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by 98 centers in Germany. Details on treatment, best response, and outcome were analyzed for patients with
KRAS wildtype, G12C, and non-G12C mutations.

Results: Within the study population, 160 (15.4 %) patients presented with KRAS G12C, 251 (24.2 %) with non-
G12C mutations, 628 (60.4 %) with KRAS wildtype. High PD-L1 expression (Tumor Proportion Score, TPS > 50
%) was documented for 28.0 %, 43.5 %, and 28.9 % (wildtype, G12C, non-G12C) of the tested patients; 68.8 %,
89.3 %, and 87.7 % of the patients received first-line treatment combined with an immune checkpoint-inhibitor
in 2019. TPS > 50 % vs. TPS <1 % was associated with a significantly decreased risk of mortality in a multi-
variate Cox model (HR 0.39, 95 % CI 0.26—0.60, p=<0.001). There were no differences in clinical outcome
between KRAS wildtype, G12C or non-G12C mutations and KRAS mutational status was not prognostic in the

model.

Conclusion: Here we describe the so far largest prospectively recruited cohort of patients with advanced NSCLC
and KRAS mutations, with special focus on the G12C mutation. These data constitute an extremely valuable
historical control for upcoming clinical studies that employ KRAS inhibitors.

1. Introduction

With an incidence of 2.09 million new cases in 2018, lung cancer
remains the most common cancer worldwide, and non-small cell lung
cancer (NSCLC) accounts for 85 % of the cases [1,2]. Despite advance-
ments in personalized treatment and precision medicine, the overall
five-year survival rate of patients with advanced NSCLC in Germany
remains low at 15-21 % [3,4]. The most frequent oncogenic driver
mutations are found in the KRAS gene, occurring in 20-40 % of the
NSCLC cases in Western populations [5-7]. KRAS mutations are more
prevalent in Western than in Asian populations, and more frequently
found in smokers than in non-smokers [reviewed in 8].

Although KRAS mutations in NSCLC tumors have been identified
more than 30 years ago, they have long been perceived as “undruggable”
and there is still no approved targeted therapy [9,10]. KRAS mutations
most frequently occur in codons 12, 13 and 61 [11]. In NSCLC, the vast
majority (87 %) of these point mutations are substitutions of glycine in
codon 12: G12C (42 %), G12V (21 %), G12D (17 %) and G12A (7%) [8].
Thus, the KRAS G12C mutation alone is found in approximately 11 % of
all mutated NSCLC cases [12]. The transversion mutations G12C and
G12V (substituting a pyrimidine for a purine or vice versa) are more
prevalent in smokers, while the transition mutations G12D and G12S
(substituting purine for purine or pyrimidine for pyrimidine) are more
prevalent in never-smokers [reviewed in 8,13]. Contradictory results on
the prognostic value of KRAS mutations in NSCLC have been published
[8,14,15] and similarly, the association of different KRAS mutation
subtypes with clinical outcomes remains unclear [16].

The published results on the prognostic value of KRAS G12C muta-
tions also vary greatly, probably due to different inclusion criteria and
methodologies: a small, retrospective study in routine care in China
reported better progression-free-survival (PFS) for patients with
advanced NSCLC and KRAS G12C mutations, compared to non-G12C
mutations [17]. A larger study in the United States (US) reported
similar clinical courses for patients with G12C and non-G12C mutations
in any stage lung adenocarcinoma, but poorer prognosis for patients
with G12C mutation and concurrent PD-L1 expression (Tumor Propor-
tion Score, TPS > 1%) [18]. A retrospective study in the US among pa-
tients with primary resected lung adenocarcinoma and a small study in
the Czech Republic on advanced NSCLC both reported worse survival for
patients with G12C mutations compared to those with non-G12C mu-
tations [19,20].

Recently, five KRAS inhibitors have entered Phase I/II clinical trials
in advanced solid tumors [reviewed in 12], among them three small
molecule inhibitors specific for the cysteine of the G12C mutation with
promising preliminary clinical data: AMG510 in August 2018, MRTX849
in January 2019, and JNJ-74699157 in July 2019 [21,22].

In light of these recent developments, and especially as these clinical
trials are primarily designed for treatment and have no control arm,
prospectively collected molecularly stratified outcome data from large
cohorts in routine care are of high relevance. Such data not only show
treatment reality before and after approval of new drugs but can also be
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used to estimate the number of patients currently tested for the mutation
of interest and thus being potentially eligible for the respective new
agent.

Here we present comprehensive, nationwide real-world data on a
large cohort of patients from Germany with advanced NSCLC tested for
KRAS mutations and without other druggable alterations, recruited into
the CRISP-registry. We analyzed the current treatment status, the
treatment regimen, the PD-L1 expression level and the outcome of pa-
tients with KRAS wildtype, KRAS G12C, and KRAS non-G12C mutations.

2. Patients and methods
2.1. Study design

CRISP is an open, non-interventional, prospective, multi-center
registry. The registry was reviewed by the responsible ethics commit-
tees and is registered at ClinicalTrials.gov (NCT02622581). For this
analysis, eligible patients are aged >18 years with histologically
confirmed NSCLC, stage IV (IVA and IVB, UICC7) or stage IIIB (UICC 7),
if ineligible for curative surgery and/or radiochemotherapy. The pa-
tients must be able to understand and willing to sign written informed
consent and to complete patient-reported-outcome assessment in-
struments. A maximum of four weeks’ time difference is allowed be-
tween start of palliative first-line systemic therapy and signed informed
consent. Patients are followed until death or end of the project. In order
to collect data representative for routine systemic treatment in Ger-
many, over 150 certified lung cancer centers, comprehensive cancer
centers, hospitals and office-based oncology practices located all over
Germany participate in CRISP. Study sites are encouraged to recruit
patients consecutively. Further details on the data collection in the
CRISP registry have been published previously [7].

The first patient was recruited into CRISP on December 17, 2015;
data cut for this interim analysis was June 30, 2019. In this analysis, all
patients with metastatic or locally advanced, inoperable NSCLC (here
collectively referred to as “advanced”) were included. Patients
harboring KRAS mutations were identified by the documented nucleo-
tide or protein sequence, as extracted from the molecular pathology
reports; for those patients with insufficient information on the protein
sequence (n=67), the nucleotide sequence was transformed to the
protein sequence when this information was at hand (n =11). The ma-
jority of KRAS mutations had been detected by next generation
sequencing (NGS, about 75 %). PD-L1 expression status was also
extracted from the pathology reports. PD-L1 expression as assessed by
immunohistochemistry was reported as PD-L1 tumor proportion scores
(TPS) for all patients.

Within the CRISP registry, every participating center/physician de-
cides for themselves to which pathology lab the samples are sent, which
test methods (e.g. NGS or standard sequencing) and which markers are
requested. Each pathology lab follows their own methodology of testing
and then reports the results back to the practice. The majority of pa-
thologists in Germany running molecular diagnostics follow the strict
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quality assurance guidelines given by the German Accreditation Body
(DAKKS, 1S017020).

2.2. Statistical analysis

Descriptive statistical analyses were performed by KRAS mutational
status (wildtype, G12C, non-G12C). Time to events were estimated using
the Kaplan-Meier method [23]. All survival analyses were calculated for
the outcome cohort: all patients, who have been observed for at least one
year (i.e. recruited until June 30, 2018). PFS was defined as the interval
between start of first-line treatment and the date of progression or death.
Patients without such an event before start of second-line treatment
were censored at start of second-line treatment or at last contact. OS was
defined as the interval between start of first-line treatment and the date
of death from any cause. Patients alive or lost to follow-up at data cut
(June 30, 2019) were censored at last contact. First-line treatment was
defined as any systemic palliative treatment, e.g. chemotherapy, or
immunotherapy/checkpoint-inhibitors.

For the outcome cohort, a Cox proportional hazards model was used
to identify potential independent prognostic factors for survival. The
following independent variables were examined for the model: age at
start of first-line treatment, body mass index (BMI) at enrollment, sex,
Charlson comorbidity index (CCI) [24] at diagnosis, ECOG performance
status, KRAS mutational status, and PD-L1 expression status at start of
first-line treatment. Confidence intervals (CI) for the regression co-
efficients were based on the Wald statistics. All presented P values are
two-sided, 5% will be interpreted as significant. There were no multi-
plicity adjustments to the level of significance.

All analyses were calculated using SAS software, Version 9.4 of the
SAS System for Windows. Copyright © 2002-2012 SAS Institute Inc. SAS
and all other SAS Institute Inc. product or service names are registered
trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.

3. Results
3.1. Patient and tumor characteristics

Until data cut for this interim analysis on June 30, 2019, a total of
4032 patients with advanced NSCLC have been recruited into the CRISP-
registry (flow chart see Fig. 1). Patients with missing documentation on
birth year, sex, tumor histology (squamous or non-squamous), molecu-
lar testing (yes/no), and missing start date of first-line therapy were
excluded). Of the 3717 evaluable patients, 1434 have been tested for
KRAS mutations. The exact type of KRAS mutation was not specified for
56 patients, these patients were excluded from the present analysis as
they could not be classified into the KRAS mutation subgroups.
Furthermore, patients with documented alterations in EGFR, ALK, ROS1,
or BRAF (n = 306), or treatment with a tyrosine kinase inhibitor, but not
(yet) documented targetable mutation (n = 4) were excluded, resulting
in the study cohort of 1039 patients with advanced NSCLC with KRAS
wildtype (n =628) or known KRAS mutation (n =411). Patients have
been recruited by 98 centers. Of all patients with KRAS mutations, 160
(38.9 %) presented with a G12C mutation, and 251 (61.1 %) with
another (non-G12C) mutation in the KRAS gene (Fig. 1).

Patient and tumor characteristics for the study cohort are shown in
Table 1. Median age at start of first-line treatment was 66 years in pa-
tients with KRAS wildtype, 65.5 years with G12C mutations, and 64
years with non-G12C mutations. The proportion of female patients was
32.8 % (wildtype), 44.4 % (G12C), and 48.2 % (non-G12C). Current
smoking was documented for 24.7 %, 40.6 %, and 31.1 % (wildtype,
G12C, non-G12G, respectively); one of the most frequent metastatic sites
were the bones with 26.8 %, 34.4 %, and 27.1 %, respectively (Table 1).

Of all 411 patients with KRAS mutations, the majority (69.6 %)
harbored transversion mutations (38.9 % G12C, 21.2 % G12V, 9.5 %
G12A), and 14.9 % of the patients presented with transition mutations
(13.9 % G12D, 1.0 % G128, Fig. 2A). In total, 90.3 % of the KRAS
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Patients with advanced NSCLC
n = 4,032

Evaluable patients
n=3,717

Tested for KRAS mutations
n=1,434

No test result yet n = 29

KRAS wildtype/mutation

n = 1,405
Othler dlruggltablet. N Type of KRAS mutation
molectiiaralSraton not specified n = 56
n=310
KRAS wildtype/known mutation
n=1,039
|
I | 1
KRAS KRAS KRAS
wildtype G12C non-G12C
n = 628 n =160 n =251

Fig. 1. Flow chart.

Patient flow chart of all patients with advanced NSCLC included in this analysis,
starting from the total number of patients recruited into the CRISP registry from
December 2015 until June 2019. *All patients with alterations in EGFR, ALK,
ROS1, or BRAF (n = 306), or treatment with a tyrosine kinase inhibitor, but not
(yet) documented targetable mutation (n =4) have been excluded.

mutations were in codon 12, another 6.3 % in codon 13 (including three
G13X mutations among the rare cases), and 3.4 % of the patients had
KRAS Q61H mutations (Fig. 2A).

With respect to PD-L1 expression, TPS > 50 % was documented for
20.4 %, 33.8 %, and 22.7 % of the patients (wildtype, G12C, non-G12C),
corresponding to 28.0 %, 43.5 %, and 28.9 % of the patients tested for
PD-L1 expression in the respective subgroup; TPS <1 % was docu-
mented for 11.1 %, 6.3 %, 11.6 % (wildtype, G12C, non-G12C), corre-
sponding to 15.3 %, 8.1 %, and 14.7 % of the patients tested for PD-L1
expression in the respective subgroup (Table 1, Fig. 2B).

3.2. Treatment

The current treatment status of all patients is shown in Fig. 2C-E. Of
all patients with first-line treatment, start of second-line treatment was
already documented for 32.0 % (wildtype, n =201), 26.3 % (G12C,
n=42), and 35.5 % (non-G12C, n = 89); start of third-line treatment for
7.3 % (wildtype, n = 46), 7.5 % (G12C, n = 12), and 10.8 % (non-G12C,
n =27). Of note, these percentages will increase over time, since treat-
ment was still ongoing for a large portion of patients at the time of this
analysis. The percentage of patients (wildtype, G12C, non-G12C), who
died during or after first-line treatment was 24.2 % (n = 152), 30.0 %
(n=48), and 23.5 % (n=59), respectively (Fig. 2C-E). These percent-
ages will also increase since follow-up is ongoing. At the time of analysis,
the proportion of patients currently on first-line therapy was 27.9 %
(n=175), 28.8 % (n=46), and 29.9 % (n=75); and the proportion
currently on second-line therapy was 7.8 % (n = 49), 5.6 % (n =9), and
6.0 % (n = 15), respectively (Fig. 2C-E).
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Table 1
Patient and tumor characteristics.
Characteristic at start of first-line treatment KRAS KRAS KRAS
wild type* G12C mutation non-G12C mutation
n=628 n=160 n=251
Age in years, median (25—75 % quartile) 66.0 (59.0—73.0) 65.5 (58.0—71.0) 64.0 (58.0—72.0)
<65 years 276 (43.9 %) 79 (49.4 %) 131 (52.2 %)
>65 years 352 (56.1 %) 81 (50.6 %) 120 (47.8 %)
Sex
Female 206 (32.8 %) 71 (44.4 %) 121 (48.2 %)
Male 422 (67.2 %) 89 (55.6 %) 130 (51.8 %)
Patients with any comorbidity 538 (85.7 %) 139 (86.9 %) 221 (88.0 %)
Comorbidities according to the CCI *
CCI=0" 338 (53.8 %) 89 (55.6 %) 155 (61.8 %)
CcCl>1+° 281 (44.7 %) 71 (44.4 %) 96 (38.2 %)
Other comorbidities
Diabetes without end organ damage 86 (13.7 %) 18 (11.3 %) 30 (12.0 %)
Arterial hypertension 286 (45.5 %) 62 (38.8 %) 128 (51.0 %)
Vasosclerosis 109 (17.4 %) 19 (11.9 %) 39 (15.5 %)
Performance Status
ECOG 0 166 (26.4 %) 60 (37.5 %) 86 (34.3 %)
ECOG 1 279 (44.4 %) 69 (43.1 %) 114 (45.4 %)
ECOG >2 68 (10.8 %) 14 (8.8 %) 17 (6.8 %)
Unknown 105 (16.7 %) 15 (9.4 %) 32 (12.7 %)
Missing 10 (1.6 %) 2 (1.3 %) 2 (0.8 %)
Smoking status
Current smoker 155 (24.7 %) 65 (40.6 %) 78 (31.1 %)
Former smoker (heavy) 298 (47.5 %) 57 (35.6 %) 98 (39.0 %)
Former smoker (intensity unknown) 32 (5.1 %) 11 (6.9 %) 11 (4.4 %)
Former smoker (light) 59 (9.4 %) 16 (10.0 %) 24 (9.6 %)
Never smoker 38 (6.1 %) 4 (2.5 %) 16 (6.4 %)
Unknown 46 (7.3 %) 7 (4.4 %) 24 (9.6 %)
Missing 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Histology
Non-squamous 524 (83.4 %) 159 (99.4 %) 247 (98.4 %)
Squamous 104 (16.6 %) 1 (0.6 %) 4 (1.6 %)
Metastasis
Yes 555 (88.4 %) 151 (94.4 %) 228 (90.8 %)
No 43 (6.8 %) 8 (5.0 %) 14 (5.6 %)
Not derivable (MX or missing) 30 (4.8 %) 1 (0.6 %) 9 (3.6 %)
Selected metastatic sites "
Adrenal gland 129 (20.5 %) 28 (17.5 %) 50 (19.9 %)
Bones 168 (26.8 %) 55 (34.4 %) 68 (27.1 %)
Brain 149 (23.7 %) 43 (26.9 %) 60 (23.9 %)
Extrathoracic lymph nodes 81 (12.9 %) 23 (14.4 %) 20 (8.0 %)
Liver 95 (15.1 %) 25 (15.6 %) 21 (8.4 %)
Lung (contralateral) 121 (19.3 %) 46 (28.8 %) 67 (26.7 %)
Pleura 96 (15.3 %) 21 (13.1 %) 45 (17.9 %)
PD-L1 expression
TPS > 50 % 128 (20.4 %) 54 (33.8 %) 57 (22.7 %)
1 %< TPS > 50 % 152 (24.2 %) 46 (28.8 %) 70 (27.9 %)
TPS<1 % 70 (11.1 %) 10 (6.3 %) 29 (11.6 %)
TPS unknown, documented positive 18 (2.9 %) 4 (2.5 %) 11 (4.4 %)
TPS unknown, documented negative 89 (14.2 %) 10 (6.3 %) 30 (12.0 %)
No PD-L1 testing 171 (27.2 %) 36 (22.5 %) 54 (21.5 %)

Data are number (%), unless indicated otherwise.

Abbreviations: CCI, Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group, TPS, tumor proportion score.
* Al patients without KRAS mutation. Patients with mutations in EGFR, ALK, ROS1, or BRAF were excluded (see flow chart).

@ Charlson Comorbidity Index (CCI) according to Quan [43].
b Multiple answers possible.

In first line of treatment, a checkpoint inhibitor (CPI) was received by
36.0 % (wildtype), 50.1 % (G12C), and 41.8 % (non-G12C) of the pa-
tients, either as monotherapy (21.2 %/31.3 %/21.1 %), or in combi-
nation with chemotherapy (CPI + CT, 14.8 %/18.8 %/20.7 %) (Fig. 3A).
A total of 47.1 % of the patients with KRAS wildtype, 38.2 % patients
with G12C mutations, and 47.0 % patients with non-G12C mutations
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received platinum-combination therapies (Fig. 3A).

The type of first-line treatments changed considerably since 2016:
while 57.1 % of the patients with G12C (40.0 % non-G12C) mutations
were treated with a combination chemotherapy of a platinum and a
taxane in 2016, none of the patients with G12C (4.1 % non-G12C)
mutations were treated with this combination in 2019 (Fig. 3B). These
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Fig. 2. Details on KRAS mutational status, TPS score and treatment status.

(A) Subtypes of KRAS mutations present of all patients with KRAS mutations in the study cohort. Rare: further mutations with very few cases each. (B) Proportion of
PD-L1 TPS expression levels in patients with KRAS wt, KRAS G12C, or KRAS non-G12C tumors. (C)-(E): Shown is the current treatment status of all patients with
advanced NSCLC and known KRAS mutation status at data cut on June 30, 2019, split up according to the type of KRAS mutation for (C) patients with KRAS wt, (D)
KRAS G12C mutation or (E) patients with other, non-G12C KRAS mutations. Of note, the patients with potential for a second-line treatment may also receive a third-
line treatment afterwards. Abbreviations: compl., completed; doc., documented; LTFU, lost to follow-up; neg., negative; pos., positive; TPS, tumor proportion score.

changes mirror the approval of pembrolizumab for PD-L1-positive
NSCLC in February 2017 and as combination with chemotherapy in
September 2018, as well as the approval of atezolizumab plus bev-
acizumab and chemotherapy for all patients with advanced NSCLC in
March 2019. Thereupon, 24.4 % (wildtype), 51.1 % (G12C) and 27.4 %
(non-G12C) of the patients received pembrolizumab monotherapy in
2017, mirroring the higher percentage of patients with KRAS G12C
mutation and high PD-L1 expression, and 54.2 % (wildtype), 75.0 %
(G12C) and 65.3 % (non-G12C) of the patients receiving a CPI-
combination therapy in 2019 (Table 1, Fig. 2B). A total of 68.8 %
(wildtype), 89.3 % (G12C) and 87.7 % (non-G12C) of the patients
received a first-line treatment based on a CPI in 2019 (Fig. 3B).

We grouped the first-line treatments into either chemotherapy (CT)
or checkpoint inhibitor with or without combination chemotherapy

55

(CPI+CT) and present the current sequential second-line treatment
regimen (Fig. 3C), showing that most patients with first-line chemo-
therapy received a CPI in their second-line of treatment: 54.7 % (wild-
type), 59.5 % (G12C), and 61.8 % (non-G12C). Since many patients had
not completed first-line treatment at the time of analysis, patients with
early disease progressions might be slightly over-represented in the
current second-line treatments, which should be considered when
interpreting the data.

3.3. Clinical outcome of patients with KRAS mutations

Survival estimates were calculated for the outcome sample, all pa-
tients with at least one-year follow-up (recruited until June 30, 2018).
The patient and tumor characteristics of the outcome sample are listed in
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A First-line treatment strategy
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(A) Top first-line treatment regimen split up for patients with KRAS wildtype, KRAS G12C mutations and KRAS non-G12C mutations. (B) First-line treatments over
time for patients with KRAS wt, KRAS G12C mutations, and patients with KRAS non-G12C mutations. Checkpoint inhibitors: pembrolizumab, atezolizumab, or
nivolumab; platinum agents: carboplatin or cisplatin; taxanes: nab-paclitaxel or paclitaxel; X: any substance combined with a checkpoint inhibitor. (C) Successive
treatment regimen in patients who already started a second line of treatment for patients with KRAS wt, KRAS G12C mutations, and patients with non-G12C
mutations. Proportions given for the second-line treatment refer to all patients with a documented second-line treatment. Abbreviations: CPI, checkpoint inhibi-
tor; CT, chemotherapy; PEM, Pemetrexed; TKI, tyrosine kinase inhibitor; wt, wildtype.

supplementary Table S1. KRAS wildtype patients were split up accord-
ing to non-squamous and squamous tumor histology. Median first-line
treatment duration of patients with completed first-line therapy was
79 days (wildtype non-squamous), 86 days (wildtype squamous), 75
days (G12C), and 94 days (non-G12C); the most common reason for end
of treatment was disease progression (Table 2). A (registry-) complete
response was documented for 3 (1.1 %) patients with wildtype non-
squamous, 2 (3.2 %) patients with wildtype squamous, 2 (2.3 %) pa-
tients with G12C mutations and none with other KRAS mutations; while
20.9 %, 19.0 %, 20.9 %, and 27.2 % (wildtype non-squamous, wildtype
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squamous, G12C, non-G12C) of the patients experienced a partial
response (Table 2).

No differences in clinical outcome could be seen between patients
with KRAS wildtype, G12C and non-G12C mutations, with a median PFS
of 5.7 months (95 % CI 4.9-6.6) for wildtype non-squamous, 6.0 months
(95 % CI 3.2-8.4) for wildtype squamous, 5.7 months (95 % CI 4.2-8.2)
for KRAS G12C, and 5.4 months (95 % CI 4.5-6.5) for KRAS non-G12C
(Fig. 4A). Median OS was 11.6 months (95 % CI 9.5-13.4) in KRAS
wildtype non-squamous, 15.8 months (95 % CI 10.5-20.4) in wildtype
squamous, 11.6 months (95 % CI 9.0-18.1) in G12C, and 10.4 months
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Characteristics of the patients in the outcome sample (recruited until June 30, 2018).

Characteristic at start of first-line treatment KRAS

wildtype non-squamous

n=2318

KRAS KRAS KRAS
wildtype squamous G12C mutation non-G12C mutation
n=67 n=101 n=146

65.0 (58.0-72.0)
90 (28.3 %)

278 (87.4 %)

78.5 (43.0-134.0)

Age in years, median (25—75% quartile)

ECOG 0

Patients with completed 1st-line treatments
Treatment duration [days], median (25—75% quartile)
Reason for end of treatment

Toxicity 21 (7.6 %)
Progression 99 (35.6 %)
According to protocol/guidelines 69 (24.8 %)
Other 85 (30.6 %)
Missing 4 (1.4 %)

Time to next treatment (TTNT)
Events
TTNT [months], median (95 % CI)

226 (71.1 %)
6.1 (5.4-6.8)

Registry best response ** 276 (99.3 %)

CR 3 (1.1 %)
PR 58 (20.9 %)
SD 86 (30.9 %)
PD 69 (24.8 %)
Unknown 60 (21.6 %)
Missing 2 (0.7 %)

69.0 (63.0-77.0)
13 (19.4 %)

63 (94.0 %)

86.0 (43.0—-137.0)

64.0 (58.0—-71.0)
44 (43.6 %)

86 (85.1 %)

75.0 (38.0—-129.0)

64.0 (58.0—-72.0)
51 (34.9 %)

136 (93.2 %)

94.0 (43.5-160.5)

3 (4.8 %)
19 (30.2 %)
19 (30.2 %)
22 (34.9 %)
0 (0.0 %)

8 (9.3 %)
36 (41.9 %)
10 (11.6 %)
32 (37.2 %)
0 (0.0 %)

10 (7.4 %)
53 (39.0 %)
21 (15.4 %)
51 (37.5 %)
1 (0.7 %)

44 (65.7 %)
6.4 (4.6-8.8)

70 (69.3 %)
5.7 (4.4-8.3)

119 (81.5 %)
5.6 (4.6-6.5)

63 (100.0 %)
2 (3.2 %)

12 (19.0 %)
20 (31.7 %)
17 (27.0 %)
12 (19.0 %)
0 (0.0 %)

86 (100.0 %)
2 (2.3 %)

18 (20.9 %)
22 (25.6 %)
20 (23.3 %)
24 (27.9 %)
0 (0.0 %)

134 (98.5 %)
0 (0.0 %)

37 (27.2 %)
43 (31.6 %)
27 (19.9 %)
27 (19.9 %)
2 (1.5 %)

Data are number (%), unless indicated otherwise. Abbreviations: CI, confidence interval; CR, complete response; PD, progressive disease; PR, partial response; SD,

stable disease; TTNT, time to next treatment.

" There are no specifications as to the timing, frequency or criteria of tumor assessment, thus registry response data should be considered as the best clinical
approximation and might not be identical to the response determined in clinical trials.

(95 % CI 8.4-14.0) in non-G12C (Fig. 4B). Notably, patients with G12C
mutation on average had a slightly better performance status (43.6 %
ECOG 0 vs. 26.8 % wildtype, and 34.9 % non-G12C, Tables 2 and S1).

It would be very interesting to analyze the outcome data of all pa-
tients with TPS>50 % and treatment with a checkpoint-inhibitor,
however, these data are still too preliminary with too few events. We
will present these data in future publications.

To look more closely into factors associated with survival, a multi-
variate regression analysis was calculated. The results show that a poor
ECOG performance status (ECOG > 2 vs. ECOG = 0) was associated with
a significantly increased risk of overall mortality: HR 1.97, 95 % CI
1.31-2.97, p= .001 (Fig. 4C). Age, BMI, sex, Charlson Comorbidity
Index and KRAS mutation status were not associated with survival. Due
to the higher proportion of patients with TPS > 50 % in the G12C group
(Fig. 2B), the PD-L1 expression level was also included in the model.
Compared with low PD-L1 expression (TPS<1 %), higher PD-L1
expression was associated with a significantly lower risk of mortality:
for 1 %< TPS <50 %: HR 0.61, 95 % CI 0.41-0.90, p = .012, for TPS
>50 %: HR 0.39, 95 % CI 0.26—0.60, p = <.001 (Fig. 4C). Of note, there
were no adjustments made for multiple testing.

Additional outcome analyses are shown in supplemental Fig. S1:
neither PFS nor OS differed significantly between the main KRAS mu-
tation subtypes G12C, G12V, G12D, G12A, and all other subtypes
(Fig. S1A and B). Likewise, the first-line treatment strategy (checkpoint-
inhibitor + chemotherapy, platinum + pemetrexed, platinum -+ taxanes,
or other chemotherapy) was not associated with differences in OS in
patients with KRAS wildtype, G12C or non-G12C mutations
(Fig. S1IC-F). Of note, there are only few patients in some subgroups,
therefore, these results need to be interpreted with caution.

4. Discussion

Here we describe the, so far, largest prospectively recruited cohort of
patients with advanced NSCLC and KRAS mutations. In light of recent
developments regarding a targeted therapy specific for the KRAS G12C
mutation subtype, we set a special focus on this patient subgroup,
showing a poor outcome and no significant association of the KRAS

57

mutational status with survival. Data from routine care on the current
frequency of diagnoses of NSCLC with KRAS G12C mutation and data on
the conventional treatment are of high interest as “historical control”.

The proportion of patients with the specific KRAS mutation subtype
G12C was 38.9 % of patients with any KRAS mutation in our cohort,
which is in line with previously published numbers, ranging between
42.9 % in Germany [25], 34.9 % in the US [26], and 28-33 % in China
[17,27,28].

The clinical outcome of patients with KRAS mutations or KRAS
wildtype was similar and a Cox regression analysis revealed no clear
association of the KRAS mutation status with mortality. This result is in
line with a recent study on any stage lung adenocarcinoma with KRAS
G12C mutations in the US, reporting similar clinical courses for 117
patients with G12C mutation compared to 137 patients with non-G12C
mutations [18]. Likewise, a very recent study in a real-world setting on
137 patients with KRAS wildtype, 65 patients with G12C mutations, and
144 patients with non-G12C mutations showed similar clinical features,
treatment and survival for patients with KRAS mutant vs. wildtype and
patients with G12C vs. non-G12C mutations [29]. A German study re-
ported an association of KRAS G12C mutations in NSCLC with an in-
termediate prognosis [25]. A retrospective survival analysis on 1456
patients with any stage NSCLC from the Guangdong Lung Cancer Insti-
tute in China reported shorter survival for KRAS-G12C-mutated tumors
(n=42) compared to KRAS wildtype tumors (n = 304) with a median
OS of 18.3 vs. 26.7 months, but the KRAS mutation status did not reach
significance in a Cox regression analysis [28]. Likewise, a study on
surgically resected stage I lung adenocarcinoma samples from Shanghai
reported worse OS for KRAS-mutated (n=54) compared to KRAS--
wildtype patients (n=585), and the KRAS-mutations status was also
identified as independent risk factor for OS in a Cox regression analysis
in this patient subgroup [30]. Further published survival analyses on the
KRAS G12C subtype reported contrary findings, but are hampered by
small patient samples, different treatment settings, methodological is-
sues and a remarkably low proportion of female patients [17,19,20,31].
Interestingly, the patients with G12C mutations in our cohort tended to
have better ECOG performance status, a higher probability of high
PD-L1 expression and were more often treated with
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Fig. 4. Survival and regression analysis.

Risk of mortality

(A) First-line Registry PFS and (B) first-line OS in patients with advanced NSCLC, wildtype sample split up according to the histology (NSQ, non-squamous, SQU,
squamous). Analysis is based on all patients observed for at least one year, e.g. starting first-line treatment until June 30, 2018. For patient characteristics of this
outcome sample, see Table S1. (C) Cox proportional hazards model for overall survival for the outcome sample. TPS ukn (pos): TPS unknown, but documented as PD-
L1 positive, TPS ukn (neg): TPS unknown, but documented as PD-L1 negative. Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; neg.,
negative; NSQ, non-squamous; PFS, progression-free survival; pos., positive; SQU, squamous; ukn, unknown, WT, wildtype.

checkpoint-inhibitors than patients with non-G12C mutations or KRAS
wildtype, yet still no significant differences in survival could be seen.
In a wider context, it has been shown that KRAS codon 12 vs. codon
13 mutations are not associated with differing clinical outcome in
advanced NSCLC [32,33]. Conversely, it has been published that
co-occurring genomic alterations define distinct subgroups of KRAS--
mutated patients, and the co-mutation of KRAS and KEAP/NFE2L2 has
been shown to be an independent prognostic factor for shorter survival
[34,35]. In summary, no clear association of the KRAS G12C mutation
with inferior or superior clinical outcome could be seen - neither in
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comparison to other KRAS mutations nor to the KRAS wildtype
population.

Besides molecular markers, the other important biomarker in
NSCLC is PD-L1. It has been shown before, that KRAS G12C mutations
are associated with positive, yet low PD-L1 expression (TPS 1-49 %)
[26]. In our cohort, more patients with G12C mutations presented with
high PD-L1 expression (TPS > 50 %). In the Cox model, positive PD-L1
expression (TPS >1 %) was associated with a significantly decreased
risk of mortality compared to low PD-L1 expression (TPS <1 %), with
high PD-L1 expression (TPS>50 %) showing the greatest risk
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reduction. In concordance with these results, Falk and colleagues
published an association of high PD-L1 expression with improved OS in
KRAS mutant patients [36], while Tao and colleagues report an asso-
ciation of PD-L1 expression (TPS > 1 %) in KRAS G12C mutant patients
with significantly shorter median OS compared to no PD-L1 expression
(5.7 vs. 12.8 months) [18]. A French cohort of patients with advanced
NSCLC receiving checkpoint-inhibitors in first-line treatment showed
similar proportions of PD-L1 expression in KRAS wildtype and mutant
tumors, and no significant differences in response rate, PFS, or OS
between these patient subgroups [37]. Future analyses on larger co-
horts of patients split up according to their respective treatment will
help to definitely elucidate the prognostic role of PD-L1 in KRAS G12C
mutant NSCLC.

Given the poor prognosis of advanced NSCLC, with a relative 5-year
overall survival rate of only 5.2 % [38], a median PFS of 5.8 months (95
% CI 5.4-6.2), and a median OS of 11.4 months (95 % CI 10.6-12.7) in
patients without druggable molecular alterations in Germany [39],
novel therapeutic options for patients with KRAS mutations is of
increasing importance for all medical oncologists [40]. The preliminary
clinical data are promising: the phase I/II first-in-human trial evaluating
the safety and tolerability of AMG510 (NCT03600883) has so far
enrolled 14 patients with NSCLC, and reported as yet no dose-limiting
toxicities; the best response data for 10 of these 14 patients showed
partial response for 5, stable disease for 4 and progressive disease for 1
patient(s) [21, presented on ESMO 2019]. Based on these results, the
FDA granted a fast track designation to AMG510 for the treatment of
patients with previously treated metastatic NSCLC harboring a KRAS
G12C mutation [41]. In the first results of the phase I/II trial of
MRTX849 (NCT03785249), 3 of 6 patients with NSCLC achieved a
partial response across all dose levels [22,42, presented on AACR 2019].
The first-in-human trial on JNJ-74699157 (NCT04006301) has just
started recruiting. The validation of the promising early clinical results
and the durability of responses over time are eagerly awaited.

4.1. Limitations

The non-interventional design is both a strength and a limitation of
this study. It represents a strength, because it allows presentation of real-
world data on patients not selected by restrictive inclusion criteria and
on test rates in routine care. And it is a limitation, because it precludes
causal conclusions on differences between subgroups, and data on mo-
lecular alterations were not readily available for the entire cohort.
Because not all patients had been tested for KRAS mutations, overall
incidence in our sample might vary from other published cohorts. There
are no specifications as to the timing, frequency or criteria of tumor
assessment and thus registry-PFS and -response data should be consid-
ered as the best clinical approximation and might not be identical to the
PFS/response determined in clinical trials. This study was designed for
patients receiving systemic therapy; therefore, results may not be
generalized to the small group of patients not receiving any systemic
treatment. Strengths of this project are the prospective data collection
and the participation of both hospitals and (office-based) oncologists in
private practice all over Germany, recruiting a large, representative
study cohort.

5. Conclusion

The promising results of specific KRAS G12C inhibitors have raised
expectations to overcome the “undruggable” KRAS mutations. Our data
show that, up to now, outcome for KRAS-mutant tumors under current
standard therapy is poor and therefore, patients will presumably benefit
greatly from a targeted treatment option improving survival. The pre-
sent data on 160 patients with KRAS G12C mutations recruited by the
CRISP registry in routine care might be of major importance for the lung
cancer therapists as well as historical controls on treatment and outcome
of this patient subgroup.
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