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secondary endpoints included progression-free survival
(PFS), safety and health-related quality of life (EQ-5D,
Lung Cancer Symptom Scale (LCSS)). Results: The 96
German SQUIRE patients with EGFR-expressing tumors
Summary
(GC + N 42, GC 54) received a median of 4 GC cycles; the
Background: In the SQUIRE study, adding the anti- GC + N patients received 5 cycles of necitumumab. Addepidermal growth factor receptor (EGFR) IgG1 antibody ing necitumumab was associated with 41% risk reducnecitumumab to first-line gemcitabine and cisplatin tion of death (hazard ratio (HR) 0.59, 95% confidence
(GC + N) in advanced squamous non-small-cell lung can- interval (CI) 0.37–0.94, p = 0.026) and 44% risk reduction
cer (sqNSCLC) significantly improved overall survival of progression (HR 0.56, 95% CI 0.33–0.95, p = 0.029). Ad(OS); the safety profile was acceptable. We explored verse events typically associated with EGFR antibody
data for the German subpopulation (N = 96) of SQUIRE treatment (including rash, hypomagnesemia) were more
patients with EGFR-expressing tumors. Patient and common with GC + N. The time to deterioration of the
Methods: Patients with stage IV sqNSCLC were rand- EQ-5D and LCSS scores showed no notable differences
omized 1: 1 to up to 6 cycles of open-label GC + N or GC between the treatment arms, except for appetite loss
alone. GC + N patients with no progression continued on (delayed for GC + N). Conclusion: The survival benefit
necitumumab monotherapy until disease progression or from adding necitumumab to first-line GC was more
intolerable toxicity. The primary endpoint was OS; the pronounced in the German SQUIRE subpopulation with
EGFR-expressing tumors than in the overall (intentionto-treat) population; toxicity was manageable and consistent with the overall population.

Platinum-based systemic chemotherapy has been the standard
of care for unresectable, metastatic non-small-cell lung cancer
(NSCLC) for decades and is the recommended first-line treatment
for most patients with good performance status (PS 0–2) [1]. Recent advances have resulted from the addition of targeted anti
cancer drugs to chemotherapy and from the availability of pemetrexed for NSCLC of non-squamous histology. Targeted agents
aim to inhibit tumor growth by interfering with cell signaling
involved in tumor progression, e.g. by blocking the signal transduction through the epidermal growth factor receptor (EGFR).
However, the use of EGFR tyrosine kinase inhibitors in NSCLC
has been confined to patients with non-squamous histology – primarily adenocarcinoma – with an activating EGFR mutation [2].
Squamous cell NSCLCs (sqNSCLCs), which make up 30% of all
NSCLCs [3], are different. They rarely carry activating EGFR mutations [4], and initial trials evaluating EGFR tyrosine kinase inhibitors in patients with sqNSCLCs were not successful. Development plans for several agents were halted due to their toxicity profiles [3]. One exception was the phase 3 FLEX trial where the addition of the chimeric EGFR antibody cetuximab to first-line
treatment with vinorelbine and cisplatin improved the overall
survival (OS) of patients with EGFR protein-expressing, advanced
NSCLC of any histological subtype [5], in particular in the subgroup of squamous cell cancers. As expected with an anti-EGFR
antibody, grade 3 acne-like skin rash (10% vs. < 1%), grade 3/4
diarrhea (5% vs. 2%), and grade 3/4 infusion-related reactions (3%
vs. 1%) were more common in the cetuximab arm [5]. The proportion of patients who had grade 3/4 febrile neutropenia was also
higher in the cetuximab arm (22% vs. 15%) [5].
The recently published multinational ‘Squamous NSCLC Treatment with the Inhibitor of EGF Receptor’ (SQUIRE) trial was the
largest randomized trial so far specifically evaluating a targeted
agent, necitumumab, in patients with squamous cell cancer [6].
Necitumumab is a DNA-derived second-generation human immunoglobulin G1 (IgG1) monoclonal antibody that specifically blocks
the EGFR ligand binding site of the EGFR. The addition of necitumumab to gemcitabine and cisplatin doublet (GC + N) chemotherapy was associated with a 16% reduction in the risk of death [6].
The typical EGFR-associated toxicities were observed in the GC +
N arm, but there was no aggravation of chemotherapy-associated
toxicities; the overall safety profile was considered acceptable. Also,
safety profiles were generally similar for younger (< 70 years) and
older (≥ 70 years) patients [6].
SQUIRE had a total population of more than 1,000 patients [6].
The large sample size opens up the opportunity to explore the
treatment effects in specific subsets of patients, such as patients
with EGFR-expressing tumors or country-specific subgroups, to
identify any subgroups of patients with an additional benefit. Patients from different countries might differ in disease characteristics or comorbidities, post-study treatment, or the routine clinical
practice used, in particular if healthcare systems are different.
Therefore, we explored the benefit of adding necitumumab to GC
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treatment specifically in the subset of SQUIRE patients enrolled in
Germany, and then extended this exploration to a larger subset of
patients enrolled in Western European countries. Tissue collection
for study participants was mandatory, and knowing that necitumumab is targeting the EGFR, we pre-specified efficacy analyses
for the subpopulation of SQUIRE patients with EGFR-expressing
tumors [7].

Methods
Study Design
SQUIRE (NCT00981058) was an open-label, multicenter, 2-arm, ran
domized phase 3 study, to evaluate the effects of adding necitumumab to firstline GC chemotherapy in patients with previously untreated metastatic
sqNSCLC [6]. The study was designed as open-label study, based on the assumption that neither the physicians nor the patients would remain blinded
due to the expected occurrence of acne-like rash in the GC + N treatment, a
class effect of EGFR antibodies.
SQUIRE included mandatory pretreatment tissue collection. Tumor EGFR
protein expression was assessed by immunohistochemistry (IHC) in a central
laboratory with the EGFR PharmDx Kit (Dako, Glostrup, Denmark) and evaluated independently by 2 pathologists.
The study was done in compliance with the Declaration of Helsinki, the International Conference on Harmonisation Guidelines for Good Clinical Practice, and applicable local regulations. The protocol was approved by the ethics
committees of all participating centers, and all patients provided written informed consent before study entry. An independent data monitoring board assessed treatment safety during the study on a regular basis. The detailed study
design and randomization procedures have been published in the main
SQUIRE manuscript [6].
Patients
Between January 2010 and February 2012, a total of 1,093 patients were
enrolled at 184 sites in 26 different countries, including 20 sites throughout
Germany. Here, we report results for a subset of 96 patients with EGFR-
expressing tumors who were enrolled in Germany, and additionally present
supporting data for a larger population of 300 patients with EGFR-expressing
tumors enrolled in 9 Western European countries (Germany, France, Spain,
Greece, Italy, United Kingdom (UK), Portugal, Austria, and Belgium). Adults
(≥ 18 years) with histologically or cytologically confirmed stage IV sqNSCLC
(according to the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 7th edition) were eligible for enrolment. Other key inclusion criteria were an Eastern Cooperative Oncology Group (ECOG)-PS of 0–2, adequate
organ function, and the availability of tumor tissue for biomarker analysis. Key
exclusion criteria were: previous chemotherapy for advanced NSCLC, major
surgery in the 4 weeks before randomization, chest irradiation within the 12
weeks before randomization, the presence of brain metastases that were symptomatic or needed ongoing treatment with steroids or anticonvulsants, clinically relevant coronary artery disease or uncontrolled congestive heart failure,
and grade ≥ 2 peripheral neuropathy (National Cancer Institute-Common
Terminology Criteria for Adverse Events (NCI-CTCAE) version 3.0). Detailed
inclusion and exclusion criteria have been published in the main SQUIRE
manuscript [6].
Treatment
Patients were randomized 1: 1 to receive a maximum of 6 3-week cycles of
open-label treatment with GC or GC + N. Gemcitabine 1,250 mg/m2 was administered intravenously over 30 min on days 1 and 8 of each cycle. Cisplatin
75 mg/m2 was administered intravenously over 120 min on day 1 of each cycle,
starting at least 30 min after the gemcitabine administration. Patients assigned
to GC + N received necitumumab at an absolute dose of 800 mg intravenously
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Introduction

Randomized
96 patients

Assigned to / Treated with
GC + N
42 patients
(ITT/ Safety population)

Assigned to / Treated with
GC
54 patients
(ITT/ Safety population)
Completed GC phase: 10 patientsb
Discontinued treatment: 44 patientsa

Discontinued treatment: 40 patientsa
Progressive disease
Adverse event
Death
Consent withdrawn
Lost to follow-up
Other

On treatment
at data cut-off
2 patients

14 (33.3%)
10 (23.8%)
5 (11.9%)
3 ( 7.1%)
1 ( 2.4%)
7 (16.7%)

Progressive disease
Adverse event
Consent withdrawn
Death
Other

18 (33.3%)
11 (20.4%)
2 ( 3.7%)
3 ( 5.6%)
10 (18.5%)

On treatment
at data cut-off
0 patients

Fig. 1. Disposition of patients with EGFR-expressing tumors e nrolled in Germany (N = 96).
aPrimary reasons for treatment discontinuation are given. Differences between arms in terms of patients discontinuing treatment due to
disease progression and withdrawal of consent are attributable to the study design; i.e., patients in the GC + N arm could receive up to 6
cycles of GC chemotherapy plus necitumumab followed by necitumumab continuation therapy until withdrawal criteria were met,
whereas patients in the GC arm could only receive up to 6 cycles of GC chemotherapy treatment and were then followed for disease
progression.
bPatients who completed 6 cycles of GC chemotherapy. GC = gemcitabine plus cisplatin, EGFR = epidermal growth factor receptor,
GC + N = gemcitabine plus cisplatin plus necitumumab.

Outcomes
The primary outcome of the study was OS, defined as the time from randomization to death from any cause. Secondary endpoints reported here include
progression-free survival (PFS), objective tumor response, health-related quality of life (HRQoL), and safety of necitumumab.
Tumor response was assessed radiographically according to Response Evaluation Criteria in Solid Tumors (RECIST) 1.0 [8] at baseline (i.e. within 21 days
before randomization) and then every 6 weeks following the first dose of study
therapy until radiographic documentation of PD. The objective response rate
was defined as the proportion of patients with a best overall response of complete response (CR) or partial response (PR). PFS was defined as the time from
randomization until the first radiographic documentation of objective PD or
death from any cause. Adverse events were coded according to the Medical Dictionary for Regulatory Activities (MedDRA, version 16.0) and graded using
NCI-CTCAE version 3.0. HRQoL was assessed using the EuroQol five dimensions questionnaire (EQ-5D) [9] and the Lung Cancer Symptom Scale (LCSS)
[10]. The EQ-5D captures the patient-reported health status and was converted
to a single index value using the published algorithm for the UK general population, in the absence of a validated algorithm for the German general popula-
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tion. Secondly, SQUIRE patients rated their own health state on a 100-mm visual analogue scale (VAS). The LCSS evaluates patient-reported lung cancer
symptoms as well as the patient’s ability to carry out normal activities and the
current quality of life. The time to deterioration of the EQ-5D VAS, EQ-5D
index and LCSS scores was calculated as the time from randomization to the
first post-baseline deterioration. For the EQ-5D VAS score, deterioration was
defined as an increase of ≥ 12 points from the baseline score [11]. For the
EQ-5D index score, deterioration was defined as an increase of ≥ 0.11 points
from the baseline score [11]. For the LCSS scores, deterioration was defined as
an increase of ≥ 15 mm from the baseline score [12].
Statistical Analysis
The planned total sample size for SQUIRE was 1,080 patients. The primary
analysis was planned to be conducted as soon as 844 deaths had occurred [6].
Exploratory analyses were pre-specified for patients with EGFR protein-expressing (EGFR > 0) and -non-expressing (EGFR = 0) tumors. Here, we report
exploratory subgroup data for the subset of patients with EGFR-expressing tumors enrolled in Germany (N = 96), and for patients with EGFR-expressing
tumors enrolled in the 9 Western European countries (N = 300). Data cut-off
was on the same date as for the primary analysis (June 17, 2013). All randomized patients were included in the efficacy analysis. Safety was assessed in all
patients who received at least 1 dose of study medication.
OS, PFS, and the time to deterioration of the EQ-5D and LCSS scores were
estimated using the Kaplan-Meier method [13] and compared between treatment arms by unstratified log-rank tests. Hazard ratios (HRs) and their 95%
confidence intervals (CIs) for GC + N versus GC were estimated from unstratified Cox proportional hazards models [14]. The objective response rate
was estimated by treatment arm. SAS version 9.1.3 was used for all data
analyses.
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on days 1 and 8, over a minimum of 50 min and before gemcitabine administration. Antiemetic premedication for gemcitabine and cisplatin was administered
according to local practice. Pre-emptive treatment for skin toxicity was allowed
only after the first cycle. Hypomagnesemia was treated according to local practice. After 6 cycles of chemotherapy, GC + N patients who had not progressed
continued on necitumumab alone until radiographic documentation of progressive disease (PD) or intolerable toxicity (continuation phase). Dose modifications of chemotherapy or necitumumab were allowed according to protocoldefined criteria [6].

GC + N arm
(N = 42)
Median age, years (range)
64 (51–74)
Age group, n (%)
< 65 years
23 (54.8)
≥ 65 years
19 (45.2)
< 70 years
36 (85.7)
≥ 70 years
6 (14.3)
Sex, n (%) male
31 (73.8)
Ethnic origin, n (%) white
42 (100)
Smoking history, n (%) current smoker
40 (95.2)
ECOG-PS, n (%)
0–1
42 (100)
2
0
Disease histology, n (%)
Squamous
42 (100)
Disease stage, n (%)
IV
41 (97.6)
IIIB (without malignant pleural effusion)a 1 (2.4)
Number of metastatic organ systems, n (%)
1
9 (21.4)
2
13 (31.0)
>2
20 (47.6)
Most common sites of metastatic disease, n (%)
Lung
34 (81.0)
Lymph nodes
27 (64.3)
Bone
9 (21.4)
Pleural
8 (19.0)
Liver
9 (21.4)
Brain
5 (11.9)

GC arm
(N = 54)
63.5 (47–75)
30 (55.6)
24 (44.4)
45 (83.3)
9 (16.7)
41 (75.9)
52 (96.3)
52 (96.3)
51 (94.4)
3 (5.6)
54 (100)
53 (98.1)
1 (1.9)
5 (9.3)
19 (35.2)
30 (55.6)
44 (81.5)
41 (75.9)
21 (38.9)
16 (29.6)
7 (13.0)
1 (1.9)

aThe

patients with stage IIIB disease without malignant pleural effusion were
accidentally enrolled.
AJCC = American Joint Committee on Cancer, ECOG-PS = Eastern
Cooperative Oncology Group performance status, EGFR = epidermal growth
factor receptor, GC = gemcitabine plus cisplatin, GC + N = gemcitabine
plus cisplatin plus necitumumab, N = number of patients per treatment arm,
n = number of patients with event.

Results
Patient Disposition
Of the 1,093 patients enrolled into SQUIRE, 108 were enrolled
in Germany. Of these, 97 patients had tumor tissue available and
96 with EGFR-expressing tumors were included in the analysis. Of
these, 42 patients were randomly assigned to GC + N and 54 to GC
and entered the chemotherapy phase (fig. 1). PD/death (GC + N
45.2%, GC 38.9%) and adverse events (GC + N 23.8%, GC 20.4%)
were the most common reasons for treatment discontinuation in
the German subpopulation (fig. 1). Differences between arms in
terms of patients discontinuing treatment due to disease progression were attributable to the study design: patients in the GC + N
arm received up to 6 treatment cycles with GC plus necitumumab
during the chemotherapy phase followed by necitumumab continuation treatment until withdrawal criteria were met, whereas pa-
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tients in the GC arm received up to 6 cycles of GC chemotherapy.
In the GC + N arm, 13 of 42 patients (31.0%) continued with necitumumab monotherapy after completing the chemotherapy phase.
2 of these patients were still receiving necitumumab at the data cutoff date.
The larger population of SQUIRE patients enrolled in the 9
Western European countries, including Germany, had a total of
348 patients. Of these, 313 had tumor tissue available and 300 with
EGFR-expressing tumors were included in the analysis (GC + N
145, GC 155 patients; 298 evaluable for safety). Data for this population are presented in appendix 2, www.karger.com/?DOI=448085.
Patient Characteristics
The demographic and disease characteristics of the German
subpopulation with EGFR-expressing tumors were generally similar to those for the overall study population, except for the location
of metastases. In particular, bone metastases were more frequent in
the German subpopulation than in the overall population (31.3%
vs. 23.0%; appendix table S1.1, www.karger.com/?DOI=448085).
The baseline characteristics (age, ethnic origin, sex, PS, tumor
stage) of the German subpopulation were similar in both treatment
arms (75.0% male, 15.6% ≥ 70 years; table 1), except for the locations of metastases which were distributed differently. In particular, liver and brain metastases were more frequent in the GC + N
arm whereas bone and pleural metastases were more common in
the GC arm (table 1). This imbalance was less pronounced in the
larger Western European population (appendix table S2.1, www.
karger.com/?DOI=448085).
Treatment Exposure
Patients of the German subpopulation received a median of 4
GC treatment cycles in both arms (appendix table S1.2, www.
karger.com/?DOI=448085). For gemcitabine/cisplatin, the median
relative dose intensities were 81.8%/95.6% in the GC + N arm and
85.6%/91.3% in the GC arm. In the GC + N arm, patients received
a median of 5 cycles of necitumumab overall. The 13 patients who
started the necitumumab continuation phase received a median of
3 cycles (maximum 41 cycles) of single-agent necitumumab after
completing the chemotherapy phase (appendix table S1.2, www.
karger.com/?DOI=448085). The median relative dose intensity for
necitumumab was 92.6% overall and 95.5% during the continuation phase.
Survival and Response Data
Key efficacy data for the German subpopulation are summarized
in table 2. The addition of necitumumab to GC chemotherapy was
associated with a 41% reduction in the risk of death (HR: 0.59, 95%
CI 0.37–0.94, p = 0.026). The median OS was 12.4 months in the GC
+ N arm compared with 8.4 months in the GC arm. The KaplanMeier plots (fig. 2a) showed an early separation of the OS curves in
favor of the GC + N arm; this separation was maintained during the
whole duration of the study. The median duration of follow-up at
data cut-off was 30.3 months in the GC + N and 36.5 months in the
GC arm (p = 0.403); the censoring rate was 20.8%.

Reck et al.

Downloaded by:
194.176.105.170 - 12/16/2016 4:20:38 PM

Table 1. Baseline characteristics of patients with EGFR-expressing tumors
enrolled in Germany (N = 96)

Table 2. Efficacy endpoints of patients with
EGFR-expressing tumors enrolled in Germany
(N = 96)

GC + N arm (N = 42)

GC arm (N = 54)

OS
HR (95% CI)
p-Value
Events, n (%)
Median OS, months (95% CI)
PFS
HR (95% CI)
p-Value
Events, n (%)
Median PFS, months (95% CI)
Best overall response, n (%)
CR
PR
Objective response rate (CR + PR), % (95% CI)
SD
Disease control rate (CR + PR + SD), % (95% CI)
PD
Not evaluable/not assessed combined

0.59 (0.37–0.94)
0.026
29 (69.0)
47 (87.0)
12.4 (8.7–22.2)
8.4 (5.9–13.2)
0.56 (0.33–0.95)
0.029
24 (57.1)
37 (68.5)
6.2 (4.0–9.3)
4.2 (2.9–5.1)
0
16 (38.1)
38.1 (25.0–53.2)
18 (42.9)
81.0 (66.7–90.0)
4 (9.5)
4 (9.5)

0
12 (22.2)
22.2 (13.2–34.9)
27 (50.0)
72.2 (59.1–82.4)
6 (11.1)
9 (16.7)

CI = Confidence interval, CR = complete response, EGFR = epidermal growth factor receptor,
GC = gemcitabine plus cisplatin, GC + N, gemcitabine plus cisplatin plus necitumumab, HR = hazard
ratio, N = number of patients per treatment arm, n = number of patients with event, OS = overall survival,
PFS = progression-free survival, PD = progressive disease, PR = partial response, SD = stable disease.

Table 3. Systemic post-study anticancer therapy of patients with EGFR-
expressing tumors enrolled in Germany (N = 96)

b
Fig. 2. Overall (a) and progression-free (b) survival of patients with EGFRexpressing tumors enrolled in Germany (N = 96), Kaplan-Meier plots.

Necitumumab as Add-on to First-Line GC for
sqNSCLC

GC arm
(N = 54)

21 (50.0)
14 (33.3)
4 (9.5)
6 (14.3)
2 (4.8)
2 (4.8)
1 (2.4)
1 (2.4)
11 (26.2)

30 (55.6)
20 (37.0)
12 (22.2)
0
3 (5.6)
0
1 (1.9)
0
12 (22.2)

GC = Gemcitabine plus cisplatin, EGFR = epidermal growth factor receptor,
GC + N = gemcitabine plus cisplatin plus necitumumab, N = number of
patients per treatment arm, n = number of patients with event.

In the German subpopulation, the addition of necitumumab
to GC chemotherapy was also associated with a 44% reduction
in the risk of disease progression (HR: 0.56, 95% CI 0.33–0.95,
p = 0.029). The median PFS was 6.2 months in the GC + N arm
compared with 4.2 months in the GC arm (fig. 2b). The objective
tumor response rates were 38.1% in the GC + N arm and 22.2%
in the GC arm; all responses in the German population were PRs
(table 2). The disease control rates were 81.0% and 72.2%,
respectively.
The OS, PFS, and tumor response data for the Western European SQUIRE population are summarized in appendix table S2.2
(www.karger.com/?DOI=448085).
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a

Any post-study systemic therapy, n (%)
Docetaxel
Erlotinib
Gemcitabine
Vinorelbine
Pemetrexed
Gemcitabine/cisplatin
Paclitaxel/carboplatin
Other

GC + N arm
(N = 42)

Table 4. Summary of
adverse events during
the chemotherapy
phase in patients with
EGFR-expressing
tumors enrolled in
Germany (N = 96)

a

Any adverse event
Serious
Leading to treatment discontinuation
Leading to deathb
Hematologic toxicitiesc, n (%)
Neutropenia
Febrile neutropenia
Anemia
Thrombocytopenia
Non-hematologic toxicities of special interestc, n (%)
Fatigue
Hypomagnesemia
Skin reactions
Rash
Hypersensitivity/infusion-related reactions
Conjunctivitis
Interstitial lung disease
Arterial thromboembolic events
Venous thromboembolic events
Vomiting

GC + N arm (N = 42)

GC arm (N = 54)

Any grade

Grade ≥ 3

Any grade

Grade ≥ 3

42 (100)
25 (59.5)
17 (40.5)
4 (9.5)

33 (78.6)

54 (100)
31 (57.4)
13 (24.1)
4 (7.4)

40 (74.1)

14 (33.3)
0
9 (21.4)
14 (33.3)

11 (26.2)
0
4 (9.5)
8 (19.0)

21 (38.9)
0
22 (40.7)
17 (31.5)

19 (35.2)
0
9 (16.7)
6 (11.1)

24 (57.1)
8 (19.0)
35 (83.3)
33 (78.6)
4 (9.5)
6 (14.3)
0
3 (7.1)
10 (23.8)
8 (19.0)

2 (4.8)
3 (7.1)
3 (7.1)
2 (4.8)
1 (2.4)
0
0
2 (4.8)
7 (16.7)
0

32 (59.3)
5 (9.3)
11 (20.4)
10 (18.5)
1 (1.9)
5 (9.3)
0
3 (5.6)
6 (11.1)
10 (18.5)

8 (14.8)
3 (5.6)
0
0
0
0
0
1 (1.9)
3 (5.6)
2 (3.7)

12 (28.6)

8 (14.8)

aFor

Post-Study Systemic Therapy
In both treatment arms, ≥ 50% of the patients enrolled in
Germany received post-study systemic therapy (GC + N 50.0%, GC
55.6%), most commonly with docetaxel or erlotinib (table 3). Overall, post-study therapy was balanced between the treatment arms.
Safety Data
In the German subpopulation, the incidence of any treatmentemergent adverse events grade ≥ 3 during the chemotherapy phase
was 78.6% in the GC + N arm compared with 74.1% in the GC arm
(table 4), mainly driven by an increased incidence of skin rash and
hypomagnesemia in the GC + N arm. Treatment discontinuations
due to adverse events were 40.5% with GC + N and 24.1% with GC.
4 patients per treatment arm had fatal adverse events not related
to PD (GC + N: 1 gastric hemorrhage, 1 pneumonia, and 2 deaths
from unknown cause; GC: 1 neutropenic sepsis, 1 urosepsis, 1 encephalopathy, and 1 suicide). Grade 4 toxicities were reported
during the chemotherapy phase for 21.4% of the GC + N and
14.8% of the GC arm patients.
Skin reactions, in particular skin rash, occurred more frequently
in the GC + N than in the GC arm (table 4), but these were mainly
of grade 1/2. Seven patients in the GC + N arm (16.7%) and 3 patients in the GC arm (5.6%) had grade ≥ 3 venous thromboembolic
events during the chemotherapy phase. Grade 3 or higher arterial

544

Oncol Res Treat 2016;39:539–547

thromboembolic events were less common (GC + N 2 patients,
4.8%; GC 1 patient, 1.9%; table 4). No venous or arterial thromboembolic event was fatal. No case of interstitial lung disease was reported in the German subpopulation (Western European population: 2 cases in each arm).
Necitumumab continuation treatment was generally well tolerated: 4 of the 13 patients in the German subpopulation with EGFRexpressing tumors reported grade 3/4 treatment-emergent adverse
events during the continuation phase (no fatal events, 1 grade 4
neutropenia, 1 grade 3 anemia, 2 grade 3 skin reactions, 1 grade 3
venous thromboembolic event; appendix table S1.3, www.karger.
com/?DOI=448085), and no patient discontinued during the continuation phase due to adverse events. No arterial and only 1 venous thromboembolic event were reported during the continuation phase.
Patients in the GC + N arm required fewer transfusions
(GC + N 26.2%, GC 33.3%); there were no relevant differences regarding the proportion of patients hospitalized due to adverse
events (GC + N 54.8%, GC 51.9%). The median duration of hos
pitalization due to adverse events was 12 days in the GC + N arm
and 9 days in the GC arm.
Similar safety profiles were observed in the Western European
population (appendix tables S2.3 and S2.4, www.karger.com/?
DOI=448085).
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the GC + N arm, this includes all adverse events starting up to 30 days after the last dose of GC chemotherapy. Adverse events
starting later during the necitumumab continuation phase were evaluated separately (adverse events during necitumumab continuation
phase; appendix table S1.3).
bExcluding deaths due to disease progression.
cHematologic adverse events and non-hematologic adverse events of special interest include preferred terms and related terms as
identified by the authoring team (except for febrile neutropenia and weight loss, which are only preferred terms).
GC = Gemcitabine plus cisplatin, EGFR = epidermal growth factor receptor, GC + N = gemcitabine plus cisplatin plus necitumumab,
N = number of patients per treatment arm, n = number of patients with event.

Discussion
The overall (intent-to-treat, ITT) SQUIRE results in a broad population of more than 1,000 patients enrolled in 26 different countries
showed a 16% reduction in the risk of death for patients with stage
IV sqNSCLC who received the EGFR antibody necitumumab as
add-on to first-line standard-of-care GC doublet chemotherapy [6].
Necitumumab is known to target the EGFR. We now showed that,
in the smaller subset of 96 SQUIRE patients with EGFR-expressing
tumors enrolled in Germany, the survival benefit associated with the
addition of necitumumab was more pronounced than for the overall
population. Adding necitumumab reduced the risk of death by 41%
compared with GC chemotherapy alone. This survival benefit was
accompanied by a 44% reduction in the risk of progression. A similar increase in benefit was observed in the larger population of 300
patients with EGFR-expressing tumors enrolled in 9 different Western European countries (including Germany). Of note, the median
OS in the GC comparator arm of the German SQUIRE and Western
European populations were 8.4 and 8.9 months, respectively, and
thus within the expected range of 8–10 months for patients with
stage IV sqNSCLC [15], but slightly lower than the median OS for
the GC arm in the SQUIRE ITT population [6].
Patients with metastatic sqNSCLC as enrolled in SQUIRE have
a very high disease burden. The 2 treatment arms of the German
SQUIRE subpopulation were balanced except for the distribution
of the sites of metastases. Liver and brain metastases were more
frequent in the GC + N arm whereas bone metastases were more
common in the GC arm. Liver and brain metastases are associated
with very poor prognosis whereas bone metastases seem to have
less impact on survival [16, 17], indicating that the patients in the
GC + N arm might have had a poorer prognosis than the GC arm
patients. In the overall population, the incidence of liver metastases
was similar to that in the German subpopulation GC + N arm, as
was the incidence of bone metastases.
There were no relevant differences regarding the median relative
dose intensities of GC chemotherapy between the overall population
and the German subpopulation. The median relative dose intensities
of necitumumab in the GC + N arm were also similar, as was the
proportion of patients receiving post-study systemic therapy [6].
Demographic and disease characteristics as well as treatment
exposure for the German and Western European populations were
consistent with the larger overall population, leading us to hypo
thesize that other factors might explain the observed increase in

Necitumumab as Add-on to First-Line GC for
sqNSCLC

benefit. The increase in benefit was highly consistent between the
German and the broader Western European population, indicating
the robustness of these data. Differences in ethnicity are an unlikely cause, since the majority of patients were white in both populations, German and overall [6]. Coleman et al. [18] concluded in
a study from 2008 that regional differences in lung cancer survival
may reflect the varying prevalence and distribution of risk factors,
as well as disparities in the effective delivery of cancer control
measures. In addition, a substantial proportion of the lung cancer
burden across Europe may be attributed to environmental causes
of cancer including social and cultural practices such as heavy
smoking [18]. Further, the recently published EUROCARE-5 study
also identified regional differences in lung cancer survival [19].
Cancer survival was associated with economic factors such as investment into a country’s healthcare system [20]. The additional
survival benefit of the German and Western European subpopulations from necitumumab might thus be associated with differences
in healthcare systems and routine patient care, which might have
caused imbalances, e.g., regarding the access to optimal treatment
for comorbidities or the optimal post-study treatments [21, 22].
Consistent with safety data for the overall population [6], the
addition of necitumumab to GC chemotherapy was associated with
manageable toxicity, although there was an increase in adverse
events leading to treatment discontinuation. Hematologic toxicity
was similar in both arms; no increase in chemotherapy-associated
toxicities resulted from the addition of necitumumab. Non-hematologic toxicities were as expected and included those typically associated with the anti-EGFR monoclonal antibodies [2, 5, 6], such
as thromboembolic events [23], skin reactions (rash, mainly grade
1/2), and hypomagnesemia (mainly grade 1/2), all of which were
more common in the GC + N arm. Thromboembolic events have
also been associated with cisplatin-based chemotherapy as well as
metastatic NSCLC itself [23, 24]. Consistently, all but 1 thromboembolic event occurred during the chemotherapy phase. There was
only a single venous thromboembolic event during necitumumab
continuation treatment. Hypomagnesemia occurring during necitumumab treatment can be managed if magnesium levels are routinely monitored and any decrease is treated by providing magnesium supplementation [25].
In addition to the poor prognosis, patients with advanced metastatic NSCLC suffer from a high burden of disease, caused by their
cancer and their comorbidities such as fatigue, loss of appetite,
dyspnea and pain, associated with a significant deterioration of
HRQoL [26] and decreased OS [27]. Adding a third agent to the
current standard platinum-based doublet may gain additional
treatment benefit, but may also potentially be associated with negative effects on the patients’ HRQoL [28]. In the German SQUIRE
subpopulation, however, the addition of necitumumab to GC
chemotherapy did not cause an additional impairment of health
status (EQ-5D), lung cancer symptoms, the ability to carry out
normal activities, and quality of life (LCSS), when compared to the
GC arm. Furthermore, exploratory data from the global SQUIRE
population showed that the addition of necitumumab to GC was
increasingly effective as the disease burden (poor baseline LCSS)
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Health-Related Quality of Life
In both treatment arms, patients enrolled in Germany deteriorated over time in HRQoL, as assessed by EQ-5D and LCSS scores
(appendix table S1.4, www.karger.com/?DOI=448085). No relevant
differences in time to deterioration could be detected between the
treatment arms for all but 1 (loss of appetite) of the EQ-5D and
LCSS scores assessed. The median time to deterioration of the patients’ appetite was substantially delayed in the GC + N arm, from
2.6 to 11.7 months (HR 0.47, 95% CI 0.23–0.95).

increased, providing the greatest survival benefit in patients with
more severe symptoms or more severely reduced ability to carry
out normal activities or reduced quality of life [27].
Although of high interest for clinicians and healthcare providers, the results of exploratory subgroup analyses for German patients should be interpreted with caution because the study was not
powered for by-country analyses. However, the OS benefit was
statistically significant in spite of the underpowered sample size,
and consistent effects were seen for PFS and for both the German
and Western European populations. Another limitation is that not
all potentially confounding factors could be assessed, such as socio
economic factors. Also, treatment effects observed in randomized
clinical trials are not necessarily transferable to the real-life situation. Non-interventional studies evaluating the use patterns, effectiveness, and toxicity of necitumumab and other targeted agents in
real-life settings would be needed to evaluate the impact of socioeconomic factors and differences in patient care.
Future studies should be specifically designed to identify which
factors in routine patient care and healthcare settings might be predictive for patient benefit from necitumumab. This upcoming research, together with real-life data on the use of targeted agents,
will provide more clarity about the future use of necitumumab in
the routine care of patients with squamous cell histology.

Online Supplementary Material
Appendix 1. Additional data for patients enrolled in Germany
Appendix 2. Data for 300 patients with EGFR-expressing tumors en-

rolled in 9 Western European countries (including Germany)
To access the online supplementary material please refer to www.karger.
com/?DOI=448085.
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Conclusions
In subsets of SQUIRE patients with EGFR-expressing tumors
enrolled in Germany and other Western European countries, the
addition of necitumumab to first-line GC treatment of sqNSCLC
was associated with a clinically meaningful survival benefit, manageable toxicity, and no deleterious effects on HRQoL as measured
by the EQ-5D and LCSS. These data substantiate the findings for
the overall population indicating that the addition of necitumumab
to first-line GC treatment marks the first advance to improve patient care for hard-to-treat NSCLCs of squamous histology since
more than a decade.
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