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Partial SAA patients benefit from
delayed response of IST
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Zonghong Shao and Rong Fu*

Department of Hematology, Tianjin Medical University General Hospital, Tianjin, China
Introduction: Severe aplastic anemia(SAA)is a severe disease characterized by

immune-mediated bone marrow failure and pancytopenia. Immunosuppressive

therapy (ATG plus CsA, IST) is the standard treatment for patients who are not

suitable for allogeneic hematopoietic stem cell transplantation (allo-HSCT). Some

patients have a delayed response after 6 months of ATG, and unnecessary to be

given secondary ATG or allo-HSCT. We attempted to distinguish patients whomay

get potential delayed response from those who were really not responsive to IST.

Methods:Wecollecteddata from45SAApatientswhowereassessedno-responseto

IST at 6 months after rATG and failed to receive secondary ATG or allo-HSCT.

Results: CsA plus eltrombopag (EPAG) group has an extra 75% response rate while

CsA maintenance group has an extra 44% response rate at 12 months. ATG was

appliedwithin30daysafterdiagnosis, ATGdosagewas suffificient (ATG/lymphocyte

≥2), and absolute reticulocyte count (ARC) was ≥30×109 /L at 6 months, indicated

patients could get delayed response and benefifit from CsA maintenance. Addition

of EPAG could give an even better response. Otherwise, secondary ATG or allo-

HSCT treatment were recommended to be given immediately.

Clinical Trial Registration: https://www.chictr.org.cn/searchproj.aspx, identifier

ChiCTR2300067615.

KEYWORDS

severe aplastic anemia (SAA), immunosuppressive therapy (IST), delayed response,
cyclosporin A (CsA), eltrombopag (EPAG)
1 Introduction

Severe aplastic anemia (SAA) is cause by T-cell-mediated destruction of hematopoietic

stem and progenitor cells, which presents as pancytopenia and hypocellular bone marrow

(1). For patients who are older, frail, or lack of a matched donor, immunosuppressive

therapy (IST) including antithymocyte globulin (ATG) and Cyclosporin A (CsA) is the

first-line standard therapy (2, 3). According to the aplastic anemia guidelines, 3 months

and 6 months after ATG were recommended to evaluate IST response (4, 5). Many patients
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with no response or relapse at 6 months will receive secondary ATG

or allo-HSCT in most research centers (6). However, we found that

some SAA patients had delayed response even though they didn’t

receive secondary ATG or allo-HSCT. If these patients can be

distinguished from the ones who really need to get the second-

line therapy, the treatment risk and extra financial burden could be

avoided. Therefore we retrospectively analyzed SAA patients who

failed to respond to IST at 6 months and were unable to receive

secondary ATG or allo-HSCT for multifarious reasons, and

summarized their clinical characteristics.
2 Design and methods

2.1 Patients

We enrolled 45 SAA patients who were with no-response at 6

months after IST, including CsA(3-5mg/kg/day and achieve the plasma

concentration 150-250ng/ml) and rabbit ATG(rATG, 2.5-3.5mg/kg/day

for 5days, Genzyme Polyclonals S.A.S), but failed to receive secondary

ATG or allo-HSCT between January 2009 and January 2021 in the

Department of Hematology, General Hospital of Tianjin Medical

University. 25 patients were given only CsA as the maintenance

therapy, while other 20 patients received CsA plus eltrombopag

(EPAG) as the second line treatment. The initial dose of EPAG was

50mg/day, and then was adjusted according to the patient’s efficacy and

side effects. Patients were followed up by 12 months after rATG. MDS

phenotype, PNH clones, chromosome, FISH, next generation sequence

(NGS) (Figure S1 of supplementary documents) were detected for all

SAA patients. There were two patients with PNH clones, the PNH clone

was less than 5%. At 6 months after rATG, no patients developed clonal

evolution according to repeat examination. During the follow-up period,

no patients developed into MDS or leukemia.
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2.2 Methods

All patients were diagnosed according to the guidelines of the

International Aplastic Anemia Research Group (5). The criteria for

SAA/VSAA were classified according to the guidelines of aplastic

anemia (4, 5).Complete response (CR) was defined as hemoglobin

concentration >100 g/L, neutrophil count >1.5×109/L, and platelet

count >100 × 109/L, while partial remission (PR) was defined as

transfusion independence and no longer meeting the criteria for

SAA. In contrast, non‐responders (NR) still meet the criteria for

SAA. The efficacy was evaluated at 12 months, the clinical

characteristics and factors of efficacy in response group (CR+PR) and

no-response group (NR) were analyzed retrospectively. The clinical

data collection was approved by the Ethics Committee of Tianjin

Medical University General Hospital (IRB2022-WZ-169). Our study

process was shown in Figure 1.
2.3 Statistical analysis

Baseline characteristics were assessed by descriptive statistical

analysis, including the mean and standard deviation (SD) or median

(range) were presented as continuous variables and compared using

the t test and Wilcoxon Mann−Whitney test. The frequency

distribution (n, %) was presented as categorical variables and

compared using the chi-squared test. Multivariate retrospective

analysis was performed using logistic regression. All tests were two-

sided, and a level of P < 0.05 served as the threshold for statistical

significance in univariate analysis. P < 0.1 was considered the entry

criteria for the model and used to identify an independent predictor

for 12-month response to IST. All statistical analyses were performed

in the SPSS statistical software package (SPSS version 21.0, IBM

Corporation, Armonk, NY, USA).
FIGURE 1

Process of the study.
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3 Results

3.1 Patients’ characteristics

Among 45 AA patients with NR at 6months after rATG, 28 were

(62.22%) SAA, 17 (37.78%) were VSAA at diagnosis. The median age

was 24 (7–65) years old and 75.56% of patients were male. After 6

months, 20 patients (44.44%) were treated with CsA plus EPAG and

25(55.56%) were treated with CsA maintenance. The patients’

characteristics were shown in Table 1.
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3.2 Hematologic responses of SAA patients
from 6 to 12 months

We followed up all these 45 SAA patients from 6 to 12 months.

The extra response rate (CR+PR, RR) was 57.78% (26/45), no-

response rate (NR) was 42.22% (19/45). In CsA plus EPAG group,

75% (15/20) got response at 12 months, and 25% (5/20) still with NR.

In CsA group, 44% (11/25) got response at 12 months, 56% (14/25)

didn’t get response, with statistical significance between the two

groups (P=0.036) (Figure 2).
TABLE 1 Baseline clinical and laboratory characteristics.

Covariates Total cohort (N=45) RR (N=26) NR (N=19)

Mean±SD/N50(N25, N75)/N (%)

Median age at diagnosis(range), years 24(7-65) 25.5(8-65) 21(7-47)

Median age at diagnosis (mean ± SD), years 27 ± 13 29 ± 15 24 ± 11

Gender,male/female 34/11 20/6 13/6

Severity of AA,n. of patients(%)

VSAA 17(37.78%) 7(26.90%) 10(52.60%)

SAA 28(62.22%) 19(73.10%) 9(47.40%)

ECOG

0~1 33(73.30%) 16 (61.50%) 17(89.50%)

≥2 12(26.70%) 10 (38.50%) 2 (10.50%)

WBC before IST,×109/L 1.56 ± 1.10 1.41 ± 0.89 1.66 ± 1.48

ANC before IST,×109/L 0.20(0,0.44) 0.13(0,0.46) 0.30(0.03,0.43)

ALC before IST,×109/L 74.42 ± 18.57 0.44 ± 0.69 0.61 ± 0.85

ARC before IST,×109/L 9.51 ± 7.74 8.72 ± 5.35 8.40 ± 8.46

RBC before IST,×1012/L 2.28(1.91,2.87) 2.19(1.99,2.59) 2.35(1.68,3.14)

HB before IST, g/L 74.42 ± 18.57 74.65 ± 17.20 74.11 ± 20.79

PLT before IST,×109/L 18.58 ± 14.05 19.16 ± 14.98 14.00 ± 6.59

Myeloid in bone marrow (%) 9.0(5.00,23.50) 10.25(5.75,26.50) 7.0(3.00,17.5)

Erythrocyte in bone marrow(%) 2.0(0.25,14.75) 3.0(1.00,14.13) 1.0(0,15.50)

Megakaryocytes in bone marrow 0 0 0
SAA, severe aplastic anemia; VSAA, very severe aplastic anemia; ATG, Anti-human thymocyte immunoglobulin; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; ARC, absolute
reticulocyte count; WBC, write blood cell; RBC, red blood cell; PLT, platelet.
FIGURE 2

The response rate at different groups of aplastic anemia patients.
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3.3 Factors that related to the efficacy from
6 to 12 months after rATG

3.3.1 Factors that related to the efficacy from 6 to
12 months after rATG in CsA group.

The indicators were compared between RR and NR groups,

including gender, age, ECOG score, severity of disease, rATG dose

and the immune indicators before rATG and 6 months after rATG.

Differences were found as showed in Table 2. No other meaningful

comparisons were found (Supplementary Table 1).

3.3.1.1 The time from diagnosis of SAA to initiation of rATG
treatment

The median time from diagnosis to rATG treatment was (19.10 ±

5.49) days in RR group and (50.08 ± 45.32) days in NR group

(P=0.022). In addition, the extra response rate with the time less

than 30 days (76.92%) was significantly higher than those over 30

days (8.33%) (P =0.002).

3.3.1.2 rATG dosage

The dosage of rATG was (4.28 ± 0.78) mg/kg.d in RR group and

(3.59 ± 0.99) mg/kg.d in NR group, with no statistical difference

between them (P=0.11). Then we compared the relative dose of ATG

and lymphocytes [ATG dose(mg/kg)/ALC (×109/L)], the ratios were

2.80 (3.32, 8.18) vs 1.73 (1.64, 2.49) in RR and NR groups,

respectively, with significant statistical difference (P=0.014). The

response rate of patients with the ratio less than 2.0 (27.27%) was

significantly lower than those with the ratio more than 2.0 (57.14%)

(P =0.04).
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3.3.1.3 The CD8+T cells counts before IST

The CD8+T cells counts before IST was significantly lower in RR

group (0.46 ± 0.37) ×109/L than that in NR group (0.80 ± 0.18) ×109/

L, (P=0.008).

3.3.1.4 The ratio of mDC/pDC before IST

The initial ratio of myeloid dendritic cell (mDC) and

plasmacytoid dendritic cell (pDC) (mDC/pDC ratio) was 0.67

(0.50,1.44)in RR group and 1.67(1.29,2.70)in NR group, with

statistical difference(P=0.005).

3.3.1.5 Indicators at 6 months after rATG

The indicators of bone marrow, peripheral blood and immune

indexes at 6 months after rATG was compared between RR and NR

groups.We found absolute reticulocyte count (ARC) at 6 months in RR

group were significantly higher than it in NR group, which were (63.53

± 26.19)×109/L vs (27.30 ± 19.68)×109/L respectively, (P=0.029). The

hemoglobin at 6 months was higher in RR group (69.73 ± 7.59) g/L

than it in NR group (57.33 ± 9.29) g/L, (P=0.011). The numbers of

megakaryocyte in bone marrow at 6 months were significantly more in

RR group 10.5 (4.0, 23.75) than it in NR group 3.0 (0, 12.0), (P=0.005).

3.3.2 Factors that related to the efficacy from 6 to
12 months after rATG in CsA plus EPAG group

Twenty SAA patients with no-response to IST at 6 months

received CsA plus EPAG treatment, the indicators were compared

in these patients between RR and NR groups at 12 months after

rATG. Univariate analysis showed that ALC at diagnosis and the

ratios of CD4/CD8 at 6 months after ATG were significantly different
TABLE 2 Factors related to the efficacy from 6 to 12 months after rATG with univariate analysis in CsA group.

Covariates RR NR T/Z/c2 P value

N (%) 11(44.00%) 14(56.00%)

rATG dosage/ lymphocytes
(mg×kg-1/1×10-9)

4.26 0.04*

<2 3(27.30%) 8(57.10%)

≥2 8(72.70%) 6(42.90%)

Days from diagnosis to IST 9.29 0.002*

<30days 10(90.90%) 3(21.40%)

≥30days 1(9.10%) 11(78.60%)

CD8+T cells before IST, ×109/L 0.46 ± 0.37 0.80 ± 0.18 -2.93 0.008*

mDC /pDC before IST 0.67(0.50,1.44) 1.67(1.29,2.70) -2.82 0.005*

HB at 6 months after IST, g/L 69.73 ± 7.59 57.33 ± 9.29 2.78 0.011*

RBC at 6 months after IST,×1012/L 2.62 ± 0.43 1.84 ± 0.37 2.001 0.057

ARC at 6 months after IST,×109/L 7.35 0.007*

<30 1(9.10%) 10(71.40%)

≥30 10(90.90%) 4(28.60%)

megacaryocyte at 6 months after IST 10.5(4.0,23.75) 3.0(0,12.00) -2.82 0.005*
fron
ATG, Anti-human thymocyte immunoglobulin; ALC, absolute lymphocyte count; mDC, myeloid dendritic cell; pDC, plasmacytoid dendritic cell; ARC, absolute reticulocyte count; HB, hemoglobin;
red blood cell; PLT, platelet; * means P<0.05.
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between these two groups. No other significant comparable indicators

were found. (Supplementary Table 2).

3.3.2.1 Impact of ALC before IST

The values of ALC in the RR group were 1.61(1.52, 1.65) (×109/L)

at diagnosis which were significantly lower than that in the NR group

1.76(1.71, 1.87) (×109/L) (P=0.001).

3.3.2.2 The ratio of CD4/CD8 at 6 months after IST

The ratio of CD4/CD8 at 6 months after IST was (1.68 ± 1.18) in

the RR group, which was significantly higher than that in the NR

group (0.37 ± 0.35), (P=0.03).

3.3.3 Factors that related to the efficacy from 6 to
12 months after rATG in all patients

Cause the number of SAA patients in neither CsA group nor CsA

plus EPAG group were sufficient to make multivariate analysis.We

compare the indicators that may influence the efficacy at 12 months in

all patients. In univariate analysis, TPO-RA added (P=0.04), Days from

diagnosis to ATG <30 (P=0.03), lower of CD8+T cells count before IST

(P=0.03), higher level of HB at 6months (P=0.03), higher ARC at

6months (P=0.003) predict a better response rate at 12 months.

However only Days from diagnosis to ATG (P=0.04) and ARC at 6

months (P=0.020) was found associated with the efficacy at 12 months

in multivariate analysis. (Table 3 and Supplementary Table 3).
3.4 Predictors of the effect

ROC curve was used to evaluate the predicting factors that

influences the effect of IST at 12 months if the indexes had P-value

lower than 0.1 in univariate studies or had a possible impact on the

efficacy. ARC at 6 months after IST with AUC more than 0.7. The

optimum critical value of ARC was 30.58×109/L at the maximum of
Frontiers in Immunology 05
the Youden index. The sensitivity and specificity of ARC percentages

were 68.40% and 80.80%. (Figure 3, Table 4).

4 Discussion

For patients who are older, frail, or lack of a suitable donor, IST

including ATG and CsA was recommended as the first line treatment
TABLE 3 Factors related to the efficacy from 6 to 12 months after rATG
with univariate and multivariate analysis in all patients.

Covariates P value

Univariate Multivariate

Eltrombopag 0.04* 0.44

Yes

No

rATG dosage/lymphocytes count(mg×kg-1/
×109)

0.079 0.31

<2.0

≥2.0

Days from diagnosis to IST 0.03* 0.04*

<30

≥30

CD8+T cells before IST, ×109/L 0.03* 0.26

HB at 6months after IST,g/L 0.03* 0.72

ARC at 6months after IST,×109/L 0.003* 0.02*

<30

≥30
* means P<0.05.
FIGURE 3

ROC curve was used to evaluate the predicting factors that influences the effect of IST at 12 months, ARC at 6 months after IST with AUC more than 0.7.
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for SAA patients. Normally SAA patients were evaluated every 3

months after ATG therapy according to the guidelines, the secondary

ATG or allo-HSCT were recommended for patients who failed to

response to IST at 6 months (5). In our study, we found even though

the SAA patients with no-response at 6 months after rATG, if the

patients kept receiving CsA treatment, 44% of them still got response

at 12 months. If EPAG was added, an extra 75% patients got response

at 12 months. The result demonstrated that some SAA patients have

delayed response after IST. It is meaningful to distinguish this part of

patients from real no-response patients, because this work can help

avoiding overtreatment for delayed-response patients.

In our study, all SAA patients received rabbit ATG.We are not

quite sure about if all kinds of ATG leading delayed response, maybe

it is caused by ATG species. Many studies found that horse ATG

(hATG) had a much rapid response rate than rabbit ATG, with a

better RR at 3 and 6 months, but similar RR at 9 and 12 months (7,

8).This was consistent with our results that rATG may produce

stronger and longer immune suppression with slower recovery of

peripheral blood and bone marrow. Presumably, the above

phenomena may be caused by different half-life time of ATG, for

hATG 5.7 days and rATG 30 days. After the delayed response was

confirmed, next we try to identify which part of patients were likely to

experience a delayed response.

Multiple clinical studies have shown that the response rate to IST

is associated with the interval time between diagnosis and ATG

initiation (9, 10). ATG treatment within 30 days after SAA

diagnosis was an independent prognostic factor, and the overall

survival (OS) was significantly better than that of patients treated

with ATG after 30 days (11). Our results also showed similar result

that although the patients failed to response at 6 months after ATG,

they still had a better RR at 12 months if they received rATG in 30

days after diagnosis when comparing with the ones who didn’t receive

ATG in time. The result emphasized again early initiation of ATG

therapy is extremely important for the novel SAA patients.

AA is an immune-mediated bone marrow failure disease. IST is at

the core position. An adequate IST predicts a good response. In IST

for SAA, ATG dosage was calculated only depends on patients’

weight, however in HSCT field, it is showed that the clearance rate

of ATG was influenced by lymphocyte count of the recipient, the

generation of anti-ATG antibodies and the time of transplantation

and individual biodegradability. Does a relative insufficient ATG exist

in SAA treatment? We further analyzed the relative ATG dose (ATG

dosage/ALC (×109/L)). Our results showed that the higher ATG dose

which meant relative adequate immunosuppressive therapy produced

a better response. Unfortunately, due to the small number of cases,
Frontiers in Immunology 06
the importance of relative ATG dose didn’t show in multifactorial

regression analysis, but it is a promising factor when expanding the

sample size in the future.

We found that the recovery of ARC and bone marrow

megakaryocyte indicated a better response to IST at 12 months,

although these patients were evaluated as NR at 6-months. This result

is consistent with previous studies. It has been previously reported

that ARC at diagnosis is the only independent predictor of OR and

FFS at 6 and 12 months in SAA patients, and higher ARC after ATG

indicates better bone marrow residual hematopoietic function (12–

14). The recovery of peripheral blood erythrocytes and bone marrow

megakaryocytes after 6 months also prompted that the bone marrow

hematopoiesis recovery, indicating good long-term effects.

TPO-RA is a breakthrough in the history of AA treatment which

can not only promote the recovery of megakaryocytes and platelets but

also promote HSCs, MPPs and other hematopoietic precursor cells as

well as regulate immune system. Studies from the first-line application of

EPAG in combination with IST in SAA patients show great efficacy (14–

18).The French data in a real-world study showed that the hematologic

response rate of EPAG in relapsed/refractory SAA patients was 74%,

which was similar to the real-world efficacy of our center (75%) (19).

However, TPO-RA did not appear to be the strongest predictor of

outcomes at 12 months in multivariate regression analysis in our study,

well the ARC at 6 months was the only prognostic factor. In other

words, the trend of bone marrow recovery was the independent

prognostic factor affecting outcomes at 12 months regardless of

treatment. Certainly, the combination of TPO-RA and IST should be

used as early as possible as a first-line therapy to achieve early bone

marrow and hematologic remission (19). TPO-RA may rescue more

SAA patients from secondary ATG or second-line HSCT.

The major limitation of our study is the small sample size, which

may be the reason why some variables were meaningful in the

univariate analysis but not in the multivariate analysis. The

incidence of AA is relatively low, and it is difficult to find the

patients who did not get response at 6 months, without receiving

secondary ATG or HSCT, but still regular follow-up. We will keep

expanding the sample size to update our results.
Conclusion

For SAA patients who didn’t get response to IST at 6 months, if

ATG treatment was performed within 30 days after diagnosis, ATG

dosage was sufficient (ATG/lymphocyte ≥2), and ARC was ≥ 30×109/L

at 6 months, patients most probably get delayed response and benefit
TABLE 4 Prediction performance of the ROC analysis model.

index AUC Sensitivity (%) Specificity (%) The optimum critical value Youden index

rATG dosage/lymphocytes count(mg×kg-1/×109) 0.693 52.60 84.60 1.76 0.372

Days from diagnosis to IST 0.697 57.90 92.30 32.00 0.502

Eltrombopag 0.657 73.70 57.70 0.50 0.314

Initial CD8+Tcells count 0.460 78.90 38.50 0.90 0.174

HB at 6 months after IST 0.651 42.10 100.00 60.50 0.421

ARC at 6 months after IST 0.746 68.40 80.80 30.58 0.492
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from CsA maintenance. Addition of EPAG could give an even better

response. Otherwise, secondary ATG or allo-HSCT treatment were

recommended to be given immediately.
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