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Abstract

Organ dysfunction, including pulmonary function impairment, plays a key role in the
choice of conditioning chemotherapy before autologous hematopoietic stem cell
transplantation (auto-HSCT). Replacement of BCNU/carmustine as part of BEAM
(BCNU/carmustine, etoposide, cytarabine, and melphalan) conditioning protocol by
thiotepa (TEAM) reduces pulmonary toxicity while maintaining efficacy. We retro-
spectively analyzed the association of clinical characteristics, comorbidities, and
organ function with outcomes after conditioning with BEAM or TEAM. Three hun-
dred ninety-six patients undergoing auto-HSCT (n = 333 with BEAM; n = 63 with
TEAM) at our institution between 2008 and 2021 were included in this study. In
the multivariate analysis, CO-diffusion capacity corrected for hemoglobin
(DLCOCSB) < 60% of predicted, progressive disease (PD) before auto-HSCT,
Karnofsky performance score (KPS) < 80%, HCT-CI score > 4, and cardiac disease
before auto-HSCT were associated with decreased overall survival (OS) in patients
treated with BEAM. In contrast, only PD before auto-HSCT was identified in patients
treated with TEAM. Patients conditioned with BEAM and DLCOcSB < 60% had
higher non-relapse mortality, including pulmonary cause of death. In summary, we
have identified clinical and pulmonary risk factors associated with worse outcomes in
patients conditioned with BEAM compared to TEAM. Our data suggest TEAM condi-
tioning as a valid alternative for patients with comorbidities, including pulmonary dys-

function and/or poorer performance scores, before auto-HSCT.
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GHERMAN ET AL

Novelty Statement

1 | INTRODUCTION

Conditioning regimens before autologous hematopoietic stem cell
transplantation (auto-HSCT) have been developed to eliminate resid-
ual malignant cells after several cycles of chemotherapy. Despite
new emerging treatments, this procedure has been a standard ther-
apy in patients with lymphomas for decades.> However, severe
adverse effects, such as early complications and organ toxicity, can
be a limiting factor to select patients for high-dose conditioning che-
motherapy before auto-HSCT. In particular, auto-HSCT has been
implemented in elderly patients or patients with comorbidities there-

34 using low-dose conditioning regimens.’”” For

fore with caution,
this reason, several comorbidity-assessment scores (e.g., HCT-CI)
have been developed over the years, to predict outcomes in patients
with hematological malignancies undergoing allogeneic stem cell
transplantation (allo-HSCT).8? The HCT-Cl-score has been also suc-
cessfully implemented in patients undergoing auto-HSCT*%*? and
potentially adapt conditioning protocols to the individual risks of
each patient.?>1®

BEAM (BCNU, etoposide, cytarabine, and melphalan) protocol
is one of the most widely used protocols for conditioning of
patients with lymphoma before auto-HSCT.'*!°> Nevertheless,
BCNU is known to cause severe side effects and complications,
including pulmonary toxicity.*® Several alternative conditioning reg-
imens'”*® have been considered to improve outcomes of patients
after auto-HSCT. Replacement of BCNU with thiotepa as part of
TEAM (thiotepa, etoposide, cytarabine, and melphalan) was initially
used in primary central nervous system lymphoma'? but showed
encouraging results in patients with Hodgkin and non-Hodgkin
lymphoma as well.2°722 Although impaired lung function has been
proven to critically influence the outcomes of patients after condi-
tioning with BEAM, 22 the effect of pulmonary dysfunction has not
been systematically studied in patients receiving treatment
with TEAM before auto-HSCT. As part of the HCT-Cl score,
pulmonary function, age, and comorbidities are yet regarded to be
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What is the new aspect of your work?

We compared clinical characteristics, outcome variables, and cardiac and lung function parame-
ters in a large cohort of patients with lymphoma conditioned with either BEAM (n = 333) or
TEAM (n = 63) before auto-HSCT at our institution.

What is the central finding of your work?

We identified clinical risk factors including cardiac disease, pulmonary dysfunction, high
comorbidity index, and poorer performance status associated with worse outcomes in patients
conditioned with BEAM but not with TEAM before auto-HSCT.

What is (or could be) the specific clinical relevance of your work?
Patients with the abovementioned risk factors could undergo auto-HSCT with TEAM as condi-

tioning to reduce organ toxicity and non-relapse mortality.

important predictive outcome factors for patients undergoing
auto-HSCT.8?

Therefore, we aimed to compare the impact of clinical features
including pulmonary function parameters, comorbidities, and disease
status on outcomes and early complications of patients conditioned
with BEAM or TEAM before auto-HSCT at our institution. Thus, we
identified specific risk factors associated with unfavorable outcomes
for each conditioning protocol, which might be used to choose the

suitable treatment for each specific patient.

2 | PATIENTS AND METHODS

2.1 | Patient characteristics and data collection

All patients receiving BEAM or TEAM conditioning followed by auto-
HSCT between May 28, 2008, and December 23, 2021, at the Univer-
sity of Freiburg Medical Center were included in this study. Statistical
analysis of prognostic factors was performed as of March 31, 2023.
Patient clinical characteristics are detailed in Table 1. Patient comorbid-
ities before auto-HSCT, Hematopoietic Cell Transplantation Comorbidity
Index (HCT-CI)2-%° and early complications after auto-HSCT occurring
before discharge from hospital are listed in Table S1. Early toxicity after
auto-HSCT was defined according to formerly described criteria®* and
reporting of death causes was based on established definitions.?> The
clinical data were prospectively collected with written informed consent
from all patients. This study was carried out in accordance with the
Helsinki Declaration and the study protocol was approved by the Institu-
tional Review Board of the University of Freiburg Medical Center
(Nr. 22-1490-S1-retro). All authors were provided access to primary clin-
ical trial data. Of note, the analysis of 241 patients from the BEAM
cohort was analyzed in our previous publication.2> We now increased
the number of patients conditioned with BEAM included in the study,
updated the follow-up and we compared these data with patients condi-

tioned with TEAM in the same time period.
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TABLE 1
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Variables (N)
Patient characteristics
Age at diagnosis, median (range)
Age at auto-HSCT, median (range)
Sex female, n (%)
KPS <80%, n (%)
Smoking
Disease characteristics
Disease, n (%)
B-NHL
T-NHL
Hodgkin
MM
ALL
Burkitt
B-Symptoms at diagnosis, n (%)

Chemotherapy sensitive disease® at auto-HSCT, n
(%)

Upfront auto-HSCT, n (%)
PD at auto-HSCT, n (%)
Auto-HSCT characteristics
Days on the ward after auto-HSCT, median (range)

CD34+ cells transplanted (x10° x kg bw), median
(range)

Day of engraftment, median (range)

Neutrophiles

Thrombocytes

Treatments post auto-HSCT
Chemotherapy post auto-HSCT, n (%)
Radiotherapy post auto-HSCT, n (%)
Second auto-HSCT, n (%)
Allo-HSCT post auto-HSCT, n (%)
Follow up in months, median (range)
Pulmonary and cardiac function

Pulmonary function tests before auto-HSCT, n (%)

FEV1% of predicted”

FEV1/FVC ratio®

MEF50% of predicted”

MEF25% of predicted”

DLCOCSB % of predicted”

RV % of predicted”

RV/TLC ratio®

TLC % of predicted”

Arterial CO, mmHg absolute®

Arterial O, mmHg absolute®
Transthoracic heart echography, n (%)

EF 60%-65%

EF 55%-59%

GHERMAN ET AL

BEAM (333)

55.9 (18-78)
56.8 (19-78)
129 (38.7)
88(27.2)
101 (30.3)

232 (69.7)
47 (14.1)
36(10.8)
1(0.3)
1(0.3)
16 (4.8)

110 (33.2)
49 (15)

214 (64)

29(9)

14 (5-49)
5.8 (0.15-40.9)

10 (6-72)
11 (4-82)

108 (32.4)
7(8.1)
6(2)
35(11)
39 (0.2-163)

326 (98)

93 (34-145)
0.79 (0.45-1.33)
75 (12-235)

47 (6-386)
78 (29-126)
107 (45-249)
0.36 (0.14-0.69)
96 (43-134)
36 (22-46)
81(53-100)
321 (96)
52 (16)
228 (71)

TEAM (63)

54.8 (19-75)
55.7 (22-75)

1(49)
24.(39)
34 (54)

43 (68)
9 (14)
11 (17)

15 (10-39)
5.91(1.59-14.2)

10 (8-40)
11 (8-16)

20 (32)
8(13)
0
10 (16)
22(0.3-74)

62 (98)

85 (45-131)
0.77 (0.57-0.97)
75(21-179)

57 (8-241)

66 (31-109)
114 (29-236)
0.37 (0.11-0.75)

97 (57-132)

36 (30-46)

78 (58-100)

62 (98)

16 (26)

36 (58)

Clinical characteristics, lung, and cardiac function parameters of patients conditioned with BEAM and TEAM before auto-HSCT.

p Value

0.40
0.31
0.12
0.07
<0.001

0.46
0.39

0.55
0.37

0.11
0.5

0.46
0.19

0.92
0.24
0.28
0.22
<0.001

0.002
0.02
0.44
0.02
<0.001
0.04
0.03
0.12
0.31
0.01
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TABLE 1 (Continued)
Variables (N) BEAM (333) TEAM (63) p Value
EF 50%-54% 26 (8) 5(8)
EF < 49% 15(5) 5(8)

Note: Statistically significant patient characteristics are highlighted in bold.

Abbreviations: aCO,, arterial carbon dioxide; aO,, arterial oxygen; ALL, acute lymphoblastic leukemia; allo-HSCT, allogeneic hematopoietic stem cell
transplantation; auto-HSCT, autologous hematopoietic stem cell transplantation; BEAM, BCNU, etoposide, cytarabine, and melphalan; bw, body weight;
DLCOCcSB, diffusion capacity of carbon monoxide adjusted for hemoglobin level; EF, ejection fraction; FEV1, forced expiratory volume in 1 s; FEV1/FVC,
FEV1/forced vital capacity (FVC); kg, kilogram; MEF25, mid-expiratory flow 25% of vital capacity; MEF50, mid-expiratory flow 50% of vital capacity; MM,
multiple myeloma; NHL, non-Hodgkin lymphoma; PD, progressive disease; RV, residual volume; TEAM, thiotepa, etoposide, cytarabine, and melphalan;

TLC, total lung capacity; VCmax, maximal vital capacity.

2Chemotherapy sensitive disease was defined as relapse after 12 months of primary therapy and CR/PR/SD at auto-HSCT.

bData are presented as median (range).

2.2 | Conditioning protocols

Conditioning protocols BEAM (BCNU/carmustine 300 mg/m? at day
—7, cytarabine 2 x 200 mg/m?/d from days —6 to —3, etoposide
2 x 100 mg/m?/d from days —6 to —3 and melphalan 1 x 140 mg/m?
at day —2) and TEAM (thiotepa 5mg/kg at day —7, cytarabine
2 x 200 mg/m?/d from days —6 to —3, etoposide 2 x 100 mg/m?/d
from days —6 to —3 and melphalan 1 x 140 mg/m? at day —2) before
auto-HSCT were applied intravenously via a central venous catheter. All
patients received chemotherapy- and G-CSF-mobilized peripheral blood
stem cells. Caring physicians allocated patients to the two protocols
depending mainly on age, pulmonary toxicity, and performance status.

2.3 | Pulmonary function assessment

To evaluate pulmonary function according to international

2627 pulmonary function tests (PFTs) such as single breath

standards,
diffusion capacity for CO (DLCOcSB), whole-body plethysmography,
and arterial blood gas analyses were routinely performed 1 week
before auto-HSCT in most of the patients. Percentages of predicted
normal values were used to express individual PFT parameters. The
former were calculated applying published algorithms,?® suitable for
our patient population (Caucasian, Middle Europe). Cardiac function
was evaluated by transthoracic echocardiography performed 1 week

before auto-HSCT.

24 |
analysis

Study endpoints, definitions, and statistical

Following the model of our previous study, we considered overall sur-
vival (OS) as the time from auto-HSCT until death from any cause,
and progression-free survival (PFS) as the time from auto-HSCT until
death from any cause or relapse, whichever occurred first. In case, the
event of interest for OS or PFS did not occur over the observation
period, individuals were censored from the date of last contact. Evi-
dence of disease progression in histopathological samples or radiology
after auto-HSCT was defined as relapse. In contrast, death due to

other causes than relapse was a competing risk, expressed as non-

relapse mortality (NRM). The median follow-up was calculated using
the inversed Kaplan-Meier method.?’

STATA v17.0 was used to perform statistical analyses for patient
characteristics, organ function parameters, cumulative incidences, and
hazard ratios (HRs). We applied the Cox proportional hazards regression
model to calculate HR and corresponding two-sided confidence intervals
(Cls) for OS and PFS, as well as to conduct multivariate analyses for
OS. The latter included a backward selection process of prognostic factors
with a univariate p value < .1, such as clinical features, comorbidities, and
organ function tests in patients with BEAM conditioning. The multivariate
model with the same variables was applied to patients conditioned with
TEAM. Taking competing risks into account, we utilized the Fine and Gray
model®®3! to determine cumulative incidence rates and subdistribution
hazard ratios (SHRs) for relapse incidence and NRM rates, respectively.

Statistical differences for categorical variables were calculated
with Pearson's chi-square test and Student t test for continuous vari-

ables, respectively, assuming a normal distribution.

3 | RESULTS

3.1 | Patient characteristics

Three hundred and ninety-six patients undergoing auto-HSCT
(333 patients conditioned with BEAM and 63 patients conditioned
with TEAM) were included in this study. The clinical characteristics of
patients are shown in Table 1. Comorbidities before auto-HSCT and
early complications thereafter are described in Tables S1A and S1B.
One hundred and twenty-nine (39%) patients in the BEAM cohort and
31 (49%) patients in the TEAM cohort were female. The median age
at auto-HSCT was 57 years (range: 19-78) and 56 years (range:
22-76) for patients conditioned with BEAM and TEAM, respectively
(Table 1). The median follow-up of patients conditioned with BEAM
was 39 months (range 0.2-163) and for TEAM 22 months (range
0.3-74; p < .001; Table 1).

The most frequent hematological diagnosis among patients
receiving BEAM conditioning was B-non-Hodgkin Lymphoma
(B-NHL; 70%), followed by T-NHL (14%) and Hodgkin lymphoma
(11%). In patients receiving TEAM conditioning, the main indication
for auto-HSCT was B-NHL (68%) as well, followed by Hodgkin
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Conditioning regimen BEAM vs TEAM (n = 396)

GHERMAN ET AL

FIGURE 1 Outcome variables by
conditioning regimen BEAM or TEAM
before auto-HSCT. Kaplan-Meier curves
represent (A) overall survival (OS) and
(B) progression-free survival (PFS) and
cumulative incidence curve represent
(C) non-relapse mortality and (D) relapse
incidence in patients conditioned with

BEAM and TEAM, respectively. Statistical
analysis was performed for OS and PFS by
log-rank test and for cumulative incidence
of non-relapse mortality and relapse by
Fine and Gray regression models in the
presence of competing risks. HRs and SHRs
represent the risk of TEAM compared to
BEAM conditioning. auto-HSCT,
autologous hematopoietic stem cell
transplantation; BEAM, carmustine or
BCNU, etoposide, cytarabine, and

melphalan; ClI, confidence interval; HR,
hazard ratio; NRM, non-relapse mortality;
Pts., patients; SHR, subdistribution hazard
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— Conditioning with BEAM (n = 333)

lymphoma (17%) and T-NHL (14%). Forty-nine (15%) patients in the
BEAM cohort and 10 (16%) patients in the TEAM cohort had
chemotherapy-sensitive disease at auto-HSCT. Nevertheless, 29 (9%)
individuals in the BEAM cohort and 5 (8%) in the TEAM cohort had a
progressive disease (PD) status at auto-HSCT (Table 1).

Eighty-eight (27%) patients with BEAM conditioning and
24 (39%) with TEAM conditioning had a Karnofsky performance score
(KPS) of <80% (p value = .07). Notably, current or previous smoking
was found in 101 (30%) of patients receiving BEAM and 34 (54%) of
those receiving TEAM (p value < .001; Table 1). Twenty-nine patients
(9%) conditioned with BEAM and 9 (14%) patients conditioned with
TEAM had a history of pulmonary diseases (p value =.17).
Forty-eight (14%) patients from the BEAM group and 7 (11%) from
the TEAM group had a previous history of heart disease
(p value = .49; Table S1A). The median HCT-Cl-score® before
auto-HSCT was 3 in both BEAM (range 0-11) and TEAM patient
groups (range 0-12; p value = .01; Table S1B).

PFTs before auto-HSCT were available for most patients (n = 388,
98%), in most cases including DLCOCcSB (n = 377, 95%). Patients from
the TEAM cohort showed significantly worse PFT values. A highly signifi-
cant difference between the two groups was observed in DLCOcSB
(p value < .001) and FEV1% of predicted (p value = .002), indicating a
worse lung function in the TEAM group. In most patients (n = 383,
97%), cardiac function before auto-HSCT was evaluated via transtho-
racic heart echography, with only a small proportion of patients (n = 15
[5%] in BEAM group and n=5 (8%) in TEAM group) in each group
showing a reduced ejection fraction (<50%; Table 1).

In summary, patients conditioned with TEAM were more fre-
quently current or previous smokers and they had a worse pulmonary
function as seen by DLCOcSB and FEV1. A trend for worse KPS in
patients with TEAM was observed.

---- Conditioning with TEAM (n = 63)

ratio; TEAM, thiotepa, etoposide,
cytarabine, and melphalan.

3.2 | Clinical characteristics and organ impairment
influencing outcomes

Outcome variables between patients conditioned by BEAM or TEAM
were compared by Kaplan-Meier curves and log-rank tests (OS and
PFS), cumulative incidence curves, and Cox regression in the presence
of competing events (NRM and relapse incidence). Despite higher
smoking rates and impaired pulmonary function, no significant out-
come difference was observed between patients conditioned with
BEAM or TEAM before auto-HSCT (Figure 1).

We evaluated the impact of clinical patient characteristics, lung
function parameters, and comorbidities on the outcomes of both condi-
tioning groups by univariate and multivariate analyses for OS using the
Cox proportional hazard regression model. In the univariate analysis for
the BEAM (Tables 2A and 2B) and TEAM (Tables 3A and 3B), several
factors were shown to be associated with a decreased OS. The multivari-
ate analysis for OS indicated DLCOCcSB < 60% of predicted (HR = 2.33,
p value =.001), KPS=<80% (HR=1.74, p value=.03), HCT-CI
score 2 4 (HR = 2.22, p value = .002), and PD status before auto-HSCT
(HR = 2.78, p value = .001) as well as cardiac disease before auto-HSCT
(HR=12.13, p value=.007) as independent risk factors for
decreased OS in patients receiving BEAM conditioning (Table 2A and
Figures S1-S5). From these clinical factors, only PD status before auto-
HSCT could be demonstrated to be associated with increased risk of
death in the TEAM cohort (HR = 13.99, p value = .001; Table 2B).

Furthermore, the multivariate analysis of patients treated
with BEAM revealed age 2 65 years (HR = 3.94, p value = .004), an
HCT-Cl-score 2 4 (HR = 7.78, p value =.007), and lung diagnosis
before auto-HSCT (HR = 5.53, p value = .001) to be highly significant
risk factors for increased NRM, together with DLCOCcSB < 60% of
predicted (HR = 3.11, p value = .02) and a MEF50 score < 20% of
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TAB L E2 . Clinical param~eter.s Variables N HR (95% Cl) p Value
associated with overall survival in
multivariate Cox regression analysis after (A) BEAM
conditioning by (A) BEAM and (B) Progressive disease status before auto-HSCT 29 2.77 (1.52-5.04) .001
by TEAM. Cardiac disease before auto-HSCT 48 2.03 (1.16-3.56) 01
HCT-Cl score = 4 121 2.25(1.35-3.74) .002
KPS < 80% 88 1.77 (1.08-2.90) .02
DLCOCSB < 60% initial 48 2.34(1.39-3.94) .001
(B) TEAM
Progressive disease status before auto-HSCT 5 13.99 (3.08-63.56) .001
Cardiac disease before auto-HSCT 7 1.09 (0.21-5.70) 92
HCT-Cl score = 4 25 2.83(0.82-9.72) .10
KPS < 80% 24 2.64(0.76-9.22) .13
DLCOCSB < 60% initial 17 1.66 (0.50-5.54) 41
Abbreviations: auto-HSCT, autologous hematopoietic stem cell; BEAM, BCNU, etoposide, cytarabine,
and melphalan; Cl, confidence interval; DLCOCcSB, diffusion capacity of carbon monoxide adjusted for
hemoglobin level; HCT-CI, hematopoietic cell transplantation comorbidity index; HR, hazard ratio; KPS,
Karnofsky performance score; N, number of patients; PD, progressive disease; TEAM, thiotepa,
etoposide, cytarabine, and melphalan.
TABLE 3 Multivariate analysis for non-relapse mortality of clinical, lung, and cardiac function parameters in patients conditioned with BEAM

before auto-HSCT.

Variables N
BEAM

Age = 65 years 69
HCT-Cl score 24 121
Lung diagnosis before auto-HSCT 29
MEF50 = 20% initial 10
DLCOCcSB = 60% initial 48

SHR (95% Cl) p Value
3.94 (1.55-10.02) .004
7.78 (1.77-34.28) .007
5.53(2.04-15.02) .001
4.67 (1.15-18.87) .03
3.11 (1.23-7.93) .02

Abbreviations: auto-HSCT, autologous hematopoietic stem cell; BEAM, BCNU, etoposide, cytarabine, and melphalan; Cl, confidence interval; DLCOCcSB,
diffusion capacity of carbon monoxide adjusted for hemoglobin level; HCT-CI, hematopoietic cell transplantation comorbidity index; MEF50, mid-
expiratory flow 50% of vital capacity; N, number of patients; SHR, subdistribution hazard ratio.

predicted (HR = 4.67, p value = .03; Table 3A). Of note, the low num-
bers of patients conditioned with TEAM and NRM (n = 3) precluded

univariate and multivariate analysis for NRM.

3.3 | Clinical characteristics including pulmonary
function parameters before auto-HSCT and
complications after auto-HSCT associated with
DLCOCSB < 60% of predicted

We compared the association of DLCOcSB < 60% with clinical charac-
teristics and complications after auto-HSCT in each conditioning group.
In patients treated with BEAM, a higher number of chemotherapy lines
in median, radiotherapy before auto-HSCT, including mediastinal radio-
therapy and current or previous smoking, were associated with
DLCOCSB =< 60% of predicted (Table S4A). After undergoing auto-
HSCT, early complications were more frequent among these patients,
thus being more often transferred to the intensive care unit for

enhanced treatment (Table S4A). On the contrary, in the TEAM cohort,
no correlation was found between DLCOCcSB < 60% of predicted and
specific clinical characteristics or complications after auto-HSCT
(Table S4B), but compared to the BEAM group, mucositis did occur
more frequently after auto-HSCT (Table S1B). Furthermore, a series of
abnormal lung function parameters (reduced FEV1, MEF25, MEF50,
TLC, and arterial O, mmHg, as well as higher RV/TLC ratio and RV)
were commonly observed in patients with BEAM and DLCOCcSB < 60%
(Table S5A), whereas increased RV/TLC ratio correlated with
DLCOCcSB=<60% of predicted in patients with TEAM (Table S5B).

3.4 | Cause of death in patients conditioned with
BEAM or TEAM after auto-HSCT by CO-diffusion
parameters

Cause of death was analyzed by CO-diffusion parameters in both
BEAM and TEAM cohorts. In the BEAM cohort, within the median
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TABLE 4 Cause of mortality by DLCOcSB> or <60% of predicted in patients undergoing auto-HSCT conditioned with BEAM and TEAM.

DLCOCcSB > 60% of predicted

(A) BEAM
N 280
Alive, n (%) 228 (81)
Relapse, n (%) 41 (15)
Non-relapse mortality, n (%) 7 (3)

Cause of death (months after auto-HSCT) ARDS (0.5)

Pneumonia, hypoxia by aspiration (0.7)

Acute abdomen (3.7)

Pneumonic sepsis (4.0)
Pneumocystis jiroveci pneumonia (5.6)

Pneumonitis associated with immunotherapy (67.5)

Septic shock (72)

Unknown cause of death, n (%) 4 (1)

(B) TEAM

N 45

Alive, n (%) 34 (76)

Relapse, n (%) 7 (16)

Non-relapse mortality, n (%) 3(7)

Cause of death (months after auto-HSCT) Septic shock (25)

Cardiogenic shock (5.9)

DLCOCSB = 60% of predicted

48

26 (54)

12 (25)

8(17)
Aspergillosis (0.6)
Multiorgan dysfunction (1.3)
CNS-organic psycho-syndrome (2.1)
Subdural hematoma (9.6)
Sepsis by Pseudomonas aeroginosa (10.2)
ST-elevated myocardial infarction (17.8)
PD secondary malignoma (41.7)
Secondary malignoma (55.3)

2 (4)

Septic shock in neutropenia (0.3)

Pneumonia by aspiration and septic shock (0.5)

Unknown cause of death, n (%) 0

0

Note: DLCOCSB values before auto-HSCT from 16 patients (5.2%) before conditioning with BEAM and from 2 patients (4%) before conditioning with

TEAM were not available.

Abbreviations: auto-HSCT, autologous hematopoietic stem cell; ARDS, acute respiratory distress syndrome; BEAM, BCNU, etoposide, cytarabine, and
melphalan; CNS, central nervous system; DLCOCcSB, diffusion capacity of carbon monoxide adjusted for hemoglobin level; TEAM, thiotepa, etoposide,

cytarabine, and melphalan.

observation period of 39 months, 41 (15%) patients with relapse in the
DLCOCSB > 60% of predicted and 12 (25%) patients died in the
DLCOCSB = 60% of predicted group. However, 21 patients (6%) trea-
ted with BEAM before auto-HSCT died without relapse (NRM):
11 patients (4%) in the DLCOcSB > 60% of predicted and 10 patients
(21%) in the DLCOCSB < 60% of predicted group (Table 4A). In the
group conditioned with TEAM, within the median observation period
of 22months, seven (16%) patients with relapse in the
DLCOCSB > 60% of predicted and four (24%) patients died in
the DLCOCSB < 60% of predicted group. In contrast, three patients
(7%) died without relapse in the DLCOcSB > 60% of predicted and one
non-relapse-death occurred among patients with DLCOcSB > 60% of
predicted treated with TEAM before auto-HSCT (Table 4B).

3.5 | Impact of conditioning and auto-HSCT on
pulmonary and cardiac function

To assess the influence of the auto-HSCT on cardiac and pulmonary
function (Table Sé6), we analyzed patients with available cardiac

echocardiographies and PFTs before and after auto-HSCT in both
BEAM (n = 101, 30%) and TEAM (n = 14, 22%) cohorts. Remarkably,
the most significant decrease showed DLCOcSB % of predicted in
both, patients conditioned with BEAM (median 76% vs. 67% of pre-
dicted, p value < .001) and TEAM (median 69% vs. 57% of predicted,
p value = .02; Table Sé). A statistically significant decrease in EF after
auto-HSCT was only identified in patients conditioned with BEAM
(Table Sé).

4 | DISCUSSION

Treatment with BCNU/carmustine in patients with malignancies is

1632 such as pulmonary fibrosis>® or dif-

known to cause lung toxicity,
fuse alveolar damage.®* The association between conditioning with
BEAM before auto-HSCT and increased mortality has already been
described in patients with impaired lung function, especially with
reduced CO diffusion capacity,>® and in patients previously treated
with lung-toxic substances.3>° For this reason, several alternatives to

BCNU/carmustine emerged over the years to reduce adverse effects
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while maintaining the same efficacy.>”2? BCNU replaced by thiotepa
as part of TEAM conditioning regimen has promising activity.2°-22
However, an observational study described the BEAM protocol to be
superior in terms of clinical outcomes,*® whereas a recent study shows
similar results between BEAM and TEAM.*! We hypothesize that organ
dysfunction might play a crucial role in the outcomes of patients under-
going auto-HSCT and only selected patients might profit from TEAM
conditioning before auto-HSCT. Therefore, we assessed the impact of
lung and cardiac function impairment in patients conditioned with
BEAM or TEAM before auto-HSCT at our institution.

Overall, conditioning with BEAM protocol was not superior to
conditioning with TEAM protocol regarding any of the study end-
points (Figure 1). However, a trend for shorter OS (HR = 1.39,
p = .23), shorter PFS (HR = 1.34, p = .21), and higher cumulative inci-
dence of relapse (HR = 1.38, p = .19) was observed in patients trea-
ted with TEAM, suggesting a trend for better clinical outcome for
patients treated with BEAM in the whole cohort. Studies with larger
patient numbers and longer follow-ups are required to address this
research question.

Interestingly, reduced CO diffusion capacity defined as
DLCOCSB = 60% was associated with decreased OS, DFS and
increased NRM in patients conditioned with BEAM (Figure S1), but
not in patients conditioned with TEAM before auto-HSCT. Similarly,
cardiac disease before auto-HSCT led to a decreased OS and PFS
among patients treated with BEAM (Figure S2), but not those treated
with TEAM. These findings indicate an increased toxicity of BEAM
conditioning protocol in patients with impaired lung and cardiac func-
tion compared to TEAM, suggesting TEAM conditioning as an alterna-
tive for these patients.

In multivariate analysis, KPS < 80% (p value = .027), PD before
auto-HSCT (p value = .001), DLCOCcSB < 60% (p value = .001), and
HCT-CI score = 4 (p value = .002) as well as cardiac disease before
auto-HSCT (p value = 0.007) were associated with shorter OS in
patients conditioned with BEAM, but not in patients conditioned with
TEAM. A limitation of our study is the relatively smaller number of
patients treated with TEAM (n = 63) compared to BEAM (n = 333),
which might explain the lack of identification of clinical parameters
including pulmonary function tests in the multivariate analysis. How-
ever, only PD before auto-HSCT (p value = .001) could be demon-
strated to be associated with patients conditioned with TEAM
(Table 2). These data confirm the dismal prognosis of patients with
progressive disease undergoing auto-HSCT and these patients should
be considered for more effective alternative therapies as CAR-T
cells*? and bispecific antibodies.*®

In subgroup analysis, among patients with upfront auto-HSCT
after primary therapy, OS of the BEAM group was superior to the
TEAM group (Figure Sé). A higher proportion of patients with Hodgkin
lymphoma were transplanted with TEAM due to pulmonary toxic sub-
stances in chemotherapy protocols for Hodgkin lymphoma (bleomycin
and brentuximab), having similar outcomes as patients treated with
BEAM before auto-HSCT (Figure S7), suggesting TEAM conditioning
to be a valid alternative for patients with Hodgkin lymphoma.

Interestingly, patients conditioned with TEAM developed
more frequently mucositis than in BEAM (32% vs. 44%,
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p value = .05; Table S1). Patients conditioned with fludarabine/
thiotepa/melphalan (FTM) suffered more frequently from mucosi-
tis than patients conditioned with fludarabine/BCNU/melphalan
(FBM) before allo-HSCT (40% vs. 64%, p < .001).3” Therefore, our
previous observations that thiotepa is associated more often with
mucositis than BCNU were validated in this study in an auto-HSCT
setting.

Overall, 254 (76%) patients treated with BEAM and 46 (73%)
patients treated with TEAM before auto-HSCT were alive at the
last follow-up. In contrast, 15 (5%) patients conditioned with BEAM
and 4 (6%) individuals after conditioning with TEAM and auto-
HSCT died during the observation period due to NRM. In the BEAM
cohort, 53 (16%) and in the TEAM cohort 11 (17%) of patients suf-
fered a relapse. Even considering the unbalanced characteristics
among the two cohorts, the results indicate the therapy with both
BEAM or TEAM conditioning followed by auto-HSCT has high cura-
tive rates and low morbidity and mortality in patients with
lymphoma.

This study has several limitations. First, the cohort conditioned
with TEAM included a considerably smaller number of patients and a
shorter follow-up than the cohort conditioned with BEAM, which
impacts the statistical precision of our results, especially the clinical
outcomes and the multivariate analysis. As discussed before,
clinical studies with larger patient numbers and longer follow-ups are
urgently needed. Second, we did not randomize patients to both con-
ditioning protocols. The conditioning protocol was chosen by the car-
ing physicians. Therefore, patient characteristics before auto-HSCT
were unbalanced between both groups and the comparison of results
should be interpreted with caution. Further limitations include the ret-
rospective, single-center study design. Future prospective randomized
multicenter controlled clinical trials are needed to correct potentially
biased results and elucidate the most suitable conditioning protocol
for specific patient populations.

In summary, pulmonary function impairment, alongside pre-
existing cardiac diseases, coexistent comorbidities, and performance
status before auto-HSCT, has a crucial impact on the outcomes of
patients undergoing auto-HSCT. Our data suggest TEAM conditioning
as a valid alternative for patients with several comorbidities including
cardiac and lung dysfunction and/or poor performance score as well

as for patients with Hodgkin Lymphoma.
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