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Current guidelines are inadequate for use in predicting ITP recurrence. Therefore, our primary goal in this study
was to investigate the association of platelet-to-lymphocyte ratio (PLR) at diagnosis with ITP recurrence in
Chinese patients.

We performed a historical cohort study and non-selectively enrolled 233 patients with newly-identified ITP
from March 2013 to June 2017. The independent variable was PLR recorded at diagnosis and the dependent
variable was recurrence-free survival (RFS) at 6 months. Data on the following variables were also collected for
establishing a multivariate Cox regression model: demographic details, general details, and variables found to
be closely related to PLR in previous studies, as well as risk factors for ITP recurrence.

During follow-up, 85 patients had an event within 6 months. At the range of 0.86-9.7 of PLR, a 1-unit increase
in PLR was associated with a 13% decrease in ITP recurrence (hazard ratio: 0.87; 95% confidence interval:
0.78-0.97), whereas no association was detected at the range of 9.7-33.75 of PLR (hazard ratio: 0.99; 95%
confidence interval: 0.95-1.04). An interaction test indicated that patients with HP infection (0.91 (0.86-1.97))
or diabetes history (0.86 (0.78-0.96)) showed a stronger association compared with patients without HP in-
fection (1.01 (0.95-1.04) and those without diabetes (1.01 (0.97-1.04)).

Our findings suggest that PLR is a useful parameter to consider when hematologists attempt to assess the
risk of recurrence in ITP patients receiving first-line therapy, and the nonlinearity of PLR and ITP recurrence risk
must be fully considered when constructing predictive models.

Blood Platelets ¢ Purpura, Thrombocytopenic, Idiopathic ¢ Recurrence

https://www.medscimonit.com/abstract/index/idArt/917531

%3077 %6 MEIZ %29

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
8683 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

Immune thrombocytopenia (ITP) is an immune-mediated ac-
quired disease. Its clinical manifestations include transient or
persistent decrease of the platelet count, thrombocytopenia,
and bleeding. The traditional concept holds that the core patho-
genesis of ITP is the presence of antibodies against platelet
glycoproteins [1]. More recently, inflammation has also been
shown to be closely related to the pathogenesis and progno-
sis of ITP [1]. According to the current Chinese Consensus for
Immune Thrombocytopenia (ITP) Diagnosis and Treatment (2016
version) [2], between 75 000 and 150 000 (5-10/100 000) adult
cases would be newly diagnosed with immune thrombocytope-
nia (ITP) and roughly half of these cases would relapse within
6 months after first-line treatment in China in 2016. Although
there has been important progress in the diagnosis and treat-
ment of ITP in recent years, there are no well-established
Chinese guidelines to predict recurrent risk at diagnosis [3]. Due
to the high recurrence rate of newly-diagnosed ITP, sensitive
markers are needed to improve risk-stratification algorithms.

Platelet-to-lymphocyte ratio (PLR) is an inflammatory biomarker
that might play an important role in predicting the prognosis
of patients with gastrointestinal and female reproductive sys-
tem tumors [4-7]. PLR is also used to predict the prognosis of
other diseases [8-10]. However, there appear to be have been
no previous studies investigating the link between PLR and the
risk of relapse in newly-diagnosed ITP in adults. A recent series
of observational studies have reported that absolute lympho-
cyte count and platelet count at baseline are associated with
ITP clinical characteristics and outcomes [11-13]. Growing evi-
dence also suggests that ITP is closely correlated with inflam-
mation, and inflammation can trigger ITP. In summary, we spec-
ulate that the baseline PLR, which is an indicator derived from
platelets, lymphocytes, and inflammatory response factor, may
be associated with the risk of recurrence in adult patients with
newly-identified ITP who have received first-line treatment.

We used a historical cohort study to investigate whether PLR

obtained at baseline is independently associated with ITP re-
lapse after adjusting for other covariates.

Material and Methods

Study design
This was a historical cohort study.
Study setting

The Guizhou provincial People’s Hospital, Guiyang city, China.
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Data source

We non-selectively and consecutively retrieved data for all
participants with newly-diagnosed ITP from electronic medi-
cal records. In our center, each patient has a unique hospital-
ization number. When we extracted patients’ clinical records
to build a database, we used the hospital number informa-
tion instead of their names. In addition to our final data anal-
ysis, we removed the hospitalization number and generated a
unique sequence based on each unique hospitalization num-
ber. Therefore, the requirement for patient informed consent
was waived and the data was anonymous and the privacy
of patients was protected. The Hospital Institutional Review
Board approved this study.

Study cohort

The cohort included 437 patients aged 14-89 years with
newly-diagnosed ITP. Cohort entry was the date of the first
PLR any time from March 2013 to June 2017. We diagnosed
patients according to the published guidelines [14]. Patients
were included if they: (1) were newly identified with ITP (ITP
diagnosis time was under 3 months); (2) were non-secondary
ITP (e.g., other thrombocytopenic diseases or myelofibrosis); or
(3) had no spleen enlargement. Exclusion criteria were: (a) hep-
atitis B, hepatitis C, or AIDS patients; (b) pregnant; (c) had con-
current severe dysfunction in a vital organ (e.g., heart, kidneys,
liver, or lungs); (d) history of immunosuppressive use in the
last 3 months; or (e) had no response to first-line treatment.

Variables

We specified the value of PLR at diagnosis as an untrans-
formed continuous variable. For each enrolled patient, 2 ml
of venous blood was put in an anticoagulant tube containing
EDTA, and then tested using a blood cell classification auto-
matic analyzer (BM830, Bao Ling Man Sunshine Technology Co.,
China) at the central laboratory of our institution. The refer-
ence ranges at our institute for platelet and absolute lympho-
cyte counts are 100-300x10%/L and 1.1-3.2x10°/L, respectively.

The selection of covariates included in this study was based
on our previous work and other relevant published studies.
Therefore, we collected data on the following variables for
data analysis: sex, age, height, weight, smoking status, drink-
ing alcohol, HP burden status [15], comorbidity (type 2 diabe-
tes [16], CVD [17-19], hyperuricemia [20]), bleeding-related
symptoms (in skin, in mucosa, or in organs), first-line treat-
ment (including oral prednisone or intravenous drip high-dose
dexamethasone, intravenous immunoglobulin), mean platelet
volume (MPV) [21], and mean platelet distribution width (MPD)
at diagnosis.
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We used recurrence-free survival (RFS) within 6 months as the
outcome in this study. On the basis of the published guide-
line [14], the definition of ITP relapse was loss of complete re-
mission (or response) during the follow-up period (6 months).
To ensure accuracy, we used the 2 lowest platelet counts re-
corded at least 1 day apart. If patients were lost to follow-up,
their data were excluded from the event records. The criteria
for determining complete remission were mainly determined
by platelet calculation (above 100x10°/L) with bleeding symp-
toms (absence) after a cycle of first-line treatment. The crite-
ria for determining response (R) were based on platelet calcu-
lation (beyond 30x10%L) and platelet trend (at least a 2-fold
elevation of platelet count at diagnosis) and bleeding symp-
tom (absence). We defined no response (NR) as platelet cal-
culation under 30x10°/L, a 2-fold increase in platelet count at
baseline, or bleeding.

First-line treatment strategies

The first-line treatment was glucocorticoid administration,
including oral prednisone or intravenous drip high-dose dexa-
methasone with or without intravenous immunoglobulin.

The selection of first-line treatment alternatives for enrolled

patients was determined by their pre-treatment platelet count

and severity of bleeding symptoms [14].

1) High-dose dexamethasone: 40 mg/day, orally, days 1-4 and
days 15-18, monitoring blood pressure and blood glucose
during treatment, and simultaneously receiving proton pump
inhibitors to protect gastric mucosa.

2) Oral prednisone: Starting dose at 1 mg/kg/day, orally, quick-
ly reduced to the maintenance dose (15 mg/day) after re-
mission, until drug withdrawal.

3) Intravenous immunoglobulin (IVIG) regimen: 400 mg/kg/day,
days 1-5, mainly used for emergency treatment of ITP (con-
tinuous and severe bleeding symptoms, platelets below
20x10%/L).

Statistical analysis

According the data distribution, we expressed continuous vari-
ables as meantstandard deviation (normal distribution) or me-
dian (quartile) (skewed distribution). We expressed categor-
ical variables as percentages. To observe the distribution of
baseline characteristics among different PLR groups (quartile,
Q1 to Q4), we used the chi-square test (categorical variables),
one-way ANOVA (normal distribution), or Kruskal-Wallis H test
(skewed distribution).

Following the suggestions in the STROBE statement [21],
the whole statistical analysis can be summarized as follows:
(1) We assessed the linear relationship between the expo-
sure variable (PLR) and ITP recurrence (i.e., the multivariable
Cox model) after adjusting for other potential confounders;

CLINICAL RESEARCH

Patients with ITP (N=437)
Leaving 322 cases

115 cases with Non-newly diagnosed
TP were excluded

89 cases were excluded
\7 « ITP with virus infection (HBV, HCV, HIV)
| Leaving 233 cases for data analysis | (n=9)

«Secondary ITP (n=13)

«In gestional age (n=4)

« Severe dysfunction of heart kidney, liver,
orlung (n=4)

« Non-response to first-line theraphy
(n=28)

« Missing follow-up (n=31)

Figure 1. Flow chart of participant selection. The figure shows
the full process of subject selection. We initially
collected a total of 437 patients who were diagnosed
as having ITP. Then, we restricted our analyses
to patients with newly-diagnosed ITP (n=322,

115 cases were excluded). Then, we have further
excluded 85 patients with virus infection (n=9),
secondary ITP (n=13), pregnancy (n=4), severe organ
dysfunction (n=4), and non-response to first-line
therapy (n=28). During follow-up, 31 cases were
excluded due to loss to follow-up, leaving 233 patients
for final data analyses.

(2) Since PLR is a continuous variable, we also discussed its
nonlinear correlation (in the generalized additive model); once
we found the existence of a nonlinear relationship, we then
calculated the inflection point [22] and clarified the correla-
tion on the left and right sides of the inflection point (using
the two-piecewise model); (3) We assessed the difference in
the association between PLR and ITP recurrence in different
populations (using the stratified proportional hazard model).

For data analysis, we used the was R package (http:www.R-
project.org, The R Foundation) and EmpowerStats (http:www.
empowerstats.com, X&Y Solutions, Boston, MA) statistical soft-
ware. P values less than 0.05 (two-sided) were considered sta-
tistically significant.

Results

Screening and baseline characteristics of patients

There were 437 adult participants between the ages of 14
and 89 years with newly-diagnosed ITP. After screening, 233
patients remained for data analysis (Figure 1). Among these
233 patients, 85 patients (85/233, 36.48%) had an event with-
in 6 months. The mean and standard deviations of age of se-
lected patients was 41.1+19.0 years, and 33.9% (79/233)
were male. According to quartile of PLR, no statistically sig-
nificant differences were detected in age, sex, weight, height,
smoking status, alcohol consumption, HP infection, diabetes
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Table 1. The description of baseline clinical characteristics of patients with newly-identified ITP.

PLR, quartile Q1 (0] Q3 Q4 P value

N 57 59 58 59

Age (year, median (min, max)) (15.33;(2)3(;.00) (15.38;(;(;.00) (14.35;2(2)3.00) (14.53;?3%.00) 0.359

' Height (em, meansse)l - 16184 (052 16117 (7.96) 16378 (896) 16254 (806) 0408
 Weight (kg meanssd) 5023 (1070) 5949 (1001) 5738 (979) 5741 (7.98) 0487
CMPD (L meantsd) 1638 (433) 1587 (434) 1615 (456 1696 (424) 058
 Relapee time (@ay meanzsd 12835 (57.71) 14651 (49.66) 14055 (5373) 14502 (5225 0252
Recdorol 0621
"""" Male 23 (035%) 20 (3390%) 19 (276%) 17 (881%)
"""" Female 34 (59.65%) 39 (66.10%) 30 (67.24%) 42 (7119%)
CSldEEed 0956
"""" N 38 (6667%) 40 (67.80%) 38 (6552%) 44 (7458%)
"""" Curentsmoker 14 (2456%) 15 (2542%) 15 (2586%) 11 (18.64%)
"""" Exsmoker 5 (877% 4 (678%) 5 (862%) 4 (678%)
MeRslernmioe o9y 0376
"""" N 45 (1895%) 45 (7627%) 48 (8276%) 52 (88.14%)
"""" Y. 12 (L05%) 14 (2373%) 10 (17.24%) 7 (1186%)
CEREEERO) 0616
"""" Negative 43 (7544%) 49 (8305%) 49 (8448%) 47 (79.66%)
"""" Positve 14 (456%) 10 (1695%) 9 (1552%) 12 (2034%)
Diabetes history (0,%) . 99
"""" N 49 (8596%) 51 (8644% 51 (87.93%) 50 (8621%)
"""" Y. 8 (1404%) 8 (1356%) 7 (1207% 8 (1379%)
CEpmrEmE @y 0851
"""" N 48 (8421%) 51 (8644%) 48 (8276%) 52 (38.14%)
"""" Y. 9 (1579%) 8 (1356% 10 (17.24%) 7 (1186%)
Cardiovascular diseases (%) . 59
"""" N 52 (9123%) 50 (8475%) 49 (s448%) 53 (39.83%)
"""" Ys . 5 (7% 9 (1525%) 9 (1552%) 6 (1017%)
Bleedinginskin(n, % 0541
"""" N a4 (7368%) 47 (7966%) 43 (7414%) 40 (67.80%)
"""" Yes 15 (2632%) 12 (2034%) 15 (2586%) 19 (3220%)
CBeedinginmucosa el g
"""" N 47 (8246%) 45 (1627%) 40 (6897%) 42 (7L19%)
"""" Y 10 (754%) 14 (2373%) 18 (31.03%) 17 (2881%)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
8686 (1Sl Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




SongJ. et al.:
PLR and ITP relapse
© Med Sci Monit, 2019; 25: 8683-8693

CLINICAL RESEARCH

Table 1 continued. The description of baseline clinical characteristics of patients with newly-identified ITP.

PLR, quartile Q1 Q2 Q3 Q4 P value
Bleeding in organ (n, %) 0.857
"""" No 53 (9298%) 53 (89.83%) 54 (93.10%) 53 (8983%)
"""" Ys 4 go%) 6 (017% 4 (690% 6 (017%)
High-dose dexamethasone (n, %) 0578
"""" No 45 (1895%) 41 (69.49%) 40 (6897%) 41 (6949%)
"""" Yes 12 (u05%) 18 (051%) 18 (3103%) 18 (3051%)
COmalprednisone (0, %) 0578
"""" N 12 (uos%) 18 (3051%) 18 (31.03%) 18 (051%)
"""" Yes 45 (7895%) 41 (69.49%) 40 (6897%) 41 (69.49%)
NGM® w001
"""" No 12 (QLOS%) 21 (3559%) 46 (7931%) 45 (7627%)
"""" Yes 45 (7895%) 38 (6441%) 12 (069%) 14 (373%)
Couteome (%) 0394
"""" Norelapse 31 (5439%) 40 (67.80%) 37 (6379%) 40 (6780%)
"""" Relapse 26 @S61%) 19 (3220% 21 (3621%) 19 (3220%
Duration of prednisone (Day) 3405 (556) 3447 (590) 3302 (505 3369 (535 0528
MPV 14.23 (6.57) 12.04 (5.99) 12.21)3'41 () 12.98 (6.14) 0.289
 Peripheral blood lymphocyte count 114 (043) 106 (028) 113 (025 104 (022 0200
Platelet count at baseline 378 (187) 867 (231) 1531 (419) 2240 (448) <0001

MPV —indicates mean platelet volume; MPD — indicates mean platelet distribution width; HP — indicates infection of helicobacter
pylori; IVIG — indicated intravenous immunoglobulin; PLR — indicated platelet-to-lymphocyte ratio.

history, hyperuricemia, cardiovascular diseases, MPV, bleed-
ing in skin, bleeding in mucosa, bleeding in organ, high-dose
dexamethasone, oral prednisone, MPD, or duration of predni-
sone use among different PLR groups. Compared with group
Q1, there were significantly fewer patients using IVIG in group
Q2-Q4 (Table 1).

Univariate analysis

Univariate Cox regression analysis (Table 2) showed that
age (1.03, 1.02-1.04), HP infection (hazard ratio (HR): 3.17;
95% confidence interval (Cl): 2.03-4.94), bleeding in mucosa
(HR: 2.07; 95% Cl: 1.33-3.23), bleeding in organ (HR: 1.88;
95% Cl: 1.04-3.39), MPV (HR: 1.20; 95% Cl: 1.15-1.24), MPD
(HR: 1.06; 95% Cl: 1.01-1.11), and duration of prednisone use
(HR: 1.06; 95% Cl: 1.02-1.10) were risk factors for ITP relapse.
Conversely, the use of IVIG (HR: 0.60; 95% Cl: 0.39-0.94) was
a protective factor for ITP recurrence.

The results of multivariate Cox regression models

In the crude model, the hazard ratio (HR) was 0.98 and the
range of 95% confidence interval (Cl) was 0.95-1.01 (Table 3),
showing that the 1-unit increase in PLR was associated with
a 5% decreased risk of ITP relapse. The same trend also was
observed in another model in which we only adjusted for age,
sex, height, and weight). In the completed adjusted model
(adjusted for all covariates presented in Table 1), a 1-unit in-
crease in PLR was associated with a 4% decrease in ITP recur-
rence, and the 95% Cl was 0.93-1.00.

Addressing nonlinearity

We used GAM and two-piecewise Cox equation to elucidate this
nonlinear link and observe the potential saturation or thresh-
old effect (Figure 2, Table 4). In this research, we observed that
the relationship between PLR and risk of relapse was nonlin-
ear (after adjusting for all covariates presented in Table 1).
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Table 2. Univariate analysis for the link among variables.

HR 95% CI

(lower, upper) s
Sex
"""" Male ~ Reference
"""" Female  095(060,148 081
Smoking
"""" Nosmoking ~ Reference
"""" Currentsmoking 0.9 (0.60,165) 097
"""" Exsmoking 133 (064,279 045
* Alcohol consumption
"""" No  Refeence
s 131(078,221) 031
MPinfecton
"""" Negatve ~ Reference
"""" Posiive  3.17(203,494) <0001
 Diabetes history
"""" No  Refeence
o Yes 146 (0.84,256) 018
Hyperuricemia
"""" No  Reference
CYes 107 (059,193 082
Cardiovascular diseases
"""" No  Reference
CYes 142(080,252) 023
"""" Baseline platelets 099 (0.96,1.02) 054
Bleedinginskin
"""" No  Refeence
CYes o 061(036,106) 007

SongJ. et al.:
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HR 95% CI

(lower, upper) s
Bleeding in mucosa
"""" No  Refeence
v 207(133,323) 001
Bleedinginorgan
"""" No  Refeence
e 188(1.04,339) 004
High-dose dexamethasone
"""" N  Refeence
e 130(082,205 026
oral prednisone
"""" No  Refeence 10
e 077(049,121) 025
we
"""" No  Refeence
e 060(039,094) 002
"""" MPV  120(115124)  <0.0001
"""" MPD  106(101,111) 002
"""" PR 098(95101) 025
E:;iﬁg;:use 1.06 (1.02-1.10) 0.003
oA 103 (102,108 00001
"""" Height ~  101(097,102) 091
"""" Weight ~ 102(100,104) 012

HR - indicates hazard ratio; Cl — indicates confidence interval; Ref — indicates reference.
Table 3. Multivariate analysis and presentation using non-adjusted and adjusted models.

Exposure Crude model (HR, 95% Cl, P) Adjusted model 1(HR, 95% Cl, P)  Adjusted model 2(HR, 95% CI, P)

PLR 0.98 (0.95, 1.01) 0.364 0.99 (0.96, 1.02) 0.595 0.97 (0.93, 1.00) 0.074

Platelet count 0.99 (0.97, 1.02) 0.5561 0.99 (0.97, 1.02) 0.6338 0.97 (0.94, 1.00) 0.0521

Crude model: not adjusted for other covariates. Adjusted model 1: adjusted for age and sex. Adjusted model 2: adjusted for age,
sex, HP infection, MPV, bleeding in mucosa, bleeding in organ, IVIG, MPD, duration of prednisone. HR — hazard ratio; Cl — confidence
interval.

By use of a recurrence method algorithm, we found the in-
flection point was 9.7. Using the two-piecewise Cox regres-
sion model, we observed different trends of HR on left and

right sides of the inflection point. On the left of the inflection
point (PLR <9.7), a 1-unit increase in PLR at diagnosis was cor-
related with a 13% decrease in ITP relapse risk (HR=0.87, 95%
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Log Hazard function for ITP relapse within 6 months

T T T T T T T
5 10 15 20 25 30 35
Platelet to lymphocyte ratio at baseline

o -

Figure 2. The icon for nonlinearity of PLR and risk of ITP
recurrence. The saturate effect can be observed from
Figure 2, as we did not observe a corresponding
decrease for the risk of relapse after PLR exceeded 9.7.

Cl was 0.78-0.97). On the right of the inflection point, how-
ever, the link between PLR and ITP relapse was not detected
(HR=0.99, 95% Cl: 0.95-1.04), meaning that this decrease in
risk is saturated after PLR exceeds 9.7, as the concomitant
risk of ITP relapse is not apparent with PLR above 9.7. We
also showed the non-adjusted results of the two-piece model.
Although the HR values and 95% Cl showed slight changes
compared with adjusted results, an PLR less than 9.7 was still
significantly associated with ITP recurrence during follow-up.

The results of subgroup analyses

We found a significant interaction between PLR and diabe-
tes history (P for interaction was 0.037). Subgroup analy-
ses (Table 5) revealed that patients complicated with diabe-
tes had a higher estimated protective effect (HR: 0.86; 95% Cl:
0.78-0.96) of newly-diagnosed ITP relapse in association with
PLR than in patients who had no diabetes history (HR: 1.01; 95%
Cl: 0.97-1.04). The protective effect of PLR associated with ITP

Table 4. Nonlinearity addressing using two-piecewise model.

Inflection point of PLR Effect size (HR)

<9.7 0.87
k7 o
""""""""""" ©7 o0
e 03

CLINICAL RESEARCH

relapse was significantly below 1 in the diabetes subgroups,
but this protective effect was not observed in non-diabetic
populations. We also detected a significant interaction be-
tween PLR and Hp infection (P for interaction=0.029). In terms
of HP infection, the direction of effect size HR of ITP relapse
on PLR is reversed in patients with or without a HP infection
(as assessed by log likelihood ratio test). The negative corre-
lation between PLR and newly-identified ITP recurrence was
only detected in patients with HP infection (HR: 0.91; 95% Cl:
0.86-0.97) and was not detected in those without HP infec-
tion (HR: 1.01; 95% Cl: 0.97-1.03).

Discussion

This retrospective cohort study investigated the association of
PLR at baseline with ITP recurrence at 6-month follow-up and
found that PLR at the range of 0.86-9.7 was associated with a
significantly decreased risk of ITP relapse. However, when the
PLR was greater than 9.7, a continued increase did not further
reduce the risk of ITP recurrence. In subgroup analyses, a low-
er recurrence risk was observed in patients with HP infection
and diabetes (with a 9% and 14% decreased risk, respectively).
In summary, our analysis suggests that PLR at baseline is as-
sociated with decreased ITP recurrence risk and has potential
use as a marker for prediction of ITP recurrence.

Although the treatment of ITP has made great progress, the risk
of recurrence of ITP is still high. Unfortunately, the causes and
risk factors for recurrence in ITP patients have not yet been
elucidated. Epidemiological data indicated that ITP recurrence
events occur in about half of newly-diagnosed ITP patients
who received first-line treatment. We found that 85 patients
(85/233, 36.48%) relapsed after 6 months. Although there is a
paucity of published data from observational and experimen-
tal studies on the correlation between PLR and ITP recurrence,
the prognostic values of initial platelet and lymphocyte counts
have been reported. In a small (n=64) observational study,
platelet counts >6.950/mm? and absolute lymphocyte counts
(ALC) £2.050/mm? were associated with a significant risk for
developing chronic ITP [23]. In a larger (n=188) observational

95% Cl LA
0.78-0.97 0.01*
""""""""" 09s-104 o
""""""""" 074095  o0¥
""""""""" 074124  os®

Independent variable: PLR Dependent variable: ITP recurrence after treating with first-line treatment (no relapse, relapse).
* The strategy of adjustment was the same as Table 3; # no covariates were adjusted.
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Table 5. Results of subgroup analysis and interaction analysis.

Characteristic HR (95% Cl) P for interaction
Sex 0.310

"""" Male 09 (O91-10)
"""" Female 100 (096-104)
 Alcohol consumption 0968
"""" No 098 (09s-101)
e 097 (089-106
WPinfecton 0029
"""" Negative 101 (095-104)
"""" Postve 091 (086-197)
Diabeteshistory 0037
"""" N 101 (097104
e 086 (078-096)
Wyperuwricemia 0981
"""" N 101 (97103
e 093 (085-103)
o 0628
"""" No 098 (9s-10)
e 097 (g9-107
Bleedinginskin 0616
"""" No 098 (09s-101)
e 100 (094108
Bleedinginmucosa 0594
"""" No 098 (09a10)

Yes 1.00 (0.94-1.06) 0.94

study of newly-diagnosed ITP, ALC <3050/mL was associated
with a significant risk for development of persistent ITP be-
yond 6 months [24]. Akbayram et al. reached a similar conclu-
sion [25]. However, the target populations for the above studies
were children, and no corresponding data have been reported
in adult ITP patients. A French multicenter prospective cohort
study published in Haematologica (2016) reported that high-
er platelet counts at diagnosis are negatively correlated with
the risk of chronicity [26], which is consistent with our finding.

Following the suggestions of the STROBE statement, subgroup
analysis is helpful to explore information in data analysis. Our
present of interaction test results are shown in Table 5. A dif-
ferent trend of hazard ratio was observed in HP infection and
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Characteristic HR (95% Cl) P for interaction
Bleeding in organ 0.248

"""" N 101 (97194
e 095 (087-105)
High-dose dexamethasone 0058
"""" N 101 (095-108)
v 092 087-098)
oralprednisone 0058
"""" No 092 087-098)
e 101 (095-108)
we 0445
"""" N 097 (9a10)
v 095 (0g9-101)
Csmokingstatuss 0116
"""" No 099 (095103
"""" Current smoker 095 (087,1.03)
"""" Ecsmoker 079 (066,inf)
CAge(quintle) 0620

Q1 (14-22 year) 1.02 (0.94, 1.11)
"""" Q2 (23-31year) 094 (086,103
”””” Q3 G2-44yea) 099 (092,107)
”””” Q4@s-6lyea) 094 (086,104)
Q5 (62-88 year) 0.98 (0.91, 1.05)

Above model adjusted for covariates presented in Table 1. For
each interaction term, we did not adjust for the stratification
variable.

diabetes history. Compared with patients without HP infec-
tion, the protective effect of PLR on ITP recurrence was weak
in patients with HP infection. The same trend also was ob-
served with diabetes. Therefore, the results obtained by sub-
group analysis have the following clinical utility. (1) The effect
of PLR on the recurrence of ITP (protection effect) is population-
specific. Hematologists can develop more individual treatment
protocol based on PLR value at diagnosis and precisely assess
prognosis in different subgroups. (2) Both HP infection and di-
abetes are correlated with ITP clinical characteristics and out-
comes, and this relationship has been confirmed by previous
clinical studies [15,27,28]. In this study, our findings at least
demonstrated that PLR can weaken the adverse effect on ITP
relapse caused by HP infection and diabetes. However, it must
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be noted that this result was observed only in this study and
further studies are needed to validate our results, and the un-
derlying mechanisms need to be clarified.

The present systematic study aimed to construct a model
used to assess the risk of recurrence in ITP patients. Therefore,
the applicability of PLR as a marker for relapse risk stratifica-
tion assessment should be considered. For linear relationship
discovery of PLR on ITP relapse, only the completely adjusted
model was statistically significant, meaning that use of PLR to
assess the risk of ITP recurrence will be affected by other fac-
tors, which is not conducive to its clinical application. In con-
trast, the nonlinear exploration of PLR on ITP showed better
clinical utility. In our study, although the adjusted and unad-
justed results were slightly different between the HR values
and the 95% confidence intervals, both results suggested that
higher PLR was statistically associated with a decrease in risk
of ITP relapse, indicating that clinicians can directly assess the
risk of recurrence of ITP patients based on PLR due to less in-
fluence of other covariates. In summary, the elaboration of the
association between PLR and ITP recurrence in this study will
help to construct a predictive model for ITP recurrence assess-
ments in the future, and will help hematologists to initially as-
sess the risk of recurrence for newly-diagnosed ITP patients
who receive first-line treatment.

Our study has some strengths. Firstly, we treated PLR as a con-
tinuous variable as well as a categorical variable (quartiles),
and tested the P for trend, which is useful in evaluating the
robustness of data analysis. Secondly, we built a Cox mod-
el to evaluate the linearity and used the generalized additive
model (GAM) to explain the nonlinearity. The use of GAM is
powerful to detect the real link between PLR and recurrence
of newly-identified ITP [29]. Thirdly, this was a historical co-
hort study, and was thus susceptible to potential confounding.
However, we used strict statistical adjustment to minimize the
effect of residual confounders. Fourthly, the subgroup and in-
teraction tests improved the use of data and yielded interest-
ing findings. Fifthly, more stringent cohort inclusion and exclu-
sion criteria are useful to eliminate potential confounders at
the patient screening stage. Finally, we used 6 months as the
follow-up time period and also analyzed ITP recurrence with-
in 12 months. Since only 6 patients relapsed after 180 days,

CLINICAL RESEARCH

we did not report in the results, but rather added them to sup-
plemental materials (Supplementary Table 1). Sensitivity anal-
ysis showed at these 2 timepoints, the HR showed no signifi-
cant change in magnitude or direction.

There are several limitations to be considered in this study.
To best avoid the bias caused by confounders, we included
only those patients who had no history of hepatitis B, which
limits the generalizability of our results to individuals with
hepatitis B infection. We also restricted our study popula-
tion to pregnant woman, which means that our findings are
not necessarily applicable to patients who are not pregnant.
Additionally, the non-newly identified ITP was not involved
in our cohort; therefore, the effect attributed to undergoing
second-line treatment was unknown. Finally, because plate-
let and lymphocyte counts alone may have predictive value,
the comparison of performance among PLR, platelet count, and
lymphocyte counts should be performed. However, the main
purpose of this study was to investigate the association be-
tween PLR and risk of recurrence of ITP. Therefore, a compar-
ison of the predictive value of these 3 ways to predict ITP re-
currence risk was not reported in this study, but was shown
in a subsequent model-driven study.

Conclusions

The present work non-selectively enrolled 233 patients with
newly-identified ITP who received steroid treatment with or
without IVIG, showing there is a saturation effect in this corre-
lation between PLR and risk of relapse, as we did not observe
a corresponding decrease for the risk of relapse after PLR ex-
ceeded 9.7. Our findings suggest that PLR has the potential to
be used as a predictive marker for ITP recurrence.
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Supplementary Table 1. The results of HR using 6 months and 12 months as endpoints.

Exposure

Fully adjusted model

(HR, 95% CI) 6 month

Fully adjusted model
(HR, 95% Cl, P) 12 month

0.96 (0.93, 0.99)

0.93 (0.90, 0.99)

Q1 Reference Reference
@ ose210)  oa(©2,08)
e o008  os@onm)
@ os@iwos)  os@17,07)
CPfortend 02 o006

Fully adjusted model: we adjusted for age, sex, weight, height, smoking status, alcoholic consumption, HP infection, diabetes history,
hyperuricemia, cardiovascular diseases, mean platelet volume, bleeding in skin, bleeding in mucosa, bleeding in organ, treatment
protocol (high-dose dexamethasone, oral prednisone, IVIG), MPD, and duration of prednisone use. HR — hazard ratio; Cl — confidence

interval.
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