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Abstract

Thiotepa/carmustine (TT-BCNU) is a commonly used autologous transplant (ASCT) conditioning
regimen for primary DLBCL of the CNS (PCNSL). The total thiotepa dose varies among TT-
BCNU recipients, with some centers administering a total dose of 20mg/kg, while others using
10mg/kg. We retrospectively assessed the impact of thiotepa dose intensity on ASCT outcomes

in 218 adult PCNSL patients who underwent a first ASCT with TT-BCNU conditioning and
received either a total thiotepa dose of 10mg/kg (TT-10 group; N=90), or 20mg/kg (TT-20 group;
N=128). The median follow-up of survivors was 22 months. The cumulative incidence of 1-year
non-relapse mortality (NRM) for TT-10 and TT-20 cohorts were 6% (95%CI1=2-12%) vs. 4%
(95%CI1=1-8%), respectively (p=0.66). The 3-year cumulative incidence of relapse (15% vs. 13%;
p=0.67), progression-free survival (PFS) (71% vs 80%; p=0.25) and overall survival (OS) (79%
vs 83%; p=0.56) were similar in the TT-10 and TT-20 groups, respectively. On multivariate
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analysis compared to TT-10, the TT-20 cohort was not associated with significantly different

risk of NRM (Hazard ration [HR]=0.77; p=0.64), relapse/progression (HR=0.87; p=0.74), PFS
(HR=0.80; p=0.48) or OS (HR=1.10; p=0.80). In conclusion thiotepa dose-intensity in TT-BCNU
conditioning does not impact ASCT outcomes of PCNSL patients.
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INTRODUCTION:

Primary diffuse large B-cell lymphoma (DLBCL) of the CNS (PCNSL) is an aggressive
non-Hodgkin Lymphoma (NHL) with increasing incidence amongst patients older than 60
years. Current management in suitable subjects utilizes high-dose methotrexate (HD-MTX)-
based regimens in the induction phase followed by consolidation through a variety of
strategies.1~* Consolidation therapy in PCNSL includes whole-brain radiotherapy (WBRT)
and high-dose chemotherapy and autologous hematopoietic cell transplant (HDC-ASCT).>6
WBRT carries potentially higher risk of decline in neurocognitive functioning, which has
prompted renewed interest into HDC-ASCT as a first-line consolidation therapy for eligible
patients newly diagnosed with PCNSL.3:7-9

We recently reported the superiority of thiotepa-containing conditioning regimens for ASCT
in PCNSL, likely due to thiotepa’s ability to cross the blood-brain barrier. Furthermore,

the two thiotepa-containing regimens we investigated, thiotepa/carmustine (TT-BCNU) and
thiotepa/busulfan/cyclophosphoamide (TBC), provided comparable survival outcomes, but
TT-BCNU was associated with lower risk of non-relapse mortality (NRM).10

In TT-BCNU conditioning regimen, the total thiotepa dose administered varies significantly
across transplant programs, with some centers administering a total dose of 20mg/kg, while
others 10mg/kg.3*1 To our knowledge, the impact of thiotepa dose-intensity on ASCT in
PCNSL outcomes has not been investigated. We used the Center for International Blood and
Marrow Transplant Research (CIBMTR) registry’s publicly available data to retrospectively
examine the outcomes of patients receiving a total thiotepa dose of 10 mg/kg versus those
receiving a dose of 20 mg/kg as part of TT-BCNU conditioning prior to ASCT in PCNSL
patients.

METHODS

Data Source and Patients

The data used in this study were obtained from the publicly available datasets of the
CIBMTR, for the previously published analysis was Scordo et al.10-12 The institutional
review boards of the Medical College of Wisconsin and the National Marrow Donor
Program approved this study. 218 PCNSL adult patients who underwent their first ASCT
with TT-BCNU conditioning regimen as initial, or subsequent, consolidation between
January 2011 and December 2018 were included. 90 patients received 10 mg/kg total
thiotepa dose (TT-10 group), while 128 received the 20 mg/kg total thiotepa dose (TT-20
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group). Autograft source was limited to peripheral blood. Patients were excluded if they had:
a histologic subtype of NHL other than DLBCL, systemic NHL, HIV, received infrequently
used or uncommon conditioning regimens, and/or were not in partial (PR) or complete
remission (CR) prior to ASCT as previously described.10 Patients with missing thiotepa
dose, or those receiving doses other than 10mg/kg or 20mg/kg were excluded.

Definitions and Endpoints

Disease response prior to ASCT was assessed using standard criteria.13 The primary
outcome was progression-free survival (PFS), with treatment failure considered at
lymphoma relapse, progression, or death from any cause. Secondary outcomes included time
to neutrophil and platelet recovery, relapse/progression, NRM, and overall survival (OS).
NRM was defined as death without evidence of PCNSL relapse/progression, with relapse
considered a competing risk. Relapse/progression was defined as progressive lymphoma
after ASCT, or lymphoma recurrence after a CR, with NRM considered a competing risk.
Surviving patients were censored at the date of last follow-up. Neutrophil recovery was
defined as the first of 3 successive days with an absolute neutrophil count of =500/uL after
ASCT nadir. Platelet recovery was defined as the first of 3 consecutive days with a platelet
count of =220,000/pL without platelet transfusion for 7 consecutive days. For neutrophil and
platelet recovery, death without the event was considered a competing risk. PFS and OS
probabilities were calculated using the Kaplan-Meier estimates.

Statistical Analysis

RESULTS

Baseline patient and transplant characteristics were compared using the Pearson chi-square
test for discrete variables and the Kruskal-Wallis test for continuous variables. Cumulative
incidences of hematopoietic recovery, relapse, and NRM were calculated to accommodate
for competing risks. Cox proportional hazard analysis for PFS and OS and the proportional
cause-specific hazards model for relapse and NRM were used to identify prognostic factors
via forward stepwise selection. The proportional hazard assumption for each variable was
examined by testing whether its coefficient is constant over time. The interaction between
the conditioning regimen and significant covariates was also examined. Covariates with a P
<0.05 were considered significant. The variables considered in the multivariable regression
analysis included: total prescribed thiotepa dose (mg/kg), patient age (years), patient sex,
Karnofsky Performance Score (KPS), patient race, remission status, time from diagnosis

to transplant, rituximab used, and hematopoietic cell transplantation co-morbidity index
(HCT-CI). A score test of homogeneity was used to check the center effect for each model.14
The adjusted cumulative incidence curve for NRM and the adjusted survival curves for OS
and PFS were generated based on the final regression model.1516 All statistical analyses
were performed using SAS version 9.4 (SAS Institute, Cary, NC).

Baseline Characteristics

A total of 218 patients undergoing ASCT for PCNSL with TT-BCNU conditioning were
included in this study and were divided into two cohorts based on the total administered
thiotepa dose of either 10 mg/kg (TT-10 group, n=90) or 20 mg/kg (TT-20 group, n=128).
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The median follow-up of survivors was 22.3 (5.1, 72.7) months. As summarized in Table 1,
The two cohorts were comparable in terms of age, KPS, time from diagnosis to transplant,
rituximab used in conditioning, HCT-CI, and number of prior therapy lines. There were
more males in the TT-20 (n=79, 61.7%) than the TT-10 cohort (n=43, 47.8%) (~=0.04).
More patients in the TT-10 group were in CR1 (n=59, 65.6%) or CR2+ (n=19, 21.1%)

at HCT compared to the TT-20 group wherein 75 patients had a remission status of CR1
(58.6%) and 13 patients had a remission status of CR2+ (10.2%) (/<0.01).

Hematopoietic Recovery

The cumulative incidence of neutrophil recovery at day 28 was 99% for the TT-10 cohort
(95% confidence interval [CI], 88—100%) and 99% for the TT-20 cohort (95% CI, 88-100%)
(P=0.88; Table 2). The 28-day cumulative incidence of platelet recovery for the TT-10 and
TT-20 cohorts were 81% (95% CI, 72-88%) and 83% (95% CI, 75-88%) respectively (P
=0.77) (Table 2).

Non-relapse Mortality and Relapse/Progression

The cumulative incidence of NRM at 1-year for the TT-10 cohort was 6% (95% CI, 2-12%)
and was comparable to the TT-20 cohort which had an NRM of 4% (95% ClI, 1-8%)
(P=0.66; Figure 1A). Similarly, the cumulative incidence of NRM at 3-years for the TT-10
cohort was 13% (95%, Cl 6-25%) and 7% for the TT-20 cohort (95% ClI, 3-14%) (P=0.27).
On multivariate analysis, the risk of NRM was comparable between the TT-10 and the TT-20
cohorts (HR=0.79; 95% Cl, 0.28-2.17) (P=0.64) (Table 3, Figure 1A). Patient race and
HCT-CI were independent predictors of NRM risk (details in Table 3).

The 3-year cumulative incidence of relapse/progression was 15% (95% CI, 7-26%) in the
TT-10 cohort and 13% (95% CI, 6-21%) in the TT-20 cohort (P=0.67). On multivariate
analysis, TT-20 was not associated with significantly lower risk of relapse compared with
TT-10 (HR 0.87; 95% CI, 0.38-1.98) (~=0.75) (Table 3, Figure 1B).

Progression-free Survival and Overall Survival

The 3-year PFS for patients receiving TT-10 was 71% (95% CI, 56-82%) and 80% (95%
Cl, 70-88%) (P=0.25) for patients receiving TT-20 (Table 2, Figure 1C). On multivariate
analysis, an HCT-CI of =3 was associated with inferior PFS (HR=3.09; 95% Cl, 1.18-8.09)
(P=0.02). Thiotepa dosing did not have a significant effect on PFS (HR=0.80; 95% ClI,
0.42-1.50) (P=0.48; Table 3).

The 3-year OS for patients receiving TT-10 was 79% (95% CI, 64-88%) and 83% (95%

Cl, 71-90%) (P=0.56) for patients receiving TT-20 (Table 2, Figure 1D). On multivariate
analysis, male sex was associated with a significantly lower mortality risk (HR=0.41; 95%
Cl, 0.19-0.90) (P=0.03), while an HCT-CI of =3 was associated with significantly higher
mortality risk (HR=3.39; 95% CI, 1.15-9.96) (P=0.03). OS was not associated with thiotepa
dosing (HR=1.10; 95% Cl, 0.51-2.37) (P=0.81) (Table 3).

Bone Marrow Transplant. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Arshad et al.

Page 5

Analysis using age 65 years or older as a cutoff

Sixty-six patients included in this analysis were 65 years or older. Using age as categorical
variable on multivariate analysis showed compared to patients < 65 years, age = 65 years
was associated with a significantly higher risk of NRM (HR=3.76; 95% CI, 1.29-11.01)
(P=0.02), but there was no significant association with relapse risk (HR=0.20; 95% ClI,
0.17-1.47) (P=0.21), PFS (HR=1.20; 95% ClI, 0.62-2.35) (P=0.58) and OS (HR=1.46; 95%
Cl, 0.67-3.2) (P=0.34).

Causes of Death

At last follow-up, 14 patients each died in the TT-10 and TT-20 cohorts. PCNSL was

the most common cause of death in both cohorts (11.1% for TT-10 and 7% for TT-20).
Eight TT-10 cohort patients died after 1-year (causes of death include PCNSL=6; second
malignancy=1, other=1), while 5 TT-20 died after 1-year, all due to relapsed PCNSL.

DISCUSSION

In this large registry analysis, we examined the impact of thiotepa dosing in PCNSL patients
undergoing ASCT with TT-BCNU conditioning. We found comparable outcomes in terms
of hematopoietic recovery, NRM, progression/relapse, PFS, and OS between the TT-10

and TT-20 cohorts. Among transplant centers using TT-BCNU conditioning for PCNSL
patients, the total thiotepa dose administered varies significantly, with some programs
administering a total dose of 20mg/kg, while others 10mg/kg.311 To our knowledge, no
studies have compared the impact of thiotepa dose intensity in patients receiving TT-BCNU
conditioning. The outcomes for TT-10 conditioning in our analysis are consistent with
previously published data. Illerhaus et al used TT-BCNU in their study with a total thiotepa
dose of 10 mg/kg. Of the 23 patients who received HDC-ASCT, 19 were in sustained

CR (82.6%). Estimated survival probability at 3 years was 87%.17 Our findings are also
comparable to TT-10 outcomes reported by the Mayo Clinic group.1!

It is important to acknowledge that our data are retrospective and not a substitute for
randomized comparison of the two thiotepa doses. However, in the current dataset, the
administered thiotepa doses appeared to reflect a given transplant center’s practice, with no
single center reporting using both TT-10 and TT-20 in different patients. Hence, it is unlikely
that, based on a given patients fitness or disease characteristics, different thiotepa doses
were administered. The two cohorts were balanced for patient age, KPS, race, HCT-CI, and
number of prior therapy lines, but a higher proportion of the TT-20 cohort were in PR at
the time of ASCT (Table 1). While the multivariate analysis adjusted for remission status at
the time of ASCT, the possibility that remission status imbalance accounts for the efficacy
difference between the two cohorts cannot be entirely ruled out. We also acknowledge that
response assessment in PCNSL is technically challenging, and these data are not centrally
reviewed and adjudicated in a registry dataset.

In the current analysis non-Caucasians had a higher rate of NRM and progression/relapse
compared to Caucasians. Although Caucasians have a higher incidence rate of aggressive
lymphomas in general than non-Caucasians, the latter group tends to have worse prognostic
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features than the former group. These prognostic features include higher disease burden, B
symptoms, and extra nodal site involvement.18:19 A study conducted by Tao et al showed
that though non-Caucasians had elevated mortality risk, after controlling for neighborhood
socioeconomic status, racial/ethnic differences were not as pronounced.2? However, these
data are not specific to a PCNSL population. HCT-CI =3 was also associated with inferior
ASCT outcomes, in the current analysis. Our previous study comparing thiotepa-containing
regimens to other chemotherapy combinations found a similar increase in mortality
associated with an HCT-CI = 3.10 In line with our observations, Curry et al reported that a
Charlson comorbidity index = 5 was associated it higher mortality risk factor for PCNSL
(p=0.04).21 These observations underscore the impact of comorbid conditions on PCNSL
outcomes.

Our data also indicated that male sex was associated with a significantly lower risk of
mortality (Table 3). Biologically, supporting our observations is an analysis conducted by
Roetzer et al that suggested differential sex-specific tumor-associated immune responses
likely explains worse OS amongst female PCNSL patients, with presence of CD45RO+ and
FoxP3+ tumor infiltrating lymphocytes predicting inferior survival in female but not male
subjects.?2

This study has several limitations, including its retrospective nature. The registry data do

not capture adverse events, and we are not able to assess if lower doses are associated

with a different toxicity profile (e.g. lower risk of thiotepa associated skin toxicity) or

its impact of quality of life. Our analysis may be underpowered to detect small effect

sizes. While thiotepa drug acquisition costs can be substantial, this study cannot assess the
pharmacoeconomic impact of the two dosing strategies. Lastly, details of induction regimens
used were not described in the publicly available dataset used for this analysis.

Nevertheless while acknowledging all the limitations discussed above, our report of similar
outcomes in patients with PCNSL receiving higher versus lower intensity thiotepa dosing
may be useful for clinicians in deciding on the level of intensity to be used for patients

and provides justification for the use of either dosing strategy in clinical practice. Moreover,
a detailed comparison of differences in early adverse events and lengths of hospital stay
between the two groups would be of interest and requires future inquiry. A prospective,
randomized study evaluating thiotepa dose intensity in PCNSL is warranted.
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Table 1.

Patient, disease and transplant characteristics

Total prescribed thiotepa dose
10mg/kg (N=90) 20mg/kg (N=128) Total (N=218) P-value

Median patient age(years) 62 (25-76) 60 (23-78) 61 (23-78) 0.58
> 60 years 49 (54.4%) 64 (50.0%) 113 (51.8%)

Median (min-max)

Male Sex, n (%) 43 (47.8%) 79 (61.7%) 122 (56.0%) 0.04

Karnofsky performance score 90-100, n (%) 37 (41.1%) 54 (42.2%) 91 (41.7%) 0.14
Missing 6 (6.7%) 2 (1.6%) 8 (3.7%)

Patient race, n (%) 0.89
Caucasian 76 (84.4%) 105 (82.0%) 181 (83.0%)
Non-Caucasian 10 (11.1%) 16 (12.5%) 26 (11.9%)

Missing 4 (4.4%) 7 (5.5%) 11 (5.0%)

Remission status, n (%) <0.01
CR1 59 (65.6%) 75 (58.6%) 134 (61.5%)

CR2+ 19 (21.1%) 13 (10.2%) 32 (14.7%)
PR 12 (13.3%) 40 (31.3%) 52 (23.9%)

Time from diagnosis to transplant, n (%) 0.98
< 6 months 36 (40.0%) 51 (39.8%) 87 (39.9%)
> 6 months 54 (60.0%) 77 (60.2%) 131 (60.1%)

Rituximab used in conditioning, n (%) 10 (11.1%) 8 (6.3%) 18 (8.3%) 0.20

HCT Comorbidity index =3, n (%) 46 (51.1%) 61 (47.7%) 107 (49.1%) 0.84

Median lines of therapy, n (%) 1(1-3) 1(1-3) 1(1-3) 0.37

Year of HCT, n (%) 0.42
2011 1 (1.1%) 0 (0.0%) 1 (0.5%)

2013 2 (2.2%) 1 (0.8%) 3 (1.4%)

2014 12 (13.3%) 12 (9.4%) 24 (11.0%)
2015 11 (12.2%) 16 (12.5%) 27 (12.4%)
2016 11 (12.2%) 13 (10.2%) 24 (11.0%)
2017 28 (31.1%) 34 (26.6%) 62 (28.4%)
2018 25 (27.8%) 52 (40.6%) 77 (35.3%)

Abbreviations:

CR, complete response; PR, partial response; HCT-CI, hematopoietic cell transplantation-specific comorbidity index; Auto-HCT, autologous
hematopoietic cell transplant.
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Transplantation outcomes

Table 2.

Thiotepa 10mg/kg Thiotepa 20mg/kg
Probability Probability

Outcomes Number (95%CI) | Number (95%Cl) | P Value
Neutrophil recovery 90 124

28-day 99(88, 100)% 99 (88, 100)% 0.88
Platelet recovery 90 124

28-day 81 (72, 88)% 83 (75, 88)% 0.77
Non-relapse mortality 90 128 128

1-year 6 (2, 12)% 4(1,8)% 0.66

3-year 13 (6, 25)% 7(3,14)% 0.27
Progression/relapse 90 128

1-year 8 (3, 15)% 7(4,13)% 0.85

3-year 15 (7, 26)% 13 (6, 21)% 0.67
Progression-free Survival 90 128

1-year 86 (77, 92)% 89 (82, 93)% 0.60

3-year 71 (56, 82)% 80 (70, 88)% 0.25
Overall survival 90 128

1-year 93 (86, 97)% 93 (86, 96)% 0.85

3-year 79 (64, 88)% 83 (71, 90)% 0.56
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Table 3.
Multivariable regression analysis
Non-relapse mortality 95%CI 95%ClI Overall
HR | Lower Limit | Upper Limit | p-value | p-value | N

Main effect
Thiotepa 10mg/kg 1.00 0.64 90
Thiotepa 20mg/kg 0.79 | 0.28 2.17 0.64 128
Patient race
Caucasian 1.00 0.02 181
Non Caucasian 471 | 1.64 13.54 0.004 26
Missing 2.46 | 0.30 20.08 0.40 11
HCT-Comorbidity index
0 1.00 0.03 46
1&2 0.93 | 0.06 14.93 0.96 65
3+ 7.41 | 0.96 57.40 0.06 107
Contrast
HCT-CI: 1&2 vs 3+ 0.12 | 0.02 0.96 0.0457
Relapse

95%ClI 95CI Overall
Main effect HR Lower Limit | Upper Limit | p-value | p-value | N
Thiotepa 10mg/kg 1.00 0.75 90
Thiotepa 20mg/kg 0.87 | 0.38 1.98 0.75 128
Progression-free Survival

95%Cl 95CI Overall
Main effect HR Lower Limit Upper Limit p-value | p-value | N
Thiotepa 10mg/kg 1.00 0.48 90
Thiotepa 20mg/kg 0.80 | 0.42 1.50 0.48 128
HCT-Comorbidity index
0 1.00 0.01 46
1&2 1.14 | 0.36 3.60 0.82 65
3+ 3.09 | 1.18 8.09 0.02 107
Overall Survival

95%ClI 95CI Overall
Main effect HR Lower Limit | Upper Limit | p-value | p-value | N
Thiotepa 10mg/kg 1.00 0.81 90
Thiotepa 20mg/kg 1.10 | 051 2.37 0.81 128
Patient Sex
Female 1.00 0.03 122
Male 041 | 0.19 0.90 0.03 96
HCT-Comorbidity index
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Non-relapse mortality 95%CI 95%ClI Overall

HR Lower Limit | Upper Limit | p-value | p-value | N
0 1.00 0.01 46
1&2 0.66 | 0.15 2.94 0.58 65
3+ 339 | 1.15 9.96 0.03 107

Abbreviations:

HCT-CI, hematopoietic cell transplantation-specific comorbidity index; Auto-HCT, autologous hematopoietic cell transplant
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