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Background: Bone marrow transplantation, antithymocyte globulin/cyclosporine and eltrombopag are recommended as first-line
therapy of severe aplastic anemia (SAA). However, androgens could be considered as front-line treatment among any patients
ineligible for better methods although unsatisfactory efficacy is presented.

Objective: This retrospective study aimed to evaluate response and survival rate of practical-based treatment with oxymetholone.
Patients and Methods: This constituted an analysis of patients receiving a diagnosis of acquired aplastic anemia (AA) at the age of
15 or over and receiving oxymetholone between January 2004 and December 2018. Propensity Score Analysis (PSA) 1:1 matching
was performed, according to sex, age and interval from first symptom to treatment. The primary outcome was one-year overall
response (OR).

Results: Seventy-four patients were successfully matched by PSA. The 1-year OR of oxymetholone in the nonsevere AA (nSAA) and
SAA/very severe AA (VSAA) groups was 54.1 and 13.5%, respectively (P <0.001). With median follow-up 2.7 years, the overall
survival was 59.5% in nSAA and 37.8% in SAA/VSAA (P =0.051). Median survival in nSAA and SAA/VSAA were 7.0 years and 1.8
years, respectively (P = 0.045). However, the responders of SAA/vVSAA had longer survival than nonresponders of the nSAA group.
Conclusion: These results revealed longer survival among the responders of patients with AA, even in the SAA/VSAA group.
However, close monitoring of therapeutic responses is still performed. Switching therapy is necessary when remission is undetected
after 6 months of oxymetholone treatment.
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Introduction
Aplastic anemia (AA) is a rare, life-threatening hematologic disease characterized by hypocellular bone marrow. Its
incidence in Asian populations is 2 to 3 times higher than that of western countries.' The severity of AA is classified as
nonsevere (nSAA), severe (SAA) and very severe (VSAA) based on the peripheral blood and bone marrow of patients at
diagnosis. The patients having AA with absolute neutrophil count (ANC) <1000 cells/uL are at increased risk of severe
bacterial and fungal infection, leading to high morbidity and mortality. Specific treatments including bone marrow
transplantation (BMT), eltrombopag, immunosuppressive therapy (ISTs) and androgen in addition to supportive care play
a crucial role in improving their prognosis.> * However, the first-line treatment in AA depends on patients’ age, severity,
availability of an HLA donor and patients’ decision-making.

Androgens are an alternative treatment option in SAA.* The possible mechanism of action is enhanced erythropoietin
production. One in vitro study showed the telomerase activity stimulation of androgens could result in hematologic
improvement.>® The overall response rate of androgens was up to 50% among patients with nSAA.” On the other hand,

androgens have still shown a poor response of first-line treatment among patients with SAA/VSAA.”®
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In addition to some limitations of BMT, eltrombopag and ISTs including patients’ characteristics, HLA matching and
the high cost of these treatment, oxymetholone is currently used for all AA severities in clinical practice even though the
lower response or delay of response was presented in SAA and vSAA groups. Thus, this study was undertaken to
evaluate response and survival of practical-based treatment with oxymetholone.

Materials and Methods
Study Design and Population

This retrospective cohort study enrolled patients receiving a diagnosis of acquired AA at the age of 15 or over and
receiving oxymetholone between January 2004 and December 2018. AA severity was defined according to the Camitta
Criteria.” SAA was defined as bone marrow cellularity <25% (or 25 to 50% with <30% residual hematopoietic cells),
plus at least two criteria of ANC <0.5 x 10°/L, platelets <20 x 10°/L and reticulocyte count <20 x 10°/L. Very severe AA
was defined similar to severe AA but ANC <0.2 x 10°/L. Patients treated with antithymocyte globulin (ATG) or other
androgens within three months before or after oxymetholone initiation were excluded. The eligible patients were
followed until the end of study. When they died, were lost to follow-up or discontinue treatment, they were censored.

Response Assessment

Responding to treatment was divided in complete response (CR) and partial response (PR). CR was assessed by blood
transfusion independent with all of the following conditions: hemoglobin >10 g/dL, platelet >100 x 10°/L and ANC >1
x 10%/L at least four weeks apart.” PR was described as blood transfusion independent and no longer meeting the SAA
criteria. The primary outcome was overall response rate (OR), which defined as a CR or PR, of oxymetholone at 12
months. The secondary outcomes included OR at 1, 3 and 6 months of treatment, relapse, 1-year overall survival (OS)
and adverse events.

Statistical Analysis

In retrospective study, the possibility of selection bias due to confounding variables could occur in an estimate of
treatment effects. Therefore, we performed propensity score matching to balance the distribution of covariates between
nSAA and SAA/VSAA groups. The estimated propensity scores were calculated to predict the probability for each patient
who received oxymetholone via a logistic regression using baseline variables including sex, age, and interval from first
symptom to treatment. Patients with nSAA and SAA/VSAA were matched with one-to-one ratio.

Results were shown as frequency counts and percentages for categorical data while median and range were presented
as continuous data. OR was shown as percent of responders and Fisher’s exact test was used to compare response rate
between severity groups. The OS was analyzed using the Kaplan-Meier method and compared by the Log rank test.
Factors associated with OS were determined using Cox proportional hazard models. P-value less than 0.05 was
considered statistically significant.

Ethical Consideration

This study was approved by the Human Research Ethics Committee of Songklanagarind Hospital, Prince of Songkla
University, as well as the hospital director. The research protocol followed in this retrospective study used an electronic
medical records and hospital databases that were collected for routine medical care. We requested a waiver of informed
consent for this study. All data will be anonymized to ensure privacy and confidentiality of patients’ personal informa-
tion, with each participant assigned a unique identifier. This study is in line with the Declaration of Helsinki.

Results

One hundred and three patients were included in this study. Before matching, 59 patients were nSAA and 44 patients
were SAA/VSAA (Figure 1). Fifty-five patients (53.4%) were male. The median age was 52.9 years, while nSAA group
had a significantly higher median age (P = 0.015). The patients with SAA/VSAA had shorter duration from first symptom
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Figure | Flow diagram of patient selection and study design.

to treatment than those with nSAA (2.5 months vs 4.9 months, P = 0.034). The median dose of oxymetholone in the
SAA/NSAA and nSAA groups was 150 mg/day and 100 mg/day, respectively (P = 0.009).

After propensity score analysis was performed, 74 patients were successfully matched. All imbalanced characteristics
became well balanced without statistical differences. Baseline characteristics are shown in Table 1.

The |-Year Response Outcome

The 1-year OR of oxymetholone in the nSAA and SAA/VSAA groups were 54.1 and 13.5%, respectively (P < 0.001). The
CR achievement was 13.5% for the nSAA group. Only one patient (2.7%) with SAA/VSAA achieved CR at eleventh month.
However, this patient finally relapsed within six months after CR. Consequently, there was no CR reported at 1-year visit.
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Table | Baseline Characteristics of Patients

Characteristic Unadjusted Model Propensity Score-Matched Analysis
nSAA SAA/NSAA P nSAA SAA/NSAA P
(n=59) (n=44) (n=37) (n=37)
Age, median (IQR) 54.2 (30.4) 39.9 (38.0) 0.015 48.2 (23.5) 52.9 (37.9) 0.750
Male, n (%) 29 (49.2) 26 (59.1) 0.212 20 (54.1) 21 (56.8) 0.500
TST (months), median (IQR) 4.9 (19.9) 2.5 (8.0) 0.021 33 4.1) 2.5 (7.6) 0.552
TDT (months), median (IQR) 1.2 (6.3) 0.7 (2.1) 0.144 0.7 (1.7) 0.8 (1.7) 0.854
Marrow cellularity (%), median (IQR) 5 (20) 5 (0) 0.021 5(15) 5(0) 0.103
Dose of oxymetholone (mg/day), median (IQR) 100 (50) 150 (50) 0.001 150 (50) 150 (50) 0.055

Abbreviations: nSAA, non-severe aplastic anemia; SAA, severe aplastic anemia; VSAA, very severe aplastic anemia; TST, time from first symptom to treatment; TDT, time
from diagnosis to treatment.

The |-, 3-, and 6-Month Response Outcome

The percentage of responders at 1-, 3- and 6-month follow-up are shown in Figure 2. The response of oxymetholone
was found within one month after treatment initiation for the nSAA group and after three months of treatment for the
SAA/VSAA group. The median response time was 1.9 months and 5.8 months for nSAA and SAA/VSAA,

respectively.

The Relapse Rate and Factors Associated with Response
For a total of 40 responders, relapse was observed among 16 patients. Based on the number of responders in each group,
the relapse rates were 45.5% (5/11) in SAA/VSAA group and 37.9% (11/29) in nSAA group. The median duration of
relapse was 5.6 and 15.6 months for the SAA/VSAA and nSAA groups, respectively. Of a total of 16 relapsing patients,
13 died (4 patients in the SAA/VSAA group and 9 patients in the nSAA group).

Univariable and multivariable analysis showed that SAA/vSAA was associated with a lower response rate (OR=0.12,
95% CI: 0.02-0.61, P = 0.011). Baseline ANC > 0.5 x10%/L was associated with increased one-year response by
univariable analysis (OR=3.94, 95% CI: 1.17-13.20, P = 0.026). However, we found no statistically significant
association between baseline ANC and response in multivariable analysis (P = 0.845).
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Figure 2 The percentage of responders at |-month, 3-month, 6-month and 12-month follow-up.
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The One-Year Overall Survival

During median follow up of 2.7 years, the OS was 48.6% with median survival of 4.8 years. The survival rate was 59.5%
for the nSAA group and 37.8% for the SAA/VSAA group (P = 0.051). The median survival for nSAA and SAA/VSAA
were 7.0 years and 1.8 years, respectively (P = 0.045). However, in the response subgroup, median survival for nSAA
was 13.0 years compared with 11.8 years for SAA/VSAA (P = 0.956) (Figure 3).

Factors Associated with Overall Survival
Univariable analysis showed the patients’ baseline characteristics that were significantly related to OS included baseline
ANC <0.5x10°/L (HR=2.23, 95% CI: 1.16-4.28, P = 0.016) and SAA/VSAA (HR=2.25, 95% CI: 1.17-4.33, P = 0.049).
However, the multivariable analysis did not show any association of those variables and OS (P = 0.478 and P = 0.157,
respectively). The univariable and multivariable analysis of factors associated with OS is provided in Table 2.
Regarding subgroup analysis by severity, among patients with SAA/VSAA, univariable analysis demonstrated that
time from first symptoms to treatment (TST) <3 months (HR=1.41, 95% CI 1.007-5.761, P = 0.048) and time from
diagnosis to treatment (TDT) <1 month (HR=2.54, 95% CI 1.059-6.101, P = 0.037) were associated with higher OS
(Table 3). However, significance was not found using multivariable analysis.

Survival Curves According to Time to Treatment Initiation

For nSAA group, the patients with early treatment had a longer median survival time (13.0 vs 6.7 years for TST <3
months and >3 months, respectively, P = 0.461 and median not reached vs 6.7 years for TDT <1 month and >1 month,
respectively, P = 0.811).

On the other hand, for the SAA/VSAA group, the median survival time was significant greater in the longer TST
group (0.6 vs 4.8 years for TST <3 months and >3 months, respectively, P = 0.042). The same value of median survival
was presented in the longer TDT group (0.6 vs 4.8 years for TDT <1 month and >1 month, respectively, P = 0.031)
(Figure 4).

Safety Outcomes

The most common adverse effect (AE) of oxymetholone was infection (64.8%), follow by impaired liver function
(40.5%), bleeding (13.5%), virilization (12.1%) and other AEs (8.1%). Moderate to severe impaired liver function was
a leading cause of treatment discontinuation (62.5%). Moreover, one patient wanted to discontinue oxymetholone
because of increased appetite and weight gain although most patients could continue treatment after virilization was
observed.
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Figure 3 Kaplan—Meier survival curves of overall survival analysis (A). Overall survival in patients with different severity and response (B).
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Table 2 Univariable and Multivariable Analysis for Overall Survival Among Acquired AA Patients

Factor Univariate Analysis Multivariate Analysis
Crude HR (95% CI) P Adjusted HR (95% CI) P

Sex: male 1.30 (0.679-2.505) 0.425

Age: 250 1.24 (0.648-2.375) 0.516

Severity: severe and very severe 1.93 (1.004-3.717) 0.049 1.36 (0.584-3.152) 0.478
TSD: <I month 1.26 (0.658-2.401) 0.488

TST: <3 months 1.52 (0.793-2.896) 0.209

TDT: <I month 1.54 (0.796-2.996) 0.198

Baseline hemoglobin: <6.5 g/dL 1.37 (0.683-2.730) 0.378

Baseline platelet: <I0x109 /L 1.54 (0.782-3.036) 0.211

Baseline ANC: <0.5 x109 /L 2.23 (1.163-4.278) 0.016 1.83 (0.792—4.231) 0.157
Baseline PRC transfusion: <2 units/month 1.42 (0.698-2.871) 0.335

Baseline platelet transfusion: >4 units/month 1.28 (0.626-2.634) 0.496

Abbreviations: TSD, time from first symptom to diagnosis; TST, time from first symptom to treatment; TDT, time from diagnosis to treatment.

Table 3 Univariable Analysis for Overall Survival in Acquired AA with nSAA and SAA/VSAA

Factor nSAA SAA/VSAA
HR (95% CI) P HR (95% CI) P

Sex: female 1.95 (0.640-5.925) 0.241 1.03 (0.445-2.383) 0.946
Age: 250 0.83 (0.286-2.398) 0.728 1.43 (0.615-3.306) 0.408
TSD: <1 month 1.70 (0.570-5.086) 0.341 1.08 (0.470-2.475) 0.858
TST: <3 months 0.67 (0.230-1.956) 0.464 1.41 (1.007-5.761) 0.048
TDT: <I month 0.88 (0.308-2.516) 0.8l1 2.54 (1.059-6.101) 0.037
Baseline hemoglobin: <6.5 g/dL 4.84 (1.267-18.457) 0.021 0.69 (0.291-1.626) 0.394
Baseline platelet: <10x10” /L 0.95 (0.123-7.274) 0.958 1.07 (0.467-2.434) 0.878
Baseline ANC: <I x10° /L 2.69 (0.887-8.130) 0.080 3.194 (0.734-13.799) 0.120
Baseline PRC transfusion: <2 unit/month 2.88 (0.374-22.208) 0.310 1.91 (0.833-4.381) 0.126
Baseline platelet transfusion: >4 unit/month | 0.35 (0.069-1.733) 0.197 1.29 (0.546-3.026) 0.565

Abbreviations: nSAA, non-severe aplastic anemia; SAA, severe aplastic anemia; VSAA, very severe aplastic anemia; TSD, time from first
symptom to diagnosis; TST, time from first symptom to treatment; TDT, time from diagnosis to treatment.

A total of 38 patients (51.4%) died during the study period. The most common cause of death was infection
complications (42.1%). The other causes of death were malignancy (5.3%), bleeding (5.3%), nonAA-related causes
(13.1%) and unknown (34.2%).
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Figure 4 Kaplan—Meier survival curves of overall survival analysis. Overall survival in patients with different time from symptom to treatment (A) and with different time
from diagnosis to treatment (B).
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Discussion

Aplastic anemia is a serious hematologic disease. The mortality rate of disease improved dramatically after the era of
BMT, eltrombopag and ISTs with ATG.”'? Although ATG combined with and cyclosporine or eltrombopag is
recommended as first-line treatment among patients with SAA ineligible for BMT,>'* androgens are currently used
for all AA severities in our setting due to financial barriers or lacking HSCT donors. This constitutes a retrospective
study evaluating the efficacy of oxymetholone, one of androgens. The nSAA group showed higher one-year OR than that
of the SAA/VSAA group (P < 0.001), as well as higher OS (P = 0.051). However, life expectancy could be prolonged
among patients with SAA/VSAA responding to oxymetholone.

Androgens were forced to be used as monotherapy in limited resources countries and the efficacy of these agents was
evaluated among patients with AA.®, '*'® The response of oxymetholone was reported as 10% and 56% for SAA/VSAA and
nSAA, respectively.® Among responders, most patients responded to oxymetholone after six months of treatment.® Furthermore,
the median time to initial response was three months with danazol treatment."” Similarly, this study revealed one-year ORs with
13.5% for SAA/VSAA and 54% for nSAA. The majority of our patients achieved response in six months after the beginning of
treatment with the median time to response of 2.7 months. However, in comparison with one related study,'* the median time to
PR and CR in this study was shorter (14.8 vs 3.0 months for PR, and 25.58 vs 10.0 months for CR). This difference could be
affected by the severity proportion. As we know, SAA/VSAA has a longer median time response than nSAA. Accordingly, the
longer median time to PR or CR was shown in the related study exhibiting the greater proportion of severe cases.

Many studies have presented OS ranging from 41 to 65% over two to five years.'* '® In this study, with the median
follow up time of 2.7 years, 48.6% OS was observed. The SAA/VSAA group had a lower OS, and shorter median time as
well. However, the responders of this group could prolong the median survival close to that of the responders of the
nSAA group (11.8 years and 13.0 years, respectively). It revealed that oxymetholone could be considered for SAA on
condition that BMT, ATG or eltrombopag was unaffordable. Nonetheless, the median survival time from the beginning of
oxymetholone was about six months in both nSAA and SAA/vVSAA groups. As a result, regimen should be changed if the
response was not found within six months after initial treatment to prolong life and delay death.

Although the median survival in non-responders were 1.5 years and 0.7 years for nSAA and SAA/VSAA group,
respectively. The prognosis was likely to be worse in nSAA group (Figure 3B). This finding might be a result of
compliance and out-of-hospital treatment. However, this study could not evaluate these factors. Moreover, among eight
non-responders in nSAA group, two of them were censored due to discontinue treatment from developing transaminitis.

Because of the high mortality among patients with SAA/VSAA receiving supportive care alone,'’ the specific
treatment should be started. Early treatment of AA has been associated with decreased risk of mortality. However, in
the SAA/VSAA group, our study showed higher death among patients presenting shorter TST and TDT. This was
probably the result of the reimbursement problem in our country. In the past, oxymetholone was considered as front-line
therapy for SAA/VSAA even though poor efficacy was shown. As a result, although oxymetholone was initiated rapidly,
the mortality rate remained high. In the delayed treatment group, any patients not responding to prior rabbit ATG/
cyclosporine (CsA) was switched to oxymetholone. Although the study had a washout period of around three months, the
survival effect of oxymetholone might also be influenced by the effects of rATG/CsA in that group. In addition to the
benefit of rATG/CsA, because the rATG/CsA nonresponders died earlier, the remaining patients in the delayed-treatment
group were those with better prognosis. Accordingly, lower mortality could be presented among those patients with
delayed oxymetholone treatment.

The higher risk of infections, and main cause of death were related to the lower ANC of patients.'> ANC <5 x 10°/L was
presented as a factor influencing mortality.'® On multivariable analysis, we did not find significant differences between ANC
<5x 10%/L and ANC >5 x 10%/L. Undetectable association between neutrophil count and mortality could have been affected by
the small sample size which was one of our limitations. The increasing number of samples might show the obvious relation of
influencing factors. To confirm this finding, further study with a large sample size is required. Nevertheless, patients with
lower ANC, particularly <5 x 10°/L, should be focused on to prevent infection and reduce mortality.

In addition to the small sample size, the retrospective design was another limitation of our study. Nevertheless, we
performed propensity score analysis to balance baseline characteristics and decrease confounding effects. Lastly,
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compliance and out-of-hospital treatment such as supportive treatments could not be collected. The prospective study

should be done to confirm the results of our study.

Conclusion
This study revealed that oxymetholone showed a better response rate among patients with nSAA. However, with the

lower mortality and longer survival time among the responders of the SAA/VSAA group, it could indicate these patients

were ineligible for BMT, eltrombopag or ATG/CsA. Response of treatment should be monitored and switching therapy is

necessary when the occurrence of remission is undetected within six months after the beginning of treatment.
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