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Abstract
Objectives: Survival outcomes from a single-arm phase 2 blinatumomab study in 
patients with minimal residual disease (MRD)-positive B-cell precursor (BCP)-acute 
lymphoblastic leukaemia (ALL) were compared with those receiving standard of care 
(SOC) in a historic data set.
Methods: The primary analysis comprised adult Philadelphia chromosome (Ph)-
negative patients in first complete haematologic remission (MRD ≥ 10−3). Relapse-free 
survival (RFS) and overall survival (OS) were compared between blinatumomab- and 
SOC-treatment groups. Baseline differences between groups were adjusted by pro-
pensity scores.
Results: The primary analysis included 73 and 182 patients from the blina-
tumomab and historic data sets, respectively. When weighted by age to the 
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1  | INTRODUC TION

Minimal residual disease (MRD) in acute lymphoblastic leukaemia 
(ALL) is the presence of leukaemic blasts at submicroscopic levels 
in patients with complete haematologic remission (CR).1-4 MRD can 
be detected at a sensitivity of 10−4 using standardised methods such 
as allele-specific real-time quantitative polymerase chain reaction 
(PCR) and multiparameter flow cytometry immunophenotyping.1,2,5,6 
Approximately 30-50% of adult ALL patients have MRD despite hae-
matologic CR after induction/consolidation chemotherapy.7-12 MRD 
is an important risk factor for early haematologic relapse in ALL.1,2,6-

11,13-20 Patients who are MRD-positive after front-line induction/
consolidation chemotherapy (persistent MRD) experience poorer 
outcomes than those who become MRD-negative,7-10,16,18-21 as do 
patients who subsequently become MRD-positive after previous 
MRD-negativity (relapsed MRD).9,11,13,17

Although there is no standardised treatment protocol for patients 
with MRD-positive ALL, MRD status can guide treatment decisions, 
including selecting patients who may benefit from allogeneic haema-
topoietic stem cell transplantation (HSCT), and clinical practice guide-
lines support the use of MRD status to inform postinduction treatment 
decisions.1-3,6,14,22-25 Indeed, MRD-positive patients who receive HSCT 
tend to experience better outcomes than those who do not.7,9,22,26,27 
Furthermore, patients who are MRD-positive before HSCT may be 
more likely to relapse and have poorer outcomes after transplantation 
than those who are MRD-negative before HSCT.22,28-32

To understand the prognostic implications of MRD in real-world 
clinical practice, a retrospective study of adult MRD-positive patients 
who received standard-of-care (SOC) treatment between 2000 and 
2014 was recently conducted using European ALL study group da-
tabases.33 Median relapse-free survival (RFS) was 12.4 months (95% 
confidence interval [CI]: 10.0-19.0), and median overall survival (OS) 
was 32.5 months (95% CI: 23.6-48.0) from baseline MRD detection 
in the historic data set among patients in first CR.33

Blinatumomab, an engineered bispecific T-cell engager 
(BiTE®) antibody construct that targets CD3-expressing T cells to 
CD19-expressing B cells to facilitate tumour cell lysis,34 has been 

investigated in the setting of MRD.12,35-37 Blinatumomab elicited 
high MRD response rates and long-lasting RFS in a single-arm, phase 
2 study of adults with MRD-positive ALL.35-37 A subsequent larger, 
confirmatory, single-arm, phase 2 study included 116 patients, with 
65% in first CR (CR1). Of the 113 patients evaluable for MRD re-
sponse, 78% (95% CI: 69-85) had a complete MRD response after 
one cycle of blinatumomab treatment.12 After a median follow-up of 
30 months, median RFS was 18.9 months (95% CI: 12.3-35.2), and 
median OS was 36.5 months (95% CI: 19.8-not reached).12

It can be challenging to recruit enough patients with uncommon 
diseases such as MRD-positive B-cell precursor (BCP)-ALL to power 
randomised controlled trials adequately. Furthermore, in patients 
who have very poor outcomes with SOC, it may be considered un-
ethical to perform a randomised trial without an effective control 
arm. Therefore, single-arm studies are often conducted to provide 
valuable information about treatment efficacy.38 The use of data 
from patients treated historically with SOC provides an opportunity 
for the retrospective comparison of outcomes with a new treatment 
investigated in a single-arm study.39 Patient-level historic data have 
previously been used to compare outcomes between blinatumomab 
and SOC treatment in patients with relapsed/refractory Ph-negative 
BCP-ALL.39 In that analysis, both weighted and propensity score 
methods were used to create a balance between the two patient 
groups to enable statistical comparisons,39,40 and the results closely 
mirrored the results from the confirmatory randomised phase 3 
study.41 This propensity score method is intended to mimic the ef-
fects of randomisation.42 Similarly, other studies evaluating treat-
ment outcomes among ALL patients have also used propensity score 
adjustment to compare two distinct study populations.43,44 Overall, 
the approach of using historic controls and propensity score statisti-
cal methods has provided important context for the effect of novel 
treatments in rare diseases with unmet need.43-45

The objective of this study was to compare RFS and OS between 
patients with MRD-positive BCP-ALL treated with blinatumomab 
in a single-arm, phase 2 study12 and patients with MRD-positive 
disease from a historic data set who were treated with SOC,33 
employing weighted and propensity score analyses. The primary 

blinatumomab-treatment group, median RFS was 7.8 months and median OS was 
25.9 months in the SOC-treated group. In the blinatumomab study, median RFS was 
35.2 months; median OS was not evaluable. Propensity score weighting achieved 
balance with seven baseline prognostic factors. With adjustment for haematopoietic 
stem cell transplantation (HSCT) status, a 50% reduction in risk of relapse or death 
was observed with blinatumomab vs SOC. Median RFS, unadjusted for HSCT status, 
was 35.2 months with blinatumomab and 8.3 months with SOC.
Conclusions: These analyses suggest that blinatumomab improves RFS, and possibly 
OS, in adults with MRD-positive Ph-negative BCP-ALL vs SOC.
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analysis study population included patients in CR1 only, and sen-
sitivity analyses used data from patients treated in CR1 and later 
CRs. These analyses provide context for interpreting the efficacy of 
blinatumomab in adults with MRD-positive Ph-negative BCP-ALL.

2  | METHODS

2.1 | Historic data set

Full details of the historic data set are described elsewhere.33 The 
study population was assembled from ALL study group databases 
in Europe that included prospective MRD testing in their treatment 
protocols. Patients with MRD-positive Ph-negative BCP-ALL in CR 
were included in the study if MRD was detected at a national refer-
ence laboratory by PCR at a level of ≥10−4 or by flow cytometry at 
a level of ≥10−3; they were aged ≥15 years at the time of ALL di-
agnosis; they were diagnosed between 2000 and 2014; they were 
treated at participating study group sites; a history of ALL treatment 
was available; and a history of relapse status and disease follow-up 
after MRD detection was available. Exclusion criteria included the 
following: presence of extramedullary disease at the time of MRD 
detection; treatment with blinatumomab within 18 months of MRD 
detection; and allogeneic HSCT before MRD detection. In the his-
toric data set, SOC treatments were given at the discretion of the 
treating physician and details were not captured for this analysis. It 
can be expected that, depending on the national protocols, either 
chemotherapy was continued in MRD-positive patients or patients 
may have been referred to stem cell transplantation as outlined in 
Gökbuget et al.9

2.2 | Blinatumomab study

Full details of the blinatumomab study are described elsewhere.12 
Patients were treated with blinatumomab (15 µg/m2/d) by continuous 
infusion over 4 weeks followed by a 2-week treatment-free period (6-
week cycle) for up to four cycles. Eligible patients could receive HSCT 
at any time after the first cycle. Patients with MRD-positive BCP-ALL 
in CR1 or later CR were included if MRD was detected at a central 
reference laboratory by PCR at a level of ≥10−3 and they were aged 
≥18 years at study entry. Exclusion criteria included the following: 
active extramedullary disease; a history of clinically relevant central 
nervous system pathology; previous allogeneic HSCT; and patients 
with Ph-positive ALL who were eligible for tyrosine kinase inhibitor 
therapy. The data cut-off for the study was mid-2015.

2.3 | Combined study population

Several analysis sets were defined (Figure S1). The primary analysis 
study population (primary analysis set [PAS]) comprised patients 

from both the historic data set and blinatumomab study who met 
the following criteria: a diagnosis of Ph-negative BCP-ALL in first 
complete haematologic remission (CR1) only; quantifiable MRD-
positive disease at a level of ≥10−3, independent of the detection 
method; no missing baseline covariates required for propensity 
score derivation; and aged ≥18 years at the time of MRD detec-
tion. Patients from the blinatumomab study were required to have 
received at least one blinatumomab dose. To control for immortal 
time bias, patients from the historic data set were required not 
to have relapsed during the 14 days after baseline MRD detec-
tion, which reflected the median screening time between baseline 
MRD detection and first blinatumomab dose in the blinatumomab 
study. The restriction of the PAS to patients in CR1 predominantly 
affected the blinatumomab group because approximately one-
third of these patients were enrolled in second or third complete 
haematologic remission (CR2 or CR3), and the restriction of pa-
tient age to ≥18 years at study entry only affected the SOC group 
because age ≥18 years was an inclusion criterion in the blinatu-
momab study.

For sensitivity analyses, two additional analysis sets were de-
fined in the same way as the PAS but with additional criteria applied. 
The full analysis set (FAS) included patients in any CR (CR1, CR2 or 
CR3). The PCR-only analysis set (PCRAS) included patients in CR1 
who had MRD detected by PCR but excluded patients who had MRD 
detected by flow cytometry. This extra criterion affected the SOC 
group because patients from the historic data set had MRD assessed 
by PCR or flow cytometry.

2.4 | Outcome measures

The primary endpoint was RFS and the secondary endpoint was OS. 
The baseline date for both outcomes was the date of first blinatu-
momab treatment, or 14 days after the date of baseline MRD detec-
tion for SOC-treated patients. RFS was defined as the time from the 
baseline date until haematologic relapse or death due to any cause, 
whichever occurred first. Patients who did not relapse or die were 
censored on the date of their last follow-up. OS was defined as the 
time from the baseline date until death from any cause. Patients 
without death reported were censored on the last date they were 
known to be alive.

2.5 | Statistical analyses

2.5.1 | Weighted analysis

Relapse-free survival and OS estimates for the historic data set 
patients who were treated with SOC were stratified by age group, 
and strata-specific estimates were pooled into a combined esti-
mate, with each stratum weighted according to the proportion of 
patients observed in that age stratum in the blinatumomab study.
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2.5.2 | Propensity score analysis

To control for potential confounding created by imbalance in base-
line characteristics, covariates that were available in both data sets 
were chosen based on likely clinical influence on prognosis, poten-
tial differences in medical practices by region or whether a patient 
would be able to receive blinatumomab treatment. The candidate 
covariates comprised age at primary diagnosis (years); gender (male, 
female); cytogenetic abnormality t(4;11)/KMT2A-AFF1 translocation 
(yes, no/unknown); time from primary diagnosis to baseline MRD 
date (months); baseline MRD level (<1 × 10−3, ≥1 × 10−3 to <1 × 10−2, 
≥1 × 10−2 to <1 × 10−1, ≥1 × 10−1); white blood cell (WBC) count at di-
agnosis (≤30 000/µl, >30 000/µl); and type of previous chemotherapy 
(German multicentre ALL [GMALL] regimen, other). The candidate 
covariates and two-way interaction terms were tested stepwise in a 
logistic regression model with blinatumomab treatment as a binary de-
pendent variable. The threshold for retaining covariates in the model 
was a P value <.30. The covariates included in the final model com-
prised age at primary diagnosis; time from primary diagnosis to base-
line MRD level; baseline MRD level; an indicator for GMALL as the 
previous chemotherapy regimen; and an interaction term between the 
indicator for GMALL and the time from primary diagnosis to baseline 
MRD level (baseline MRD level was treated as a continuous covariate).

With adequate balance between the patient groups, the inverse 
probability of treatment (IPT) weighting (IPTW) method for propen-
sity score adjustment was used in the statistical analysis of the study 
endpoints (Figures S2 and S3). The weighting method used was the 
average treatment effect (ATE), and an exploratory sensitivity anal-
ysis was conducted using average treatment effects of treated (ATT) 
weights.46 Disproportionate influence of large IPT weights was ad-
dressed using stabilised IPTW. Further details on the propensity 
score analysis can be found in the Appendix S1.

Relapse-free survival and OS were analysed using Cox propor-
tional hazards regression models with input data weighted according 
to the methods already described and including blinatumomab or SOC 
treatment as an independent variable. A time-dependent covariate for 
HSCT was included in the models because the clinical use of HSCT had 
increased in the period between the historic study and more recent bli-
natumomab study. Further sensitivity analyses were conducted by ex-
cluding the HSCT covariate. Robust variance estimation was applied to 
all models, and HRs and 95% CIs were calculated. Survival rates were 
estimated at 12, 18, 24 and 30 months based on the Cox regression 
models, without adjustment for HSCT, and Kaplan-Meier (KM) curves 
were produced. Median RFS, OS and follow-up were estimated from 
the KM curves. P values were calculated using two-sample z tests.

3  | RESULTS

3.1 | Patient characteristics

Of the 116 patients enrolled in the blinatumomab study who received 
blinatumomab treatment, 73 patients were eligible for inclusion in the 

PAS. The PCRAS included all 73 patients from the PAS because all pa-
tients in the blinatumomab study had MRD detected by PCR. The FAS 
also included the 34 patients in CR2 or later CR; 107 patients in total. 
The median follow-up of the blinatumomab study was 30 months.

Of 287 patients included in the historic study with data spanning 
from 2000 to 2014, 272 were evaluated for RFS and OS; 270 were 
in CR1. One hundred and eighty-two patients were eligible for in-
clusion in the PAS. The PCRAS included 130 patients. The median 
follow-up in the historic study was 23 months. Figure S1 is a consort 
diagram of the two study populations.

Compared with patients in the SOC group of the PAS, patients 
treated with blinatumomab were older (median: 46.5 vs 33.0 years, 
P < .001), were diagnosed with ALL more recently (79.5% vs 8.8% 
in the year 2011 or later, P < .001), and had a longer time between 
primary diagnosis and baseline MRD detection (median: 6.46 vs 
4.77 months, P < .001) (Table 1). Baseline MRD levels and WBC counts 
were statistically similar between the two groups. Patients in both 
studies received at least three cycles of intensive chemotherapy prior 
to the detection of MRD; a mean of five cycles was received in the 
blinatumomab study but this was not reported in the historic study.

3.2 | Weighted analysis

Patient data from the SOC group of the PAS were stratified by age 
group, and the outcomes obtained for each stratum were weighted 
to obtain a pooled estimate according to the proportion of patients 
observed in each age stratum in the blinatumomab study. Weighted 
to the blinatumomab study population, median RFS in the SOC group 
was 7.8 months (95% CI: 6.4-12.4), and median OS was 25.9 months 
(95% CI: 17.0-39.1), whereas in the blinatumomab group, median RFS 
was 35.2 months (95% CI: 18.9-not evaluable [NE]), and median OS 
was NE (95% CI: 24.2-NE) (Table 2). Of note, median RFS and OS 
decreased with increasing patient age in the SOC group, but median 
was typically not reached in the blinatumomab group (Table 2).

3.3 | Propensity score analysis

The balance of baseline factors (model covariates) between patients 
in the SOC and blinatumomab groups of the PAS, before and after 
propensity score adjustment using sIPTW, is shown in Figure S2. The 
distribution of propensity scores between the two treatment groups 
was relatively similar (Figure S3), and there were few outliers (Figure 
S4). Additional details of the covariate balance assessment are avail-
able in the Appendix S1.

3.3.1 | Relapse-free survival

Regarding RFS, a 50% reduction in risk of relapse or death was asso-
ciated with blinatumomab compared with SOC treatment in the PAS 
(HR: 0.50 [95% CI: 0.32-0.78], P = .002) (Table 3). Similar results were 
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obtained across the other analysis sets and sensitivity analyses, in-
cluding analyses in which patients in CR1 and later CRs were in-
cluded (FAS); MRD was detected by PCR only (PCRAS); different IPT 
weighting methods were used for the propensity score adjustments; 

HSCT was excluded as a time-dependent covariate from the regres-
sion models (Figure S5).

The 18-month RFS (unadjusted for HCST) was estimated at 39% 
(95% CI: 33%-48%) for the SOC group compared with 67% (95% CI: 

Characteristic
Patients in historic (SOC) 
data set (N = 182)

Patients in 
blinatumomab study 
(N = 73) P value

Gender, n (%)

Female 80 (44.0) 32 (43.8) .99

Agea, y

Mean (SD) 36.3 (13.6) 44.8 (16.6) <.001

Median (range) 33.0 (18, 65) 46.5 (18, 76)  

Age groupa, n (%)

15-34 y 98 (53.9) 20 (27.4) <.001

35-54 y 56 (30.8) 27 (37.0)  

55-64 y 27 (14.8) 17 (23.3)  

≥65 y 1 (0.6) 9 (12.3)  

Year of ALL diagnosis, n (%)

2000-2004 59 (32.4) 0 (0) <.001

2005-2010 107 (58.8) 15 (20.5)  

2011 or later 16 (8.8) 58 (79.5)  

Country, n (%)

Germany 70 (38) 38 (52) .083

Italy 47 (26) 10 (14)  

France 25 (14) 6 (8)  

Spain 8 (4) 2 (3)  

Other 32 (18) 17 (23)  

Chemotherapy protocol, n (%)

GMALL 76 (42) 42 (57) .035

GRAALL 25 (14) 7 (10)  

NILG 27 (15) 3 (4)  

Other 54 (29) 21 (29)  

WBC count at diagnosis

≥30 000/µl, n (%) 51 (28.0) 15 (20.5) .220

Cytogenetic/molecular aberrations, n (%)

t(4;11)/KMT2A-AFF1 
translocation

15 (8.2) 5 (6.8) .709

Time from primary diagnosis to baseline MRD date, mo

Mean (SD) 6.6 (6.1) 12.8 (14.3) <.001

Median (range) 4.77 (1.3, 60.8) 6.46 (3.2, 68.7)  

MRD level at baseline, n (%)

≥10−0 2 (1.1) 0 (0) .810

≥1 × 10−1 to <10−0 11 (6.0) 3 (4.1)  

≥1 × 10−2 to <10−1 65 (35.7) 25 (34.3)  

≥1 × 10−3 to <10−2 104 (57.1) 38 (52.1)  

Abbreviations: ALL, acute lymphoblastic leukaemia; CR, complete haematologic remission; GMALL, 
German multicentre acute lymphoblastic leukaemia; GRAALL, French-Swiss-Belgian Group for 
Research on Adult Acute Lymphoblastic Leukaemia; MRD, minimal residual disease; NILG, Northern 
Italy Leukaemia Group; SD, standard deviation; SOC, standard of care; WBC, white blood cell.
aAge at primary diagnosis in the historic data set and age at study entry in the blinatumomab study. 

TA B L E  1   Patient and disease 
characteristics, including MRD status, 
from the primary analysis set
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58%-78%) for the blinatumomab group (P < .001) (Table 3). The KM 
estimate of median RFS (unadjusted for HSCT) was 8.3 months (95% 
CI: 6.2-11.8) for the SOC group, compared with 35.2 months (95% 
CI: 24.2-NE) for the blinatumomab group (P = .002) (Figure 1).

3.3.2 | Overall survival

Regarding OS, there was a non-statistically significant improve-
ment associated with blinatumomab compared with SOC treatment 
in the PAS (HR: 0.76 [95% CI: 0.47-1.24]) (Table 3). Similar results 
were obtained across the analysis sets and sensitivity analyses, 
including the FAS, PCRAS and analyses that excluded HSCT as a 
time-dependent covariate from the regression models (Figure S6).

The 18-month OS (unadjusted for HCST) was estimated at 55% 
(95% CI: 48%-63%) for the SOC group and 71% (95% CI: 62%-81%) 
for the blinatumomab group (P = .019) (Table 3). The proportional OS 
at 12, 24 and 30 months is also provided in Table 3. The KM estimate 
of median OS (unadjusted for HSCT) was 27.2 months (95% CI: 16.4-
38.6) for the SOC group compared with 36.5 months (95% CI: 24.2-
NE) for the blinatumomab group (Figure 2).

3.3.3 | Exploratory analysis

A sensitivity analysis was conducted using the ATT method and 
the covariates after adjustment were less balanced than using ATE: 
three covariates had a standardised difference >0.20 after pro-
pensity score adjustment. The HRs for RFS and OS, both with and 
without adjustment for HSCT, were similar to those from the ATE 
analysis (Figure S7).

4  | DISCUSSION

Minimal residual disease is associated with treatment resist-
ance,3,9,12,33,47 earlier relapse and worse prognosis in patients with 
ALL.1,2,6-11,13-20 Treatment with blinatumomab achieved high conver-
sion rates from MRD-positive to MRD-negative status in the single-
arm, phase 2 blinatumomab study: 78% of patients achieved a complete 
MRD response after one cycle of blinatumomab.12 Furthermore, a 
landmark analysis showed that a complete MRD response in cycle 1 
was associated with longer RFS and OS than in patients who remained 
MRD-positive despite blinatumomab treatment (median RFS: 23.6 vs 
5.7 months, P = .002; median OS: 38.9 vs 12.5 months, P = .002).12 
Although results of the blinatumomab study appeared promising,12 it 
was difficult to place them in the context of SOC, which typically con-
sists of continued chemotherapy and/or HSCT. Historic data gathered 
before the availability of new treatments provide an opportunity for 
comparison with new treatments. Weighted age-stratified and pro-
pensity score-adjusted analyses were conducted, therefore, to com-
pare blinatumomab with SOC treatment.

Patients treated historically with SOC33 who closely matched 
the eligibility criteria of the blinatumomab study12 were compared 
with patients treated with blinatumomab. Propensity score-adjusted 
analysis showed that patients with MRD who were treated in CR1 in 
the blinatumomab study12 had longer RFS and OS than those treated 
with SOC, although the difference was not statistically significant 
for OS (median RFS: 35.2 vs 8.3 months, P = .002; median OS: 36.5 
vs 27.2 months, P = .27). Additionally, the probability of RFS at 
30 months in the blinatumomab group was nearly double that in the 
SOC group, and the probability of OS at 30 months was also higher 
for blinatumomab than SOC; both point estimates were statistically 
significant.

TA B L E  2   Strata-specific and combined estimates of relapse-free survival and overall survival from the SOC age-weighted to 
blinatumomab group analysis

Stratum Age, y

SOC Blinatumomab

n
Median survival  
(95% CI), mo

Stratum proportion (%) observed in 
blinatumomab study n

Median survival 
(95% CI), mo

Relapse-free survival

1 ≤34 98 12.3 (7.0-29.3) 27.4 20 NE (12.0-NE)

2 35-54 56 6.9 (4.3-18.1) 37.0 27 NE (7.8-NE)

3 55-64 27 6.5 (2.3-11.2) 23.3 17 NE (4.2-22.3)

4 ≥65 1 2.8 (NE-NE) 12.3 9 NE (3.1- NE)

Combineda   7.8 (6.4-12.4)   35.2 (18.9-NE)

Overall survival

1 ≤34 98 58.4 (31.4-123.5) 27.4 20 36.5 (15.8-NE)

2 35-54 56 16.9 (9.6-30.8) 37.0 27 NE (18.7-NE)

3 55-64 27 12.9 (6.5-21) 23.3 17 18.9 (4.46-NE)

4 ≥65 1 5.4 (NE-NE) 12.3 9 NE (12.1-NE)

Combineda   25.9 (17.0-39.1)   NE (24.2-NE)

Abbreviations: CI, confidence interval; NE, not evaluable; SOC, standard of care.
aThe combined estimate for the SOC group is weighted to the age distribution found in the blinatumomab group. 
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Our analyses demonstrated that blinatumomab treatment led 
to an improvement in RFS and OS in patients with MRD-positive 
B-precursor ALL. In addition to blinatumomab, other immuno-
therapies may also be effective in MRD-positive B-precursor ALL. 
A favourable outcome has been reported in patients treated with 
CD19-specific chimeric antigen receptor (CAR) T cells who had a low 
leukaemia burden.48 Treatment with CAR T cells induced a high rate 
of MRD-negative CR in over 80% of patients.49 No data are currently 
available for the use of inotuzumab in MRD-positive ALL. At present, 
inotuzumab and CAR T cells have a marketing authorisation for full 
cytologic relapse only. Clinical trials are underway to understand the 
role of these novel agents in treatment sequencing to achieve MRD-
negative remissions for patients with ALL.

These results were consistent across all analysis sets and 
sensitivity analyses, suggesting that the results are robust. In an 
age-stratified analysis, estimates of median RFS and OS were lon-
ger for younger patients than for older patients, which is consis-
tent with age being a well-established prognostic factor in ALL.50 
Adjustment for age was important because the blinatumomab 
study patient population12 was substantially older than the historic 
data set.33 The age-stratified analysis was a simple way of demon-
strating that patient age had an important influence on outcomes 
in the two studies. Estimates of median RFS and OS from the 
age-stratified analysis were similar to those from the propensity 
score analysis.

As part of the process of producing comparable blinatumomab 
and SOC groups in the propensity score analysis, it was important to 
consider the balance of available key prognostic factors between the 
two groups. Previous work identified that age at primary diagnosis, 
baseline MRD status (persistent vs relapsed MRD), baseline MRD 

level, and WBC count at diagnosis were associated with RFS and that 
age at primary diagnosis, WBC count at diagnosis and year of primary 
diagnosis were associated with OS in patients with MRD-positive 
ALL.33 These are established baseline prognostic factors and also 
reflect the more recently established importance of response-based 
assessments, such as MRD.1,6,9,50 Use of IPT weighting by propensity 
score successfully created a balance in these assessed covariates be-
tween patients treated with blinatumomab and SOC. This approach 
is intended to mimic the effects of randomising patients with respect 
to treatment assignment42 and enables statistical comparisons be-
tween two patient groups based on measured covariates.39,40 Other 
covariates that could have influenced outcome and might have been 
able to account for medical practice, regional or inter-person differ-
ences between the study groups (eg country and prior chemother-
apy protocol), were also balanced after adjustment. Of the factors 
found to have statistically significant associations with RFS and OS 
in the historic study,33 only year of primary diagnosis and MRD re-
lapse vs persistence were not tested as candidate covariates in the 
propensity score models: there was too little overlap in year of di-
agnosis, and MRD relapse vs persistence was not available for the 
blinatumomab study.12

In the absence of randomised data, the use of propensity score 
adjustment can provide context for a single-arm study. The prior 
comparison between blinatumomab and historic SOC treatment in 
patients with relapsed/refractory Ph-negative BCP-ALL39 was sim-
ilar to the results in the randomised phase 3 study.41 Additionally, 
other studies have also compared novel treatment combinations to 
historic data to evaluate clinical benefit.43-45

The age-stratified and propensity score analyses using data 
from the PAS reflected the experience of adults in CR1 because 

Endpoint SOC Blinatumomab HR (95% CI) P value

Relapse-free survival, 
HSCT-adjusted

  0.50 (0.32-0.78) .002

Relapse-free survivala 
(95% CI)

  0.47 (0.30-0.73) <.001

Probability at 12 mo 0.42 (0.35-0.50) 0.70 (0.61-0.80)  <.001

Probability at 18 mo 0.39 (0.33-0.48) 0.67 (0.58-0.78)  <.001

Probability at 24 mo 0.35 (0.28-0.43) 0.63 (0.53-0.76)  <.001

Probability at 30 mo 0.29 (0.23-0.37) 0.52 (0.41-0.65)  .001

Overall survival, 
HSCT-adjusted

  0.76 (0.47-1.24) .27

Overall survivala (95% 
CI)

  0.68 (0.42-1.09) .11

Probability at 12 mo 0.67 (0.60-0.75) 0.80 (0.72-0.88)  .039

Probability at 18 mo 0.55 (0.48-0.63) 0.71 (0.62-0.81)  .019

Probability at 24 mo 0.52 (0.44-0.60) 0.67 (0.57-0.79)  .029

Probability at 30 mo 0.48 (0.41-0.56) 0.62 (0.52-0.74)  .043

Abbreviations: CI, confidence interval; HR, hazard ratio; HSCT, haematopoietic stem cell 
transplantation; SOC, standard of care.
aHR and time point estimates do not include adjustment for HSCT as a time-dependent covariate. 

TA B L E  3   Summary of endpoints from 
the primary analysis set after propensity 
score adjustment using stabilised inverse 
probability of treatment weightings
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only patients in CR1 were available in the historic data set. In the 
blinatumomab study, however, 35% of patients were in CR2 or CR3. 
RFS and OS were better for patients treated in CR1 than in those 
who were treated in later CRs in the blinatumomab study (median 
RFS: 24.6 months vs 11.0 months, P = .004; median OS: 36.5 months 
vs 19.1 months, P = .084).12 Notably, the propensity score analyses 
using the FAS, which included patients treated in CR1 and later CRs, 
also found improvements in RFS with blinatumomab compared with 
SOC treatment (RFS HR: 0.582 [95% CI: 0.409-0.829]; OS HR: 0.728 
[95% CI: 0.474-1.118]), despite the fact that all historic data set com-
parator patients were in CR1.

The improvement in RFS experienced by blinatumomab-treated 
patients with MRD-positive ALL compared with those treated 
historically with SOC did not translate into a statistically signifi-
cant difference in OS in our analysis apart from point estimates at 
18 months’ follow-up. The sample size for both groups was small, 
which limits statistical stability. It could also be that blinatumomab 
reduces risk of relapse, whereas OS is strongly influenced by HSCT; 
most patients underwent HSCT in the blinatumomab group, com-
pared with fewer than half in the SOC group. Assessing the dura-
tion of remission could potentially address the influence of relapse 
reduction. Unfortunately, this was not feasible because competing 

risk regression cannot be conducted with propensity score adjust-
ment using SAS software. Without appropriate adjustment for im-
balance in baseline covariates between the blinatumomab and SOC 
groups, a comparison of duration of remission would lead to a biased 
estimate.12,33

Of note, 67% of patients in the blinatumomab study received an 
HSCT during ongoing CR after blinatumomab treatment,12 compared 
with 40% of patients in the historic data set who had an HSCT during 
CR after MRD detection (78% vs 44% of patients, respectively, in 
the PAS).33 The HSCT rate observed in the historic study33 was sim-
ilar to that for the MRD non-responders in the blinatumomab study 
(45%).12 No patients in the historic study received blinatumomab 
within 18 months of baseline MRD detection.33 Improvements in 
RFS with blinatumomab were similar compared with SOC treatment 
irrespective of whether or not HSCT was adjusted for as a time-de-
pendent covariate in the regression models.

Our approach has relevant limitations. All analyses were post 
hoc and exploratory in nature. The small study population limits the 
power to detect differences between the two groups; however, the 
CIs reported and the extensive sensitivity analyses performed can 
serve as a guide to the significance and robustness of our results. 
Data completeness and quality varied between the two studies, and 

F I G U R E  1   Kaplan-Meier curve of 
relapse-free survival for the primary 
analysis set after propensity score 
adjustment using stabilised inverse 
probability of treatment weighting. CI, 
confidence interval; HR, hazard ratio; NE, 
not evaluable; RFS, relapse-free survival; 
SOC, standard of care [Colour figure can 
be viewed at wileyonlinelibrary.com]
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only covariates that were reported in both data sets were included 
in the propensity score models; relapsed vs persistent MRD is a po-
tentially relevant factor that was not recorded in the blinatumomab 
study.12 Unlike randomisation, propensity score analysis does not 
produce a balance between treatment groups with respect to all 
possible confounding variables. RFS did not appear to change dra-
matically over time in the historic study, although there was a dif-
ference in the proportion of patients who received HSCT over the 
historic study period, increasing from approximately 30% to 40% 
from 2000-2004 to 2005 onwards (P = .0608).33 The perception 
of the poor prognostic impact of MRD increased in the standard-
of-care setting and may have contributed to an increasing propor-
tion of patients referred to stem cell transplantation over time. 
Nevertheless, these analyses provide a useful context for interpret-
ing the efficacy of blinatumomab in adults with MRD-positive Ph-
negative BCP-ALL.

5  | CONCLUSIONS

This comparative analysis suggested that blinatumomab treatment 
followed by HSCT led to an improvement in RFS and a trend towards 
improved OS compared with SOC treatment in adults with MRD-
positive Ph-negative BCP-ALL.
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