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Background: Availability of tumor material at baseline and disease progression is increasingly important
for patient management in non-small-cell lung cancer (NSCLC), especially for the application of targeted
therapies like tyrosine kinase inhibitors and for immune checkpoint inhibitor treatment. Here we report the
experience of prospective biomaterial acquisition in advanced NSCLC from a pilot project.

Methods: Main objective was the longitudinal collection of high-quality, cryoconserved biopsies in addition
to formalin-fixed paraffin-embedded (FFPE) biopsies required for routine diagnostics, along with blood
samples and detailed clinical annotation using standardized questionnaires.

Results: Over five years, 205 patients were enrolled for the project, yielding 387 cryoconserved biopsies
and 1,098 serum, plasma and buffy-coat samples. The feasibility of obtaining the cryoconserved biopsies in
addition to the FFPE biopsies was 89% for newly diagnosed cases, but dropped down to 56% and 47% at
first and second disease progression, respectively. While forceps biopsy was the preferred procedure for tissue
acquisition, the highest tissue amounts were received using the cryobiopsy method. Biopsies had a median
tumor cellularity of 34% and yielded in median 13.6 pg DNA and 12 pg RNA (median RIN =8). During the
five-year project, a maximum of 38 follow-up blood samples per patient were assembled in up to four therapy
lines.

Conclusions: Despite the poor condition and limited prognosis of most NSCLC patients, this serial

biomaterial acquisition including routine collection of cryoconserved biopsies is feasible to support
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individualized management. The standardized collection of high-quality material has enabled and enriched

several translational research studies that can advance therapeutic options.
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Introduction

With about 1.8 million new cases worldwide each year,
non-small cell lung cancer (NSCLC) accounts for over
10% of newly diagnosed malignancies and is the leading
cause of cancer-related deaths (1). Most NSCLC patients
present with metastases, at first diagnosis. The median
life expectancy is below 1.5 years even with palliative
chemotherapy, since therapy responses are observed in
less than one third of the cases and usually last only for
a few months (2). A major improvement has been the
application of tyrosine kinase inhibitors (TKI), which result
in response and overall survival (OS) rates at least twice
higher than the traditional chemotherapy (3-5). However,
not every NSCLC patient is eligible for these targeted
therapies. Only tumors driven by the corresponding genetic
alterations respond to EGFR, ALK, BRAF or ROS]1
inhibitors. These types of tumors account for up to 15-20%
of all NSCLC cases. For immuno-oncologic (I0) therapies,
patient selection currently requires not only the absence
of treatable drivers, but also the determination of PD-L1
expression on tumor cells. The latter guides the decisions
of optimal use of immune checkpoint inhibitors alone or
in combination with other options (6,7). The impending
wide adoption of tumor mutational burden (TMB) as an
additional, more accurate IO biomarker in the near future
will improve therapeutic decision-making for NSCLC
patients, but also increase biomaterial demand (8). Similar
holds true for plasma ctDNA assays, which are increasingly
used as non-invasive, “liquid biopsies” to monitor tumor
load and identify baseline or secondary actionable genetic
alterations in TKI-, IO- or chemotherapy-treated NSCLC
(9-12). Analyses of the Phase IIIl MYSTIC trial data recently
demonstrated an apparent association between high blood
"TMB and response to 10 (13).

Currently, tissue rebiopsies at disease progression
remain the gold standard. They are necessary in case of a
negative “liquid biopsy”, as encountered for example with

© Translational Lung Cancer Research. All rights reserved.

ctDNA “non-shedders” (12), and are more informative
regarding specific secondary tumor changes, for example
transformation to small-cell lung cancer (14) or MET
amplification in TKI-resistant EGFR" tumors (15). At all
events, availability of blood samples is important for the
accuracy of all next-generation sequencing analyses as well
as ctDNA analytics in oncology, which should ideally filter
out germline and hematopoietic cell mutations (16,17).

In order to support individualized decision-making in
patient care and to develop a platform for current and future
research projects, the German Centre for Lung Research
(DZL) initiated the assembly of a prospective NSCLC
patient cohort in 2012. Here we describe the experience,
results, challenges and opportunities with this endeavor
after 5 years.

Methods
Patient recruitment

Prospective biobanking of NSCLC patients’ materials
was performed after informed consent as approved
by the ethics committee of Heidelberg University (S-
048/2012). Inclusion criteria were inoperable stage IIIB/
IV NSCLC according to TNM7, age >40 years and ECOG
performance status 0-2. Screening for candidate patients
prior to biopsy confirmation was performed by dedicated
study nurses (two fulltime positions), who attended the
radiologic conferences, checked the clinic and ward patient
lists and consulted responsible physicians daily.

Sample collection

For consenting patients, baseline tissue samples were
collected at the time of initial biopsy for establishing the
diagnosis of NSCLC, either by bronchoscopy or under CT-
guidance, or by surgery. At least two to three tumor cores
were formalin-fixed and dedicated to routine diagnostics,
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while additional cores were immediately snap-frozen and
stored at -80 °C in the Lung Biobank Heidelberg [LBBH,
member of the accredited Tissue Bank of the National
Centre for Tumor Diseases (NCT) Heidelberg]. The
collection of snap-frozen tissue was performed only in the
context of the scheduled rebiopsy procedure due to disease
progression.

Complementary serial blood samples were collected
at the time of initial biopsy, during subsequent follow-
up visits and with every rebiopsy. For patients receiving
chemotherapy, longitudinal blood samples were drawn at
each restaging, i.e., every 8-12 weeks, while for I0- and
TKI-treated patients the intervals were more frequent,
namely 2-3 and 4-8 weeks, respectively. Peripheral blood
was collected and processed within 1 hour with serum
aliquots, plasma aliquots and the bufty coat stored separately
at =80 °C for further analyses.

Comprebensive collection of clinical data

In order to ensure detailed clinical annotation, several
questionnaires were surveyed by specially trained study
nurses. The ad boc developed clinical report form (CRF)
captured basic demographic characteristics including
ethnicity, parameters of lung function testing, patient’s
own and family history of genetic and cancerous diseases,
detailed smoking history including time frames and
devices, comprehensive assessment of toxic exposure in
private and professional life, diagnosis-related symptoms,
results of histopathological and molecular analysis, results
of imaging studies including TNM stage, comorbidities
and co-medications. In addition, patients were asked
to complete standardized, validated questionnaires
concerning depression and anxiety (PHQ_4), stress (distress
thermometer), comorbidities (Charlson Comorbidity Index)
and nutritional status (Minimal Nutritional Assessment)
at baseline, restaging and rebiopsy. Disease remission and
survival status were actively monitored during follow-up
visits for the patients who continued in-house treatment,
and by contacting patients or local physicians for those who
were treated externally.

Nucleic acid isolation

Nucleic acid isolation from the collected biopsies followed a
standard procedure. First, samples were weighted, and then
10-15 tumor cryosections (10-15 pm each) were prepared
from each specimen. One section from the centre of each
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biopsy was stained with hematoxylin and eosin (H&E)
and reviewed by an experienced pulmonary pathologist to
determine the content of tumor cells vs. non-neoplastic
cells, stroma and necrotic areas in the whole sample (18).
Frozen sections of tumor were then homogenized with
the TissueLyser mixer-mill disruptor (25 sec, 25 Hz,
Qiagen, Hilden, Germany), followed by extraction of
total RNA and genomic DNA using an AllPrep DNA/
RNA/miRNA Universal Kit (Qiagen, Hilden, Germany)
according to the manufacturer's instructions. RNA and
DNA were quantified with the NanoDrop ND-1000
Spectrophotometer (NanoDrop Technologies, Wilmington,
MA, USA), and RNA quality was assessed with the Agilent
2100 Bioanalyzer using the RNA 6000 Nano Kit (Agilent
"Technologies, Boeblingen, Germany).

Results
Feasibility

In order to estimate the proportion of patients with
metastatic NSCLC amenable to enrolment, we
systematically documented the matching of inclusion
criteria (inoperable stage IIIB/IV NSCLC according to
TNM?7, age >40 years and ECOG performance status 0-2)
in the screened patients between June 2016 and September
2017. Overall, 172 patients with metastatic NSCLC who
referred to biopsy for primary diagnosis were screened and
39 cases (23%) were included into this cohort. The reasons
for exclusion are shown in Figure 1A4. Main inclusion criteria
were not met for 36% of the patients, because imaging
predicted less advanced tumor stages for instance or clinical
assessment diagnosed as small cell lung cancer (SCLC). In
addition, tumor biopsies for research purposes in addition
to the FFPE samples for routine diagnostics could not be
collected in 16% of cases, since there was no prospect for
tissue acquisition according to the responsible physicians.
Purely logistic issues prevented recruitment for another
13% of screened patients, for example insufficient time
for patient contact before biopsy or patient’s inclusion in
competing biomarker study. Finally, 12% of patients refused
to provide consent. Overall, recruitment was possible for
23% of screened patients.

Patient enrolment and clinical characteristics

The recruitment for the cohort started at the time of
initial diagnosis when the patient appeared first in the
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Figure 1 Feasibility of cohort assembly, processes of patient enrolment and collection of data and biomaterial. (A) Enrolment and exclusion

criteria for patients followed between June 2016 and September 2017 (n=172). (B) Flowchart of processes and cycles during patient

enrolment and recruiting for collection of data and biomaterial. Clinical data and biomaterial were collected at different time points.

Biomaterial and clinical data can be provided to researchers at variable time points of the cycles.

clinical system (Figure 1B). Eligible patients were identified
by screening of a variety of clinical documents such as
clinic and ward patient lists, attending conferences and
contacting responsible physicians. After receiving a signed
informed consent, questionnaires and clinical data as well as
biomaterial were collected within the frame of the routine

biopsy procedure. Data were documented in the hospital
information system and the LBBH. During therapy, further
questionnaires and blood samples were collected. At
progression of disease, additional data and biomaterial were
assessed. Biomaterial as well as deep phenotyped data can
be provided for future translational research projects.
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Table 1 Cohort characteristics

Parameter N (n=241) (%)

Median age 65 (41-85)

Gender 241 100
Male 159 66
Female 82 34

ECOG 241 100
0 83 34
1 113 47
2 17 7
3 1 0
ND 27 11

Origin 241 100
Lung cancer 234 97
Extrathoracic origin 4 2
Benign 3 1

Lung cancer histology 234 100
Small cell lung cancer 31 13
Non-small cell lung cancer 203 87

Adenocarcinoma 117 50
Squamous cell carcinoma 55 23
Large cell carcinoma 7 3
Sarcomatoid carcinoma 2 1

Adenosquamous carcinoma 2 1

Pleomorphic carcinoma 1 0
NOS 19 8

Clinical stage (7th edition) 234 100
Stage IA 2 1
Stage IB 1 0
Stage IIA 0 0
Stage IIB 2 1
Stage IllIA 11 5
Stage IlIB 33 14
Stage IV 183 76
ND 2 1

ECOG, Eastern Cooperative Oncology Group; NOS, not

otherwise specified; ND, no data.
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Over 5-year period of time, 276 patients consented to
the sequential biomaterial acquisition, including 16 patients
(6%) who received targeted therapies due to detection of
activating EGFR (4%) and EML4ALK (2%) alterations.
Collection of cryoconserved biopsies for research purposes
in addition to FFPE samples as well as a comprehensive
phenotyping of these patients were the main goal of
this study and were feasible for 87% of these patients
(n=241/276, Table 1). Two hundred and five patients
matched the inclusion criteria with NSCLC diagnosed
by experienced pulmonary pathologists according to the
WHO and IASLC/ATS/ERS criteria and were recruited
(Figure 24) (19). Major screening failures were SCLC
diagnosis (n=31), deviant TNM (n=19) and other primarius
of the tumor (n=8). Collection of cryoconserved biopsies
for research purposes was possible in 89% (n=183/205) of
these cases, yielding a total of 387 cryoconserved samples
(@ =2.1 cryoconserved biopsies/patient on average). After
exclusion of cases with ongoing responses (n=13, Figure 24)
at the time of data analysis or lost-to-follow-up (n=23) with
further treatment in other centers closer to their place of
residence), 169 patients experienced a disease progression
and 43% (n=72/169) underwent a rebiopsy as part of
routine management. The rebiopsy rates observed in this
study reflect the routine procedures in the participating
institutions at the time of the study, i.e., the collection
of rebiopsies was not actively controlled and enforced
within this project, but left to the discretion of the treating
physicians. Main reason for lack of rebiopsy was the clinical
deterioration or death (56%, n=95/169), whilst technical
non-feasibility was rarely an issue (1%, n=2/169).

Additional collection of cryoconserved biopsies besides
FFPE samples was a main objective and pursued whenever
a rebiopsy was requested clinically. This was achievable
for 56% of these patients (n=40). Main obstacle was an
increased procedural risk due to patient deterioration with
disease progression. Comprehensive clinical annotation
as described above could be performed for 169 patients at
baseline and for 114, 37, 12 and 3 patients during following
systemic treatment lines (Figure 2B).

Out of the 72 patients who underwent a routine rebiopsy,
58 patients experienced a second disease progression, 9
patients were still in the second-line therapy at the due
date of these analyses, and another 5 patients received
further treatment in centers closer to their residence. FFPE
biopsies were possible for 33% (n=19/58, Figure 2A) of
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Figure 2 Sampling of biomaterial. (A) Cohort overview with numbers of recruited patients and collected FFPE and cryoconserved biopsies
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patients with FFPE samples; bold numbers represent patients with cryoconserved samples. (B) Number of completed questionnaires at

baseline time point (B) and during systemic treatment lines and follow-up (L).

the patients who had a second disease progression, 47% Cryoconserved biopsy: source and type of acquisition

(n=9/19) of which had additional cryoconserved biopsies. Median time of rebiopsy sampling was 8.9 months after

Main reason for lack of rebiopsy at the second disease initial biopsy (dotted line in Figure 34). Of the 183 patients
progression was the clinical deterioration or death (67%, included into the cohort, 190 biopsy procedures were
n=39/58); technical non-feasibility was not an issue. performed to assemble cryoconserved biopsies. Over the
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Figure 3 Biopsy source and type. (A) Chronological overview of cryoconserved biopsies at different time points. Dotted line indicates

median time of rebiopsy. (B) Biopsy procedures at time point of diagnosis and at first and second rebiopsy time point in 183, 40 and 9

patients, respectively. (C) Source of biopsies at the different time points. Numbers indicate collected biopsies.

course of the disease, the type of biopsy techniques applied
changed significantly (Figure 3B). While at baseline the
proportion of the forceps biopsies amounted to 58%, it
decreased to 33% at re-rebiopsy time. In contrast, the
proportion of core biopsies increased from 22% to 56%
for the re-rebiopsy collection. Thereby, 171 (90%) biopsies

© Translational Lung Cancer Research. All rights reserved.

were derived from the primary tumor site (Figure 3C). Other
sources of tissue were bone (n=5), skin (3), liver (3), chest
wall (3), adrenal gland (2), pleura (1) and lymph node (1).
The percentage of biopsies originating from primary
tumor decreased from 90% (n=171/190) at baseline to 71%
(n=29/41, Figure 3B) and 56% (n=5/9, Figure 3C) at the
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time of a rebiopsy at first or second disease progression,
respectively.

Tissue assessment

Up to the time of this writing, 116 biopsies and rebiopsies
have been processed for DNA and RNA isolation for various
research projects. The samples were first weighed, followed
by preparation of cryosections for the isolation of nucleic
acids. A section from the middle of the sample was used
for pathological evaluation including determination of the
tumor cellularity. The largest tissue samples were obtained
with cryobiopsies and had a median weight of 23.8 mg
(Figure 4A), which was considerably more than core- and
forceps biopsies.

The mean tumor cellularity of the 151 processed biopsies
was 34.4% (Figure 4B). Samples predominantly consisted of
non-neoplastic cells (56.4%), such as fibroblasts, bronchial
cells or endothelial cells of blood vessels, while necrotic or
normal lung parenchymal cells were scarce. The different
biopsy techniques had no significant influence on the tumor
cellularity, which was between 30% and 40% for forceps,
cryo- and core-biopsy procedures, respectively (Figure 4C).

Since surgical biopsies are taken only in exceptional cases
from stage IIIB/IV patients, for example skin metastases,
there are not enough representative data available for the
analyzed samples. The amounts of DNA and RNA that
could be extracted from the biopsies correlated closely with
the weight of the samples (r =0.78 and r =0.70, respectively,
Figure 4D). Median yield was 1.17 pyg DNA and 0.88 pg
RINA per mg tissue, which corresponds to a median amount
of 13.6 pg DNA and 12 pg RNA per biopsy and is per se
sufficient for most downstream analyses. However, the
tumor cell content of the biopsy was a limiting factor in
a substantial proportion of cases. While next-generation
sequencing approaches may work with a tumor cellularity at
around 10% and DNA amounts as low as 10 ng depending
on methodology that is being used (feasible in 68% of
our processed samples), methylation analyses and Sanger
sequencing usually require a higher tumor cellularity of at
least 20% to 30%, respectively (feasible in 60% and 56%
of our samples, Figure 4E). For gene expression studies
and RNA sequencing, a higher tumor cell content of at
least 40% is desirable to distinguish between tumor and
non-malignant cells, and this was achieved in the half of
the processed samples (Figure 4F). Quality controls of the
isolated RNA showed a median RNA integrity number
(RIN) of 8.0 (Figure 4D). This value was suitable for further
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downstream analyses. Only 2% (n=3/151) had a RIN lower
than 5.

Blood sampling

In general, collection of blood samples started
concomitantly with the initial biopsy for every patient and
was continued during the time of treatment and repeat
biopsies. 2.8 mL serum and 2.8 mL plasma were obtained
from each blood draw as well as a bufty coat. The number
of blood samples per patient varied with a median of 2
(range, 1-38), and in 24% of the patients more than 10
blood samples were taken (Figure 5A). For 127 out of the
enrolled 183 patients (69%), follow-up blood samples
were collected after primary biopsy (Figure 5B). Follow-
up samples during second-line treatment were achieved
from 47 patients (26%). The time intervals of blood draws
differed from patient to patient depending on their clinical
follow-ups (Figure 5C). In contrast to patients receiving
chemotherapy, blood samples from patients during
immunotherapy and targeted therapy were collected more
frequently (Figure 5D). The median total yield of DNA
from bufty coat samples was 50.15 pg DNA (125.37 ng/mL)
(data not shown).

Discussion

Biomaterial availability is increasingly important for patient
management in NSCLC. Selection of patients for targeted
and IO therapies depends on the results of biomarker
assays, the feasibility and accuracy of which are largely
dependent on the quantity and quality of tumor samples
(20,21). While FFPE biopsies are in general sufficient
for diagnostic purposes (22,23), cryoconserved biopsies
increase the diagnostic yield in case of secondary genetic
analyses (24), and “liquid”, blood-based biopsies provide an
alternative, non-invasive method of molecular profiling (12).
With the evolving therapeutic and research landscape of
advanced NSCLC in mind, we initiated a pilot project of
systematic, prospective sequential biomaterial acquisition
in 2012 utilizing broad inclusion criteria and corresponding
deep clinical data annotation.

Two hundred and five stage IIIB/IV NSCLC patients
were recruited for the described cohort. Extrapolation of
data from our feasibility analysis suggests that approximately
890 patients with suspected advanced NSCLC scheduled
for a biopsy procedure had to be screened in order to enroll
205 patients. A variety of reasons for exclusion of screened
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patients was observed. The major component here was the

failure to meet inclusion criteria mainly due to the fact that

the tumor staging and histologic evaluation was completed
only after the bronchoscopy and CT-guided puncture,
respectively. Patients diagnosed as stage IV after completion

of diagnosis were excluded in this cohort if they did not

© Translational Lung Cancer Research. All rights reserved.

meet the inclusion criteria at the time of initial biopsy due

to a suspected stage I or II. Another issue for exclusion of

patients was the inaccessibility of the tumor according to
the consulted physician in charge before the bronchoscopy/
CT-guided puncture as well as insufficient time for patient

contact.
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To overcome the obstacles of deviant tumor stage and
insufficient time period it might be useful to inform and
receive consent from every patient entering the hospital
as part of the clinical routine. Additional tissue taken in
the biopsy procedures may be collected cryoconserved and
initially regarded as diagnostic samples. After completion
of diagnosis, these “back-up” samples may be transferred to
the biobank and make available for research purposes. The
laborious process of tracking and identification of patients
could be skipped and man power could be deployed for
acquisition and preservation of biomaterials as well as in-
depth data collection. The acquisition of additional biopsies
entails a slightly increased risk for the patients, therefore
the ethical aspects of it should be taken into consideration.
By all means, the bright side of it is to avoid repeated
biopsy procedures in the case of an impossible histological
diagnosis by the pathologist.

The main objective of our study, namely additional
collection of cryoconserved biopsies besides the FFPE

© Translational Lung Cancer Research. All rights reserved.

biopsies for routine diagnostics, was generally feasible
for newly diagnosed NSCLC cases with a success rate of
89%. It nevertheless dropped to 56% and 47% at first and
second disease progression, respectively. Main obstacle
in course of disease was increased procedural risk due to
the deterioration of patients” health conditions. While
cryoconserved biopsies were actively pursued in this study,
the clinical routine rebiopsies were not enforced. Routine
clinical rebiopsies were performed for 43% and 33% of the
enrolled patients at first and second disease progression,
respectively. A retrospective study investigating rebiopsies
for NSCLC patients treated with EGFR inhibitors
reported a rebiopsy rate of 63%. In this study specifically
pursued collection of rebiopsies was a main endpoint
and thoracocentesis for pleural effusions was considered
as tissue biopsies (23). Furthermore, patients receiving
targeted therapies present a favorable clinical course of
disease, and subsequently receive an increased number of
therapy lines. This could also contribute to the observed
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difference, since only 9% of our cryoconserved biopsies
derived from patients receiving targeted treatments, and
the main obstacle to rebiopsies was patient deterioration.
Technically, however, our success rate was higher than 90%
which is comparable to those reported by others (25) and
with no major notable complications.

The most amount of the tissue acquired was through
cryobiopsies compared to core or forceps biopsies. The
decreasing rate of cryobiopsy technique applied in the
course of disease consequently leads to a reduced amount
of tissues and nucleic acids. Nevertheless, DNA and RNA
quantity and quality from all processed samples were per se
sufficient for downstream assays. Tumor cellularity was
the, limiting factor. Only 56-68% of all samples exceeded
the threshold value of 40%, 20% or 10%, which are
considered adequate for gene expression, methylation or
next-generation sequencing assays, respectively. These
values were lower compared to a published study with a
70% success rate for microarray analyses (25). However, the
authors did not mention the minimum tumor content used
for microarray analyses. Due to the preservation of several
tissue aliquots in one biopsy procedure, we are able to
perform molecular analyses even for most of those patients
where the initial aliquot is inadequate. These observations
have been made in a study where in 20% of the cases the
second aliquot met the QC while the initial tissue specimen
did not (25). Liquid biopsies are becoming increasingly
part of routine diagnostics. For newly diagnosed NSCLC
patients lacking appropriate tumor samples, ctDNA assays
provide an alternative method for detection of actionable
genetic alterations for targeted therapy stratification (26).
Furthermore, for EGFR" and ALK" NSCLC patients
failing first- and second-generation TKI treatment, liquid
biopsies can identify changes in EGFR mutations or ALK
resistance mutations and guide subsequent treatment
management (11,26). Additional emerging applications
of ctDNA testing in NSCLC include early detection of
response to targeted therapies (27) and immunotherapy (28),
determination of TMB (29) and non-invasive
comprehensive molecular profiling (30). Moreover, blood
samples can be easily used for detection or validation of
prognostic and predictive protein biomarkers in advanced
stages (31).

Tumor mutational burden is an emerging predictive
biomarker for immunotherapy in multiple tumor entities.
The Checkmate 227 trial demonstrated an improved
response to the first line immunotherapy combinations

in advanced NSCLC patients with high tissue TMB (=10
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mutations per megabase, mut/MB) irrespective of tumor
PD-L1 expression level (32). Recent findings from the
multicenter phase III MYSTIC trial presented a correlation
of blood TMB based on ctDNA at >16 mut/MB with tissue
TMB (>10 mut/MB), and showed with increasing bTMB
(>20 mut/MB) levels an improved OS and PFS with first-
line durvalumab plus tremelimumab versus platinum-based
chemotherapy (13). The less invasive bTMB score measured
from ctDNA may in addition be more representative of
the heterogeneity of advanced NSCLC. The results of the
MYSTIC exploratory analysis and the value of bTMB as a
predictive biomarker for immunotherapy warrant further
investigation.

For 44 out of 183 patients (24%) in our cohort, more
than 10 follow-up blood samples were obtained for research
purposes with intervals of 2-6 weeks. Besides guidance of
therapy, the availability of longitudinal ctDNA samples
in association with matched serial tissue biopsies provides
excellent opportunities for monitoring of tumor evolution
and identification of novel molecular markers. In this
respect, the availability of snap-frozen tissue samples has
a significant advantage, because cryoconserved material
is more suitable for several analyses, such as whole exome
sequencing as well as most RNA and protein studies (33).
It should be noted that blood samples not only provide
ctDNA, but also blood-cell nucleic acids and serum. They
can be analyzed in conjunction with the cryoconserved
samples of the respective patient for comprehensive
genetic, gene expression profiling and proteomic studies
(34,35). The possibility to simultaneously characterize
local and systemic immunologic parameters by combining
routine clinical data with the results of molecular and
bioinformatic methods is of particular importance in the
era of immunotherapy, the potential of which will require
multiparametric approaches for full harnessing (36).
Examples include whole exome sequencing for the detection
of mutations affecting IO efficacy, determination of TMB
and prediction of neoepitopes (37,38), RNA profiling for
enumeration of immune cell subsets with CIBERSORT (39)
and exploration of immune signatures (40), sequencing of
the T-cell receptor repertoire (41) and mass spectrometry
for detection of neopeptides and immune effector molecules
at the protein level (42,43). Sequencing of RNA isolated
from cell nuclei (sNuc-Seq) has become instrumental
for interrogating cell types, functional processes
and determination of tissue heterogeneity (44). The
concomitant availability of high-quality clinical data permits
correlation of various parameters with patient outcome for
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identification of novel prognostic and predictive markers.

Building upon the experience from the first 5 years, we
are currently working on better integration of screening
procedures into the clinical routine in order to further
improve patient recruitment. Sacrifice of research
biobanking for the sake of proper diagnostic workup will
remain unavoidable in selected cases with limited tissue
availability.

Due to the invasiveness of rebiopsies, patient
deterioration limits the acquisition of tissue samples during
the course of disease. Liquid biopsies are minimal invasive
and provide the advantage of capturing spatial and temporal
tumor heterogeneity additionally that are associated with
the resistance situation. For making the appropriate therapy
decision and monitoring of therapy, an overview of the
genetic landscape of the tumor is mandatory. Solid biopsies
will continue to play a central role in tumor characterization
and the complementation of liquid biopsies will extend the
therapeutic value and stratification in precision medicine.

In summary, the cohort presented here is the first
reported attempt to implement detailed clinical annotation
and sequential biomaterial acquisition including
cryoconserved biopsies for research purposes in the routine
clinical setting. By collecting around 500 tissue and 1,100
blood samples from more than 200 in-depth phenotyped
patients, we demonstrate the feasibility and unique value of
large-scale systematic biobanking for individualized patient
care and translational research. Samples of the cohort
have already been used for several high-ranked research
projects (27,31,45-47). In particular, routine collection of
additional cryoconserved tissue samples is feasible in the
large majority (89%) of treatment-naive NSCLC patients
and can significantly extend the possibilities of molecular
workup in order to maximize the benefit of targeted and
immunooncologic therapies in the future. Nevertheless, the
cohort assembly and potential downstream analyses have to
be considered in detail before the application of the cryo-
conserved biopsy concept because of the time intensive
screening/tracking of the patients and costs associated.
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