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Pulmonary infection is one of the life-threatening complications occurring during allogeneic hematopoietic stem
cell transplantation (alloHSCT), even when prophylactic measures have been employed. Few studies have in-
vestigated whether pulmonary infection affects platelet recovery during alloHSCT.

We retrospectively reviewed 253 consecutive patients with hematologic diseases who received alloHSCT in our
institute. Among them, 62 patients (25%) had pulmonary infection within 100 days after alloHSCT. Using the
one-to-two propensity-score matching logistic model, 50 patients with pulmonary infection and 100 patients
without were included based on age, disease and stage, time from diagnosis to transplantation, infused CD34+*
cells, and mononuclear cells.

The incidences of prolonged thrombocytopenia in patients with pulmonary infection were 44% (22/50) and
9% (9/100) in the corresponding matched group (P<0.001). The mean time for platelet engraftment in patients
with and without pulmonary infection were 19.29+13.96 days and 13.94+4.12 days (P=0.012), respectively.
Multivariable logistic regression showed that pulmonary infection was an independent risk factor for impaired
platelet recovery (OR: 5.335, 95% Cl: 2.735-10.407, P<0.001). Impaired platelet recovery was associated with
shorter survival and higher treatment-related mortality.

Our results indicate that patients with pulmonary infection within 100 days after alloHSCT are more likely to
suffer from impaired platelet recovery and have inferior long-term survival.
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Background

Impaired platelet recovery occurs in 5-37% of patients who re-
ceived allogeneic hematopoietic stem cell transplantation (al-
loHSCT) [1,2]. Several possible mechanisms may contribute to
impaired platelet recovery, including impaired thrombopoiesis
and increased platelet consumption [3]. Complications of al-
loHSCT, such as graft versus host disease (GvHD), hepatic ve-
nous sinus obstruction syndrome, thrombotic microangiopathy,
and infections (bacterial, virus, and fungal), and their corre-
sponding therapies are associated with impaired platelet recov-
ery, even in the presence of full recovery of neutrophils [4-10].

Alterations in platelet counts during acute lung injury have
been studies by several groups. Schneider and colleagues stud-
ied the fate of platelets in 15 patients with severe acute re-
spiratory failure; among them, 10 patients developed throm-
bocytopenia (<100 000 platelets/microliters) [11]. In another
study, Carvalho et al. studied platelet function in 13 acute re-
spiratory failure patients admitted for intensive care, 6 acutely
ill intensive care patients without evidence of acute lung in-
jury, and 10 normal subjects [12,13], showing that patients
with acute respiratory failure had quantitative and qualitative
platelet defects that may contribute to thrombotic and hem-
orrhagic complications compared with those without acute
respiratory failure.

Pulmonary infection occurs in 40-60% of alloHSCT recipients,
and has been reported to be an important predictor of sur-
vival [14-16]. Previous studies have reported that the inci-
dence rate of early-stage infections ranges from 15% [17] to
64.3% [14], and pulmonary infection is a common problem [15].
The reasons why pulmonary infection is associated with de-
creased survival of alloHSCT recipients mostly involve treat-
ment-related complications [18], but few studies have focused
on platelet recovery in patients with pulmonary complications
during the alloHSCT procedure. The aim of the present study
was to evaluate the effect of pulmonary infection on platelet
recovery within the first 100 days after alloHSCT.

Material and Methods

Patients

From January 2011 to December 2018, 319 patients received
alloHSCT at the Institute of Hematology, Changhai Hospital;
66 patients relapsed (21%), and 253 patients without relapse
were included in the present study. Among these 253 patients,
62 patients (25%) developed pulmonary infection within 100
days. For each pulmonary infection case, a set of 2 patients
was chosen as control from the remaining patients who were
without pulmonary infection after matching for age (<20 y,
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20-40y, 41-60 y, or »60 y), disease and stage, time from di-
agnosis to transplantation, median CD34* cells, and mono-
nucleated cells transplanted. Fifty patients with pulmonary
infection who had 2 matched controls were enrolled in a pro-
pensity score-matched study, and the remaining 12 patients
who did not have matched controls were not included in pro-
pensity analysis. All procedures complied with the Helsinki
Declaration standards and were approved by the Institutional
Review Board of Changhai Hospital, Shanghai, China. The re-
quirement for written informed consent was waived because
the study used retrospective data from medical records, and
there were no interventions performed in patients.

Transplant procedure

The transplant procedure was described previously [19] Forty
patients (40/50, 80%) received a busulfan and cyclophospha-
mide (BuCy)-based conditioning regimen that consisted of cy-
tarabine (4 g/m?/d) intravenously on days -10 to -9; and Bu
(3.2 mg/kg/d) intravenously on days -8 to —6; CTX (1.8 g/m?/d),
intravenously on days -5 to —4; Me-CCNU (250 mg/m?/d),
orally once on day -3, and intravenously on days -5 to -2.
Ten patients (10/50, 20%) were treated with an FBA condi-
tioning regimen that included fludarabine, 30 mg/m?/day on
days -10 to -6; Bu, 0.8 mg/kg every 6 h on days -5 to -3; and
cytosine arabinoside, 1.5 g/m?/day on days —-10 to —6). Anti-
thymoglobulin (ATG) was used in patients who underwent al-
loHSCT from a human leukocyte antigen (HLA)-mismatched
donor. The acute graft versus host disease (aGvHD) prophy-
laxis regimen was as previously reported [20].

Infection prophylaxis and monitoring

Pulmonary high-resolution computed tomography (HRCT) was
performed before alloHSCT. Patients were assigned to the hori-
zontal laminar flow unit before conditioning. Sulfamethoxazole/
trimethoprim was used to prevent prophylaxis Pneumocystis
jiroveci. The preemptive treatment for CMV reactivation con-
sisted of ganciclovir or valganciclovir. All patients received
oral levofloxacin and fluconazole, unless they were receiv-
ing other medications for a previous infection. For second-
ary prevention, patients with history of invasive fungal dis-
ease (IFD) before alloHSCT received intravenous voriconazole
or corresponding effective antifungal drugs. Within the first 3
months after alloHSCT, sulfamethoxazole/trimethoprim, fluco-
nazole, and ganciclovir were administrated alternatively. CMV
DNA, Epstein-Barr virus (EBV), procalcitonin (PCT), C-reactive
protein (CRP), 1, 3-B-D-glucan assay (G assay), and galacto-
mannan test (GM assay) were measured once a week until 3
months after alloHSCT.
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Figure 1. Propensity scores before matching (A) and after matching (B). For each pulmonary infection case, a set of 2 patients was
selected as controls from those without pulmonary infection, matched for age (<20 y, 20-40 y, 41-60 y, or >60 y), disease
and stage, days from diagnosis to transplantation, median CD34+, and mononuclear cells infused.

Diagnosis of pulmonary infections and treatment

Samples were collected from the sputum, blood, and bron-
choalveolar lavage (BAL) fluid if possible. Chest HRCT was per-
formed when patients were highly suspected to have a pul-
monary infection. PCT and CRP, as well as G and GM assays,
were measured. Cultivation or next-generation sequencing of
BAL fluid or lung biopsy were performed to confirm patho-
genic organisms.

Once pneumonia was diagnosed, empirical broad-spectrum
antibiotics were instituted if there was suspected bacterial
pneumonia until a specific pathogen was identified, and tar-
geted therapy was initiated accordingly. Active IFD was de-
fined as possible, probable, or proven according to the EORTC
criteria [21]. The specific antifungal treatment was adminis-
trated at the discretion of the managing physician. In addi-
tion, we used PSI (Pneumonia Severity Index) scores to weigh
the prognosis of pulmonary infection [22].

Definitions of clinical outcome

Platelet count >20x10°/L for 7 consecutive days without trans-
fusion was defined as platelet engraftment (primary platelet
recovery). Secondary failure of platelet recovery (SFPR) was
diagnosed in patients who had previously fulfilled the crite-
ria for trilineage recovery after alloHSCT, with platelet count
<20x10°/L or 220x10°/L with transfusion for more than 7 con-
secutive days [23,24]. Good graft function (GGF) was defined
as persistent successful engraftment (ANC > 0.5x10°%/L for 3
consecutive days, PLT counts >20x10°/L for 7 consecutive days
and hemoglobin levels > 70 g/L without transfusion support)
beyond 28 days after HSCT [25]. Prolonged thrombocytopenia
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(PT) was defined as the engraftment of all peripheral blood cell
lines other than a platelet count <80x10°/L for more than 90
days after alloHSCT [9,23]. Impaired platelet recovery was in-
cluded in PT and SFPR. CMV and EBV viremia were defined as
>1000 viral copies/ml plasma by PCR. Diffuse pulmonary in-
fection was defined as diffuse lesions in >2 pulmonary lobes.
Scattered pulmonary infection was defined as lung consolida-
tion of 1 lung segmental lobe, or single and multiple lung nod-
ules based on CT scan.

Chimerism analyses were performed by DNA fingerprinting for
single-nucleotide polymorphism in bone marrow samples as
introduced in our previous publication [26] (sensitivity >0.01%
recipient signals).

Statistical analysis

Greedy-type 1: 2 matching technology without replacement was
performed to match patients with pulmonary infection and pa-
tients without (Figure 1). Matching of the logit of the propen-
sity-score began with high accuracy (0.00001), and then gradu-
ally decreased to minimum precision accuracy (0.1). Univariate
and multivariate logistic regression were used to examine the
risk factors associated with platelet recovery. The considered
fixed risk factors included the following: age at transplantation
(age <40y vs. age >40y), gender, disease type, HLA disparity
(matched vs. mismatched), donor-recipient gender matching
(others vs. female-male), ABO compatibility (matched vs. mis-
matched), donor-recipient relationship (related or unrelated),
conditioning regimen (without ATG vs. with ATG, without CTX
vs. with CTX, without Flu vs. with Flu), aGvHD, CMV/EBV vire-
mia, pulmonary infection, upper respiratory infection, gastro-
intestinal infection, and blood stream infection. Survival data
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were analyzed with Kaplan-Meier method and compared with
log-rank test. Overall survival (OS) was defined as the date
from alloHSCT to death. Treatment-related mortality (TRM)
curves were constructed in the competing risks framework,
considering death without relapse after alloHSCT as a com-
peting event. Variables are presented as frequency and per-
centage and compared using the chi-square test or Wilcoxon
rank sum test. A P value less than 0.05 was defined as statis-
tically significant. SAS 9.4 (SAS Institute, Inc., Cary, NC, USA)
and R3.4.2 were used in statistics analysis.

Results

Patient characteristics

Among the 253 evaluable patients, 54% (136/253) were male.
The median age was 36 years (range, 11-72 years) and the
median follow-up was 36 months. Within 100 days after al-
loHSCT, 25% (62/253) of patients had a pulmonary infection,
and 34% (87/253) of patients received unrelated donor al-
loHSCT. The mean time for neutrophil and platelet engraft-
ment were 13.34+2.66 days and 15.19+8.32 days, respec-
tively. The incidence of aGvHD for the whole cohort was 23%
(59/253). The probabilities of OS and TRM at 3 years after al-
loHSCT were 79.5+2.7% and 20.53+0.07%, respectively. After
propensity-score-matched analysis, 50 patients with pulmo-
nary infection and 100 patients without included in further
analysis. The clinical characteristics of the 50 patients with
pulmonary infection are shown in Table 1.

Propensity-score-matched analysis

Propensity-score-matched analysis included 150 patients (50
patients with pulmonary infection and 100 patients without).
The median follow-up was 28 months in cohorts with pulmo-
nary infection and 38 months in those without. There was
higher incidence of pulmonary infection in patients who re-
ceived grafts from HLA-mismatched donors compared with HLA-
matched donors [53.8% (21/39) vs. 26.1% (29/111), P=0.002.
CMV and EBV viremia were more frequent in pulmonary infec-
tion patients. The difference in the incidences of grade II-IV
aGvHD between the groups was not significant (28% vs. 22%,
P=0.417; Table 2).

Pulmonary infection occurred at a median time of +32 days
[range: —10 to +97 days]. The incidences of pulmonary infec-
tion were 10% (5/50) during conditioning, 36% (18/50) in the
first 30 days after alloHSCT, 40% (20/50) at 60 days, and 12%
(6/50) at 90 days after alloHSCT. Fungal pneumonia (30/50,
60%) was more common than bacterial pneumonia (14/50,
28%) and viral pneumonia (1/50, 2%). Polymicrobial pneumonia
was diagnosed in 4 patients. In 30 cases of fungal pneumonia,
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5 were proven and 12 were probable (Table 1). There were 12
patients diagnosed pneumonia with specific pathogenic or-
ganisms through sputum cultivation (5/12, 42%) or invasive
diagnostic procedure, including microbial culture and next-
generation sequencing of BAL fluid (5/12, 42%), and lung bi-
opsy (2/12, 16%).

The mean times for neutrophil engraftment were 14.55+4.18
days and 12.93+1.93 days (P=0.012), and 19.29+13.96 days
and 13.94+4.12 days (P=0.012) for platelet engraftment for
patients with and without pulmonary infection, respectively.
Among patients with pulmonary infection, 2 patients failed
to engraft, and the other 48 patients achieved full donor en-
graftment as measured by SNP-PCR, in which 33% (16/48) pa-
tients achieved GGF, 21% (10/48) patients with SFPR, and 46%
(22/48) patients with PT.

The incidence of PT in patients with pulmonary infection was
44% (22/50), and 9% (9/100) in the corresponding matched
group (P<0.001). Megakaryocyte counts in patients with pul-
monary infection were lower than that in patients without
pulmonary infection [median number: 36 (range, O to 450) vs.
44 (range, 0 to 1000)/slice (1.5x3 cm?), P=0.010]. Seventeen
patients (17/50, 34%) developed pulmonary infection before
platelet engraftment. The platelet engraftment was delayed in
these patients than in patients without pulmonary infection
[mean time: 28.33+21.91 days vs. 13.94+4.12 days, P=0.024].
Of them, 10 patients (10/17, 59%) developed PT, and the per-
centage was markedly higher than in patients without pulmo-
nary infection (9/100, 9.00%; P<0.001). The difference in time
for platelet engraftment between patients with diffuse (n=9)
and scattered pulmonary infection (n=39) was not significant.
(20.11+12.35 days vs. 19.10+14.45 days, P=0.848)

Thirty-three patients developed pulmonary infection after pri-
mary platelet recovery, of whom 24% (8/33) patients developed
SFPR. The platelet counts at 90 days after alloHSCT in patients
with pulmonary infection were lower than in patients without
pulmonary infection. [median: 55x10°/L (range, 2-188x10°/L)
vs. 128x10°/L (range, 8-308x10°/L), P<0.001]

To determine the specificity of the impact of pulmonary infec-
tion on platelet recovery, we enrolled patients with upper re-
spiratory tract infection, gastrointestinal infection, and blood
stream infection during alloHSCT as non-pulmonary infection
controls. There was a weak relationship between infections in
other sites and impaired platelet recovery (infection vs. non-in-
fection: upper respiratory tract infection: 13.61+2.59 days vs.
13.83+4.45, P=0.731; gastrointestinal infection: 13.71+4.04 days
vs. 13.83+4.45, P=0.919; blood stream infection: 17.21+15.02
days vs. 13.83+4.45, P=0.343).
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Table 1. Clinical characteristics of the patients with pulmonary infection.

Days of
Donor HLA pulmonary
infection

Case Age

Pathogen/ Platelet Platelet Causes of
Outcome

Diagnosis Sex microorganisms engraftment recovery death

No. (yrs)

Fungi/Aspergillus sp.

1 BAL M 25 MSD 8/10 41 (proven) 12 GGF  Survival
2 BAL F 38 MUD 910  -10  Fungi 1 6 PT  Death  GvHD
3 MDSEBI M 22 MUD 1010 25  Fungi 1 16 PTG
"""" 4 AML M 23 MUD 910 37  Fung 14  SFPR Suvival
5 BALL F 29 MUD 10/10 88 Bacteria 11 PT Death  respiratory

failure
"""" 6 AML F 53 MSD 10/10 -6  Bacteria Fungi 14  PT  Death  GuHD
7 BAL F 25 MSD 5/10 71 g’r‘(‘;‘\‘/’:;’)cysm carinit 12 GGF  Death Pll:llfzft'l’:r:y
8 TAL M 48 MUD 1010 63  Fung 20 R
9 AML M 47 MUD 1010 32 Fung 1 4 R
""" 10 BAL M 30 MSD 710 36  Fung 9  PT  Suvval
""" 11 AML M 51 MUD 10/10 47  Fung 12 PT  Suvval
""" 12 AML F 24 MUD 810 32  Fung 20  SFPR sSurival
""" 13 AML F 45 MSD 10/10 -5  Bacteia 10  GGF  Survival
""" 14 AML M 35 MUD 10/10 35  Fung 26 GGF  Suvival
""" 15 AML M 49 MWD 10/10 -5  Fung 13 PT  Suwvval
""" 16 AML M 26 MSD 710 21 Fung 25 PT  suvval
""" 17 MDSEBI M 30 MSD 10/10 97  Fung 17 PT  Suvval
18 AML M 43  MSD 10/10 53 ;:;?;Z:Z’s’e(;gr’;')'\‘/‘:n) 12 GGF  Survival
19 TAL M 30 MSD 10/10 76 ;‘:‘:ﬁis/?;foevrg:)ms 15 GGF  Survival
20 AML F 28 MUD 8/10 38 Bacteria, Fungi 11 SFPR  Death Re?:iilf::'y
21 ML F 46 MSD 510 52 fug 2 GGF  suvhal
22 TAL M 25 MsD 1010 32 Fung 1 5 T
e
23 AML M 35 MSD 10/10 19 Streptococcus 13 GGF Survival

pneumoniae
24 AML M 27 MWD 910 12 Fmg 22 R I
25 AML F 39 MWD 910 12 Bacteia 1 o o Soel
I
26 B-ALL F 19 MSD 9/10 40 Stenotrophomonas 12 PT Survival
maltophilia

27 MDs M 52 MSD 610 5w sw SR Death  GvHD
28 AML M 45 MUD 1010 62  Bacteia i 6 PT . Sundwal
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Table 1 continued. Clinical characteristics of the patients with pulmonary infection.

Days of

Case . : Age Pathogen/ Platelet Platelet Causes of
Diagnosis Sex Donor HLA pulmonary : 2 Outcome
No. (yrs) 2 : microorganisms  engraftment recovery death
infection
29 AML M 30 MSD 6/10 36 Bacteria 21 PT  Death “espiratory
failure
30 B-ALL F 35 MSD 10/10 8 Bacteria 16 PT Survival
31 MDS-EB2 M 29 MUD 10/10 -2 Fungi 13 GGF Survival
32 T-ALL M 32 MUD 10/10 35 Fungi 12 GGF Survival
33 AML M 57 MUD 10/10 16 Bacteria/ . 49 SFPR  Death espiratory
Enterococcus faecali failure
34 AML  F 25 MSD 5/10 10 Bacteria 36 PT Death  ulmonary
infection
35 AML M 19 MSD  5/10 1 Bacteria Graft failure / Death  Heart failure
3 AML F 40 MSD 10/10 61 Fungi/Aspergillus sp. 3 GGF  Survival
(proven)
Bacteria/
37 MDS-EB1 F 28 MUD 10/10 26 Streptococcus 29 PT Survival
pneumoniae
38 MDS-EB1 F 54  MSD 10/10 4 Bacteria, Fungi Graft failure / Survival
390 AML M 52 MSD  9/10 35 CB;?te"a/ Escherichia 19 GGF  Survival
40 B-ALL F 22 MSD 10/10 51 virus 15 GGF Survival
41 AML F 54 MUD 9/10 29 Fungi 28 PT Survival
42 TAL M 37 MUD 9/10 40 Bacteria 13 SFPR  death  Cerebral
hemorrhage
43 AML F 59 MSD 10/10 43 Fungi/Aspergilius 12 GGF  Survival
fumigatus (proven)
44 B-ALL F 30 MUD 8/10 15 Fungi 11 SFPR Death GvHD
45 AML M 55 MUD 10/10 17 Fungi 12 GGF Survival
46 AML M 27  MUD 9/10 48 Fungi 13 SFPR Survival
47 CML F 47 MSD 10/10 56 Bacteria, Fungi 25 SFPR Death GvHD
48 AML M 47 MSD 10/10 18 Fungi 12 SFPR  Death espiratory
failure
49 B-ALL F 30 MSD 10/10 25 Fungi 43 PT Survival
50 AML F 50 MSD 10/10 17 Fungi 15 PT Survival

AML — acute myelocytic leukemia; B-ALL — B-cell acute lymphocytic leukemia; CML — chronic myelogenous leukemia;

MDS - myelodysplasia syndrome; EB — excess blast; F — female; M — male; GVHD — graft versus host disease;

MUD - HLA-matched unrelated donor; MSD — HLA-matched sibling donor; HLA — human leukocyte antigen; V — Voriconazole;

C - Caspofungin; P — Posaconazole; M — Micafungin; GGF — good graft function; SFPR — secondary poor graft function; PT — prolonged
or isolated thrombocytopenia.

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]

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




WangR. et al.:
Pulmonary infection and platelet recovery
© Ann Transplant, 2019; 24: 541-552

Table 2. Factors associated with pulmonary infection and platelet recovery.

With infection Without infection

Factors (n=50) (n=100) Statistics

Donor-recipient gender match, n (%) 0.932 0.334
"""" Female-Male 9 (18 25 @5
”””” Others a6 75 (09
Donortypes,n (%) 8.503 0014
"""" Siblng 2 @ 68 (68
"""" Haplod 5 a0 8 (@
"""" Unrelated 23 @& 24 (4
 ABOmatch,n (%) 1.970 0.160
"""" Matched 17 (& 46 (46
"""" Mismatched 33 (66) 54 (54)
CHAmathn %) 9.979 0.002
”””” w00 2 68 8 )
"""" Othes 21 @ 18 (8
* Conditioning regimen,n (%) 0054 0816
"""" withatls 23 (&) 44 @4
"""" WithoutATG 27 (59 56 (56)
© WBC before HSCT, M#SD (x10%/1) 3974224 265292 ~1574 0118
 HBbefore HsCT(g) 9432£2035 97.90+21.00 0993 0323
© PITbefore HSCT (x10°1)  14104:71.99 16494:10333 ~1643 0.103
C Mvviremia,n (8 11.189 0001
"""" Ys 1969 14 (4
"""" N 31 e 8 @6
EBVviremia,n (%) 6122 0013
"""" Ys 3@ 0 ©
"""" N a7 99 100 (100)
aGWHD V), (%) 0658 0417
"""" Ys 14 2@
”””” N %@ 7809
© Otherinfections,n (%) 2.037 0.153
"""" Yes 27 6H 66 (66
"""" N 23 @ 34 38
© Neutrophils engraftment, M£SD days ~ 14.55:418 1293193 2583 0012
© Platelet engraftment, M#SD days 192941396 13941412 3.508 0012
© Megakaryocytes,n (%) 9.296 0010
”””” a 9y 2 6)
"""" 735 1@ 13oasy
”””” % 2 @ 52 (5
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Table 2 continued. Factors associated with pulmonary infection and platelet recovery.

With infection Without infection

Factors (n=50) (n=100) Statistics
Bone marrow platelets, n (%) 4.835 0.028
"""" Cluste,s 17 @& 53 (53
”””” scatered 33 (6) 471 (1)
3 year OS, % 71.5+6.4 80.2+4.2 2.271 0.132

ATG - antithymocyte globulin; HSCT — hematopoietic stem cell transplantation; HLA — human leukocyte antigen; WBC — leukocyte;
HB — hemoglobin; PLT — platelet; CMV — cytomegalovirus; EBV — EB virus; GvHD — graft-versus-host disease; OS — overall survival;
M — mean; SD- standard deviation.

Table 3. Univariate analysis associated with impaired platelet recovery.

OR 95% Cl Statistics P

Age/years

"""" covs>40 o715 03991284 1262 0261
CGender
"""" Malevs. Female 0678  038-1201 1776 0183
© Conditioning regimen
"""" ATG withoutvs. with 1303 07392296 0838 0360
"""" CTX,withoutvs. with 0991 04772061 0001 0981
"""" Flu,withoutvs.with 0771 04211413 0706 040l
77”6;;1;;;ecipient”g;l;cirer matcl; 777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
"""" Others vs. Female-Male 1038 05172086 0011 0916
CDomortype
"""" Related vs. unrelated 175  0985-3.100 3637 005
CABOmatch
© Matched vs. mismatched 1008 0618-1952 0101 0751
CHAmatch
"""" Matched vs. mismatched 2638 14504798 10103 0001
CCMVviremia
"""" Novsyes 336 1726633 13012 <0001
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Table 3 continued. Univariate analysis associated with impaired platelet recovery.

OR 95% Cl Statistics P
Gastrointestinal infection
"""" Novsyes 0974  0411-2307 0004 0952
© Blood stream infection
"""" Novsyes 217 0994712 384 0051
3 cells, x10kg
"""" <ws2 2143 09035083 299 o084
CMNG <10%kg
<3vs. >3 2.671 0.322-22.124 0.829 0.363

CTX — cyclophosphamide; Flu — fludarabine; ATG — anti-thymocyte globulin; HLA — human leukocyte antigen; CMV — cytomegalovirus;
EBV — EB virus; aGvHD — acute graft-versus-host disease; MNC — mononucleated cells.

Table 4. Multivariable analysis associated with impaired platelet recovery.

OR 95% CI Statistics P

HLA match

No vs. Yes

2.735-10.407

HLA — human leukocyte antigen; CMV — cytomegalovirus; aGvHD — acute graft-versus-host disease.

Univariate and multivariate analysis

100 'h Grade I-ll infection
Univariable logistic regression analysis contained patient char- a0 43 s e
acteristics such as age (<40 years vs. >40 years), sex (female vs. < ‘1
male), conditioning regimen, donor characteristics, transfused =604\ wo_ Grade ll-IV infection
cells, and infections. Univariable logistic regression showed that g SoTmhoAnes
impaired platelet recovery was strongly associated with HLA T 407
mismatch (OR 2.638, 95% Cl: 1.450-4.798, P=0.001), CMV vi- S 20 -
remia (OR: 3.306, 95% Cl: 1.726-6.331, P< 0.001), grade II-IV P=0.014
aGvHD (OR: 2.025, 95% Cl: 1.079-3.801, P=0.028), and pul- 0 . . r r .
monary infection (OR 6.103, 95% Cl: 3.237-11.505, P<0.001, 0 20 40 60 80 100
Table 3). These 4 factors were then enrolled in the multivari- Months after allo-HSCT
able analysis. Multivariable logistic regression showed that pul- Grade 1=l 2% 17 14 8 2 0
monary infection was a significant independent risk factor for Gradelll-lV 24 10 8 4 1 0

Number at risk

impaired platelet recovery (OR: 5.335, 95% Cl: 2.735-10.407,
P<0.001, Table 4).

Figure 2. Patients with grade IlI-IV pulmonary infection
were associated with worse OS (54.2+10.2%) when
compared to patients who had grade |-l infection
(88.1+6.4%, P=0.014).
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Figure 3. The probability of OS at 3 years after alloHSCT was 69.9+8.4% in the patients with PT (A), 29.4+11.1% in patients with SFPR
(B), and 87.9+3.6% in patients with GGF (PT vs. GGF: P=0.005; SFPR vs. GGF: P<0.001). The probability of TRM at 3 years was
30.134+0.74% in patients with PT (C), 70.59+1.39% in patients with SFPR (D), and 12.12+0.13% in patients with GGF (PT vs.

GGF: P=0.007; SFPR vs. GGF: P<0.001).

Survival outcomes

The probability of OS at 3 years after alloHSCT was 71.5+6.4%
for patients with pulmonary infection and 80.2+4.2% for pa-
tients without pulmonary infection (P=0.132). The patients
were further grouped into 2 subgroups depending on infec-
tion severity. Grade IlI-1V infection conferred a worse OS at 3
years (54.2+10.2% vs. 88.1+6.4%, P=0.014) compared to pa-
tients with grade |-l infection (Figure 2). The probability of
OS in patients with pulmonary infection in the first month
(n=18) was 66.7+11.1%, and 76.9+8.3% for patients (n=26)
who developed pulmonary infection during the second and
third months. (P=0.410).

The probability of OS at 3 years after alloHSCT was 55.2+7.3%
in the group with impaired platelet recovery and 87.9+3.6%
in patients with GGF (P<0.001). Patients with PT or SFPR had
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inferior survival compared with patients with GGF (3-year OS:
PT: 69.9+8.4%, P=0.005, Figure 3A; SFPR: 29.4+11.1%, P<0.001,
Figure 3B). TRM was increased in patients with impaired plate-
let recovery (impaired platelet recovery: 44.78+0.55% vs. GGF:
12.1240.13%, P<0.001). The probabilities of TRM at 3 years
were 30.13+0.74% in patients with PT and 70.59+1.39% in pa-
tients with SFPR (Figure 3C, 3D).

Discussion

To the best of our knowledge, this study is the first on plate-
let recovery and pulmonary infection within 100 days after al-
loHSCT. We performed propensity score matching to balance
baseline patient characteristics. The incidence of PT in patients
with pulmonary infection were 44% (22/50) and 9% (9/100)
in the corresponding matched group (P<0.001).
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Despite the advances in prophylaxis and therapy of infections,
pulmonary infections remain a major cause of death in more
than 40% of alloHSCT recipients [27-29]. In the present ret-
rospective study, we identified 62 cases of pulmonary infec-
tion (62/253, 25%) during the transplant procedure, in which
pneumonia was diagnosed based on clinical symptoms, micro-
bial culture, biochemical assay, invasive diagnostic procedures,
and imaging results. Fungal infection was the leading etiology
for pneumonia within 100 days after transplantation. Patients
received levofloxacin prophylaxis in our study, which was re-
ported in previous studies to lower the proportion of early bac-
terial infection after transplantation [14,30]. Although CMV
viremia was documented in 33 out of 150 patients, only 1 pa-
tient developed CMV-related pneumonia. Dynamic monitoring
of the CMV viral load in plasma and improved preemptive anti-
viral therapy contribute to the lower incidence of CMV pneu-
monia. As expected, the incidences of CMV and EBV viremia
were still higher in patients with pulmonary infection than in
patients without (Table 2). Pulmonary infection delayed the
immune reconstitution, which facilitated the reactivation of vi-
ruses. Myelosuppression caused by CMV infection itself, and
ganciclovir-induced cytopenia, were more difficult to manipu-
late, both of which contributed to impaired platelet recovery,
and then shorter survival. Of the 10 patients who developed
SFPR, 3 died of aGvHD and 3 died of respiratory failure. Four
patients who had CMV viremia received ganciclovir preemp-
tive therapy and recovered from SFPR. PT and SFPR were asso-
ciated with shorter OS and higher TRM, consistent with a pre-
vious study [24]. The underlying association between aGvHD
and impaired platelet recovery has been extensively studied
by others and by our group [10,23,31,32]. We have suggested
that bone marrow may be a potential aGvHD target through
immune-mediated cytopenias. In the present study, although
the distribution of aGvHD was balanced in the 2 groups, aGvHD
still had an impact on platelet recovery in the whole cohort in
univariate analysis.

In 36 surviving patients with pulmonary infection, only 15
(42%) achieved GGF, which shows that pulmonary infection
may have a close relationship with platelet recovery. Pulmonary
infection was a risk factor for impaired platelet recovery [OR
5.335, 95% Cl (2.735-10.407), P<0.001]. Of note, infections in
other sites did not have any overt impacts on platelet recov-
ery, which suggests that platelet recovery is related to a direct
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impact on pulmonary disruption rather than a systemic in-
flammatory state.

Infection, iron overload, aGvHD, CMV infection, the use of gan-
ciclovir or valganciclovir, and in vivo T cell depletion are signifi-
cantly associated with increased risk of SFPR [10,23,24,31,33].
Thrombopoiesis, which occurs within a specialized bone mar-
row microenvironment, is a complex biological process that is
initiated with the differentiation of hematopoietic stem cells
(HSCs) to megakaryocytic progenitors and eventually results in
the maturation of megakaryocytes to produce functional plate-
lets [18,34]. A recent study showed that the lungs in mice dy-
namically released platelets, representing almost 50% of to-
tal platelets production [35]. In a state of thrombocytopenia
and relative stem cell shortage in the bone marrow, those pro-
genitors can repopulate the bone marrow, and contribute to
multiple hematopoietic lineages [36]. Therefore, lung injury is
associated with reduced number of megakaryocytes from the
lungs, and this may result in thrombocytopenia.

Our study had several limitations. First, the analysis was retro-
spective. Second, small size is a major limitation in our study,
which made it difficult to comprehensively analyze the poten-
tial variables affecting platelet recovery. However, our propen-
sity score-matched model showed that pulmonary infection
has a powerful and specific effect on platelet recovery. Multi-
center clinical trials on this topic are needed.

Conclusions

The incidence of impaired platelet recovery in patients with
pulmonary infection following alloHSCT was relatively high.
Pulmonary infection during alloHSCT is related to an increased
risk of impaired platelet recovery (SFPR and PT) and is related
to worse OS and higher TRM. Further research should concen-
trate on the underlying mechanism of pulmonary infection and
impaired platelet recovery, which could help improve the prog-
nosis of alloHSCT recipients.
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