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Abstract. - OBJECTIVE: Information about the
long-term survival impact of hematopoietic stem
cell transplant (HSCT) in adults with relapsed/re-
fractory B-cell acute lymphoblastic leukaemia is
limited. The objective was to conduct a system-
atic review identifying studies reporting survival
in HSCT-receiving patients and apply parametric
analyses to predict long-term survival.

MATERIALS AND METHODS: Twenty-five
relevant studies were identified. Analyses were
conducted in 10 studies (n=503; “global” anal-
ysis) reporting overall survival (OS) data as
Kaplan-Meier curves or at patient level. Four
studies (n=217; “subgroup” analysis) measured
OS from the point of HSCT. Patient-level data
were recreated from Kaplan-Meier curves and
pooled, with six models tested for longer-term
extrapolation. Additionally, a sensitivity analysis
was undertaken involving removal of data from
the oldest study cohort (recruited between 1981-
1997) to determine if the year which patients
received HSCT impacted survival compared to
post-2009 data.

RESULTS: Median OS and five-year survival
probability were 11.4 months and 24.4% (95%
Cl, 20.5-28.5%) in the global analysis, and 12.0
months and 28.4% (95% Cl, 22.1-34.9%) in the
subgroup analysis. The generalised gamma and
Gompertz models fit longer-term extrapolation
criteria. The generalised gamma model predict-
ed survival at 10.4% vs. 14.8% (15 years), 8.3%
vs. 12.8% (20 years), and 6.9% vs. 11.4% (25
years) for the global and subgroup analysis, re-
spectively. The Gompertz model predicted sur-
vival to plateau at 23% vs. 25.6% just before 10
years. The sensitivity analysis excluding older
data found median survival increased two-fold
(25.3 vs. 12 months).

CONCLUSIONS: Results synthesize long-term
evidence of outcomes for HSCT-receiving pa-
tients, providing a basis for treatment compari-
son. Risk of death is low beyond four years and
newer data appears correlated with improved
outcomes.
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Introduction

Acute lymphoblastic leukaemia (ALL) is a
haematological cancer that is driven by the pro-
liferation and accumulation of lymphoid progen-
itor cells in the bone marrow and other tissues'.
Overproduction of these immature lymphocytes
occupies space in the blood and bone marrow,
resulting in a reduction in normal white blood
cells, red blood cells, and platelets®. Signs and
symptoms include fatigue, fever/drenching night
sweats, bruising or bleeding easily, shortness of
breath, weight loss, bone/stomach pain, painless
lumps near the lymph nodes, and infections?.

The incidence of ALL follows a bimodal distri-
bution, whereby the first peak occurs during child-
hood and a second peak occurs at around the age of
50°. In 2017, the age-standardized rate of new ALL
cases were 1.1 (95% CI, 1.0-1.2) per 100,000 in the
UK*and 1.7 per 100,000, with an estimated 100,012
people living with ALL in the US®. The 5-year rela-
tive survival rate was reported to be 68.8% between
2010-2016 in the US®.

Among patients with newly diagnosed B-cell
ALL, approximately 45% will relapse or become
refractory to initial treatment®. In relapsed/refracto-
ry (R/R) disease, the prognosis is poor’. One study
reported a S5-year survival rate of 10% and a medi-
an overall survival (OS) of 4.5 months after patients
experienced relapse®. Furthermore, 1- and 3-year
OS rates were reported to decrease for adult patients
with R/R B-precursor ALL with increasing numbers
of salvage therapies’.
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Allogeneic haematopoietic stem cell transplant
(alloHSCT) is an important treatment option in ALL
for the prevention of relapse. It is the standard of care
(SoC) for adult patients with Philadelphia (Ph)-neg-
ative ALL who achieve first complete response (CR)
and have a high risk of relapse!'®. Autologous HSCT
(autoHSCT) has been reported to show comparable
survival post-transplant to alloHSCT in patients with
Ph-positive ALL'". However, a study which evaluat-
ed HSCT in adults with ALL in Europe reported a
70% decrease in the use of autoHSCT when compar-
ing the periods of 2013-2015 and 2001-2003, with
an increasing trend toward the use of alloHSCT".

A key goal of current treatment in patients with
R/R B-cell ALL is the achievement of CR/CRi
[through application of chemotherapy or targeted
therapies such as antibodies and tyrosine kinase
inhibitors (TKIs)] followed by HSCT". HSCT is
a potentially curative treatment option but is often
only used in a subgroup of patients as not all patients
achieve CR/CR1, maintain CR/CRj, or are transplant
eligible’. Appropriate selection of candidate patients
for alloHSCT has been highlighted as a challenge in
achieving optimal outcomes'*. Patient risk-stratifica-
tion is essential to ensure that the benefit of HSCT
is not offset by potential toxicity that may occur as
a result of the intensity of pre-transplant condition-
ing therapy, or post-transplant graft vs. host disease
(GvHD)"™. Additionally, minimal residual disease
(MRD)-positivity may persist in some patients de-
spite achieving a response. Achieving MRD-neg-
ativity prior to HSCT may be associated with im-
proved survival outcomes!'*.

Several treatments have been recommended
by the National Institute for Health and Care Ex-
cellence (NICE) for the treatment of R/R ALL in
adults including inotuzumab ozogamicin', blina-
tumomab'¢, and ponatinib'’. These treatments have
also received approval by the European Medicines
Agency (EMA)'32 and the US Food and Drug Ad-
ministration (FDA)?'"3. They can be used to bridge
patients to HSCT with the goal of achieving CR/
CRi. They can also be applied to extend life in cases
where HSCT is not possible!>!”. As highlighted by
Gokbuget (2016)°, the investigation of potential new
treatments for R/R ALL in adults is challenging due
to the rarity of the condition in the adult population,
the poor prognostic outcomes, and non-standardised
approaches for salvage therapies.

R/R B-cell ALL has poor survival rates with lim-
ited alternative treatments. Additionally, there are a
number of treatment challenges including achieve-
ment of CR/CRi and patient selection for HSCT.
Therefore, the investigation and analysis of survival
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data in patients who have undergone HSCT is im-
portant. Such analysis stands to both summarise and
predict the potential benefits associated with prom-
ising new treatments that increase the number of pa-
tients receiving HSCT.

The relationship between HSCT and survival
outcomes in adult patients with B-cell ALL, specific
to the R/R setting, has not been clearly summarised
in any published systematic reviews (SLRs). Addi-
tionally, available literature does not concisely report
long-term survival in this patient population. There-
fore, an objective of this study was to conduct an
SLR to identify studies reporting survival in patients
with R/R B-cell ALL who have undergone HSCT.
The subsequent objective was to pool, analyse, and
model survival data to longer-term horizons. The
purpose of which was to provide collated and syn-
thesized information for prescribers, transplanters,
and formulary decision makers.

Materials and Methods

Search Strategy

This SLR was performed in accordance with
established international guidelines for conducting
systematic reviews>*%,

Electronic search strings for Ovid Embase,
Ovid Medline, and the Cochrane Library (Supple-
mentary Data) were developed using the patient,
intervention, comparator, and outcome (PICO) ele-
ments described in Table I. Table I also presents the
study type, geographic scope, timeframe, and lan-
guage restrictions. Searches were executed on the
23" of July 2020. Hand searching of key studies,
relevant published SLRs, and key conferences was
conducted to supplement the results of the electron-
ic database searches.

Study Selection and Data Extraction

Studies identified through searches were com-
bined into a single EndNote library for de-duplica-
tion using a published method®. Irrelevant studies
were excluded based on the title and abstract by two
blinded, independent reviewers using the Rayyan
software®. Two reviewers screened the remaining
full-text articles. Studies had to meet all PICO cri-
teria to be eligible for inclusion in the SLR; reasons
for exclusion were recorded. Any disagreements
between reviewers were resolved through addition-
al review by a third systematic reviewer.

Relevant information from included studies
was extracted including study design, baseline
characteristics, and survival outcomes. Secondary
outcomes of interest were also collated includ-
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Table I. PICO elements. PICO elements, study type, geographic scope, timeframe, and language restrictions used to determine

studies eligible for inclusion in the SLR.

Element Focus
Patients Adult patients (15+ years) with R/R B-cell ALL.
Intervention Patients who have undergone HSCT.
Comparison None.
Qutcomes * OS. * Duration of response.
* PFES rates. « NRM.
* Median OS. * TRM (if related to HSCT).
* Median PFS. * Overall mortality.
» EFS. » Relapse incidence.
* Disease-free survival.
AEs + Rates of VOD. » Rates of GvHD.
Publication type * RCTs.

* Non-RCT publications containing registry or hospital record data.
* SLRs were excluded unless they contained additional meta-analyses.
+ Publications comprising <5 patients who received HSCT were excluded.

Publication timeframe * Full manuscripts from 1990 to present.
+ Conference abstracts from 2015 to present.

Geographic limitations None.

Language

English language abstract.
» Non-English publications that were believed to be of interest were translated.

Databases to search ¢ Ovid MEDLINE.
¢ Ovid Embase.

* Cochrane Library (Reviews and clinical trial databases).

Other

Trials registries: Clinicaltrials.gov; clinicaltrialsregister.eu.
¢ Conference abstract databases: ASCO, ASH, EHA, ESMO, EBMT, BSH.
» Reference list/ citation checking; key author searching.

AE, Adverse event; ALL, acute lymphoblastic leukaemia; ASCO, American Society for Clinical Oncology; ASH, American
Society of Haematology; BSH, British Society for Haematology; EBMT, European Society for Blood and Marrow
Transplantation; EFS, Event-free survival; EHA, European Haematology Association; ESMO, European Society for Medical
Oncology; GVHD, graft vs. host disease; HSCT, haematopoietic stem cell transplant; NRM, Non-relapse mortality; OS, Overall
survival; PFS, Progression-free survival; RCT, Randomised controlled trial; R/R, relapsed/refractory; TRM, Transplant-

related mortality; VOD, veno-occlusive disease.

ing duration of response, rates of veno-occlusive
disease (VOD), rates of GvHD, overall mortality,
non-relapse mortality (NRM), and transplant-re-
lated mortality (TRM). All studies were quality
assessed according to an adapted version of the
NICE quality appraisal checklist for quantitative
intervention studies®'.

Statistical Analysis

There were three main statistical analyses con-
ducted that involved pooling of OS data and paramet-
ric modelling to predict long-term survival (Table II).

Analysis of Pooled Survival Data

OS data reported in included studies (either as
a Kaplan-Meier survival curve or individual pa-
tient data) were collected. Data points from each

Kaplan-Meier survival curve were digitised using
GetData Graph Digitiser software®. Patient-level
data were then recreated from the digitised data
using the Guyot algorithm® — a validated, pub-
lished method that has been used at conferences
and in health technology assessments'®***. The
algorithm was implemented in the software R*.
The Kaplan-Meier curves drawn from the recreat-
ed patient-level data were plotted next to the digi-
tised curves for validation.

Recreated patient-level data and published pa-
tient-level data were pooled together to produce a
single, overall OS curve (“global” analysis). The
median survival time and Kaplan-Meier estimates
of OS every 6-months, and associated 95% confi-
dence intervals (Cls), were identified and report-
ed. Additionally, a post-hoc “subgroup” analysis
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Table Il. Summary of the three main statistical analyses. Summary of the three main statistical analyses undertaken in this study
that involved pooling of OS data and parametric modelling to predict long-term survival.

Analysis name Purpose

Study data included

Global analysis Determine how HSCT impacts
long-term survival in patients
with R/R B-cell ALL.

Including data from all studies identified
that contained OS Kaplan-Meier curves
or patient-level data.

Post-hoc subgroup analysis  Determine how HSCT impacts
long-term survival in patients
with R/R B-cell ALL where
baseline measurement is from

Including a subgroup of studies from the global
analysis that explicitly reported OS from the
time of HSCT only (excluding stu dies from the
global analysis that reported OS from a baseline

the point of HSCT. point prior to HSCT or following HSCT).
Post-hoc sensitivity analysis  Investigate the correlation between Including the same studies as the subgroup
according to age of study survival outcomes and year analysis (i.e., those explicitly reporting OS
in which patients received HSCT. from the time of HSCT only) but excluding

data where HSCT was undertaken prior
to the year 2000.

ALL, Acute lymphoblastic leukaemia; HSCT, Haematopoietic stem cell transplant; OS, Overall survival; R/R, Relapsed/

refractory.

was conducted on included studies that explicitly
reported OS from the time of HSCT only (exclud-
ing studies from the global analysis that reported
OS from a baseline point prior to HSCT or follow-
ing HSCT; Table II for full description).

Parametric Modelling and Extrapolation
Six standard parametric models were applied
to the pooled OS data for the global and subgroup
analyses: exponential, Weibull, Gompertz, log-
normal, loglogistic, and generalised gamma. The
most appropriate model(s) were selected based on

three criteria: (1) the value of the Akaike Informa-
tion Criterion (AIC) statistics the lower the value,
the more suitable the model; (2) visual inspection
of the fit of the model to the underlying data over
the observation period; (3) critical assessment of
clinical plausibility of longer-term extrapolation.
Survival estimates were then predicted at 15, 20,
and 25 years using the selected model.

Post-Hoc Sensitivity Analyses
Transplant practices have likely improved
over time due to experience and improvements in
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5 Ovid Embase: Ovid Medline: Cochrane library: Articles |d;zlnt|f.|edl ff’; |n|:|‘Lf5|.onhtI'.1rTugh hand
2507 s 2758 cilcaltrasregiteru, ciation checking o
5 publications identified publications identified publications identified e S.RS'JS e
g :
o
=
- [ Total references identified 20,166 J

Total publications after
duplicates removed: Obviously irrelevant publications removed: 15,494
"g“ 16,182
=
o
N ; 4 blications that did iteria: )
3 Further detailed Publications that did not meet PICO criteria:
screening for eligibility: Patient group: 614 Year: 2
688 Intervention: 10 Not availablet: 4
Outcome: 17 Duplicate:1
\_ Study type: 9

§ |3 publications, corresponding to 25 studies meeting PICO criteria:
]
_3 Two RCTs, 12 non-randomised, 11 retrospective.
c

Figure 1. PRISMA diagram. The number of included and excluded publications identified after systematic searching for

patients with R/R B-cell ALL who have undergone HSCT.

PICO, patients, interventions, comparators, and outcomes; RCTs,

Randomized controlled trials; SR, Systematic review.

tReferences that were not located online nor available through the British Library as of 11th September 2020.
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technology. Therefore, an “age of study” sensitiv-
ity analysis was conducted to investigate the cor-
relation between survival outcomes and the year
in which patients received HSCT (Table II). Data
were excluded from one outlier study in the sub-
group analysis whose recruitment period was be-
tween 1981-1997%7. The remaining three studies
in the subgroup analysis had a post-2009 recruit-
ment period***°. Additionally, further post-hoc
sensitivity analyses were applied to confirm the
robustness of the statistical analyses conducted in
this study.

Results

Description of Studies Identified in SLR

Searches identified 20,166 records of which
3,984 were duplicates and 15,494 were removed
following title/abstract screening, leaving 688
for detailed screening. After full-text review, 31
relevant references were identified for inclusion
in the SLR, corresponding to 25 studies in total
(see Figure 1 for the PRISMA diagram). For-
ty-four studies (corresponding to 49 references)
containing B-cell ALL patients were excluded
because patient cohorts contained de novo pa-
tients, patients whose treatment line was unspec-
ified, or a mixture of de novo and R/R patients
(with no separation of outcomes between either
patient group). Therefore, only studies that re-
ported outcomes solely for R/R patients were
included.

A summary of the study design and base-
line characteristics for each study is available
in Table III. Of the 25 studies included, seven
were international/multi-centre registry studies
that contained between 84 to 2,150 patients, of
which 23 to 309 patients per study matched the
PICO criteria. The remaining studies were single
centre registries, randomized controlled trials
(RCTs), or non-randomized studies. These stud-
ies contained 6 to 405 patients, of which 6 to 137
patients matched the PICO criteria. The median
age range across studies was 23-59 years. Treat-
ments prior to HSCT included blinatumomab,
inotuzumab ozogamicin, total body irradiation,
or SoC (typically chemotherapy based). These
treatments were sometimes coupled with other
induction or consolidation therapies, myeloab-
lative, non-myeloablative, or reduced-intensi-
ty conditioning. The baseline timepoints from
which outcomes were measured were prior to
HSCT in eight studies, from the time of HSCT in

seven studies, post-HSCT in five studies, and not
specified in 10 studies.

Risk of Bias in SLR Studies

Of'the 25 studies included in this SLR, 14 were
full manuscripts and 11 were available as confer-
ence abstracts only. Quality assessments were
only conducted for studies available as full man-
uscripts. The NICE quality appraisal checklist
for quantitative intervention studies was used to
assess bias and generalizability of studies®’. One
study fulfilled “all or most of the checklist crite-
ria” for ensuring minimal bias*!, 10 studies were
deemed to have met “some of the checklist crite-
ria” for ensuring minimal bias®*4%448 and three
studies fulfilled “few or no checklist criteria”, and
were therefore at risk of potential bias***°. Re-
garding generalizability to the source population,
12 studies fulfilled “some of the checklist crite-
ria”?*4043-31 "The remaining three studies fulfilled
“all or almost all the checklist criteria” for ensur-
ing generalisability*'**.

SLR Outcomes

The main outcomes of interest were OS, pro-
gression-free survival (PFS), event-free survival
(EFS), and relapse-free survival (RFS). Other out-
comes of interest were duration of response, rates
of VOD and GvHD, overall mortality, NRM, and
TRM, and are reported in Supplementary Data.
Disease-free survival, leukaemia-free survival,
and relapse incidence were also outcomes of in-
terest. However, none of the included studies re-
ported these outcomes.

Overall Survival

Eighteen studies in the SLR contained OS data
(of which 10 contained Kaplan-Meier curves or
patient-level data that were used in the analysis
of long-term survival) (Table IV). OS was defined
in this SLR as the “time from the start of a giv-
en treatment regimen until death or date of last
follow-up . The included studies that reported OS
were consistent with this definition** 37,

The lowest median OS was 4.0 months (95%
Cl, 1.2-7.0) for patients who had received their
third line of salvage therapy prior to HSCT’. The
highest median OS was 20.2 months (95% CI,
9.1-31.3) in patients who had received inotuzum-
ab ozogamicin prior to HSCT*.

Generally, OS decreased with increasing lines
of salvage treatment. MRD status of patients
also had an impact on OS over time. The lowest
2-year OS reported was 0% for patients who had
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Table Ill. Baseline characteristics. Summary of study design and baseline characteristics for studies identified during systematic searching for patients with R/R B-cell ALL

who have undergone HSCT.

Auth_or [y (?a_r), . ITT population n Median Treatments ECOG CR/ CRi/ (OMIFCIS

NCT identifier, trial . . . measurement
PICO population n} age received prior to HSCT status/KPS CRp . .

name, Study type baseline point

Aboudalle (20_18)525 ITT: n=35 ITT: 28 years >2 cycles ECOG 0: n=6 | CR: n=13 From the initiation of
Non-randomlsed, PICO: n=17 (49%). (19-76). of blinatumomab. 1: n=20,2: n=7| CRi:n=2 | blinatumomab treatment
single arm. Missing: n=2 | CRp: n=4 (i.e. prior to HSCT).

Ali (2018)™, InO: ITT: 46.5 years <6 cycles InO combined with: Myeloablative |ECOG 0: n=62| PICO CR: Not specified.
NCTO01564784, ITT, n=164 (18-78) conditioning (67.1%) 1: n=81 n=65
INO-VATE, RCT PICO, n=79 or RIC (32.9%)). 2:n=21 (38.6%).

SoC: ITT: 47.5 years SoC combined with: ECOG 0: n=61| PICO CR:

tKantarjian ITT, n=162 (18-79) Myeloablative conditioning (66.7%) 1: n=802: n=20| n=17
(2019)* PICO, n=36. or RIC (22.2%). Missing: n=1 | (10.5%).

Ansuinelli (2019)", ITT: n=36 >18 years At least one cycle of blinatumomab prior - - Not specified.
Retrospective, PICO: n=14. to receiving HSCT.
single centre.

Badar (2020)*, ITT: n=84 ITT: 50 years At least one cycle of InO (100% of patients). KPS (ITT): - From time
Retrospective PICO: n=23 (20-87) Myeloablative conditioning for alloHSCT <80: n=11 of HSCT.
multi-centre. PICO: 43 years (in 86% of patients). 80-100: n=50

(20-75) Missing: n=23

Badar (2020)*, ITT: n=309 Blina-tumomab: None [treatments administered post-HSCT - - Measured from initiation
Retrospective multi- Blinatumomab PICO: n=85 | 59 years (18-72), | (HSCT occurred prior to study commencement): of Blinat.umomab/ InO
centre. InO: 43 years Blinatumomab: n=233, InO: n=86] treatment (i.e. post-HSCT).

InO PICO: n=21 (20-75)

Boissel (2019), ITT: n=373 ITT: 43 years All patients received blinatumomab - - Measured from initiation
Neuf,Retrospective PICO n=74 (IQR = 27-55) of blinatumomab treatment
observational. (i.e. prior to HSCT).

Boissel (2019)7, ITT: n=253 ITT: 36.5 years All patients received blinatumomab - CR Measured from initiation
Neuf, Retrospective PICO: n=43 (IQR: 24.0-52.0) achieved of blinatumomab
observational prior to treatment

transplant: (i.e. prior to HSCT).
n=33

Goekbuget (2018)*, ITT: n=305 PICO All patients received blinatumomab.PICO: - - Time from initiation
MT103-203, MT103-211, PICO: n=108 MTI103-211: Myeloablative conditioning, n=47; RIC/ non- of blinatumomab
Non-randomised. 31 years (18-65) |myeloablative conditioning, n=47; unknown, n=14 (i.e. prior to HSCT).

TGokbuget (2020)**§ ITT: n=116 MTIE)(;E)z 03 | PICO: Of the 74 HSCT patients: Myeloablative - CR2:n=39 | Measured from time
MT103-211 only. PICO: n=74 ) conditioning (n=55), RIC (n=14); CR3: n=2 of HSCT.

43 years (18-67) o .
conditioning regimen NR (n=5)

Gokbuget (2012)*, ITT: n=169 ITT: 34 years - - - Not specified.
NCT00199056, PICO: n=122
NCT00198991,

Retrospective analysis of
non-randomised GMALL
06/99 and 07/03.
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Table Ill. Baseline characteristics. Summary of study design and baseline characteristics for studies identified during systematic searching for patients with R/R B-cell ALL
who have undergone HSCT.

open label trial.

ALEPELT WEELD, ITT population n Median Treatments ECOG | CR/CRi/ OIS

NCT identifier, trial ; . o measurement
PICO population n} age received prior to HSCT status/KPS CRp - .

name, Study type baseline point

Gokbuget (2016, Ist salvage: ITT, n=1,618; - - - - Measured from time
NCT02003612, PICO, n=210 (13.0%) from initiation of last
Retrospective 2nd salvage: ITT, n=372; salvage treatment
observational. PICO n=61 (16.5%) (median time from salvage

>3rd salvage: ITT, n=160; therapy to HSCT
PICO, n=17 (10.6%) was 100 days).

Greil (2019)”, ITT: n=180 ITT: 37 years TBI: 61% - - Not specified.
Retrospective. PICO: n=137

Grigg (1999)*, TT: n=147 ITT: 28 years TBIITT: n=91 (62%) - - Measured from time
Retrospective PICO: n=81 (17-54) Non-TBIITT: n=56 (38%) of HSCT.
multi-centre.

Isufi (2018)™, ITT: n=98 ITT: 59 years TBI - - Not specified.
Non-randomised. PICO: n=21 (20-73)

Jabbour (2017)*, Ist salvage treatment ITT:| ITT: 38 years InO ITT: n=21 (46%). - - Measured from time
Retrospective. n=46 MRD +ve (18-87) Blinatumomab ITT: n=4 (9%) of blinatumomab/ InO

PICO: n=12 MRD -ve treatment initiation
PICO: n=14 (median time
2nd salvage treatment ITT:| ITT: 38 years InO ITT: n=20 (63%). - - to HSCT = 2 months).
n=32 MRD +ve (19-79) Blinatumomab ITT: n=7 (22%)
PICO: n=10 MRD -ve
PICO: n=6

Jabbour (2018)*, ITT: n=59 ITT: 35 years All patients - - Not specified.
NCTO01371630, PICO: n=26 (18-87) received InO
Non-randomised.

Jabbour (2019)*, ITT: n=405 Blinatumomab | Blinatumomab: >1 cycle of induction therapy; - PICO blina- Not specified.
NCT02013167, PICO: n=97 PICO: 31 years consolidation blinatumomab therapy tumomab
TOWER, RCT. (18-71) (in patients achieving BM response) Cri: n=50

SoC PICO: 29 |SoC: =1 cycle of induction therapy; consolidation - PICO SoC
years (18-70) |chemotherapy (in patients achieving BM response) Cri: n=18

fKantarjian (2017)", - - Blinatumomab: Previous alloHSCT n=94 (34.7%) - - Not specified.
NCT02013167, TOWER SoC: Previous alloHSCT n=46 (34.3%)

Jain (2018)", CALM, ITT: n=9 23 years Previous alloHSCT with relapse at a median of - - Measured from time
Non-randomised dose PICO: n=5 (18-49) 5.9 (4-11) months post-transplant: n=7 of HSCT.
finding study.

Park (2015)”, ITT: n=33 54 years Prior alloHSCT, n=11 (33%); > 3 prior lines - - Post-HSCT (exact timing
NCT01044Q69, PICO: n=11 (22-74) of therapy, n=14 (42%). All patients received not specified

Nqn-randomlsed, conditioning chemotherapy followed by 1-3x106 in study).
single arm. 19-28z CAR-T cells/kg.

Stein (2016)78,. ITT: n=189 PICO: 31 years All patients received blinatumomab: - - Measured from time
Non-randomised PICO: n=34 (18-65) <5 cycles. of HSCT.
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Table Ill. Baseline characteristics. Summary of study design and baseline characteristics for studies identified during systematic searching for patients with R/R B-cell ALL

who have undergone HSCT.

Non-randomised

study commencement).

Authpr [y ga'r), . ITT population n Median Treatments ECOG CR/ CRi/ LU
elgd=ntiicraaial PICO population nt age received prior to HSCT status/KPS CR LB
name, Study type pop 9 P P baseline point
Stelmach (2020)*, Blinatumomab ITT: n=18 | ITT: 32 years All patients received blinatumomab: - ITTCR & -
Retrospective single PICO: n=11 (20-73) >1 cycle. Cri: 69% | Measured from time of
centre. (39-91) HSCT.
InO PICO: n=16 ITT: 42 years All patients received - ITTCR &
(18-74) InO: >1 cycle. Cri=94%
(70-100)

Topp (2012), ITT: n=20 >18 years All patients received induction and consolidation - All patients| Measured from time of
NCT00198991, PICO: n=9 chemotherapy, followed by blinatumomab. achieved | blinatumomab initiation
NCT00198978, Non- CR prior (median time from
randomised trial. to HSCT | blinatumomab completion

to HSCT = 0.7 months).

Topp (2014), ITT: n=36 32 years (18-77) | All patients received induction and consolidation - - Measured from time of first
NCT012092§6, PICO: n=13 chemotherapy, followed by blinatumomab (2 CR (i.e. prior to HSCT).
Non-randomised cycles; plus an additional three cycles if CR was
single arm. not achieved).

tZugmaier (2015) -

Topp (2015)"9, ITT: n=189 ITT: 39 years Dexamethasone - - Measured from time
NCT01466179, PICO: n=32 (18-79) (patients with >50% peripheral blood BM blasts). of HSCT
Non-randomised, All patients received blinatumomab
single arm. 1 cycle).

Topp (2018)%, PICO: n=34 Not specified.
NCT01466179,

MT 103-211.

TStein (2019)%, PICO: n=64 PICO: 32 years None (conditioning regimens received Post-HSCT (exact timing
NCT01466179 (19-74) for previous alloHSCT; HSCT received prior not specified in study).

to study commencement).

Wang (2019)48f ITT: n=32 PICO: 27 years None (conditioning therapy and CAR-DLI - - Measured from time of first
Non-randomised PICO: n=27 (15-50) for 5 days; HSCT received prior to study CAR-DLI infusion (i.e. post-

commencement). HSCT); median time from
HSCT to relapse = 8 months.
Zhang (2018)%, PICO: n=6 18-60 years None (CAR-T therapy; HSCT received prior to - - Post-HSCT (exact timing

not specified in study).

AlloHSCT, Allogeneic haematopoietic stem cell transplant; BM, Bone marrow; CAR-DLI, chimeric antigen receptor-modified donor lymphocyte infusion; CAR-T, chimeric
antigen receptor T-cell; CR, Complete remission; CRi, Complete remission with incomplete haematologic recovery; CRp, Complete remission with partial recovery; ECOG,
Eastern Cooperative Oncology Group, KPS, Karnofsky Performance Status; HSCT, Haematopoietic stem cell transplant; Ino, inotuzumab ozogamicin; IQR, Inter-quartile
range; ITT, Intention to treat; MRD -ve, Minimal residual disease-negative; MRD +ve, Minimal residual disease-positive; NR, Not reported; PICO, Patients, Interventions,
Comparators and Outcomes; RCT, Randomised controlled trial; RIC, Reduced-intensity conditioning; SoC, Standard of care; TBI, Total body irradiation.

Table 11 footnotes: - Indicates this figure was not reported by the author in the study. *Indicates follow-up data for the same study from the study above.

+The PICO population n-value is the number of patients within each study population that met PICO criteria. The only relevant outcome reported by Gokbuget (2020)* was in
the form of a Kaplan-Meier curve, i.e., there are no data points available. §All patients in Topp (2015)*” were MR D-negative post-treatment with blinatumomab and chemotherapy.
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Table IV. Studies reporting OS data. Summary of studies reporting OS data for studies identified during systematic searching in patients with R/R B-cell

ALL who received HSCT.
Author (year) / . . Median
NCT reference No. patients in analyses Reported OS outcome Results follow-up
Aboudalle (2018)* n=17 Patient-level OS data reported. -
Ali (2018)" InO administered prior to HSCT: n=79 Median OS, months (95% CI). 12.6 (9.3-27.7) -
HSCT vs no HSCT, HR, p-value. 0.55 (p=0.0065) -
tKantarjian (2019)* 2-year OS, % (95% CI). 39.4% (28.1-50.5). -
SoC administered prior to HSCT: n=36 Median OS, months (95% CI). - -
HSCT vs no HSCT, HR, p-value. - -
2-year OS, % (95% CI). - -
Badar (2020)* n=23 Median OS, months (95% CI). 7.5 (3.2-maximum NR) -
Badar (2020)%® Blinatumomab administered prior Median OS, months (95% CI). NR -
to HSCT: n=85 2-year OS, %. 62% -
InO administered prior to HSCT: n=21 Median OS, months (95% CI). NR -
12-month OS, %. 53% -
Goekbuget (2018)*! n=34 Median OS, months (95% CI). Age >35 years: -
NCT01207388 & NCT01466179 15.9 months
tGokbuget (2020)*1
+Topp (2018)% n=34 Median OS, months (95% CI). Age >35 years: 15.9 -
NCT01466179
+Stein (2019)% n=64 Median OS, months (95% CI). 8.5(4.2-11.2). 16.6 months
NCTO01466179 (range: 12.4-23.3).
Gokbuget (2012)*} n=103 Median OS, months. 13.6 23 months.
NCT00199056 & NCT00198991 3-year probability. 36% + 5%
Gokbuget (2016)° 1% salvage n=210 Median OS, months (95% CI). 4.4 (3.7-5.8). -
NCT02003612 6-month OS, % (95% CI). 42% (36-49). -
2-year OS, % (95% CI). 23% (18-29). -
36-month OS, % (95% CI). 10% (7-15). -
2nd salvage n=61 Median OS, months (95% CI). 4.5(2.4-5.3). -
6-month OS, % (95% CI). 35% (23-47). -
2-year OS, % (95% CI). 17% (9-28). -
36-month OS, % (95% CI). 4% (1-12). -
3rd salvage n=17 Median OS, months (95% CI). 4.0 (1.2-7.0). -
6-month OS, % (95% CI). 39% (17-61). -
2-year OS, % (95% CI). 20% (5-42). -
36-month OS, % (95% CI). 0% -
Grigg (1999)%1 n=81 Two OS Kaplan-Meier curves contained with the publication. -

Table continued

983



Table IV. (Continued). Studies reporting OS data. Summary of studies reporting OS data for studies identified during systematic searching in patients with R/R B-cell ALL

who received HSCT.
/:'LCIE:'I:)erfggz:)e/ No. patients in analyses Reported OS outcome Results fgfﬁ)?n'f_l:p
Jabbour (2017)*% First salvage treatment, MRD +ve: n=12 Median OS, months. 8 -
2-year OS, %. 38% -
First salvage treatment, MRD -ve: n=14 Median OS, months (95% CI). NR -
2-year OS, %. 65% -
Second salvage treatment, MRD +ve: n=10 Median OS, months. 10 -
2-year OS, %. 0% -
Second salvage treatment, MRD -ve: n=6 Median OS, months. 12 -
2-year OS, %. 33% -
Jabbour (2018)* n=17 Median OS, months. 25 24 months.
NCT01371630 12-month OS, %. 63%
Jabbour (2019)* n=97 Median OS, months (95% CI). Blinatumomab: NE -
NCT02013167 InO: 20.2 (9.1-31.3) -
Park (2015)” n=11 6-month OS, % (95% CI). 70% (33-89). -
NCTO01044069
Stein (2016)% n=34 12-month OS, % (95% CI). 73% (55-85). 13.4 months
Stelmach (2020)*+ Blinatumomab administered prior to HSCT: n=11 12-month OS, % (95% CI). 31% (2-59). -
InO administered prior to HSCT: n=16 - - -
Wang (2019)*4 n=32 One OS Kaplan-Meier curves contained with the publication. -
Zhang (2018)%} n=6 Patient-level OS data reported. 243.5 days
Zugmaier (2015)%7% n=13 Long-term survival, n (%). 6 (46.2%). -
NCT01209286

ALL, Acute lymphoblastic leukaemia; CI, Confidence interval, HSCT, Haematopoietic stem cell transplant; InO, Inotuzumab ozogamicin; MRD -ve, Minimal residual dis-
ease-negative; MRD +ve, Minimal residual disease-positive; OS, Overall survival; R/R, Relapsed/refractory; NE, not evaluable; NR, Not reached; SoC. Standard of care.

- indicates this figure was not reported by the author in the study.
*Indicates follow-up data for the same study from the publication above.
tIndicates studies that contained Kaplan-Meier or patient-level OS data and were therefore included in long-term survival analyses.
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Table V. Studies reporting PFS, EFS and RFS data. Summary of studies reporting PFS, EFS and RFS data for studies identified
during systematic searching in patients with R/R B-cell ALL who received HSCT.

Author (year)/ . . Median
NCT reference No. patients in analyses Reported outcome Results follow-up
Progression-free survival
Badar (2020)* n=23 Median PFS, months (range) 35 -
(2.3-maximum NR)
Badar (2020)* n=309 2-year PFS (blinatumomab 66% -
administered prior to HSCT),
%
6-month PFS (InO adminis- 53%
tered prior to HSCT), %
Greil (2019)*° n=137 10-year PFS, % Ph+ve B-cell ALL: 33% -
Ph -ve B-cell ALL: 27%
Event-free survival
Jabbour (2017)* | First salvage treatment and were Median EFS, months 6 -
MRD +ve (prior to HSCT): n=12 2-year EFS, % 19%
First salvage treatment and were Median EFS, months NR
MRD -ve (prior to HSCT): n=14 2-year EFS 65%
Second salvage treatment and were Median EFS, months 7
MRD +ve (prior to HSCT): n=10 2-year EFS 0%
Second salvage treatment and were Median EFS, months 12
MRD -ve (prior to HSCT): n=6 2-year EFS 17%
Relapse-free survival
Stein (2016)" n=34 12-month RFS, % (95% CI) 53% (34-69). 13.4 months.
Topp (2018)% n=34 Median RFS, months Age <35 years: 16.4 -
NCTO01466179 Age >35 years: 15.9
FStein (2019)% n=29 Median RFS, months 7.4 (5-10.1) 12.4 months
NCTO01466179 (11.5-18).
Zugmaier (2015)%7 n=13 Patients with long-term RFS n=4 28.9 months
NCT01209286 (0.5-34.5).

ALL, Acute lymphocytic leukaemia; EFS, Event-free survival; InO, Inotuzumab ozogamicin; HSCT, Haematopoietic stem
cell transplant; MRD -ve, Minimal residual disease-negative; MRD +ve, Minimal residual disease-positive; NR, Not reported;
PFS, Progression-free survival; Ph -ve, Philadelphia-negative; Ph +ve, Philadelphia-positive; R/R, Relapsed/refractory; RFS,

Relapse-free survival.

Indicates this data was not reported by the author in the study.

*Indicates follow-up data for the same study from the publication above.

MRD-positive status at the time of transplant and
had received their second salvage treatment®.
The highest 2-year OS reported was 65% for pa-
tients who had MRD-negative status at the time
of transplant and had received their first salvage
treatment®.

Progression-Free Survival

Three studies in the SLR reported PFS data
(Table V) but none provided a definition*-%>°,
The MeSH definition used to classify studies in
Medline states PFS as “Length of time during and
after the treatment of a disease, such as cancer,
that a patient lives with the disease but the disease
does not get worse”®, For ALL, PFS has been de-

fined as “time to disease progression or death fol-
lowing transplant ',

PFS was reported at different timepoints be-
tween studies. In one study, median PFS was re-
ported at 3.5 months (range: 2.3-maximum not
reached) in patients following HSCT*. A 2-year
PFES rate of 66% was reported for patients who
received blinatumomab then underwent HSCT.
A 6-month PFS rate of 53% was reported for
patients who received inotuzumab ozogamicin
then underwent HSCT?*. A higher 10-year PFS
was reported for Ph-positive B-cell ALL (33%)
than Ph-negative B-cell ALL (27%)%. The
length of follow-up was not reported for any of
these studies.
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Event-Free Survival

One study in the SLR reported EFS data in
patients who received HSCT (Table V). EFS
was defined in this study as “time of treatment
initiation until treatment failure, relapse, or
death from any cause”. A higher 2-year EFS
was reported for patients who received only one
salvage treatment prior to HSCT (MRD-posi-
tive, 19%; MRD-negative, 65%) compared with
those who had received two salvage treatments
prior to HSCT (MRD-positive, 0%; MRD-neg-
ative, 17%)*. The length of follow-up was not
reported.

Relapse-Free Survival

Three studies in the SLR reported RFS
data in patients who received HSCT (Table
V). These studies defined RFS as “fime from
graft infusion/ achievement of CR/MRD to re-
lapse, death, or censoring at last date of re-
mission 7629 The lowest median RFS was
7.4 months (range: 5-10.1), after a median fol-
low-up of 12.4 months®. The highest median
RFS was 16.4 months for patients aged <35
years and 15.9 months for patients aged >35
years. However, the follow-up time was not re-
ported in this study®.

Analysis of Long-Term Overall Survival
Selection of studies: global vs. post-hoc
subgroup analysis

Of studies identified in the SLR that reported
OS data, 10 of the 18 studies contained OS Ka-
plan-Meier curves or patient-level data. These 10
studies were eligible for inclusion in analyses of
long-term survival. Of these studies, one was a
conference abstract® and nine were full-text man-
uscripts that were quality assessed 3840 4244, 48 64,
7. One study was deemed to have fulfilled “all or
almost all of the checklist criteria” for ensuring
minimal bias*, six studies met “some of the crite-
ria”34042-44.64 and two studies met ‘few or none of
the criteria’® ¢’. Regarding generalizability, two
studies fulfilled “all or almost all of the checklist
criteria’?®*?, and seven studies fulfilled “some of
the Criteria"39’40'43’44’48’64’67.

Studies in the global analysis could be grouped
into three categories. Only studies in the first cat-
egory were included in the subgroup analysis,
whilst the global analysis included studies from
all three categories:

1. Studies which explicitly stated that HSCT
was received at the start of follow-up and the
baseline for measuring OS was from the point
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of HSCT?**44 To note, the Jabbour (2017)*
study was assumed to fall within this category
as the median time to HSCT was 2 months and
outcome measurement began 2 months post-ran-
domisation.

2. Studies in which HSCT occurred during fol-
low-up and OS was measured from time of study
inclusion, with HSCT occurring at an unspecified
point during observation**,

3. Studies in which HSCT occurred prior to
study initiation and OS was measured from time
of study inclusion of patients having previously
received HSCT at some point*®6466.67,

Pooled Analysis of OS Data

When all the recreated patient-level data
were pooled, OS data were available for 503
and 217 patients for the global and subgroup
analyses, respectively. In the global analysis,
the median follow-up was 10.8 months (range:
0.5 month-13 years). During follow-up, a to-
tal of 361 deaths were observed, representing
71.8% of the total sample. The median OS was
11.4 months (95% CI, 9.5-12.6). In the sub-
group analysis, the median follow-up was 11.4
months (range: 0.2 months-13 years). During
follow-up in the subgroup analysis, a total of
147 deaths were observed, representing 67.7%
of the total sample. The median OS was 12.0
months (95% CI, 9.7-16.6).

Table VI shows the observed survival at six-
month intervals for both analyses. Figure 2 shows
the pooled OS Kaplan-Meier curves (solid lines).
Survival decreased over the first five years in pa-
tients who had undergone HSCT, before plateau-
ing in both the global and subgroup analyses. No
deaths were observed during the sixth and sev-
enth year of follow-up. However, the number of
patients remaining in the pooled cohort decreased
between these timepoints as the majority of stud-
ies had completed their follow-up. At eight years,
only two patients were left in the cohort in both
analyses.

The curves generated for both the global and
subgroup analyses were similar, with the sub-
group analysis reporting marginally superior sur-
vival from six months onwards. The magnitude
of the difference varied but was generally around
four percentage points throughout. In the first part
of the observation period there appeared to be a
delay of approximately six months between glob-
al and subgroup analysis curves.

Overall, estimation proved more precise in the
global analysis with narrower Cls. This was due
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Table VI. Observed and predicted survival in global, subgroup, and sensitivity analysis. Observed survival was recorded at
six-month intervals based on the OS Kaplan-Meier curves. Curves were constructed from pooled OS data from 10 studies that
reported OS for patients with R/R B-cell ALL that had received HSCT (“global” analysis). Four of these studies reported OS data
from the point of HSCT procedure (“subgroup” analysis). Additionally, an “age of study” sensitivity analysis reported OS from
three studies whose patient recruitment was post-2009 with the removal of patient data between 1981-1997. Long-term predicted
survival data from the generalized gamma and Gompertz parametric models is shown at five-year intervals.

'I:ime ROt Patients still in cohort Survival probability (95% confidence interval)
(in years)
Global Subgroup Sensitivityt
Sub- L
Global group Sensitivityt | Gompertz | Generalised | Gompertz | Generalised | Gompertz | Generalised
gamma gamma gamma

0 503 217 136 100% (-) 100% (-) 100% (-)

0.5 343 144 117 69.0% (64.8-72.9) 67.6% (60.9-73.4) 87.4% (80.6-92.0)
1.0 227 102 89 47.0% (42.6-51.3) 49.8% (42.9-56.4) 69.8% (61.2-76.8)
L5 169 79 68 37.5% (33.2-41.8) 40.7% (34.0-47.3) 55.9% (46.9-64.0)
2.0 145 68 60 33.9% (29.6-38.1) 37.0% (30.4-43.6) 51.7% (42.7-60.0)
25 128 57 49 31.2% (27.1-35.4) 33.6% (27.1-40.2) 46.3% (37.3-54.8)
3.0 115 50 44 29.7% (25.6-33.9) 32.3% (25.9-38.9) 44.3% (35.3-52.9)
35 109 47 41 28.4% (24.3-32.6) 30.4% (24.0-37.0) 41.3% (32.4-50.0)
4.0 95 45 40 24.8% (20.8-28.9) 29.1% (22.8-35.7) 40.3% (31.4-49.0)
45 77 38 33 24.4% (20.5-28.5) 28.4% (22.1-34.9) 39.1% (30.2-47.9)
5.0 44 5 - 24.4% (20.5-28.5) 28.4% (22.1-34.9) 38.7% 35.6%
10.0 - - - 12.2% (1.7-33.9) 14.1% (1.8-38.5) 34.2% 22.6%
15.0 - - - 23% 10.4% 25.6% 14.8% 33.7% 16.6%
20.0 - - - 23% 8.3% 25.6% 12.8% 33.6% 13.1%

tSensitivity analysis where Grigg (1999)* OS data was excluded.
y y g8

to the global analysis including a larger patient
cohort than the subgroup analysis.

Extrapolation Of Long-Term Survival
Using Parametric Modelling

Of the six parametric models fitted, the
Gompertz and generalised gamma models were
considered most suitable for extrapolation of
long-term OS in the global and subgroup analy-
sis. The parameters for the selected models are
presented in Supplementary Data.

Figure 2 shows the pooled OS Kaplan-Mei-
er curves (solid lines) and long-term fitted
Gompertz and generalised gamma (dashed lines)
for both analyses. As observed with the pooled
OS Kaplan-Meier curves, the predicted surviv-
al was marginally superior from six months on-
wards in the subgroup compared with the global
analysis for both models. This difference was
also observed in the corresponding long-term
extrapolations.

Table VI shows the predicted survival probabil-
ities for the global and subgroup analyses from

10 years onwards for both models. Just prior to
10 years, both Gompertz curves reached a pla-
teau at 23% and 25.6% and remained at those
values even when extrapolated to much longer
time horizons. Conversely, the survival predict-
ed by the generalised gamma models continued
to decline and reached 6.9% and 11.4% at 25
years in the global and subgroup analysis, re-
spectively.

Post-Hoc Sensitivity Analyses
to Test Robustness

A sensitivity analysis was performed to assess
the extent of the impact of the artificially inflated
drop toward the end of the observation period in
the Kaplan-Meier curves. This was done by cen-
soring all patients just before the eight-year time-
point in the global analysis (Figure 2, solid lines).
When parametric models were fit to the new data,
the results obtained were similar. The same mod-
els were chosen, and the long-term predictions
were almost identical, confirming the robustness
of the analysis (data not shown).
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A separate sensitivity analysis was per-
formed to establish the impact of including the
Jabbour (2017)* study in the subgroup analysis.
The other three included studies explicitly stat-
ed that the baseline for measuring OS was from
the point of HSCT?® %4, Whereas the Jabbour
(2017)* study was only assumed to fall within
this category. This is because median time to
HSCT was 2 months and outcome measurement
began 2 months post-randomisation. Excluding
Jabbour (2017)* did not have a considerable
impact on the results, which validated the as-
sumption to include it within the subgroup anal-
ysis (data not shown).

Post-Hoc Sensitivity Analysis of Long-
Term Survival According to Age of Study
Pooled OS curve

An “age of study” sensitivity analysis was con-
ducted which excluded data from one outlier study
[Grigg (1999)*] in the subgroup analysis whose
recruitment period was between 1981-1997. The
remaining three studies recruited patients post-
2009°%4°, When OS data from these three studies
were pooled, survival data were available for 136
patients. The median follow-up was 17.9 months
(range: 0.2 months-4.9 years). This was shorter
than in the subgroup analysis as all the data after
5-years came from Grigg (1999)*. During fol-

low-up, a total of 75 deaths were observed, rep-
resenting 55.1% of the total sample. The median
survival time was 25.3 months (95% CI, 16.8-
39.4) post-HSCT.

Table VI shows the observed and predicted
survival outcomes for the subgroup compared
to the age of study sensitivity analysis. Figure 3
shows the age of study sensitivity analysis curve
compared with the subgroup analysis curve. The
shape of the sensitivity analysis curve differs from
the subgroup analysis curve as the decline in sur-
vival rate is slower. In both curves, the decline
in survival remains more pronounced in the ini-
tial 1.5 years than in subsequent years. Howev-
er, this difference is less prominent in the age of
study sensitivity analysis. Similarly, the survival
rate appears to reach a plateau around four years
at 40.3% (31.4-49.0) compared to 29.1% (22.8-
35.7) in the age of study sensitivity analysis vs.
subgroup analysis, respectively. The analyses
showed that pooled studies containing data from
the last 12 years were associated with more fa-
vourable survival compared to the study contain-
ing data from 24-30 years ago.

Parametric Modelling

The Gompertz, generalised gamma, lognormal
and, loglogistic models were all considered suit-
able models for the pooled OS curve for the age

Percentage of patients still alive

0.1

Global analysis

—Kaplan-Meier
——-Gompertz

--- Generalised gamma

Time (years)

Subgroup analysis

—Kaplan-Meier
Gompertz

Generalised gamma

Figure 2. Observed and predicted survival in global and subgroup analysis. Kaplan-Meier curves constructed from
pooled OS data from 10 studies that reported OS for patients with R/R B-cell ALL that had undergone HSCT (“glob-
al” analysis; n=503). Four of these studies reported OS data from the point of HSCT procedure (“subgroup” analysis;
n=217). Both Kaplan-Meier curves were fitted with Gompertz and generalised gamma parametric curves used to

predict survival up to 25 years.
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Figure 3. Observed and predicted survival in subgroup and age of study sensitivity analysis. Kaplan-Meier curves construct-
ed from pooled OS data from four studies which reported OS data from the point of HSCT procedure for patients with R/R
B-cell ALL (“subgroup” analysis; n=217). The “age of study” sensitivity analysis curve reported OS from three studies whose
patient recruitment was post-2009 (n=136) with the removal of patient data between 1981-1997. Both Kaplan-Meier curves
were fitted with Gompertz and generalised gamma parametric curves used to predict survival up to 25 years.

of study sensitivity analysis. However, the gener-
alised gamma and lognormal models had the best
curve fit overall. Supplementary Data shows the
model parameters.

There was little difference between the re-
sults of the four parametric models, as shown
in Figure 4. Figure 3 shows long-term survival
predictions of the Gompertz and the generalised
gamma for the age of study sensitivity analysis
compared with the same models for the subgroup
analysis. As observed in the subgroup analysis,
the Gompertz model for the sensitivity analysis
reached a plateau just prior to 13 years at 33.7%.
This plateau remained even when extrapolated to
much longer time horizons. The generalised gam-
ma model may be considered as a suitable alterna-
tive because its long-term predictions decreased
with time. The predicted survival rate was 16.6%
at 15 years, 13.1% at 20 years and 10.7% at 25
years. The loglogistic and lognormal models gave
similar but slightly lower survival predictions.

Discussion
This study provides insight into published data

on survival after HSCT in adult patients with R/R
B-cell ALL. In the SLR, 25 studies were identified

that met PICO criteria for inclusion. The SLR was
limited by the quality of some included studies.
11 of the 25 included studies were only available
as abstracts, which were limited in length and so
likely contained incomplete or immature data.
Additionally, there was not enough information
provided in these abstracts to allow quality as-
sessment. Therefore, the risk of bias for all stud-
ies could not be determined. The most frequently
reported outcome was OS, with 16 studies provid-
ing relevant data. Other survival outcomes were
inconsistently reported and included PFS, EFS,
and RFS.

Long-term survival was predicted by pooling
OS data in a global analysis (10 studies; n=503)
and subgroup analysis (four studies; n=217).
The pooled Kaplan-Meier survival curves were
extrapolated using parametric modelling. In all
Kaplan-Meier and associated parametric curves
(global, subgroup, and age of study sensitivity
analysis), the survival of patients who had un-
dergone HSCT appears significantly more stable
after four years, with the risk of death low for pa-
tients who had survived past that point.

A small improvement in OS was observed for
the subgroup analysis (OS measured from time of
HSCT) from six months onwards compared with
the global analysis. The magnitude of the differ-
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Figure 4. Observed and predicted survival in the age of study sensitivity analysis. A Kaplan-Meier curve constructed from pooled
OS data from three studies which reported OS data from the point of HSCT procedure for patients with R/R B-cell ALL. Patients
included in this curve were recruited post-2009 (n=136), with data from 1981-1997 excluded. The Kaplan-Meier curve was fitted with
Gompertz, generalised gamma, loglogistic and lognormal parametric curves used to predict survival up to 25 years.

ence varied between global and subgroup OS Ka-
plan-Meier curves but was generally around four
percentage points throughout. This was also the
case for long-term OS extrapolations. The reduced
OS was expected in the global analysis as HSCT
occurred prior to the start of the observation peri-
od in four of the six additional studies. Therefore,
a delay between receiving HSCT and the baseline
point for measuring OS would naturally lead to
lower survival estimates. The precise magnitude
of that shift in time between the baseline measure-
ment points of the global vs. the subgroup analy-
sis is unknown. However, there appeared to be a
delay of approximately six months between esti-
mates (Figure 2).

An age of study sensitivity analysis was per-
formed to remove patients from the subgroup
analysis who underwent HSCT between 1981-
1997%, leaving only patients who underwent
HSCT from 2009 onwards. The resulting median
OS was increased by more than two-fold (25.3
months vs. 12 months for the age of study sensi-
tivity and subgroup analyses, respectively). The
Gompertz model predicted a relative increase in
the long-term survival probability, with the curve
plateauing at 34%, as opposed to 25.6%, after
year 12. The generalised gamma model also re-
flected an increase in survival probability for the
age of study sensitivity analysis compared with
the subgroup analysis (22.6% vs. 14.1% at 10
years). However, the magnitude of the difference
between curves decreased from 15 years (16.6%
vs. 14.8%) and thereafter. This analysis is limit-

ed in that it is driven by the removal of only one
study without formal control for confounding fac-
tors. However, there exists a correlation between
the substantial improvement in OS in the group
which excluded the older data. This may be a re-
sult of improvements in transplant practice, tech-
nology, understanding and/or SoC that come with
time. Similarly, Gooley (2010)% reported substan-
tial reductions in patient mortality post-HSCT in
2003-2007 vs. 1993-1997. This was due to a de-
crease in organ damage, improved prophylaxis,
and improved techniques for the prevention and
management of GvHD.

In all three analyses (global, subgroup, and the
age of study sensitivity analysis) the Gompertz
and generalised gamma models met criteria for
long-term survival extrapolation and were both
considered a good fit to the pooled Kaplan-Mei-
er curves. Whilst the Gompertz visually fit the
pooled Kaplan-Meier curves well in all three anal-
yses, it reached an indefinite plateau (just prior to
10 years in the global and subgroup analysis, and
just prior to 13 years in the sensitivity analysis).
This is a known limitation of the model. In con-
trast, the generalised gamma models suffer from
the opposite limitation in that they fail to maintain
a plateau into the longer-term, which is what was
observed in the pooled Kaplan-Meier curves. To
resolve this and generate long-term survival pre-
dictions between the two curves, predictions using
the Gompertz curves could be adjusted with gen-
eral population mortality data. Long-term surviv-
al data could then be compared to the generalised



Systematic review and pooled analysis of survival outcomes

gamma curves. Indeed, NICE have previously ac-
cepted the use of an adjusted Gompertz model for
assessing long-term survival in patients with R/R
ALL treated with blinatumomab®.

Conclusions

To our knowledge, this study is the first to
systematically identify, pool study data, and pre-
dict long-term OS using parametric modelling in
studies reporting survival data for adult patients
with R/R B-cell ALL who have undergone HSCT.
The study used a systematic approach to identify
all relevant studies. It tested numerous paramet-
ric models to select the most suitable models for
the pooled data according to pre-defined criteria.
Furthermore, sensitivity analyses were conducted
to test the experimental robustness and plausibil-
ity of included data. HSCT (combined with the
prior achievement of CR or CRi) is a potentially
curative treatment’ for patients with R/R B-cell
ALL. Findings from this study suggest that HSCT
provides promising survival outcomes, especially
once patients are past the initial four years post-
HSCT.

This analysis provides global insight into the
long-term survival of patients with R/R B-cell
ALL who have undergone HSCT and addresses
a gap in the current clinical evidence. Key find-
ings include the risk of death being reduced be-
yond four years compared to the first four years
after HSCT. Additionally, more modern data
appears correlated with improved survival. The
results deliver long-term evidence of the impact
of HSCT on survival and provide a basis for
comparison with other treatments for this patient
population. Furthermore, this study emphasises
the importance developing effective treatments
that allow patients to achieve CR/ CRi and pro-
ceed to HSCT.
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