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Abstract

Purpose: The purpose of this study was to determine the effect of a pre-transplant cranial boost 

(CB) on post-transplant central nervous system (CNS) relapse and survival in acute lymphoblastic 

leukemia (ALL) patients undergoing allogeneic hematopoietic stem cell transplantation (HSCT) 

using a total body irradiation (TBI)-containing preparation regimen.

Methods and Materials: Two hundred thirteen ALL patients were treated consecutively at our 

institution with allogeneic HSCT. Conditioning included TBI (1320 cGy in 8 fractions given twice 

daily) and cyclophosphamide (120 mg/kg) with or without fludarabine (75 mg/m2). Patients were 

divided into four groups based on history of CNS disease and whether a CB was given. Of the 160 

patients with no history of CNS disease, none received a cranial boost (CNS−/CB−). Of the 53 

patients with prior CNS disease, 41 had not received prior cranial irradiation. Thirty of these 41 

received a cranial boost of 900–1000 cGy in five daily fractions (CNS+/CB+), while the other 11 

did not receive a boost due to physician preference (CNS+/CB−). The remaining 12 patients with 

prior CNS involvement had previously received cranial irradiation and thus were not candidates 

for a boost (CNS+PriorRT). Two-year CNS relapse risk, overall survival (OS), and disease-free 

survival (DFS) were calculated using Kaplan-Meier analysis.

Results: Seven patients experienced post-transplant CNS relapse. Four of these were in the CNS

−/CB−group, 2 were in the CNS+/CB− group, and 1 was in the CNS+PriorRT group. None of the 

30 patients who received a boost relapsed in the CNS. Two-year CNS relapse risk was 0% in the 

CNS+/CB+ group compared to 21% (95% CI 0–45%) in the CNS+/CB−group (p = 0.03). Two-

year OS and DFS did not differ between the groups.
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Conclusion: Among ALL patients with prior CNS leukemia, there was a trend towards a 

reduced risk of post-transplant CNS relapse in patients who receive a cranial boost. The addition 

of a cranial boost did not appear to have an impact on OS or DFS.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy1,2. Nearly 

5,400 new cases of ALL are diagnosed each year in the United States3. The central nervous 

system (CNS) is the most frequently affected extramedullary site in ALL. Because the CNS 

is a sanctuary site, prophylactic treatment is warranted to prevent CNS relapse. Due to the 

concern of neurocognitive toxicity associated with prophylactic cranial irradiation, 

chemotherapy has emerged as the preferred treatment for CNS prophylaxis4–7. The 

prognosis of patients who relapse in the CNS despite prophylactic therapy remains poor8.

Allogeneic hematopoietic stem cell transplantation (HSCT) is often used as a consolidation 

therapy to reduce relapse in high-risk ALL patients. Multiple studies have demonstrated that 

patients with previous CNS involvement have a higher rate of post-transplant CNS 

relapse8–12. Several strategies have been employed in the peri-transplant setting to prevent 

CNS relapse in these patients, including total body irradiation (TBI) conditioning8 and post-

transplant prophylactic intrathecal (IT) chemotherapy8,10,12. Previous studies have 

demonstrated that neither approach successfully decreases CNS recurrence. Therefore, some 

institutions have integrated a cranial irradiation boost into the TBI conditioning regimen in 

high-risk patients, although the efficacy of this approach has yet to be validated. The purpose 

of the current study was to evaluate the impact of a cranial boost on incidence of post-

transplant CNS relapse as well as survival in ALL patients treated at a single institution with 

allogeneic HSCT using TBI as part of the conditioning regimen.

Materials and Methods

Patients

This study was approved by the University of Minnesota Institutional Review Board (IRB 

study number: 1611E98741). All patients with ALL who received HSCT using a TBI-

containing preparative regimen at our institution were identified from the Blood and Marrow 

Transplantation Database, which prospectively collects baseline patient and transplantation 

characteristics, post-transplant complications, and outcomes data. A total of 213 such 

patients who were treated from 2001 to 2016 were included. All patients were in remission 

at the time of transplantation. These patients were classified into 1 of 4 subgroups based on 

their history of CNS involvement and whether cranial irradiation was given as a boost 

(Figure 1). One hundred sixty patients had no history of CNS disease, and of these, none 

received a cranial boost (CNS−/CB−, n = 160). Fifty-three patients had prior CNS disease, 

including those with CNS involvement at diagnosis, isolated pre-transplant CNS relapse, or 
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combined CNS and bone marrow relapse. All of these patients had been treated to remission 

status prior to transplantation. Of the 53 CNS+ patients, 41 had not received prior cranial 

irradiation and were deemed eligible for a boost. Thirty of these 41 patients received a 

cranial boost (CNS+/CB+, n = 30), while the other 11 did not receive a boost due to 

physician preference or patient refusal (CNS+/CB−, n = 11). The remaining 12 CNS+ 

patients had already received cranial irradiation as part of their initial management and 

therefore were not candidates for further cranial irradiation at the time of transplantation 

(CNS+PriorRT, n = 12).

Transplantation procedure and conditioning regimens

Graft sources were umbilical cord blood (n = 137, 64.3%), related donor bone marrow (n = 

74, 34.7%), and unrelated donor bone marrow (n = 2, 0.9%). All patients received pre-

transplant conditioning with TBI at 165 cGy per fraction given twice daily over four days to 

a total dose of 1320 cGy at a dose rate of 10–19 cGy per minute. TBI was delivered via an 

opposed lateral technique with arms placed at the sides. Majority of the patients were placed 

in a semi-recumbent position while infants and young children requiring general anesthesia 

were treated in supine position. Custom aluminum compensators for head/neck and legs to 

account for the transverse tissue deficit were used to provide a uniform dose homogeneity 

within 10% of the prescribed dose. An anterior chest film was used to determine lung 

thickness, taking density into account. In cases where arm thickness is not sufficient to 

reduce lung dose, additional tissue compensator was placed13. All males received a testicular 

boost of 400 cGy using en face electrons.

All patients received cyclophosphamide 60 mg/kg/day for two days (120 mg/kg total). One 

hundred thirty-one patients also received fludarabine 25 mg/m2/day for three days (75 

mg/m2 total). Graft-versus-host disease prophylaxis included either cyclosporine and 

mycophenolate mofetil or cyclosporine and methotrexate in the majority of patients.

Cranial boost and prior cranial irradiation

Patients with a history of CNS disease not previously treated with cranial irradiation were 

candidates for a cranial boost in addition to TBI prior to transplantation. Patients with prior 

cranial irradiation whose total cranial dose, including TBI, would exceed 2400 cGy, were 

not candidates14. Because all patients with prior irradiation received a dose of at least 1200 

cGy, none of them were offered a boost. Some providers and/or patients declined a boost due 

to concern of neurotoxicity. For these patients, a cranial boost was not administered.

Thirty patients received a cranial boost while 11 did not. Cranial boost was completed within 

two weeks before initiating TBI. Twenty-nine of 30 patients received 900 cGy given in five 

daily fractions of 180 cGy each. One patient received 1000 cGy in five daily fractions of 200 

cGy each. Thus, the total dose to the brain was 2220–2320 cGy after accounting for the TBI 

dose. None of the boosted patients received additional spinal irradiation. Of the 12 patients 

who were precluded from receiving a cranial boost due to prior cranial irradiation, previous 

doses to the brain were 1200 cGy in 5 patients, 1800 cGy in 5, 2400 cGy in 1, and unknown 

in 1. Among these patients, one also received 75 cGy to the spine.

Gao et al. Page 3

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 August 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Post-transplant prophylactic intrathecal chemotherapy

A total of 13 patients received post-transplant prophylactic IT chemotherapy, 12 of whom 

were in the CNS−/CB−group and 1 of whom was in the CNS+PriorRT group. Three of the 

13 (23.1%) had T-cell disease, and 4 (30.8%) were t(9;22) positive. Intrathecal 

chemotherapeutic regimens consisted of methotrexate, cytarabine, and/or hydrocortisone.

Survival, recurrence, and follow-up

Patients’ overall (OS) and disease free (DFS) survival were calculated from the date of 

transplantation. CNS relapse was defined as occurrence of any of the following: leukemic 

blasts in cerebrospinal fluid, contrast-enhancing brain or spinal lesion(s) on imaging 

attributed to leukemic involvement, or clinical symptoms consistent with CNS relapse. For 

the purposes of this study, CNS recurrence was restricted to patients in whom the CNS was 

the first site of post-transplant relapse. The rationale for this definition was to exclude cases 

in which the CNS was a secondary relapse site following bone marrow failure, a scenario 

that pre-transplant cranial irradiation could not have prevented. For patients who 

experienced relapse or death, the follow-up duration was defined from the date of HSCT to 

first relapse or death. Patients who did not experience post-transplant relapse were censored 

at the time of last clinical follow-up visit.

Statistical analysis

Demographic data and transplantation characteristics were summarized by standard 

descriptive statistical methods. Comparisons between groups were conducted using chi-

square or Fisher’s exact test for categorical data and Wilcoxon’s rank sum test for 

continuous data. The cut-off significance level for p-values was 0.05.

The Kaplan-Meier method15 was used to estimate the probabilities of DFS and OS through 2 

years after HSCT. A Cox proportional hazard regression model was used to estimate the 

adjusted survival curves16.

A cumulative incidence estimator was used to calculate the probability of CNS relapse, 

reflecting the nonevent deaths as a competing risk17. Fine and Gray regression analysis was 

used to compare the differences between cumulative incidence curves for relapse rate18. The 

log-rank test was used for univariate comparisons. The following risk factors were included 

on univariate analysis: patient group, presence of Philadelphia chromosome, leukemic cell 

subtype, age at transplantation, remission status, stem cell source, and post-transplant IT 

chemotherapy. Two-year relapse rate was compared between the four groups as well as 

between the CNS+/CB+ and CNS+/CB− groups. A p-value cutoff of 0.025 was used to 

correct for multiple comparisons.

All statistical analyses were implemented using Statistical Analysis System statistical 

software version 9.3 (SAS Institute Inc., Cary, NC).
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Results

Patient, disease and transplant characteristics

Median duration of follow-up from the time of HSCT for the entire cohort was 839 days 

(range: 16–4390 days). One hundred twenty-eight (60.1%) patients were male. Median age 

at transplantation was 17.9 years (range: 1.6–56.0). Leukemic cell subtypes were as follows: 

137 (64.3%) pre-B-cell, 26 (12.2%) T-cell, 16 (7.5%) mature-B-cell, and 34 (16.0%) 

unknown. At diagnosis, 49 (23.0%) were t(9;22) positive. One hundred and twenty-one 

(56.8%) patients were transplanted while in first remission, 72 (33.8%) in second remission, 

and 20 (9.4%) in third remission or beyond.

When comparing the 4 groups based on their history of CNS involvement and use of a 

cranial boost, patients in the CNS+PriorRT group were the youngest (p = <0.01), whereas 

the CNS−/CB−group had the highest proportion (62.5%) of patients in CR1 (p < 0.01). 

There were otherwise no significant differences among the 4 groups in the patient and 

treatment characteristics studied, including gender, leukemic cell subtype, presence of 

t(9:22), year of transplantation, stem cell source, HLA matches, total nucleated cells 

transplanted, and the use of post-transplant IT chemotherapy (Table 1). Since we were 

particularly interested in the role of a cranial boost among CNS+ patients, we also compared 

the demographic and transplant-related characteristics between those who received cranial 

boost (CNS+/CB+) and those for whom it was deferred (CNS+/CB−). No significant 

differences were detected between the two groups (Table 1).

Survival

A total of 111 (52.1%) patients were alive at last follow-up. Two-year OS was 60% (95% CI 

53–67%) and DFS was 54% (95% CI 47–61%) for all patients. There were no significant 

differences in survival among the 4 groups (p = 0.59 for OS and p = 0.81 for DFS). When 

only the CNS+/CB+ patients and CNS+/CB− patients were compared, significant 

differences were still not observed. Two-year OS for the CNS+/CB+ group was 63% (95% 

CI 44–78%) compared to 80% (95% CI 39–95%) for the CNS+/CB−group (p = 0.25). The 

2-year DFS in these two groups were 60% (95% CI 40–75%) and 61% (95% CI 25–83%), 

respectively (p = 0.63). Survival curves are illustrated in Figure 2.

Relapse

Fifty-three of the 213 patients experienced relapse following HSCT. As expected, the most 

common site of initial relapse was hematologic only, occurring in 34 patients. Seven patients 

relapsed initially in the CNS; three of these patients experienced isolated CNS recurrence 

while 4 had concurrent hematologic involvement. Twelve patients relapsed at other 

extramedullary sites with or without concurrent hematologic recurrence. There were 43 

relapses in the CNS−/CB−group (43/160; 26.9%), 2 in the CNS+/CB+ group (2/30; 6.7%), 5 

in the CNS+/CB−group (5/11; 45.5%), and 3 in the CNS+PriorRT group (3/12; 25.0%). 

Incidence of post-transplant relapse did not differ significantly among the four groups (p = 

0.40).
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Seven patients relapsed in the CNS initially, ranging from 59 to 708 days following HSCT. 

Of these, 4 had no prior history of CNS disease and 2 had a history of CNS disease but did 

not receive a cranial boost. An additional patient who received previous cranial irradiation 

and hence was not eligible for a boost also experienced post-transplant CNS relapse. 

Characteristics and clinical outcomes of the patients who relapsed in the CNS are presented 

in Table 2.

Of the 41 patients who had a history of CNS disease and were eligible for a cranial boost, 

none of the 30 patients who received a boost experienced relapse in the CNS, whereas 2 of 

the 11 patients who omitted a boost relapsed in the CNS, corresponding to 2-year CNS 

relapse rates of 0% (CNS+/CB+) and 21% (CNS+/CB−, 95% CI 0–45%) respectively (p = 

0.03).

Univariate analysis was performed to analyze factors predictive of CNS relapse (Table 3). 

Using a p-value cutoff of 0.025 to correct for multiple comparisons, treatment group was 

found to approach significance for 2-year CNS relapse rate (p = 0.04). A subgroup 

comparison between the CNS+/CB+ and CNS+/CB−groups also yielded a difference that 

approached significance (p = 0.03). Patients who received post-transplant IT chemotherapy 

had a higher CNS relapse rate of 15% (95% CI 0–34%) compared to 3% (95% CI 0–5%) in 

patients not receiving it (p = 0.01). No other factors included on univariate analysis, 

including age at transplantation, leukemic cell subtype, presence of Philadelphia 

chromosome, remission status, and stem cell source affected 2-year CNS relapse rate.

Given the small number of events and the fact that the only factor reaching significance was 

post-transplant IT chemotherapy, multivariate analysis was not performed.

Discussion

Despite advances in the treatment of ALL, rates of post-transplant relapse remain high, 

especially in high-risk patients. Hematologic relapse is the most frequent obstacle to 

achieving long-term survival. Relapse in the CNS, while not as prevalent, remains a 

significant barrier to cure and poses a therapeutic challenge, as the CNS is a sanctuary site. 

This study demonstrates that, in ALL patients with previous CNS involvement, there is a 

trend towards reduced rate of post-transplant CNS relapse in those who receive a cranial 

boost in addition to TBI conditioning. None of the 30 CNS+ patients treated with a cranial 

boost experienced initial CNS recurrence, whereas 2 of the 11 CNS+ patients for whom a 

boost was deferred recurred in the CNS. Other prognostic factors including age at 

transplantation, leukemic cell subtype, presence of Philadelphia chromosome, remission 

status, and stem cell source did not influence CNS recurrence risk.

In our cohort, isolated CNS relapse was observed between 59 days and 708 days after 

transplant. Although late CNS relapses may have been missed with our median follow-up of 

839 days, previous retrospective studies have demonstrated that the median time to CNS 

relapse is less than 1 year following HSCT, and that the risk appears to level off beyond 2 

years9,12. Because of the small number of events, we were only able to detect a difference 

that approached significance. Further studies are warranted to validate this finding. Despite 

Gao et al. Page 6

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 August 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



an improvement in CNS disease control, there was no difference in survival between the 

CNS+/CB+ and CNS+/CB− groups, likely due to the potential competing risk of death 

and/or the use of salvage therapy.

Previous evidence on the benefit of a cranial boost has been limited. Grow et al. 

demonstrated in a retrospective analysis of 26 patients that a cranial or craniospinal boost 

protects against CNS recurrence19. Another retrospective study performed by Su et al. 

concluded that a 600 cGy boost, in addition to 1200 cGy TBI, is well-tolerated and may 

reduce the likelihood of CNS recurrence20. The minimal cranial dose needed to protect 

against CNS relapse is unclear. In our single institution cohort, patients received a 

cumulative dose of 2220 to 2320 cGy to the brain. Prior reported total cranial doses range 

from 180018 to 3200 cGy21.

Although we found a possible role of a cranial boost in protecting against CNS relapse, this 

benefit must be balanced against added CNS toxicity. The long-term adverse effects of 

cranial irradiation on neurocognition have been well documented22–24. For this reason, the 

use of prophylactic cranial irradiation in the treatment of standard risk ALL has gradually 

been eliminated in favor of systemic and IT therapy25–28. Formal neuropsychological testing 

unfortunately was not routinely performed among the patients who received a CB. In our 

study, only 9 such patients (median age: 11.4 years) received formal neuropsychological 

testing, all of whom were referred due to subjective cognitive decline. Seven of the 9 

patients were found to have cognitive abilities within or above the average range, while 2 

demonstrated slightly below average cognitive abilities. Because baseline neurocognitive 

testing prior to transplantation was not performed, it is difficult to assess the detriment 

directly attributable to the use of a cranial boost. It is somewhat reassuring, however, that the 

majority of patients who were formally tested were found to have cognitive function in the 

average or above average range. There is at least one other study which showed no adverse 

effect on overall intellectual function when a cranial boost was given prior to HSCT29. 

Additional work is needed to determine a dose that is both effective at reducing CNS relapse 

and has minimal neurotoxicity.

An alternative strategy to cranial irradiation for CNS prophylaxis is the use of IT 

chemotherapy. In our study, 13 patients received IT chemotherapy in the post-transplant 

setting. Despite receiving IT therapy, 2 of the 13 relapsed in CNS. Patients who received IT 

chemotherapy had a higher percentage of T-cell disease and t(9;22) positivity compared to 

the overall cohort, both of which are predictors for CNS relapse30, although this difference 

was not statistically significant. Prophylactic IT therapy in the immediate post-transplant 

period may somehow be detrimental. Alexander et al. reported in their study of 67 patients 

that all 3 CNS failures occurred in the 10 patients who received post-transplant IT 

chemotherapy21. Oshima et al. also demonstrated an increased risk of CNS relapse in 

similarly treated patients, while two other studies showed no impact of post-transplant 

prophylactic IT chemotherapy on CNS relapse risk8,12. Aldoss et al. posited that 

chemotherapy may destroy donor-derived T lymphocytes in recipient cerebrospinal fluid 

which normally exert a graft-versus-leukemia effect that protects against CNS disease in 

allogeneic HSCT recipients8.
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We acknowledge the limitations of our study. Our event number was small, with only 7 

patients experiencing post-transplant CNS relapse. This is partially because we included 

only those CNS relapses that occurred as the initial event following transplantation. This 

definition allowed us to directly assess the effect of a cranial boost in preventing CNS 

relapse, as it would not prevent secondary CNS relapse following hematologic failure. As 

with any retrospective analysis, selection bias likely influenced our results. Among the 41 

CNS+ patients who were eligible to receive a cranial boost, our practice was not uniform, 

with only 30 receiving the treatment. The reason for omitting a boost in the remaining 11 

patients was due to physician bias or patient refusal. Lastly, no formal pre-transplant 

neurocognitive assessment was performed on patients who were boosted.

In conclusion, in this cohort of ALL patients receiving allogeneic HSCT, augmenting TBI 

with a cranial boost may protect against post-transplant CNS relapse among patients with a 

history of CNS leukemia, although the improvement seen in CNS control does not translate 

into an OS or DFS benefit. Our results require validation from a larger cohort or multi-

institutional database.
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Figure 1: Patient groups.
CNS+ indicates patients with a history of central nervous system disease; CB+, patients who 

received a cranial boost; CI, cranial irradiation.]
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Figure 2: Two-year post-transplant (A) overall and (B) disease free survival.
CNS indicates central nervous system; CB, cranial boost; PriorRT, prior cranial radiation 

therapy. Parentheses indicate 95% confidence intervals. 2-group p-values compare CNS

+/CB+ vs. CNS+/CB−.
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Table 1:

Patient, disease, and transplantation characteristics.

Characteristics All patients
(n = 213)

CNS−/CB−
(n = 160)

CNS+/CB+
(n = 30)

CNS+/CB−
(n = 11)

CNS+PriorRT
(n = 12)

4-group 
p

2-group 
p*

Gender: Male 128 (60.1)** 93 (58.1) 21 (70.0) 8 (72.7) 6 (50.0) 0.44 0.86

Median age: years 
(range)

17.9 (1.6–56.0) 20.5 (1.6–
56.0)

16.2 (3.245.9) 20.5 (7.8–
52.9)

10.2 (5.3–36.5) <0.01 0.13

Age ≥ 18 years at 
transplant

106 (49.8) 87 (54.4) 12 (40.0) 6 (54.5) 1 (8.3) <0.01 0.41

Cell subtype
Pre-B
T-cell
Mature-B
Unknown

137 (64.3)
26 (12.2)
16 (7.5)
34 (16.0)

103 (64.4)
18 (11.2)
12 (7.5)
27 (16.9)

21 (70.0)
2 (6.7)
2 (6.7)
5 (16.7)

5 (45.5)
3 (27.3)
2 (18.2)
1 (9.1)

8 (66.7)
3 (25.0)
0
1 (8.3)

0.39 0.12

t(9;22): present 49 (23.0) 42 (26.3) 4 (13.3) 2 (18.2) 1 (8.3) 0.25 0.70

Remission status
CR1
CR2
CR3+

121 (56.8)
72 (33.8)
20 (9.4)

101 (63.1)
48 (30.0)
11 (6.9)

11 (36.7)
15 (50.0)
4 (13.3)

7 (63.6)
4 (36.4)
0

2 (16.7)
5 (41.7)
5 (41.7)

<0.01 0.46

Transplant year
2001 – 2007
2008 – 2016

90 (42.3)
123 (57.7)

67 (40.4)
93 (58.1)

15 (50.0)
15 (50.0)

3 (27.3)
8 (72.7)

5 (41.7)
7 (58.3)

0.62 0.19

Stem cell source
UCB
MRD
URD

137 (64.3)
74 (34.7)
2 (0.9)

100 (62.5)
58 (36.3)
2 (1.3)

19 (63.3)
11 (36.7)
0

7 (63.6)
4 (36.4)
0

11 (91.7)
1 (8.3)
0

0.58 0.99

HLA match
4/6
5/6
6/6
7/8
8/8
Unknown

52 (24.4)
64 (30.0)
48 (22.5)
2 (0.9)
31 (14.6)
16 (7.5)

40 (25.0)
47 (29.4)
35 (21.9)
2 (1.3)
22 (13.8)
14 (8.8)

7 (23.3)
9 (30.0)
8 (26.7)
0
4 (13.3)
2 (6.7)

1 (9.1)
5 (45.5)
1 (9.1)
0
4 (36.4)
0

4 (33.3)
3(25.0)
4 (33.3)
0
1 (8.3)
0

0.77 0.21

Median TNC 
transplanted (# cells × 
108/kg, range)

0.6 (0.2–15.7) 0.7 (0.2–15.7) 0.5 (0.2–11.0) 0.6 (0.2–10.9) 0.5 (0.2–3.0) 0.44 0.85

Post-transplant 
prophylactic IT 
chemotherapy

13 (6.1) 12 (7.5) 0 0 1 (8.3) 0.44 NA

CNS indicates central nervous system; CB, cranial boost; PriorRT, prior cranial radiation therapy; CR, complete remission; UCB, umbilical cord 
blood; MRD, matched related donor; URD, unrelated donor; HLA, human leukocyte antigen; TNC, total nucleated cells; IT, intrathecal.

*
Two-group p-values compare CNS+/CB+ vs. CNS+/CB−.

**
Values are number (percentage) unless otherwise
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Table 3:

Univariate analysis of 2-year CNS relapse.

N Events Risk (95% CI) P

Total 213 7 3% (1–6%)

Group 0.04*

CNS−/CB− 160 4 3% (0–5%) 0.03**

CNS+/CB+ 30 0 0%

CNS+/CB− 11 2 21% (0–45%)

CNS+PriorRT 12 1 8% (0–23%)

Age at transplantation 0.51

< 18 years 107 3 3% (0–6%)

≥ 18 years 106 4 4% (0–8%)

Cell subtype 0.72

Pre-B 137 4 3% (0–6%)

T-cell 26 1 5% (0–13%)

Mature-B 16 0 0%

Unknown 34 2 6% (0–14%)

t(9;22) 0.19

Yes 49 3 6% (0–13%)

No 164 4 3% (0–5%)

Remission status 0.81

CR1 121 3 3% (0–6%)

CR2 72 3 4% (0–9%)

CR3+ 20 1 5% (0–14%)

Source of stem cells 0.50

UCB 137 3 2% (0–5%)

MRD 74 4 6% (0–13%)

URD 2 0 0%

Post-transplant prophylactic IT chemotherapy

Yes 13 2 15% (0–34%) 0.01

No 200 5 3% (0–5%)

CNS indicates central nervous system; CB, cranial boost; PriorRT, prior cranial radiation therapy; CR, complete remission; UCB, umbilical cord 
blood; MRD, matched related donor; URD, unrelated donor; IT, intrathecal. A p-value cutoff of 0.025 was used to correct for multiple subgroup 
comparisons.

*
Four-group p-value.

**
Two-group p-values compare CNS+/CB+ vs. CNS+/CB−.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 August 13.


	Abstract
	Introduction
	Materials and Methods
	Patients
	Transplantation procedure and conditioning regimens
	Cranial boost and prior cranial irradiation
	Post-transplant prophylactic intrathecal chemotherapy
	Survival, recurrence, and follow-up
	Statistical analysis

	Results
	Patient, disease and transplant characteristics
	Survival
	Relapse

	Discussion
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3:

