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16 Background: Double inhibition of epidermal growth factor
17 receptor (EGFR) using a tyrosine kinase inhibitor plus amonoclonal
18 antibody may be a novel treatment strategy for non–small cell lung
19 cancer (NSCLC). We assessed the efficacy and toxicity of afatinibþ
20 cetuximab versus afatinib alone in the first-line treatment of
21 advanced EGFR-mutant NSCLC.
22 Methods: In this phase II, randomized, open-label study, patients
23 with stage III/IV EGFR-positive NSCLC were randomly assigned
24 (1:1) to receive afatinib (group A) or afatinibþ cetuximab (group A
25 þ C). Oral afatinib 40 mg was given once daily; cetuximab
26 250 mg/m2 was administered intravenously on day 15 of cycle 1,
27 then every 2 weeks at 500 mg/m2 for 6 months. The primary
28 endpoint was time to treatment failure (TTF) rate at 9 months.
29 Exploratory analysis ofEGFR circulating tumorDNA in plasmawas
30 performed.

31 Results: Between June 2016 and November 2018, 59 patients
32 were included in group A and 58 in group A þ C. The study was
33 ended early after a futility analysis was performed. The percentage of
34 patients without treatment failure at 9 months was similar for both
35 groups (59.3% for group A vs. 64.9% for group Aþ C), and median
36 TTF was 11.1 (95% CI, 8.5–14.1) and 12.9 (9.2–14.5) months,
37 respectively. Other endpoints, including progression-free survival
38 and overall survival, also showed no improvement with the com-
39 bination versus afatinib alone. There was a slight numerical increase
40 in grade ≥3 adverse events in group A þ C. Allele frequency of the
41 EGFR gene mutation in circulating tumor DNA at baseline was
42 associated with shorter PFS, regardless of the treatment received.
43 Conclusions: These results suggest that addition of cetuximab to
44 afatinib does not warrant further investigation in treatment-na€�ve
45 advanced EGFR-mutant NSCLC.

46

47 Introduction
48 First-line treatment of epidermal growth factor receptor (EGFR)
49 mutant non–small cell lung cancer (NSCLC) has been revolution-
50 ized in recent years by the development of EGFR tyrosine kinase
51 inhibitors (TKI). Multiple phase III trials with first-generation
52 agents such as gefitinib and erlotinib, both reversible EGFR inhi-
53 bitors, have demonstrated the superiority of TKIs over platinum-
54 based chemotherapy (1–4). Due to the development of acquired
55 resistance, however, almost all patients with an initial response to a
56 first-generation agent experience disease progression, which occurs

58at a median time of 10–12 months after starting TKI therapy (1–4).
59Although acquired EGFR T790M mutation is the most common
60resistance mechanism occurring in approximately 50% to 60% of
61cases, other mechanisms have been identified, including activation
62of alternative signaling pathways such as MET and HER2, and
63histologic transformations (5, 6).
64Second-generation EGFR TKIs were developed to overcome
65acquired therapeutic resistance to first-generation molecules. These
66agents, which irreversibly inhibit EGFR and include afatinib and
67dacomitinib, showed enhanced activity versus first-line agents in cell
68lines and preclinical models (7, 8). In the clinic, while second-
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71 generation TKIs have failed to demonstrate the effectiveness in the
72 event of failure of first-generation agents, they have demonstrated
73 superiority over first-generation TKIs as first-line treatment.
74 For example, afatinib showed a benefit in progression-free survival
75 (PFS) and time to treatment failure (TTF) versus gefitinib in the LUX
76 LUNG 7 trial (9), and in the ARCHER trial dacomitinib was associated
77 with improved PFS and overall survival (OS) compared with
78 gefitinib (10, 11).
79 In order to delay tumor progressionwhile limiting the heterogeneity
80 of resistance mechanisms, strategies based on therapeutic combina-
81 tions are of great interest, even with the availability of new-generation
82 TKIs. To this end, dual targeting of EGFR using a TKI combinedwith a
83 monoclonal antibody is a novel therapeutic approach that has been
84 supported by both preclinical and clinical data. Notably, dual EGFR
85 inhibition with afatinib combined with cetuximab, an anti-EGFR
86 antibody, was able to overcome the resistance associated with the
87 T790M mutation in preclinical models by inducing a degradation of
88 EGFR (12). Furthermore, time to progression with afatinib plus
89 cetuximab was also doubled in comparison with afatinib alone or
90 erlotinib in TKI-na€�ve mouse models (13). In a phase I/II trial of 126
91 patients, the afatinib–cetuximab combination showed significant anti-
92 tumor activity in patients who were heavily pretreated and had
93 progressed during treatment with an EGFR TKI, independent of the
94 T790M mutation (objective response rate, ORR, 32% in T790M-
95 positive patients, and 25% in T790M-negative patients; ref. 14).
96 Despite double inhibition of EGFR, the tolerance profile was accept-
97 able in this study, as well as in other phase I and II trials evaluating the
98 same drug combination (15, 16).
99 Considering these encouraging preclinical and clinical results, we
100 initiated a phase II study to assess the efficacy and toxicity of the
101 afatinib and cetuximab combination or afatinib alone in the first-line
102 treatment of advanced EGFR-mutant NSCLC.

103 Materials and Methods
104 Study design and participants
105 This was a phase II, randomized, noncomparative, open-label
106 study conducted at 27 centers in France (clinicaltrials.gov: NCT
107 NCT02716311).

109Eligible patients were ≥18 years of age with histologically or
110cytologically confirmed non-squamous NSCLC (stage III/IV), inac-
111cessible to local treatment (surgery/radiotherapy), and with an EGFR
112mutation detected by a French NCI molecular genetics platforms
113(exon 19 deletions, L858R mutation, G719X, L861Q, and S768I
114mutations, or exon 19 insertions; T790M mutations or exon 20
115insertions were not allowed). In addition, patients had to have an
116Eastern Cooperative Oncology Group (ECOG) performance status
117(PS) of 0 or 1, with an estimated life expectancy >3 months, and a
118measurable disease according to RECIST1.1. Patients with a history of
119central nervous systemmetastases or spinal cord compression could be
120included if they had been treated definitively (surgery and/or radio-
121therapy) and were clinically stable for at least 1 month before the start
122of treatment. Patientswere excluded if they had received prior systemic
123anti-neoplastic therapy for NSCLC (including EGFR inhibitor ther-
124apy), radiotherapy within 2 weeks of study treatment. Other exclusion
125criteria included the presence of diffuse underlying interstitial lung
126disease or another neoplastic disease requiring treatment, or symp-
127tomatic central nervous system metastases requiring immediate brain
128radiotherapy.
129The study protocol was approved by a French national ethics
130committee, and written informed consent was obtained from all
131patients prior to performing study-related procedures. The study was
132conducted in accordance with the declaration of Helsinki.

133Randomization and study procedures
134Eligible patients were randomly assigned (1:1) to receive either
135afatinib (group A) or afatinib plus cetuximab (group A þ C), with
136randomization stratified by site, EGFRmutation (exon 19 deletions vs.
137L858R mutation of exon 21 vs. other mutations), and smoking status
138(nonsmoker vs. smoker). Individuals directly involved in the conduct
139and analysis of the trial did not have access to the randomization
140schedule.
141Patients in group A received afatinib 40 mg orally once daily in
142continuous 28-day cycles until disease progression or dose-limiting
143toxicity. Patients in group A þ C received afatinib according to the
144same schedule, and cetuximab intravenously on day 15 of cycle 1 at a
145dose of 250 mg/m2, then every 2 weeks at 500 mg/m2, for 6 months.
146Treatment beyond progression was not allowed.
147The dose of afatinib (40 mg/day) corresponds to the usual dose for
148this indication andwas used in the twomajor trials assessing afatinib as
149first-line treatment [LUX LUNG 3 (17) and LUX LUNG 6 (18)]. The
150dose and administration schedule used for the combination of afatinib
151(40 mg/day) and cetuximab (500 mg/m2 on days 1 and 15) matches
152those used in the phase I/II trial (14). The dosage and administration of
153cetuximab at cycle 1 (250 mg/m2 at day 15) were adapted to better
154distinguish between the toxicity linked to afatinib and to the afatinib
155plus cetuximab combination, and to enable the correction of adverse
156events (AE) occurring on afatinib. Cetuximab was discontinued after
1576 months of treatment to limit the cumulative toxicity of the combi-
158nation, while preserving the principle of rapid and profound reduction
159in tumor load at treatment initiation.
160In both groups, if patients had any grade 3 or higher treatment-AE,
161or grade 2 diarrhea lasting 2 days or more, grade 2 rash lasting for
162longer than 1 week, or an increase in serum creatinine of grade 2 or
163more, then the study drug was paused until recovery to grade 1 or less.
164Afatinib was reduced by 10 mg decrements to a minimum dose of
16520 mg/day, and cetuximab dose was reduced to 300 mg/m2; 3
166individual occurrences of any of the above events with either treatment
167resulted in permanent treatment discontinuation. Afatinib or cetux-
168imab treatmentwas also permanently discontinued in patients whodid

Translational Relevance

First-line therapywith epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitor (TKI) is the standard of care for advanced
EGFR-mutant non–small cell lung cancer. Although osimertinib
has recently shown improved efficacy in comparison with first-
generation TKIs, tumor progression occurs systematically because
of the occurrence of secondary molecular resistances. Thus, strat-
egies aiming at sparing osimertinib (which is also very effective on
the EGFR-T790M secondary resistance mutation) for the second-
line setting are still under active consideration. Such strategies
mostly rely on combinations involving first- or second-generation
EGFR TKIs. Here we report the results of a randomized phase II
study showing that double inhibition of EGFR using a second-
generation TKI, afatinib, and an EGFR monoclonal antibody,
cetuximab, does not yield supplementary efficacy and does not
seem to change the pattern of mechanisms of resistance.Moreover,
we show that the baseline allele frequency of activating EGFR
mutations was associated with shorter PFS upon EGFR inhibition.
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171 not recover to grade 1 or less within 21 days (if afatinib related) or
172 14 days (if cetuximab related). A review of tolerability data (grade 3/4
173 toxicities and toxicities leading to modification of treatment) was
174 performed after 20 patients had received 2 cycles of afatinib–
175 cetuximab treatment to ensure proper tolerance of the study regimen
176 and to allow continuation of recruitment.
177 Chest and supramesocolic CT scans as well as brain CT or MRI
178 scans were performed systematically at enrolment. During the study,
179 tumors were assessed via chest and supramesocolic CT scans and, if
180 metastasis was present or suspected, brain CT or MRI scans and/or
181 bone scintigraphy or PET scans. Assessments were made at baseline
182 and every 8 weeks up to 12 months, then every 12 weeks according to
183 RECIST criteria (version 1.1; ref. 19). Safety was evaluated via record-
184 ing of AEs, physical examination (including vital signs), World Health
185 Organization (WHO) PS, and laboratory tests. AEs were assessed by
186 investigators from the start of treatment according to seriousness,
187 severity (NCI Common Terminology Criteria for Adverse Events v4.0;
188 ref. 20), and causal relationship to study treatment.

189 Endpoints
190 The primary endpoint was treatment failure-free survival (TTF) at
191 9months, according to the RECIST 1.1 criteria (19). Treatment failure
192 was defined as treatment discontinuation for any reason (including
193 disease progression, death, or toxicity). Of note, TTF (rather than PFS)
194 was chosen as the primary endpoint as it considers both effectiveness
195 and toxicity and the risk of premature treatment discontinuation.
196 Key secondary endpoints included PFS (time between randomization
197 and tumor progression or death by any cause), OS (time between
198 enrolment and death by any cause), ORR, disease control rate, and
199 safety (AEs).

200 Exploratory biological analyses
201 As previously described, plasma samples were collected for each
202 patient before treatment initiation, after 2 weeks, 4 weeks, at each
203 tumor assessment, and at RECIST progression. The samples were
204 collected in cell-free DNA BCT tubes (Streck) and sent to a centralized
205 laboratory. Upon receipt, tubes were centrifuged at 2,000 � g for
206 10 minutes. The supernatant was then collected and centrifuged at
207 16,000 � g for 3 minutes. Plasma was prepared and frozen at �80�C
208 until use.
209 Circulating tumor DNA (ctDNA) was extracted from 3 mL of
210 plasma using the Maxwell RSC LV (large volume) Circulating Cell-
211 Free Plasma Kit (Promega) and eluted in 50 mL of elution buffer as
212 recommended by the supplier. DNA extracts were frozen at �20�C
213 until analysis. We quantified the ctDNA for each patient using digital
214 PCR (QuantStudio 3DDigital PCR System; ThermoFischer). For each
215 sample, a reaction mixture was prepared with 7.6 mL of DNA extract,
216 8 mL of a PCR mix comprising Taq polymerase, dNTPs and ROX
217 reference dye, and 0.4 mL of PCR primers and hydrolysis fluorescent
218 probes. When the EGFR mutation was detailed in the patient file, the
219 corresponding specific probewas used (Thermo Fisher). The following
220 mutations were tested: p.L858R (c.2573T>G), p.G719A (c.2156G>C),
221 p.L861Q (c.2582T>A), and different exon 19 deletions: p.
222 E746_A750del (c.2235_2249del), p.E746_A750del (c.2236_2250del),
223 and p.L747_T751del (c.2240_2254del). If the sequence of the exon 19
224 deletion was not available, we used a drop-off digital PCR assay that we
225 previously described (21). This mixture was then partitioned onto a
226 20,000 well-chip by diffusion, using a semiautomatic device to stan-
227 dardize this step. After sealing the chips, the amplification reactionwas
228 carried out using a suitable thermal cycler, according to the following
229 program: hold 10 minutes at 96�C and then 39 cycles alternating for 2

231minutes at 60�C and 30 seconds at 98�C. At the end of the amplifi-
232cation reaction, the fluorescence emitted by each well was read using a
233dedicated reader. These fluorescence data were then analyzed using a
234software of our design (unpublished), which provides the proportion
235of mutation-positive wells. This proportion of mutation-positive wells
236is an estimator of the probability that a well contains mutated copies.
237Given the number of wells filled with PCR reaction mix (ROX
238positive), it is possible to calculate the number of mutated copies of
239the assay and its 95% confidence intervals (CI), using the Poisson law.
240The measurement variability was calculated from this CI, and the
241number of mutated copies per mL of plasma was then deduced,
242considering the parameters of ctDNA extraction and analysis (22).
243A sample was considered positive if it contained at least 2 mutated
244copies per assay, i.e., 8 mutated copies/mL of plasma under our
245conditions of extraction and analysis.
246For clearance analysis, plasma samples collected after 2 weeks of
247treatment were tested as described above. The proportion of dPCR
248mutation-positive wells between this point and the baseline was
249compared using a one-sided Z-test as previously described 21). The
250biological response (bR) was thus defined as a decrease in ctDNA at
251week 2 compared with the baseline level that was greater than the
252variability of the dPCR measurement.

253Statistical considerations
254We originally planned to enroll 172 patients (86 per treatment
255group) in this noncomparative study to show a difference in the
256survival rate without treatment failure at 9 months of 15% (one-
257sided test, power ¼ 90%, alpha ¼ 5%; % of patients without
258treatment failure of 50% in group A and 67% in group A þ C).
259A planned futility analysis was performed after inclusion of 36
260patients per treatment group (72 patients in total); futility was not
261demonstrated and therefore patient recruitment continued as
262planned. However, following preliminary publication of the results
263of the SWOG S1403 study (23), which suggested no additional
264benefit of adding cetuximab to afatinib for first-line treatment of
265EGFR-mutated NSCLC, we conducted an unplanned interim anal-
266ysis in September 2018, after inclusion of 117 patients. Based on this
267analysis, the steering committee recommended to halt the study in
268November 2018. Thus, these results correspond to the final analysis
269and are presented in this article.
270Demographic/baseline characteristics were described for the
271intention-to-treat (ITT) population, which comprised all included/
272randomized patients. All included patients without major eligibility
273criteria deviations were evaluable for efficacy (the evaluable popula-
274tion), and all patients who received at least one dose of study treatment
275were evaluable for safety. Median duration and 95% CIs for TTF, PFS,
276andOSwere analyzed using the Kaplan–Meier method; a log-rank test
277was used to test for differences between treatment groups. All data
278were analyzed with SAS version 9.4 (Statistical Analysis System,
279RRID:SCR_008567).

280Results
281Patient disposition and baseline characteristics
282As of the analysis cutoff date, a total of 117 of 172 (68%) patients
283initially planned had been included in the study between June 2016 and
284November 2018 and randomly assigned to group A (n¼ 59) or group
285A þ C (n ¼ 58; Fig. 1); these 117 patients comprised the ITT
286population. Of included/randomized patients, one patient originally
287assigned to group A þ C was deemed noneligible following random-
288ization (PS of 2) and was therefore excluded from the evaluable
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291 population. Only one patient (group Aþ C) did not receive any study
292 treatment due to the presence of intercurrent disease.
293 Patient demographic and baseline clinical characteristics
294 were well balanced between the two treatment groups (Table 1).
295 The majority of patients (71.8%) were women, over half (57.3%)
296 were never-smokers, and the mean (�SD) age overall was 65 (�11)
297 years. Almost all patients had lung adenocarcinomas (96.6%),
298 and EGFR mutations were mainly deletions in exon 19 (55.6%)
299 and L858R mutations (40.2%), with a similar distribution between
300 the two groups.
301 In terms of treatment exposure, 31 (52.5%) patients in group A and
302 29 (50.9%) in group A þ C had a dose modification of afatinib, and 2
303 patients in group A þ C did not receive cetuximab due to afatinib
304 toxicity. The median number of cetuximab injections in patients who
305 received at least one dose of cetuximab was 10.5 (range, 1–13). At the
306 time of the analysis, there were 11 patients (18.6%) ongoing in groupA
307 and 12 patients (20.7%) ongoing in group A þ C.

308 Efficacy
309 During a median follow-up time of 21.7 months (interquartile
310 range, 16.79–26.59), 38 patients (79.2%) and 33 patients (73.3%) in
311 group A and group A þ C, respectively, were discontinued from the
312 study for disease progression, 6 patients (12.5%) and 9 (20%) were
313 discontinued for toxicity, and 2 patients (1 in each group) died.

315The number (%) of patients without treatment failure at 9 months
316was 35 (59.3%) in groupA and 37 (64.9%) in groupAþC, andmedian
317TTF was 11.1 months (95% CI, 8.5–14.1) and 12.9 months (9.2–14.5),
318respectively (Fig. 2A). Accordingly, the median PFS was similar in
319both groups: 11.9 months (95% CI, 9.1–14.7) in group A and
32013.4 months (9.7–13.8) in group A þ C (Fig. 2B). The objective
321response rate was 76.3% in groupA and 77.2% in groupAþC, and the
322disease control rate was 98.3% and 93.0%, respectively (Table 2).
323Finally, the 12-month survival rate was 87.9% (95% CI, 76.3–94.0) in
324group A and 89.4% (77.9–95.1) in group A þ C. Median OS was
32526.6 months (20.6–33.6) in group Aþ C, while OS was not reached in
326group A (Fig. 2C). Considering these results, which showed no benefit
327of addition of cetuximab to afatinib, the study steering committee
328recommended that patient inclusion be stopped.

329Safety and tolerability
330Treatment-related AEs (see Table 3) were observed in 59 patients
331(100%) and 56 patients (98.2%) in group A and group A þ C,
332respectively, with grade 3 events reported in 22 patients (37.3%) and
33330 patients (52.6%), respectively, and grade 4 events in 3 patients
334(5.1%) in group A (only). No grade 5 events occurred.
335As shown in Supplementary Table S1, treatment-related AEs were
336mainly digestive and skin disorders, in accordance with the known
337safety profile of EGFR inhibitors. Diarrhea (any grade) was reported in

From June 2016 to November 2018

Study withdrawn (n = 48)
Disease progression (n = 38, 79.2%)
Death (n = 1, 2.1%)
Toxicity (n = 6, 12.5%)
Second cancer (n = 1, 2.1%)
Patient’s choice (n = 0)
Intercurrent disease (n = 0)
Other (n = 2, 4.2%)

Afatinib (n = 59) Afatinib + cetuximab (n = 58)

Included/randomized (n = 117)

Ineligible (n = 1)
PS = 2 (n = 1)

Ongoing    
(n = 12)

Study withdrawn (n = 45)
Disease progression (n = 33, 73.3%)
Death (n = 1, 2.2%)
Toxicity (n = 9, 20%)
Second cancer (n = 0)
Patient’s choice (n = 1, 2.2%)
Intercurrent disease (n = 1, 2.2%)
Other (n = 0)

Untreated patients (n = 1)
Intercurrent disease (n = 1)

Ongoing
(n = 11)

Untreated patients (n = 0) 

Post-treatment 
(n = 38)

Post-treatment 
(n = 35)

Figure 1.

CONSORT flow diagram.Q4
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340 93.2% of patients in groupA and 89.5% of patients in groupAþC, and
341 grade 3–4 diarrhea was reported in 18.7% and 12.3%, respectively. We
342 observed a higher incidence of skin rash in group Aþ C than group A
343 (any grade, 94.7% vs. 79.7%, respectively), including grade 3–4 events
344 (21.1% vs. 10.2%, respectively). Skin dryness, paronychia, and stoma-
345 titis were also more common in group Aþ C, and mainly grade <3 in
346 severity. Among the 15 patients who discontinued the study for
347 treatment-related AEs, 2 patients discontinued for grade 4 events
348 (vomiting in one patient and diarrhea in another, both in group A).

349 Analysis of baseline ctDNA
350 To better understand the biological impact of the afatinib–
351 cetuximab combination, we analyzed the EGFR mutations in the
352 ctDNA of patients included in the study.
353 At baseline, blood samples were available for 104 patients in total
354 (54 in group A and 50 in group Aþ C); of these, ctDNA was detected
355 for 81 (77.9%) patients (41 in group A and 40 in group Aþ C). EGFR
356 mutations were consistent with those found in the tissue. Use of digital
357 polymerase chain reaction (dPCR) made it possible to measure allele
358 frequencies. The median allele frequency of the mutated allele com-
359 pared with unmutated alleles was 4.3% (range, 0.05%–92.8%) overall,
360 and similar in both groups [median (range) values: 4.5% (0.05%–
361 52.8%) in group A; 3.7% (0.1%–92.8%)] in group A þ C].
362 Multivariate analyses were performed using a Cox proportional
363 hazard regression model, adjusted according to stratification factors.

365The presence of ctDNA at baseline was not predictive of objective
366response (Supplementary Table S2) or better PFS [HR, 1.86 (0.96–
3673.62); P ¼ 0.0671] in the adjusted analysis. However, allele frequency
368greater than the median value (4.3%) was associated with shorter PFS
369compared with patients with allele frequency below the median value
370[HR, 1.95 (1.11–3.41), P ¼ 0.02; see Fig. 2D]. Accordingly, for
371increasing values of allele frequency, PFS was poorer [HR 1.02
372(1.00–1.03), P ¼ 0.018]. This remained true whatever the treatment
373arm (Supplementary Table S3).
374For 74 of the 81 patients who were ctDNA positive at baseline, we
375were able to analyze plasma collected after 2 weeks of afatinib in the
376two arms of treatment, as cetuximab was added at day 15. A bR was
377observed in 49 patients (66.2%): 22/35 (62.9%) in group A and 27/39
378(69.2%) in group A þ C. However, the bR was not associated with an
379improved PFS or OS.

380Analysis of ctDNA at progression
381AtRECISTprogression (n¼ 76), a blood samplewas available for 48
382patients (67.6%; 25 in group A, 23 in group A þ C). Of these, ctDNA
383was detectable in 27 patients (56.3%): 12 in group A (48.0%) and 15 in
384group A þ C (65.2%). A T790M mutation was detected in 9 of the
38527 patients (33.3%) in whom the EGFR-activating mutation was
386detectable (6 of 12 patients in group A and 3 patients of 15 patients
387in group A þ C). The presence of a T790M mutation was not
388associated with better PFS. For the 9 patients who were T790M

Table 1. Patient baseline and demographic characteristics (ITT populationa).Q5

Afatinib Afatinib þ cetuximab Total
Characteristic (N ¼ 59) (N ¼ 58) (N ¼ 117)

Age, years
Median 68.1 63.8 64.7
Range (34; 86.2) (41.7; 84.3) (34; 86.2)

Gender, n (%)
Female 43 (72.9) 41 (70.7) 84 (71.8)
Male 16 (27.1) 17 (29.3) 33 (38.2)

Smoking history
No 35 (59.3) 32 (55.2) 67 (57.3)
Yes 24 (40.7) 26 (44.8) 50 (42.7)

Median (range) (pack.years) 20 (2–112) 16 (1–60) 18 (1–112)
EGFR mutation type, n (%)

Deletion exon 19 33 (55.9) 32 (55.2) 65 (55.6)
Mutation G719X exon 18 2 (3.4) 0 2 (1.7)
Mutation L858R exon 21 23 (39) 24 (41.4) 47 (40.2)
Mutation L861Q 1 (1.7) 2 (3.4) 3 (2.6)

ECOG performance status, n (%)
0 21 (35.6) 21 (36.2) 42 (35.9)
1 38 (64.4) 36 (62.1) 74 (63.2)
2 0 1 (1.7) 1 (0.9)

TNM stage, n (%)
IIIa 1 (1.7) 0 1 (0.9)
IIIb 0 3 (5.2) 3 (2.6)
IVa 17 (28.8) 13 (22.4) 30 (25.6)
IVb 41 (69.5) 42 (72.4) 83 (70.9)

Brain metastases, n (%)
No 44 (74.6) 46 (79.3) 90 (76.9)
Yes 15 (25.4) 12 (20.7) 27 (23.1)

Histologic type, n (%)
Adenocarcinoma (unspecified) 57 (96.6) 56 (96.6) 113 (96.6)
Non–small cell non-squamous cancer 1 (1.7) 1 (1.7) 2 (1.7)
Mixed carcinoma 1 (1.7) 1 (1.7) 2 (1.7)

aITT population comprised all included and randomized patients.
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391positive, median PFS values were similar for the two treatment groups
392[11.0 months (95%CI, 5.4–24.7) in group A and 12months (7.3–13.8)
393in group A þ C].

394Discussion
395In this randomized phase II study (ACE-Lung study), we did not
396observe any benefit of adding cetuximab to afatinib for the first-line
397treatment of EGFR-mutated NSCLC. The safety profile was manage-
398able andwas consistent with that reported previously for double EGFR
399inhibition (14, 15).
400Currently, first-line treatment ofEGFR-mutatedNSCLC is based on
401first, second, or third-generation EGFR TKIs. Both second- and third-
402generation TKIs have shown superiority to the first-generation agents,
403as demonstrated in the LUX LUNG 7 (9), ARCHER (9, 10), and
404FLAURA (24) trials. On the other hand, second-generation TKIs have
405never been compared with third-generation molecules. Regardless of
406the TKI used, tumor progression occurs almost systematically. The
407mechanisms behind the acquired resistance are mainly the T790M
408mutation in the case of first- or second-generation TKIs, which can be
409targeted by osimertinib, a third-generation, irreversible EGFRTKI that
410selectively inhibits both EGFR TKI-sensitizing and EGFR T790M
411resistance mutations. Resistance mechanisms to third-generation
412TKIs, however, are much more varied and difficult to target (25–27).
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Figure 2.

Time to treatment failure (A), PFS (B), and OS (C) and PFS according to EGFR-mutant allele frequencies < or ≥ to the median value at baseline (D).

Table 2. Response rates and disease control (eligible population).

Afatinib
Afatanib þ
cetuximab

(N ¼ 59) (N ¼ 57)

Response after 2 treatment cycles, n (%)
Complete response 2 (3.4) –

Partial response 40 (67.8) 37 (64.9)
Stable disease 16 (27.1) 16 (28.1)
Progressive disease – 1 (1.8)
Not done/evaluable 1 (1.7) 3 (5.3)
Objective response ratea 42 (71.2) 37 (64.9)
Disease control rateb 58 (98.3) 53 (93)

Best response, n (%)
Complete response 3 (5.1) 2 (3.5)
Partial response 42 (71.2) 42 (73.7)
Stable disease 13 (22.0) 9 (15.8)
Progressive disease – 1 (1.8)
Not done/evaluable 1 (1.7) 3 (5.3)
Objective response ratea 45 (76.3) 44 (77.2)
Disease control rateb 58 (98.3) 53 (93.0)

aObjective response rate ¼ complete response þ partial response.
bDisease control rate¼ complete responseþ partial responseþ stable disease.
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415 Thus, strategies to improve the effectiveness of first-line treatment
416 while preserving the possibility of using third-generation TKIs are
417 therefore under consideration. Such strategies are based mainly on
418 therapeutic combinations, for example, with chemotherapy, anti-
419 angiogenics, other targeted therapies or combinations of TKIs and
420 antibodies directed against the same target (28).
421 Based on preclinical studies, double EGFR inhibition by TKI and
422 antibodies directed against EGFR ismore effective than TKI inhibition
423 alone, whether targeting initial mutations (13) or certain resistance
424 mechanisms (29). The present study is the first publication to report
425 the results of a therapeutic combination of afatinib with a fixed
426 duration of cetuximab. Results from the SWOG S1403 study (23)
427 showed a lack of benefit from the addition of cetuximab to afatinib,
428 both maintained until disease progression or unacceptable toxicity, in
429 the first-line treatment of EGFR-mutated NSCLC. One of the causes of
430 failure was suspected to be the increased toxicity of the afatinib–
431 cetuximab combination, which resulted inmore grade 3 or higher AEs,
432 and more dose reductions than afatinib alone. The ACE-Lung study
433 was designedwith particular attention to limit the risk of toxicity of the
434 combination: cetuximabwas introduced 2weeks after starting afatinib,
435 first at mid-dose and then at full dose, and appropriate dose reduction
436 strategies were employed. Treatmentwith the combinationwas limited
437 to a period of 6months with the objective of reducingminimal residual
438 disease. Interestingly, we did not observemore AEs in the combination
439 group than in the afatinib group.Moreover, we chose to use TTF as the
440 primary endpoint to take into account the potential toxicity of afatinib
441 and cetuximab combination and found similar differences between the
442 2 groups regarding TTF and PFS. Altogether, these results suggest that
443 increased toxicity is not the reason for the lack of efficacy of afatinib
444 and cetuximab combination.
445 The reasons for the lack of additional efficacy of adding cetuximab
446 to afatinib, whereas it was found active in pretreated patients and in
447 animal models as first-line therapy, remain poorly understood. This is
448 unlikely to be due to the limited duration of cetuximab treatment,
449 because maintaining cetuximab until progression has also not dem-
450 onstrated any benefit on PFS in the SWOG S1403 study (30). Con-
451 sistent with our initial hypothesis, the proportion of T790Mmutations
452 was not significantly different between the two groups, suggesting that
453 cetuximab did not alter the type of resistance mechanism. Research
454 into other resistance mechanisms will be important to confirm this
455 hypothesis and better understand the biological impact of the afatinib–
456 cetuximab combination. Conceivably, the afatinib–cetuximab combi-

458nation may not be active on residual disease. Different results between
459animal models and human patients may result from differences in the
460genetic background.HumanEGFR-mutated tumors frequently harbor
461other mutations, usually seen as passenger mutations. However, these
462mutations may have an impact on response to EGFR TKIs and may
463have limited the antitumor activity of A þ C (31, 32). Another
464hypothesis is that A þ C combination may be more active in TKI-
465pretreated tumors than in TKI-na€�ve tumors. This could be due to a
466higher dependency on EGFR signaling following therapeutic pressure
467with prior EGFR TKI, as emphasized by the acquired T790M muta-
468tion, or a differential EGFR expression. Indeed, EGFR downregulation
469has been observed in TKI-resistant EGFR-mutant tumors (33).
470Because EGFR overexpression has been proposed as a mechanism of
471resistance to A þ C, this could explain the higher sensitivity of TKI-
472pretreated tumors to this combination (34).
473Our study also provides original data on the detection of EGFR
474mutations on ctDNA in the context of a prospective randomized study.
475We confirm the feasibility of detecting baseline EGFRmutations, with
476good sensitivity, in line with what has been reported in the litera-
477ture (35, 36). Interestingly, the allele frequency of the EGFRmutation
478in ctDNA was associated with shorter PFS, regardless of the treatment
479received in this prospective trial. This could reflect a higher tumor
480burden. Although we did not find any association of allele frequency
481with tumor stage, the analysis was limited by the high proportion of
482patients with stage IVb disease. Whether this result may help to select
483which patients could benefit from more intensive strategies such as
484combination of EGFR TKI and chemotherapy remains uncertain.
485On the other hand, the detection of ctDNA at progression was less
486sensitive. This is likely because in this prospective study, progression
487was defined by RECIST radiologic progression, which corresponds to
488an increase in the sum of the diameters of the target lesions by 20% or
489the appearance of new lesions. Thus, RECIST progression can be
490retained even if the tumor volume remains relatively low, which then
491decreases the chances of detection of ctDNA. Although trials are
492currently being conducted to assess the relevance of the use of ctDNA
493to determine tumor progression (37), our results suggest that detecting
494molecular progression earlier than radiologic progression will require
495different technical approaches.
496In conclusion, our findings from the phase II ACE-Lung study
497suggest that addition of cetuximab to afatinib does not warrant further
498investigation in treatment-na€�ve patients with advancedEGFR-mutant
499NSCLC. Baseline ctDNA could help identify different patient profiles
500benefiting from EGFR inhibition.

501Authors’ Disclosures
502A.B. Cortot reports grants from Boeringher-Ingelheim during the conduct of the
503study; personal fees and nonfinancial support from Astra Zeneca and Pfizer, grants,
504personal fees, and nonfinancial support from Roche and Novartis, personal fees and
505nonfinancial support from MSD, BMS, and Takeda, and grants from Merck, outside
506the submitted work. A. Madroszyk reports other support from Boehringer and MSD
507during the conduct of the study; other support fromRoche, Pfizer, Astra Zeneca, BMS,
508and Prostrakan outside the submitted work. E. Giroux-Leprieur reports grants,
509personal fees, and nonfinancial support from AstraZeneca, Bristol-Myers-Squibb,
510Roche, personal fees and nonfinancial support fromBoehringer Ingelheim,MSD, and
511Takeda, and personal fees from Novartis from outside the submitted work.
512O. Molinier reports personal fees from AstraZeneca, MSD, BMS, AMGEN, Takeda,
513and MENARINI outside the submitted work. E. Quoix reports grants from Boeh-
514ringer Ingelheim and Ligue Nationale contre le Cancer during the conduct of the
515study; personal fees and other from BMS and Chugai, other from Roche and Takeda,
516and personal fees from Novartis outside the submitted work. H. Berard reports other
517fromMSD, Roche, and Novartis outside the submitted work. D. Moro-Sibilot reports
518grants, personal fees, and nonfinancial support from Boehringer Ingelheim, Roche,
519BMS, Pfizer, Astra Zeneca, and Merck, personal fees and nonfinancial support from

Table 3. Summary of treatment-related adverse events (safety
population).

Afatinib
Afatanib þ
cetuximab

Treatment-related adverse events (N ¼ 59) (N ¼ 57)

All treatment-related AEs 59 (100) 56 (98.2)
Grade 3 22 (37.3) 30 (52.6)
Grade 4 3 (5.1) —

Treatment-related serious AEsa 12 (20.3) 5 (8.8)
Related to afatinib only 12 (20.3) 1 (1.8)
Related to cetuximab only — 1 (1.8)
Related to afatinib and cetuximab — 3 (5.3)

Treatment-related AEs leading to study
discontinuation

6 (10.2) 9 (15.8)

AEs leading to death — —

aData presented are number of patients with AE (% of patients).

First-line Afatinib plus Cetuximab for EGFR-Mutated NSCLC

AACRJournals.org Clin Cancer Res; 2021 7

e.amour
Texte souligné 
Italicized

e.amour
Texte souligné 
Italicized

e.amour
Texte souligné 
Italicized

e.amour
Texte souligné 
Please correct Afatinib



522 MSD, and Takeda, and AbbVie, outside the submitted work. E. Pichon reports
523 nonfinancial support from Takeda, personal fees from Roche and AstraZeneca
524 nonfinancial support from BMS outside the submitted work. B. Huret reports
525 personal fees from Roche, AstraZeneca, BMS, and Boehringher Ingelheim outside
526 the submitted work. M. Denis reports grants and personal fees from Astra Zeneca,
527 Takeda, grants from BluePrint Medicines, personal fees from BMS, Boehringer
528 Ingelheim, Roche Diagnostics, and AMGEN outside the submitted work. J. Cadranel
529 reports personal fees from BI, grants and personal fees from Astra Zeneca, Pfizer,
530 Novartis, personal fees from Roche, MSD, BMS, and Takeda outside the submitted
531 work. No disclosures were reported by the other authorsQ6 .

532 Authors’ Contributions
533 A.B. Cortot: Conceptualization, writing–original draft, writing–review and editing.
534 A. Madroszyk: Investigation, writing–review and editing. E. Giroux-Leprieur:
535 Investigation, writing–review and editing. O. Molinier: Investigation, writing–
536 review and editing. E. Quoix: Investigation, writing–review and editing.
537 H. Berard: Investigation, writing–review and editing. J. Otto: Investigation,
538 writing–review and editing. I. Rault: Investigation, writing–review and editing.
539 D. Moro-Sibilot: Investigation, writing–review and editing. J. Raimbourg: Investi-
540 gation, writing–review and editing. E. Amour: Project administration, writing–
541 review and editing. F. Morin: Project administration, writing–review and editing.
542 J. Hureaux: Investigation, writing–review and editing. L. Moreau: Investigation,
543 writing–review and editing.D. Debieuvre: Investigation, writing–review and editing.
544 H. Morel: Investigation, writing–review and editing. A. Renault: Investigation,
545 writing–review and editing. E. Pichon: Investigation, writing–review and editing.
546 B. Huret: Investigation, writing–review and editing. S. Charpentier: Investigation,
547 writing–review and editing. M.G. Denis: Investigation, writing–original draft,
548 writing–review and editing. J. Cadranel: Conceptualization, investigation,
549 writing–original draft, writing–review and editingQ7 .

551Acknowledgments
552Medical writing assistance was provided by Dr Sarah Hopwood (Scinopsis,
553France), funded by IFCT. We thank the participating patients and their families as
554well as the study teams involved in the trial, the clinical research assistants, study
555coordinators and IFCT operations staff. We thank the staff of the department of
556Biochemistry, CHU de Nantes. We also thank all the participating investigators:
557Dr AnneMadroszyk (institut Paoli Calmette, Marseille), Dr Etienne Giroux Leprieur
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