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Summary

This trial explored the efficacy of re-induction chemotherapy including bortezomib

in paediatric relapsed/refractory acute lymphoblastic leukaemia. Patients were ran-

domized 1:1 to bortezomib (1.3 mg/m2/dose) administered early or late to a dex-

amethasone and vincristine backbone. Both groups did not differ regarding

peripheral blast count on day 8, the primary endpoint. After cycle 1, 8 of 25 (32%)

patients achieved complete remission with incomplete blood count recovery, 7

(28%) a partial remission and 10 had treatment failure. Most common grade 3–4
toxicities were febrile neutropenia (31%) and pain (17%). Bortezomib was safely

combined with vincristine. Bortezomib rarely penetrated the cerebrospinal fluid.
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Paediatric relapsed/refractory acute lymphoblastic leukaemia

(rrALL) is the fourth most common paediatric malignancy

and outcome after relapse remains poor with remission rates

that range from 40% to as low as 10% for bad-prognostic sub-

types such as T cell ALL and patients with an early relapse

(Ko et al, 2010). Improvement of survival requires the intro-

duction of novel agents with a new mechanism of action.

Bortezomib (BTZ) is a proteasome inhibitor that has been

reported to sensitize malignant cells to other agents, includ-

ing glucocorticoids (GC), both in vitro for leukaemias (Hor-

ton et al, 2006) and in vivo for multiple myeloma (MM)

patients (Richardson et al, 2010).

We here report the results of this multicentre, multina-

tional, open label, comparative and randomized phase II study

on the efficacy of BTZ with conventional chemotherapy in

rrALL (www.trialregister.nl: NTR1881/ITCC021. When this

study started it was essentially unknown if BTZ could be com-

bined safely with vincristine (VCR) in children. In adults,

peripheral neuropathy had emerged as a significant side-effect

of BTZ. This study addressed the combination of BTZ and

VCR plus dexamethasone (DXM), looking at the day 8 GC-

response. The sensitivity for GC is a well-known prognostic

factor in ALL patients and is used in many protocols to define

risk-group stratification (Riehm et al, 1987). Furthermore,

response on day 8 has been shown to be predictive for

outcome in relapsed ALL patients (Oudot et al, 2008).

The methods are detailed in the Data S1, Table S1,

Table S2 and Fig 1).

Dexamethasone 
10 mg/m2

Vincris�ne 1.5 mg/m2

Bortezomib early 
1.3 mg/m2

Methotrexate i.t.

Bortezomib late
1.3 mg/m2

1 2 3 4

Weeks

Fig 1. Treatment scheme. Standard re-induction chemotherapy con-

sisted of 2 weeks dexamthasone at 10 mg/m2/day in 3 doses plus

vincristine given twice, on days 8 and 15, at 1�5 mg/m2/dose. In

addition, patients were randomized in a 1:1 ratio for receiving ‘early’

bortezomib: on days 1, 4, 8 and 11, or ‘late’ bortezomib: on days 8,

11, 15 and 18 at 1�3 mg/m2. Methotrexate was given intrathecally

(i.t.) as routine central nervous system prophylaxis. [Colour figure

can be viewed at wileyonlinelibrary.com]
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Results and discussion

Baseline patient characteristics are shown in Table S3. Four-

teen patients were allocated to early BTZ, 15 patients to the

BTZ late group. All patients received at least 2 injections of

BTZ; 13 patients received a second cycle of BTZ; 4 patients

received 3 cycles, and 2 patients received 4 cycles of BTZ.

The patients received a median of 4 injections of BTZ (range

2–16). Five patients were excluded from the primary end-

point analysis, two for not having efficacy data on day 8, one

patient for meeting an exclusion criterion and two patients

for having an absolute peripheral blood blast count on day 1

lower than 0�1 9 109/l.

The primary endpoint, day 8 blast count, was thus evalu-

able in 24 patients.

Day 8 blast count was not different between the ‘BTZ

early’ (median 0�714 9 109/l, range 0�002–3�9 9 109/l,

n = 12) and ‘BTZ late’ groups (median 0�774 9 109/l, range

0�004–203�8 9 109/l, n = 12) (Fig 2A; P = 0�19). Thus, no

benefit was seen with BTZ and DXM, compared to DXM

alone after these first 8 days. Absolute peripheral blast count

decreased significantly in both ‘BTZ early’ (P = 0�002) and

‘BTZ late’ (P = 0�04) after the first 8 days of treatment from

median 4�9 9 109/l (range, 0�288–96�7) to 0�732 9 109/l

(0�002–203�8), median 85% decrease, (range 0-100%), and

was similar for both groups (Fig 2B). In the BTZ early

group, 7 patients were DXM good responders, versus 5

patients in the BTZ late group.

No differences in bone marrow response were found

between the arms for days 1, 8 and 22 and after 43 days

(Fisher’s exact P > 0�60 for time points considered)(Table S4

and Figure S1) and no differences were found in absolute

peripheral blast counts between both arms on day 22

(Mann–Whitney-U P = 0�23).
Twenty-five patients were evaluable for response rate after

cycle 1 (2 patients discontinued treatment due to toxicity, 2

patients did not have efficacy data on day 22). Eight patients

(32%) achieved a complete remission with incomplete blood

count recovery (CRi), 7 (28%) a partial remission (PR), and

10 had treatment failure. There was no association between

remission status and the early or late administration of BTZ

(Fisher’s exact P = 0�53), nor was there an association

between response and disease status, being either refractory

or relapsed, although numbers were small (Fisher’s exact

P = 0�96). Although this study design did not show that

early BTZ leads to greater efficacy compared to late BTZ, the

overall response rate (ORR) was 60% (CRi+PR) with a low

intensity schedule, in this cohort of heavily pretreated

patients.

Of patients who received a second treatment cycle

(n = 13), 4 patients recovered from CRi to CR, two patients

remained in CRi, one patient improved from PR to CRi, one

patient had treatment failure after cycle 2; no data on bone

marrow status was available after the 2nd cycle for 5

patients.

The TACL (Therapeutic Advances in Childhood Leukae-

mia) study, evaluating BTZ with VCR, DXM, plus pegylated

asparaginase and doxorubicin in paediatric rALL patients

who failed at least 2 prior regimens, achieved a CR rate of

64% (CR+partial CR [CRp]) (Messinger et al, 2012), while

in our study only 32% of patients achieved CRi after cycle 1

and half of those improved to CR after a second cycle. In the

TACL study, the 2 T-ALL patients did not respond to ther-

apy, while in another study that used the same TACL

Fig 2. Absolute peripheral blood blast count

after 1 week of treatment for BTZ early and BTZ

late. (A) Comparison of absolute peripheral

blood blast count between patients allocated to

bortezomib (BTZ) early (n = 12) and BTZ late

(n = 12) at day 1 and day 8 of treatment. (B)

Comparison of the decrease in absolute blast

count between patients allocated to BTZ early

(n = 12) and BTZ late (n = 12) at day 8. The

horizontal line represents the median.
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regimen, 5 out of 7 patients with T-ALL achieved CR or

CRp (Bertaina et al, 2017). In our study, with 3 out of 4 T-

ALL patients in the BTZ late group, one of these four

patients achieved a PR after cycle 1 and a CRi after cycle 2

(Table S5).

The median follow-up time was 20�6 months. No differ-

ences were found regarding overall survival (log-rank

P = 0�68). As for event-free survival (EFS), most events took

place before 5 months from randomization (29% EFS sur-

vival rate for early BTZ vs. 13% for late BTZ at 5 months).

The disease-free survival analysis is based on only 11 patients

who achieved CR after start of study treatment and tends to

be more favourable in the BTZ early group (P = 0�08; see
Figures S2A–C for the Kaplan–Meier analysis results). Due to

the small sample size in this study, these results must be

interpreted with caution.

The incidence of toxicity of any kind was not different

between both randomized arms. Table S6 summarizes the

occurrence of adverse events grade ≥3 in cycle 1. Febrile neu-

tropenia was the principal toxicity (n = 9), pain the most

common neurotoxicity and one patient went off-study fol-

lowing these events. Only two patients experienced grade 3-4

peripheral neuropathy in cycle 1. Peripheral neuropathy

appears to be less common in children than in adults (Blaney

et al, 2004); it was not observed in a paediatric trial with sin-

gle-agent BTZ (Horton et al, 2007) and was not frequently

seen in paediatric rrALL patients treated with BTZ and com-

bination chemotherapy including VCR and BTZ (Messinger

et al, 2012; Bertaina et al, 2017).

The BTZ dose was reduced or withdrawn in cycle 1 in 4

patients, which was due to toxicity in three of them (10�3%).

In total, BTZ dose was reduced or withdrawn because of

toxicity at any cycle in 5 (17�2%) patients. All adverse events

are listed in Table S7, and serious adverse events (SAE) in

Table S8. Adverse events reported that were definitely related

to BTZ were vomiting (one patient, cycle 1), and fatigue and

pain concomitantly reported for one patient in cycle 2. Toxi-

city in cycle 1 was not different between the arms. No SAEs

were reported to be definitely related to BTZ. Grade 3/4

adverse events in cycle 2 are displayed in Table S9. Similar to

cycle 1, no differences were noted in toxicities between the

arms.

Pharmacokinetic parameters demonstrated substantial

intra- and inter-individual variability (Table S10). Median

peak plasma concentrations and area under the plasma con-

centration curve (AUC) were higher (19�1 vs. 45�8 ng/ml,

P = 0�004 and 109�3 vs. 275�1 lg/h/l, P < 0�001, respec-

tively), and clearance was lower after the last dose of BTZ

compared to the first dose (7�5 vs. 2�6 l/h, P < 0�001), which
is consistent with data in adults receiving BTZ only (Reece

et al, 2011) or BTZ and DXM (Osawa et al, 2014). A recent

study in paediatric ALL and acute myeloid leukaemia

patients showed that clearance of BTZ in children is similar

to that of adults with multiple myeloma and requires careful

monitoring of toxicity over time (Hanley et al, 2017).

We are the first to measure BTZ levels in the cerebrospinal

fluid (CSF). BTZ penetrated the CSF in only 9 out of 25

patients, and only to a very limited extent (0�07–5�2 ng/ml).

It is therefore unlikely that BTZ significantly adds to the

treatment or prophylaxis of leptomeningeal involvement in

leukaemia.

No correlation between systemic AUC and concentration

in CSF was found (r2 = 0�11).
Pharmacodynamic analysis showed a maximum inhibitory

effect at the time maximum peak plasma concentration was

reached at the first time point after BTZ administration (me-

dian 68% inhibition, range 37–80%), with a recovery of 20S

proteasome activity over time (median 86% recovery after

24 h, range 50–127%), consistent with previous observations

in children and adults treated with single-agent BTZ (Papan-

dreou et al, 2004; Hamilton et al, 2005; Reece et al, 2011).

None of the pharmacodynamic and pharmacodynamic

parameters correlated with response and were not different

between both arms.

Given that early or late administration of BTZ showed

similar treatment responses, and the ORR to this regimen

was encouraging, randomized studies comparing conven-

tional chemotherapy with or without BTZ are necessary to

determine the additive value of BTZ.
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