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Summary

Within the Campus ALL network we analyzed the incidence, characteristics, treat-
ment and outcome of a central nervous system (CNS) relapse in 1035 consecutive
adult acute lymphoblastic leukemia (ALL) patients treated frontline with pediatric-
inspired protocols between 2009 and 2020. Seventy-one patients (6.8%) experienced
a CNS recurrence, more frequently in T- (28/278; 10%) than in B-ALL (43/757; 5.7%)
(p=0.017). An early CNS relapse—< 12 months from diagnosis—was observed in 41
patients. In multivariate analysis, risk factors for early CNS relapse included T-cell
phenotype (p = <0.001), hyperleucocytosis >100x 10°/L (p<0.001) and male gender
(p =0.015). Treatment was heterogeneous, including chemotherapy, radiotherapy,
intrathecal therapy and novel agents. A complete remission (CR) was obtained in 39
patients (55%) with no differences among strategies. After CR, 26 patients underwent
an allogenic transplant, with a significant overall survival benefit compared to non-
transplanted patients (p =0.012). After a median observation of 8 months from CNS
relapse, 23 patients (32%) were alive. In multivariate analysis, the time to CNS relapse
was the strongest predictor of a lower 2-year post-relapse survival (p<0.001). In con-
clusion, in adult ALL the outcome after a CNS relapse remains very poor. Effective

CNS prophylaxis remains the best approach and allogenic transplant should be pur-

sued when possible.

KEYWORDS

INTRODUCTION

Acute lymphoblastic leukaemia (ALL) is the most common
tumour in children and is considered a therapeutic success
in cancer with five-year event-free survival rates of approx-
imately 85% and overall survival (OS) rates around 90%."
At present, highly effective paediatric-based regimens war-
rant five-year survival rates of about 60% in adolescents
and young adult patients.>” In view of these data, a similar
approach has been progressively extended to older patients,
with improved results up to 55years of age.” Nevertheless,
relapse remains the main cause of treatment failure.

The central nervous system (CNS) is the most common site
of extramedullary involvement in ALL.® CNS involvement at
diagnosis of ALL is detected in 5%-25% of cases.”™ Despite
the intrathecal (IT) administration of prophylactic chemo-
therapy and the use of high-dose systemic methotrexate
and/or cytarabine as part of the consolidation treatment,'®""
CNS relapse occurs in 7%-15% of adult ALL patients™*™*
and, unlike in children, it usually occurs within the first year

adult ALL, CNS relapse, paediatric-like regimens

from diagnosis.'>'*!* Although isolated CNS relapses do
occur, recurrence of ALL within the CNS usually coincides
with or predicts a systemic relapse in the bone marrow (BM)
and blood soon after.!>" Risk factors at diagnosis related
to subsequent CNS relapse are: T-cell immunophenotype,
the presence of high-risk cytogenetic abnormalities [¢(4;11),
£(9;22)], hyperleukocytosis (above 100 x 10°/L) and an overt
CNS leukaemia at diagnosis.'®

The optimal management of CNS relapse with or with-
out a concurrent BM involvement remains uncertain.'”
Treatment options include the use of many of the same
chemotherapy agents used up-front at concentrations
capable of crossing the blood-brain barrier, and partly
novel immunotherapies — namely blinatumomab and
inotuzumab ozogamicin — after CNS sterilization with IT
chemotherapy. Allogeneic haematopoietic stem cell trans-
plant (HSCT) is considered the gold standard for relapsed
ALL patients who achieve a second remission. However,
there is no standard approach to effectively reduce the
rate of further CNS relapses and to improve survival after
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transplantation. Strategies to improve outcome include
total body irradiation (TBI) in the conditioning regimen,
cranial spinal irradiation (CSI) and cranial radiotherapy
(RT), or IT chemotherapy in the peritransplant setting."®"’
The impact on outcome of intensified conditioning with
TBI and CNS RT is still undetermined."”

To address these questions on a contemporary series of
patients in the framework of the Campus ALL network,
we conducted this retrospective study analysing the inci-
dence, characteristics, treatment and OS of CNS relapse
in adult ALL patients treated front-line with paediatric-
inspired and minimal residual disease (MRD)-oriented
therapy.

MATERIALS AND METHODS

This is a multicentre retrospective analysis that included
all adult patients (age >18years) with a diagnosis of de
novo ALL treated with paediatric-inspired regimens at
25 Ttalian haematology centres between 2009 and 2020.
Paediatric-inspired regimens included one of the following
protocols: NILG 10/07, AIEOP 2000, GIMEMA LAL1308
and GIMEMA LAL1913.2"** Patients were either included
in the original studies or treated according to the same
protocols in clinical practice. Philadelphia chromosome
(Ph)-positive ALL patients were included if treated with
tyrosine kinase inhibitors (TKI) in addition to one of the
above-mentioned protocols. All regimens included CNS
prophylaxis during induction and consolidation with sys-
temic high-dose chemotherapy [methotrexate(MTX)/ara-
binosyl cytarabine (ARA-C)] and IT chemotherapy with
MTX with/without ARA-C and steroids during all treat-
ment phases.zo’23 No patient received RT or CSI as part
of their initial treatment. Risk classification at diagnosis
was based on previously reported definitions.**™2® Patients
with very high-risk (VHR) features or classified as high or
standard risk and with a positive MRD status at the end of
induction/early consolidation were allocated to front-line
HSCT, if suitable.

Patients with a CNS involvement at relapse — including
also those with a CNS involvement at initial presentation
who obtained a complete remission (CR) and then relapsed
— represent the study population for this analysis. Patients'
records were retrospectively collected for their clinical and
laboratory characteristics, treatment regimens and outcome
after CNS recurrence in an anonymous database.

All patients provided informed consent for the participa-
tion in studies on their disease and for the collection of data
according to the protocol used in the clinical practice. This
retrospective study was approved by the Internal Review
Board (IRB) of the coordinating centre, in accordance with
the Helsinki Declaration.

The definition of CNS involvement included one or more
of the following: (a) evidence of leukaemic blasts in the ce-
rebrospinal fluid (CSF) by conventional cytology (CC) and/
or flow cytometry (FCM), or (b) contrast-enhancing brain

or spinal mass on imaging attributed to leukaemic involve-
ment. CC positivity was defined as unequivocal morpho-
logic evidence of leukaemic blasts in the CSF and/or a CSF
white blood cell (WBC) count of 5/ul or higherwith less than
10 erythrocytes/ul.””*®

FCM positivity was defined by the presence in CSF of 10
or more phenotypically abnormal events, forming a clus-
ter.”* All patients with evidence of a CNS relapse under-
went a BM examination. Relapse events were defined by the
time from initial diagnosis: early, less than12 months; late,
at least 12months, also in keeping with the current litera-
ture,'>!>!> and site: (i) isolated CNS relapse; (ii) concomitant
CNS and BM relapse; or (iii) concomitant CNS and molec-
ular BM relapse (BM MRD+). A BM recurrence within four
weeks from the detection of CNS disease was considered as
a systemic recurrence.

Survival was considered from the date of the first CNS
recurrence to the date of death or the last follow-up. CR du-
ration was considered from the date of CR achievement after
the first CNS recurrence to the date of further relapse at any
site or the last follow-up.

Survival and CR duration distributions were estimated
using the Kaplan-Meier method and were compared using
the log-rank test. Comparisons between groups were per-
formed to assess differences in clinical data using Fisher's
exact test for categorical variables. All tests were two-sided,
accepting p <0.05 as indicating a statistically significant
difference, and confidence intervals (Cis) were calculated
at the 95% level. Multivariate analysis was performed using
a Cox model after the proportional hazard assumption was
checked. Statistical analyses were performed using SAS ver-
sion 9.3 (SAS Institute, Cary, North Carolina, USA).

RESULTS

Among 1035 consecutive newly diagnosed adult ALL (B-
lineage 757, T-lineage 278), we identified a total of 71 patients
(6.8%) who experienced a CNS relapse.

Patient population

The characteristics at disease onset of patients who later ex-
perienced a CNS relapse are summarized in Table 1. Median
age was 35years (range 18-64) and 50 (70.4%) were male.
Median WBC value was 35.9 x 10°/L (range 1.7-248).

Overall, a CNS relapse was significantly more frequent
in T-ALL (28/278; 10%) than in B-ALL (43/757; 5.7%)
(p = 0.017). Cytogenetic analysis was available for 66 pa-
tients (93%): 12 patients (22.5%) had a complex karyotype,
including four patients who were also Ph+, nine patients
(21% of B-ALL) were Ph+, one patient had a t(4;11)/KMT2A
rearrangement at 11q23; one patient had a t(1;19)/E2A/PBX1
alteration. Within B-lineage ALL patients devoid of major
molecular lesions (n = 32), the Ph-like predictor was tested
in 13, and six (46%) proved Ph-like.”’
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TABLE 1 Patients' characteristics at diagnosis

Overall (n=71)

Age (years), median (range) 35 (18-64)
Sex, 1 (%)

Male 50 (70.4%)
Female 21 (29.6%)
Risk class, 7 (%)

SR 19 (26.7%)
HR 10 (14.1%)
VHR 42 (59.2%)

WBC (10°/L), median (range)
WBCx10%/L, 1 (%)

35.9 (1.7-248)

0-30 36 (50.7%)
30-100 16 (23.5%)
>100 17 (25.0%)
Missing 2

Immunophenotype, n (%)
B-ALL 43 (60.6%)

Common/pre-B 41 (95.3%)

Pro-B 2 (4.7%)
T-ALL 28 (39.4%)
Cortical-T 13 (46.4%)

Pre—/mature-T 15 (53.6%)

Cytogenetics/molecular genetics, n (%)

Non adverse/normal 39 (55%)
Adverse 27 (38%)
Ph+ 5 (18.5%)
#H4;11) 1 (3.7%)
Other 21 (77.7%)
Missing 5(7%)

Other localization, n (%)
CNS 7 (9.9%)

Mediastinum 16 (22.5%)

Liver 6 (8.5%)
Spleen 19 (26.8%)
Other 23 (32.4%)

LDH (U/L), median (range) 1112 (200-9860)

Abbreviations: CNS, central nervous system; HR, high risk; LDH, lactate
dehydrogenase; Ph, Philadelphia; SR, standard risk; VHR, very high risk; WBC,
white blood cell.

A mediastinal mass was present in 16 patients (22.5%), 14
being T-ALL; a testicular involvement was found in four of
50 males (8%). Seven patients (9.9%) also had a CNS involve-
ment at the initial presentation.

As a result of these characteristics, 42 patients (59.2%)
were classified as VHR, 10 (14.1%) as high risk and 19 (26.7%)
as standard risk.

BRITISH JOURNAL OF HAEMATOLOGY

Front-line treatment and response

The initial treatment protocol was as follows: GIMEMA
LAL1913/GIMEMA LAL1913-inspired in 27 patients
(38%), NILG10/07 ALL in 25 (35.2%), GIMEMA LAL1308
in 11 (15.5%) and AIEOP 2000 in eight (11.3%). All pa-
tients obtained a CR after induction therapy. Twenty-nine
patients (41%) also achieved a complete MRD response,
while 26 (36.5%) remained MRD-positive and 16 (22.5%)
had an unknown MRD status. After consolidation, the rate
of MRD negativity increased to 63%. The median number
of prophylactic IT administrations was eight (range 4-13),
lower than planned in the original protocols due to the
rather high occurrence of early CNS relapse, while the me-
dian number of therapeutic IT administrations in patients
with a CNS involvement at diagnosis was six (range 1-18).
Overall, the median time from diagnosis to the first IT was
six days (range 1-55). The median dose of MTX adminis-
tered was 3 g/m? (range 1.5-5) varying according to the
immunophenotype. A HSCT was performed as part of the
initial treatment programme (i.e. before CNS relapse) in 18
patients (25.3%) after a median time of eight months from
diagnosis (range 3-24).

Characteristics of CNS relapses and risk factors
for early CNS relapse

The median time to CNS relapse was 10 months (range 1-46).
The median number of therapeutic lines administered prior
to the CNS relapse was one (range 1-6) and 45/71 patients
(63%) experienced a CNS relapse after the first line of treat-
ment. Sixteen patients (22.5%), all without CNS involvement at
diagnosis, were treated with immunotherapy prior to the CNS
relapse for MRD positivity or systemic relapse: nine patients
(13%) received blinatumomab, two (3%) received inotuzumab
ozogamicin and five (7%) received both agents. Twenty-four pa-
tients (34%) underwent a HSCT before their first CNS relapse.

At CNS relapse, 44 patients (62%) had neurological symp-
toms: 24 (34%) had a facial paralysis, 10 (14%) had diplopia/
visual impairment and 10 (14%) had intracranial hyperten-
sion. The diagnosis of CNS relapse was made by CC and/
or immunophenotypic evidence of leukaemic blasts in the
CSF in 43 patients (60.5%), by positive MRI/CT scan in seven
(9.9%) and by a concomitant positive CSF and MRI/CT scan
in 21 (29.5%).

Forty-one patients (58%) had an early CNS relapse and 30
(42%) had a late CNS relapse. Regarding the site of relapse, 41
patients (58%) experienced an isolated CNS relapse, 21 (29%)
had a concomitant BM involvement and nine (13%) had a
concomitant BM MRD+.

A univariate analysis of risk factors associated with early
relapse did not show any significant correlation with age, risk
class, cytogenetics/molecular genetics, Ph-like status, other
extramedullary localizations (including CNS involvement at
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diagnosis), lactic dehydrogenase level, dose of MTX, number
of prophylactic/therapeutic IT and MRD status at the end of
induction. Conversely, male gender (p = 0.015), T-precursor
immunophenotype (p <0.001) and hyperleukocytosis (WBC
>100x10/L) for both B- and T- cell phenotypes (p <0.001)
were significantly associated with a greater risk of early CNS
relapse both in univariate and multivariate analysis (Table 2).

Treatment of CNS relapse and outcome

Treatment of CNS relapse was heterogeneous, includ-
ing a combination of systemic chemotherapy, RT, IT, TKIs
and novel agents, as reported in Table 3. Overall, systemic
chemotherapy was used in 51 patients and included: HD-
MTX with or without HD-ARA-C (34/51; 67%), FLAI/FLAG
(11/51; 21%), HD-ARA-C (4/51; 8%), nelarabine (1/51; 2%)
and clofarabine/cyclophosphamide (1/51; 2%). A CR was
obtained in 39 patients (55%). No treatment modality was
associated with a statistically superior CR rate compared to
the others (p = 0.538). Of note, five out of six patients with a
concurrent CNS and systemic relapse who were treated with
immunotherapy (three blinatumomab, three inotuzumab
ozogamicin) after clearance of CNS involvement by multiple
IT obtained a CR. After CR2 achievement, 26 patients (37%)
underwent a HSCT. Twenty-one patients (29%) never under-
went a transplant.

After a median follow-up of eight months from CNS re-
lapse, 23 patients (32%) were alive, 22 remaining in CR. The
deaths were due to CNS relapse in 45 patients (94%) and
due to infectious complications in three patients (6%). The
median OS from the first CNS relapse was 8.5 months [95%
confidence interval (CI): 6-14] (Figure 1A). The median OS
in early and late CNS relapse was six months (95% CI: 3-8)
and 14 months (95% CI: 8.0-20.0), respectively (p <0.001)
(Figure 1B). The median OS after isolated CNS relapse, CNS
plus concomitant BM MRD+ relapse and CNS plus con-
comitant haematologic relapse was 14 (95% CI: 8-20), 12.5
(95% CI: 1-22) and five (95% CI: 1-7) months, respectively
(p = 0.03) (Figure 1C). The estimated five-year survival rate
was only 5.6%.

HSCT was associated with a statistically significant OS
benefit compared to non-transplanted patients (p = 0.012).
The median OS of patients for whom the transplant was per-
formed as consolidation therapy was 11 months (95% CI: 6-23)
vs. 5.5 months for patients with a post-transplant CNS relapse
(95% CI: 1-22) and five months for patients who never under-
went a transplant (95% CI: 1-8). Notably, 11 of the 26 patients
(42%) who were transplanted after the CNS relapse experienced
a further CNS relapse. All patients who underwent a HSCT
received myeloablative conditioning and the preparation reg-
imen was TBI-based in 12/26 patients (46%). Additionally, four
patients received CSI (18-20 Gy). The use of TBI as part of the
conditioning regimen, did not affect OS when compared with
that of no TBI-based regimen (p = 0.105).

A univariate analysis of risk factors associated with
a two-year OS after CNS relapse identified T-precursor

immunophenotype (p=0.05), hyperleukocytosis >100 x 10°/L
at initial diagnosis (p = 0.038), no transplant as consolida-
tion therapy after CNS relapse (p = 0.035) and early relapse
(p <0.001) as significant predictors of worse OS. In mul-
tivariate analysis, only early relapse remained predictive
of a worse OS [hazard ratio (HR) = 26.717, 95% CI: 3.639-
196.145, p <0.001] (Table 4).

DISCUSSION

Despite the much-improved successes in the overall man-
agement of adult ALL, survival in patients with a CNS
relapse after front-line treatment remains poor. Few re-
ports have analysed the impact of contemporary ALL
regimens on the outcome of adult patients with CNS re-
currence.”''*!> The incidence of CNS recurrence var-
ied by phenotype and genotype. In our study - one of the
largest published series - the frequency of CNS recurrence
(6.8%) is in line with the literature. As in other adult ALL
studies, most CNS relapses (58%) occurred within the first
year from diagnosis, unlike in children.">'*!* In one of the
largest and most recent dataset on Ph-negative B-precursor
relapsed/refractory adult ALL (extramedullary relapses
were not included),” more than half of the relapses were
detected within one year from diagnosis, during ongo-
ing intensive treatment. These observations suggest that
it might be appropriate to consider a different definition
of early and late relapse in adults, bringing the cut-off to
12 months or even earlier as compared to the standard cut-
off in the paediatric population, which is typically set at
18 months.

In line with the literature, CNS relapse was significantly
more frequent in T-ALL (10%) than in B-ALL (5.7%).%*
Interestingly, among patients with B-cell precursor-ALL
devoid of major molecular lesions, 46% of tested patients
were Ph-like. The molecular analysis of these cases, known
to confer poor prognosis,””*>** identified rare cytogenetic
subtypes which may also be associated with a particular
risk of CNS infiltration,”?® such as the ETV6-NTRK3 re-
;1rrangemen'(s.36’37 Likewise, time to CNS relapse remains
the strongest predictor of OS,"*** with early CNS relapse
patients having a particularly poor outcome. The risk fac-
tors for early CNS relapse identified in this series - T-cell
immunophenotype, hyperleukocytosis, male gender - are
in agreement with the literature.'®*® These higher-risk
groups might benefit from more aggressive CNS prophy-
laxis. In the current Italian trial for Ph+ ALL (LAL2820,
clinicaltrials gov. Identifier: NCT04722848), the number
of lumbar punctures has been increased to 15 for an un-
expectedly rather high incidence of CNS involvement ob-
served in the induction-consolidation chemotherapy-free
LAL2116 (D-ALBA) trial.>>*° The absence of chemother-
apy might have favoured this condition, in spite of the use
of dasatinib, known to overcome the blood-brain bar-
rier. Further investigations are needed to verify whether
an increase in the number of lumbar punctures will have
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TABLE 2  Univariate and multivariate analyses of risk factors associated with early relapse

Age (Mean/sd)
Sex, n (%)
Male
Female
Risk class
SR
HR
VHR
WBC, x10°/L
0-30
30-100
More than 100
Missing
Immunophenotype
B-ALL
Common/pre-B
Pro-B
T-ALL
Cortical-T
Pre-/mature-T
Cytogenetics/molecular genetics
Non-adverse/normal
Adverse
Ph+
t(4;11)
Other
Missing
Other localization
CNS
Mediastinum
Liver
Spleen
Other
LDH (U/L), mean (sd)
Dose MTX (gr/mz), mean (sd)

IT prophylactic/therapeutic (mean/sd)

MRD (end of induction)
MRD pos
MRD neg
MRD unknown
Ph-like
Yes
No

Early relapses
(n=41)

36.63 (13.49)

33 (80.5%)
8 (19.5%)

7 (17.1%)
7 (17.1%)
27 (65.8%)

17 (41.5%)
6 (14.6%)
16 (39.0%)
2 (4.8%)

18 (43.9%)
17 (94.4%)
1(5.6%)
23 (56.1%)
12 (52.2%)
11 (47.8%)

26 (63.4%)
13 (31.7%)
1(7.7%)
1(7.7%)
11 (84.6%)
2 (4.8%)

4(9.8%)

12 (29.3%)
4(9.8%)

11 (26.8%)

10 (24.4%)

2075.11 (2391.84)

3.16 (1.54)
6.25 (1.71)

15 (36.6%)
16 (39.0%)
10 (24.4%)

2 (4.9%)
3 (7,3%)

Late relapses

(n=30)
35.33 (14.26)

17 (56.7%)
13 (43.3%)

12 (40.0%)
3(10.0%)
15 (50.0%)
19 (63.4%)
10 (33.4%)
1(3.2%)

0 (0%)
25 (83.3%)
24 (96.0%)
1 (4.0%)
5 (16.7%)
1(20.0%)
4 (80.0%)

13 (43.3%)

14 (46.6%)
4 (28.6%)
0 (0.0%)

10 (71.4%)
3 (10%)

3 (10.0%)

4 (13.4%)
2.(6.7%)

8 (26.7%)

13 (43.4%)

1464.39 (1691.87)

3.19 (1.61)
10.00 (5.20)

11 (36.7%)
13 (43.3%)
6 (20.0%)

4 (13.3%)
4 (13.3%)

Overall

(n=71)

36.08 (13.73)

50 (70.4%)
21 (29.6%)

19 (26.7%)
10 (14.1%)
42 (59,2%)

36 (50.7%)

16 (22.5%)

17 (23.9%)
2 (2.8%)

43 (60.6%)
41 (95.3%)
2 (4.7%)
28 (39.4%)
13 (46.4%)
15 (53.6%)

39 (55%)

27 (38%)
5 (18.5%)
1(3.7%)

21 (77.7%)
5 (7%)

7 (9.9%)

16 (22.5%)
6 (8.5%)

19 (26.8%)

23 (32.4%)

1812.03 (2125.67)

3.18 (1.56)
7.86 (3.80)

26 (36.6%)
29 (40.8%)
16 (22.5%)

6 (8.5%)
7 (9.9%)

p value

BJHaem
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Univariate

0.696

0.038

0.382

<0.001

0.017
0.012

0.006

0.262

0.904

1.000
0.154
1.000
1.000
1.000
0.255
0.941
0.224

0.680

0.797

Multivariate®

0.015

<0.001

<0.001

Abbreviations: ALL, acute lymphoblastic leukaemia; CNS, central nervous system; HR, high risk; IT, intrathecal; LDH, lactate dehydrogenase; MRD, minimal residual
disease; MTX, methotrexate; neg, negative; Ph, Philadelphia; Ph-like, Philadelphia-like; pos, positive; SR, standard risk; VHR, very high risk; WBC, white blood cell.

*Stepwise backward selection method is developed for the analysis.
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an impact on the rate of CNS relapses, and specifically of
early relapses.

Recently, several published experiences demonstrated
the superior sensitivity of FCM over CC for the detection of
CNS disease, contributing to establish a new standard, the
so-called “occult CNS disease” (OCNSD), i.e. FCM positivity

TABLE 3 Modality of treatment of CNS relapse and CR rate
Number of patients ~ CR rate
(%) N, (%)
All patients 71 (100) 39 (55)
CHT+IT 31 (44) 13 (42)
CHT+RT+IT 17 (24) 12 (70)
RT+IT 9 (13) 5 (55)
Immunotherapy + IT 6 (8) 5(83)
TKI+IT 5(7) 3 (60)
CHT 3(4) 1(33)

Abbreviations: CR, complete remission; CHT, chemotherapy; IT, intrathecal; RT,
radiotherapy; TKI, Tyrosine kinase inhibitors.

and CC negativity.”>*"** In the framework of the national

Campus ALL programme, we conducted a multicentre ret-
rospective study which confirmed the superior sensitivity of
FCM and highlighted the adverse outcome associated with
OCNSD.’ In the present study, FCM on CSF was carried
out in 90% of patients highlighting how FCM has in Italy
already entered the work-up of ALL at diagnosis and during
the follow-up. Furthermore, as in other studies, many cases
of CNS relapse (42%) preceded a systemic relapse and adults
with CNS recurrence and a combined BM relapse have a par-
ticularly poor prognosis.'>'®> At the time of CNS relapse, a
BM morphological evaluation alone is not enough and a BM
MRD assessment is warranted, since the OS of patients with
a concurrent CNS and BM MRD+ relapse is inferior to that
of patients with an isolated CNS involvement.

Collectively, our data, with a median OS from relapse
of 8.5 months, are better than those of previous reports, in
particular for isolated CNS relapse which is 14 months com-
pared to the six months reported before the year 2000."
Considering the nature of this retrospective study, we do
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(A) Overall survival (OS) of the whole population (71 cases) from the first central nervous system (CNS) relapse. Median OS was

8.5 months [95% CI:6-14]. (B) OS from CNS relapse by time from initial diagnosis (early <12 months; late 212 months). The median OS in early and late
CNS relapse was six months (95% CI:3-8) and 14 months (95% CI:8.0-20.0) respectively (p <0.001). (C) OS from CNS relapse by site of relapse. Median
OS after isolated CNS relapse, CNS plus concomitant bone marrow (BM) minimal residual disease (MRD)-positive relapse and CNS plus concomitant
haematologic relapse was 14 (95% CI:8-20), 12.5 (95% CI:1-22) and 5 (95% CI:1-7) months respectively (p = 0.03). [Colour figure can be viewed at

wileyonlinelibrary.com]
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TABLE 4 Univariate and multivariate analyses of risk factors associated with 2-year OS after CNS relapse
p value
Survival time Two-year survival hazard
N (mean £ SE) rate (95% CI) Cox univariate Cox multivariate®
Age (mean/sd) 71 16.33+1.97° 1.024 (0.997-1.052) 0.086 —
Sex
Male 50 11.41+1.04 0.617 (0.136-2.801) 0.364 —
Female 21 8.62+0.92 0.421 (0.096-1.844)
Risk class
SR 19 11.81+1.13 0.716 (0.291-1.757) 0.202 —
HR 10 5.21+0.44 0.642 (0.248-1.662)
VHR 42 5.33+0.87 1.412 (0.531-3.111)
WBC, x10°/L
0-30 36 9.14+0.88 0.827 (0.341-0.721) 0.038 0.321
30-100 16 5.67+0.32 0.769 (0.253-0.924)
More than 100 17 2.22+0.12 2.209 (0.459-4.187)
Immunophenotipe
Common/pre-B 41 13.93+1.05 1.007 (0.132-1.701) 0.05 0.288
Pro-B 2 NC 1.699 (0.106-27.185)
Cortical-T 13 6.48+1.46 2.924 (0.356-23.807)
Pre—/mature-T 15 6.33+£0.87 2.154 (0.273-17.086)
Cytogenetics/molecular genetics
Non adverse/normal 39 NC NC NC —
Adverse 27 NC NC —
MRD (end of induction)
MRD pos 26 9.67+0.43 1.025 (0.185-5.683) 0.066 —
MRD neg 29 10.45+0.90 0.937 (0.248-3.548)
MRD unknown 16 11.17+£0.94 0.399 (0.126-1.265)
Ph-like
Yes 6 2.12+0.29 1.210 (0.322-3.622) 0.412 —
No 7 12.01£0.86 0.532 (0.177-1.944)
Time to relapse
Early relapse 41 1.00£NC 26.717 (3.639-196.145) <0.001 <0.001
Late relapse 30 8.99+1.04 0.116 (0.104-0.319)
TBI
Yes 11 11.69+0.99 0.992 (0.378-2.605) 0.986 —
No 15 8.22+0.80 1.008 (0.384-2.647)
Transplant post-relapse
Yes 26 12.17+0.76 0.461 (0.222-0.957) 0.035 0.111
No 45 5.48+0.52 2.170 (1.045-4.508)
CNS
Isolated CNS 41 15.43+£1.90 1.036 (0.412-2.722) 0.671 —
CNS + concurrent BM 21 5.08+0.62 2.122 (0.408-9.812)
CNS + molecular BM 9 10.15+0.94 0.322 (0.017-4.092)

Abbreviations: BM, bone marrow; CI, confidence interval; CNS, central nervous system; CR, HR, high risk; MRD, minimal residual disease; NC, not calculated; neg, negative;
OS, overall survival; Ph-like, Philadelphia-like; pos, positive; SE, standard error; SR, standard risk; TBI, total body irradiation; VHR, very high risk; WBC, white blood cell.

*Backward selection method.
®Value at baseline.
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not know if the improved outcome of isolated CNS relapses
might be attributed to a more refined and early diagnosis
of CNS disease, to the use of paediatric-like regimens, to
the use of asparaginase and/or to new therapeutic strate-
gies. Most, but not all (e.g. HyperCVAD), adult ALL regi-
mens include native asparaginase or pegylated asparaginase.
While it is well established that systemic asparaginase low-
ers asparagine levels in the CNS, it is uncertain whether this
provides any additional benefit to prevent CNS dissemina-
tion.” Recent paediatric studies have reported discordant
results.**** In our series, all patients received asparaginase:
further analyses on the doses administered and interrup-
tions are warranted.

The management of adults with ALL and CNS recur-
rence is not standardized and little progress has been made
over the years."” Treatments for re-induction of relapsed
ALL primarily involve many of the same traditional che-
motherapy agents (eg. HD-MTX, HD-ARA-C),''"" with
a partial benefit in preventing or eradicating CNS involve-
ment. Furthermore, the prognosis of CNS relapse is poor
also for the tendency to further relapses.">” In our cohort,
treatments were heterogeneous, including systemic chemo-
therapy, RT, IT, TKI and novel agents. No treatment mo-
dality was associated to a superior CR rate compared to the
others. Although 55% of our population achieved a CR after
CNS recurrence, 28% had a further relapse. The impact of
newer immunotherapeutic approaches with agents such as
blinatumomab, inotuzumab ozogamicin, or chimaeric an-
tigen receptor-engineered T-cells (CAR-T) in the manage-
ment of patients with CNS with or without concurrent BM
relapse remains to be determined.*®*” With the limitations
of the sample size, in our group 16 B-ALL patients (37%)
were treated prior to the CNS relapse with immunother-
apy — blinatumomab or inotuzumab ozogamicin — and
six received these agents post-relapse. Notably, all six Ph-
like ALL patients had received previous immunotherapy
and one of them had a CNS relapse also after CAR-T-cell
therapy, suggesting a neurotropism of this subtype; note-
worthy, the combination of ruxolitinib with chemotherapy
resulted in a molecular remission in a high-risk Ph-like re-
fractory patient with a macroscopic CSF involvement.*®

In our study, as well as in others,'®** HSCT represented
the most effective therapeutic option with a significant OS
benefit compared to patients who relapsed after a previ-
ous transplant or who could never undergo a transplant
(p = 0.012). Even if HSCT represents the treatment of
choice for VHR patients, in this series it was performed as
part of the initial treatment programme only in 18 patients
(25.3%) and after a relatively long median time from diag-
nosis (8 months, range 3-24), despite the fact that 59.2% of
the entire cohort was classified as VHR. Noteworthy, 42%
of patients had a further CNS relapse after transplant. The
exclusion of prophylactic RT from the therapeutic back-
bone in ALL'>'>'® may not only protect patients from its
secondary side effects, but also offer the possibility to in-
clude full-dose TBI as a salvage therapy for patients with
an isolated CNS relapse.

However, in our series the use of TBI as part of the con-
ditioning regimen did not provide a survival benefit, sug-
gesting that the graft-versus-leukaemia effect is probably the
dominant factor involved in leukaemia control in the CNS
after a HSCT."®'** Further prospective studies on larger se-
ries are needed to confirm these data.

In conclusion, in the era of paediatric-like and MRD-
driven regimens, the outcome after a CNS relapse remains
very poor and effective CNS prophylaxis in adult patients
with ALL remains the best approach to address CNS re-
currence and, ideally, should be personalized to the risk
of CNS relapse. Our findings, though limited by the ret-
rospective nature of the cohort analysed, indicate that hy-
perleukocytosis, male gender, T-lineage ALL and a Ph-like
signature could be predictive factors of CNS recurrence,
with early relapse being the only independent prognos-
tic factor of survival after CNS recurrence in multivar-
iate analysis. A potential strategy to overcome relapse is
to increase CNS prophylaxis through a greater number of
IT procedures and by using a triple combination [MTX,
ARA-C and steroids] to these cases. This study confirms
that HSCT represents the best option to prolong survival
and should be pursued as soon as possible, though further
efforts are needed to prevent the risk of post-transplant
CNS relapse. Finally, efforts are currently underway to
clarify if certain biologic features may be associated with
a predisposing neurotropism in ALL, as already docu-
mented in blastic plasmacytoid dendritic cell neoplasms
with a CNS dissemination.”"
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