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b Innere Klinik (Tumorforschung) und Ruhrlandklinik, Westdeutsches Tumorzentrum, Universitätsmedizin Essen, Essen, Germany 
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h Innere Medizin II, Krankenhaus Martha-Maria Halle-Dölau gGmbH, Halle a.d. Saale, Germany 
i Institut für Pathologie des Universitätsklinikums Köln, Köln, Germany 
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Germany. 
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gable alterations have been recruited in the prospective, observational registry CRISP from 12/2015 to 06/2019 
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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 %), G12 V (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 
G12 V (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 

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, ISO17020). 

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-G12C, 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 % G12S, Fig. 2A). In total, 90.3 % of the KRAS 

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). 

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. 
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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 

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 

Table 1 
Patient and tumor characteristics.  

Characteristic at start of first-line treatment KRAS 
wild type* 
n = 628 

KRAS 
G12C mutation 
n = 160 

KRAS 
non-G12C mutation 
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 a 

CCI = 0 a 338 (53.8 %) 89 (55.6 %) 155 (61.8 %) 
CCI ≥1 a 281 (44.7 %) 71 (44.4 %) 96 (38.2 %) 

Other comorbidities b 

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 b    

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. 

* All patients without KRAS mutation. Patients with mutations in EGFR, ALK, ROS1, or BRAF were excluded (see flow chart). 
a Charlson Comorbidity Index (CCI) according to Quan [43]. 
b Multiple answers possible. 
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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 

(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 

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. 
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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 

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 

Fig. 3. Treatment. 
(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. 
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(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, G12 V, 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. S1C–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 

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 

Table 2 
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 = 318 

KRAS 
wildtype squamous 
n = 67 

KRAS 
G12C mutation 
n = 101 

KRAS 
non-G12C mutation 
n = 146 

Age in years, median (25− 75% quartile) 65.0 (58.0− 72.0) 69.0 (63.0–77.0) 64.0 (58.0− 71.0) 64.0 (58.0− 72.0) 
ECOG 0 90 (28.3 %) 13 (19.4 %) 44 (43.6 %) 51 (34.9 %) 
Patients with completed 1st-line treatments 278 (87.4 %) 63 (94.0 %) 86 (85.1 %) 136 (93.2 %) 

Treatment duration [days], median (25− 75% quartile) 78.5 (43.0− 134.0) 86.0 (43.0− 137.0) 75.0 (38.0− 129.0) 94.0 (43.5− 160.5) 
Reason for end of treatment 

Toxicity 21 (7.6 %) 3 (4.8 %) 8 (9.3 %) 10 (7.4 %) 
Progression 99 (35.6 %) 19 (30.2 %) 36 (41.9 %) 53 (39.0 %) 
According to protocol/guidelines 69 (24.8 %) 19 (30.2 %) 10 (11.6 %) 21 (15.4 %) 
Other 85 (30.6 %) 22 (34.9 %) 32 (37.2 %) 51 (37.5 %) 
Missing 4 (1.4 %) 0 (0.0 %) 0 (0.0 %) 1 (0.7 %)  

Time to next treatment (TTNT)     
Events 226 (71.1 %) 44 (65.7 %) 70 (69.3 %) 119 (81.5 %) 
TTNT [months], median (95 % CI) 6.1 (5.4− 6.8) 6.4 (4.6− 8.8) 5.7 (4.4− 8.3) 5.6 (4.6− 6.5)  

Registry best response ** 276 (99.3 %) 63 (100.0 %) 86 (100.0 %) 134 (98.5 %) 
CR 3 (1.1 %) 2 (3.2 %) 2 (2.3 %) 0 (0.0 %) 
PR 58 (20.9 %) 12 (19.0 %) 18 (20.9 %) 37 (27.2 %) 
SD 86 (30.9 %) 20 (31.7 %) 22 (25.6 %) 43 (31.6 %) 
PD 69 (24.8 %) 17 (27.0 %) 20 (23.3 %) 27 (19.9 %) 
Unknown 60 (21.6 %) 12 (19.0 %) 24 (27.9 %) 27 (19.9 %) 
Missing 2 (0.7 %) 0 (0.0 %) 0 (0.0 %) 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. 
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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 

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 

Fig. 4. Survival and regression analysis. 
(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. 
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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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N. Ramnath, KRAS-G12C mutation is associated with poor outcome in surgically 
resected lung adenocarcinoma, J. Thorac. Oncol. 9 (2014) 1513–1522, https://doi. 
org/10.1097/JTO.0000000000000305. 

[20] O. Fiala, M. Pesek, J. Finek, L. Benesova, B. Belsanova, M. Minarik, The dominant 
role of G12C over other KRAS mutation types in the negative prediction of efficacy 
of epidermal growth factor receptor tyrosine kinase inhibitors in non-small cell 
lung cancer, Cancer Genet. 206 (2013) 26–31, https://doi.org/10.1016/j. 
cancergen.2012.12.003. 

[21] R. Govindan, M.G. Fakih, T.J. Price, G.S. Falchook, J. Desai, J.C. Kuo, J. 
H. Strickler, J.C. Krauss, B.T. Li, C.S. Denlinger, G. Durm, J. Ngang, H. Henary, 
G. Ngarmchamnanrith, E. Rasmussen, P.K. Morrow, D.S. Hong, Phase I study of 
AMG 510, a novel molecule targeting KRAS G12C mutant solid tumours, Ann. 
Oncol. 30 (2019), https://doi.org/10.1093/annonc/mdz244.008. 

[22] J. Hallin, L.D. Engstrom, L. Hargis, A. Calinisan, R. Aranda, D.M. Briere, 
N. Sudhakar, V. Bowcut, B.R. Baer, J.A. Ballard, M.R. Burkard, J.B. Fell, J. 
P. Fischer, G.P. Vigers, Y. Xue, S. Gatto, J. Fernandez-Banet, A. Pavlicek, 
K. Velastagui, R.C. Chao, J. Barton, M. Pierobon, E. Baldelli, E.F. Patricoin, D. 
P. Cassidy, M.A. Marx, I.I. Rybkin, M.L. Johnson, S.-H.I. Ou, P. Lito, K. 
P. Papadopoulos, P.A. Jänne, P. Olson, J.G. Christensen, The KRASG12C inhibitor 
MRTX849 provides insight toward therapeutic susceptibility of KRAS-mutant 
cancers in mouse models and patients, Cancer Discov. 10 (2020) 54–71, https:// 
doi.org/10.1158/2159-8290.CD-19-1167. 

[23] E.L. Kaplan, P. Meier, Nonparametric estimation from incomplete observations, 
J. Am. Stat. Assoc. 53 (1958) 457–481, https://doi.org/10.2307/2281868. 

[24] M.E. Charlson, P. Pompei, K.L. Ales, C.R. MacKenzie, A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation, 
J. Chronic Dis. 40 (1987) 373–383. 

[25] M. Wiesweg, S. Kasper, K. Worm, T. Herold, H. Reis, L. Sara, M. Metzenmacher, 
A. Abendroth, K. Darwiche, C. Aigner, H.H. Wedemeyer, F.A. Helfritz, M. Stuschke, 
B. Schumacher, P. Markus, A. Paul, S. Rahmann, K.W. Schmid, M. Schuler, Impact 
of RAS mutation subtype on clinical outcome-a cross-entity comparison of patients 
with advanced non-small cell lung cancer and colorectal cancer, Oncogene 38 
(2019) 2953–2966, https://doi.org/10.1038/s41388-018-0634-0. 

[26] J.V. Aredo, S.K. Padda, C.A. Kunder, S.S. Han, J.W. Neal, J.B. Shrager, H. 
A. Wakelee, Impact of KRAS mutation subtype and concurrent pathogenic 
mutations on non-small cell lung cancer outcomes, Lung Cancer Amst. Neth. 133 
(2019) 144–150, https://doi.org/10.1016/j.lungcan.2019.05.015. 

[27] D. Cai, C. Hu, L. Li, S. Deng, J. Yang, H. Han-Zhang, M. Li, The prevalence and 
prognostic value of KRAS co-mutation subtypes in Chinese advanced non-small cell 
lung cancer patients, Cancer Med. 9 (2020) 84–93, https://doi.org/10.1002/ 
cam4.2682. 

[28] S.-Y. Liu, H. Sun, J.-Y. Zhou, G.-L. Jie, Z. Xie, Y. Shao, X. Zhang, J.-Y. Ye, C.-X. Chen, 
X.-C. Zhang, Q. Zhou, J.-J. Yang, Y.-L. Wu, Clinical characteristics and prognostic 
value of the KRAS G12C mutation in Chinese non-small cell lung cancer patients, 
Biomark. Res. 8 (2020) 22, https://doi.org/10.1186/s40364-020-00199-z. 

[29] W. Cui, F. Franchini, M. Alexander, A. Officer, H.-L. Wong, M. IJzerman, J. Desai, 
B.J. Solomon, Real world outcomes in KRAS G12C mutation positive non-small cell 
lung cancer, Lung Cancer Amst. Neth. 146 (2020) 310–317, https://doi.org/ 
10.1016/j.lungcan.2020.06.030. 

[30] Z. Ma, Y. Zhang, C. Deng, F. Fu, L. Deng, Y. Li, H. Chen, The prognostic value of 
Kirsten rat sarcoma viral oncogene homolog mutations in resected lung 
adenocarcinoma differs according to clinical features, J. Thorac. Cardiovasc. Surg. 
(2020), https://doi.org/10.1016/j.jtcvs.2020.05.097. 

[31] S. Park, J.-Y. Kim, S.-H. Lee, B. Suh, B. Keam, T.M. Kim, D.-W. Kim, D.S. Heo, KRAS 
G12C mutation as a poor prognostic marker of pemetrexed treatment in non-small 
cell lung cancer, Korean J. Intern. Med. 32 (2017) 514–522, https://doi.org/ 
10.3904/kjim.2015.299. 

[32] M. Cserepes, G. Ostoros, Z. Lohinai, E. Raso, T. Barbai, J. Timar, A. Rozsas, 
J. Moldvay, I. Kovalszky, K. Fabian, M. Gyulai, B. Ghanim, V. Laszlo, T. Klikovits, 
M.A. Hoda, M. Grusch, W. Berger, W. Klepetko, B. Hegedus, B. Dome, Subtype- 
specific KRAS mutations in advanced lung adenocarcinoma: a retrospective study 
of patients treated with platinum-based chemotherapy, Eur. J. Cancer Oxf. Engl. 
1990 50 (2014) 1819–1828, https://doi.org/10.1016/j.ejca.2014.04.001. 

[33] H.A. Yu, C.S. Sima, R. Shen, S. Kass, J. Gainor, A. Shaw, M. Hames, W. Iams, 
J. Aston, C.M. Lovly, L. Horn, C. Lydon, G.R. Oxnard, M.G. Kris, M. Ladanyi, G. 
J. Riely, Prognostic impact of KRAS mutation subtypes in 677 patients with 
metastatic lung adenocarcinomas, J. Thorac. Oncol. 10 (2015) 431–437, https:// 
doi.org/10.1097/JTO.0000000000000432. 

[34] K.C. Arbour, E. Jordan, H.R. Kim, J. Dienstag, H.A. Yu, F. Sanchez-Vega, P. Lito, 
M. Berger, D.B. Solit, M. Hellmann, M.G. Kris, C.M. Rudin, A. Ni, M. Arcila, 
M. Ladanyi, G.J. Riely, Effects of Co-occurring genomic alterations on outcomes in 
patients with KRAS-mutant non-small cell lung cancer, Clin. Cancer Res. 24 (2018) 
334–340, https://doi.org/10.1158/1078-0432.CCR-17-1841. 

[35] F. Skoulidis, L.A. Byers, L. Diao, V.A. Papadimitrakopoulou, P. Tong, J. Izzo, 
C. Behrens, H. Kadara, E.R. Parra, J.R. Canales, J. Zhang, U. Giri, J. Gudikote, M. 
A. Cortez, C. Yang, Y. Fan, M. Peyton, L. Girard, K.R. Coombes, C. Toniatti, T. 
P. Heffernan, M. Choi, G.M. Frampton, V. Miller, J.N. Weinstein, R.S. Herbst, K.- 
K. Wong, J. Zhang, P. Sharma, G.B. Mills, W.K. Hong, J.D. Minna, J.P. Allison, 
A. Futreal, J. Wang, I.I. Wistuba, J.V. Heymach, Co-occurring genomic alterations 
define major subsets of KRAS-mutant lung adenocarcinoma with distinct biology, 
immune profiles, and therapeutic vulnerabilities, Cancer Discov. 5 (2015) 
860–877, https://doi.org/10.1158/2159-8290.CD-14-1236. 

[36] A.T. Falk, N. Yazbeck, N. Guibert, E. Chamorey, A. Paquet, L. Ribeyre, C. Bence, 
K. Zahaf, S. Leroy, C.-H. Marquette, C. Cohen, B. Mograbi, J. Mazières, V. Hofman, 
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