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Depatuxizumab mafodotin in EGFR-amplified newly 
diagnosed glioblastoma: A phase III randomized clinical 
trial
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Abstract
Background.  Approximately 50% of newly diagnosed glioblastomas (GBMs) harbor epidermal growth 
factor receptor gene amplification (EGFR-amp). Preclinical and early-phase clinical data suggested efficacy 
of depatuxizumab mafodotin (depatux-m), an antibody–drug conjugate comprised of a monoclonal anti-
body that binds activated EGFR (overexpressed wild-type and EGFRvIII-mutant) linked to a microtubule-
inhibitor toxin in EGFR-amp GBMs.
Methods.  In this phase III trial, adults with centrally confirmed, EGFR-amp newly diagnosed GBM were 
randomized 1:1 to radiotherapy, temozolomide, and depatux-m/placebo. Corneal epitheliopathy was treated 
with a combination of protocol-specified prophylactic and supportive measures. There was 85% power to 
detect a hazard ratio (HR) ≤0.75 for overall survival (OS) at a 2.5% 1-sided significance level (ie traditional 
two-sided p ≤ 0.05) by log-rank testing.
Results. There were 639 randomized patients (median age 60, range 22–84; 62% men). Prespecified interim 
analysis found no improvement in OS for depatux-m over placebo (median 18.9 vs. 18.7 months, HR 1.02, 
95% CI 0.82–1.26, 1-sided p = 0.63). Progression-free survival was longer for depatux-m than placebo (me-
dian 8.0 vs. 6.3 months; HR 0.84, 95% confidence interval [CI] 0.70–1.01, p = 0.029), particularly among those 
with EGFRvIII-mutant (median 8.3 vs. 5.9 months, HR 0.72, 95% CI 0.56–0.93, 1-sided p = 0.002) or MGMT 
unmethylated (HR 0.77, 95% CI 0.61–0.97; 1-sided p = 0.012) tumors but without an OS improvement. Corneal 
epitheliopathy occurred in 94% of depatux-m-treated patients (61% grade 3–4), causing 12% to discontinue.
Conclusions.  Interim analysis demonstrated no OS benefit for depatux-m in treating EGFR-amp newly diag-
nosed GBM. No new important safety risks were identified.

Key Points

• � Approximately 50% of newly diagnosed glioblastomas (GBMs) harbor EGFR-
amplification (EGFR-amp).

• �The antibody–drug conjugate depatuxizumab mafodotin binds activated EGFR.

• � Depatuxizumab mafodotin did not improve overall survival in EGFR-amp newly 
diagnosed GBM.

Glioblastoma (GBM) is the most common primary brain 
tumor in adults. Prognosis is poor; new approaches are 
needed. Focal epidermal growth factor receptor (EGFR) 
gene amplification on chromosome 7 (EGFR-amp) has long 
been observed1 in approximately 50% of GBMs (although 
geographic differences exist).2 EGFR variant 3 (EGFRvIII) 
mutation, a tumor-specific deletion of exons 2-7, is con-
stitutively active and observed in approximately 50% of 
EGFR-amp GBMs (~25% overall).3 Several EGFR/EGFRvIII-
directed therapeutic approaches have been used, including 
receptor tyrosine kinase inhibitors (RTKIs),4 antibodies,5–7 
and vaccines.8 Despite TKI success in molecularly selected 
non-small lung cancers9 and with antibodies in other solid 

tumors,10 these approaches have been disappointing for 
GBM.4

Depatuxizumab (depatux, formerly ABT-806) is a human-
ized recombinant monoclonal antibody originally gen-
erated against EGFRvIII in mice,11 although it also binds 
to wild-type EGFR when present at high levels.12 The ep-
itope becomes accessible to the antibody when EGFR is 
activated, either by ligand for wild-type receptor or con-
stitutive mutation (eg EGFRvIII).12,13 The antibody–drug 
conjugate (ADC) depatuxizumab mafodotin (depatux-m, 
formerly ABT-414, Figure S1) links depatux to a microtu-
bule cytotoxic payload, monomethyl auristatin F (MMAF, 
mafodotin).14,15 Following binding to activated EGFR, the 

Importance of the Study

In this phase III clinical trial, there was no improve-
ment in survival from treatment with the EGFR-
directed antibody–drug conjugate depatuxizumab 
mafodotin (depatuix-m) over placebo in addition 
to standard chemoradiotherapy. Progression-free 

survival was longer among patients randomized to 
depatux-m, particularly in EGFRvIII-mutant cases. 
Corneal epitheliopathy occurred in most depatux-
m-treated patients causing a small minority to 
discontinue.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac173#supplementary-data
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antibody and linked payload are endocytosed and de-
graded in acidic endocytic compartments, releasing the 
toxin causing cell death.16 This direct cytotoxic effect of 
the ADC, therefore, does not rely on inhibition of EGFR 
signaling and does not cause rash, diarrhea, or other 
toxicities typical of RTKIs or monoclonal antibodies that 
bind to unamplified wild-type receptor in normal organs.5 
Although GBMs do not respond to the unconjugated an-
tibody (depatux),5 depatux-m is effective against EGFR-
amp and EGFRvIII harboring GBM cell lines and animal 
models, both alone and combined with radiotherapy (RT) 
and temozolomide.15 In addition, ADCs have superior effi-
cacy to unconjugated monoclonal antibodies in other solid 
tumors, with several under investigation in many cancers 
and conditions17 including GBM.18

Therefore, we previously conducted a phase I  trial of 
depatux-m and identified a recommended dose for use 
alone or in combination with RT and/or temozolomide. 
Radiographic responses were observed, mainly EGFR-amp 
disease.19–22 Corneal epitheliopathy (CE, previously termed 
ocular side effects or keratopathy)23 was very common but 
typically reversible. Of note, another mafodotin-containing 
biologic was US FDA approved for myeloma despite a sim-
ilarly high frequency of CE.24

The encouraging preclinical15 and early-phase clinical 
data formed the basis of two large international random-
ized trials. The open-label phase II European Organisation 

for the Research and Treatment of Cancer (EORTC) trial 1410 
(AbbVie M14-483, INTELLANCE-2, NCT02343406) accrued 
patients with EGFR-amp-recurrent GBM. In the primary 
analysis (median follow-up 15.0 months), results trended to-
ward longer overall survival (OS) following treatment with 
depatux-m in combination with temozolomide compared to 
control of lomustine or temozolomide (hazard ratio [HR] 0.71; 
95% confidence interval [CI] 0.50–1.02; log-rank p  =  0.06). 
In the exploratory follow-up analysis (median follow-up 
28.7  months), the HR was 0.66 for the comparison of the 
combination arm versus control (95% CI 0.4–0.93, log-rank 
p = 0.017).25 Concurrently, we conducted a randomized, dou-
ble-blind placebo-controlled phase III trial of depatux-m for 
newly diagnosed EGFR-amp GBM as an academic-industry 
collaboration between the Radiation Therapy Oncology 
Group Foundation (RTOG-F 3508)  and AbbVie (M13-813, 
INTELLANCE-1, NCT02573324) and report results here.

METHODS

Eligibility

Patients were ≥18  years old and had Karnofsky 
Performance Status ≥70, an RT and chemotherapy naïve 
unifocal GBM harboring EGFR-amp, and end-organ func-
tion. Laser-assisted in situ keratomileusis (LASIK) within 

  

Excluded (n = 1590)
EGFR not amp (n = 962)
Withdrew consent (n = 223)
Glioblastoma not confirmed (n = 35)
Performance Status low (n = 35)
Not all stratification factors available (n = 32)
Not recovered from surgery (n = 31)
Multifocal tumor (n = 27)
Comorbidity (n = 25)
Other (n = 220)

Randomized to placebo (n = 316)
Never received any study treatment (n = 3)
Received allocated intervention (n = 313)

Randomized to depatux-M (n = 323)
Never received any study treatment (n = 0)
Received allocated intervention (n = 323)

Global study cohort,
n = 639 randomized

Progression of disease (n = 140)
Toxicity (n = 75)
Withdrawal (n = 36)
Other (n = 26)

Deaths at interim: 177/323 (55%)
Treatment was discontinued for

Deaths at interim: 169/316 (54%)
Treatment was discontinued for

Progression of disease (n = 169)
Toxicity (n = 37)
Withdrawal (n = 33)
Other (n = 13)

Assessed for eligibility (n = 2229) 

Fig. 1  Consolidated Standards of Reporting Trials (CONSORT) diagram of RTOG-F 3508/AbbVie M13-813 (INTELLANCE-1) at the time of 
preplanned interim analysis.
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the prior year, cataract surgery within the prior 3 months, 
and other contraindication to ocular corticosteroids re-
quired as supportive care for CE (below) were exclusionary. 
All subjects provided written informed consent prior to any 
study-specific procedures, and the study was approved 
by the Institutional Review Board of each participating 
institution. Detailed criteria are available in the protocol 
(Supplementary Material).

Biomarkers

Biomarkers (Table S1) and histology (GBM by World Health 
Organization 2016 criteria,26 KA) were confirmed centrally 
before randomization as described previously: EGFR-amp 
by Fluorescence in Situ Hybridization,2 O6-methylguanine-
DNA-methyltransferase (MGMT) by methylation-specific 
polymerase chain reaction (PCR),19 and EGFRvIII mRNA 
by reverse-transcription-PCR.19 Isocitrate dehydrogenase 
(IDH) mutation is typically mutually exclusive with EGFR-
amp and was not assessed.26

Treatment

Up to 7 weeks following diagnostic surgery, eligible 
subjects were randomly assigned 1:1 to RT, temozolomide, 
and either depatux-m or placebo in a stratified (below) dou-
ble-blind manner. RT was planned using a postoperative 
contrast-enhanced baseline brain MRI to a total dose of 60 
Gy in 30 fractions (or 59.4 Gy in 33 fractions) over approx-
imately 6 weeks. A  planning MRI (repeated if necessary) 
was obtained ≤4 weeks postoperatively and ≤3 weeks be-
fore RT. Either a sequential boost to the contrast-enhanced 
region of the target as per standard RTOG approach or 
single-phase technique as per the EORTC approach were 
permitted.

Temozolomide was dosed at 75 mg/m2 daily during RT 
followed by 6 adjuvant cycles of 150–200 mg/m2 on days 
1–5/2827 with up to 12 adjuvant cycles allowed. Depatux-m 
was dosed at 2.0 mg/kg during RT, then 1.25 mg/kg there-
after on days 1 and 15/2819,21 and allowed to continue until 
disease progression. Postprogression treatment was at the 
discretion of the treating investigator except cross-over 
from placebo to depatux-m was disallowed.

Supportive care

Prophylactic ocular corticosteroids were mandatory with 
each dose of depatux-m/placebo to reduce the potential for 
CE as described previously.28 Additional ocular supportive 
care measures (eg lubricating eye drops, therapeutic 
bandage contact lenses, punctal plugs, and/or antibiotic 
drops, etc.) were recommended for both symptomatic re-
lief of CE (eg photophobia, blurry vision, and/or other eye 
discomforts) and to reduce side effect–driven interruptions 
or reductions of depatux-m dosing.

Pneumocystis jirovecii pneumonia prophylaxis during 
chemoradiotherapy27 and antiemetic prophylaxis before 
temozolomide were recommended. Growth factor and 
transfusion support were permitted for cytopenias other 

than to induce eligibility or affect temozolomide cycle 
length or dose. Systemic corticosteroids and anticonvul-
sants were allowed without restriction.

Follow-up

In addition to serial ophthalmologic examinations, patients 
underwent routine physical, neurologic, bone marrow, 
serum chemistry, and hepatic function evaluations at 
baseline, before every cycle, and more frequently as clin-
ically indicated. Dose interruptions and reductions of 
depatux-m/placebo were permitted for treatment-related 
CTCAE grade 2–3 and required for grade 4 ocular adverse 
events (such as corneal perforation or acuity ≤20/200). 
Up to 3 consecutive depatux-m/placebo dose reductions 
during chemoradiotherapy (by −0.5 mg/kg each) and up to 
4 during adjuvant treatment (by −0.25 mg/kg each) were 
permitted for treatment-related toxicities. Re-escalations 
were permitted only for improved CE and serum chem-
istry abnormalities but not for other adverse events. 
Temozolomide adjustments were allowed per local pre-
scribing regulations.

Baseline contrast-enhanced brain MRI scans, 
neurocognitive function (NCF) tests, and patient-reported 
outcomes (PROs) were required before chemoradiotherapy 
and serially before odd-numbered adjuvant cycles (1, 3, 5, 
etc.) of temozolomide and depatux-m/placebo, and then 
every 8 weeks thereafter. Progression as a study end-
point was assessed centrally and retrospectively using 
Response-Assessment in Neuro-Oncology (RANO) cri-
teria,29 but treatment decisions were made using local in-
terpretation in real time with continuation encouraged in 
equivocal scenarios.

Results of NCF testing and PROs were also performed 
at the time of locally determined progression, although 
scoring and results were not used in treatment deci-
sion-making; rather, NCF results and PROs were verified 
and associations evaluated centrally. The M.D. Anderson 
Symptom Inventory—Brain Tumor (MDASI-BT) question-
naire is a validated PRO instrument used to assess the 
severity of brain tumor–related symptoms and its im-
pact on daily function. It consists of 22 symptom items 
and 6 interference items, each rated from 0 (best) to 10 
(worse).30,31 The symptom severity score and symptom 
interference score are the average of the symptom and 
interference items, respectively.32–34 The Hopkins Verbal 
Learning Test—Revised (HVLT-R)35 is a sensitive, highly 
standardized, validated neurocognitive test to assess 
change in verbal episodic learning and memory over 
time. There are 6 alternate forms to limit practice effects. 
The Total Recall score was chosen a priori as a secondary 
endpoint and is the sum of the total number of words re-
called across 3 trials.

Study design

In order to balance known and potential prognostic fac-
tors between arms, randomization (using permuted block36 
sizes of 4 that was generated by the AbbVie Data and 
Statistical Sciences department) was stratified by Region 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac173#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac173#supplementary-data
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of world, Radiation Therapy Oncology Group—Recursive 
Partitioning Analysis (RTOG-RPA) class (which incorpor-
ates age, performance status, extent of resection, and 

neurological function, Table 1 legend),37 MGMT promoter 
methylation status, and EGFRvIII mutation (as a mechanis-
tically predictive biomarker for enhanced depatux binding 

  
Table 1  Patient characteristics among randomized patients, n (%)

Baseline Characteristics: randomized patients (n = 639) Placebo (n = 316) Depatux-m (n = 323) 

Age, years

  Median 60 59

  Range 29–82 22–84

Gender, n (%)

  Male 188 (59) 206 (64)

  Female 128 (41) 117 (36)

Histology, (central review) n (%)

  Glioblastoma 311 (98) 319 (99)

  Gliosarcoma 1 (<1) 3 (1)

  Other 1 (<1) 1 (<1)

  Missing 3 (1) 0 (0)

Karnofsky Performance Status (KPS), n (%)

  70 38 (12) 44 (14)

  80 80 (25) 76 (23)

  90–100 198 (63) 203 (63)

Extent of resection (EOR), n (%)

  Gross total resection 181 (57) 185 (57)

  Partial/subtotal resection 122 (39) 128 (40)

  Biopsy 10 (3) 10 (3)

  Missing 3 (1) 0 (0)

Impairment of Neurologic Function (INF), n (%)

  > minor 25 (8) 27 (8)

  ≤ minor 288 (91) 296 (92)

  Missing 3 (1) 0 (0)
a Radiation Therapy Oncology Group—Recursive Partitioning Analysis (RTOG-RPA) Prognostic Class, n (%)

  III 46 (14) 51 (16)

  IV 233 (74) 236 (73)

  V 37 (12) 36 (11)

HVLT-R

  Total Recall, mean (Standard Deviation) −1.5 (2.2) −1.4 (1.9)
a Region of World, n (%)

  Other 214 (68) 216 (67)

  USA/Canada 102 (32) 107 (33)
aMGMT, n (%)

  Methylated 117 (37) 118 (37)

  Unmethylated 199 (63) 205 (63)
aEGFRvIII, n (%)

  Mutated 168 (53) 164 (51)

  Other 148 (47) 159 (49)

aStratification factor.
RTOG-RPA Class definitions
•III: Age < 50, KPS ≥ 90
•IV: Age < 50, KPS < 90; OR Age ≥ 50, KPS ≥ 70, EOR > biopsy, INF ≤ minor
•V: Age ≥ 50, KPS ≥ 70, EOR > biopsy, INF > minor; OR Age ≥ 50, KPS ≥ 70, EOR = Biopsy
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of subjects randomized to depatux-m, although was sur-
prisingly reported in 36% on the placebo arm. Grade 3 CE 
(vision decline to worse than 20/40 but better than 20/200, 
or limiting self-care activities of daily living) was reported 
in 55%, and grade 4 perforation or blindness with acuity 
20/200 or worse in 5% of patients randomized to depatux-m 
(Table 2). Corneal epitheliopathy of all grades was managed 
by a combination of both prophylactic and supportive meas-
ures and by dose interruptions or delays (44%), although 
complete discontinuation of protocol therapy was required 
infrequently (12% in the depatux-m arm, 0% in the placebo 
arm). Thrombocytopenia was also more commonly ob-
served among patients randomized to depatux-m than pla-
cebo (61% any grade with 14% each grade 3 and 4 vs. 36% 
any grade with 6% each grade 3 and 4).

Survival

The preplanned interim analysis was conducted in May 2019 
after 346 deaths among all randomized patients (>332 re-
quired). At that time, slightly more than 50% of patients in 
each arm died (169/316 placebo, 177/323 depatux-m), and 
nearly 70% in each arm had progressed by central review 
(219/316 placebo, 221/323 depatux-m). After median fol-
low-up of 18.1 months among 293 surviving patients, there 
was no OS improvement for depatux-m over placebo (me-
dian 18.9 months for depatux-m vs. 18.7 months for placebo, 
HR 1.02, 95% CI 0.82–1.26, 1-sided log-rank p = 0.63; Figure 
2). As the primary analysis for OS failed to demonstrate a 
significant difference between arms, subsequent endpoint 
analyses were exploratory (Table S2). PFS (centrally deter-
mined) was longer following depatux-m than placebo (me-
dian 8.0 months vs. 6.3 months; HR 0.84, 95% CI 0.70–1.01; 
1-sided p  = 0.029; Figure 2), driven at least in part by the 
EGFRvIII-mutant subgroup (median 8.3 vs. 5.9 months, HR 
0.72, 95% CI 0.56–0.93, 1-sided p = 0.002; Figure 3). By con-
trast, among those without EGFRvIII-mutant disease, there 
was no difference in PFS between arms (median 6.9 months 
for depatux-m vs. 7.9 months for placebo, HR 1.01, 95% CI 
0.76–1.33, p=0.61 one-sided, Figure 3).

There was no improvement in OS by treatment for any 
subgroup, although, as above, the study was not powered 

to tumor cells). All randomized subjects were included in 
the intent-to-treat analysis.

Originally, a phase II/III trial was planned but ac-
crual to phase II rapidly outpaced both the planned 
Progression-Free survival (PFS) analysis and phase III 
accrual goals, despite the stringent requirements for 
central pathology review and biomarker testing (Figure 
S2). In addition, early results from the concurrently con-
ducted INTELLANCE-2 trial in recurrent GBM suggested 
depatux-m in combination with temozolomide improved 
OS relative to control.25 Therefore, the trial design was 
amended as a phase III with OS as the primary endpoint, 
but prespecified an interim analysis for futility (or over-
whelming superiority, below).

Median OS with placebo was estimated as 16 months and 
hypothesized to improve to 21.3 months with depatux-m. 
With 441 deaths among 640 randomized patients, we had 
85% power to detect a ≥25% reduction in risk of death (HR 
≤0.75) at a 2.5% 1-sided level of significance (ie traditional 
2-sided p ≤ 0.05). Anticipating delayed treatment effect, a 
Fleming Harrington version of weighted log-rank test with 
parameters ρ = 0 and γ = 0.2 was used. Thus, at least 66% 
of information, due to increased weighting for later events, 
would be accumulated at the interim analysis and resulted 
in testing the futility bound at HR >0.9 or the efficacy bound 
(for superiority) at a 1-sided significance level of 0.0058.38,39 
Secondary and exploratory endpoints included PFS, mo-
lecular subgroup analyses, NCF, and PROs.

PFS was defined as the interval from randomization 
to first of either progressive disease (by blinded inde-
pendent central review per RANO criteria) or death from 
any cause, and OS to death from any cause. Subjects 
not experiencing progression or death were censored. 
NCF and PRO were analyzed using deterioration-free 
survival (DFS), with deterioration defined using the re-
liable change index criterion for the HVLT-R Total Recall 
(i.e., as a reduction of 5 points as compared to base-
line)40 and a decrease of 1 point as compared to base-
line for the MDASI-BT symptom severity and symptom 
interference scores. DFS was defined as the interval 
from randomization to the first occurrence of deteriora-
tion or death from any cause. Subjects not experiencing 
an event were censored.

Time-to-event (PFS, OS, and DFS) analyses were per-
formed using the Kaplan–Meier method with HRs and 95% 
CIs estimated using Cox proportional hazards regression 
models adjusting for stratification factors. An Independent 
Data Monitoring Committee, managed by RTOG-F, re-
viewed unblinded data and interim results.

Importantly, hierarchical testing was used for all sec-
ondary and exploratory analyses (Table S2) to reduce 
the potential for falsely identifying a significant differ-
ence when conducting multiple comparisons.41 In this 
manner, subsequent differences in outcome between 
arms could only be considered statistically significant 
(regardless of the HR or p), if the prior analysis in the 
hierarchy were significant (2-sided p ≤ 0.05). However, 
we report the preplanned secondary and exploratory 
analyses descriptively to understand the trial outcomes 
thoroughly. Details of the statistical collaboration be-
tween AbbVie and RTOG Foundation can be found in 
Supplementary Materials.

RESULTS

Accrual

Accrual occurred at 190 sites in 26 countries from 
September 11, 2015, to March 31, 2018 (Figures 1 and S2; 
Table S3). Among 2229 screened, lack of EGFR-amp by cen-
tral analysis was the most common reason for ineligibility 
(61% of excluded cases). Central histology review nearly 
always (98%) confirmed a GBM diagnosis. The pace of ac-
crual exceeded projections (Figure S2). As a consequence, 
the phase II/III design was converted to a phase III trial as 
outlined above.

Median age was 60 years (range 22–84), 62% (394/639) 
of randomized subjects were men, and 13% (81) were 
≥70 years old. Baseline characteristics of the study popu-
lation were similar (53% EGFRvIII-mutant, 37% methylated 
MGMT) to those of other newly diagnosed GBM trials and 
reports.3,42,43 Arms were well balanced (Table 1).

Safety

The most common adverse events were ocular (grouped 
under the general term of CE, Table S4) consistent with prior 
reports.19–22,25 For example, CE of any grade occurred in 94% 
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of subjects randomized to depatux-m, although was sur-
prisingly reported in 36% on the placebo arm. Grade 3 CE 
(vision decline to worse than 20/40 but better than 20/200, 
or limiting self-care activities of daily living) was reported 
in 55%, and grade 4 perforation or blindness with acuity 
20/200 or worse in 5% of patients randomized to depatux-m 
(Table 2). Corneal epitheliopathy of all grades was managed 
by a combination of both prophylactic and supportive meas-
ures and by dose interruptions or delays (44%), although 
complete discontinuation of protocol therapy was required 
infrequently (12% in the depatux-m arm, 0% in the placebo 
arm). Thrombocytopenia was also more commonly ob-
served among patients randomized to depatux-m than pla-
cebo (61% any grade with 14% each grade 3 and 4 vs. 36% 
any grade with 6% each grade 3 and 4).

Survival

The preplanned interim analysis was conducted in May 2019 
after 346 deaths among all randomized patients (>332 re-
quired). At that time, slightly more than 50% of patients in 
each arm died (169/316 placebo, 177/323 depatux-m), and 
nearly 70% in each arm had progressed by central review 
(219/316 placebo, 221/323 depatux-m). After median fol-
low-up of 18.1 months among 293 surviving patients, there 
was no OS improvement for depatux-m over placebo (me-
dian 18.9 months for depatux-m vs. 18.7 months for placebo, 
HR 1.02, 95% CI 0.82–1.26, 1-sided log-rank p = 0.63; Figure 
2). As the primary analysis for OS failed to demonstrate a 
significant difference between arms, subsequent endpoint 
analyses were exploratory (Table S2). PFS (centrally deter-
mined) was longer following depatux-m than placebo (me-
dian 8.0 months vs. 6.3 months; HR 0.84, 95% CI 0.70–1.01; 
1-sided p  = 0.029; Figure 2), driven at least in part by the 
EGFRvIII-mutant subgroup (median 8.3 vs. 5.9 months, HR 
0.72, 95% CI 0.56–0.93, 1-sided p = 0.002; Figure 3). By con-
trast, among those without EGFRvIII-mutant disease, there 
was no difference in PFS between arms (median 6.9 months 
for depatux-m vs. 7.9 months for placebo, HR 1.01, 95% CI 
0.76–1.33, p=0.61 one-sided, Figure 3).

There was no improvement in OS by treatment for any 
subgroup, although, as above, the study was not powered 

to detect a statistically significant difference (Figures S3–
S4; Tables S5–S14).

Finally, to explore EGFRvIII for prognostic importance re-
gardless of treatment, we analyzed survival by mutational 
status among patients randomized to placebo to eliminate 
potential confounding by treatment with depatux-m (Figure 
S5). PFS was longer among cases without (n = 148) than with 
(n = 168) documented EGFRvIII (median PFS 7.9 months vs. 
5.9 months, HR 0.74, 95% CI 0.57–0.97, p = 0.03) but without 
a difference in OS (HR 0.95, 95% CI 0.70–1.29, p = 0.76) in this 
post hoc, underpowered, univariate analysis.

NCF and PROs

The compliance for the HVLT-R and MDASI-BT was similar: 
≥93% at baseline, >80% at adjuvant week 1, ≥70% at adju-
vant week 9, ≥58% at adjuvant week 17, ≥51% at adjuvant 
week 25, and ≥47% at adjuvant week 33 (Table S15). There 
were no differences between treatment arms with respect 
to baseline HVLT-R Total Recall and MDASI-BT scores. There 
was no between arm difference in DFS for HVLT-R Total 
Recall, symptom severity, or symptom interference (HR 
1.14, 95% CI 0.92–1.40, p = 0.81; HR 1.33, 95% CI 1.09–1.63, 
p = 0.99; HR 1.19, 95% CI 0.97–1.45, p = 0.94, respectively; 
Figures S6 and S7).

Discussion

In this phase III trial, survival was not improved by 
depatux-m for people with newly diagnosed EGFR-
amp GBM; the study was stopped early and unblinded 
for futility. PFS (centrally determined) was longer with 
depatux-m than placebo, particularly in the EGFRvIII-
mutant subgroup. No DFS differences between arms in 
verbal learning, symptoms, or symptom interference were 
observed. No new important safety risks from depatux-m 
were identified with reversible CE (which were also re-
ported in the placebo arm) and thrombocytopenia ob-
served most commonly. Patients on active treatment were 
permitted to continue after unblinding and re-consent.

  
Table 2  Grade 3 and 4 adverse events reported in at least 5% of patients

 Placebo (n=313) n (%) Depatux-m (n=323) n (%)

Adverse event Grade 3 Grade 4 Grade 3 Grade 4 

Any 135 (43.1) 47 (15.0) 191(59.1) 69(21.4)

Corneal epitheliopathy (CE)a 2 (0.6) 0 179 (55.4) 16 (5.0)

Thrombocytopenia 20 (6.4) 18 (5.8) 44(13.6) 46 (14.2)

Gamma-glutamyltransferase increased  2 (0.6) 1 (0.3) 33(10.2) 2 (0.6)

Lymphopenia 37 (11.8) 4 (1.3) 23 (7.1) 4 (1.2)

Seizure 16 (5.4) 4 (1.3) 16 (5.0) 2 (0.6)

Alanine aminotransferase increased 5 (1.6) 0 17 (5.3) 0

Neutropenia 15 (4.8) 10 (3.2) 9 (2.8) 6 (1.9)

aIncludes keratopathy, vision blurred, photophobia, dry eye, eye pain, keratitis, and punctate keratitis.
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There are several potential explanations for the negative 
result. Most importantly, despite encouraging preclinical 
and early-phase clinical data, it is possible that depatux-m 
is simply ineffective for treating GBM, notwithstanding 
any potential enrichment strategy. Other potential bio-
logic explanations include the possibility that depatux-m 
effectively killed off EGFR-amp (and particularly EGFRvIII-
mutant) tumor cells, lengthening PFS, but resistant clones 
emerged and voided any OS benefit, a hypothesis sup-
ported by results from patient-derived xenografts44; we 
also previously demonstrated that EGFR-amp was prefer-
entially lost in GBMs following treatment with depatux-m 
among longitudinally sampled tumor tissue on an intra-
patient basis.45 Preclinical work from others also supports 
emerging clones as a mechanism of acquired resistance. 
Also, our focus on EGFR-amp for eligibility may have in-
adequately enriched the study population for benefit, par-
ticularly as gene amplification correlated only imperfectly 
with response in our prior studies. A better strategy may 
have been to power the study for, or restrict eligibility to, 
the EGFR-vIII mutant subgroup or set a lower bound on 
the minimum number of patients with other potentially 

depatux-sensitizing EGFR mutations46,47 Our observa-
tion that PFS was shorter among EGFRvIII-mutant cases 
randomized to placebo further supports our impression 
that improved PFS with depatux-m in this subgroup was 
not spurious. We also previously described payload-
sensitizing mutations,48 and penetration of depatux-m into 
large tumors may be limited,49 although neither of these 
biomarkers were screening criteria. Finally, limited pene-
tration of the blood–brain barrier by depatux may also im-
pede efficacy against intracranial tumors, particularly in 
the nonenhancing part of the tumor; this is a critically im-
portant lesson for future studies of large molecules.44

Finally, other ADCs are being investigated for GBM and 
other solid tumors.50 Higher affinity antibodies conjugated 
to cell-permeant payloads (permitting bystander killing of 
adjacent tumor cells) with different safety profiles may re-
sult in different outcomes.

In retrospect, it may have been prudent to complete the 
originally planned phase II study, suspending accrual and 
deferring phase III until analyses were complete. This is an 
important consideration for future studies with a phase II/
III design.
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