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Abstract

Background: Clinically validated prognostic models for overall survival (OS) do not exist for
patients with relapsed/refractory chronic lymphocytic leukaemia (CLL) on targeted therapies. A
prognostic model is needed to identify high risk individuals not adequately served by available
targeted therapies.

Methods: We evaluated 28 candidate factors to derive and validate a risk model for OS in 2,475
previously treated patients with CLL from six randomized trials of ibrutinib, idelalisib, and
venetoclax, and the Mayo Clinic CLL Database (MCCD). We applied univariate and multivariate
analyses to derive the risk model in an ibrutinib/chemoimmunotherapy (CIT) training dataset
(n=727). The primary endpoint was OS. We validated the model in an ibrutinib/CIT internal-
validation (n=242) and three external-validations (idelalisib/CIT dataset, n=897; venetoclax/CIT
dataset, n=389; MCCD, n=220), applying C-statistics (CS) as a measure of discrimination.

Findings: The derived model consists of four factors (one point each; serum B,-microglobulin
=5mg/dL, lactate dehydrogenase >upper limit of normal, hemoglobin <110g/L for women or
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<120g/L for men, and time from initiation of last therapy <24 months), separating patients into
low (score 0-1), intermediate (score 2-3), and high risk (score 4) groups. The model was
prognostic for OS in the ibrutinib/CIT training dataset (CS=0-74, 95% CI 0-60-0-85, log-rank
p<0-001), and confirmed in the internal-validation (CS=0-79, 95% CI 0-56-0-97, log-rank
p<0-001) and in all three external-validations (idelalisib/CIT: CS=0-71, 95% CI 0-59-0-81, log-
rank p<0-001; venetoclax/CIT: CS=0-76, 95% CI 0-66-0-85, log-rank p=0:01; MCCD: CS=0-61,
95% CI 0-56-0-66), log-rank p<0-001).

Interpretation: We present the first validated risk model for OS in relapsed/refractory CLL. The
model is applicable to patients treated with all currently approved targeted therapies: ibrutinib,
idelalisib, and venetoclax. This identifies a well-defined cohort of previously treated CLL patients
with an unmet clinical need suitable for prospective trials targeting these patients.

INTRODUCTION:

Rai classification and Binet stage incorporate clinical features and were the principal
prognostic systems in chronic lymphocytic leukaemia (CLL) for 40 years.12 We have since
learned that an unmutated immunoglobulin heavy chain variable region (/GHV) gene? as
well as deletion of chromosome 17p (del(17p)) and 7P53 mutation ( 7P53M)*~7 are highly
prognostic in CLL. Mutations in NOTCHI, SF3B1, ATM, and BIRC3*89 also appear
important, and CD38 and ZAP70 expression might contribute prognostic value independent
of their association with IGHV mutational status.”10-11 Additionally, interactions exist
between targeted therapies and biologic risk factors.

Investigators have proposed several prognostic models incorporating biologic risk factors,
but none were derived in relapsed CLL or in the context of targeted therapies.12-14 The
CLL-IPI is prognostic for survival in the relapsed/refractory setting, but differences in the
distribution and relative weighting of individual adverse CLL-IPI factors limit application in
its current form.15 We hypothesized that a risk model derived in a primary dataset of patients
with relapsed/refractory CLL receiving targeted therapies would identify unique prognostic
factors and reliably identify high risk patients not adequately served by available targeted
therapies.

We therefore used a comprehensive model-building approach to derive a risk model for
overall survival (OS) in a population of previously treated patients with CLL who received
protocol-based therapy in ibrutinib phase 3 trials, and externally validated the risk model in
three independent cohorts including a pooled dataset from idelalisib phase 3 trials, a
venetoclax phase 3 trial, and the Mayo Clinic CLL Database (MCCD).

METHODS:

Patients

In collaboration with Janssen Pharmaceuticals, Gilead Sciences, Pharmacyclics, Genentech/
Roche, and the Mayo Clinic, the analysis included six randomized phase 3 trials of ibrutinib,
idelalisib, and venetoclax: ibrutinib plus bendamustine-rituximab (BR) vs placebo plus BR
(HEL10S),16 ibrutinib vs ofatumumab (RESONATE),17 idelalisib plus BR vs placebo plus
BR (Study 115);18 idelalisib plus rituximab vs placebo plus rituximab (Study 116);1°
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idelalisib plus ofatumumab vs ofatumumab (Study 119);20 venetoclax plus rituximab vs BR
(MURANO);21 as well as the MCCD. All patients had CLL, were previously treated, and
required treatment (International Workshop on CLL 2008 criteria).?2 Clinical trials were
approved by the Institutional Review Boards (IRB) of participating sites and registered at
clinicaltrials.gov (NCT01578707; NCT01611090; NCT01569295; NCT01539512;
NCT01659021; NCT02005471). The MCCD was approved by the Mayo IRB. Written
informed consent was obtained from all patients in accordance with Declaration of Helsinki
and Guidelines for Good Clinical Practice.

The analysis included 2,475 patients. The model-building dataset included 969 patients from
HELIOS (n=578)16 and RESONATE (n=391).17 A random sampling procedure stratified by
event/censored status was performed to assign 75% of patients to the training dataset (727
patients with 193 events) and 25% to the internal-validation dataset (242 patients with 64
events), and median follow-up and distribution of candidate prognostic factors were similar
between the training and internal-validation datasets. The idelalisib/chemoimmunotherapy
external-validation datasetincluded 897 patients (299 events) from Study 115 (n=416),18
Study 116 (n=220),19 and Study 119 (n=261).2° The venetoclax/chemoimmunotherapy
external-validation datasetincluded 389 patients (61 events) from MURANO.2! The real-
world external-validation datasetincluded 220 patients (123 events) from the MCCD.

Candidate Prognostic Factors and Outcome Measures

The primary endpoint was OS and was calculated from date of randomization or initiation of
relevant treatment (MCCD) to date of death. Patients were censored at date last known alive.

Twenty-eight candidate prognostic factors were identified based on literature review and
collected at time of study enrollment in the dataset used for training and internal-validation.
These included age, gender, ECOG performance status, number of prior therapies, time from
initiation of last therapy, time from diagnosis, resistance to CD20 antibody plus purine
analogue, Rai classification, Binet stage, largest diameter of longest lymph node by
commuted tomography (CT), splenomegaly, hemoglobin, platelet count, absolute neutrophil
count, Bo-microglobubulin (BoM), lactate dehydrogenase (LDH), /GHV mutational status,
deletion 11q (del(11q)), trisomy 12 (+12), deletion 13q (del(13q)), del(17p), 7P53 mutation
(7P53M), NOTCH1 mutation, ATM mutation, CD38 expression, ZAP70 expression, and
CpG-stimulated complex karyotype. Baseline characteristics are included in the Appendix
(p. 4-7). Candidate factors with >30% missing data were excluded from the univariate
analysis (complex karyotype, +12, and NOTCHI). TP53M data were missing for 367/969
(37-9%) patients in the training dataset. Hazard ratios of the univariate prognostic effect of
the composite variable (del(17p) and/or 7P53M, HR 1.52, 95% CI 1.04-2.20) and of
del(17p) alone (HR 1.7, 95% CI 1.1.22-2.44) on OS were similar with overlapping 95%
confidence intervals (Appendix p. 8), thus we used del(17p) for model building. Cytogenetic
abnormalities were analyzed in a categorical manner.

Continuous and multilevel categorical covariates were evaluated without dichotomization
throughout model building. Different cutoffs for dichotomized covariates in the final risk
score were tested after the final factors were selected.
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Risk Model Derivation

In the univariate analysis, a Cox proportional hazards regression model was performed in the
training datasetwith an interaction between treatment (/brutinib vs no ibrutinib) and each
candidate factor. If the interaction was significant (p<0-1), the factor was selected along with
its interaction. Otherwise, a Cox proportional hazards regression model for the candidate
factor as a main effect was performed. If the factor had a significant univariate effect on OS
(<0-1), it was selected as a main effect. A complete case analysis was used for the univariate
step. Presence of significant interactions between treatment and candidate factors would
warrant consideration of separate risk models for patients treated with or without targeted
therapies. We did not evaluate for interactions between the selected covariates, as we felt
that this would reduce the usability and interpretability of the risk model.

Preliminary multivariate analyses were performed to determine whether to include Rai
classification or its component covariates in the analysis. Next, a multivariate model was fit
with selected factors from the univariate analysis, and factors that remained significant in the
multivariate analysis (p<0-05) were included in the final model. The multiple imputation
(M1) method was used to impute missing data in the multivariate analysis and included
covariates with <30% missing data as well as the censoring indicator and log (survival time)
to increase imputation accuracy.23 Five replicate imputations were conducted, and the
chained equation method was used for M1.24

The strongest prognostic factors that remained significant in the final multivariate model
(p<0-05) were selected by the project team based on their effect size, level of significance,
and clinical relevance. We conducted a sensitivity analysis with complete case analysis at the
final multivariate stage, and the results were similar. Cutoffs for dichotomized covariates in
the final risk score were tested at this stage, and points were assigned to each factor based on
effect size. Optimal risk groups were identified by visual assessment of Kaplan-Meier (KM)
survival curves and by pairwise comparison of OS by consecutive scores.

A Cox regression was fit on the training dataset using the risk categories as the covariate to
test the difference among the groups, and the C-statistic (CS) was calculated as a measure of
discrimination. Given minimal missing data in the final multivariate model, a complete case
analysis was used at this step.

Internal and External-validation

The risk model was applied to the validation datasets to calculate the C-statistic. The Ml
method was used to impute missing data in the internal-validation dataset. A complete case
analysis was used for the external-validation datasets, wherein patients with sufficient
available data for risk group ascertainment were included.

Role of the Funding Source

The funders (Lymphoma Research Foundation, Lymphoma Research Fund, and NCI Core
Grant) had no role in the writing of the manuscript or the decision to submit it for
publication. The project team (JDS, AN, ADZ) provided pseudocode for all statistical
analyses and had full access to the data analyses. The project team including collaborating
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biostatisticians from Janssen Pharmaceuticals, Gilead Sciences, Pharmacyclics, Genentech/
Roche, and the Mayo Clinic held regular video teleconferences to review raw data and
statistical analyses. The project team was responsible for data analysis, data interpretation,
and writing of the report. The corresponding author wrote the first draft of the manuscript
and had final responsibility to submit for publication.

Results of the Univariate Analysis

Results of the univariate analysis in the Training Dataset are shown in Table 1. In the
univariate analysis, we identified an interaction between treatment (ibrutinib vs no ibrutinib)
with del(13q) but with none of the other candidate factors. Factors associated with OS
included age, ECOG performance status, number of prior therapies, time from initiation of
last therapy, Rai classification, Binet stage, largest diameter of longest lymph node by CT,
hemoglobin, platelet count, BoM, LDH, IGHV mutational status, and del(17p) (Table 1).

Selection of Factors for the Multivariate Model

We excluded del(13q) to enable the development of a single model for relapsed/refractory
CLL irrespective of treatment. Del(13q) was the only significant interaction effect, was only
marginally significant as a main effect (p=0-10), and has not previously been associated with
poor outcomes.>

Of Rai and Binet covariates, only hemoglobin remained independently prognostic
(Appendix p. 9). Given that their prognostic effect was driven by hemoglobin alone, we
excluded Rai classification and Binet stage from the multivariate analysis.

The eleven candidate prognostic factors selected for the multivariate model were age,
performance status, number of prior therapies, time from initiation of last therapy, largest
diameter of longest lymph node, hemoglobin, platelet count, BoM, LDH, IGHV mutational
status, and del(17p).

Identification of the Risk Model

Six factors remained independently prognostic in the multivariate analyses of OS (p<0.05)
and included B,M, LDH, hemoglobin, IGHV mutational status, number of prior therapies,
and time from initiation of last therapy. Notably, del(17p) was not among the independent
prognostic factors. Therefore, we undertook a multivariate logistic regression for del(17p),
demonstrating that B2M, LDH, hemoglobin, and IGHV status were predictive of del(17p)
(Appendix p. 10). We excluded number of prior therapies from the model, as its optimal
cutoff might change with advances in CLL therapies. IGHV mutational status was excluded
because it did not remain independently prognostic in the final model (p=0-06).

We used an established cutoff for LDH (>upper limit of normal; ULN) and selected the
hemoglobin cutoff based on the gender-adjusted median hemoglobin, (<110 g/L for women
or <120 g/L for men). We evaluated different cutoffs for B,M (=4-5 and =5 mg/dL) and time
from initiation of last therapy (<12 and <24 months), and identified the optimal B,M cutoff
of =5 mg/dL and time from initiation of last therapy cutoff of <24 months.

Lancet Haematol. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Soumerai et al.

Page 7

Because the four adverse factors in the final model had similar hazard ratios, 1 point was
allocated to each factor, and a derived total score of 0—4 was assigned to each patient (Table
2). Pairwise comparisons between consecutive scores in the training dataset revealed that OS
was significantly different between patients with scores of 1 vs2 (p=0-02) and 3 vs4
(p=0:001), but not 0 vs1 (p=0.20) and 2 vs 3 (p=0-18; Appendix p. 11). Risk grouping was
also confirmed by visual assessment of KM survival curves (Appendix p. 12).

The final risk model consisted of 4 factors (Table 3), including BoM =5mg/L, LDH >ULN,
hemoglobin <110 g/L for women or <120 g/L for men, and time from initiation of last
therapy <24 months, and separated patients into low (score 0-1), intermediate (score 2-3),
and high risk (score 4). Our risk score was prognostic for OS in the training dataset (log-
rank test across risk groups p=<0.-001; Table 3, Figure 1A) and exhibited robust
discrimination (CS=0-74 [95% CI 0-60-0-85]).

We applied our risk model to the /nternal-validation dataset, and confirmed the model was
prognostic for OS (log-rank test across risk groups p<0-001; CS=0:-79 [95% CI 0-56-0-97];
Table 3, Figure 1B).

External-validation of the Risk Model

We externally validated our risk model in three independent cohorts of patients with
relapsed/refractory CLL. The model separated patients into prognostic groups with different
OS in the idelalisib/chemoimmunotherapy external-validation dataset (n=897; log-rank test
across risk groups p<0-001; CS=0-71 [95% CI 0-59-0-81]; Table 3, Figure 1C), the
venetoclax/chemoimmunotherapy external-validation dataset (n=389; log-rank test across
risk groups p=0-01; CS=0-76 [95% CI 0-66-0-85]; Table 3, Figure 1D), as well as in the
MCCD real-world external-validation dataset (n=220; log-rank test across risk groups
p<0-001; CS=0-61 [95% CI 0-56-0-66]; Table 3, Figure 1E).

DISCUSSION:

We comprehensively evaluated prognostic factors in a pooled cohort of previously treated
patients with CLL from ibrutinib, idelalisib, and venetoclax randomized phase 3 trials, and
we present the first risk model for survival in relapsed/refractory CLL that is derived and
fully validated in the context of all currently approved targeted therapies (ibrutinib,
idelalisib, and venetoclax) and chemoimmunotherapy.

Of 28 widely reported clinical and biologic covariates explored in this analysis, we initially
identified six factors that were independently prognostic for OS. Number of prior therapies
was excluded because its optimal cutoff might change with advances in CLL therapy, and
IGHV mutational status did not remain independently prognostic (p=0-06) in the
multivariate analysis of the five remaining factors. The resulting four-factor model included
B,M, LDH, hemoglobin, and time from initiation of last therapy.

This model can be remembered using the acronym BALL (BoM, Anemia, LDH, Last
therapy), is easily ascertained from history and readily-available basic laboratory results in
all geographic regions, and is available on Calculate by QxMD for iOS, Android and
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Windows at: https://gxcalc.app.link/CLL. Our model identified three distinct prognostic
groups with significantly different OS and has been validated in an internal-validation
dataset as well as in three independent external-validation datasets, which include patients
treated with ibrutinib, idelalisib, venetoclax, and chemoimmunotherapy.

The primary goal of this effort was to identify patients with adverse disease risk not
adequately served by currently available treatment options in the modern era. This model
reliably identifies a group of patients at increased risk for death. By incorporating our risk
model into trial eligibility criteria, investigators can address this unmet need by designing
prospective trials targeting these patients with high risk disease. Our model may also be used
to compare treated populations across prospective trials, and the relative frequency of the
risk groups and their component covariates should be described in study reports.

Our risk model should not be used to guide whether to initiate therapy in the relapsed
setting, which is described in the updated iwCLL Guidelines.2> However, our model has
potential to inform clinical management by identifying patients for whom clinical trial
participation should be encouraged. By routinely applying our model across all previously
treated patients who require therapy, clinicians can now reliably identify patients expected to
have suboptimal outcomes despite use of modern generally effective therapies. While we
favor consideration of clinical trial participation for all patients, we propose that high and
intermediate risk patients should be encouraged to participate in clinical trials since expected
OS even with modern targeted therapies remains suboptimal. For example, patients may
consider enrolling on trials incorporating novel treatment approaches such as rationale
combinations of targeted therapies in CLL (e.g. BTK, PI3K& or BCL2), chimeric antigen
receptor (CAR) T cell therapy, or response-adapted therapies targeting minimum residual
disease negative responses. Additionally, many patients discontinue targeted therapies for
toxicity and some are subsequently monitored off treatment. Whether a patient’s pre-
treatment risk assessment may be used to guide management of patients in this setting is
unknown but may be the subject of further evaluation.

That time from initiation of last therapy less than 24 months emerged as an independent
predictor for OS among previously treated patients with CLL underscores the prognostic
significance of the duration of response to previous therapy across hematologic malignancies
in the relapsed setting (e.g., follicular lymphoma, diffuse large B-cell lymphoma, and
Hodgkin lymphoma). Notably, time from initiation of first-line therapy less than 2 years was
recently identified as a robust clinical prognostic factor for inferior OS in an independent
analysis.28 Hemoglobin was among the earliest prognostic factors identified in CLL and has
been incorporated into the Rai and Binet staging systems.12 B,M has been incorporated into
previous prognostic systems (e.g., CLL-IP1).14 Recent analyses have identified LDH as
independently prognostic of survival in a cohort of patients with del(17p) CLL treated with
ibrutinib,2” and as an independent predictor for subsequent Richter’s transformation among
ibrutinib-treated patients irrespective of del(17p) status.28

Of interest, IGHV mutational status and del(17p) were not independently prognostic for OS
in our final multivariate model. While this is consistent with reports that IGHV mutational
status is not independently prognostic for OS in the relapsed/refractory setting, as opposed
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to frontline therapy, these data contradict a recent report that del(17p) is independently
prognostic among patients with relapsed/refractory CLL treated with ibrutinib.28:29
However, this analysis was performed in a small phase 2 study enriched for heavily
pretreated patients (median 4 prior therapies). Their multivariate model included just two
clinical factors (number of prior therapies and disease bulk) and none of the factors from our
model. We performed a multivariate logistic regression for del(17p) in the training dataset
which demonstrated that the proposed risk model subsumes the prognostic impact of
del(17p). Because ZAP70 and CD38 did not have a univariate prognostic effect, neither was
selected for inclusion in the multivariate analysis. Therefore, interactions between IGHV
mutational status and ZAP70 or CD38 expression cannot explain the finding that IGHV
mutational status is not independently prognostic for OS. With an expanding list of CLL
therapies that are effective in patients whose CLL harbors an unmutated IGHV gene or
del(17p), it is possible that the clinical factors included in the proposed risk model more
directly represent tumor burden and treatment refractoriness.

One potential limitation of our study is that number of prior therapies was independently
prognostic for survival in our multivariate analysis but was excluded in the final risk model
because its optimal cutoff is changing with advances in CLL therapies. The number of prior
therapies received should be considered in the management of patients with relapsed or
refractory CLL, and the median number of prior therapies should be reported in future
clinical trials. Another potential limitation is that several candidate prognostic factors
including complex karyotype, SF3B1, BIRC3, and NOTCH1 were excluded from the
univariate and multivariate analysis. These factors were not required in some of the included
protocols, which led to a high rate of missing data for these factors. However, these factors
are not widely available in clinical practice. Complex karyotype has emerged in previous
analyses of ibrutinib- and venetoclax-treated patients as an independent predictor for
progression-free survival.28:30.31 \Whether these factors would contribute additional value in
predicting overall survival remains unknown but may be the subject of further evaluation to
attempt to increase the C statistic of the model. Our multivariate analyses included del(17p)
alone rather than the composite covariate of del(17p) and/or TP53 mutation. This is a
potential limitation because patients may harbor a TP53 mutation in the absence of del(17p).
However, del(17p) and the composite covariate (del(17p) and/or TP53 mutation) had similar
impact on OS with overlapping 95% confidence intervals, and we chose del(17p) alone as
the data was more robust. We excluded del(13q) because it was the only significant
interaction effect, was only marginally significant as a main effect (p=0.1) and has not
previously been associated with poor outcomes. While this permitted the development of a
single risk model for all patients with relapsed or refractory CLL, it remains unknown
whether del(13q) might have contributed additional value. We included multiple external
validations with heterogeneous patient populations and multiple alternative small molecular
inhibitors, which confirms that our model can be applied broadly across heterogeneous
patients with relapsed or refractory CLL.

Our study has other limitations. We used an intent-to-treat analysis which did not censor
patients who crossed over from the comparator to ibrutinib arms, which might have diluted
interaction effects between treatment and the candidate prognostic factors, but this was
limited to the 7brutinib/chemoimmunotherapy training dataset. Because patients with ECOG
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performance status >2 at baseline were excluded from all of the phase 3 trials, the impact of
impaired performance status on survival remains unknown. A limitation of the Mayo Clinic
CLL Database external-validation dataset is the frequency of missing B2M data. This likely
resulted in an underestimate of the frequency of high-risk patients in the Mayo Clinic CLL
Database, as patients with one missing risk factor could only be evaluable in this complete
case analysis in the low and intermediate risk groups (scores of 0 or 2).

In summary, our validated risk model consisting of four readily-available factors (B,M,
LDH, hemoglobin, and time from initiation of last therapy) identifies three distinct
prognostic groups with significantly different overall survival. This model reliably identifies
patients with previously treated CLL at increased risk of death and has been validated for
patients treated with all currently approved targeted therapies: ibrutinib, idelalisib, and
venetoclax. Investigators can and should address this unmet need by designing prospective
trials targeting these higher risk patients.
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PUTTING RESEARCH INTO CONTEXT:
Evidence before this study:

Clinically validated prognostic models for survival exist for patients with previously
untreated CLL treated with chemoimmunotherapy. Targeted therapies have largely
replaced chemoimmunotherapy in the relapsed/refractory setting. We performed a
literature search for prognostic factors and indices in CLL using PubMed, and we found
that a clinically validated prognostic model for predicting outcomes in patients with
relapsed or refractory CLL in the era of targeted therapies is lacking.

Added value of this study:

This is the first clinically validated prognostic model for survival derived in patients with
relapsed or refractory CLL or on targeted therapies. We identified 28 widely reported
clinical and biologic risk factors based on literature review, which we comprehensively
evaluated to derive and validate the prognostic model. We used a pooled cohort of 2,475
previously treated patients with CLL from ibrutinib, idelalisib, and venetoclax
randomized phase 3 trials, as well as the Mayo Clinic CLL Database. The results of this
multivariate analysis led to a four-factor prognostic model which can be easily
ascertained from history and readily-available basic laboratory results in all geographic
regions.

Implications of all the available evidence:

This prognostic model identifies a well-defined cohort of patients with an increased risk
of death despite modern targeted therapies, and investigators can address this unmet need
by designing prospective trials targeting these higher risk patients.
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(A) Training Dataset (Ibrutinib/Chemoimmunotherapy)

Survival Probability

Page 14

1.0 =

0.9

0.8

0.7 5

0.6

0.5

0.4

0.3

0.2

0.1

0.0

0-1
2-3

278
321

6 12 18 24 30
Time (months)

260 240
280 241
51 42

Lancet Haematol. Author manuscript; available in PMC 2020 July 01.

36

132
147
29

42

48




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Soumerai et al.

(B) Internal-Validation Dataset (Ibrutinib/Chemoimmunotherapy)
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(C) External-Validation Dataset (Idelalisib/Chemoimmunotherapy)
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(D) External-Validation Dataset (Venetoclax/Chemoimmunotherapy)
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(E) External-Validation Dataset (Mayo Clinic CLL Database)
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Figure 1: Overall survival by risk group.
Overall survival (OS) by risk group in the ibrutinib phase 3 trials training dataset (A),

ibrutinib phase 3 trials internal-validation dataset (B), idelalisib phase 3 trials external-
validation dataset (C), venetoclax phase 3 trial external-validation dataset (D), and Mayo
Clinic CLL Database external-validation dataset (E).
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Table 1:

Results of the univariate analysis for overall survival.

Page 18

Interaction model1

Main effect model2

Prognostic Factor P-value for prognostic factor by treatment P-value | Hazard Ratio (95% ClI)
interaction

Sex (Female vs Male) 0-63 0-36 0-866 (0:639-1-175)
ECOG performance status (0 vs 1) 0-68 003 0-727 (0-542-0-974)
Rai stage 1.00 <0-001 -

Stage 0 vs IV - 0-10 0-190 (0-026-1-366)

Stage 1 vs IV - <0-001 0-474 (0-317-0-709)

Stage 11 vs IV - <0001 0-420 (0-279-0-630)

Stage Il vs IV - 0-18 0-753 (0-496-1-141)
Binet stage 0-18 <0-001 -

Stage Avs C - 0-10 0-697 (0-452-1.076)

Stage B vs C - <0001 0-398 (0-281-0-563)
Enlarged spleen 0-74 0-86 0-975 (0-730-1-302)
Del(17p) by FISH 0-62 0-003 1.723 (1.202-2.470)
Del(11q) by FISH 0-57 0-21 0-808 (0-582-1124)
Del(13q) by FISH 0-01 0-10 1-294 (0-956-1.751)
IGHV mutational status (unmutated vs mutated) 0-12 0-07 1.458 (0:976-2:177)
CD38 expression 0-58 0-48 0-894 (0-656-1-218)
ZAPT70 expression 0-82 0-73 0-946 (0-689-1-297)
Resistance CD20 mAb + purine analogue 0-24 0-13 0-798 (0-595-1-071)
ATM mutation 0-44 0-41 0-887 (0-667-1-179)
Age 0-82 0.07 1.014 (0-999-1.030)
Largest diameter (mm) of longest lymph node 0-42 <0-001 1.009 (1:004-1-014)
Absolute lymphocyte count (per ul) 0-97 0-43 0-999 (0-997-1.001)
Hemoglobin (g/1) 0-60 <0-001 0-978 (0-970-0-985)
Platelets (per pl) 0-88 0-002 0-996 (0-993-0-998)
Neutrophils (per pl) 0-20 0-53 1.010 (0:979-1-043)
LDH (units/l) 0-42 <0-001 1:001 (1.001-1.002)
B2M (mg/dl) 0-63 <0-001 1-157 (1-112-1.204)
Time from last therapy (months) 0-38 <0001 0-983 (0-976-0-991)
Time from diagnosis (months) 0-39 0-56 0-999 (0-997-1.002)
Number of prior therapies 0-12 <0:001 1.190 (1:115-1.271)

Del17, deletion 17p; del(11q), deletion 11q; del(13q), deletion 13q; IGHV, immunoglobulin heavy chain variable region gene; LDH, lactate

dehydrogenase; B2M, beta-2 microglobulin.

Interaction model includes the treatment (ibrutinib vs no ibrutinib), the candidate prognostic factor, and the interaction.

2 . . .
Main effect model includes only the prognostic factor.
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Table 2:

Results of the final multivariate model for the training dataset.

Page 19

Hazard Ratio

Training Dataset! (N=727) | Number of Events | Reference Group | Parameter Estimate (95% Cl) P-value | Assigned Risk Score
B2M 193 (27%) 25mg/dL -0-449 064 (0-47-0-88) | 0005 10
LDH >ULN -0-386 0-68 (0-50-0-92) 001 10
<110 g/L for
Hemoglobin women -0-592 0-55 (0-40-0-76) | <0001 1.0
<120g/Lformen
Time from last therapy <24 months -0:477 0-62 (0-46-0-78) 0002 1.0

B2M, beta-2 microglobulin; LDH, lactate dehydrogenase; ULN, upper limit of normal.

1 . S . .
Parameter estimates are based on multiple imputation analysis.
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Table 3:

Overall survival by risk group in the training and validation datasets.

Page 20

Score n (%) Comparison H?;gg/(: E?)tio 24(9':{'_)00/?2'())8 C-statistic (95% CI) | log-rank p-value
1brutinib/CIT Training Datasetl n=727 0-74 (0-60-0-85) <0001
Low 0-1 | 278(38:2%) — — 89-7% (85-4-927)
Intermediate 2-3 | 321 (44-2%) vs Low 2.38 (1-65-345) | 79.5% (74.5-83.6)
High 4 82 (11-3%) | vs Intermediate | 222 (1.56-3-16) | 55-8% (44:1-65-9)
vs Low 5-29 (3:44-8:15)
Missing — 46 (6:3%) — —
Ibrutinib/CIT InternaI-VaIidation2 n=242 079 (0-56-0-97) <0001
Low 0-1 96 (39:7%) — — 92-0% (83-9-96-1)
Intermediate 2-3 | 119 (49-1%) vs Low 2.78 (1-45-5:33) | 76:4% (67-5-83-2)
High 4 27 (11-2%) | vs Intermediate | 1-83 (1-00-3-33) | 66:7% (45-7-81-1)
vs Low 508 (2:38-10-85)
Idelalisib/CIT External-Validation” n=897 0-71 (0:59-0-81) <0001
Low 0-1 | 278 (31:0%) — — 82:6% (77-1-869)
Intermediate 2-3 | 460 (51-3%) vs Low 2.71(1.96-3.73) | 61.8% (56.9-664)
High 4 147 (16:4%) | vs Intermediate | 144 (1.10-1-89) | 49-5% (40-7-57.8)
vs Low 3:90 (2:71-5-62)
Missing — 12 (1-3%) — —
Venetoclax/CIT External-Validation” n=389 076 (0-66-0-85) 001
Low 0-1 | 170 (43-7%) 9519% (90-5-97-5)
Intermediate 2-3 | 180 (46-3%) vs Low 201 (1.14-356) | 84.6% (78-1-89-2)
High 4 30 (7:7%) | vs Intermediate | 140 (0-65-3-02) | 82:2% (62:5-92-2)
vs Low 2.82 (1.23-6:50)
Missing — 9 (2:3%)
MCCD External-Validation” n=220 061 (0-56-0-66) <0001
Low 0-1 | 62(282%) — — 87-5% (79-2-96-6)
Intermediate 2-3 | 149 (67-6%) vs Low 2.95 (1.80-4-84) | 63.5% (56.0-721)
High 4 9(41%) | vsIntermediate | 2:02 (0-93-4-40) | 44.4% (21.4-92.3)

vs Low

5.96 (2-46-14-41)

0S, overall survival; Cl, confidence interval; CIT, chemoimmunotherapy; MCCD, Mayo Clinic CLL Database;

1 .
Based on complete case analysis.

Based on multiple imputation analysis (imputed dataset whose C-statistic is the median of the 5 imputations is shown).
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