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SUMMARY
OBJECTIVE: The aim of this study was to determine the clinical role of platelet/lymphocyte ratio and neutrophil/lymphocyte ratio in 

severe aplastic anemia patients treated with antithymocyte globulin.

METHODS: The outcomes of consecutive severe aplastic anemia patients treated with rabbit or swine antithymocyte globulin plus 

cyclosporine (n=159, from January 2012 to December 2018) were analyzed retrospectively. 

RESULTS: In a total of 159 patients, the actuarial 5-year survival rate was 85.6%. Low platelet/lymphocyte ratio (PLR≤55) was significantly 

associated with less complications at 1 month and 24 months after the antithymocyte globulin treatment (p=0.048 and 0.028, respectively). 

The univariate and multivariate analyses revealed that low platelet/lymphocyte ratio was an independent predictor of overall survival 

(p=0.03 and 0.04, respectively). Patients with low neutrophil/lymphocyte ratio (NLR≤0.18) had shorter survival time, but there was no 

significant difference (p=0.056). PLR was positively correlated with neutrophil/lymphocyte ratio (r=0.38, p<0.0001) and age (r=0.17, 

p=0.0379), while it was negatively correlated with IgG level (r=−0.18, p=0.0309). The ratio of CD4/CD8 was significantly higher in low 

platelet/lymphocyte ratio group (p=0.005).

CONCLUSION: The platelet/lymphocyte ratio reflects the immune abnormality of SAA. Notably, low platelet/lymphocyte ratio is an 

independently positive prognostic factor for severe aplastic anemia patients treated with antithymocyte globulin.
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INTRODUCTION
Acquired aplastic anemia (AA) is primarily ascribed to acti-
vated T lymphocytes, which induce destruction to hemato-
poietic stem cells, while the antigenic exposure leading to the 
expansion of dysregulated CD4+ T-cell populations1. For severe 
AA (SAA) patients, who are transfusion-dependent and in the 
absence of a human leukocyte antigen (HLA)-matched sibling, 

antithymocyte globulin (ATG) is recommended2. Young and 
less severe disease had a much higher probability of 10-year 
survival, but none of them significantly predicted response to 
ATG at 6 months3. Although patients with baseline absolute 
reticulocyte count (ARC) ≥25×109/L and absolute lympho-
cyte count (ALC) ≥1×109/L had a better response to ATG at 
6 months, they did not significantly predict the overall survival 
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(OS) in children4. Thus, how to predict the response and out-
come of AA patients treated with ATG remained to be fur-
ther investigated.

Further evidence indicated that autoimmune and inflam-
matory processes induced the apoptosis of CD34+ progenitor 
cells, influencing the disease course as well as response rate to 
ATG in AA patients5. Platelet/lymphocyte ratio (PLR) and 
neutrophil/lymphocyte ratio (NLR) are novel markers of sys-
temic inflammation, which have shown to be effective pre-
dictors of prognosis and therapy response in various immune 
diseases such as systematic lupus erythematosus and dermato-
myositis6,7. In hematological disease, PLR and NLR were also 
relevant to poor prognosis in peripheral T-cell lymphoma and 
diffuse large B-cell lymphoma8,9. In this study, it was suggested 
that baseline PLR and NLR were associated with lymphocyte 
subsets. The ratio of CD4/CD8 was significantly higher in low 
PLR group. However, to the best of our knowledge, no study 
till date has investigated the association between PLR as well 
as NLR and the prognosis of SAA patients treated with ATG. 
In this study, we retrospectively analyzed 159 SAA patients 
treated with ATG and intended to assess the prognostic roles 
of PLR and NLR in treatment-naïve SAA cases.

METHODS

Study design
This study is to determine the clinical role of PLR and NLR 
in SAA patients treated with ATG.

Participants
The eligibility criteria were as follows: 

1.	 newly diagnosed SAA patients older than 2 years of age;
2.	 patients treated with first-line ATG from January 2012 

to December 2018 at Blood Diseases Hospital, Chinese 
Academy of Medical Sciences;

3.	 patients or legal guardians were informed of the study 
which was approved by the Institutional Committee 
for Medical Care and Safety, and therefore performed 
in accordance with Declaration of Helsinki.

All the data were collected through the follow-up in the 
outpatient department or phone call until December 2019.

Variables
The definition and disease severity of AA patients included 
were defined according to the Camitta criteria10.

Two types of ATG regimens were included in this analysis: 

1.	 rabbit ATG (rATG) (Thymoglobulin®, Genzyme, Sanofi 
Company, Cambridge, MA, USA) was administered at 
a dose of 1.97 mg/kg per day for 9 days;

2.	 swine ATG (sATG) (Wuhan Institute of Biological 
Products Co., Ltd., Wuhan, China) at a dose of 
20–30 mg/kg per day for 5 days, as previously described11. 
Cyclosporine was administered at a dose of 5 mg/kg per 
day (3 mg/kg per day for children under 18 years of 
age), which was adjusted according to the serum cre-
atinine levels.

Data sources/measurement
Both PLR and NLR were calculated by dividing the platelet 
count and absolute neutrophil count by the lymphocyte count, 
respectively. The data were collected at the time of diagno-
sis without transfusion of platelet and recombinant human 
granulocyte colony-stimulating factor (rhuG-CSF) treatment 
within 1 week.

Statistical methods
The optimal cut-off values for classifying NLR and PLR as low or 
high for the subsequent analysis were 0.18 and 55, respectively, 
which was determined using the receiver operating character-
istic curve analysis for OS. The Mann–Whitney U test and χ² 
test were used to compare continuous and categorical variables, 
respectively. OS correlations were assessed using Kaplan–Meier 
curve with log-rank statistics. Furthermore, the univariate and 
multivariate Cox regression analyses were performed to calcu-
late their respective hazard ratios (HRs) and 95% confidence 
intervals (CIs). The statistical analyses were performed using 
SPSS software (version 22; IBM Corp., Armonk, NY, USA). 
p<0.05 was considered as statistically significant.

RESULTS

Participants
Between 2012 and 2018, 159 SAA patients treated with ATG 
were included for the evaluation in this study.

Descriptive data
The characteristics of all the study participants were included 
in Table 1.

Outcome data
The number of patients who died within 3 months from the 
ATG treatment (early mortality) was 6 (3.8%), and 14 (9.6%) 
patients died beyond day +90 (late mortality). The causes of 
early mortality were infections (n=5) and hemorrhage (n=1). 
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In this study, 38% (60/158) of patients showed complete and 
partial responses (CR and PR) within 3 months. At 6 months, the 
overall response rate (CR and PR) was 57.2% (83/145). Until the 
end of follow-up, the best response rate was 71.7% (114/144).

The strongest predictor of response was the severity of dis-
ease; the response rate was 25.3% at 3 months and 41.4% at 
6 months in very severe AA (VSAA) patients compared with 
50.6% at 3 months and 72% at 6 months in SAA patients 
(HR=0.3; p=0.001 and HR=0.3; p<0.001, respectively). The sec-
ond prognostic factor was the diagnosis-to-treatment interval, 
0–32 or >32 days from diagnosis; the response rates at 3 months 
were 46.9% and 28.6% (HR=2.2; p=0.018). 

The most common complications after ATG treatment 
within 1 month were infection (25.8%) and hemorrhage 
(5.7%). Low PLR (≤55) predicted less complications after 
ATG treatment within 1 month and at 24 months: 30 versus 
52.6% (p=0.048) and 4.2 versus 33.3% (p=0.028), respectively.

Main results
The platelet/lymphocyte ratio was positively correlated with NLR 
(r=0.38, 95%CI 0.23–0.50, p<0.0001) and age (r=0.17, 95%CI 
0.01–0.31, p=0.0379). However, PLR was negatively correlated 
with IgG level (r=-0.18, 95%CI -0.33 – -0.02, p=0.0309).

There was a significant difference in lymphocyte sub-
sets between low PLR group and high PLR (PLR>55) group 
(Figure 1). The ratio of lymphocyte/nucleated cell, CD3+CD4+ 
cell/lymphocyte, CD19+ cell/lymphocyte, and CD4/CD8 was 
found to be significantly higher in low PLR group (78.5 versus 
57.8%, p<0.0001; 42.2 versus 31.3%, p=0.001; 14.3 versus 
8.5%, p=0.028; 1.7 versus 1.1, p=0.005, respectively), while 
the ratio of CD3+CD8+ cell/lymphocyte and CD3-CD56+ 

cell/lymphocyte tended to be higher in high PLR group 
(34.2 versus 28.7%, p=0.023; 15.0 versus 7.3%, p<0.0001, 
respectively). Only the ratios of lymphocyte/nucleated cell 
and CD3+CD4+ cell/lymphocyte were significantly higher in 
NLR≤0.18 group (88.6 versus 70.1%, p<0.0001; 45.3 ver-
sus 38.6%, p=0.005, respectively). There was no significant 
difference between NLR≤0.18 group and NLR>0.18 group 
in other lymphocyte subsets.

With a median follow-up of 41 months (range: 0–92 months), 
the OS rate at 5 years was 85.6±3.3% (Figure 2A). Posttreatment 
status at 3 months strongly predicted the long-term survival; the 
5-year OS rates of patients with response and no response were 
96.5±2.4% and 75.3±5.4% (p=0.002); low PLR predicted a higher 
5-year survival (87.0±3.2% versus 71.8%±10.7%, p=0.03) (Figure 
2C); patients with ALC >1×109/L at diagnosis had significantly 
higher 5-year OS (90.1±3.2%), as compared with patients with 
ALC ≤1×109/L (74.4±6.8%, p=0.018); the severity of disease was 
also predictive, with a 5-year survival of 90.7±3.7% and 79.1±5% 

Table 1. Clinical characteristics of 159 SAA patients.

Factors Values

Patients, n 159

Median age (years, range) 22 (3–57)

Age groups

<20 years, n (%) 70 (44)

20–40 years, n (%) 68 (42.8)

>40 years, n (%) 21 (13.2)

Gender, n (%)

Male 87 (54.7)

Female 72 (45.3)

Etiology, n (%)

Idiopathic 156 (98.1)

Post-hepatitis 3 (1.9)

Severity, n (%)

SAA 80 (50.3)

VSAA 79 (49.7)

Median follow-up after ATG 
(months), mean (range)

41 (1–92)

Peripheral blood counts

Hb (g/L), (median, range) 30 (76–131)

PLT (×109/L), (median, range) 21 (1–115)

ANC (×109/L), (median, range) 0.43 (0.01–4.36)

ARC (×109/L), (median, range) 9.3 (0.54–128.9)

ALC (×109/L), (median, range) 1.35 (0.13–5.29)

NLR

≤0.18, n (%) 49 (30.8)

>0.18, n (%) 110 (69.2)

PLR

≤55, n (%) 140 (88.1)

>55, n (%) 19 (11.9)

PNH clone, n (%)

Positive 25 (15.7)

Negative 134 (84.3)

ATG agent, n (%)

rATG 98 (61.6)

sATG 61 (38.4)

Interval from diagnosis to ATG 
(days) (median, range)

32 (10–134)

SAA: severe aplastic anemia; VSAA: very severe aplastic anemia; 
PLT: platelet count; ANC: absolute neutrophil count; ARC: absolute 
reticulocyte count; ALC: absolute lymphocyte count; NLR, neutrophil/
lymphocyte ratio; PLR: platelet/lymphocyte ratio; PNH: paroxysmal 
nocturnal hemoglobinuria; rATG: rabbit antithymocyte globulin; sATG: 
swine antithymocyte globulin.
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Figure 1. Baseline PLR and NLR correlated to lymphocyte subsets. Neither PLR nor NLR correlated with the percentage of 
CD3+ lymphocyte/lymphocyte (A). Patients with PLR≤55 had higher CD3+CD4+ lymphocyte/lymphocyte (B), lower CD3+CD8+ 
lymphocyte/lymphocyte (C), lower CD3+CD56+ NK cell/lymphocyte (D), higher CD19+ cell/lymphocyte (E), and higher CD4/
CD8 (F). PLR, platelet/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio. 
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for SAA and VSAA patients (p=0.044) (Figure 2D), respectively. 
However, age, NLR, ARC, and paroxysmal nocturnal hemoglo-
binuria (PNH) clone did not significantly affect the OS.

As the severity of disease was a significant predictor of 
prognosis, we classified the patients into two groups: SAA 
and VSAA. Low PLR (PLR ≤55) was still a positive predic-
tor in VSAA group (Figure 2E). Although PLR was positively 

correlated with age as described earlier, low PLR still predicted 
the better prognosis in patient group aged >40 (Figure 2F).

Since PLR was significantly correlated with age, both ALC and 
NLR factors were excluded in the multivariate analysis. Factors such as 
gender, PLR, ARC, PNH, and the severity of disease were included. 
As expected, PLR was the independent predictive factor for patients 
treated with ATG [HR=0.34, (95%CI 0.12–0.95), p=0.04].

Figure 2. Kaplan–Meier curves of overall survival. (A) Five-year overall survival of 159 patients with AA treated with ATG. 
(B–D) Survival of patients stratified according to NLR, PLR, and severity of disease: a significant positive effect was seen for 
patients with PLR ≤55 and SAA patients. (E and F) Comparison of the impact of PLR on overall survival according to the 
severity of disease and age separately. AA, aplastic anemia; ATG, antithymocyte globulin; NLR, neutrophil/lymphocyte ratio; 
PLR, platelet/lymphocyte ratio; SAA, severe aplastic anemia; VSAA, very severe AA.
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DISCUSSION
Antithymocyte globulin (ATG) is often recommended as a 
first-line therapy for AA patients who lack a matched sibling 
donor, especially for SAA and VSAA patients. In this study, the 
3-month (37.7%), 6-month (52.2%), and best response rates 
(71.7%) were higher than the previous reports12,13, respectively, 
due to our optimized ATG therapy11. The 5-year survival and 
early mortality for AA patients with ATG were 85.6 and 3.8%, 
respectively, and in our center, the results were compared with 
those reported in the earlier foreign studies3,14.

In this cohort, we determined that the patients with diagno-
sis-to-treatment interval <32 days had better response to ATG 
at 3 months than those with longer ones (46.9 versus 28.6%, 
p=0.018). Response to ATG in VSAA patients at 3 months was 
worse than that of SAA patients (25.3 versus 50.6%, p<0.001). 
But there were no significant difference in other factors such 
as age, ARC, ALC, NLR, and PNH clone. These results were 
consistent with the long-term follow-up consequences of a 
multicenter study in Europe and Asia3.

Various studies had investigated the risk factors that pre-
dicted the OS: age, the diagnosis-to-treatment interval, severity 
of AA, ALC, ARC, PNH clone, and telomere length3,12,14-16. 
In consistent with the previous studies3,4, we determined that 
ALC >1×109/L and SAA were correlated with longer survival. 
Although an evidence suggested that a minor population of 
PNH-type cells and ARC was the positive predictors of ATG16,17, 
other studies showed that there was no difference in outcome 
related to these factors4,18. Thus, until now, there are no suffi-
cient practical and reliable factors to predict the outcomes of 
ATG therapy.

At present, this is the first study to investigate the relation-
ship between PLR as well as NLR and the outcomes of AA 
patients treated with ATG. More importantly, we found that 
low baseline PLR level (PLR≤55) in SAA patients was an inde-
pendent positive prognostic factor (HR=0.34, p=0.04). Since 
PLR and NLR were the novel markers of systemic inflamma-
tion, we determined that baseline PLR and NLR were associ-
ated with lymphocyte subsets in our data. Besides, PLR was 
positively correlated with NLR and age, however it was nega-
tively associated with IgG level.

Lymphocytes play a central role in the pathogenesis of 
AA. Activated T lymphocytes mediate autoimmunity through 
producing pro-inflammatory cytokines and thereafter lead 
to bone marrow destruction1. ATG is a purified antibody, 
which can ablate abnormal T lymphocytes as well as reverse 
the “immune-mediated” pathogenic mechanisms in AA19. 
As expected, we demonstrated that the patients with low PLR 
have better prognosis. It is worth to mention that these patients 
had higher ratio of CD4/CD8. Indeed, CD4+ cells played an 

important role in the pathogenesis of AA, especially Th1 cells. 
A polarization of CD4+ cells toward a type-1 response leads 
to the activation of cytotoxic CD8+ cells and finally to hema-
topoietic stem cell destruction20. Thus, we hypothesized that 
PLR as well as NLR predicted the abnormal quality and func-
tion of lymphocyte subsets, and low PLR was more likely cor-
related with severe immunity of this disorder. Therefore, it is 
plausible and necessary to include PLR and NLR into factors 
predicting the outcomes of ATG.

There were some limitations in this study. First, this study 
was based on the retrospective data collection and completed at 
a single center. Second, the patients in this study were included 
with rATG and sATG. However, there was no significant dif-
ference between them as studied previously21.

Despite the above-mentioned limitations, this study had 
some clinical implications. First of all, this is the first study that 
evaluates the role of PLR and NLR in the treatment of SAA. 
Second, we found that PLR could predict initial response to 
ATG treatment of SAA patients. Low PLR was a positively sig-
nificant predictor of better response, fewer complications, and 
longer survival after ATG. Furthermore, PLR and NLR were 
closely related to lymphocyte subsets, which reflected immune 
abnormality in SAA patients. This finding might guide clinicians 
to judge the treatment response of SAA patients to ATG earlier 
and determine better therapy scheme, which has the meaningful 
and useful implications for clinical practice. Finally, PLR can 
be acquired at low cost in clinical practice, so it has potential 
to be a simple, convenient predictive, and stratification factor 
to assist with clinical decision-making for SAA patients.

CONCLUSION
The platelet/lymphocyte ratio reflected immune abnormality 
in SAA patients, and a low PLR was an independently signifi-
cant predictor of SAA patients treated with ATG.
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