% /I for the
ALC). Overall, probability of response was higher in patients with an ARC > 25 x 109 /I
regardless of the baseline ALC, indicating the predominance of reticulocytes as a predictive
parameter (Table 4). Among patients with ARC < 25 x 109 /1, the level of the baseline ALC
yielded 2 distinct groups: those with an ALC = 1 x 109 /I, which accounted for the majority
of patients in whom the response rate was 62%; and those with an ALC < 1 x 109/, in
whom the response rate was 41%. These data suggest that 3 groups (about 1/3 of patients in
each) in our cohort have a distinct prognosis: those with a high baseline ARC (regardless of
the ALC) who have about an 80% response rate (about 20% higher than the entire cohort);
those with an ARC < 25 x 109/l and an ALC > 1 x 10° /I with a response rate of 62% (the
overall response rate for the entire cohort); and those with both an ARC < 25 x 10° /I and an
ALC < 1 x 109/l with a response rate of 41% (about 20% lower than the entire cohort)
(Table 4). When only adults (18 years and older) were analyzed, the baseline ARC and ALC
remained predictive of response to IST (Supplementary Table SI).

Br J Haematol. Author manuscript; available in PMC 2014 August 29.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Scheinberg et al.

Page 6

About 25% of patients treated with a h-ATG-based regimen were children under the age of
18 years (Scheinberg, et al, in press). As a younger age alone is in itself a good predictor of
haematological response to IST, an analysis for other predictors in children may lack power
due to the smaller sample size in our cohort, therefore, a separate analysis of the paediatric
patients was not performed. However, when the above predictive criteria of the ARC and
ALC were applied to paediatrics patients, the ALC was not predictive, but a pre-treatment
ARC = 25 x 109 /I remained a significant predictor of response in the paediatric cohort, with
a response rate of 90% (26/29) compared to 65% (31/48) in those with an ARC < 25 x 109 /I
(p=0.02).

The significance of the baseline counts was tested in patients treated in different time
periods and both counts remained predictive with those with a baseline ARC > 25 x 109 /I
and ALC =1 x 109/ having a greater response rate compared to those with an ARC <
25 x 109 /land ALC < 1 x 109 /I: 1989-1995 (75% vs 43%, P=0.035), 1996-2001 (88% vs
55%, P=0.003) and 2002-2005 (83% vs 23%, P < 0.0001), respectively. This suggests
that the influence of the ARC and ALC in predicting response was present despite the
time period when treatment was administered. Similar analyses were performed for
patients treated with the different h-ATG regimens and the ARC and ALC was
predictive in those treated with h-ATG + CsA only.

Baseline blood count values predict 6-month (short term) and long-term survival

The two baseline parameters that were predictive of response (ARC and ALC) also
predicted survival at 6 months following ATG by univariate analysis; however, multivariate
analysis showed that baseline ANC was a more significant contributor to short term survival
than either the ARC or ALC (Table 5). In multivariate analysis with categorical risk factors,
patients with a higher ARC and ALC had a 20% higher short-term survival rate when
compared to those with a lower ARC and ALC (100% vs. 80% respectively, p < 0.01). The
same result was also found for long term survival: patients with a higher baseline ARC and
ALC had a much higher probability of 5-year survival (92%) when compared to patients
with a lower ARC and ALC baseline blood count (53%, p < 0.001) (Figure 2).). The overall
survival according to baseline risk for children (age < 18) and adults are shown
separately in Figure 3. A statistically significant higher probability of survival was
observed in adults with a pre-treatment ARC > 25 x 10° /I compared to those with an
ARC <25 x 10° /1 and ALC < 1 x 10%/1. In children with an ARC > 25 x 10°/l, a better
survival probability was observed compared to those with an ARC < 25 x 109 /1, but
this difference was not significant at a = 0.05 level, probably due to the smaller sample
size and a better overall response rate observed in paediatric patients (Scheinberg et al,
in press)

Discussion

Severity in AA is defined by revered criteria which derive from publications of Camitta and
colleagues in the 1970s, mainly directed to the selection of patients for bone marrow
transplantation, a hazardous undertaking at that time (Camitta et al, 1975, 1976). These
authors astutely recognized from their own experience and the literature that the outcomes in
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aplastic anaemia could be described by biphasic curves, with patients with more mild
disease surviving months to years compared to those with more severe pancytopenia who
died within weeks to a few months of diagnosis (Li, et al 1972, Williams, et al 1973).
However, discriminating between these two groups was not feasible, at least in part due to
the heterogeneity of their clinical presentation, supportive care provided and the low
numbers of cases. Although their report of a prospective randomized study comparing HLA-
matched sibling donor HSCT to conventional treatment is most frequently cited to reference
the “Camitta criteria” (Camitta, et al 1976), the first definition appeared earlier, and the
absence of firm grounding was explicit: “Clinical classification of the patients was
performed by means of arbitrary criteria” (Camitta, et al 1975). In this historic study,
severity was defined as the presence of at least two of the following three peripheral blood
count criteria: ANC < 0.5 x 109 /I, platelet count < 20 x 10° /I and reticulocytes < 1%.
Camitta and co-authors cite other authors' work in their various discussions of outcomes, but
these references are to relatively small numbers of patients: samples of 101 in Utah
(Williams, et al 1973); 24 from Mt. Sinai Hospital in New York (Davis and Rubin 1972); 34
from Mexico City (Duarte, et al 1972) in various categories of aplastic anaemia treated
under a variety of regimens of the times. Some predictive models were proposed to correlate
with better survival in SAA patients who did not undergo HSCT and were treated with
transfusions and/or androgens. The pre-treatment reticulocyte count was often included in
these models, but none gained wide acceptance, in part because they were impractical (in
including complex formulas) and relied on subjective parameters (such as bone marrow
morphology and differential counts) (Hormann, et al 1984, Najean and Pecking 1979,
Rozman, et al 1981, Te Velde and Haak 1977, Williams, et al 1978). In addition, manually
determined blood counts were less accurate than the current highly precise and reproducible
values achieved with laboratory automation.

Not only do the popular Camitta criteria lack substantive clinical evidence of utility, but they
were established in the pre-ATG era and used to define patients who benefited from HSCT,
at a time when long term survival in patients with SAA who were not treated by transplant
was dismal. The introduction of IST about 30 years ago has dramatically changed the
outcome for patients with SAA,; its benefits (and limitations) have now been quantitated in
systematic studies in the US, Japan and Europe (Young, et al 2006). Across many studies,
haematological response correlated to improved long-term survival (Young, et al 2006). For
the 1/3 of patients who do not achieve a haematological response, repeated courses of
immunosuppression are often administered, with variable reported response rates (Di Bona,
et al 1999, Means, et al 1988, Scheinberg, et al 2006b, Tichelli, et al 1998). In patients who
lack a histocompatible sibling donor, alternative donor HSCT has achieved an overall long
term survival of about 50%, with better results for young children (Deeg, et al 2006,
Passweg, et al 2006). In retrospective surveys, IST overall rivals HSCT in providing long-
term survival, although some categories of patients, defined by age and neutrophil count, do
better with one or the other therapy (Locasciulli, et al 2007). Unfortunately, a favourable
response to IST cannot be routinely or reliably predicted by the Camitta criteria or other
clinical and/or laboratory parameters. The presence of a PNH clone at baseline has been
suggested as a marker of a favourable response to IST in adults (Sugimori, et al 2006). In
recent years, the detection of a small population of CD55-/CD59- cells by flow cytometry
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has greatly increased the sensitivity of detecting a small PNH clone compared to the more
traditional Ham's test. A correlation with response, however, was not confirmed in our study
or in a Japanese cohort of children (Yagasaki, et al 2006). The reason for this discrepancy
may be due to the different methods of determining the presence of a PNH clone; Sugimori
et al (2006) defined a PNH clone as GPI- neutrophils > 0.003% or GPI- RBCs > 0.005%; for
Yagasaki et al (2006) a PNH clone was defined as GPI- RBCs > 0.037%, and in our cohort a
PNH clone was considered present when either GPI- neutrophils or RBCs were = 1%.

To minimize patient and treatment heterogeneity, our analysis was conducted only in SAA
patients who received h-ATG + CsA-based regimens with very similar outcomes. Our data
showed that younger patients have a higher likelihood of response following IST compared
to older patients. This relationship between age and response to IST was not observed in a
large retrospective European study, where older age was not found to negatively affect the
probability of response; however, survival was worse in the older patients (the majority of
patients in this retrospective study were treated in the 1980s with ATG alone, with many
fewer patients treated with the combination of ATG + CsA as used in the current study)
(Tichelli, et al 1999).

Patients with very severe neutropenia (ANC < 0.2 x 10° /I represent a high-risk group in
SAA due to their risk of life-threatening infections. In our study, the contribution of the
ANC to response at 6 months was due only to the expected close relationship of ANC and
short-term survival. When only survivors at 6 months were analyzed, the effect of ANC on
response dissipated, while the effects of age, baseline ARC, and ALC remained predictive of
haematological response to IST and survival.

Prior to ATG becoming standard IST in SAA, a low baseline ARC was reported to be
associated to a higher short-term mortality in several small retrospective studies (Haak, et al
1977, Lohrmann, et al 1976, Rozman, et al 1981). In the era of IST, the baseline ARC has
been reported to be predictive of response in a young female cohort who experienced a delay
in recovery of bone marrow function following IST (Nissen, et al 1993). In our experience,
robust recovery of the reticulocyte count following immunosuppressive treatment predicted
long-term survival, again suggesting that this blood count parameter may help in clinically
assessing bone marrow function (Rosenfeld, et al 2003). In general, recovery in patients
with aplastic anaemia who are treated with IST involves elimination of autoreactive T cell
clones that target progenitor cells in the bone marrow, which is then followed by recovery of
haematopoiesis. A higher baseline ARC and ALC may indicate better residual marrow
function and the presence of sufficient stem cells to support blood cell production after IST.
The bone marrow targets of immune attack in SAA remain elusive, but it is possible that in
patients with a low ARC and ALC a more pronounced destruction of elements in a more
primitive haematopoietic stem cell compartment has occurred (affecting both myeloid and
lymphoid haematopoietic) compared to when both the ARC and ALC are high; and in
patients with a high ARC and low ALC and vice-versa, a more committed progenitor may
be predominantly affected, leading to a better probability of recovery after the
immunological insult is controlled.
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The ARC and ALC are two simple values that are readily available in a routine complete
haemogram and are widely performed as an automated and standardized test, which
minimizes result variability between different days of testing or in different centres. Some
research laboratory findings that reflect the pathophysiology of SAA, such as the increased
ratio of activated T cells (Verma, et al 2002), increased interferon-y expression in bone
marrow and peripheral T cells (Sloand, et al 2002), increased expression of heat shock
protein (Takami, et al 1999), telomere length and telomerase gene mutations (Calado and
Young 2008) and the presence small numbers of aneuploid bone marrow cells (Sloand et al
2007) have been proposed as useful in prognosis, and while not currently either generally
available or applied, these assays may eventually be combined with blood count criteria to
individualize therapy in patients with SAA. As the indication for HSCT broadens the risk-
benefit analysis of each treatment, modality can be better assessed when response to IST can
be predicted in SAA. Although the administration of IST may not be precluded based on the
likelihood of response, protocols might be designed to institute salvage therapies early post
h-ATG/CsA. For example, in patients with very severe neutropenia (and therefore a higher
immediate mortality risk) and a low probability of response who do not achieve a
haematological response at 3 months, a matched sibling donor HSCT in older patients, an
unrelated HSCT in younger patients or a repeat course of IST in those who lack a viable
donor could be justified.

Our study is limited by its retrospective nature and the long period that was used for the
analysis. However, during the 16-year period, the inclusion, diagnostic and response criteria
for SAA at our institution were unchanged; IST was based on h-ATG and CsA; and the
follow-up also remained consistent. A second possible limitation is the reliance on similar
parameters, peripheral blood counts, for the determination of both a haematological response
post-IST and pre-IST prognosis. Indeed, it is not unreasonable that marrow function, as
reflected by the degree of cytopenia, should influence the likelihood of response to an
intervention, with better preserved stem cell numbers correlating with better short- and long-
term outcomes. However, while reasonable as a hypothesis, some paediatric studies, for
example, have reported superior response rate and survival in children with very severe
(ANC < 0.2 x 10% /) compared to severe aplastic anaemia (Fuhrer, et al 2005).
Methodologically, the prognostic utility of our threshold values seems unlikely to be
secondary to their proximity to response criteria. Neither platelets nor granulocyte number
was predictive, although they figure in response criteria. Furthermore, iterative statistical
testing indicated that multiple reticulocyte and lymphocyte thresholds were similarly
predictive as the numbers selected for our prognostic score.

Because SAA is a rare disease, prospective studies to confirm a predictive model could take
over a decade to conclude even in large referral centres. As the Camitta criteria were
asserted in the era pre-ATG and on little concrete basis, we believe they do not provide
guidance to clinicians caring for SAA patients with regard to the likelihood of response to
ATG + CsA. The predictive method described here will be important for the purpose of
comparison between studies and, most importantly, in clinical decision making, particularly
regarding timing of transplantation as the indication for matched sibling HSCT (now offered
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to older patients) and alternative donor HSCT (in patients who lack an HLA-matched
sibling) broadens.

Supplementary Material
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Figure 1.
Baseline peripheral blood count values are plotted against the estimated probability of

response based on univariate logistic regression. A positive correlation was observed
between the absolute reticulocyte count (ARC), absolute lymphocyte count (ALC), absolute
neutrophil count (ANC) and response at 6 months. There was no significant correlation
between the baseline platelet count or the PNH clone size and response. Age correlated
inversely with the probability of response at 6 months. The vertical bars “|” represent the
covariate values (jittered for PNH to separate multiple subjects with the same values) for
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responders (top) and nonresponders (bottom). The dotted lines represent the 95% pointwise
confidence intervals.
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Figure 2.

Survival probability in all patients with a high baseline absolute reticulocyte count (ARC),
low ARC and a high absolute lymphocyte count (ALC), and a low ARC and ALC (x 10°/1).
Those who underwent haematopoietic stem cell transplantation were censored at the time of
transplant.
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Survival probability in children less than 18 years (N=77) according to baseline ARC (x
109 /I) with haematopoietic stem cell transplantation (HSCT) censored (3A) and not
censored (3C). Survival probability in adults only (N=239) according to baseline ARC and
ALC (x 10° /) with HSCT censored (3B) and not censored (3D).
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