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Background: Central nervous system (CNS) involvement is a poor prognostic factor for patients with
acute leukemia. Currently, there is still no standard approach to effectively reduce the CNS relapse rate
and improve outcome. The purpose of the study was to evaluate whether radiation therapy (RT) at pre-
transplantation setting with either total body irradiation (TBI) for conditioning or CNS-directed RT would
improve CNS relapse rate or survival after transplantation.

Methods: We retrospectively reviewed the database in NTUH stem cell transplantation center from 1995
to 2016 and included consecutive acute myeloid and lymphoblastic leukemia patients with CNS disease
before transplantation. CNS involvement was mandatory, either at initial presentation or relapse before
transplantation. A total of 55 patients were included. All patients received allogeneic transplantation, and
most of them received myeloablative conditioning. Overall survival (OS), relapse-free survival (RFS), and
2-year CNS RFS after transplantation were compared between patients with RT and without RT using
Kaplan-Meier analysis.

Results: The 2-year OS was 72.5% for patients with RT, and 72.2% without RT (log-rank test, P=0.111).
The 2-year RFS was 69.4% for patients with RT, and 44.4% without RT (P=0.164). The 2-year post-
transplantation CNS RFS was 73.3% for patients with RT, and 74.1% without RT (P=0.742). Multivariate
analysis revealed that pre-transplantation disease status (with complete response, P=0.03) and TBI or
CNS RT (P=0.04) were significantly associated with better OS rate. TBI or CNS RT (P=0.03) was also
independently associated with improved RFS, but had only marginally significant impact on CNS RFS
(P=0.068).

Conclusions: Our study has shown that there was potential OS and RFS benefit of peri-transplantation

radiation, including TBI conditioning or CNS RT, for acute leukemia patients with CNS involvement.
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Introduction

The central nervous system (CNS) is the most common
site of extramedullary involvement in acute lymphoblastic
leukemia (ALL) (1). CNS involvement (CNS+) at diagnosis
of ALL is approximately 5-10%. CNS relapse occurs in
approximately 7-15% of ALL patients who have received
CNS prophylaxis. For acute myeloid leukemia (AML),
CNS involvement is less common than ALL (2). There
is prognostic impact of CNS involvement at diagnosis on
long-term survival for ALL children according to some
large international study group (3-5). As for adult ALL, the
data regarding the prognostic impact of CNS involvement is
less consistent. Results from MRC/ECOG E2993 did show
inferior 5-year overall survival (OS) rate for ALL patients
with CNS involvement compared with those without (29%
vs. 38%, P=0.03) (1). AML patients with CNS involvement
at diagnosis also had an inferior 5-year OS compared
with patients without CNS involvement (11% vs. 30% at,
P=0.004). ALL patients relapse with CNS involvement has
very poor prognosis, with a median OS of 6 months. Site
of relapse (with and without CNS involvement) was an
independent prognostic factor for survival (6).

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) has been one of the post-remission treatment
options for high-risk acute leukemia, with its anti-leukemic
activity by graft-versus-leukemia effect. Patients with CNS
involvement have possible poor prognosis and frequently
undergo allo-SCT. However, there is no standard peri-
transplantation approach to effectively reduce CNS
relapse rate and improve survival after transplantation.
Strategies used to improve outcome include total body
irradiation (TBI) in conditioning regimen, CSI and cranial
radiotherapy (RT), or intrathecal chemotherapy in peri-
transplantation setting (7,8). The impact of intensified
conditioning with TBI and CNS RT on outcome is still
undetermined.

We included patients of ALL or AML, with history of
CNS involvement before transplantation. The aim of this
study was to investigate that whether TBI or CNS RT
could improve outcomes for these high-risk patients. The
investigated outcomes included relapse-free survival (RFS),

CNS-RFS, and OS.

Methods
Patients

We retrospectively reviewed the database in NTUH SCT

© Therapeutic Radiology and Oncology. All rights reserved.

Therapeutic Radiology and Oncology, 2018

center from 1995 to 2016. The SCT database is collected
retrospectively between 1995 to 2009 and prospectively
after 2009. We included consecutive AML and ALL
patients with CNS disease before SCT. CNS involvement
was mandatory, either at initial presentation or relapse
before transplantation. The definition of CNS involvement
included one of these conditions: leukemic blasts in the
cerebrospinal fluid, symptoms from cranial nerve palsy,
or image-documented brain or spinal lesion related
to leukemia. All patients underwent allo-HSCT. The
conditioning for transplantation was mainly myeloablative,
either with chemotherapy alone or chemotherapy in
combination with TBI. With TBI, the chemotherapy
regimens for conditioning were mainly composed of
cyclophosphamide, cytarabine or etoposide. Without TBI,
the myeloablative chemotherapy regimen was busulfan and
cyclophosphamide. Few patients receiving chemotherapy
conditioning with reduced intensity were also included.

Patients were classified into RT group and non-RT
group. RT included TBI or CNS radiation, including
cranio-spinal irradiation (CSI) or cranial RT. With
cytogenetic changes recorded in the database, we risk-
stratified cytogenetics according to European LeukemiaNet
2017 classification (9).

RT technique

During 1995 to March 2007, RT was delivered using
cobalt-60 teletherapy. For TBI, parallel opposed
anteroposterior fields were used with lung blocks to lower
the lung dose. Since March 2007, linear accelerators
have become predominant. A bilateral TBI technique
has been developed that used rice-bag compensators
as intensity modulators (IM-TBI). TBI was delivered
with a hyperfractionation schedule (9-12 Gy, <1.8 Gy
per fraction). CSI was performed using 2D technique
consisting of bilateral opposed and posterior-anterior fields
with moving junctions, to a dose of 18 Gy in 10 fractions,
followed by cranial content boost 6 Gy in 3 fractions using
3D technique. A cumulative dose at cranial content was
24 Gy. For patients receiving cranial RT only, the range of
prescribed dose was 20-25 Gy with 3D technique.

Statistical analysis

Patient characteristic variables between the groups with
and without RT was assessed using Fisher’s exact test
for categorical data and #-test for continuous data. We
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Table 1 Patient characteristics

Characteristics RT (n=37) No RT (n=18) P value
Age
Median (range) 17.2 32 <0.001
(years) (2.8-53.8) (14.2-67.4)
<18 (n) 19 3 0.019
>18 (n) 18 15
Sex, n (%) 0.563
Female 13 (35.1) 10 (55.6)
Male 24 (64.9) 8 (44.4)
Leukemia type, n (%) 0.001
AML 9 (24.3) 13(72.2)
ALL 28 (75.7) 5(27.8)
Cytogenetics, n (%) 0.565
Good-intermediate 21 (56.8) 12 (66.7)
Poor 16 (43.2) 6 (33.3)
CNS, n (%) 0.377
Initial 21 (56.8) 13 (72.2)
Relapse before SCT 16 (43.2) 5(27.8)
Radiation, n (%) -
TBI 30 (81.1) -
csl 2(5.4) -
Cranial 5(13.5) -
Conditioning, n (%) -
Myeloablative 35'(94.6) 14 (77.8)
Reduced 2%(5.4) 4(22.2)

T, for the 35 patients, 30 of them received TBI in combination
with cyclophosphamide, cytarabine or etoposide. The remaining
five patients received intense chemotherapy (busulfan and
cyclophosphamide) without TBI; ¥, the 2 patients had cranial RT
only, and received reduced-intensity conditioning with busulfan,
fludarabine, cyclophosphamide and ATG. RT, radiation therapy;
AML, acute myeloid leukemia; ALL, acute lymphoblastic
leukemia; CNS, central nervous system; TBI, total body
irradiation; CSl, cranio-spinal irradiation; ATG, antithymocyte
globulin.

evaluated RFS, CNS-RFS, and OS for patients in the two
groups. OS was defined as the period from the date of
diagnosis to death after allo-HSCT. RFS was defined as
the period from date of diagnosis to relapse or death after
allo-HSCT. For CNS-RFS, time was measured from the
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date of allo-HSCT instead of the date of diagnosis, in order
to evaluate the impact of pre-transplantation RT on CNS
relapse after transplantation. Patients were censored at the
last date of follow-up. Survival were calculated on the basis
of Kaplan-Meier estimates, and log-rank test was used for
assessing difference between Kaplan-Meier survival curves.
Univariate Cox regression analysis was used optionally to
further evaluate the OS difference. Cox proportional hazard
regression model was carried out for multivariate analysis
with variables of interest. All tests were two-tailed, and the
significance level was set at P=0.05.

Results
Patient characteristics

Totally, there were 373 acute leukemia patients with allo-
HSCT and among them, 55 (14.7%) patients with CNS
involvement were included in this study. Within this cohort,
37 (67%) patients received TBI as conditioning regimens
or CNS RT. The patient characteristics was demonstrated
in Tuble 1. There were more ALL patients in RT group
compared with the no-RT group (P=0.001). For CNS disease
status, 43% of the RT group had CNS disease at relapse,
compared with 28% at relapse of the non-RT group.

In RT group, most of the patients (81%) received TBI.
The remaining patients received CSI or cranial RT only. In
non-RT group, most of them (78%) received myeloablative
conditioning. The remaining four patients received
chemotherapy with reduced intensity.

Survival outcome

At a median follow-up of 27.7 months (range, 1.0-237.3 months),
the 2-year OS was 72.5% for patients with RT, and 72.2%
without RT (log-rank test, P=0.111). A total of 19 of
37 (51.3%) patients in RT group and 11 of 18 (61.1%)
patients in non-RT group experienced relapse. The 2-year
REFS was 69.4% for patients with RT, and 44.4% without
RT (P=0.164). Eight of 37 patients (21.6%) in RT group
had CNS relapse after allo-HSCT, compared with 5 of
18 patients (27.8%) in non-RT group. The 2-year post-
transplantation CNS-RFS was 73.3% for patients with RT,
and 74.1% without RT (P=0.742). As shown in Figures I-3,
there is no significant difference in OS, RFS, and CNS-RFS
between patients in RT and non-RT groups. The difference
of OS was also not statistically significant using univariate
Cox regression analysis (P=0.116).
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Overall survival

Relapse-free survival
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Figure 1 Overall survival according to radiotherapy treatment groups (P=0.111). RT, radiation therapy.
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Figure 2 Relapse-free survival according to radiotherapy treatment groups (P=0.164). RT, radiation therapy.
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Figure 3 CNS relapse-free survival according to radiotherapy treatment groups (P=0.742). CNS, central nervous system; RT, radiation

therapy.

RT arm (n=19)
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No RT arm (n=11)

18.2%
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Figure 4 Relapse pattern after transplantation: RT group and no RT group. CNS, central nervous system; EM, extra-medullary site; BM,

bone marrow; RT, radiation therapy.

Subgroup analysis

The RT impact for AML and ALL patients were evaluated
separately. For AML patients, the 2-year OS was 55.6%
for patients with RT, and 69.2% without RT (P=0.286).
For ALL patients, the 2-year OS was 78.1% for patients
with RT, and 80% without RT (P=0.911). There was no
significant difference of OS with or without RT for AML or

© Therapeutic Radiology and Oncology. All rights reserved.

ALL patients, respectively.

Relapse pattern

The relapse patterns of patients with and without RT
were shown in Figure 4. Nineteen patients in RT group
and 11 patients in no-RT group suffered from relapse
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after allo-HSCT. Bone marrow relapse predominated in
both groups. For patients with RT, there seemed to be less
extramedullary relapse.

Prognostic factors

We used Log rank test (and univariate Cox regression
model for age) to compare the difference of survival to
identify prognostic factors. Factors analyzed included age
at diagnosis, gender, different leukemia types (AML or
ALL), cytogenetics risk-stratification (unfavorable-risk or
others), initial CNS involvement or not, initial response
to chemotherapy, relapse after initial chemotherapy and
before transplantation, pre-transplantation disease status,
CNS relapse or not, regimen intensity, and RT or non-RT.
For OS, pre-transplantation disease status was significantly
associated with outcome (P=0.008). For RFS, unfavorable-
risk cytogenetics was the only significant poor prognostic
factor (P=0.04). For CNS RFS, pre-transplantation CNS
relapse was the only significant poor prognostic factor
(P=0.011).

Cox regression univariate and multivariate analysis
including variables mentioned above was performed. Pre-
transplantation disease status (with complete response,
P=0.03) and TBI or CNS RT (P=0.04) were significantly
associated with better OS rate, as demonstrated in Table 2).
Unfavorable cytogenetics had marginally significant effect
on OS (P=0.07). For RFS, multivariate analysis revealed
that the unfavorable-risk cytogenetics (P=0.02) and TBI or
CNS RT (P=0.03) were the significant prognostic factors, as
demonstrated in Table 3. For CNS RFS, regimen intensity
was the only significant prognostic factor after multivariate
analysis (P=0.04). TBI or CNS RT had marginally
significant impact on CNS RFS (P=0.068).

Discussion

Our study has shown that radiation, such as TBI for
conditioning or pre-HSCT CNS RT, may have benefit to
improve OS and RFS. However, the RT impact on CNS
RFS was only marginally significant. Aldoss in a single-
center retrospective analysis included ALL patients with
history of CNS involvement and tried to identify an
effective strategy in peri-transplantation setting in order
to reduce CNS relapse rate after transplantation (7).
The investigated strategies included conditioning with
TBI, cranial RT or post-transplantation intrathecal
chemotherapy. None of these strategies had impact on the

© Therapeutic Radiology and Oncology. All rights reserved.
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CNS relapse rate or OS. The status of CNS involvement
(at diagnosis or at relapse) did not affect CNS-RFS
according to Aldoss. Our study demonstrated potential OS
benefit by TBI or CNS RT, probably due to inclusion of
different cohort from those in Aldoss’s study. Similarly, our
study showed that the status of CNS involvement was not
predictive of CNS RFS after multivariate analysis.

"The benefit of CNS RT had been demonstrated for AML
patients. Mayadev ez a/. included AML patients undergoing
allo-HSCT, with and without CNS involvement (10).
Most of CNS-positive patients received TBI conditioning,
and some of them received cranial RT or CSI (CNS RT)
additionally. CNS-positive patients had better survival
outcome and improved CNS relapse rate if undergoing
CNS RT, compared with CNS-positive patients without
CNS RT. With CNS RT, the 1- and 5-year CNS relapse
rate for CNS-positive patients improved from 37% to 32%,
and 46% to 37%, respectively. Furthermore, with CNS RT,
the OS and CNS relapse rate for CNS-positive patients was
comparable to CNS-negative patients. Our study has shown
OS benefit from RT, but the impact was not significant in
subgroup analysis for AML patients, probably due to small
patient number of AML.

Gao recently demonstrated the benefit of augmenting
RT, with adding cranial boost to TBI conditioning for ALL
patients undergoing allogenic transplantation (11). For
CNS-positive patients, 2-year CNS relapse rate was 0 in
patients receiving cranial boost and 21% in patients without
cranial boost (P=0.03). None of the patients who received a
cranial boost relapsed in the CNS. Cranial boost is the only
significant factor affecting CNS relapse for CNS-positive
patients by univariate analysis. The benefit from cranial
boost did not translate into OS or RFS.

Our study is a retrospective study. The results of the
study, including the subgroup analysis, were limited by
small patient number. Furthermore, the results might
be influenced by selection bias and varied by individual
treatment decision. The characteristics of patients in RT
and non-RT group were also imbalanced. More patients
with ALL were in the RT group, which might mitigate the
RT effect. It was worth noting that the two OS curves with
and without RT in our study were quite separate despite
that the difference did not reach statistical significance by
log-rank test or univariate Cox regression. The impact of
TBI or CNS RT on OS became significant after eliminating
the effect from cofounding factors by multivariate analysis.
Although there was RT benefit on OS and RFS, the
influence on CNS RFS was only marginally significant.
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Table 2 Univariate and multivariate analysis of overall survival

Overall survival

Variables Univariate analysis Multivariate analysis
HR (95% Cl) P value HR (95% ClI) P value

Age at diagnosis 1.01 (0.99-1.03) 0.55 0.98 (0.95-1.02) 0.41
Gender

Male 1 - 1 -

Female 1.14 (0.56-2.34) 0.72 1.34 (0.61-3.01) 0.45
Leukemia type

AML 1 - 1 -

ALL 0.63 (0.31-1.29) 0.21 1.09 (0.40-3.01) 0.86
Cytogenetics

Favorable 1 - 1 -

Unfavorable 1.33 (0.65-2.74) 0.43 2.32 (0.93-5.77) 0.07
Initial CNS

Not involved 1 - 1 -

Involved 0.94 (0.45-1.97) 0.87 1.86 (0.54-6.46) 0.33
Initial response

CR 1 - 1 -

Non-CR 1.28 (0.63-2.62) 0.49 0.99 (0.38-2.60) 0.98
Relapse after chemotherapy before transplantation

Non-relapse 1 - 1 -

Relapse 1.54 (0.66-3.58) 0.31 0.72 (0.23-2.26) 0.57
Pre-transplantation CNS

Not involved 1 - 1 -

Involved 1.47 (0.72-3.00) 0.29 2.89 (0.75-11.22) 0.13
Pre-transplantation status

CR 1 - 1 -

Non-CR 2.62 (1.28-5.34) 0.008 3.81(1.17-12.37) 0.03
TBI or CNS RT

No 1 - 1 _

Yes 0.55 (0.26-1.16) 0.12 0.32 (0.11-0.95) 0.04
Regimen intensity

Reduced 1 - 1 -

Myeloablative 0.85 (0.29-2.45) 0.76 0.92 (0.19-4.45) 0.92

HR, hazard ratios; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CNS, central nervous system; CR, complete
response; TBI, total body irradiation; RT, radiation therapy.
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Table 3 Univariate and multivariate analysis of relapse-free survival
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Variables

Relapse-free survival

Univariate analysis

Multivariate analysis

HR (95% Cl)

P value

HR (95% Cl)

P value

Age at diagnosis
Gender

Male

Female
Leukemia type

AML

ALL
Cytogenetics

Favorable

Unfavorable
Initial CNS

Not involved

Involved
Initial response

CR

Non-CR

1.01 (0.99-1.03)

]
1.03 (0.49-2.14)

]
0.99 (0.47-2.07)

]
2.19 (1.05-4.57)

1
0.71 (0.34-1.46)

|
1.35 (0.66-2.76)

Relapse after chemotherapy before transplantation

No relapse

Relapse

Pre-transplantation CNS

Not involved

Involved

Pre-transplantation status

CR
Non-CR

TBI or CNS RT
No

Yes

Regimen intensity

Reduced

Myeloablative

]
1.31 (0.56-3.05)

;
1.63 (0.79-3.36)

]
1.28 (0.61-2.72)

]
0.59 (0.28-1.25)

]
0.78 (0.27-2.25)

0.46

0.94

0.97

0.04

0.35

0.42

0.53

0.19

0.51

0.17

0.65

0.99 (0.96-1.02)

]
1.68 (0.71-4.00)

|
1.17 (0.42-3.26)

]
3.03 (1.24-7.36)

]
1.45 (0.41-5.07)

]
2.08 (0.79-5.49)

]
0.76 (0.23-2.50)

]
4.09 (0.94-17.76)

]
1.11 (0.39-3.18)

]
0.30 (0.10-0.91)

]
0.48 (0.11-2.14)

0.48

0.24

0.76

0.02

0.56

0.14

0.65

0.06

0.85

0.03

0.33

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CNS, central nervous system; CR, complete response; TBI, total body

irradiation; RT, radiation therapy.
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The possible explanation e is the insufficient dose to CNS
by TBI or cranial irradiation. The more intensive CNS-
directed RT may be beneficial to the patients with CNS
involvement. For example, combination of TBI cranial
irradiation, or CSI to achieve adequate dose to brain (24 Gy)
and spine (18 Gy) as treatment to CNS leukemia patients
may be an option to improve CNS relapse rate, and
probably to further improve RFS and OS. We need
protocol-based treatment strategy, more patient number
and longer follow-up period to clearly demonstrate RT
effect in the future.

Conclusions

Our study has shown that radiation, including TBI
conditioning or pre-transplantation CNS RT, may have
impact on improving survival after transplantation for high-
risk acute leukemia patients. Different treatment strategies
such as novel medication or intensifying radiation may be
an option to be investigated in the future.
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