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Abstract:
The efficacy and safety of acalabrutinib plus obinutuzumab and acalabrutinib monotherapy versus
zanubrutinib in patients with treatment-naive chronic lymphocytic leukemia (CLL)/small lymphocytic
lymphoma (SLL) without del(17p) were compared using an unanchored matching-adjusted indirect
comparison. Individual patient-level data (IPD) from ELEVATE-TN (acalabrutinib plus obinutuzumab, n
= 162; acalabrutinib monotherapy, n = 163) were weighted to match published aggregate baseline data
from SEQUOIA cohort 1, which excluded patients with del(17p) (zanubrutinib, n = 241), using
variables that were prognostic/predictive of investigator-assessed progression-free survival (INV-
PFS) in an exploratory Cox regression analysis of ELEVATE-TN. Post-matching, INV-PFS was longer
with acalabrutinib plus obinutuzumab (hazard ratio [HR]: 0.41; 95% CI: 0.23-0.74) and comparable
with acalabrutinib monotherapy (HR: 0.91; 95% CI: 0.53-1.56) versus zanubrutinib. Acalabrutinib
monotherapy had significantly lower odds of any grade hypertension versus zanubrutinib (OR: 0.44,
95% CI: 0.20-0.99), while acalabrutinib plus obinutuzumab had significantly higher odds of
neutropenia (odds ratio [OR]: 2.19; 95% CI: 1.33-3.60) and arthralgia (OR: 2.33; 95% CI: 1.37-3.96)
versus zanubrutinib. No other significant differences in safety were observed. In summary, compared
with zanubrutinib, acalabrutinib plus obinutuzumab had longer INV-PFS with increased odds of
neutropenia and arthralgia, whereas acalabrutinib monotherapy had similar INV-PFS with lower odds
of any grade hypertension.
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Key Points 43 

 Versus zanubrutinib, acalabrutinib plus obinutuzumab had longer INV-PFS whereas 44 

acalabrutinib monotherapy showed no difference.  45 

 The odds of having hypertension were significantly lower with acalabrutinib 46 

monotherapy versus zanubrutinib. 47 

  48 
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Abstract  49 

The efficacy and safety of acalabrutinib plus obinutuzumab and acalabrutinib monotherapy 50 

versus zanubrutinib in patients with treatment-naive chronic lymphocytic leukemia 51 

(CLL)/small lymphocytic lymphoma (SLL) without del(17p) were compared using an 52 

unanchored matching-adjusted indirect comparison. Individual patient-level data (IPD) from 53 

ELEVATE-TN (acalabrutinib plus obinutuzumab, n = 162; acalabrutinib monotherapy,  54 

n = 163) were weighted to match published aggregate baseline data from SEQUOIA cohort 1, 55 

which excluded patients with del(17p) (zanubrutinib, n = 241), using variables that were 56 

prognostic/predictive of investigator-assessed progression-free survival (INV-PFS) in an 57 

exploratory Cox regression analysis of ELEVATE-TN. Post-matching, INV-PFS was longer 58 

with acalabrutinib plus obinutuzumab (hazard ratio [HR]: 0.41; 95% CI: 0.23-0.74) and 59 

comparable with acalabrutinib monotherapy (HR: 0.91; 95% CI: 0.53-1.56) versus 60 

zanubrutinib. Acalabrutinib monotherapy had significantly lower odds of any grade 61 

hypertension versus zanubrutinib (OR: 0.44, 95% CI: 0.20-0.99), while acalabrutinib plus 62 

obinutuzumab had significantly higher odds of neutropenia (odds ratio [OR]: 2.19; 95% CI: 63 

1.33-3.60) and arthralgia (OR: 2.33; 95% CI: 1.37-3.96) versus zanubrutinib. No other 64 

significant differences in safety were observed. In summary, compared with zanubrutinib, 65 

acalabrutinib plus obinutuzumab had longer INV-PFS with increased odds of neutropenia and 66 

arthralgia, whereas acalabrutinib monotherapy had similar INV-PFS with lower odds of any 67 

grade hypertension. (NCT02475681; https://clinicaltrials.gov/study/NCT02475681 ALPINE: 68 

NCT03734016; https://www.clinicaltrials.gov/study/NCT03734016) 69 

 70 

 71 
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Introduction 73 

The first-generation Bruton tyrosine kinase inhibitor (BTKi), ibrutinib, is associated with 74 

significant adverse events (AEs), such as increased risk of atrial fibrillation (AF), 75 

hypertension, and hemorrhage.
1-5

 The second-generation BTKis, acalabrutinib and 76 

zanubrutinib, were developed to have a more selective kinase inhibition profile than ibrutinib, 77 

and therefore were predicted to have fewer off-target effects and better safety profiles than 78 

ibrutinib.
6-9

 In the ELEVATE-TN randomized controlled trial (RCT), acalabrutinib plus 79 

obinutuzumab and acalabrutinib monotherapy demonstrated superior progression-free 80 

survival (PFS) versus chlorambucil plus obinutuzumab over 5 years of follow-up in patients 81 

with treatment-naive chronic lymphocytic leukemia (CLL).
10

 Similarly, zanubrutinib 82 

demonstrated superior PFS to bendamustine plus rituximab over 3.7 years of follow-up in 83 

patients with treatment-naive CLL or small lymphocytic lymphoma (SLL) in cohort 1 of the 84 

SEQUOIA RCT, which excluded patients with the del(17p) genetic abnormality.
11

 However, 85 

acalabrutinib and zanubrutinib have not been evaluated against each other in a head-to-head 86 

RCT in CLL/SLL in the treatment-naive or relapsed/refractory (R/R) setting, and it is 87 

unlikely that these trials will be conducted. Consequently, how the two second-generation 88 

BTKis compare in terms of efficacy and safety in CLL/SLL is unknown, and so it is of 89 

particular interest to evaluate how these treatments compare when used as first-line 90 

treatments for patients with CLL/SLL.  91 

 92 

In the absence of head-to-head RCTs, anchored or unanchored indirect treatment comparison 93 

(ITC) methods can be used to compare therapeutic arms.
12

 Anchored ITCs require RCTs to 94 

have at least one treatment arm in common and more complex networks of multiple RCTs 95 

with common treatment arms can be used to make pairwise treatment comparisons known as 96 

a network meta-analysis (NMA).
13,14

 ELEVATE-TN and SEQUOIA do not share a common 97 
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treatment arm, meaning an anchored ITC is not feasible. Because of the significant 98 

heterogeneity in the RCTs that would be required to connect ELEVATE-TN and SEQUOIA 99 

in a network, an unanchored ITC using matching-adjusted indirect comparison (MAIC) was 100 

deemed more appropriate than an NMA. This allows evaluation of the absolute outcomes of 101 

treatments in a non-randomized cross-trial comparison.
12,15

 To minimize cross-trial 102 

heterogeneity and potential selection bias caused by differences in patient characteristics 103 

between studies, MAIC assigns weights to the trial population with available individual 104 

patient-level data (IPD) so that it matches the aggregated baseline data of another trial.
12,16

 105 

 106 

An unanchored MAIC was conducted to compare the efficacy and safety of acalabrutinib 107 

plus obinutuzumab and acalabrutinib monotherapy versus zanubrutinib monotherapy in 108 

patients with treatment-naive CLL/SLL without del(17p) using IPD from ELEVATE-TN
17

 109 

and published aggregate data from cohort 1 of SEQUOIA, which excluded patients with 110 

del(17p).
11,18

 111 

  112 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023012142/2221734/bloodadvances.2023012142.pdf by guest on 06 M

ay 2024



09 April 2024                     Confidential Kittai et al. 2024 - 1L CLL MAIC ms 

7 

 

Methods 113 

This study follows the National Institute for Health and Care Excellence (NICE) guidance on 114 

MAIC methodology (Decision Support Unit [DSU] Technical Support Document [TSD] 115 

18).
12

  116 

 117 

Matching variables  118 

Matching variables were identified via an exploratory Cox regression analysis of 119 

investigator-assessed PFS (INV-PFS) using ELEVATE-TN data and backward stepwise 120 

selection. Data from patients without del(17p) from all three arms of ELEVATE-TN were 121 

combined and evaluated using one single model. 122 

 123 

In the Cox regression analysis, variables were evaluated to estimate whether they were 124 

prognostic (i.e. they affected the outcome). Variables were also included as interaction 125 

variables with randomized treatment (i.e. each variable was multiplied by randomized 126 

treatment) to estimate whether they were predictive (i.e. they altered the effect of treatment). 127 

A 20% significance level was used to identify an inclusive list of factors for matching. 128 

 129 

Following guidelines, all prognostic and predictive factors identified that were available for 130 

both studies were matched, whether or not they were balanced across studies. 131 

The variables reported in both ELEVATE-TN and SEQUOIA that were considered in the 132 

matching were age, sex, race, geographical region, time from diagnosis, beta-2 133 

microglobulin, Binet stage, Eastern Cooperative Oncology Group Performance Status 134 

(ECOG PS), bulky disease, cytopenia, del(11q), del(13q), trisomy 12, no fluorescence in situ 135 

hybridization (FISH) abnormalities, unmutated immunoglobulin heavy chain variable gene 136 
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(IGHV), and TP53 mutation. Patients with missing Binet data were categorized according to 137 

their Rai stage, with a Rai stage of <III equivalent to a Binet stage of A or B. 138 

 139 

Using the matching variables, weights were estimated for the acalabrutinib plus 140 

obinutuzumab and acalabrutinib monotherapy groups. The weights were then rescaled to sum 141 

to the sample size of the acalabrutinib plus obinutuzumab and acalabrutinib monotherapy 142 

arms, with a rescaled weight >1 indicating that an individual in ELEVATE-TN carried more 143 

weight than they carried before weighting in the original data set. The estimated weights were 144 

reported using summary statistics and histogram plots. These were inspected to identify 145 

extreme weights (e.g. >10), which would indicate that a MAIC was excessively influenced by 146 

a small number of patients. The effective sample size (ESS) was calculated to approximate 147 

the sample size that would be required to obtain a similar level of precision as the weighted 148 

data and to assess how much information was lost in the matching.  149 

 150 

The baseline characteristics of the acalabrutinib plus obinutuzumab and acalabrutinib 151 

monotherapy arms before and after matching were compared with the published baseline data 152 

for zanubrutinib to check whether matching minimized differences.  153 

 154 

Efficacy analysis 155 

The analysis set for acalabrutinib plus obinutuzumab and acalabrutinib monotherapy in the 156 

efficacy MAIC comprised randomized patients without del(17p) in ELEVATE-TN at the 157 

October 2021 data cut-off (DCO; acalabrutinib plus obinutuzumab, n = 162; acalabrutinib 158 

monotherapy, n = 163; median follow-up: 58 months). The analysis set for zanubrutinib 159 

comprised the intention-to-treat (ITT) population of cohort 1 without del(17p) from 160 

SEQUOIA at the October 2022 DCO (n = 241; median follow-up: 44 months).
18

  161 
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 162 

INV-PFS was evaluated because this was the most mature PFS endpoint reported in both 163 

ELEVATE-TN and SEQUOIA. In ELEVATE-TN, independent review committee-assessed 164 

PFS (IRC-PFS) was collected up to the primary analysis (DCO February 2019; median 165 

follow-up: 28 months), after which only INV-PFS was assessed. In SEQUOIA, IRC-PFS was 166 

only reported at the May 2021 DCO (median follow-up: 26 months). The data available for 167 

IRC-PFS (Supplementary Table 1) are therefore far less mature than those available for INV-168 

PFS in both ELEVATE-TN and SEQUOIA. Using the most mature data enables greater 169 

precision in the estimation of treatment effect than using immature data with few IRC-PFS 170 

events.  171 

 172 

The individual event times and event states (i.e. whether the patient experienced an event or 173 

was censored) for zanubrutinib were digitally extracted from the Kaplan–Meier plots 174 

reporting INV-PFS in SEQUOIA using the algorithm by Guyot et al.
19

 These data were 175 

combined with data on the number of events and number of patients at risk over time to 176 

generate pseudo-IPD, which were then combined with the weighted efficacy IPD for 177 

acalabrutinib plus obinutuzumab and acalabrutinib monotherapy. The hazard ratios (HRs) for 178 

INV-PFS comparing acalabrutinib plus obinutuzumab and acalabrutinib monotherapy with 179 

zanubrutinib were generated using weighted Cox regression models fitted to each combined 180 

data set. The 95% confidence intervals (CIs) were estimated using a robust sandwich 181 

estimator of the standard errors. This accounted for the weights being estimated, rather than 182 

fixed and known.  183 

 184 

To assess how matching impacted outcomes, Kaplan–Meier plots of INV-PFS for 185 

acalabrutinib plus obinutuzumab and acalabrutinib monotherapy pre- and post-matching were 186 
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generated and compared. To compare acalabrutinib plus obinutuzumab and acalabrutinib 187 

monotherapy with zanubrutinib, Kaplan–Meier estimates of 36-month INV-PFS were 188 

calculated. 189 

 190 

Efficacy sensitivity analysis 191 

A sensitivity analysis was conducted to assess whether the efficacy results from the primary 192 

analysis remained consistent after adding all possible variables that could be used for 193 

matching, regardless of whether or not they were found to be predictive or prognostic of 194 

INV-PFS using ELEVATE-TN data.  195 

 196 

Safety analysis 197 

The safety analysis assessed the incidence of AEs and reported the odds ratios (ORs) of AEs 198 

occurring with acalabrutinib plus obinutuzumab and acalabrutinib monotherapy versus 199 

zanubrutinib. The incidence of AEs is time-sensitive and cumulative, therefore the safety 200 

analysis was conducted using the September 2020 DCO from ELEVATE-TN, which ensured 201 

that the median follow-up for acalabrutinib plus obinutuzumab and acalabrutinib 202 

monotherapy (both 47 months) was comparable to the median follow-up for zanubrutinib in 203 

SEQUOIA at the October 2022 DCO (44 months).
18

 Median drug exposure was not reported 204 

at this SEQUOIA DCO, therefore median follow-up was compared instead.  205 

 206 

The safety analysis set for acalabrutinib plus obinutuzumab and acalabrutinib monotherapy 207 

comprised any patient without del(17p) who had received the study drug in ELEVATE-TN 208 

(safety set: acalabrutinib plus obinutuzumab, n = 162 and acalabrutinib monotherapy,  209 

n = 162). The analysis set for zanubrutinib comprised the safety analysis population of cohort 210 

1 in SEQUOIA (n = 240).
18

 The acalabrutinib plus obinutuzumab and acalabrutinib 211 
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monotherapy populations were matched to the ITT population for zanubrutinib because 212 

aggregate baseline data had not been published for the zanubrutinib safety population. The 213 

matching variables used for the safety analysis were the same as those used for the efficacy 214 

analysis. AEs of interest that were common to acalabrutinib and zanubrutinib and were 215 

reported in both trials were evaluated.  216 

 217 

To assess how matching impacted the results, a pre-matched analysis was performed in which 218 

the ORs of AEs with acalabrutinib plus obinutuzumab and acalabrutinib monotherapy versus 219 

zanubrutinib were estimated via logistic regression fitted to the safety endpoints of interest 220 

and supported by reported frequencies of each AE category by treatment arm. For the 221 

matched results, pseudo-IPD for SEQUOIA were created using the number of patients with 222 

and without the AEs of interest reported.
18

 These data were combined with the  223 

patient-level safety data from ELEVATE-TN. Weighted logistic regression analysis was 224 

performed to correct for between-trial imbalances in baseline characteristics. The  225 

post-matching ORs were reported with 95% CIs that were calculated using robust standard 226 

errors to account for the uncertainty introduced by the matching.  227 

 228 

Safety sensitivity analysis 229 

A safety sensitivity analysis was conducted in which matching was based on characteristics 230 

considered relevant for safety by clinical experts. These were age, ECOG score, and 231 

cytopenia.  232 

 233 

Analysis of statistical significance 234 

For both the efficacy and safety MAICs, statistical significance was set at the 5% level. No 235 

tests were pre-specified, and no correction was made for multiple testing. 236 
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 237 

  238 

Results 239 

Matching variables  240 

Variables that were identified to be prognostic or predictive of INV-PFS in the Cox 241 

regression analysis conducted using ELEVATE-TN data were age, beta-2 microglobulin, 242 

Binet stage, ECOG PS, bulky disease, cytopenia, del(11q), trisomy 12, unmutated IGHV, and 243 

TP53 status (Supplementary Table 2). Categorical age (<65 vs ≥65 years) was not evaluated 244 

in the Cox regression analysis but was included in the matching, because there were 245 

imbalances in categorical age between the treatment groups when patients were matched 246 

based on continuous age but not categorical age.   247 

 248 

The median scaled weights for acalabrutinib plus obinutuzumab and acalabrutinib 249 

monotherapy were 0.85 (range: 0.28-3.06) and 0.73 (range: 0.19-4.29), respectively, and 250 

there were no excessive weights (>10; Supplementary Figure 1), which indicated that none of 251 

the patients had an excessive influence on outcomes. After matching, the ESSs of the 252 

acalabrutinib plus obinutuzumab and acalabrutinib monotherapy arms were 124 and 105, 253 

respectively (77% and 64% of the original efficacy samples, respectively). Baseline 254 

characteristics before and after matching are reported in Table 1.  255 

  256 
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Efficacy analysis 257 

Matching patient characteristics across the studies led to only small changes in INV-PFS with 258 

acalabrutinib plus obinutuzumab and acalabrutinib monotherapy versus zanubrutinib  259 

(Figure 1). There was also no difference between IRC-PFS and INV-PFS before matching, as 260 

shown in Supplementary Table 1. 261 

 262 

Acalabrutinib plus obinutuzumab versus zanubrutinib 263 

Post-matching, acalabrutinib plus obinutuzumab had a higher 36-month INV-PFS (95%; 95% 264 

CI: 90-97) than zanubrutinib (84%; 95% CI: 79-88). The MAIC-weighted Cox HR showed 265 

INV-PFS to be longer with acalabrutinib plus obinutuzumab versus zanubrutinib (HR: 0.41; 266 

95% CI: 0.23-0.74; Figure 1A ). 267 

 268 

Acalabrutinib monotherapy versus zanubrutinib 269 

Acalabrutinib monotherapy post-matching had a similar 36-month INV-PFS (86%; 95% CI: 270 

78-91) to zanubrutinib (84%; 95% CI: 79-88) and the MAIC-weighted Cox HR indicated that 271 

there was no significant difference versus zanubrutinib (HR: 0.91; 95% CI: 0.53-1.56; Figure 272 

1B). 273 

 274 

Efficacy sensitivity analysis 275 

The efficacy sensitivity analysis assessed the impact of including all possible variables in the 276 

matching, regardless of whether or not they were found to be prognostic or predictive of 277 

INV-PFS. The median weights for acalabrutinib plus obinutuzumab and acalabrutinib 278 

monotherapy were close to one and there were no excessive weights (>10; Supplementary 279 

Figure 2). After matching, the ESSs of the acalabrutinib plus obinutuzumab and acalabrutinib 280 
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monotherapy arms were 103 and 67, respectively (63% and 41% of the original efficacy 281 

samples, respectively). 282 

 283 

The results post-matching were consistent with the main analysis. INV-PFS was longer with 284 

acalabrutinib plus obinutuzumab versus zanubrutinib (HR: 0.41; 95% CI: 0.21-0.77) and 285 

there was no significant difference between acalabrutinib monotherapy and zanubrutinib 286 

(HR: 0.84; 95% CI: 0.44-1.58). 287 

 288 

Safety analysis 289 

In the safety analysis, the acalabrutinib plus obinutuzumab and acalabrutinib 290 

monotherapy ESSs post-matching were 123 and 103, respectively (76% and 64% of the 291 

original safety samples, respectively; Supplementary Figure 3). The incidence of AEs pre-292 

matching and post-matching are reported in Supplementary Table 3. The ORs of different 293 

safety outcomes post-matching are shown in Figure 2. Some AEs occurred in few patients, 294 

such as grade ≥3 atrial fibrillation (AF)/atrial flutter, grade ≥3 hemorrhage, and grade ≥3 295 

hypertension. Consequently, the CIs for these ORs were very wide. In addition, some of the 296 

results in either direction were only marginally significant or non-significant. 297 

 298 

Acalabrutinib plus obinutuzumab versus zanubrutinib 299 

For cardiovascular AEs, there was no evidence of a difference in the odds of having AF/atrial 300 

flutter (any grade OR: 0.66; 95% CI: 0.25-1.73; grade ≥3 OR: 0.30, 95% CI: 0.03-2.95), 301 

hemorrhage (any grade: OR: 0.93, 95% CI: 0.60-1.44; grade ≥3 OR: 0.37, 95% CI: 0.12-302 

1.19), or hypertension (any grade OR: 0.52; 95% CI: 0.25-1.07; grade ≥3 OR: 0.46; 95% CI: 303 

0.17-1.20) with acalabrutinib plus obinutuzumab versus zanubrutinib.  304 

 305 
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When looking at other safety outcomes, the odds of having any grade neutropenia (OR: 2.19; 306 

95% CI: 1.33-3.60) and arthralgia (OR: 2.33; 95% CI: 1.37-3.96) were significantly higher 307 

with acalabrutinib plus obinutuzumab versus zanubrutinib. There was no evidence of a 308 

difference in the odds of having any grade infections (OR: 1.07; 95% CI: 0.65-1.75) or AEs 309 

leading to treatment discontinuation (OR: 0.85; 95% CI: 0.46-1.58) with acalabrutinib plus 310 

obinutuzumab versus zanubrutinib. 311 

 312 

Acalabrutinib monotherapy versus zanubrutinib 313 

For cardiovascular AEs, the odds of having any grade hypertension were significantly lower 314 

with acalabrutinib monotherapy versus zanubrutinib (OR: 0.44, 95% CI: 0.20-0.99). There 315 

was no evidence of a difference in the odds of having AF/atrial flutter (OR: 1.69; 95% CI: 316 

0.66-4.36; grade ≥3 OR: 0.55, 95% CI: 0.09-3.41) hemorrhage (any grade OR: 0.84, 95% CI: 317 

0.52-1.34; grade ≥3 OR: 0.34, 95% CI: 0.10-1.12), or grade ≥3 hypertension (OR: 0.56, 95% 318 

CI: 0.18-1.76) with acalabrutinib monotherapy versus zanubrutinib.  319 

 320 

With regard to other safety outcomes, there was no evidence of a difference between 321 

acalabrutinib monotherapy and zanubrutinib in the odds of having any grade neutropenia 322 

(OR: 0.50, 95% CI: 0.25-1.03), arthralgia (OR: 1.38, 95% CI: 0.75-2.53), infections (OR: 323 

0.94; 95% CI: 0.56-1.58), or AEs leading to treatment discontinuation (OR: 0.74; 95% CI: 324 

0.38-1.43).  325 

 326 

Safety sensitivity analysis 327 

The safety sensitivity analysis assessed the impact of only including variables that were 328 

specifically thought to influence safety outcomes in the matching (age, ECOG score, and 329 

cytopenia). The median weights for acalabrutinib plus obinutuzumab and acalabrutinib 330 
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monotherapy were close to one, with no weights <0.7 or >2.0 (Supplementary Figure 4). 331 

After matching, the ESSs of the acalabrutinib plus obinutuzumab and acalabrutinib 332 

monotherapy arms were 154 and 157, respectively (95% and 97% of the original safety 333 

samples, respectively).  334 

 335 

The results of the sensitivity analysis (Supplementary Figure 5) were generally consistent 336 

with those of the main analysis; however, there were a few differences at the 5% statistical 337 

significance level. The odds of having any grade hypertension were significantly lower with 338 

acalabrutinib plus obinutuzumab versus zanubrutinib (OR: 0.47, 95% CI: 0.24-0.92), and the 339 

odds of having grade ≥3 hypertension (OR: 0.31, 95% CI: 0.11-0.85) were significantly 340 

lower with acalabrutinib monotherapy than with zanubrutinib.  341 

Discussion 342 

This MAIC estimates the comparative efficacy and safety of the two second-generation 343 

BTKis, acalabrutinib (in combination with obinutuzumab and as a monotherapy) and 344 

zanubrutinib, in patients with treatment-naive CLL/SLL without del(17p). This analysis 345 

showed that the efficacy of acalabrutinib plus obinutuzumab was improved compared with 346 

zanubrutinib in terms of INV-PFS, while there was no evidence of a difference in efficacy 347 

between acalabrutinib monotherapy and zanubrutinib.  348 

 349 

When looking at safety, our results showed significantly lower odds of having any grade 350 

hypertension with acalabrutinib monotherapy versus zanubrutinib. Acalabrutinib plus 351 

obinutuzumab had significantly higher odds of any grade neutropenia and arthralgia than 352 

zanubrutinib. An increase in the odds of some AEs is expected when comparing a 353 

combination regimen with a monotherapy.
20

 For example, higher rates of neutropenia and 354 

arthralgia were observed with acalabrutinib plus obinutuzumab versus acalabrutinib 355 
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monotherapy in the ELEVATE-TN RCT.
17

 Indeed, in the present analysis the odds of any 356 

grade neutropenia were significantly higher with acalabrutinib plus obinutuzumab versus 357 

zanubrutinib, but not with acalabrutinib monotherapy versus zanubrutinib, which indicates 358 

that the increase in neutropenia is likely to be caused by obinutuzumab, with other studies 359 

also linking obinutuzumab to neutropenia.
21-23

 The increased odds of certain AEs, such as 360 

neutropenia, should be balanced against the potentially improved efficacy of acalabrutinib 361 

plus obinutuzumab versus zanubrutinib when making treatment decisions, as well as patients’ 362 

preferences.  363 

 364 

The results from this analysis align with those from a similar MAIC conducted in patients 365 

with R/R CLL 
24

, which did not find any difference in the efficacy between acalabrutinib 366 

monotherapy and zanubrutinib. Both MAICs found that while the safety profiles were largely 367 

similar, there were some differences between the two BTKis, notably the odds of having any 368 

grade hypertension were significantly lower with acalabrutinib monotherapy versus 369 

zanubrutinib in treatment-naive and R/R CLL. In R/R CLL, the odds of having any grade 370 

hemorrhage were significantly lower with acalabrutinib monotherapy versus zanubrutinib, 371 

while there was no evidence of a difference in patients with treatment-naive CLL/SLL. The 372 

results of both MAICs found no evidence of a difference in the odds of atrial 373 

fibrillation/flutter between acalabrutinib with or without obinutuzumab and zanubrutinib. 374 

However, different matching variables were used in the R/R MAIC compared with this 375 

analysis. 376 

 377 

Despite patients with del(17p) being enrolled in ELEVATE-TN and other cohorts from 378 

SEQUOIA, outcomes in this subpopulation could not be evaluated. This was because, while 379 

SEQUOIA included a separate large cohort of patients with del(17p) (n = 111), there were 380 
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too few patients with del(17p) in ELEVATE-TN (acalabrutinib plus obinutuzumab, n = 17; 381 

acalabrutinib monotherapy, n = 16).
11,17

 Therefore, after matching, the ESSs would have been 382 

too small to produce meaningful results. Combining and comparing the population with and 383 

without del(17p) in SEQUOIA and ELEVATE-TN would not have been possible either, 384 

because there would have been a large imbalance in the proportion of patients with del(17p), 385 

a factor known to impact outcomes.
25,26

 386 

 387 

MAICs have been increasingly applied in a variety of disease areas, including CLL.
27,28

 In the 388 

absence of direct head-to-head evidence, this technique has informed the decision-making of 389 

health technology assessment bodies, such as NICE in the UK. For example, NICE accepted 390 

the use of MAIC to compare acalabrutinib with ibrutinib in its evaluation of acalabrutinib in 391 

R/R CLL 
29

, prior to the readout of the ELEVATE-RR RCT.
8
 One of the strengths of our 392 

study was that it followed the published NICE guidance on MAIC methodology (DSU TSD 393 

18).
12,30

 In addition, ELEVATE-TN and SEQUOIA had very similar baseline characteristics, 394 

which meant that matching had little impact on the results and led to a small reduction in 395 

ESS. Indeed, the reduction in ESS from the overall sample size with acalabrutinib plus 396 

obinutuzumab and acalabrutinib monotherapy was 24% and 36%, respectively. This is 397 

considerably lower than the median reduction in ESS (74%) reported in a review of ITCs 398 

submitted to NICE,
30

 highlighting the good overlap between the ELEVATE-TN and 399 

SEQUOIA populations. The changes observed in INV-PFS and in the incidence of AEs with 400 

acalabrutinib plus obinutuzumab and acalabrutinib monotherapy pre- versus post-matching 401 

were also modest, further confirming the similarity of the populations in these two trials.  402 

 403 

A large number of variables (10 in total) were identified and used for matching; these were 404 

identified to be prognostic/predictive of INV-PFS in the exploratory Cox regression analysis 405 
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of ELEVATE-TN that was conducted before matching. Most variables were also shown to be 406 

prognostic/predictive in published literature.
31

 The efficacy results were robust and were not 407 

affected by increasing the number of variables matched on to all possible variables in the 408 

sensitivity analysis, indicating that all relevant variables had already been matched on in the 409 

primary analysis. However, there was a larger reduction in the ESS in the sensitivity analysis 410 

compared with the primary analysis (acalabrutinib plus obinutuzumab: 37% vs 24%; 411 

acalabrutinib monotherapy: 59% vs 36%), leading to a slight loss of precision in the results. 412 

For consistency with the efficacy analysis, the same variables were used for the primary 413 

safety analysis. However, the variables that affect efficacy outcomes may differ from those 414 

that affect safety outcomes; for this reason, the safety sensitivity analysis was conducted 415 

using only matching variables considered to affect specifically safety outcomes. Compared 416 

with the primary safety analysis, the reductions in the ESS were much smaller in the safety 417 

sensitivity analysis (acalabrutinib plus obinutuzumab: 5% vs 24%; acalabrutinib 418 

monotherapy: 3% vs 36%). This indicates that before matching, the ELEVATE-TN and 419 

SEQUOIA populations were well balanced with respect to age, ECOG score, and cytopenia. 420 

Because the ESSs were larger, the sensitivity analysis results had a higher level of precision 421 

than the primary safety analysis. Consequently, there were more significant differences in the 422 

sensitivity analysis than in the primary analysis. For example, in the sensitivity analysis, there 423 

was a significant reduction in the odds of having any grade hypertension with acalabrutinib 424 

plus obinutuzumab and grade ≥3 hypertension with acalabrutinib monotherapy.  425 

 426 

This study has potential limitations that are inherent to the methodology and specific to this 427 

analysis. The unanchored MAIC methodology makes strong and untestable assumptions that 428 

all prognostic and predictive variables have been adequately adjusted for, and it is not 429 

possible to determine the extent of bias. Despite matching on all observed patient variables 430 
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available for both studies that were prognostic/predictive at baseline, unobserved variables or 431 

variables reported by only one study cannot be controlled for via MAIC. For example, 432 

SEQUOIA was conducted more recently than ELEVATE-TN and may have been impacted 433 

by the COVID pandemic, but it was not possible to adjust for the impact of COVID 434 

infections on INV-PFS. The difference in time period also meant physicians may have had 435 

more knowledge about BTKis and managing the associated AEs during SEQUOIA than 436 

during ELEVATE-TN. For example, unlike ELEVATE-TN, SEQUOIA allowed dose 437 

reductions to manage AEs, which may have impacted the frequency and severity of AEs in 438 

SEQUOIA. Patients who relapsed in SEQUOIA may also have had more treatment options.  439 

 440 

This study was also limited by the data that were not publicly available for SEQUOIA, 441 

particularly regarding baseline variables (which therefore could not be included in the 442 

matching), AEs and treatments to manage AEs. Indeed, the incidence of headache could not 443 

be evaluated because this was not publicly available for zanubrutinib at the most recent DCO. 444 

IPD were not available for SEQUOIA, and it is unclear whether different matching variables 445 

would have been selected if a Cox regression analysis had been applied to SEQUOIA data, or 446 

if SEQUOIA patients had been matched to ELEVATE-TN patients. However, the similarity 447 

between populations makes it unlikely that this would have yielded different conclusions. 448 

Another limitation of the analysis is that overall survival was not assessed in this MAIC 449 

because the data were not mature and too few OS events had occurred at the most recent 450 

DCOs to generate meaningful results. Finally, the analysis was not pre-specified before the 451 

ELEVATE-TN and SEQUOIA RCTs were conducted, which impacted the reliability of the 452 

results, and that multiplicity was not adjusted for. This means that multiple 95% CIs were 453 

estimated without adjusting for the possibility that significant differences might have been 454 

observed by chance or because multiple endpoints were evaluated.  455 
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 456 

In summary, this analysis suggests that in patients with treatment-naive CLL/SLL without 457 

del(17p), when matching on patient baseline characteristics that were found to be prognostic 458 

or predictive of INV-PFS, acalabrutinib plus obinutuzumab may be more efficacious in terms 459 

of INV-PFS versus zanubrutinib, while there was no evidence of a difference in the efficacy 460 

of acalabrutinib monotherapy and zanubrutinib. Compared with zanubrutinib, the odds of 461 

having any grade hypertension were significantly lower with acalabrutinib monotherapy, 462 

while the odds of having any grade neutropenia and arthralgia were significantly higher with 463 

acalabrutinib plus obinutuzumab. This analysis can help inform clinical decision-making, 464 

including the consideration of the risk of AEs when counselling patients; however, this 465 

analysis should be considered alongside all other treatment characteristics. Despite the 466 

limitations inherent to MAIC analyses, this study provides a valuable systematic comparison 467 

of commonly used regimens for which randomized, prospective data are not available and are 468 

not expected to be generated. 469 

  470 
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Tables 608 

Table 1. Baseline characteristics of the acalabrutinib plus obinutuzumab and 609 

acalabrutinib monotherapy arms in ELEVATE-TN versus the zanubrutinib arm in 610 

SEQUOIA 611 

Baseline 

variable,  

% 

Acalabrutinib 

plus 

obinutuzumab 

pre-matching 

(N = 162) 

Acalabrutinib 

plus 

obinutuzumab 

post-matching, 

(ESS =124)
* 
 

Acalabrutinib 

monotherapy 

pre-matching 

(N = 163) 

Acalabrutinib 

monotherapy 

post-matching, 

(ESS = 105)
†
 

Zanubrutinib 

(N = 241) 

Age 

    Median, 

    years 

70.0 69.6 70.0 69.6 70.0 

    <65 years 18.5 18.7 14.1 18.7 18.7 

Sex, female 34.6 34.5 36.2 38.9 36.1 

Race, white 91.4 92.6 95.1 92.8 91.7 

Region, Europe 55.6 53.3 50.3 43.3 72.2 

Median time 

from initial 

diagnosis, 

months 

30.6 31.8 25.4 30.4 31.3 

Cancer type, 

CLL 

100.0 100.0 100.0 100.0 91.7† 

Beta-2 

microglobulin,  

>3.5 mg/L 

74.1 56.0 79.1 56.0 56.0 

Binet stage, A/B 56.2 71.0 58.9 71.0 71.0 

ECOG PS 

status, 0-1 

95.7 93.8 92.6 93.8 93.8 

Bulky disease,  

≥5 cm 

25.9 28.6 38.7 28.6 28.6 

Cytopenia at 

baseline 

51.9 42.3 47.2 42.3 42.3 

Mutation status 

Del(11q) 18.5 17.8 18.4 17.8 17.8 

Del(13q) 53.7 58.4 61.3 70.1 56.4 

Trisomy 12 24.7 18.7 29.4 18.7 18.7 

FISH 

abnormalities, 

absent 

24.1 24.6 11.0 11.3 23.2 
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IGHV, 

unmutated  

58.0 51.9 65.6 51.9 51.9 

TP53, mutated 4.9 6.2 4.3 6.2 6.2 

Complex 

karyotype
††

 

12.3 13.5 13.5 14.5 NR 

Data reported are %, unless otherwise specified. 

*
The number of patients was calculated using the rescaled weights and therefore sum to the efficacy analysis sample size for 

acalabrutinib plus obinutuzumab (n = 162) and acalabrutinib monotherapy (n = 163). 

†
The remaining 8.3% of patients had SLL. 

††
Complex karyotype was defined as ≥ 3 cytogenetic abnormalities based on karyotyping by the central laboratory. 

CLL, chronic lymphocytic leukemia; ECOG PS, Eastern Cooperative Oncology Group Performance Status; ESS, effective 

sample size; FISH, fluorescent in situ hybridization; IGHV, immunoglobulin heavy chain variable gene; NR, not reported; 

SLL, small lymphocytic lymphoma; TP53, tumor protein 53. 
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Figures 613 

Figure 1. Kaplan–Meier plot of INV-PFS for acalabrutinib plus obinutuzumab (A) and 614 

acalabrutinib monotherapy (B) pre- and post-matching versus zanubrutinib. 615 

 616 

Figure 2. Forest plot showing the odds ratio of AEs post-matching with (A) 617 

acalabrutinib plus obinutuzumab and (B) acalabrutinib monotherapy versus 618 

zanubrutinib.  619 
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