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A B S T R A C T

Background: Molecular testing in NSCLC is essential for treatment selection, yet routine implementation remains 
inconsistent across institutions. Clinical evidence suggests that variability in testing may not be explained by 
patient or tumor characteristics but might be driven by institutional factors, potentially leading to adverse 
outcomes. We examined the extent to which variability in AGA testing is attributable to the treating institution.
Methods: We analyzed 6437 adults with stage IIIB/C or IV NSCLC enrolled in the prospective German real-world 
registry CRISP (2016–2022). Logistic mixed-effects models with AGA testing as the primary outcome were used 
to determine institutional variability across 171 institutions. Models included patient, tumor, and treatment- 
related fixed effects with institutions as random effects. Intraclass correlations (ICC) quantified institutional 
variability unexplained by other covariates. Institution type was tested in secondary analysis, and overall sur
vival in exploratory analysis.
Findings: AGA testing was performed in 77.9 % of patients (n = 5016). Predicted probabilities for testing use 
ranged from 30.5 % to 93.2 % across institutions. Institutions significantly influenced testing use (p < 0.001), 
accounting for 21.4 % of the total variance. Variability significantly differed by institution type and was more 
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pronounced in subgroups, e.g., squamous histology (ICC 29.5 %) and KRAS testing (ICC 34.4 %). Absence of AGA 
testing was independently associated with inferior survival (HRadj 1.11, 95 % CI 1.01–1.23, p = 0.029).
Interpretation: Substantial institutional variability exists in AGA testing for NSCLC, which was unexplained by 
patient or tumor characteristics. This objective evaluation of institution-based variability in testing may 
emphasize the importance of practice patterns on patient care and may therefore provide an avenue for change.

1. Introduction

Lung cancer affects more than two million patients every year 
worldwide. In Germany, more than 57,000 newly diagnosed lung can
cers were encountered in 2019, where it ranks second among cancers in 
men and third in women, accounting for 13.3 % and 9.4 % of all newly 
diagnosed cancers, respectively [1]. Non-small cell lung cancer (NSCLC) 
accounts for approximately 85 % of lung cancer cases, including tumors 
of non-squamous (adenocarcinomas) and squamous histology. 
Biomarker testing for actionable genetic alterations (AGA), such as 
EGFR and ALK, has become an integral component of personalized 
treatment strategies for NSCLC. Today, targetable molecular alterations 
are identified in approximately 60 % of lung adenocarcinoma patients in 
Western populations and up to 80 % among Asian populations [2]. The 
most frequent AGA in adenocarcinomas in Germany include KRAS 
mutations (~30 %), EGFR mutations (10–15 %), ALK rearrangements 
(4–5 %), and ROS1, RET, BRAF V600E, NTRK, and HER2 alterations, 
each occurring in less than 5 % of cases [1]. However, despite the 
importance of AGA testing, its routine application remains inconsistent 
across healthcare institutions [3–5].

There is clinical evidence for variability in the use of AGA testing, 
with factors such as patient characteristics, tumor biology, and access to 
testing technologies all potentially influencing its implementation 
[5–7]. However, institutional factors, such as hospital type, routine 
practices, and the availability of resources, may also contribute to this 
variability [3]. Understanding the extent to which these factors 
contribute to differences in practice is crucial, as this variation may 
influence treatment decisions and patient outcomes. In this multicenter 
analysis, we aimed to test whether variability in AGA testing for NSCLC 
exists across individual healthcare institutions and different types of 
institutions, and to investigate to what extent institutional factors, 
rather than patient or tumor characteristics, play a role in determining 
AGA testing practices.

2. Methods

2.1. Study design and setting

This multicenter, observational study utilized data from the pro
spective CRISP registry (“Clinical Research platform Into molecular 
testing, treatment and outcome of non-Small cell lung carcinoma Pa
tients”), a real-world data platform that prospectively collects clinical 
and treatment data across multiple institutions in Germany. This study 
included adult patients with stage IIIB/C NSCLC treated with non- 
curative intent or stage IV NSCLC, diagnosed between 2016 and 2022, 
where data on the use of AGA testing were available. Institutions 
included university hospitals, non-university hospitals, ambulatory 
health care centers, and practices. Data analyses included patient 
characteristics such as age, sex, BMI, smoking status, Charlson comor
bidity index (CCI), ECOG performance status, as well as tumor-related 
factors such as tumor location, histology, staging at initial diagnosis, 
and start year of first-line treatment. Institutions were analyzed on an 
individual basis and categorized by institution type into four groups: 
university hospitals, non-university hospitals, ambulatory health care 
centers, and practices. Ambulatory health care centers refer to multi
disciplinary medical care centers, while practices refer to individual 
office-based practices. AGA testing was defined as the use of any diag
nostic assay to identify AGA in common genes associated with NSCLC, 

including EGFR, ALK, ROS1, BRAF V600E, and KRAS. We recorded the 
proportion of patients who underwent any AGA testing (yes/no, binary 
variable) and also created separate variables for individual AGA to 
analyze testing for specific genetic alterations. AGA testing status re
flects testing performed at initial diagnosis/baseline, as captured pro
spectively in the CRISP registry. This manuscript adheres to the STROBE 
guidelines (Supplement, Table 1) [8].

2.2. Statistical analysis

2.2.1. Primary analysis
In the primary analysis, we used a logistic mixed-effects model with 

AGA testing as the primary outcome (dependent variable) and random 
effects for individual institutions to assess variability in AGA testing 
across institutions in Germany [9]. Covariates were included as fixed 
effects in all statistical models to adjust for potential confounding effects 
on the use of AGA testing, including patient, tumor, and treatment 
characteristics. We used the random effects’ variances and the model 
residuals to calculate the intraclass correlation coefficient (ICC). The ICC 
represents the percentage of variance in AGA testing that could not be 
explained by the covariates of the model but can be accounted for by the 
institution. In our mixed-effects model, the ICC helps to understand how 
much of the overall variation in AGA testing is explained by institutions. 
The ICC ranges from 0 % to 100 %. If the ICC is high (closer to 100 %), 
much of the variance in AGA testing that is unexplained by the cova
riates can be attributed to the institution [10]. To plot variability across 
institutions, we obtained predicted probabilities for the use of AGA 
testing from models without fixed effects, using individual institution 
and institution type as random effects, respectively.

2.2.2. Secondary analysis
In secondary analysis, we added the institution type (university 

hospitals, non-university hospitals, ambulatory health care centers, and 
practices) to the primary model. This was done to analyze whether 
differences in AGA testing exist across different institution types.

2.2.3. Sensitivity analyses
Sensitivity analyses were performed to assess the robustness of the 

primary analysis. We performed analyses in more homogenous sub
groups such as subgroups by tumor histology and tumor staging. In 
addition, we tested the primary model while considering experience 
levels of different institutions by adding the number of patients recruited 
per year as a fixed effect. Additionally, we applied case volume re
strictions by including only institutions that had treated a minimum of 
100 NSCLC cases since the start of their recruitment. Institutional vari
ability in AGA testing was further examined in subgroups defined by 
testing modality, analyzing patients with NGS-based testing and those 
tested with other non-NGS methods (e.g., PCR, Sanger sequencing). 
Finally, with an exploratory intent, we evaluated the impact of AGA 
testing on overall survival using a multivariable Cox regression model 
that included the same covariates as the primary model. For this survival 
analysis, we used the outcome dataset with a minimum follow-up time 
of 12 months, resulting in a reduced sample size (n = 5503).

Variables with a non-linear relationship were categorized into clin
ically relevant groups (Table 1). Unless otherwise specified, results of 
adjusted analyses are presented as random effect variances with 95 % 
confidence intervals (CI) and odds ratios (OR) with 95 % CI for fixed 
effects. A two-sided p-value of < 0.05 was considered statistically 
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significant. Analyses were performed in SAS and Rstudio.

3. Results

In total, 7774 patients were prospectively enrolled into the CRISP 
platform and screened for eligibility until 30.06.2022. After excluding 
cases with missing data, a total of 6437 patients from 171 institutions 

were included into this study (Fig. 1). AGA testing was performed in 
77.9 % of patients (n = 5016). Table 1 displays detailed patient 
characteristics.

In the primary model, factors significantly associated with the use of 
AGA testing were a low performance status (ECOG ≥2 vs. ECOG 0; OR 
0.73, 95 % CI 0.58 – 0.93), older age (70–75 years vs. <59 years; OR 
0.77, 95 % CI 0.61 – 0.97), non-squamous tumor histology vs. squamous 

Table 1 
Patient characteristics.

Total University hospital Non-university hospital Ambulatory health care center Practice

Patients (N) 6437 1040 2696 720 1981
Sex, female, n (%) 2642 (41.0 %) 429 (41.3 %) 1103 (40.9 %) 294 (40.8 %) 816 (41.2 %)
Age (mean ± StD) 66.3 ± 9.54 64.6 ± 9.36 65.9 ± 9.62 67.1 ± 8.93 67.5 ± 9.55
ECOG at LOT, n (%) ​ ​ ​ ​ ​
0 2079 (32.3 %) 392 (37.7 %) 882 (32.7 %) 255 (35.4 %) 550 (27.8 %)
1 3383 (52.6 %) 513 (49.3 %) 1467 (54.4 %) 349 (48.5 %) 1054 (53.2 %)
≥ 2 975 (15.1 %) 135 (13.0 %) 347 (12.9 %) 116 (16.1 %) 377 (19.0 %)
Smoking status, n (%) ​ ​ ​ ​ ​
Current Smoker 1924 (29.9 %) 276 (26.5 %) 762 (28.3 %) 242 (33.6 %) 644 (32.5 %)
Ex-Smoker 3303 (51.3 %) 584 (56.2 %) 1453 (53.9 %) 315 (43.8 %) 951 (48.0 %)
Never Smoker 729 (11.3 %) 124 (11.9 %) 285 (10.6 %) 70 (9.7 %) 250 (12.6 %)
Unknown to site 481 (7.5 %) 56 (5.4 %) 196 (7.2 %) 93 (12.9 %) 136 (6.9 %)
Pack years (mean ± StD) 45.9 ± 26.60 44.3 ± 27.51 45.1 ± 27.56 51.7 ± 27.39 46.4 ± 24.07
BMI (kg/m²) ​ ​ ​ ​ ​
Mean ± StD 25.1 ± 5.39 25.2 ± 6.95 25.0 ± 5.03 25.0 ± 4.97 25.2 ± 5.06
Obesity, n (%) 875 (13.6 %) 150 (14.4 %) 361 (13.4 %) 99 (13.8 %) 265 (13.4 %)
Missing, n (%) 67 (1.0 %) 22 (2.1 %) 24 (0.9 %) 5 (0.7 %) 16 (0.8 %)
Any comorbidity, n (%) 5455 (84.7 %) 887 (85.3 %) 2264 (84.0 %) 616 (85.6 %) 1688 (85.2 %)
Charlson comorbidity index [0− 24], n (%) ​ ​ ​ ​ ​
0 3600 (55.9 %) 655 (63.0 %) 1470 (54.5 %) 393 (54.6 %) 1082 (54.6 %)
1 1651 (25.6 %) 232 (22.3 %) 712 (26.4 %) 194 (26.9 %) 513 (25.9 %)
2 641 (10.0 %) 84 (8.1 %) 276 (10.2 %) 71 (9.9 %) 210 (10.6 %)
3 304 (4.7 %) 28 (2.7 %) 139 (5.2 %) 39 (5.4 %) 98 (4.9 %)
4 114 (1.8 %) 16 (1.5 %) 51 (1.9 %) 10 (1.4 %) 37 (1.9 %)
≥ 5 127 (2.0 %) 25 (2.4 %) 48 (1.8 %) 13 (1.8 %) 41 (2.1 %)
Tumor histology, n (%) ​ ​ ​ ​ ​
Adenocarcinoma 4731 (73.5 %) 818 (78.7 %) 2000 (74.2 %) 494 (68.6 %) 1419 (71.6 %)
Squamous 1338 (20.8 %) 155 (14.9 %) 556 (20.6 %) 177 (24.6 %) 450 (22.7 %)
Large cell 106 (1.6 %) 16 (1.5 %) 37 (1.4 %) 16 (2.2 %) 37 (1.9 %)
Other 262 (4.1 %) 51 (4.9 %) 103 (3.8 %) 33 (4.6 %) 75 (3.8 %)
Tumor stage at inclusion, n (%) ​ ​ ​ ​ ​
IIIB/C 417 (6.5 %) 34 (3.3 %) 168 (6.2 %) 67 (9.3 %) 148 (7.5 %)
IVA 2430 (37.8 %) 299 (28.8 %) 1010 (37.5 %) 285 (39.6 %) 836 (42.2 %)
IVB 3590 (55.8 %) 707 (68.0 %) 1518 (56.3 %) 368 (51.1 %) 997 (50.3 %)
Tumor stage: primary diagnosis vs. inclusion, n (%) ​ ​ ​ ​ ​
Same as at inclusion 5534 (86.0 %) 845 (81.3 %) 2398 (88.9 %) 630 (87.5 %) 1661 (83.8 %)
Different from stage at inclusion 798 (12.4 %) 150 (14.4 %) 255 (9.5 %) 84 (11.7 %) 309 (15.6 %)
Unknown 102 (1.6 %) 45 (4.3 %) 40 (1.5 %) 6 (0.8 %) 11 (0.6 %)
Metastatic sites, n (%) ​ ​ ​ ​ ​
Brain 1521 (23.6 %) 326 (31.3 %) 660 (24.5 %) 148 (20.6 %) 387 (19.5 %)
Bone 1988 (30.9 %) 418 (40.2 %) 820 (30.4 %) 209 (29.0 %) 541 (27.3 %)
Lung - contralateral 1528 (23.7 %) 235 (22.6 %) 631 (23.4 %) 161 (22.4 %) 501 (25.3 %)
Lymph node - extrathoracic 842 (13.1 %) 187 (18.0 %) 331 (12.3 %) 107 (14.9 %) 217 (11.0 %)
Lymph node - thoracic 159 (2.5 %) 36 (3.5 %) 51 (1.9 %) 18 (2.5 %) 54 (2.7 %)
Liver 956 (14.9 %) 156 (15.0 %) 384 (14.2 %) 117 (16.3 %) 299 (15.1 %)
Pleura metastases 1004 (15.6 %) 154 (14.8 %) 432 (16.0 %) 99 (13.8 %) 319 (16.1 %)
Pleural effusion 490 (7.6 %) 49 (4.7 %) 206 (7.6 %) 69 (9.6 %) 166 (8.4 %)
Skin 77 (1.2 %) 11 (1.1 %) 31 (1.1 %) 9 (1.3 %) 26 (1.3 %)
Adrenal gland 1081 (16.8 %) 217 (20.9 %) 474 (17.6 %) 94 (13.1 %) 296 (14.9 %)
Pericardial effusion 103 (1.6 %) 12 (1.2 %) 41 (1.5 %) 12 (1.7 %) 38 (1.9 %)
Other 626 (9.7 %) 148 (14.2 %) 249 (9.2 %) 80 (11.1 %) 149 (7.5 %)
Type of first-line treatment, n (%) ​ ​ ​ ​ ​
Chemotherapy 2127 (33.0 %) 343 (33.0 %) 837 (31.0 %) 294 (40.8 %) 653 (33.0 %)
CPI mono 1062 (16.5 %) 201 (19.3 %) 432 (16.0 %) 105 (14.6 %) 324 (16.4 %)
Chemotherapy + CPI 2352 (36.5 %) 324 (31.2 %) 1071 (39.7 %) 242 (33.6 %) 715 (36.1 %)
TKI 707 (11.0 %) 152 (14.6 %) 296 (11.0 %) 55 (7.6 %) 204 (10.3 %)
Other treatment 189 (2.9 %) 20 (1.9 %) 60 (2.2 %) 24 (3.3 %) 85 (4.3 %)
Any palliative radiotherapy, n (%) 2603 (40.4 %) 521 (50.1 %) 1112 (41.2 %) 278 (38.6 %) 692 (34.9 %)
Missing n (%) 43 (0.7 %) 21 (2.0 %) 16 (0.6 %) 0 (0.0 %) 6 (0.3 %)
Area of radiation, n (%) ​ ​ ​ ​ ​
Brain 1209 (18.8 %) 276 (26.5 %) 514 (19.1 %) 122 (16.9 %) 297 (15.0 %)
Bone 956 (14.9 %) 209 (20.1 %) 412 (15.3 %) 96 (13.3 %) 239 (12.1 %)
Thorax 777 (12.1 %) 134 (12.9 %) 335 (12.4 %) 80 (11.1 %) 228 (11.5 %)
Other 356 (5.5 %) 92 (8.8 %) 145 (5.4 %) 26 (3.6 %) 93 (4.7 %)
Missing 18 (0.3 %) 7 (0.7 %) 4 (0.1 %) 2 (0.3 %) 5 (0.3 %)
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NSCLC (OR 12.62, 95 % CI 10.72 – 14.85), and tumor staging, with IVA 
versus IIIB/C (OR 2.80, 95 % CI 2.13 – 3.68), and IVB versus IIIB/C (OR 
2.77, 95 % CI 2.12 – 3.61).

3.1. Institutional variability

The adjusted mean predicted probabilities for the use of AGA testing 
ranged from 30.5 % to 93.2 % across individual institutions, which can 
be interpreted as the predicted probability that an average patient would 
receive AGA testing at each institution. There was statistically signifi
cant variability in AGA testing across institutions (p < 0.001). Accord
ing to the ICC, 21.4 % of the total variance in testing was attributable to 
the institution, independent of patient-, tumor-, or treatment-related 
covariates.

3.2. Institution type

Across different institution types, 1040 (16.2 %) patients were 
treated at 22 university hospitals, 2696 (41.9 %) patients at 64 non- 
university hospitals, 720 (11.2 %) patients at 25 ambulatory health 
care centers, and 1981 (30.8 %) patients in 60 practices. Table 2

provides an overview of institutional experience and patient recruitment 
rates across different types of institutions. Institution type was a sig
nificant factor influencing the observed institutional variability in AGA 
testing (p = 0.028). University hospitals generally had a higher adjusted 
mean predicted probability for the use of AGA testing (87.3 %, 95 % CI 
85.1–89.2 %) compared to non-university hospitals (75.8 %, 95 % CI 
74.1–77.3 %), ambulatory health care centers (72.0 %, 95 % CI 
68.7–75.2 %), and practices (78.1 %, 95 % CI 76.2–79.9 %). Fig. 2
provides a graphical visualization of each individual institution’s pre
dicted probability for the use of AGA testing (2a), as well as the distri
bution grouped by institution type (2b).

3.3. Sensitivity analyses

Institutional variability in AGA testing was particularly pronounced 
in certain subgroups, such as patients with squamous histology (ICC 
29.5 %, p < 0.001) and in the testing for KRAS mutations (ICC 34.4 %, 
p < 0.001). For other mutations, institutional variability in testing was 
more consistent (e.g. EGFR: ICC 19.4 %, p < 0.001; ALK: ICC 19.3 %, 
p < 0.001; Supplemental Tables S1 to S5). In testing modality-stratified 
subgroup analyses, institutional variability in AGA testing remained 

Fig. 1. Flow chart.

Table 2 
Institutional experience by institution type.

Total University hospital Non-university hospital Ambulatory health care center Practice

Institutions (N) 171 22 64 25 60
Recruited patients per year ​ ​ ​ ​ ​
Mean ± StD 7.7 ± 7.90 10.2 ± 10.21 9.0 ± 8.91 5.3 ± 4.46 6.4 ± 6.46
Median (25–75 % quantiles) 4.7 (2.0–10.9) 6.3 (3.7–15.6) 7.4 (2.0–13.7) 3.8 (1.8–7.8) 4.4 (1.9–8.1)
Institutional experience, n (%) ​ ​ ​ ​ ​
low (<10 pat/year) 123 (71.9 %) 13 (59.1 %) 41 (64.1 %) 21 (84.0 %) 48 (80.0 %)
medium (10 <= pat/year < 20) 35 (20.5 %) 7 (31.8 %) 15 (23.4 %) 4 (16.0 %) 9 (15.0 %)
high (pat/year >= 20) 13 (7.6 %) 2 (9.1 %) 8 (12.5 %) 0 (0.0 %) 3 (5.0 %)

Footnote: Institutional experience reflects number of patients recruited into the CRISP registry by institution type.
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robust, with an ICC of 40.1 % for NGS-based testing and 33.6 % for other 
non-NGS methods. Overall, we found significant institutional variability 
in AGA testing across all subgroup and sensitivity analyses 
(Supplemental Tables S1 to S15). The lowest institutional variability was 
observed in a subgroup analysis of 16 institutions that had treated a 
minimum of 100 NSCLC cases since the start of their recruitment (ICC 
13.7 %, p < 0.001, n = 2323 patients).

3.4. Association between AGA testing and overall survival

Absence of biomarker testing was associated with inferior survival. 
After adjusting for all fixed covariates of the primary model, patients 
who did not undergo AGA testing had a significantly higher risk of death 
(HRadj 1.11, 95 % CI 1.01–1.23, p = 0.029).

Fig. 2. Institutional variability in the use of AGA testing across individual institutions. Predicted probabilities for the use of AGA testing (mean and 95 % confidence 
interval) across individual institutions. For each of the 171 institutions, the dot marks the mean of the predicted probability of AGA testing, and the vertical bar shows 
its 95 % confidence interval. The figures illustrate how AGA testing practices vary substantially between institutions – even within the same institution type. The 
observed variability could not be explained by the covariate model accounting for patient-, tumor-, and treatment-related factors that may have influenced the use of 
AGA testing in NSCLC. Figure 2a shows individual institutions sorted by their adjusted mean predicted probability of AGA testing, regardless of institution type. 
Figure 2b displays the same institutions grouped by institution type (university hospital, non-university hospital, ambulatory health care center, and practice) and 
ordered within each group according to their predicted probability of AGA testing. Horizontal dashed lines indicate the model-derived overall mean predicted 
probability of AGA testing separately for each institution type in Figure 2b.
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4. Discussion

This large multicenter, real-world analysis is the first to demonstrate 
a substantial institutional variability in AGA testing for patients with 
advanced/metastatic NSCLC across multiple institutions in Germany. 
While some patient and tumor characteristics are important factors 
influencing AGA testing practices, our data suggest that one-fifth of the 
total variability in testing can be attributed to the institution itself, in
dependent of these covariates. This is particularly reflected in the overall 
higher predicted testing probabilities observed at university hospitals 
compared to other institution types. However, substantial variability 
remained within and across all institution types.

While our study quantifies significant institutional variability in AGA 
testing, it does not allow for direct conclusions regarding the underlying 
causes. This variability may be related to institutional policies, local 
routines, resource availability, or other unmeasured structural or cul
tural factors. Plausible examples include the presence or absence of 
standardized testing workflows, use of pathologist-initiated reflex 
testing for biomarker panels [11,12], integration of molecular tumor 
boards [13], and whether AGA testing is centralized in high-volume 
pathology institutes. These factors are potentially modifiable through 
local quality-improvement initiatives. However, they were not captured 
in this registry, and their contribution to the measured variability in 
AGA testing remains hypothetical in the context of our study.

Previously published CRISP data demonstrated increasing overall 
testing rates from 83.2 % in 2015 and 2016–94.2 % in 2019 [14]. Cal
endar year was included as a fixed effect in all models to adjust for these 
changes over time, yet substantial institutional variability in AGA 
testing persisted. However, while calendar year was adjusted for, our 
analysis does not formally test whether institutional variability changed 
over time. 

It is worth noting that the highest institutional variability in AGA testing 
was observed among lung cancer patients with squamous histology and 
in testing for KRAS mutations. The higher institutional variability in 
AGA testing among patients with squamous tumors may be explained by 
the lower prevalence of actionable genetic alterations in this subtype 
compared to non-squamous NSCLC [15–18], which may lead clinicians 
to be more hesitant in performing AGA testing in this population. In 
addition, KRAS testing showed the greatest overall institutional vari
ability, likely due to the relatively recent availability of targeted ther
apies for KRAS mutations. Since the approval of the first KRAS G12C 
inhibitor for second-line treatment of KRAS G12C-mutant NSCLC in 
February 2022 in Germany, there has been increased focus on KRAS 
testing [14,19]. However, differences in institutional readiness and 
awareness may contribute to the observed variability in testing practices 
for this mutation. It is important that tests are rapidly implemented after 
targeted therapies become available, to avoid delays between drug 
availability and test access [3].                                                           

Moreover, our survival analysis and similar studies demonstrated that 
the absence of AGA testing was associated with inferior overall survival 
[6,7,20]. These survival findings should be interpreted cautiously given 
the inclusion of both stage IIIB/C patients treated with non-curative 
intent and stage IV patients, as prognostic differences and treatment 
pathways may influence the observed association. While this explor
atory finding cannot demonstrate causality between testing and sur
vival, it aligns with established evidence from clinical trials and 
real-world studies showing survival benefits of matched targeted ther
apies in AGA-positive disease. These studies highlight the clinical sig
nificance of AGA testing in guiding targeted therapies. Therefore, 
addressing institutional variability in AGA testing practices is essential 
to ensure that all patients with AGA-positive NSCLC benefit from the 
range of targeted therapy options available. The clinical relevance be
comes more evident when considering the implications from a patient 
perspective. For example, a newly diagnosed patient with metastatic 

NSCLC harboring an ALK rearrangement – a molecular subtype with 
highly effective targeted treatment options – may not undergo appro
priate AGA testing depending on the institution they present to. In such 
cases, the patient may receive first-line chemotherapy or 
chemo-immunotherapy instead of ALK-directed therapy. Clinical trials 
have demonstrated that patients treated with third-generation tyrosine 
kinase inhibitors can achieve a median overall survival exceeding five 
years, with a subset of patients responding for a decade or longer [21, 
22]. In contrast, median survival under chemo-immunotherapy in this 
population is typically less than two years, often accompanied by 
increased toxicity and reduced quality of life [23,24]. Based on national 
incidence data and our findings, several hundred ALK-positive patients 
in Germany may be affected by insufficient AGA testing each year, 
depending on the institutions they seek care from. Therefore, ensuring 
consistent AGA diagnostics should now be considered a public health 
priority. Supporting this view, a large real-world study from France 
found that the presence of an AGA influenced first-line treatment de
cisions in 51% of over 8000 patients with advanced NSCLC [20]. 
Moreover, when patients with EGFR mutations were included in the 
analyses, AGA presence was significantly associated with higher objec
tive response rates both in first-line and second-line treatment, as well as 
with improved PFS and OS in the first-line setting [20]. More recent data 
from a large US clinicogenomic database further support the clinical 
relevance of comprehensive molecular profiling, showing that patients 
with AGA had substantially longer overall survival when treated with 
matched targeted therapies compared with those who did not receive 
such treatments [25].                                                                          

The methods used in this study have certain limitations. As this was 
not a confirmatory statistical analysis, no adjustment for multiple testing 
was applied. Approximately 17 % of initially eligible patients were 
excluded due to missing covariates and complete-case analyses without 
multiple imputation were performed, which may introduce selection 
bias. The use of registry data may have limited our ability to account for 
unmeasured factors that could have influenced the use or clinical ne
cessity of AGA testing. As previously noted, our data do not allow us to 
determine the specific reasons for the observed institutional variability, 
other than institution type. Additionally, our data do not allow any 
conclusions regarding potential relationships between the observed 
institutional variability and adverse outcomes.

Finally, this study was conducted only within the German healthcare 
system, which features high nationwide participation in clinical regis
tries, such as the nNGM (national Network for Genomic Medicine) and 
CRISP, and standardized reimbursement for molecular testing. These 
features may limit generalizability to other European countries with 
different molecular testing reimbursement models and lower registry 
participation rates, where institutional variability may be even greater. 
Nevertheless, the mixed-effects modeling approach used here could be 
applied to other national registries for quantifying institutional vari
ability in AGA testing. Despite these limitations, institutional variability 
in AGA testing in Germany has not been objectively demonstrated 
before, and we therefore believe our findings add important value to the 
discussion about standardized guidelines for the use of AGA testing in 
NSCLC. Results were robust across several sensitivity analyses, including 
subgroups by histology and restrictions to higher-volume centers, which 
strengthens confidence in the findings.

In conclusion, our study demonstrated significant institutional vari
ability in the use of AGA testing in NSCLC. This variability could not be 
explained by patient- or tumor-related characteristics and may partly 
reflect institutional culture or other unmeasured structural factors. 
Given the critical role of AGA testing in personalized treatment selection 
and patient outcomes, efforts to standardize testing practices across 
institutions are needed. Reducing institutional disparities in testing 
could improve the consistency and quality of care for patients with 
NSCLC, ultimately leading to better clinical outcomes.
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