MEDICINE

Department of Medi-
cal Oncology, West
German Cancer
Center, University
Hospital Essen: Prof.
Dr. med. Martin
Schuler

Division of Thoracic
Oncology, West Ger-
man Cancer Center,
University Medicine
Essen — Ruhrlandkli-
nik: Prof. Dr. med.
Martin Schuler

West German Cancer
Center, University
Medicine Essen —
Ruhrlandklinik: Prof.
Dr. med. Servet Bo-
likbas

Division of Interven-
tional Bronchology,
Department of
Pneumology, West
German Cancer
Center, University
Medicine Essen —
Ruhrlandklinik: Prof.
Dr. med. Kaid
Darwiche

Institute of Pathology,
West German Cancer
Center , University
Hospital Essen,
Essen: Prof. Dr. med.
Dirk Theegarten

Department of Nu-
clear Medicine, West
German Cancer
Center, University
Hospital Essen: Prof.
Dr. med. Ken Herr-
mann

Department of Radi-
ation Therapy, West
German Cancer
Center , University
Hospital Essen: Prof.
Dr. med. Martin
Stuschke

Continuing Medical Education

Personalized Treatment for Patients
With Lung Cancer

Martin Schuler, Servet Béllikbas, Kaid Darwiche, Dirk Theegarten, Ken Herrmann, Martin Stuschke

Summary

Background: Lung cancer is the most common cause of death among all types of cancer in Germany, with an annual death rate
of 45 000 patients. Over the past 15 years, innovations in diagnosis and treatment have prolonged the survival of patients with
non-small-cell lung cancer in all tumor stages.

Methods: This review of the diagnosis and treatment of lung cancer is based on current national and international guidelines,
and on prospective trials with the highest possible level of evidence that were retrieved by a selective search of the literature.

Results: Improved outcomes in patients with non-small-cell lung cancer (85% of new diagnoses) were achieved with the aid of
precise diagnostic techniques, including functional imaging and endobronchial procedures for localized disease stage. Contem-
porary surgical and radio-oncological technologies reduce the morbidity and expand the boundaries of local therapy. Molecular

pathology, including the assessment of predictive biomarkers, is an integral part of the diagnostic evaluation of non-small-cell
lung cancer in all tumor stages; it enables stratified cytotoxic/molecularly targeted treatments and immunotherapies and im-
proves patient-reported outcomes. The percentage of long-term survivors in the metastatic stage has doubled by the introduc-
tion of immunotherapy. In contrast, there has been no major improvement in the survival of patients with small-cell lung cancer

(15% of new diagnoses).

Conclusion: In addition to the implementation of lung cancer screening in high-risk populations, the further development and
consistent implementation of personalized diagnosis and treatment in certified lung cancer centers can be expected to prolong

survival and improve the patients’ quality of life.
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death. The dominant risk factor is smoking. Addi-

tional risks arise from exposure in the workplace,
and environmental influences are also under debate. In
Germany, deaths from lung cancer are falling, especially
among men, and this can be explained by a decrease in
cigarette smoking. Notwithstanding, with a predicted
60 000 new diagnoses and 45 000 deaths per year, lung
cancer is by a long way the leading cause of cancer death
and of years of life lost (1, 2). Several studies on early
detection of lung cancer by means of low-dose computed

| ung cancer is the most common cause of cancer

Prevalence

Lung cancer is by far the most common cause of cancer death
in Germany, with a predicted 60 000 new diagnoses and
45000 deaths per year, and is the leading cause of years of
life lost.

tomography have demonstrated a reduction in mortality
in defined risk populations (3, 4).

Medical advances over the past 15 years have
markedly improved survival rates for patients with all
stages of non-small-cell lung cancer (NSCLC, about
85% of primary diagnoses). In contrast, over the same
period the prognosis for those with small-cell lung
cancer (SCLC, about 15%) has not changed signifi-
cantly (5). In the treatment of NSCLC, personalized
medicine is front and center. This approach involves
combining a comprehensive diagnostic characterization

Prognosis

Advances in diagnosis and treatment have measurably im-
proved the prognosis of patients with all stages of non-small-
cell lung cancer.
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of the individual patient and their tumor with targeted
treatment procedures. A more precise diagnostic wor-
kup, optimized surgical and perioperative procedures,
and advances in radiotherapy combined with drug
therapies are key reasons for improved survival rates
in patients with localized and locally advanced stages
of NSCLC. More than half the cases of NSCLC in
Germany are diagnosed at a metastatic stage (1). In
addition, some patients with localized or locally ad-
vanced tumors are not eligible for curative treatment
because of severe comorbidities. Such patients derive
benefit from biomarker-guided targeted drug ther-
apies and from the activation of immunologic tumor
defense by immune checkpoint inhibitors (ICI), anti-
bodies against the immunoregulatory surface mol-
ecules PD-1 (programmed cell death protein-1),
PD-L1 (programmed cell death 1 ligand-1) and
CTLA-4 (cytotoxic T-lymphocyte-associated protein
4) (6).

This article is based on an evaluation of national
guidelines (S3 Guideline on Lung Cancer, Onko-
pedia) and international guidelines (American So-
ciety for Radiation Oncology, ASTRO; European
Society for Medical Oncology, ESMO; European
Society of Thoracic Surgeons, ESTS; National Com-
prehensive Cancer Network, NCCN). High-evi-
dence-level studies (phase III, phase II, systematic
meta-analyses) up to the time of manuscript sub-
mission were also included. Due to space limi-
tations, the presentation of results focuses on the pri-
mary endpoints. In addition to treatment effect, ab-
solute survival times are significantly influenced by
the make-up of the study population concerned. To
facilitate comparison of the effect sizes of treatments
being studied in separate trials, in addition to median
survival times, the relative risk reduction (low
number corresponds to strong effect) for the survival
endpoint is also given.

Learning objectives
After reading this article, the reader should:
® Know the diagnostic pathway according to guide-
lines for the histological classification of lung
cancer, clinical tumor staging, and determination
of the biomarkers relevant to treatment;
® Know the indications for surgery, radiotherapy,
and drug therapy with curative or palliative intent
for the different tumor stages;
® Understand immunologic treatments and genomic
biomarker-guided targeted drug therapy for pa-
tients with lung cancer.

Non-small-cell lung cancer

More than half the cases of non-small-cell lung cancer in Ger-
many are diagnosed at a metastatic stage.
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PD-1/PD-L1 inhibitor carcinoma carcinoma

/

Chemoimmunotherapy

Algorithm for the diagnosis and treatment of lung cancer

PD-1, programmed cell death protein-1; PD-L1, programmed cell death 1 ligand-1;

TPS, tumor proportion score

Diagnosing the tumor and targeting treatment

A suspected diagnosis of lung cancer is usually made
when a patient has been referred for diagnostic
imaging. In addition, there may be incidental findings
detected during the diagnosis or treatment of other mor-
bidities. Anatomic assessment of thoracic foci, lung
parenchyma, mediastinum, and other thoracic organs is
primarily by means of contrast-enhanced computed
tomography.  2-Fluoro-2-deoxy-D-glucose  positron
emission tomography/computed tomography (FDG-
PET/CT) defines N and M stage and is therefore set in
the guidelines as a mandatory staging study. Diagnostic
imaging is completed with contrast-enhanced magnetic
resonance imaging (or, if that is contraindicated, com-
puted tomography) of the brain (7).

Histological confirmation of early-stage thoracic
tumors can be performed by navigation-guided
bronchoscopy. For locally advanced tumors,
endobronchial ultrasound (EBUS)-guided needle

Diagnosis

A suspected diagnosis of lung cancer is usually made when a
patient has been referred for diagnostic imaging. In addition,
there may be incidental findings detected during the diagnosis
or treatment of other morbidities.
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TABLE 1

Supplementary histopathologic diagnostic investigations in lung cancer

Squamous cell carcinoma with inter-
cellular bridges and/or keratin pearls

Non-small-cell carcinoma

Neuroendocrine tumor or large-cell
neuroendocrine carcinoma

Small-cell neuroendocrine carcinoma

Sarcomatoid carcinoma

Metastases

None

PAS-diastase, p40, TTF1, CD56

Chromogranin A, synaptophysin, CD56,
TTF1, Ki-67

CD56, synaptophysin, TTF1, Ki-67

Pan-CK, CD56, p40, TTF1, S100 protein,
desmin, CD31

Depend on the primary tumor

CK, cytokeratin; CD, cluster of differentiation; Ki67, Kiel antigen no. 67;
TTFA1, thyroid transcription factor 1; PAS, periodic acid-Schiff reaction

biopsy is usually used (el), which in 94% of cases
leads to diagnosis. Various biopsy techniques are
available, such as forceps biopsy, needle biopsy, and,
especially, cryobiopsy, the advantages of which over
cytology are clear given the need for further
histopathologic and molecular pathologic diagnostic
procedures (e2). Cytology remains useful for the de-
tection of malignant effusion, for example in pleura or
pericardium, or of cerebrospinal fluid involvement. In
addition to inspection of the central airways, broncho-
scopy facilitates interventional management of
hemorrhage or central airway stenosis and retrieval of
secretions for microbiologic analysis, including
systematic assessment of the mediastinal, hilar, para-
tracheobronchial, and paraesophageal lymph node
stations . EBUS is used for this, supplemented by
EBUS-guided transbronchial needle aspiration
(EBUS-TBNA) of sonographically abnormal lymph
nodes or those larger than 8 mm (8). In contrast, diag-
nostic mediastinoscopy is less to the fore in the stag-
ing of lung cancer. If pulmonary foci suggestive of
cancer are not accessible to bronchoscopic biopsy re-
trieval, histologic confirmation can be achieved by
wedge resection and frozen section pathology, with
the resection extended to oncologic resection if
NSCLC is detected—and, if metastatic disease is
present, by CT-guided puncture. If this procedure is
contraindicated due to severe comorbidities, stereo-
tactic ablative radiotherapy of lung tumors that fulfill
clear clinical and imaging criteria of malignancy can be
performed even without histologic confirmation so long
as the clinical decision for it is multidisciplinary (e3).

Diagnosis and staging of lung cancer

Bronchoscopy-assisted tissue retrieval and functional imaging
are key elements in the diagnosis and staging of lung cancer.

Histologic diagnosis (Figure 1) includes classifi-
cation according to histomorphologic criteria sup-
ported by immunohistochemical markers (7able ). In
line with the linking of the approval of immunologic
and targeted adjuvant therapies to biomarker studies,
diagnostic biomarker studies are mandatory as part of
the primary diagnostic workup for patients with
NSCLCs undergoing primary surgery and for those
given curative radiochemotherapy (7able 2). For pa-
tients with stage IVA or IVB NSCLC, those who have
received palliative systemic therapy at earlier stages
because curative treatment approaches were contrain-
dicated, and those with recurrence after primary cura-
tive therapy, comprehensive diagnostic biomarker
studies are mandatory before the initiation of treat-
ment (7able 2). The exception is in situations where
inducing remission is urgent, for example in a patient
with compression of the superior vena cava; in this
case, diagnostic studies are performed in parallel with
the first cycle of chemotherapy and/or radiotherapy
with biomarker-guided adjustment of treatment in
subsequent cycles. Selected somatic genomic bio-
markers can be detected on the basis of the primary
tumor, metastases, and circulating nucleic acids
(ctDNA) released by tumor cells into the blood. This
“liquid biopsy” has been introduced for diagnostic
purposes in patients with acquired resistance to tyro-
sine kinase inhibitors (TKIs) targeting the epidermal
growth factor receptor (EGFR) (9). Any false-
negative results of genomic biomarker diagnostic
testing are primarily due to prediagnostic factors,
such as inadequate biopsy, too low a tumor cell
content in the biopsy, or a low ctDNA concentration
in the blood. In Germany, comprehensive diagnostic
biomarker studies for patients with NSCLC, coupled
with a counseling service within the National Net-
work Genomic Medicine Lung Cancer (Nationales
Netzwerk Genomische Medizin Lungenkrebs, www.
nngm.de), established with the support of German
Cancer Aid and other molecular pathology institu-
tions meeting the quality requirements, is available
and is covered by the vast majority of German public
health insurance funds.

Surgical treatment

Curative resection is the treatment of choice for stage I
or II NSCLC (25% of new diagnoses), and for stage
IITA if there is interdisciplinary consensus. Because it
carries lower morbidity and perioperative mortality,
organ-preserving resection (primarily lobectomy) is the
aim where possible, employing bronchoplasty and

Histopathology and molecular pathology

Histopathology and molecular pathology results are used to
guide personalized drug therapy using curative and palliative
treatment algorithms in patients with non-small-cell lung
cancer.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2023; 120: 300-10



TABLE 2

Predictive biomarkers with relevance for treatment in patients with non-small-cell lung cancer

T ucowme

mnnmm-
IHC, NGS, ISH Alectinib, brigatinib, ceritinib, crizotinib, lorlatinib

BRAF NGS - | - = = + | Dabrafenib/trametinib

EGFR NGS + + - + | Afatinib, amivantamab, dacomitinib, erlotinib, gefitinib,

mobocertinib*, osimertinib

HER2 NGS - | - - - +* | Poziotinib*, trastuzumab-deruxtecan*

KRAS NGS - - - - + | Sotorasib, adagrasib*

MET NGS = | = = = + | Capmatinib, tepotinib

NTRK1-3 IHC, NGS, ISH -] - - - + | Entrectinib, larotrectinib

PD-L1 HC + | + + + + | Atezolizumab, cemiplimab, durvalumab, pembrolizumab

RET NGS, ISH - - - - + | Pralsetinib, selpercatinib

ROS1 IHC, NGS, ISH = || = = = + | Crizotinib, entrectinib

ALK, anaplastic lymphoma kinase; BRAF, B-rat fibrosarcoma; EGFR, epidermal growth factor receptor; HER2, human epidermal growth factor receptor 2; IHC, im-
munhistochemistry; ISH, in situ hybridization; KRAS, Kirsten rat sarcoma viral oncogene; MET, MET proto-oncogene/receptor tyrosine kinase; INGS, deoxyribo-
nucleic acid or ribonucleic acid parallel sequencing (“next-generation sequencing”); NTRK1-3, neurotrophic tyrosine kinase 1-3; PD-L1, programmed cell death 1
ligand-1; RET, RET proto-oncogene; ROS1, ROS proto-oncogene 1; UICC, Union for International Cancer Control; [ll(op), stage Il primary surgery; lll(crtx), stage IIl

definitive chemoradiotherapy
+* Not currently approved in Europe for this indication.

angioplasty resection procedures where anatomy or
function require this. As a result, pneumonectomy is
now indicated only in selected cases.

In patients with very small tumors with a radi-
ologic tumor diameter of 2 cm or less, initial studies
suggest that anatomic segmental resection, requiring
selective removal of segments of arteries, veins, and
bronchi, and lobectomy are equivalent in terms of
overall survival (10).

Video-assisted thoracoscopic surgery (VATS) is the
access of choice for curative surgery. The multicenter,
randomized VIOLET trial (11) is comparing VATS
with open surgery in relation to postoperative re-
covery, morbidity, safety, and oncologic efficacy. A
conference presentation on the trial (e4) showed an
advantage of VATS in terms of perioperative morbid-
ity and postoperative recovery; the final results are
still awaited.

In curative resection of the primary tumor, the ad-
dition of systematic lymph node dissection is man-
datory. Based on evidence of superior results in
lymph node dissection, robot-assisted surgical pro-
cedures are being introduced in lung cancer surgery

(e5).

Organ-preserving lung surgery

Minimally invasive thoracic surgery and extended resection
techniques improve postoperative morbidity and have ex-
panded the boundaries of organ-preserving lung surgery.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2023; 120: 300-10

In patient with stage IIIl NSCLC, curative resection
can be performed in the context of multimodal ther-
apy. Five-year survival rates of 40% to 44% are
achieved after preoperative simultaneous chemo-
radiotherapy in defined patient groups (12) or after
chemotherapy in patients with stage IIIA tumors (e6).
One promising approach is curative surgery after
combined pretreatment with chemotherapy and
nivolumab (13), although approval by the European
Medicines Agency (EMA) is still pending.

Adjuvant drug therapy
Adjuvant chemotherapy after resection of NSCLC
improved overall survival at 5 years by 5% to 10% in
several randomized controlled trials and meta-ana-
lyses (e7, €8). Allowing for patient-related factors, ad-
juvant drug therapy is indicated from stage pT2b or
when lymph node metastasis has been detected. The
standard is 4 cycles of cisplatin-based combination
therapy (14); evidence for the value of carboplatin is
poor (Table 3).

In patients in whom the PD-L1 biomarker is
expressed in tumor tissue (>50% of cases) and who
are eligible for therapy, 1 year of treatment with

Stage Il non-small-cell lung cancer (NSCLC)

For stage Ill NSCLC that is not primarily operable, curative re-
section can be performed in the context of multimodal therapy.
Five-year survival rates of 40% to 44% are achieved after pre-
operative simultaneous chemoradiotherapy in defined patient

groups or after chemotherapy in patients with stage IlIA tumors.
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TABLE 3

Adjuvant and consolidation drug therapy in curative treatmen

Cisplatin/vinorelbine vs. observation after
surgery

Survival: 65.7 [47.9;
Ivs. 43.7 [35.7; 52.3]

Disease-free survival
Ivs. 35.3[29.0; n. a.]

Disease-free survival
Ivs. 29.6 [16.6; 24.5]

Survival: n. a. [34.7;
Ivs. 28.7[22.9;n. a.]

Atezolizumab vs. observation after surgery
and chemotherapy

Osimertinib vs. placebo after surgery (and
chemotherapy)

Durvalumab vs. placebo (after radiotherapy)

t algorithms

88.5] 08 (14)
I:n.a.[36.1;n.a] 0.66 (15)
I:n.a.[38.8;n.a] 0.17 (16)
n.a] 0.68 (19)

95% Cl, 95% confidence interval; HR, hazard ratio; n. a., not attained at the time of publication; vs., versus

atezolizumab reduces risk in relation to the endpoint
“disease-free survival” by 34% (15). This treatment is
ruled out for individuals whose NSCLC has an EGFR
mutation or an ALK (anaplastic lymphoma kinase)
fusion (7able 2). In Europe, approval is restricted to
NSCLC with high PD-L1 expression (tumor propor-
tion score” [TPS] >50%). If an EGFR mutation of
exon 19 (in-frame deletion) or 21 (p.L858R) is de-
tected in tumor tissue, 3 years’ oral treatment with
osimertinib, an epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR TKI), following or
instead of adjuvant chemotherapy reduces risk in re-
lation to the endpoint “disease-free survival” by 83%
(16). These approvals require testing for selected pre-
dictive biomarkers after curative resection of NSCLC
(Figure 1, Table 2).

Curative and palliative radiotherapy

Modern radiotherapy is a core treatment modality in the
management of lung cancer. In patients with locally
advanced SCLC, clinical stage “limited disease” (clas-
sification of the Veterans Administration Lung Study
Group [VALG]), so long as the patient is eligible for
treatment, simultancous chemoradiotherapy is the
treatment of choice. Hyperfractionated accelerated
radiotherapy is directed at the intrathoracic region of
tumor spread up to a total dose of at least 45 Gy. Alter-
natively, conventional fractionated irradiation up to
60-66 Gy can be given. Due to the survival benefit
shown in meta-analyses, patients in clinical stages I to
III should be offered prophylactic cranial irradiation in
addition (after completion of chemotherapy) (7).
Hippocampus-sparing techniques can be used to reduce
late neurotoxic sequelae (€9).

Curative and palliative radiotherapy

Modern radiotherapy offers curative treatment in early-stage
disease and also — within multimodal treatment protocols — in
locally advanced lung cancer.

For patients with stage I or stage II NSCLC,
especially where the tumor is functionally inoperable
or surgery has been ruled out by individualized risk
assessment, stereotactic ablative radiotherapy offers a
curative treatment option with a high rate of local
tumor control.

For stage III NSCLC, simultaneous chemoradiother-
apy with a total dose equivalent to 60—70 Gy in conven-
tional fractionation, combined with systemically ad-
equate cisplatin-based combination therapy, represents
a curative treatment approach, even when resection is
technically or functionally impossible (12, 17, 18).
With determination of target volumes through precise
pretherapeutic diagnostic studies using FDG-PET/CT
plus T and M stage defined by EBUS (18), and with the
advent of intensity-modulated radiation therapy
(IMRT) technique (el0), modern radiotherapy of
NSCLC has become more accurate, individualized, and
gentle. For example, IMRT halved the risk of severe
pneumonitis and reduced the cardiac volume exposed
to a dose above 40 Gy by 40% (e10).

Oncologic equivalence of curative chemoradio-
therapy and trimodality therapy in stage IIIA disease
is likely, but has not been formally demonstrated.
Therefore, where pneumonectomy is necessary for
technical reasons, or where other risks are present, the
indication for surgery should be carefully evaluated
on an individual basis. In patients with stage III
NSCLC, 1 year of consolidation treatment with the
ICI durvalumab improves overall survival after
definitive chemoradiotherapy by 32% (7able 3) (19,
ell). The EMA has restricted this treatment to pa-
tients whose tumors express the biomarker PD-L1
(TPS > 1%, more than 50% of cases) (7able 2).

Radotherapy for stage | and Il NSCLC

For patients with stage | or stage I NSCLC, especially where
the tumor is functionally inoperable or surgery has been ruled
out by individualized risk assessment, stereotactic ablative
radiotherapy offers a curative treatment option with a high rate
of local tumor control.
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Even for metastatic lung cancer, radiotherapy is ex-
tremely important. Metastases are often localized to
the brain and skeletal system. Irradiation of a limited
number of cerebral metastases (high evidence: 1-4
metastases; low evidence: 5-10 metastases) is now
preferentially performed as stereotactic radiosurgery,
which carries lower neurocognitive toxicity than
whole-brain irradiation (e12). For metastases more
than 2 cm in diameter, and for multiple metastases,
fractionation schedules giving 3—5 fractions are an
alternative to single-fraction irradiation. Another
situation where radiotherapy is indicated is after
neurosurgical resection of brain metastases, when ad-
ditive radiotherapy should be administered to the
metastasis bed and any unresected metastases.

Indications for radiotherapy of bone metastases
may include a risk of spinal cord compression, risk of
instability or fracture, and pain control; the decision
requires close coordination with other specialists,
especially spine surgeons. Radiotherapy of spinal
metastases can be hypofractionated (1-10 fractions)
(e13). In addition, with modern techniques (stereo-
taxy, image-guided radiotherapy [IGRT]/intensity-
modulated radiotherapy [IMRT]), radiotherapy can be
used as an adjunct to systemic therapy for local ab-
lation in patients with limited metastasis. Initial
studies indicate there may be an additional benefit
(20).

Drug therapy for metastatic lung cancer

Although considerable advances have been made in
treatment, metastatic lung cancer still continues
regularly to lead to death. When discussing therapeutic
options with patients, therefore, the option of taking a
purely symptom-oriented approach should be included.
It should be noted that the approval process for
currently available systemic therapies took systematic
account of endpoints regularly reported by patients,
such as overall state of health, symptom burden, and
symptom severity. The great majority of new treat-
ments have demonstrated benefits in terms of symptom
control or prolongation of the interval to worsening of
these parameters.

Treatment of metastatic small-cell lung cancer

Well over 70 % of SCLCs are diagnosed in a metastatic
stage, IVA or IVB, or the clinical stage “extensive
disease” (VALG classification). Based on the overall
survival benefit (risk reduction 30% and 27%, respec-
tively) demonstrated in two randomized phase I1I trials,
the combination of chemotherapy with carboplatin/cis-

Immune checkpoint inhibitors

Used within curative and palliative treatment protocols, im-
mune checkpoint inhibitors improve the long-term survival
rates of patients with lung cancer, in some cases quite con-
siderably.
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Relative prevalence of genomic biomarkers relevant to therapy in patients with “nonsqua-
mous” stage IV non-small-cell lung cancer (Lung Cancer Center, West German Cancer Center
[Department of Medicine, University of Essen], 2021).

ALK, anaplastic lymphoma kinase; BRAF, B-rat fibrosarcoma; EGFR, epidermal growth factor
receptor; HER2, human epidermal growth factor receptor 2; KRAS, Kirsten rat sarcoma viral
oncogene; MET, MET proto-oncogene/receptor tyrosine kinase; NRTK, neurotrophic tyrosine
kinase ; RET, RET proto-oncogene; ROS1, ROS proto-oncogene 1

platin and etoposide with atezolizumab or durvalumab
is the treatment of choice (21, 22). Unfortunately, this
treatment achieves progression-free survival of more
than 2 years in only about 10% of patients, who so far
are not identifiable by predictive biomarkers. For treat-
ment after progression, topotecan or anthracycline
combinations are well established (23). Patients with a
remission duration of more than 3 months after first-
line chemotherapy may benefit from re-exposure to
platinum and etoposide (e14).

Today, personalized selection of the optimal drug
therapy for metastatic NSCLC follows algorithms
based on biomarkers (Figure ). Parameters include

Drug therapy for metastatic lung cancer

Although considerable progress has been made in treatment,
metastatic lung cancer still continues regularly to lead to
death. When discussing therapeutic options with patients,
therefore, the option of taking a purely symptom-oriented
approach should be included.
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histomorphology (squamous cell carcinoma versus
“nonsquamous” histology), expression of the bio-
marker PD-L1, and detection or exclusion of the
presence of genomic biomarkers (7Table 2, Figure 1,
Figure 2).

Personalized first-line treatment of non-small-cell lung
cancer

The most important biomarker to guide treatment of pa-
tients with squamous cell carcinoma of the lung (about
30% of cases of NSCLC in Germany) is PD-L1.
Genomic biomarkers with relevance for treatment
(Table 2) are very rarely detected in squamous cell
carcinoma of the lung. As part of a patient-oriented ap-
proach, more common biomarkers, for example EGFR
and Kirsten rat sarcoma viral oncogene (KRAS), should
also be tested for in squamous cell carcinoma, since
their presence cannot be ruled out, especially in the
case of patients with little history of smoking or with
mixed histology (Figure 1).

If high PD-L1 expression (TPS > 50%) is shown in
the tumor tissue, immunotherapy alone using atezol-
izumab, cemiplimab, or pembrolizumab can be given.
Compared with platinum-based chemotherapy, this
treatment reduces risk in relation to overall survival
by 38% to 41% (el15, el6, 24). For squamous cell car-
cinoma with low or no expression of PD-L1 (TPS
0-49%), immunotherapy is supplemented with plati-
num-based chemotherapy. The EMA has approved
three alternative protocols (7able 4): the combination
of pembrolizumab with at least 4 cycles of chemo-
therapy with carboplatin/(nab-)paclitaxel (25) fol-
lowed by maintenance therapy with pembrolizumab
(risk reduction related to overall survival 29%); the
combination of nivolumab plus ipilimumab with 2
cycles of carboplatin/paclitaxel followed by mainten-
ance therapy with nivolumab and ipilimumab (risk
reduction related to overall survival 38%) (26); and
the combination of durvalumab plus tremelimumab
with 4 cycles of platinum-based chemotherapy (no
statistically significant risk reduction in the squamous
cell carcinoma subgroup) (e37). Whether patients
with squamous cell carcinoma with high PD-L1 ex-
pression (TPS > 50%) benefit from having chemo-
therapy added to ICI is the subject of intense debate.
Retrospective analyses suggest an additional benefit
in cases with certain constellations of clinical factors,
but evidence from comparative prospective studies is
lacking.

Most “nonsquamous” NSCLC—about 60%—are
pulmonary adenocarcinomas. In particular, with ade-

Personalized first-line treatment of non-small-cell lung
cancer

The most important biomarker to guide treatment of patients
with squamous cell carcinoma of the lung (about 30% of cases
of NSCLC in Germany) is programmed cell death 1 ligand-1
(PD-L1).

nocarcinomas recurrent somatic genetic aberrations
are found, which are predictive biomarkers for
targeted systemic treatment with small molecule
inhibitors and, in the future, also antibody—toxin con-
jugates (Figure 2). European approvals are available
for targeted first-line treatment of metastatic NSCLC
on detection of oncogenic mutations of EGFR or
B-rat fibrosarcoma (BRAF p.V600X) as well as fusion
oncogenes involving ALK, neurotrophic tyrosine kinase
(NTRK) 1-3, the RET proto-oncogene (RET), and the
ROS proto-oncogene 1 (ROST) (Table 2).

In the field of precision oncology for lung cancer,
EGFR TKIs have set the pace. Three generations of
agents have now been approved for (first-line
treatment. In randomized controlled trials, the first-
generation  (erlotinib, gefitinib) and second-
generation drugs (afatinib, dacomitinib) almost
doubled median progression-free survival and im-
proved patient-reported outcomes compared with
platinum-based chemotherapies (27, 28, el17, e18). In
a phase III study, the third-generation mutation-
specific EGFR TKI osimertinib demonstrated a 20%
risk reduction in relation to the endpoint “overall sur-
vival” compared with first-generation inhibitors (29).
Because of this efficacy and its favorable safety pro-
file, osimertinib is now widely used.

The approvals of the ALK inhibitors alectinib, bri-
gatinib, ceritinib, crizotinib, and lorlatinib are based
on randomized phase I1I trials that demonstrated their
superiority to standard chemotherapy or the first-
generation inhibitor crizotinib for the surrogate
endpoint “progression-free survival” (30, e19—e21).
European approvals for inhibitors of the NTRK
(entrectinib, larotrectinib), RET (pralsetinib, selper-
catinib), or ROS1 kinases (crizotinib, entrectinib),
and for dual inhibition of oncogenic BRAF V600 mu-
tants by the combination of dabrafenib/trametinib
have been based on prospective, noncomparative
studies because of the rarity of these aberrations and
the high clinical efficacy of these therapies (31-34,
e22—e24). The probability of efficacy is notably
higher than that of chemotherapy in historical com-
parator patient populations.

However, the majority of patients with NSCLC of
“nonsquamous” histology do not exhibit any of the
aforementioned genomic biomarkers in their tumor
tissue (Figure 2). If high PD-L1 expression (TPS >
50%) is present, immunotherapy alone with
atezolizumab, cemiplimab, or pembrolizumab can be
given, as in squamous cell carcinoma (24, el5, el6).
If PD-L1 is not expressed or is expressed at low levels

Genomic biomarkers

Genomic biomarkers guide molecular targeted drug therapy
particularly in some patients with pulmonary adenocarcinoma.
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TABLE 4

Squamous cell carcinoma of the lung (PD-L1 TPS 0-100%)

Platinum/paclitaxel/nivolumab/Ipilimumab vs.
platinum/paclitaxel

Platinum/(nab-)paclitaxel/pembrolizumab vs.
platinum/(nab-)paclitaxel/placebo

Platinum/gemcitabine or nab-paclitaxel/durvalumab/
tremelimumab vs. platinum/gemcitabine or nab-paclitaxel

“Nonsquamous” lung cancer (PD-L1 TPS 0-100%)

Carboplatin/nab-paclitaxel/atezolizumab vs.
carboplatin/nab-paclitaxel

Carboplatin/paclitaxel/bevacizumab/atezolizumab vs.
carboplatinum/paclitaxel/bevacizumab

Platinum/pemetrexed/nivolumab/ipilimumab vs.
platinum/pemetrexed

Platinum/pemetrexed/pembrolizumab vs.
platinum/pemetrexed/placebo

Platinum/pemetrexed or nab-paclitaxel/durvalumab/
tremelimumab vs. platinum/pemetrexed or nab-paclitaxel

Non-small-cell lung cancer (PD-L1 TPS 50-100%)
Atezolizumab vs. platinum combinations
Cemiplimab vs. platinum combinations

Pembrolizumab vs. platinum combinations

Chemoimmunotherapy protocols for patients with metastatic squamous cell carcinoma and “nonsquamous”
non-small-cell lung cancer (after exclusion of EGFR and ALK aberrations)

14.5[13.1; 19.4] vs. 9.1[7.2; 11.6] 0.62 (26)
17.1[14.4;19.9] vs. 11.6 [10.1;13.7] | 0.71 (e34)
10.4[8.4; 12.7] vs. 10.5 [8.0; 11.7] Not significant (e37)
18.6[16.0; 21.2] vs. 13.9[12.0; 18.7] | 0.79 (e35)
19.5[17.0; 22.2] vs. 14.7 [12.9;17.1] | 0.8 (e36)
17.0[14.0;n.e]vs. 11.9[9.9;14.1] | 0.69 (26)
22.0[19.5;24.5]vs. 10.6 [8.7,13.6] | 0.56 (40)
17.2[14.9; 21.8] vs. 13.1[10.6; 15.1] | 0.7 (e37)
20.2[n.r]vs.13.1[n.r] 0.59 (e15)
n.a.[17.9;n.a]vs. 14.2[11.2;17.5] | 0.57 (e16)
26.6[18.3;40.4] vs. 13.4[9.1;18.3] | 0.62 (24)

95% Cl, 95% confidence interval; ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; HR, hazard ratio;
n. r., not reported; n. a., not attained at the time of publication; PD-L1, programmed cell death 1 ligand-1; TPS, tumor proportion score;

ROS1, ROS proto-oncogene 1; vs., versus

(TPS 0-49%), various combinations of ICI with
chemotherapeutics (7able 4) are approved for first-
line treatment. No direct comparison of the different
immunochemotherapy regimens with each other is
available, nor has any direct comparison with ICI
alone in patients with high PD-L1 expression been
carried out. Thus, the choice of therapy is based on
the preferences of the patient and his or her physician.

Second-line treatment of non-small-cell lung cancer

For patients with progression after pretreatment with
platinum-based chemotherapy and an ICI, some bio-
marker-guided targeted therapy options have been
approved on the basis of nonrandomized trials (Figure
2). It is therefore justified to test for these markers in
the primary diagnostic workup (7able 2). EMA-

Second-line therapy of non-small-cell lung cancer

For patients with progression after pretreatment with platinum-
based chemotherapy and an immune checkpoint inhibitor (ICI),
some biomarker-guided targeted therapy options have been
approved on the basis of nonrandomized trials.
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approved drugs currently include sotorasib for tumors
showing the KRAS p.G12C mutation (approximately
14% of adenocarcinomas) and capmatinib and tepoti-
nib for those showing MET proto-oncogene/receptor
tyrosine kinase (MET) exon 14 mutation (1% to 2% of
adenocarcinomas) (35, 36, e25). For patients with in-
sertion mutations in exon 20 of EGFR (approximately
1% of adenocarcinomas) and progression after chemo-
therapy, the antibody amivantamab is approved (e26).
For NSCLC with oncogenic mutations of HER2, the
antibody—toxin conjugate trastuzumab—deruxtecan and
the TKI poziotinib have already been approved in the
United States (e27, €28).

A special situation exists when acquired resistance
develops during first-line molecular targeted therapy.
In this case, it is worth obtaining a new tumor biopsy

Trastuzumab-deruxtecan and poziotinib

For NSCLC with oncogenic mutations of HER2/ERBB2 (human
epidermal growth factor receptor 2/erb-b2 receptor tyrosine ki-
nase 2), the antibody—toxin conjugate trastuzumab-deruxtecan
and the tyrosine kinase inhibitor poziotinib have already been
approved in the USA.
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or —in certain circumstances — a liquid biopsy in order
to identify, through further molecular pathological
diagnostic studies, resistance mechanisms that could
be the target of second-line therapies (37). Clinically
relevant examples are second-line treatment with osi-
mertinib in EGFR p.T790M-associated acquired re-
sistance to first-generation EGFR TKIs (38), and tar-
geted treatment sequences of ALK inhibitors, guided
by molecular resistance mechanisms (€29).

Most patients with metastatic NSCLC today con-
tinue to show no genomic biomarkers (Figure 2) that
would allow targeted first- or second-line therapy.
Their first-line treatment typically includes combined
ICI and platinum-based chemotherapy (7able 4). The
standard second-line treatment for these individuals is
monochemotherapy with, for example, docetaxel or
pemetrexed (e30). Based on two randomized phase I11
trials that show an improvement in overall survival
(risk reduction 14% and 25%, respectively), doceta-
xel can be combined with the antiangiogenic antibody
ramucirumab (e31) or, for adenocarcinomas, the anti-
angiogenic TKI nintedanib (e32).

In summary, personalized medicine today offers
very good options for patients at all stages of lung
cancer. Quality-controlled access is through lung
cancer centers certified by the German Cancer
Society. However, it should be pointed out that FDG-
PET/CT scanning, thoracic surgery in lung cancer
centers with externally monitored treatment outcomes
(e33), and comprehensive pretreatment biomarker
analysis (for metastatic stages) are still not carried out
as part of the staging process in all individuals
eligible for treatment (39). Thus, comprehensive edu-
cation of patients and their relatives as well as their
primary care physicians could contribute significantly
to improving the overall prognosis of lung cancer
patients in Germany.
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Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1

Which of the following is by far the most common cause of
death from cancer?

a) Ovarian cancer

b) Bile duct cancer

c) Leiomyosarcoma

d) Colorectal cancer

e) Lung cancer

_ = =

Question 2

What proportion of primary diagnoses are non-small-cell
lung cancer?

a) 55%

Question 3

Which therapeutic agents can be used to treat non-small-cell
lung cancer showing an oncogenic RET translocation?

a) Afatinib, osimertinib

b) Pralsetinib, selpercatinib

c) Dabrafenib, trametinib

d) Crizotinib, entrectinib

e) Durvalumab, pembrolizumab

Question 4

In a case of suspected lung cancer, which investigation is
set out in the guidelines as mandatory for determining N and
M stage?

a) FDG-PET/CT

b) Lung X-ray

c) Contrast-enhanced ultrasonography of the lungs

d) CT angiography of the lungs

e) Ultrasound-guided forceps biopsy

Question 5

According to new studies, what minimal extent of resection
appears to be adequate for non-small-cell lung cancers with
a radiologic tumor diameter of 2 cm or less?

a) Anatomic segmental resection
b) Bilobectomy

c) Lobectomy

d) Sleeve lobectomy

€) Pneumonectomy

Question 6

Which of the following statements about curative resection

of non-small-cell lung cancer is true?

a) Systematic lymph node dissection is not required if preopera-
tive lymph node staging by EBUS and FDG-PET/CT is negative.

b) The VIOLET trial demonstrated that open surgery is superior to
a minimally invasive procedure in terms of postoperative re-
covery, morbidity, safety, and oncologic efficacy.

c) Robot-assisted surgical procedures currently have no place in the curative
resection of non-small-cell lung cancer.

d) In curatively resected stage IB, II, and Ill(op) non-small-cell lung cancer,
ALK, EGFR, and PD-L1 are predictive biomarkers for adjuvant drug therapy.

e) Prior to curative resection, preoperative histologic confirmation is mandatory
for peripherally located non-small-cell lung cancer with a radiologic tumor
diameter of 2 cm or less.

Question 7

Which of the following statements about the definitive treatment of

small-cell lung cancer, clinical stage “limited disease,” is true?

a) Prophylactic cranial irradiation is performed at the same time as chemo-
therapy.

b) Standard thoracic radiotherapy is hypofractionated.

c) Chemotherapy given at the same time as radiotherapy is carried out with
adriamycin.

d) Conventional fractionated thoracic radiotherapy is carried out up to total
doses of 60-66 Gy.

e) Hyperfractionated accelerated radiotherapy of intrathoracic tumors is less
effective than conventional fractionated radiotherapy.

Question 8

Which treatment offers a survival benefit and should, unless contraindi-
cated, be offered to patients with clinical stage | to Ill small-cell lung
cancer?

a) Ozone therapy

b) Prophylactic cranial irradiation

c) Low-dose whole-body irradiation for 12 weeks

d) Autologous blood therapy

e) Mistletoe therapy

Question 9

Which of the following statements about adjuvant drug therapy for

non-small-cell lung cancer is true?

a) Adjuvant chemotherapy is usually based on carboplatin.

b) If specific EGFR mutations (exon 19 or p.L858R deletion) are shown,
adjuvant therapy with osimertinib may be indicated.

c) Adjuvant cisplatin-based chemotherapy increases the 5-year overall
survival rate by 70%.

d) Adjuvant immune checkpoint inhibition with atezolizumab is indicated only
in patients with PD-L1-negative tumors.

e) In a patient with postoperative stage IA disease, adjuvant chemotherapy is
always recommended.

Question 10

What is the most important biomarker to guide treatment when
squamous cell carcinoma of the lung has been diagnosed?

a) RET
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