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Background: Autologous stem cell transplantation (ASCT) is the standard treatment for multiple myeloma (MM) and refrac-
tory/relapsed (R/R) lymphoma patients. Engraftment syndrome (ES) is a non-infectious febrile syndrome dur-
ing ASCT. This study focused on the incidence, risk factors, manifestations, and outcomes of patients with ES
receiving ASCT.

Material/Methods: This retrospective cohort study included MM and R/R lymphoma patients who underwent ASCT at Chiang Mai

University Hospital from January 2014 to September 2020. ES was diagnosed by the consensus of indepen-
dent reviewers based on clinical manifestations, laboratory, and radiological findings.

Results: We included 124 patients, of whom 67 (54.1%) had lymphoma. The mean age was 48.0+12.3 years. The inci-
dence of ES was 36.3%. The ES group had a significantly higher proportion of patients with fever, elevated liv-
er enzymes, elevated bilirubin, hypoalbuminemia, and weight gain compared to the non-ES group. TNC more
than 10x108 cells/kg was an independent risk factor for ES (odds ratio 2.94 with a 95% confidence interval of
1.15-7.50, P=0.024). ES was associated with longer length of stay (22.5+8.2 vs 16.9+6.4 days, P<0.001) but was
not associated with overall survival (0S).

Conclusions: The incidence of ES in this cohort was 36.3%. Features observed in ES patients were fever, elevated liver en-
zymes, elevated bilirubin, and hypoalbuminemia. TNC of more than 10x10® cells/kg was an independent risk
factor. ES was associated with longer length of stay but not survival outcomes.

Keywords: Bone Marrow Transplantation e Incidence ¢ Multiple Myeloma e Risk Factors
Abbreviations: ASCT - autologous stem cell transplantation; MM — multiple myeloma; R/R - refractory/relapsed;
ES — engraftment syndrome; SC — Spitzer criteria; MC — Maiolino criteria; CC — Cornell criteria; TNC — to-
tal nucleated cells; OS — overall survival; RFS - relapse-free survival; NRM — non-relapse mortality;
TRM - transplant-related mortality; HSCT — hematopoietic stem cell transplantation; AGVHD - autolo-
gous graft-versus-host disease; MDS — myelodysplastic syndrome; GGT — Gamma-glutamyl transferase;
t-MDS - transplantation-associated MDS; IQR — interquartile range; PBSC — peripheral blood stem cell;
ROC - receiver operating characteristic
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Introduction

Autologous stem cell transplantation (ASCT) is the standard
treatment for transplant-eligible multiple myeloma (MM) pa-
tients and for cases of refractory or relapsed (R/R) lympho-
ma [1,2]. Engraftment syndrome (ES), first defined by Lee
et al in 1995 [3], is a febrile syndrome occurring around en-
graftment of neutrophils after hematopoietic stem cell trans-
plantation (HSCT), usually presenting with fever, rash, pulmo-
nary edema, and diarrhea, but rarely involves other organs.
Diagnostic criteria of ES were proposed by Spitzer in 2001
and Maiolino in 2003 and have been used in many studies, as
well as the modified version proposed by Cornell et al in 2013
[4-7]. Currently, none of the proposed criteria are unanimously
accepted as a diagnostic criterion standard. Thus, ES [4] as a
clinical syndrome is mainly diagnosed by clinical and labora-
tory features consistently reported in various studies, includ-
ing the originally proposed criteria.

ES occurs more frequently after ASCT in various conditions, in-
cluding MM and lymphoma, and is sometimes called autologous
graft-versus-host disease (AGVHD). This syndrome was report-
ed after ASCT with an incidence of 10-60%, depending on the
criteria and study population [4-6,8,9]. Previous studies sug-
gested that the development of ES was associated with mul-
tiple factors, including female sex [3,10-12], use of G-CSF[13],
CD34* cell dose [6,11,12,14,15], use of bortezomib or lenalid-
omide [6], less aggressive chemotherapy [10,16], and periph-
eral blood stem cell use [5,12]. Evidence that ES affects treat-
ment outcome is inconclusive, and Bryne et al reported possible
graft-versus-myeloma effects [17], but more recent studies in
lymphoma, MM, and breast cancer patients showed no im-
provement and indicated it might be related to longer length
of stay or secondary myelodysplastic syndrome (MDS) [8,18,19].

This study focused on incidence, risk factors, features, treat-

ment, and transplant-related outcomes in patients with ES
receiving ASCT.

Material and Methods

Study Design and Participants

We conducted a single-center, retrospective study recruit-
ing a cohort of patients with biopsy-proven MM or R/R lym-
phoma who underwent ASCT at the Bone Marrow Transplant
Center, Chiang Mai University Hospital from January 2014 to
September 2020. Post-transplantation data including relapse
and death were collected. The study was conducted with ap-
proval from the Institutional Research Ethics Committee at
the Faculty of Medicine, Chiang Mai University (Study code:
MED-2563-07667).

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

Mongkolrat S. et al:
Engraftment syndrome in ASCT
© Ann Transplant, 2024; 29: 944043

Data Collection

We extracted data from electronic medical records, including
demographic characteristics, family history of malignancies,
chronic medical illness, diagnosis, previous treatment and
transplantation, stem cell source, date of collection, mobili-
zation, CD34* cell counts, total nucleated cell counts (TNC),
transplantation (length of stay, conditioning regimen, clinical
manifestation during hospitalization, antibiotics, antifungal,
corticosteroid, and transfusion), and outcome after transplan-
tation regarding relapse, graft failure, secondary malignan-
cies, and deaths.

Diagnosis of Engraftment Syndrome

The diagnosis of engraftment syndrome (ES) in our study was
initially done by 3 independent reviewers (SM, AT, and PP) who
evaluated the medical records regarding clinical manifestation
based on previously proposed criteria (Supplementary Table 1)
in relation to time of engraftment to determine the diagnosis
of ES and the consensus for the diagnosis was confirmed ac-
cordingly. ES was diagnosed with concordant evaluation of at
least 2 out of the 3 reviewers. We thoroughly assessed clini-
cal manifestations, including non-infectious fever, non-infec-
tious diarrhea, unexplained weight gain, skin rash, respiratory
symptoms (upper respiratory tract issues, dyspnea, hypoxemia,
respiratory failure, and acute respiratory distress syndrome),
new onset of jaundice, other clinical manifestations not pre-
viously mentioned in other publications (eg, neurological and
cardiovascular manifestation) were reviewed to explore any
association with engraftment syndrome. Laboratory results,
including elevated liver enzymes, including gamma-glutamyl
transferase (GGT), elevated bilirubin and creatinine, and ab-
normal thoracic imaging.

Outcomes

The primary outcome of this study was the effect of ES on
overall survival (OS) after transplantation. The secondary out-
comes were the effect on relapse-free survival (RFS), trans-
plantation-related mortality (TRM), and non-relapse mortal-
ity (NRM). Features, including clinical manifestation, time to
neutrophil and platelet recovery, and selected medications
(amphotericin B, bortezomib, cyclophosphamide, G-CSF, and
mobilization regimen) were analyzed for association with en-
graftment syndrome. Infection, secondary graft failure, trans-
plantation-associated MDS (t-MDS) and transplantation-as-
sociated acute myeloid leukemia (t-AML), and secondary
malignancies were our exploratory outcomes. Sensitivity and
specificity of the 3 proposed criteria were performed and the
committee’s consensus compared, in addition to any correla-
tion between each criterion.
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Statistical Analysis

Patient characteristics, stem cell harvesting, and transplanta-
tion-related data were reported as percentage for categorical
values and as mean with standard deviation or as median with
interquartile range (IQR) for continuous values. Comparisons
between the data were made using Fisher’s exact test or the
chi-square test for categorical values and using a t test or
Wilcoxon rank sum test for continuous values.

For detection of factors associated with ES, we assumed an
ES incidence of 30%, with an adjustment based on possibili-
ty. The factors of interest must have been associated with at
least a 3-fold higher risk of developing ES. With double-sided
alpha of 0.05 and power of 0.80, the sample size would need
to be at least 87 cases. Factors associated with ES were eval-
uated with a logistic regression model.

Survival outcomes (OS and RFS) were analyzed with the Cox
regression model and presented using Kaplan-Meier curves.
Regression models were performed in a stepwise manner, and
only factors with a level of significance of a P value less than
0.1 from the univariable analysis were included in the back-
ward-elimination multivariable analysis. All analyses were per-
formed using STATA statistical software version 17.0 (StataCorp
LLC, College Station, TX, USA).

Results

Participants

At our center, 124 patients who underwent ASCT were diag-
nosed with MM (46.0%) or R/R lymphoma (54.0%). Fifty-five
patients (44.3%) were female. The mean age was 48 (SD 12.3)
years, with an overall higher mean age of 54.3 (SD 7.2) years in
the MM group in comparison to 42.6 (SD 13.2) years in the lym-
phoma group. The chronic medical illnesses of participants are
all shown in Table 1. Chemo-mobilization was used in 56.3% of
cases. Plerixafor was given in 14 (11.8%) participants, all in the
lymphoma group. Median TNC was 10.2x108 cells/kg (IQR 6.8-
16.4x108 cells/kg) and the median CD34* cell dose was 4.5x10°
cells/kg (IQR 3.3-7.0x10° cells/kg). In all participants, peripheral
blood stem cells were used as the source for transplantation.

Incidence of Engraftment Syndrome

ES was diagnosed in 45 (36.3%) participants based on the con-
sensus of the independent reviewers. ES was diagnosed in 6
(4.8%), 69 (55.6%), and 74 (59.7%) using the Spitzer criteria
(SC), Maiolino criteria (MC), and Cornell criteria (CC), respec-
tively. The lymphoma group was diagnosed by our consensus
with ES less frequently than the MM group (23.9% vs 50.9%).
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Regarding the sensitivity and specificity of each criterion, in
comparison with our consensus, SC showed the highest spec-
ificity of 100% with a sensitivity of 13.3%, while CC showed
the highest sensitivity of 84.4% with 54.4% specificity. All cri-
teria including our consensus showed significant correlation
with varying strength (Table 2).

Features of Engraftment Syndrome

The median times to neutrophil and platelet engraftments were
11 days (IQR 10-12 days) and 18 days (IQR 15-23 days), re-
spectively. The median time to neutrophil engraftment in pa-
tients with ES did not differ from the non-ES group (11 (IQR
10-12) vs 10 (IQR 10-11) days, P=0.362), as well as the me-
dian time to platelet engraftment (19 (IQR 16-24) vs 18 (IQR
15-21) days, P=0.102).

Fever was significantly more frequent in the ES group (100%
vs 84.8%, P=0.004). The median percentage of weight gain was
significantly higher in the ES group (3.6% vs 2.6%, P=0.009).
Elevation of bilirubin was more frequent in the ES group in
comparison to the non-ES group (8.9% vs 0%, P=0.016), as
well as elevation of the liver enzymes aspartate aminotrans-
ferase (AST) (22.2% vs 3.8%, P=0.002), alanine aminotransfer-
ase (ALT) (33.3% vs 15.2%, P = 0.024), alkaline phosphatase
(ALP) (31.1% vs 8.9%, P=0.002), and gamma-glutamy! transfer-
ase (GGT) (66.7% vs 43.0%, P=0.011). Hypoalbuminemia was
also more frequently observed in association with ES (77.8%
vs 46.8%, P=0.001). There were no statistically significant dif-
ferences in the other clinical manifestations, including diar-
rhea, skin rash, respiratory symptoms, and changes in thorac-
ic imaging between the ES and non-ES group.

Risk Factors of Engraftment Syndrome

In the univariable analysis (Table 3), age 50 years and above
was associated with ES (OR 2.65, 95%Cl 1.23-5.68, P=0.012).
Diagnosis of MM was significantly associated with ES (OR
3.3, 95%Cl 1.54-7.09, P=0.002). Chemo-mobilization was as-
sociated with a lower risk of ES (OR 0.27, 95%Cl 0.12-0.59,
P=0.001). TNC dose of more than 10x108 cells/kg was asso-
ciated with increased risk of ES (OR 3.09, 95%Cl 1.40-6.78,
P=0.005). Amphotericin B use was also associated with ES
(OR 3.75, 95%Cl 1.56-9.02, P=0.003). Late stem cell harvest-
ing, defined as harvesting 6 months or more after diagno-
sis, was related to slower neutrophil engraftment compared
to earlier harvesting (12+4.3 vs 10.8+1.7 days, P=0.036), and
was also associated with increased risk of ES (OR 2.65, 95%Cl
1.14-6.17, P=0.023). In the multivariable analysis after adjust-
ment for diagnosis, the factors associated with increased risk
of ES were only TNC of more than 10x108® cells/kg (OR 2.94,
95%Cl 1.15-7.50, P=0.024) and amphotericin B use (OR 4.33,
95%Cl 1.57-11.94, P=0.005).
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Table 1. Patient characteristics.

Parameter Overall (N=124) Lymphoma (N=67) Myeloma (N=57)
Female (%) 55 (44.3) 27 (40.3) 28 (49.1)
Age, Mean (SD) 48.0 (x12.3) 42,6 (+13.2) 54.3 (+7.2)

24 (19.4) 8 (11.9) 16 (28.1)
7777777 6 (4.8) 2 60 4 (7.0)
7777777 18 (145 4 60 14 (46)
7777777 1 (08) o0 1 (1.8)
Ll  Coonayarterydisease %) 2 (1.6) 1 s 18
O 7777777 2 16 1 s 1 18
O 7777777 3 (2.4) 1 s 265
m 1 (0.8) 0 (0) 1 (1.8)
al 2 (16) 1 (15) 1 (1.8)
E 7777777 86 (69.4) 34 (508) 52 (812)
= lregmentw 38 (306) 33 @92 5 88)
= o et T 7 (5.6) o0 7 (123
C(D 7777777 124 (100) 67 (100 57 (1000
D 7777777 52 437) 4 60 48 (023
LWl chemomobiization®) 67 (563) 63 (040) 40
5 7777777 14 (11.8) 14 209 o0
O o withmemonth G 44 (37.6) 20 (97) 4 80
T o Bes 7wy e
< 7777777 102 (68164 01 (61-133) 129 (84-2182)
7777777 45 (3370 44 (3375 45 (3265
- 9.6 (&5.0) 84 (+38) 110 58

PBSC — peripheral blood stem cell, TNC — total nucleated cell.

Table 2. Correlation, sensitivity, and specificity of criteria from the Committee Consensus.

Criteria Sensitivity (%) Specificity (%) Correlation (R) P value
Spitzer criteria 133 100 0.299 <0.001 0.567
© Maolino criteria 82 595 0404 0001 0709
~ Comellcriteria 844 sa4 0694 ©001 0694

ROC - receiver operating characteristic.
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Table 3. Risk factors of engraftment syndrome.

o ES Non-ES Univariable analysis Multivariable analysis
(N=45)  (N=79) 95% Cl  Pvalue 95% Cl  Pvalue
Female, N (%) (42617) (4140) 1.16 0.55-2.42 0.696 - - =
. 30 34
Age >50 (%) (66.7) (43.0) 2.65 1.23-5.68 0.012 2.17 0.79-5.96 0.134
Diagnosis
16 51
Lymphoma (%) (35.6) (64.6) Ref = = =

Cyclophosphamide 42 71
use (%) (93.3) (89.9)

Chemo-mobilization 16 51
%) (36.4) (68.0) 0.27 0.12-0.59 0.001 0.41 0.07-2.42 0.322
28 24
F 0, —_ - —_
GCSF alone (%) 63.6) (32.0) Ref
Plerixafor use (%) 2 12 0.25 0.05-1.17 0.079 0.21 0.35-1.24 0.085
° (4.5) (16.0) S co
Time to
. 8.9 8.2
transplantation, (73-104)  (6.2-11.2) 1.02 0.95-1.10 0.554 = = =

months in median (IQR)

APPROVED GALLEY PROOF

TNC dose >10x10°8 31 13 .
cells/kg, N (%) 47.7) (23.8) 3.09 1.40-6.78 0.005 2.94 1.15-7.50 0.024
CD34 (x10° cells/kg), 4.2 4.6
median (IQR) (29-6.0)  (3.4-8.0) 0.99 0.95-1.03 0.612
Neutrophil 1 10
engraftment, days in 1.05 0.95-1.16 0.378 = = =
- 10-11
median (IQR) g2 (OeCT)
Platelet engraftment 19 18
. . ’ 1.00 0.98-1.03 0.690 - - -
days in median (IQR) (16-24) (15-21)
Engraftment ALC, cells 160 180
in median (IQR) (81:269) (80325 % ! 0126
17 11
e () i * B
Amphotericin B use (%) (37.8) (13.9) 3.75 1.56-9.02 0.003 4.33 1.57-11.94 0.005

* Adjusted for diagnosis. MM — multiple myeloma, TNC — total nucleated cell, ALC — absolute lymphocyte count.
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Table 4. Outcome of transplantation.

Length of stay (day) (SD) 18.9 (+7.6)
M 162
CwMe 208
 Graftfaile %) 34
Cemos) 108)
© Secondary malignancy (%)) 108)
© Antibiotic duration (day) (QR) 12 (9-16)
© Antifungal duration (day) (IQR) 74519
© AmphotericinBuse (%)) 2826
Packedredcell UGQR) 0501
 Platelet,U(QR)  15(1024)
 Cotticosteroiduse (%) 1207

Mongkolrat S. et al:
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22.5 (+8.2) 16.9 (+6.4) <0.001

e 368 1000
””” 0@  2@%  osa
””” 2064 1@y o028
""" o 1@y 100
""" 0o© 1@ 100
11200 000 n@Ew) w0001
""" s@1)  9(-145 0233
R N T e 0003
10 o0y 0123
15030 150023 0156
Cw2een o w0001

NRM — non-relapse mortality; TRM — transplantation-related mortality; t-MDS — transplantation-related myelodysplastic syndrome.

Transplantation Outcomes

As shown in Table 4, the ES was associated with longer hospi-
tal stay (22.5+8.2 days vs 16.9+6.4 days, P<0.001). Durations of
antibiotics and amphotericin B use were significantly longer in
the ES compared to the non-ES group. Corticosteroid use was
significantly higher in the ES group (26.67% vs 0%, P<0.001).
Steroid was used in 12 patients (26.7%). The difference be-
tween ES with steroid use versus no steroid use were elevat-
ed aspartate aminotransferase (AST) (P=0.007) and elevated
creatinine (P=0.028) in the steroid group. Steroid-resistant ES
was not observed. There were no statistically significant dif-
ferences regarding NRM, TRM, graft failure, secondary malig-
nancy, or number of blood component transfusions between
the ES and non-ES groups.

With the median follow-up time of 35 months (IQR 24.3-63.3
months) in the overall cohort, median OS were not reached in
either the ES or non-ES groups. There was no significant dif-
ference found in OS and RFS between the groups (Figure 1).
Subgroup analysis for OS and RFS of lymphoma or MM pa-
tients also showed no significant differences.

Discussion

ES is a clinical syndrome that may be affected by various con-
founding factors such as patient characteristics, treatment re-
ceived, and complications during transplantation. Diagnosis
made based solely on the criteria used might account for the
differences in prevalence among studies. Our study used an

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

independent review process and comparisons were made in
accordance with criteria-based diagnoses. In our study, the in-
cidence of ES was 36.29%, and previous studies have reported
incidences ranging from 3% to 60%, depending on the crite-
ria used and the study population [3,20]. All diagnostic crite-
ria showed varying degrees of correlation with the commit-
tee’s consensus. SC had the highest specificity (100%) and CC
showed the highest sensitivity (84.4%). ES is the clinical syn-
drome, but the lack of specific markers for diagnosis means that
physicians can only suspect but not definitely confirm ES. CC
and MC offer sensitivity advantages, reducing the likelihood of
missing a diagnosis of ES. Both criteria can be used as screen-
ing tools for ES. SC has high specificity and can more accurate-
ly guide appropriate treatment. ES cases requiring treatment
are rare [21]. Corticosteroids or immunosuppressive agents
are the only preferred treatment choice for severe ES [8]. It is
crucial to rule out other causes before considering corticoste-
roid use, especially infectious cause of fever.

Our study found that fever, hepatobiliary involvement, hy-
poalbuminemia, and weight gain were significant clinical
features in ES patients, consistent with previous studies
[2,5,6,10-12,18,22-29]. In agreement with previous studies,
we found that febrile episodes were significantly associated
with ES, and the condition itself should always be looked for
in patients receiving ASCT. However, fever as a consequence of
infections, whether from bacteria, viruses, or fungi, should be
first excluded. As for other features reported to be associated
with ES in previous studies, neither respiratory system issues,
rash, diarrhea, nor renal involvement were found to be signifi-
cant. This might be related to the differences in characteristics
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Figure 1. (A) Overall survival in engraftment syndrome and non-engraftment syndrome groups. (B) Relapse-free survival in
engraftment syndrome and non-engraftment syndrome groups (Stata 17.0, StataCorp LLC, College Station, TX, USA).

and diagnosis from other cohorts, or due to difficulties in dis-
tinguishing ES from chemotherapy complications. In addition,
ES patients in our study had milder symptoms compared to
previous studies, as indicated by a lower rate of corticosteroid
use deemed necessary by the treating physician, as well as the
lack of mortality from ES. We did not observe a difference of
time to neutrophil engraftment between groups, which was
inconclusively reported in previous studies and warrants fur-
ther investigation [5,6,12,14,25-27,29,30].

Among other various previously reported risk factors, the pres-
ent study found that advanced age, hypertension, MM, late

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

stem cell harvesting, amphotericin B use, and high-dose TNC
were associated with increased risk of ES in univariable anal-
ysis. Our findings regarding advanced age, MM, amphoteri-
cin B, and high-dose TNC were concordant with the findings
in previous studies [6,12,14,22,24,31,32]. While chemo-mo-
bilization was associated with significantly lower risk of ES,
Plerixafor use was associated with a non-significant trend of
protection, in contrast to a study in which Plerixafor was as-
sociated with increased risk of ES [32]. In the multivariable
analysis after adjustment for diagnosis, only high TNC dose
and amphotericin B use were associated with increased risk
of ES. A possible explanation is that in the case of the higher
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transplantation cell dose, a higher concentration of cytokine
would be released at the time of engraftment, increasing the
risk of ES. Previous studies also showed a significant corre-
lation between the incidence of ES and the stem cell dose
[12,14,22,24], The increase risk of ES with amphotericin B was
consistent with previous reports [5,12]. From our perspective,
the relationship between the amphotericin B use and the in-
creased risk of ES might be attributed to the treatment of fe-
brile episodes unresponsive to antibiotics, which may reflect
ES rather than the effect of the drug itself.

As previously reported, we also observed significantly increased
hospital stay in the ES group [5,23-25], which might be due to
the time to complete the course of antibiotics, which was sig-
nificantly longer in this group, or due to monitoring the com-
plications during corticosteroid therapy. Survival analyses, as
also reported by many other studies [5,12,26,33,34] showed
no significant differences in ES status between OS and RFS.
A possible explanation might be that ES is due to a brief ep-
isode of cytokine surge during engraftment; thus, the effects
or changes made by ES would last for a certain period and the
syndrome has little effect on prognosis [5,12].

The strength of our study is that it determined the prevalence
of ES in ASCT for both MM and lymphoma patients. We used
consensus diagnosis based on diagnostic criteria and compared
all the criteria for the diagnosis of ES. We also identified the
risk factors of ES that can identify high-risk patients and in-
form early treatment to prevent overt ES with its associated

Supplementary Table

Supplementary Table 1. Proposed criteria for engraftment syndrome.

Non-infectious febrile ¢ Fever »38.3°C

episodes ¢ Without positive
cultures or response to
ATB

Rash ¢ Rash >25% of BSA
¢ Not caused by
medication
Weight gain ¢ 2.5% weight gain

Hepatobiliary manifestation ¢ TB >2 mg/dL
¢ Transaminase 2x UNL

Renal manifestation e (Creatinine at least 2x
baseline
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high morbidity and mortality. Our study has some limitations.
First, its retrospective nature necessarily entails some missing
data, which might have affected some of the results. Second,
the diagnosis of ES was made based on clinical and labora-
tory manifestations, which can affect the prevalence. Larger
studies are needed on engraftment syndrome. Identification
of biological markers might offer the opportunity for early di-
agnosis and preemptive early treatment.

Conclusions

ES was associated with longer length of hospital stay, while
overall survival, relapse-free survival, and other transplant-re-
lated outcomes were not affected. Higher TNC cell dose was
significantly associated with increased risk of ES.
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Fever >38°C e Fever >38°C
Without positive cultures ¢ Without positive culture and
or response to ATB no response to ATB

2 or more episodes of e 2 or more episodes of liquid
liquid defecation per day defecation per day

Diffuse MP rash e MP rash >25% of BSA
Not caused by infection ¢ Not due to drug or infection

None e TB >2 mg/dL
¢ Transaminase 2x UNL

- None
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Supplementary Table 1 continued.

Respiratory manifestation

¢ Pulmonary edema by CXR
or CT not by infection,

Pulmonary imaging ¢ Non-cardiogenic
pulmonary edema
Other manifestation ¢ Unexplained transient

Onset of interested events

encephalopathy

¢ 4 days within
engraftment period

cardiac causes, or PE

¢ 1 day prior to
engraftment and anytime
period post-engraftment

ORIGINAL PAPER

Proposed criteria for engraftment syndrome.

e Pulmonary edema by CXR or
CT not by infection, or cardiac
causes

¢ Transient encephalopathy

e 3 days prior and within 10
days post-engraftment

ATB — antibiotic; BSA — body surface area; MP — maculo-papular; TB — total bilirubin; UNL — upper normal limit; CXR — chest
roentgenograph; CT — computed tomography; PE — pulmonary embolism.
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