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ABSTRACT

Cytokine release syndrome (CRS) occurs frequently after haplo-identical allogeneic stem cell
transplantation (alloSCT) with post-transplant cyclophosphamide (PTCy), increasing nonrelapse
mortality (NRM) and decreasing survival. Data on CRS in HLA-matched alloSCT are limited and
effects of specific HLA-mismatches on CRS development unknown. We hypothesized that in
HLA-matched alloSCT increasing degrees of HLA-mismatching influence CRS incidence, NRM and
survival. Retrospective analysis of 126 HLA-matched PTCy-alloSCT patients showed that higher
degrees of HLA-mismatching significantly increased CRS incidence (26%, 75% and 90% CRS with
12/12, 10/10 and 9/10 matched donors, respectively). Maximum temperature during CRS increased
with higher HLA-mismatch. Specific associations between HLA-mismatches and CRS could be
determined. Grade 2 CRS and CRS-induced grade 3 fever were associated with significantly
increased NRM (p<0.001 and p=0.003, respectively) and inferior survival (p<0.001 and p=0.005,
respectively). NRM was mainly caused by disease conditions that may be considered CRS-induced
inflammatory responses (encephalopathy, cryptogenic organizing pneumonia and multi-organ
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failure).

Introduction

Post-transplant cyclophosphamide (PTCy) administered
at days 3 and 4 after allogeneic stem cell transplanta-
tion (alloSCT) effectively reduces the incidence of
severe acute and chronic graft-versus-host disease
(GVHD) [1,2]. PTCy most likely acts through different
working mechanisms, including reduction of alloreac-
tive T-cell proliferation, functional impairment of sur-
viving alloreactive T cells and preferential recovery of
regulatory T cells [3,4]. Also, when using PTCy early
immune reconstitution takes place, most likely by
naive donor T cells [4].

In haplo-identical PTCy-alloSCT, fever of unknown
origin can develop early after the infusion of the
unmanipulated graft, which typically starts in the first

5days after transplantation and quickly resolves upon
administration of PTCy [5-22]. It is believed to be
caused by an alloreactive immune response inducing a
severe systemic inflammatory reaction with the devel-
opment of a cytokine release syndrome (CRS).
Significant increases in multiple cytokines, such as
interferon gamma, interleukin (IL) 6, IL2, IL2 receptor,
IL8, IL10, IL17, and tumor necrosis factor (TNF) have
been observed during this CRS [21].

In haploidentical PTCy-alloSCT, CRS develops in
73-94% of patients [5-22]. Literature on CRS in
PTCy-alloSCT with matched related donors (MRD) and
matched unrelated donors (MUD) is limited [9,23],
hinting toward a much lower CRS incidence in
patients transplanted with 10/10 HLA-matched
donors (14-23%). One study showed that in a mixed
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group of 29 patients transplanted with a 7/10, 8/10,
or 9/10 MUD, incidences of CRS approached those
seen after haplo-SCT (62% grade 1 CRS and 3% grade
2 CRS) [23].

When experiencing CRS, most patients develop mild
grade 1-2 CRS (fever with or without hypoxia or hypo-
tension, responding to therapy). In haploidentical
PTCy-alloSCT 12-17% of patients develop severe grade
3-4 CRS, occurring more in patients transplanted with
peripheral blood versus bone marrow grafts
[8,11,13,19,22]. Severe CRS is a life-threatening compli-
cation necessitating Intensive Care Unit support. In
haploidentical PTCy-alloSCT, severe CRS is associated
with increased NRM and reduced overall survival (OS)
[6,12,13,19]. Interestingly, in PTCy-alloSCT with a 10/10
HLA match, the development of CRS appears to have
no negative effects on NRM and OS [9,23].

Although these studies together give the impres-
sion that incidence and severity of CRS increases in
transplantations with higher degree of HLA mismatch
between patient and donor, specific data on the
effects of the number and different types of HLA mis-
matches on CRS are not available. Furthermore, it is
unknown whether HLA mismatches that are generally
accepted and are considered to be less important in
alloSCT (HLA-DPB1 and HLA-DRB3, 4 and 5) influence
CRS development.

Our center performs PTCy-alloSCT using either
12/12 MRD or MUD with a 9/10 or 10/10 match. We
hypothesized that in these patients increasing degrees
of HLA-mismatching influence CRS incidence and
severity, NRM and survival. Therefore, we retrospec-
tively analyzed a cohort of 126 transplanted patients
to determine effects of different HLA mismatches on
the development of CRS after PTCy-alloSCT.

Subjects and methods
Study population and treatment protocols

All consecutive patients who underwent myeloablative
or nonmyeloablative alloSCT with PTCy GVHD prophy-
laxis using a MRD or a 9/10 or 10/10 MUD at the
Leiden University Medical Center between March 2020
and July 2022 were included. Donors and patients were
molecularly HLA typed for HLA-A, B, C, DR, DQ and DP
loci. Donor—patient matching was performed on HLA-A,
B, C, DR, DQ according to common practice, disregard-
ing mismatches in HLA-DPB1 and HLA-DRB3/4/5. For
this analysis, we categorized HLA-DPB1 mismatches
into permissive and non-permissive according to the
IMGT/HLA-matching algorithm version 2.0 (TCE-4)
(https://www.ebi.ac.uk/ipd/imgt/hla/matching/) [24,25].
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All patients gave written informed consent for the
treatment and scientific evaluation before transplanta-
tion and data collection. Data analysis was approved
by the LUMC Biobank Review Committee (RP22.002)
and performed as of August 2023.

Transplantation protocol

Patients over 50years were transplanted with a non-
myeloablative conditioning regimen consisting of
cyclophosphamide, fludarabine and low dose TBI [1],
patients up to 50years with a myeloablative condition-
ing regimen consisting of thiotepa, busulfan and fluda-
rabine [26]. All patients received peripheral blood
grafts. GVHD prophylaxis consisted of PTCy (40 mg/kg)
twice administered 72 and 96 h after SCT, mycopheno-
late 15mg/kg three times per day between day +5
and +28, and tacrolimus twice daily 0.04mg/kg start-
ing on day +5. Filgrastim 5 ug/kg/day was started on
day +5 until neutrophil recovery. Rapid tapering of
tacrolimus started on day +70 in patients transplanted
with a 10/10 or 12/12 matched donor and on day +90
in patients transplanted with a 9/10 matched donor.
All patients received standard supportive care includ-
ing antimicrobial prophylaxis. Patients with fever
> 38.5°C received antipyretic therapy with acetamino-
phen. All patients were scheduled to receive prophy-
lactic donor lymphocyte infusion at 6months after
transplantation in the absence of active graft-versus-
host-disease (GVHD), poor risk patients were sched-
uled for additional donor lymphocyte infusion one
month after tacrolimus discontinuation.

Study endpoints and definitions

The primary objective of the study was to determine
the effect of different degrees of HLA mismatching on
the incidence and severity of CRS. The secondary
objective was to determine the effect of CRS severity
on NRM and OS.

Fever was defined as a single temperature measure-
ment of 38.3°C or higher or sustained temperature of
greater than 38°C lasting for at least Th. CRS was
graded according to published criteria using the ASTCT
consensus for fever and CRS manifestations [27]. Fever
was graded according to Common Terminology Criteria
for Adverse Events (CTCAE) version 5 [28]. A diagnosis
of CRS was made when patients developed fever in
the first 5days after transplantation and infectious eti-
ology of this fever was ruled out by comprehensive
clinical, radiographic, microbiological, and laboratory
analysis. Graft versus host disease (GVHD) was
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diagnosed and graded according to standard criteria
[29,30]. Refined disease risk index (DRI), comorbidity
index (HCT-Cl) and EBMT risk score were determined
as published [31-33].

Statistical analysis

Categorical variables were compared by Fisher’s exact
test. Continuous variables were compared between
groups by two-tailed Mann-Whitney test or Kruskal-
Wallis test. Cumulative incidence was used to estimate
endpoints of neutrophil and platelet engraftment,
acute and chronic GVHD, NRM, relapse, cryptogenic
organizing pneumonia (COP) and encephalopathy. For
each endpoint, death without the endpoint of interest
was the competing event. Associations with fever and
CRS were tested using Gray's test. The Kaplan-Meier
method was used to determine probabilities of overall
survival (OS), relapse-free survival (RFS) and GVHD and
relapse free survival (GRFS) [34]. The log-rank test was
used to compare OS by CRS grade and maximum
grade fever during CRS. Since all cases of CRS and
fever took place before the first event in the dataset
occurred, these variables could be treated as time-fixed
(i.e. known at the moment of transplantation) without
causing immortal time bias.

Multivariable analysis was performed to adjust for
potential confounders to obtain a net effect of CRS
and fever during CRS on OS. This analysis could not be
performed on NRM because of the limited number of
NRM cases (n=15) [35]. Because it is conceivable that
many different patient (age, CMV status, type of dis-
ease, remission status, co-morbidities), donor (age, HLA
mismatch, patient-donor sex mismatch) and transplant
variables (type of conditioning, cell number, freezing of
graft) may affect the remaining T cell repertoire and/or
vigorousness of T-cell responses early after transplanta-
tion and thereby influence CRS occurrence, the impact
of these variables on OS and NRM was first assessed.
Variables showing difference in OS with a significance
level of p<0.10 were entered into a multivariable Cox
regression model. Results were expressed as hazard
ratios (HR) with 95% confidence intervals (95% CI).

For statistical analysis R 4.1.2 (packages ‘survival,
‘prodlim’ and ‘cmprsk’) and IBM SPSS version 25
were used.

Results
Patient and transplantation characteristics

Between April 2020 and July 2022, 133 consecutive
patients received PTCy-alloSCT. Seven patients showed

evidence of infection within the first 5days after SCT
(three cases of pneumonia, one phlebitis, one cellulitis
of the eye, one cellulitis of the skin, one rhinoviral
infection). Since clinically manifest infections are a con-
founding cause for the development of fever, these
seven patients were excluded from further analysis.

Characteristics of the remaining 126 patients are
shown in Table 1. Median age was 61years (range
19-77), 71% of patients were male, 76% of patients
were transplanted for acute leukemia or myelodysplas-
tic syndrome. All patients received peripheral blood
grafts (median 6.9x10A6/kg, range 1.9-6.5). Twenty
patients (16%) were transplanted with a sibling related
donor and 106 (84%) with an unrelated donor.
Median follow-up in alive patients was 720days (range
382-1196). Transplantation outcomes are shown in
Supplemental Table 1.

The effect of HLA matching on CRS incidence and
severity

For the primary and secondary endpoint analysis,
patients were categorized in three different
HLA-matching groups, a 9/10 group (38 patients trans-
planted with 9/10 MUD and 1 with a related donor
with a single mismatch), a 10/10 group (60 patients
transplanted with 10/10 MUD with one or two HLA-DP
mismatches) and a 12/12 group (19 patients trans-
planted with MRD and 8 with 10/10 MUD without
HLA-DP mismatches).

Eighty-six of the 126 transplanted patients (68%)
developed fever in the first 5days after transplantation
without evidence of active infection. Seventy-five
patients (87%) experienced only fever (grade 1 CRS)
and 11 patients (13%) developed grade 2 CRS (fever
combined with hypotension requiring intravenous flu-
ids and/or hypoxia requiring oxygen therapy). No
grade 3-4 CRS was observed.

The incidence of CRS after transplantation
increased with higher degrees of HLA mismatching
between patient and donor (12/12, 10/10 or 9/10)
(Figure 1(A)). Significantly more patients with a 10/10
or 9/10 match (75% and 87%, respectively) developed
CRS compared to patients with a 12/12 match (26%)
(Figure 1(A)). Also, the incidence of CRS grade 2 was
significantly higher in patients with a 9/10 matched
(26%) compared to a 10/10 (2%) or 12/12 matched
donor (0%) (Fisher's exact p<0.001 and p=0.004,
respectively).

Because 87% of patients developing CRS experi-
enced the same severity of CRS (grade 1), we next
used the maximum temperature developing during
CRS to bring more differentiation within this group
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Table 1. Patient, donor, disease and transplant characteristics.
n (%)
n=126

Patient related
Sex, male
Recipient age, median (range), y
Recipient age group
<45 23 (1
45-54 17 (1
55-64 40 (3
>=65 46 (3
WHO performance at alloSCT
0 39 (31)
1 77 (61)
2 10 (8)
HCT-CI
0 62
1-2 37
3-4 21
5+ 6
EBMT risk score
1-2 19 (
3 47 (
4 38 (
>=5 22 (
Donor related
Donor age, median (range), y
Donor age
<25 50 (40)
25-35 42 (33)
>35 34 (27)
Donor-recipient sex match
Male-male 64
Male-female 24
Female-male 26
Female-female 12
Donor-recipient CMV status
+/+ 57
+/- 9
—/+ 13
—/- 47
Donor-recipient relation
Sibling matched 19 (15
Sibling mismatched 1(1)
Unrelated matched 68 (54)
Unrelated mismatched 38 (30
Donor-recipient HLA match
12/12 related donor 19
12/12 unrelated donor 8
10/10 unrelated donor 60
9/10 related donor 1
9/10 unrelated donor 38
Disease related
Disease
Acute myeloid leukemia
Myelodysplastic syndrome
Acute lymphoblastic leukemia
T-cell lymphoma
Myeloproliferative neoplasia
B-cell lymphoma
Chronic myelomonocytic leukemia
M. Hodgkin
Myeloma
Other
Disease status at transplantation
Complete remission 1
Partial remission
Stable disease
Progressive disease
Untreated
Refined Disease risk index
Low
Intermediate
High
Very high
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(Continued)

HLA MATCHING AND PTCY-RELATED CRS ’ 1273

Table 1. Continued.

n (%)
n=126

Time from diagnosis to transplant

<=1y 79 (63)

>1y 47 (37)
Transplant related
AlloSCT sequence

First alloSCT 124 (98)

Second alloSCT 2(2)
Graft type

Peripheral blood 126 (100)

Frozen 60 (48)

Fresh 66 (52)
Conditioning regimen intensity

Non-myeloablative 100 (79)

Myeloablative 26 (21)
GVHD prophylaxis

Tacrolimus and mycophenolate 126 (100)
CD34+ cell number (x 1076/kg), median (range) 6.9 (1.9-16.5)

<5%1016/kg 17 (13)

>=5X10"6/kg 109 (87)
TNC number (x 1018/kg), median (range) 7.6 (3.6-20.1)

WHO: World Health Organization, HCT-Cl: hematopoietic stem cell trans-
plantation comorbidity index, EBMT: European Bone Marrow
Transplantation, TNC: total nucleated cells.

with regard to CRS severity. Median maximum tem-
perature was lowest in 12/12 matched patients (37.6°C)
and significantly increased in 10/10 (38.9°C) and 9/10
(39.9°C) matched patients (Figure 1(B)). In particular,
grade 3 fever (>40°C) occurred predominantly in
patients with a 9/10 match (16 of 39 patients, 41%),
significantly more than in the 12/12 (0 of 27 patients)
and 10/10 matched groups (8 of 60 patients, 13%)
(Fisher’s Exact p<0.001 and p=0.003, respectively).

The effects of HLA matching on fever were further
analyzed (Figure 2). In 12/12 matched patients, no
clear difference between patients transplanted with a
related or unrelated donor was observed (median
maximum temperatures 37.6 and 37.7°C). In this 12/12
matched group we observed 4 outliers with maximum
temperatures above 39°C. The two 12/12 matched
patients reaching the highest temperatures (39.5 and
39.9°C) were found to have an HLA-DRB3/4/5 mis-
match, mismatches that are generally disregarded in
patient-donor matching [36]. However, in this 12/12
matched group also, a patient with an HLA-DRB3/4/5
mismatch was identified that did not develop fever.

In the 10/10 matched group, patients with a non-
permissive DPB1-mismatch experienced significantly
higher maximum temperatures than patients with a
permissive DPB1-mismatch (median 39.3°C versus
38.4°C, p=0.007). In the permissive group, 21% of
patients developed grade 2-3 fever (>39°C), in the
non-permissive group 61% (p=0.002 Fischer’s Exact).
HLA-DRB3/4/5 mismatches were observed in patients
that developed high temperatures as well as in patients
that did not.



1274 (&) PAVON DEM BORNE ET AL.

Figure 1. Significant effects of HLA matching differences on CRS and maximum temperature developing after PTCy-alloSCT in

patients transplanted with 12/12, 10/10 and 9/10 matched donors.

Horizontal bars show median values.

A) Differences in CRS. P-values indicate differences between groups with combined CRS grade 1 and 2 by Fisher’s exact test.
B) Differences in maximum temperature. Temperatures of 37, 38, 39, 40 and 41°C correspond with 98.6, 100.4, 102.2, 104 and 105.8°F, respectively. P-values
indicate differences between groups by Kruskal-Wallis test with pairwise comparisons after Bonferroni correction (global p-value p <0.001).

In the 9/10 matched group, maximum temperatures
were >39°C in all patients with HLA-DRB1 and HLA-B
mismatches (median 40.6 and 40.2°C, respectively).
Maximum temperatures were more variable in patients
with HLA-A, HLA-DQB1 and HLA-C mismatches (median
40.1, 39.9 and 38.6°C, respectively) (Figure 2). Statistical
analysis showed significantly higher temperatures in
the HLA-DRB1 group compared to the HLA-C group.
Concomitant HLA-DRB3/4/5 mismatches were predom-
inantly observed in the high maximum tempera-
ture ranges.

Because of the COVID pandemic approximately half
of the grafts had been cryopreserved before infusion.
Cryopreservation did not influence the incidence or
severity of CRS (Supplemental Table 2). Also, the com-
position of the graft (CD34 and total nucleated cell
number) did not influence CRS (Supplemental Figure 1).
Rapid immune reconstitution occurred after transplan-
tation, in a pattern similar as published [37]. CRS only
marginally slowed the immune reconstitution of CD4,
CD8 and B-cells in the first weeks after transplantation
(Supplemental Table 3).

Effect of CRS on clinical outcome after alloSCT
with PTCy

Fifteen patients died from NRM, as specified in Table 2.
Six of these patients (40%) had experienced grade 2
CRS, 8 of these patients (53%) CRS with grade 3 fever.
In the majority of patients, this NRM occurred early
after transplant with the underlying disorder being
diagnosed already before day 100 (patients 1-11). As
most frequent causes of death in these 11 patients,
four cases of encephalopathy without identifiable
cause and 2 cases of cryptogenic organizing pneumo-
nia (COP) were observed, all in patients developing
symptoms before day 100 after transplantation. In the
111 patients without NRM we could not identify any
further encephalopathy cases, however two other
cases of COP early after transplantation were identi-
fied; one patient at day +52 (after experiencing grade 3
fever with grade 2 CRS), another patient at day +75
(after experiencing grade 3 fever with grade 1 CRS).
Both patients were successfully treated with predniso-
lone. In addition, two patients developed a chronic
GVHD-related COP at days +207 and +438 after
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Figure 2. Effects of differences in HLA matching on maximum temperature developing after alloSCT with PTCy.

Temperatures of 37, 38, 39, 40 and 41°C correspond with 98.6, 100.4, 102.2, 104 and 105.8°F, respectively. Horizontal bars show median values. Patients
transplanted with 12/12 matched donors are subdivided in RD (related donor) and UD (unrelated donor). Patients transplanted with 10/10 matched donors
are subdivided in DP P (HLA-DPB1 permissive mismatch) and DP NP (HLA-DPB1 non-permissive mismatch), two-sided Mann-Whitney shows significant
difference between these groups. Patients transplanted with 9/10 matched donors are subdivided according to MM (mismatch) in HLA-A, B, C, DR (DRB1)
or DQ (DQB1), Kruskal-Wallis test shows statistical difference within these groups (global p-value = 0.003), post hoc testing with Bonferroni adjustment
shows significant difference between HLA-DRB1 and HLA-C subgroups.

Table 2. Description of patients with non-relapse mortality after PTCy-alloSCT.

MA/ HLA Fever CRS
Age NMA  Daydiagnosis DayNRM match MM DPBTMM DRB3/4/5 MM grade grade Cause of death

1 >=65 NMA +8 +12 9/10 C NP DRB4 2 2 Acute cardiac failure

3 >=65 NMA +11 +14 10/10 NP 3 2 Encephalopathy without
identifiable cause

3 >=65 NMA +18 +33 10/10 P DRB3 3 1 Encephalopathy without
identifiable cause

4 <50 MA +28 +33 9/10 DRB1 NP DRB3 3 2 Multi-organ failure

5 >=65 NMA +26 +39 10/10 P 0 0 Encephalopathy without
identifiable cause

6 >=65 NMA +29 +43 9/10 DRB1 P 3 2 Encephalopathy without
identifiable cause

7 51-64 NMA +28 +48 9/10 A NP 3 2 Primary graft failure

8 <50 MA +36 +71 10/10 P 1 1 Sinusoidal-obstruction
syndrome

9 >=65 NMA +40 +96 9/10 B NP 3 2 Cryptogenic organizing
pneumonia

10 <50 MA +50 +153 12/12 0 0 Acute GVHD grade 4

1 <50 MA +99 +187 9/10 A P 3 1 Cryptogenic organizing
pneumonia

12 >=65 NMA +117 +203 10/10 P 0 0 Cerebral lymphoma

13 >=65 NMA +393 +404 9/10 A P 1 1 Adenocarcinoma

14 51-64 NMA +527 +567 12/12 0 0 Acute GVHD grade 3
after DLI for mixed
chimerism

15 >=65 NMA +751 +757 10/10 NP 3 1 VZV hepatitis

Both the day of diagnosis of the condition causing NRM and the day that NRM occurred are included. To prevent recognition the age of patients is pre-
sented in different cohorts. Encephalopathy without identifiable cause was characterized by progressive confusion or somnolence, without diagnosis
despite analysis, without clinical improvement after discontinuation of tacrolimus. COP was characterized as a pulmonary syndrome with progressive
shortness of breath and pulmonary consolidations on CT, without a causative pulmonary infection and, if possible, pathological confirmation. COP: cryp-
togenic organizing pneumonia, MA: myeloablative, NMA: non-myeloablative, MM: mismatch, NP: non-permissive, P: permissive.
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Figure 3. Effect of the grade of CRS and maximum grade of fever during CRS on survival and non-relapse mortality (NRM) after

PTCy-alloSCT.

Figures A and C show effects of grade of CRS on survival and NRM, figures B and D effects of maximum grade of fever during CRS on survival and NRM.
Both for the log-rank test (survival) and for Grays's test (NRM), global p-values are shown. Also p-values for the comparison of grade 3 fever versus grade

0-2 fever and grade 2 CRS versus grade 0-1 CRS are shown.

transplant (both had not experienced either grade 3
fever or grade 2 CRS).

The 1-year cumulative incidence of COP was 16%
and 18.1% in patients experiencing grade 3 fever and
grade 2 CRS, compared to 0% and 1.7% in patients
experiencing grade 0-2 fever and grade 0-1 CRS,
respectively. The 1-year cumulative incidence of enceph-
alopathy was 12% and 18.1% in patients experiencing
grade 3 fever and grade 2 CRS, compared to 1% and
1.7% in patients experiencing grade 0-2 fever and grade
0-1 CRS, respectively. Statistical analysis of all these dif-
ferences was significant (p-values < 0.01), however

considering the low number of COP and encephalopa-
thy cases these results must be interpreted with caution.

Two of the NRM patients died from severe GVHD,
both had not experienced CRS after transplant. None
of the other NRM patients had developed acute or
chronic GVHD (data not shown). Patients who devel-
oped CRS did not experience a higher incidence of
acute or chronic GVHD in the first 180days after trans-
plantation (Supplemental Table 4).

Grade 2 CRS was associated with a significantly infe-
rior OS and increased NRM compared to grade 0-1 CRS
(Figure 3(A,Q)). Grade 3 fever occurring during CRS was
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Table 3. Multivariable analysis of overall survival.
Hazard ratio

(95% Cl) p-value
CRS grade 2 versus CRS grade 0-1 8.3 (3.2-21.8) <0.001
Age =65 versus <65 3.0 (1.3-7.2) 0.015
Donor age =35 versus <35 3.0 (1.2-7.5) 0.013
Active disease versus remission at SCT 0.6 (0.2-1.4) 0.224

Fever grade 3 versus fever grade 0-2 45 (1.9-11.2) <0.001
Age =65 versus <65 3.2 (1.3-7.6) 0.008
Donor age =35 versus <35 3.7 (1.5-9.0) 0.005
Active disease versus remission at SCT 0.4 (0.2-1.0) 0.045

CRS and height of fever during CRS were analyzed separately because of
the high correlation between these variables. Because of their nonlinear
impact, patient age and donor age were not analyzed as continuous vari-
ables but dichotomized at 65 and 35years, respectively.

also associated with a significantly inferior OS and
increased NRM compared to grade 0-2 fever (Figure
3(B,D)). Relapse rates in patients with grade 3 fever (12%
at day 180 (95% C.l. 9-24%), 16% at day 360 (95% C.l.
13-29%)) were not statistically different from patients
with grade 0-2 fever (16% at day 180 (95% C.I. 3-28%),
21% at day 360 (95% C.. 5-33%) (p=0.562). Relapse
rates in patients with grade 2 CRS (9% at day 180 (95%
Cl. 0-37%), 9% at day 360 (95% C.I. 0-37%)) were not
statistically different from patients with grade 0-1 CRS
(16% at day 180 (95% C.. 10-23%), 21% at day 360
(95% C.I. 14-28%) (p=0.365). Relapse rates were also not
statistically different between patients transplanted with
HLA-matched versus HLA-mismatched grafts (p=0.929).

Univariable analysis of the impact of different vari-
ables known to influence OS, NRM or relapse was per-
formed (Supplemental Figure 2). Patient age, donor
age, disease activity at SCT, severity of CRS and grade
of fever during CRS were significantly associated with
1-year OS. Severity of CRS, grade of fever during CRS
and disease activity at SCT were the only variables to
be significantly associated with NRM.

We fitted a multivariable Cox model for OS with
the significant variables in the univariable analysis
(Table 3). CRS and height of fever during CRS were
analyzed separately because of the high correlation
between these variables. CRS grade 2 (versus CRS
grade 0-1) and fever grade 3 (versus fever grade 0-2)
were associated with poorer OS with HR of 8.3 (95%
Cl: 3.2 to 21.8; p<0.001) and 4.5 (95% Cl: 1.9 to 11.2;
p=0.001), respectively.

Discussion

The hypothesis that in MRD/MUD PTCy-alloSCT, the
incidence and severity of CRS are dependent on the
degree of HLA-mismatching between patient and
donor proved correct. Also, significantly increased NRM
and inferior survival was observed in patients develop-
ing grade 2 CRS or CRS-induced grade 3 fever.
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A low incidence of mild CRS with limited clinical rel-
evance has been reported in MRD/MUD PTCy-alloSCT
[9,23]. Our findings show that in patients transplanted
with 9/10 and 10/10 MUDs, CRS incidence can be
much higher, depending on the type of HLA-mismatch,
and can influence NRM and survival. This is especially
important considering the increasing popularity of
PTCy-alloSCT in the matched related and unrelated
setting. Furthermore, recognition of CRS as a possible
cause for early NRM offers an opportunity for interven-
tions to diminish NRM, either by choosing patient-donor
HLA combinations with a low chance of inducing CRS
or by using anti-inflammatory drugs, such as tocili-
zumab or dexamethasone. Successful administration of
tocilizumab in patients with severe CRS after alloSCT
has already been published [6,16,18], but warrants
confirmation in prospective trials to demonstrate sub-
sequent reduction in NRM risk.

The use of the height of fever for CRS grading may
have further clinical implications. An HLA-DPB1 mis-
match permissiveness model based on in vivo and
in vitro data has been built to improve donor selection
[25,38,39]. The observed heterogeneity in fever
responses in patients transplanted with 10/10 matched
donors with permissive and non-permissive HLA-DPB1
mismatches (Figure 2) may be used for further
improvement of this model. Also, it may offer more
information on the clinical relevance of specific
HLA-DRB3/4/5 mismatches, mismatches generally con-
sidered to be unimportant for HLA matching.

The CRS incidence we observed in patients trans-
planted with 10/10 matched donors (75%) was much
higher than the reported 14-23% from the literature.
Our standardized temperature measurements multiple
times a day may have resulted in a higher incidence.
Alternatively, differences in HLA typing strategy may
have played a role. We do not search for specific
patient-donor HLA-DPB1 combinations; centers that
specifically target for 10/10 matched donors with a
HLA-DPB1 permissive match will experience lower CRS
incidence.

Many patients died from conditions that may consid-
ered to be excessive inflammatory responses secondary
to CRS (encephalopathy, COP, multi-organ failure). We
observed 4 cases of COP, all associated with grade 3
fever, of which 50% died. COP normally has a median
time of onset of 8.2months after alloSCT (predominantly
after 3months) and is highly correlated with graft-versus-
host disease [40]. The COP patients described here
already developed symptoms after a median 64days in
the absence of graft-versus-host-disease. We therefore
think that this early CRS related COP is different from
the already known post-transplantation COP.
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Encephalopathy was observed in 4 of the NRM
patients. Encephalopathy is the most common nonin-
fectious neurological complication after transplant,
occurring a median 28days after alloSCT [41]. Because
we could not find an underlying cause and tacrolimus
discontinuation had no effect, we postulate that the
encephalopathy in our patients may have been caused
by CRS. Clinically these patients resemble the immune
effector cell-associated neurotoxicity syndrome (ICANS),
which is frequently observed after CAR-T cell therapy
and believed to be cytokine related [42].

This study has several limitations. We showed with
multivariable analysis that the observed effects of CRS
and CRS-associated fever on OS were not influenced
by confounding variables. Because of the limited num-
ber of patients and death events, this analysis was
performed only with a limited set of variables obtained
from univariable analysis. It would have been prefera-
ble to perform this analysis with an extended set of
possible confounders. Also, our hypothesis that
CRS-induced NRM is caused by CRS-induced inflamma-
tory responses is based on a limited number of
NRM cases.

Bias may have been introduced by the exclusion of
7 patients who were found to have an infection in the
first days after alloSCT. Analysis with these patients
included, as if they had also experienced CRS, resulted
in essentially identical results and significance levels
(data not shown).

Because of reported improved recovery and lower
cyclophosphamide-associated  complications, we
used a lower dose of cyclophosphamide (80 mg/kg
instead of 100 mg/kg) [43,44]. Because CRS develops
before cyclophosphamide administration [21], we do
not think that CRS data were influenced by this
lower dose. Furthermore, in the study of Duléry et al.
the incidence of NRM was not significantly influ-
enced by the use of a lower dose of cyclophospha-
mide [44].
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