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1. List of Abbreviations 
 

3D-CRT 

[18F]FDG PET/CT 

3D conformal radiotherapy 

18F-fluorodeoxyglucose positron emission tomography/computed 
tomography  

ACH1 

ACC 

AHRT 

AJCC 

Approx. 

Achaete-scute homolog 1 

Adenocarcinoma 

Accelerated hypofractionated radiotherapy  

American Joint Committee on Cancer  

Approximately  

BED 

BM 

BMFS  

BMs 

Biologically effective dose  

Brain metastasis  

Brain-metastasis free survival 

Brain metastases 

cc 

CCI 

Cubic centimeter 

Charlson Comorbidity Index 

cCRT 

CNS 

CT 

Concurrent chemoradiation 

Central nervous system 

Computed tomography 

CRT  Chemoradiation 

CTCAE 

DCB 

DEGRO 

DLCO-SB 

Dmax 

Common Terminology Criteria for Adverse Events version 5.0  

Durable clinical benefit  

German Society for Radiation Oncology  

Single-breath diffusing capacity of the lung for carbon monoxid e 

Maximum dose 

Dmean 

DMFS 

Mean dose  

Distant metastasis-free survival 

ECOG  

ES 

Eastern Cooperative Oncology Group  

Extensive stage 

EVx 

FDA 

FEV1 

Percentage of normal esophagus volume receiving x Gy or more [%]  

Food and Drug Administration 

Forced expiratory volume in 1 second 

Fx/fx Fraction 

Gy Gray 
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hypoRT 

HVx 

irAE 

IST 

IASLC 

Hypofractionated radiotherapy 

Percentage of normal heart volume receiving x Gy or more [%]  

immunotherapy-related adverse events  

Interval of Simultaneous Treatment  

International Association for the Study of Lung Cancer  

ICI Immune checkpoint inhibitor  

IMRT 

LC 

LS 

LTOT 

Intensity modulated radiotherapy  

Local control 

Limited stage 

Long-term oxygen therapy 

MED 

MHD 

Mean esophageal dose [Gy] 

Mean heart dose [Gy] 

MLD 

mmol/min/kPa 

MRgRT 

MTV 

MRI 

NCCN 

NCI 

Mean lung dose [Gy] 

millimoles per minute per kilopascal  

MR-guided radiotherapy 

Metabolic tumor volume 

Magnetic resonance imaging 

National Comprehensive Cancer Network  

National Cancer Institute  

NEUROD1 

NOS 

Neurogenic differentiation 1 

Tumors not otherwise specified 

NSCLC Non-small cell lung cancer  

OS Overall survival  

OTT 

PCI 

Overall treatment time 

Prophylactic cranial irradiation  

PD-L1 Programmed death-ligand 1 

PFS 

POU2F3 

PS 

PT-MV 

PTV 

RB 

RT 

RTOG 

Progression-free survival 

POU Class 2 Homeobox 3 

Performance status 

primary tumor metabolic volume 

Planning target volume 

Retinoblastoma protein 

Radiotherapy 

Radiation Therapy Oncology Group  
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RV Residual volume 

SCC 

SCLC 

SD 

SEER 

SoC 

SUVmax 

TLC 

TLG 

tMTV 

TNM 

TP53 

TRT 

TTP 

VALSG 

VC 

Squamous cell carcinoma 

Small-cell lung cancer 

Standard deviation 

Surveillance, Epidemiology, and End Results  

Standard of care 

Maximum Standardized Uptake Value 

Total lung capacity  

Total lesion glycolysis  

 

Tumor, node, metastasis  

Tumor protein P53 

Thoracic radiotherapy 

Time to progression 

Veterans Affairs Lung Study Group 

Vital capacity  

VMAT 

Vx 

YAP1 

Volumetric modulated arc therapy  

Percentage of normal lung volume receiving x Gy or more [%]  

yes-associated protein 1 
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2. Introduction 
 

Lung cancer is the leading cause of cancer mortality worldwide, accounting for more 

deaths than breast, prostate colorectal , and brain cancers combined. (Siegel et al. 2022) 

Non-small cell lung cancer (NSCLC) is the most common malignancy of the lung, accounting 

for approximately 85% of all lung tumors while small -cell lung cancer (SCLC) accounts for 

about 13% of cases. (Siegel et al. 2022)  

In 2020, an estimated 228,820 new cases of lung neoplasms (116,300 in men and 112,520 

in women) will be diagnosed in the USA leading to an estimated cancer mortality of 135,720 

(72,500 in men and 63,220 in women).  (Siegel, Miller, and Jemal 2020) 

 

2.1. Small-cell lung cancer (SCLC) 

2.1.1. General aspects 

Small-cell lung cancer (SCLC) is an aggressive and highly recalcitrant disease that accounts 

for about 15% of all bronchogenic carcinomas. Its prevalence has decreased over recent 

decades due to the introduction of tobacco cessation programs and a decrease in smoking. 

For untreated patients, the prognosis is dismal in the order of 2-4 months. (Ettinger et al. 

2020)  At diagnosis, approximately one-third of patients present with limited-stage (LS) 

disease. Patients with tumors that have spread beyond the supraclavicular region are 

defined as having extensive-stage disease (ES). 

Although SCLC initially responds well to chemotherapy and radiotherapy, there is a high 

propensity for relapse after first-line treatment including to the central nervous system 

(CNS) and approximately 10% remain disease-free after 2 years. (Petty and Paz-Ares 2023) At 

initial diagnosis, >10% of SCLC patients have brain metastases (BMs); >50% will develop BM 

within 2 years and remarkably BMs are detected in up to 80% of all patients at autopsy.  

(Manapov et al. 2018) 
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2.1.2. Pathology 

SCLC is a neuroendocrine tumor associated with paraneoplastic syndromes and diagnosis is 

primarily based on histological appearance by light microscop y, showing dense sheets of 

small cells with neuroendocrine differentiation. A characteristic feature is necrosis, a 

substantially elevated mitotic count, and a high proliferation index (Ki67) also indicating 

rapid cell proliferation and propensity for early metastasis. (Borczuk AC, Chan JKC, Cooper WA, 

Dacic S, Kerr KM, Lantuejoul S, Marx A, Nicholson AG, Scagliotti GV, Thompson LDR, Travis WD, Tsao MS 

2021; Petty and Paz-Ares 2023) Most SCLCs express the neuroendocrine markers CD45, CD56, 

chromogranin, and synaptophysin; fewer than 10% of SCLCs are negative f or all 

neuroendocrine markers.(Borczuk AC, Chan JKC, Cooper WA, Dacic S, Kerr KM, Lantuejoul S, Marx A, 

Nicholson AG, Scagliotti GV, Thompson LDR, Travis WD, Tsao MS 2021) In recent years, insights into 

the biological characteristics and pathophysiology (genomic landscape, transcriptomics, 

immunologic characteristics) of SCLC have been gained with nearly ubiquitous biallelic 

inactivation of 2 key tumor suppressor genes described: tumor protein P53 (TP53) in 

approximately (approx.) 75%-90% of tumors and retinoblastoma protein (RB1) in approx. 

60%-90% of tumors. (Petty and Paz-Ares 2023)  However, oncogenic driver mutations 

susceptible to tyrosine kinase inhibitors or most other targeted therapies are lacking.  

(Gazdar, Bunn, and Minna 2017; Petty and Paz-Ares 2023) Subclassification of SCLC based 

on the expression of 4 key transcription regulators has been proposed: ASCL1  (Achaete-

scute homolog 1)-high (SCLC-A), Neurogenic differentiation 1 (NEUROD1)-high (SCLC-N), 

POU2F3 (POU Class 2 Homeobox 3)-high (SCLC-P), and YAP1 (yes-associated protein 1)-high 

(SCLC-Y). (Petty and Paz-Ares 2023) 

2.1.3. Prognosis and Survival 

Historically, SCLC has been classified according to the Veterans Affairs Lung Study Group 

(VALSG) into LS-SCLC and ES-SCLC with LS defined as tumors confined to the hemithorax of 
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origin, the mediastinum, or the supraclavicular regions that could be safely encompassed 

in a two-dimensional radiation field (Murray et al. 1993; Zelen 1973), whereas the consensus 

report of the International Association for the Study of Lung Cancer (IASLC) in 1989 

proposed a modification of the VALSG classification, recommending LS should constitute all 

non-metastatic disease stages which correspond to stages I -III, and ES-SCLC corresponds to 

metastatic or stage IV disease.  (Micke et al. 2002; Stahel et al. 1989) In the contemporary era, 

staging according to the tumor, node, and metastasis (TNM)-staging is recommended. 

(Goldstraw et al. 2016) 

Patients with LS-SCLC have a superior prognosis compared to ES-SCLC. Initial studies had 

reported a median survival of 16-24 months and a 5-year survival of 14% with the combined-

modality treatment comprising chemotherapy, thoracic radiotherapy (TRT), and 

prophylactic cranial irradiation (PCI).  (Ettinger et al. 2020) More recently, slightly improved 

survival outcomes have been observed with the use of more modern radiotherapy 

techniques and dose-escalation strategies. (Bogart et al. 2023; Faivre-Finn et al. 2017; Grønberg 

et al. 2021) Furthermore, the addition of TRT to chemotherapy in LS-SCLC is considered the 

standard of care (SoC) and associated with an absolute survival benefit of approximately 5% 

over chemotherapy alone (Ettinger et al. 2020) and the preponderance of evidence in favor 

of early TRT (with the first or second cycle of chemotherapy).  (Ettinger et al. 2020)   

PCI has been shown to prevent central nervous system failure in patients with good 

performance status and favorable response following primary chemoradiation. PCI is still 

widely considered the standard of care in LS-SCLC. However, this is the subject of more 

intense debate.  
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2.1.4. Staging 

Staging procedures are essential to discern differences in outcome based on disease 

confined to the thorax amenable to radiotherapy, chemotherapy , and surgical resection. 

Initial staging for lung cancer generally consists of  

• A thorough physical examination 

• Routine blood workup  

• A contrast-enhanced computed tomographic (CT) scan of the chest  and upper 

abdomen 

• A radionuclide bone scan/bone scintigraphy  

• A contrast-enhanced brain magnetic resonance imaging (MRI) scan or CT  

• A whole-body 18F-fluorodeoxyglucose positron emission tomography/computed 

tomography - [18F]FDG PET/CT - scan is also widely used as an initial staging tool. In this 

case, a bone scan can be potentially omitted.  

 

Figure 1: Baseline and follow-up [18F]FDG PET/CT of a 49-year-old patient with lung cancer cT2b cN3 M0 (TNM 

8 th edition) with progressive disease (rib metastas is) 2 months after initiation of combined systemic therapy 

(Figure and caption adapted from Eze et al.  (Eze et al. 2021))  

2.1.5. First-line Treatment overview for LS-SCLC 

 

After extensive workup, surgery as part of a multimodal treatment approach may be 

considered for patients with stages I-II disease (cT1-2N0). (Dingemans et al. 2021) 
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Historically, a meta-analysis of trials comparing chemotherapy alone versus chemotherapy 

combined with TRT in LS-SCLC demonstrated superior outcomes in the combination arm. 

(Pignon et al. 1992) The landmark Intergroup 0096 study demonstrated significantly improved 

survival with twice-daily (45 Gy)  compared to once-daily TRT (45 Gy) concurrently with 

cisplatin and etoposide. (Turrisi et al. 1999) However, the open-label phase 3, randomized 

CONVERT trial demonstrated a numerical improvement in 2 -year survival for twice-daily (45 

Gy) RT vs. once-daily RT (66 Gy in 33 fractions), 56% vs. 51%. Since the trial was designed 

to show the superiority of once-daily TRT, the authors concluded that twice-daily TRT 

remains SoC, but the results suggested that once-daily RT (66 Gy) may be an alternative 

regimen. More recently, an open-label phase 2 randomized trial demonstrated significantly 

improved survival with higher-dose twice-daily TRT (60 Gy in 40 fractions) vs. standard-dose 

twice-daily TRT (45 Gy in 30 fractions). (Grønberg et al. 2021) A further phase 3, randomized 

North American Study CALGB 30610 (Alliance)/Radiation Therapy Oncology Group (RTOG) 

0538 investigated the superiority of once-daily vs. twice-daily TRT. Median survival was 28.5 

months vs. 30.1 months in the twice-daily vs. once-daily treatment arm, respectively.(Bogart 

et al. 2023)  Furthermore, the preponderance of evidence favors early TRT (with the first or 

second cycle of chemotherapy).  (Ettinger et al. 2020) 

2.1.6. Prophylactic Cranial Irradiation (PCI) 

 

Based on level A1 evidence, PCI is recommended in LS-SCLC patients with good performance 

status and favorable response after chemoradiation. Patients without extracranial failure 

have a 50-60% risk of developing CNS failure within 2-3 years after treatment 

commencement. The risk of brain failure can be halved with the use of PCI.  (Aupérin et al. 

1999)  However, since its proposal for SCLC in 1973 and recommendation in 1999, PCI has 

been a contentious issue as data emanating from ES-SCLC studies in the contemporary 

Magnetic resonance imaging (MRI) era and ubiquity of comprehensive brain imaging which 



Habilitationsschrift Dr C. Eze 
 

12 

 

was lacking in previous studies suggest equipoise of PCI and comprehensive brain 

surveillance. To further clarify this issue, particularly in LS-SCLC, several studies have been 

initiated. (Chu and Zhu 2023) 

 

3. Overview of manuscripts 
 

3.1 Small cell lung cancer 

3.1.1. The evolving role of radiotherapy in the management of small cell lung cancer 

 

Eze C, Roengvoraphoj O, Dantes M, Abdo R, Käsmann L, Schmidt-Hegemann NS, Belka C, Manapov F.  

Prophylactic Cranial Irradiation for Patients with Small Cell Lung Cancer in Germany: Pattern of Care 

Survey. Anticancer Res. 2018 Sep;38(9):5261-5265. doi: 10.21873/anticanres.12851. PMID: 30194176. 

Anticancer Research (IF: 1.865) 

 
Following the controversies regarding PCI, a nationwide sur vey was conducted to 

investigate the pattern of care regarding the application of PCI in Germany. Despite its 

recognized benefits, the use of PCI varies widely due to differing medical practices and 

guidelines across regions and institutions. The objective  of this study was to assess the 

current patterns of PCI use, identify factors influencing its application, and highlight the 

variations in practice among healthcare providers in Germany.  

To this effect, Radiation oncology institutions in Germany were surv eyed via an anonymous 

online questionnaire sent by e-mail to member institutions of the German Society for 

Radiation Oncology (DEGRO). The survey included questions about the frequency of PCI use, 

patient selection criteria, treatment protocols, and percei ved barriers to the 

implementation of PCI. The responses were analyzed to identify trends and discrepancies 

in the application of PCI. A 29% response rate was achieved. The survey included a 

substantial number of tertiary referral hospitals in particular a cademic medical centers 

(high-volume centers) treating 50-100 lung cancer patients per annum. Most respondents, 
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in the order of 97%, recommended PCI in LS-SCLC and 67% in ES-SCLC. Eighty-eight percent 

of all responders recommended a PCI total dose of 3 0 Gy in 15 fractions (fx). Overall, 11% 

and 38% of respondents applied PCI simultaneously with chemo - and TRT, respectively. A 

quarter of respondents offered hippocampal  avoidance and routinely performed serial 

follow-up brain imaging. 

The results of the survey revealed significant variations in the use of PCI among different 

institutions. While some healthcare providers routinely administered PCI to eligible SCLC 

patients, others were more conservative in their approach. Factors influencing the decision 

to use PCI included the stage of cancer, the overall health of the patient, and the presence 

of any contraindications. Additionally, institutional protocols and the availability of 

resources played a crucial role in determining the frequency and manner of PCI ap plications. 

In conclusion, the study provides valuable insights into the current practices associated 

with the use of PCI for small-cell lung cancer patients in Germany. By identifying the 

variations in PCI applications, the research emphasizes the importance of harmonizing 

standardized guidelines and improving education among healthcare providers. This would 

help to optimize the use of PCI, thereby improving the outcomes and quality of care for 

patients with SCLC. 

 

Eze C, Roengvoraphoj O, Manapov F.  

Prophylactic Cranial Irradiation in Resected Early-Stage Small Cell Lung Cancer. Int J Radiat Oncol Biol 

Phys. 2017 Jul 1;98(3):612-614. doi: 10.1016/j.ijrobp.2017.03.002. Epub 2017 Mar 8. PMID: 28581402. 

International Journal of Radiation Oncology, Biology, Physics (IF: 5.554) 

 

Eze C, Roengvoraphoj O, Manapov F. Prophylactic Cranial Irradiation in Resected Small Cell Lung Cancer: 

Comprehensive Staging, Adjuvant Chemotherapy, and Strict Stratification of Pathological Stage Play a 

Role. J Thorac Oncol. 2017 Sep;12(9):e137-e138. doi: 10.1016/j.jtho.2017.03.021. PMID: 28838711. 

J Thorac Oncol (IF: 10.336) 
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Previous studies have indicated that patients with stage I (T1-2N0M0) SCLC generally experience more 

favorable outcomes, with 5-year survival rates around 50%. (Schreiber et al. 2010; Yu et al. 2010) 

According to the National Comprehensive Cancer Network (NCCN) guidelines, surgery should be 

considered only after thorough staging, including comprehensive brain imaging with MRI and exclusion 

of lymph node involvement using CT scans, PET-CT scans, or endobronchial ultrasound and/or 

mediastinoscopy for enlarged nodes. Post-surgery, it is recommended that patients receive 4 cycles of 

adjuvant chemotherapy based on various analyses. (Ettinger et al. 2020) The only prospective 

randomized study on this topic focused on limited-disease SCLC, confirming diagnosis via bronchoscopy, 

thus excluding patients with peripheral nodules and normal bronchoscopy results. In this study, only 

19% of participants had clinical stage I disease. Those who responded to 5 cycles of cyclophosphamide, 

doxorubicin, and vincristine were randomized to either thoracotomy with thoracic and cranial 

irradiation or to receive only thoracic and cranial irradiation. The study found no survival benefit from 

pulmonary resection, nor did it affect the pattern of relapse. (Lad et al. 1994) 

Further analyses of the Surveillance, Epidemiology, and End Results (SEER) database suggest that 

surgery, especially lobectomy, might be beneficial for some patients with localized disease. However, 

these studies are limited by selection bias. (Schreiber et al. 2010; Yu et al. 2010) Therefore, in the 

absence of randomized studies, the standard treatment remains chemoradiotherapy, except for a select 

group of patients. 

The role of PCI in this subset of patients is also under scrutiny. The NCCN recommends PCI for all patients 

who have undergone complete resection. (Ettinger et al. 2020) However, the efficacy of PCI in 

pathologic stage I (p-stage I) SCLC is debated due to reports of relatively low brain relapse rates. While 

Le Péchoux et al reviewed PCI in lung cancer (Le Péchoux et al. 2016), Knisely et al raised concerns about 

the interpretation of these findings for p-stage I patients. (Knisely et al. 2016) 

A National Cancer Database analysis, which is the largest pooled data analysis on adjuvant treatment 

after surgery for pT1-2N0M0 SCLC, provides further insights. This analysis included 954 resected 
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patients who were categorized based on the type of adjuvant therapy they received: 37.1% received 

chemotherapy alone, 19.9% received chemoradiation, 10.9% received cranial irradiation, and 2.3% 

received radiation alone. Compared to surgery alone, adjuvant chemotherapy with cranial radiation 

(hazard ratio, 0.52) or without radiation (hazard ratio, 0.78) showed improved survival. (Yang et al. 2016)  

 However, there are several issues with this analysis. Preoperative T- and N-status were unknown for 

45% and 44.1% of patients, respectively, and post-surgery lymph nodes were not examined in 9.5% of 

cases. Furthermore, the differentiation between p-stage I and II disease was problematic due to clinical 

staging based on the American Joint Committee on Cancer 6th and 7th editions. Stage I included T1-

2N0M0 in the 6th edition, but the 7th edition included T2b-3N0-1M0 tumors, potentially incorporating 

patients with worse prognoses. Additionally, it is unclear whether comprehensive brain imaging was 

performed before surgery and cranial irradiation. There is a possibility that some of the 104 patients 

who received cranial irradiation may have already had brain metastases. 

Ichinose et al. reviewed the incidence of BMs in 45 patients after complete remission, finding rates of 

15%, 20%, 53%, and 80% for stages I, II, IIIA, and IIIB, respectively, without PCI. (Ichinose et al. 1989) 

Recent studies have questioned the need for PCI in resected p-stage I disease. Gong et al. found a 6% 

incidence of BM in stage I and 29% in stages II/III, despite omitting PCI. (Gong et al. 2013) Another 

analysis found no significant survival benefit or increased BM risk between PCI and non-PCI groups in p-

stage I disease. (Xu et al. 2016) Ozawa et al. compared 29 patients with PCI to 95 without it, finding no 

significant differences in survival or BM incidence. The low incidence of BM in the non-PCI group may 

be due to a higher proportion of stage I patients. (Ozawa et al. 2015) 

Given the difficulty of conducting a well-powered prospective study on this issue, the available data 

must be interpreted cautiously. If a surgical approach is chosen for clinical stage I disease, 

comprehensive staging with MRI and exclusion of lymph node involvement should be performed. Our 

previous study confirmed a survival benefit of PCI in patients who underwent comprehensive staging 

with cranial MRI. (Eze et al. 2016) Future revisions of national and international guidelines should 
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address the role of PCI in this context. 

Evaluating the neurotoxicity of PCI is challenging due to various confounding factors, including disease 

progression, PCI dose and fractionation, concurrent chemotherapy, and patient characteristics. 

Although randomized trials have not shown significant neurologic sequelae, recent debates continue on 

this topic. (Le Péchoux et al. 2016) Based on the current evidence, PCI may be omitted in resected p-

stage I patients if cranial MRI is available. Future guidelines should address this issue more thoroughly. 

 

Eze C*, Roengvoraphoj O*, Niyazi M, Hildebrandt G, Fietkau R, Belka C, Manapov F. Treatment Response 

and Prophylactic Cranial Irradiation Are Prognostic Factors in a Real-life Limited-disease Small-cell Lung 

Cancer Patient Cohort Comprehensively Staged With Cranial Magnetic Resonance Imaging. Clin Lung 

Cancer. 2017 Jul;18(4):e243-e249. doi: 10.1016/j.cllc.2016.11.005. Epub 2016 Nov 21. PMID: 28065620. 

Clinical Lung Cancer (IF: 4.204) 

 

In LS-SCLC, CRT followed by PCI is the standard of care. However, endorsement of PCI and 

its incorporation into national and international guidelines was largely based on a meta -

analysis of studies conducted before the universal adoption of contrast-enhanced brain 

magnetic resonance imaging (MRI) which showed improvement in patient survival outcome s 

following PCI. (Aupérin et al. 1999) In 2008, a study demonstrated a superior detection rate 

of MRI vs. computed tomography (CT).  (Seute et al. 2008) In the same year, another group 

was the first to report on the role of repeat MRI following primary CRT and before the start 

of PCI in a small cohort of LS-SCLC patients i.e. MRI for initial staging before CRT and after 

CRT before PCI. Interestingly, in 13/40 who were initially negative on initial MRI, brain 

metastasis (BM) was detected on repeat MRI and was a negative prognosticator.  (Manapov, 

Klautke, and Fietkau 2008) 

Thus, PCI has previously been proven to decrease the incidence of BMs with a modest 

improvement in survival albeit in the pre-MRI era. (Aupérin et al. 1999) To confirm these 

findings, the impact of PCI was investigated in 184 LS -SCLC patients treated with CRT and 
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its association with TTP, BMFS, and OS. In total 152 (83%) patients responded to treatment 

(partial or complete remission) and 71/152 responders received PCI. Metachronous BMs 

were detected in 16/71 (23%) and 42/113 (37%) in the PCI and Non -PCI group, respectively. 

Median OS was 26 vs. 14 vs. 9 months in responders with PCI, responders without PCI , and 

non-responders, respectively. A similar outcome was also observed for TTP and BMFS. On 

multivariate analysis, PCI was associated with OS (HR = 1.899; p < 0.0001) and TTP (HR = 

2.164; p = 0.001) after adjustment for other prognostic factors. 

 

Manapov F*, Eze C*, Niyazi M, Roengvoraphoj O, Li M, Hegemann NS, Hildebrandt G, Fietkau R, Belka 

C.  

Investigating a Correlation between Chemoradiotherapy Schedule Parameters and Overall Survival in a 

real-life LD SCLC Patient Cohort. J Cancer. 2016 Oct 17;7(14):2012-2017. doi: 10.7150/jca.16741. PMID: 

27877216; PMCID: PMC5118664. 

Journal of Cancer (IF: 2.916) 

 

Manapov F, Niyazi M, Gerum S, Roengvoraphoj O, Eze C, Li M, Hildebrandt G, Fietkau R, Klautke G, Belka 

C. Evaluation of the role of remission status in a heterogeneous limited disease small-cell lung cancer 

patient cohort treated with definitive chemoradiotherapy. BMC Cancer. 2016 Mar 14;16:216. doi: 

10.1186/s12885-016-2245-x. PMID: 26975407; PMCID: PMC4791754. 

BMC Cancer (IF: 3.288) 

 

A detailed investigation was conducted to evaluate the impact of concurrent chemoradiation (CRT) 

schedule parameters on outcomes in a real-life cohort of patients with limited-stage small cell lung 

cancer (LS-SCLC) from two university hospitals. This analysis included 182 patients, focusing on the 

influence of various schedule parameters of primary multimodal treatment. Notably, only 4% of patients 

received early hyperfractionated accelerated concurrent CRT per Turrisi et al. (Turrisi et al. 1999) 

Prophylactic cranial irradiation was administered to patients who achieved complete or partial 

remission after CRT. To better understand the role of the concurrent treatment phase, a new 



Habilitationsschrift Dr C. Eze 
 

18 

 

parameter, Interval of Simultaneous Treatment (IST), was introduced. IST measured the number of days 

during which radiotherapy and chemotherapy were administered concurrently, including weekends and 

intervals between chemotherapy cycles. 

All 182 patients completed primary CRT, with the vast majority (96%) following the conventional CRT 

protocol, which included a total radiation dose of at least 50 Gy (range: 50 – 66 Gy). The median duration 

of chemotherapy was 128 days for concurrent treatment and 93 days for sequential treatment, while 

the median duration of thoracic irradiation was 43 days. IST values of 30, 35, 42, and 49 days were 

reviewed, with an IST of 35 days proposed as the optimal cutoff for further analysis. This interval 

encompassed at least two completed chemotherapy cycles and was relevant for both accelerated and 

conventional thoracic irradiation. 

Based on IST, patients were categorized into three subgroups: IST 0 (sequential CRT) with 111 patients 

(61%), IST > 0 and < 35 (short dose-dense concurrent phase) with 20 patients (11%), and IST > 35 

(prolonged concurrent phase) with 51 patients (28%). The median survival for the entire cohort was 534 

days, with no significant difference between concurrent and sequential treatments (589 days vs. 533 

days, respectively). However, the IST > 0 and < 35 subgroup showed a trend toward prolonged overall 

survival, with a median of 1169 days compared to 533 days and 448 days for the IST 0 and IST > 35 

subgroups, respectively (p = 0.109). The short dose-dense concurrent phase (IST > 0 and < 35 days) 

demonstrated nearly double the overall survival compared to the other subgroups. In the 71 patients 

treated exclusively with concurrent CRT, the survival benefit in the IST > 0 and < 35 subgroup was 

statistically significant in both univariate (p = 0.021) and multivariate analyses (HR 0.38; p = 0.039). No 

survival benefit was observed between sequential CRT (IST > 0) and prolonged concurrent phase CRT 

(IST > 35 days). 

In summary, the study found that the duration of the concurrent phase, specifically IST, was linked to 

patient outcomes, with the short dose-dense concurrent phase (IST > 0 and < 35 days) identified as 

optimal for planning definitive CRT. 
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A further analysis examined the impact of primary tumor response after CRT on patient outcomes. 

Patient subgroups were categorized based on remission status - complete response, partial response, 

or non-response (stable or progressive disease) - and compared across different survival parameters. 

Of the 184 patients who completed primary multimodal treatment, 65 (35%) achieved complete 

remission, 77 (42%) had partial remission, and 37 (20%) had non-response, with remission status 

unvalidated in 5 (3%) patients. Median overall survival was 21.8 months for complete responders, 14.9 

months for partial responders, and 11.5 months for non-responders (p < 0.001). The same trend was 

observed for time to progression and distant metastasis-free survival. Multivariate analysis showed that 

complete responders had significantly better overall survival compared to non-responders and a trend 

toward improved time to progression (HR 1.48; p = 0.1) and distant metastasis-free survival (HR 1.63; p 

= 0.06) compared to partial responders. This study highlighted the significant correlation between 

remission status after CRT and patient survival, with complete responders showing notable advantages 

in overall survival and distant control. 

 

Roengvoraphoj O*, Eze C*, Niyazi M, Li M, Hildebrandt G, Fietkau R, Belka C, Manapov F.  

Prognostic role of patient gender in limited-disease small-cell lung cancer treated with 

chemoradiotherapy. Strahlenther Onkol. 2017 Feb;193(2):150-155. English. doi: 10.1007/s00066-016-

1073-x. Epub 2016 Nov 16. PMID: 27853828. 

Strahlentherapie und Onkologie (IF: 2.735) 

 

A SEER database analysis by Lally et al. reported a 5 -year OS rate of 14% for females 

compared to 11% for males. (Lally et al. 2009) 

This retrospective analyzed the prognostic value of patient gender in a large, heterogeneous 

series of individuals treated with definitive CRT and defined its association with different 

survival parameters. 

In previous studies, patient gender was postulated to be a prognostic factor for outcomes 

in LS-SCLC. In this analysis, we investigated this association using data from a bi -institutional 
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cohort of 179 LS-SCLC patients treated with CRT from 1999 to 2012. We examined the 

impact of gender on time to progression (TTP), local control (LC), brain metastasis -free 

survival (BMFS), distant metastasis-free survival (DMFS), and overall survival (OS).  

We found that median OS was significantly associated with gender: 20 months for female 

patients and 14 months for male patients (p=0.021). This association remained significant 

after adjusting for other factors in a multivariate analysis (HR 1.38 ; p=0.04). This was also 

true for gender subgroups classified according to remission status following primary CRT. 

Additionally, there was a significant difference in median OS between genders for patients 

receiving PCI. However, males had a higher incidence of metachronous brain failure (40/110 

in males vs. 18/69 in females), resulting in significantly longer BMFS in females. No 

correlation between gender and TTP, LC, or DMFS was detected.  

3.1.2. Summary and Discussion 

 

In 1999, Aupérin and colleagues established the role of prophylactic cranial irradiation (PCI) 

in small cell lung cancer (SCLC) for complete responders based on seven randomized clinical 

trials conducted between 1977 and 1995. At the initial diagnosis, only a minority of 

participants had extensive disease.  (Aupérin et al. 1999) In 2007, the European Organisation 

for Research and Treatment of Cancer published a trial endorsing PCI for extensive -stage 

(ES)-SCLC. (Slotman et al. 2007) However, these studies were conducted before brain 

magnetic resonance imaging became routine for staging SCLC. Critics argue that the 

moderate but significant survival benefit of PCI may be due to the eradication of subclinical 

brain metastases. 

 

A previous phase 3 trial by Takahashi and colleagues failed to show a survival bene fit of PCI 

compared to observation in ES-SCLC patients who underwent comprehensive MRI 

surveillance and treatment of occult BMs.(Takahashi et al. 2017) This has fueled the debate 
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on PCI within the thoracic oncology community. Comprehensive brain staging in LS -SCLC is 

crucial, as highlighted by a single-center analysis where 33% of LS-SCLC complete 

responders developed subclinical brain relapse detected on a second MRI scan before PCI. 

The median survival for these patients was poor.  (Manapov et al. 2008) A Japanese trial by 

Ozawa et al. analyzed records from four cancer centers and found no survival benefit from 

PCI, though the study was underpowered with only 29 patients in the PCI group.  (Ozawa et 

al. 2015) 

Surveys have reported general care patterns for SCLC.  (Jain et al. 2016) In a 2016 US survey, 

90.5% of respondents recommended a second MRI after chemotherapy before PCI for ES -

SCLC patients. (Jain et al. 2016) Similarly, a German survey conducted by our group showed 

that 88% of radiation oncology facilities performed a second brain imagi ng before PCI. 

Despite limited data, this strategy is widely accepted in the management of SCLC. 

The universal adoption of comprehensive brain imaging will personalize the role of PCI in 

SCLC, defining patient subgroups that benefit most. To assess these s ubgroups and the true 

prophylactic role of PCI, key issues need addressing. The primary goal of PCI  - whether to 

decrease symptomatic and/or occult BM incidence - must be defined. Studies have shown 

significant differences in BM incidence depending on the TNM stage, suggesting a shift from 

the Veterans Administration Lung Study Group classification to the Union for International 

Cancer Control classification. This shift will help identify SCLC patient subgroups with an 

increased BM risk who might benefit from PCI. (Goldstraw et al. 2016) 

The link between preventing intracranial relapse and overall survival in SCLC is complex, as 

isolated brain relapse is rare and can be managed with stereotactic radiosurgery. Systematic 

analyses of relapse patterns in previous trials are needed. The extent of recurrence and the 

presence of symptoms are critical for overall survival. Separate analyses of intracranial and 

extracranial progression-free survival will provide insights and influence PCI decision -
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making. Takahashi's trial remains the only randomized study on comprehensive MRI 

surveillance in ES-SCLC patients treated with PCI, highlighting varying brain relapse rates 

but lacking detailed recurrence pattern data. (Takahashi et al. 2017) 

The toxic effects of PCI could be mitigated by adopting hippocampal avoidance and 

neuroprotectants. (Manapov et al. 2018) Ongoing phase 2 and 3 trials on hippocampal-

sparing PCI will provide data on neuropsychological outcomes, quality of life, and 

intracranial relapse rates. The timing of PCI application (early vs. late) also affects treatment 

efficacy and should be considered. 

In conclusion, PCI remains the standard of care for LS-SCLC (T1-4, N0-3). However, omitting 

PCI in resected p-stage I disease could be discussed if active MRI surveillance and access to 

salvage radiotherapy, particularly stereotactic radiosurgery, are readily available. For ES-

SCLC, considering conflicting data, active MRI surveillance can be considered. MRI before 

and after primary treatment, every three months should be conducted to identify patients 

with occult BMs for early salvage radiotherapy. Future prospective studie s will help define 

high-risk patient subgroups most likely to benefit from PCI.  

 

3.2. Non-small cell lung cancer (NSCLC) 
 

3.2.1. The evolving role of radiotherapy in the management of non-small cell lung 

cancer 

 
At the time of diagnosis, most patients with NSCLC present with locally advanced or 

metastatic disease associated with 5-year relative survival rates of 31% and 5%, 

respectively. (Goldstraw et al. 2016; Siegel et al. 2020) In patients with inoperable stage III 

disease, platinum-based CRT followed by consolidation immune checkpoint inhibition with 

the PD-L1 inhibitor durvalumab is the new standard of care.  (Antonia et al. 2019) In the 

metastatic setting, nivolumab was the first drug approved by the U.S. Food and Dru g 

Administration (FDA) in 2015 for advanced or metastatic NSCLC in the second-line setting. 
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Later that year, pembrolizumab was granted accelerated approval in the second line. 

Atezolizumab was also added to the repertoire in the second -line setting for PD-L1 

unselected patients the following year and shortly after, pembrolizumab was the first drug 

approved in the first-line treatment for non-oncogene addicted patients with PD-L1 tumor 

proportion score (TPS) ≥ 50% and expansion of this indication in 2019 to include patients 

with PD-L1 positive tumors based on the KEYNOTE-042 trial. (Ettinger et al. 2020)  

PD-L1 expression can be either constitutive or induced in many tumors to promote 

cancer immune evasion. In an attempt to combat this adaptive immune resistance, 

combinations with chemotherapy and anti-angiogenic agents have also received FDA 

approval. (Ettinger et al. 2020) Recent additions to this armamentarium are nivolumab plus 

ipilimumab, approved on May 15, 2020, for first-line treatment of non-oncogene addicted 

PD-L1 positive mNSCLC (Hellmann et al. 2019) and atezolizumab, approved on May 18, 2020 

in the first-line for mNSCLC with PD-L1 ≥ 50% of tumor cells or PD-L1 tumor-infiltrating 

immune cells covering ≥ 10% of the tumor area and no EGFR or ALK genomic tumor 

aberrations. (Spigel et al. 2019) 

3.2.2. Accelerated hypofractionated radiotherapy in patients with poor prognostic 

factors 

 

Eze C, Taugner J, Roengvoraphoj O, Schmidt-Hegemann NS, Käsmann L, Wijaya C, Belka C, Manapov F.  

Initial report on feasibility of PET/CT-based image-guided moderate hypofractionated thoracic 

irradiation in node-positive non-small cell lung cancer patients with poor prognostic factors and strongly 

diminished lung function: a retrospective analysis. Radiat Oncol. 2019 Sep 4;14(1):163. doi: 

10.1186/s13014-019-1304-2. PMID: 31484542; PMCID: PMC6727570. 

Radiation Oncology (IF: 2.895) 

 

Concurrent platinum-based CRT to a dose of 60-66 Gy followed by consolidation PD-L1 

inhibition with durvalumab is the standard of care for patients with  inoperable stage III 
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disease. (Antonia et al. 2019) However, a large portion of patients are unable to tolerate 

concurrent CRT due to poor prognostic factors e.g. Eastern Cooperative Oncology Group 

(ECOG) performance status, comorbidities, etc., and are thus referred for palliative 

treatment or best supportive care.  (Burdett et al. 2008)  

Accelerated hypofractionated radiotherapy (AHRT) is an adopted strategy to improve 

patient outcomes owing to a higher biologically effective dose (BED) for larger fractions and 

shorter overall treatment time leading to reduced repopulation of tumor cells.  (Fowler and 

Chappell 2000) Indeed, the regimen of 55 Gy/20 fx is the most widely used schedule in the 

United Kingdom. (Prewett et al. 2012) Several prospective studies have reported on AHRT 

without concurrent chemotherapy in stage III NSCLC dem onstrating feasibility.  (Cannon et 

al. 2013; Iqbal et al. 2019; Parisi et al. 2019; Zhu et al. 2011)  However, these studies 

included patients with favorable performance status. In addition, 2 systematic reviews have 

reported on the feasibility of palliative and radical -intent moderate hypofractionated 

radiotherapy with doses ranging from 45 Gy/15  fx to 10 Gy/1 fx and 45 Gy/15 fx to 75 Gy/28 

fx, respectively. (Kaster et al. 2015; Lester et al. 2006)  

In this analysis, we retrospectively analyzed the data of eight highly selected and closely 

monitored patients with highly diminished pulmonary function : forced expiratory volume in 

1 second (FEV1) ≤ 1.0 L and/or Single-breath diffusing capacity of the lung for carbon 

monoxide (DLCO-SB) ≤ 40% and/or on long-term oxygen therapy (LTOT) treated with 

hypofractionated radiotherapy (hypoRT). At a median follow-up of 29.4 months, the median 

PFS and OS were 19 and 34.3 months, respectively. Importantly, there was no case of grade 

2+ radiation pneumonitis. Four patients developed grade 2 radiation esophagitis. In an 

otherwise patient cohort with a miserable prognosis, our protocol demonstrated feasibility.  
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Eze C, Taugner J, Schmidt-Hegemann NS, et al. Feasibility of hypofractionated radiotherapy in inoperable 

node-positive NSCLC patients with poor prognostic factors and limited pulmonary reserve: a prospective 

observational study. Acta Oncol. 2021;60(8):1074-1078. doi:10.1080/0284186X.2021.1941244 

Acta Oncologica (IF: 4.3) 

 

This study reports on a prospective cohort of high-risk patients with poor performance 

status and compromised pulmonary function treated with hypoRT. Data from 20 patients 

with node-positive stage IIB(N1)/III NSCLC treated between August 2017 and March 2020 

were analyzed. Patients were discussed at a multidisciplinary tumor board and referred for 

hypoRT. Eligibility included proven NSCLC, age ≥ 18 years, ECOG performance status (PS) ≥ 

2, inoperable node-positive stage IIB-III disease, FEV1 ≤ 1.0 L, DLCO-SB ≤ 40%, or on long-

term oxygen therapy. Exclusion criteria were concurrent chemotherapy and previous  

thoracic radiotherapy. All patients underwent PET/CT, MRI of the brain, and pulmonary 

function tests. 

Radiotherapy was delivered using volumetric modulated arc therapy (VMAT) with 3.0 Gy 

fractions to a dose of 45.0–48.0 Gy. Patients were monitored for tox icity and followed up 

with regular assessments and imaging studies. The study observed grade 1 -2 esophagitis 

and pneumonitis, with one case of grade 3 pneumonitis. Treatment responses included 20% 

complete remission, 65% partial remission/stable disease, and 15% progressive disease. The 

median progression-free survival (PFS) was 8.4 months, and the median overall survival  was 

16.1 months. An exploratory analysis found no significant effect of induction systemic 

therapy on PFS or OS. 

This study demonstrates the feasibility and favorable outcomes of moderate 

hypofractionated hypoRT in high-risk NSCLC patients with poor PS and diminished 
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pulmonary function, suggesting a promising treatment pathway for this distinct patient 

cohort. 

 

Eze C, Guggenberger JE, Schmidt-Hegemann NS, et al.  

Pooled analysis on image-guided moderately hypofractionated thoracic irradiation in inoperable node-

positive/recurrent patients with non-small cell lung cancer with poor prognostic factors and severely 

limited pulmonary function and reserve. Cancer. 2022;128(12):2358-2366. doi:10.1002/cncr.34201 

Cancer (IF: 6.2) 

 

Kenndoff S, Nieto A, Guggenberger J…Eze C 

Dosimetric predictors of acute radiation pneumonitis and esophagitis in hypofractionated thoracic 

irradiation of non-small cell lung cancer patients with poor prognostic factors: Dosimetric predictors of 

acute radiation pneumonitis and esophagitis following hypofractionation in NSCLC. Adv Radiat Oncol. 

Published online November 14, 2024. oi:10.1016/j.adro.2024.101682 

Advances in Radiation Oncology (IF: 2.2) 

 

Zinn AB, Kenndoff S, Holzgreve A…Eze C 

Prognostic significance of pretreatment PET parameters in inoperable, node-positive NSCLC patients 

with poor prognostic factors undergoing hypofractionated radiotherapy: a single-institution 

retrospective study. EJNMMI Rep. 2024;8(1):32. Published 2024 Oct 8. doi:10.1186/s41824-024-00220-

w  

European Journal of Nuclear Medicine and Molecular Imaging Reports (IF: 1.7) 

 

Non-small cell lung cancer remains the leading cause of cancer -related deaths worldwide. 

(Sung et al. 2021) The standard of care for inoperable, node-positive stage IIB(N1)/III NSCLC 

constitutes consolidation with the PD-L1 inhibitor durvalumab following concurrent 

chemoradiation (CRT). (Antonia et al. 2018) However, the pivotal trial that established that 

established this approach involved patients with favorable baseline performance status. For 

those with poor prognostic factors - such as frailty, poor baseline performance status, or 
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multiple comorbidities - concurrent CRT is often unsuitable. These patients are typically 

referred to palliative radiotherapy or best supportive care. (Yusuf et al. 2020) 

 Accelerated hypofractionated radiotherapy (AHRT) offers an alternative, delivering 

higher biologically effective doses (BED) while reducing the overall treatment duration. This 

approach aims to minimize tumor cell repopulation.  (Fowler and Chappell 2000) Previous 

studies on AHRT for locally advanced NSCLC have included both favorable and unfavorable 

risk factor patients. (Amini et al. 2012; Cannon et al. 2013; Parisi et a l. 2019; Pollom et al. 

2016; Valeriani et al. 2019; Westover et al. 2015; Zhu et al. 2011)  Recently, the first 

randomized trial evaluating AHRT in patients with poor performance status was published.  

(Iyengar et al. 2021) Nonetheless, there is a knowledge gap regarding its effectiveness in a 

subset of patients with severe pulmonary impairment (FEV1 ≤ 1L and/or DLCO-SB ≤ 40% 

predicted and/or on LTOT). In the abovementioned publications, we analyzed all patients 

treated at our institution with this concept spanning multiple publications from 2014 

onwards. In this pooled analysis, 47 patients were analyzed (Patient treatment 

characteristics are shown in Table 1) 

 

 Table 1: Patient and treatment characteristics (adapted from Eze et al. Cancer 2022) 

 Number (%) 

Total 47 (100) 

Age  

Median (years)  72 (52.2-88) 

Mean (SD) 71.9 (8.6) 

Age > 70 years  

Yes 27 (57.4) 

No 20 (42.6) 

Gender  

Male 27 (57.4) 

Female 20 (42.6) 

T category  

Tx 8 (17) 

T1 1 (2.1) 

T2 8 (17) 

T3 13 (27.7) 

T4 17 (36.2) 

N category   

N1 9 (19.1) 
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N2 24 (51.1) 

N3 14 (29.8) 

Stage  

IIB 2 (4.3) 

IIIA 8 (17) 

IIIB 17 (36.2) 

IIIC 12 (25.5) 

Recurrent (stage III)  8 (17) 

CCI  

4-6 30 (63.8) 

≥7 17 (36.2) 

Staging PET-CT  

Yes  42 (89.4) 

No 5 (10.8) 

Radiotherapy modality  

3D-CRT 6 (12.8%) 

IMRT/VMAT 41 (87.2%) 

PTV (cc)  

Median [range] 315.4 [83.4-1174.1cc] 

Mean (SD) 410.8 (267.1) 

Histology  

SCC 20 (42.6) 

ACC 22 (46.8) 

NOS 5 (10.6) 

Induction systemic therapy  

Yes 19 (40.4) 

No  28 (59.6) 

Salvage systemic therapy  

Yes 10 (21.3) 

No 37 (78.7) 

Baseline FEV1  

Median (L) [range]  1.17 [0.69-2.84] 

Mean (L) [SD] 1.28 [0.5] 

Median (%) [range]  47.5 [27.9-96.4] 

Mean (%) [SD] 51 [17.1] 

Vital Capacity   

Median (L) [range]  2.34 [1.23-3.74] 

Mean (L) [SD] 2.25 [0.64] 

Median (%) [range]  67.8 [33-110] 

Mean (%) [SD] 67.7 [14] 

Baseline DLCO-SB  

Median (mmol/min/kPa)   2.59 [1-4.7] 
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Mean (mmol/min/kPa) [SD] 2.7 (0.88) 

Median (%) predicted [range]  35 [13.3-69] 

Mean (%) [SD] 34.51 [10.46] 

LTOT  

Yes 18 (39.3) 

 

Abbreviations: 3D-CRT= Three dimensional conformal radiation therapy; ACC= Adenocarcinoma; cc= cubic 

centimeter; CCI= Charlson Comorbidity Index; DLCO-SB= single-breath diffusing capacity of the lung for 

carbon monoxide; ECOG-PS= Eastern Cooperative Oncology Group Performance Status; FEV1= forced 

expiratory volume in 1 second; IMRT = Intensity modulated radiation therapy; LTOT= long -term oxygen 

therapy; mmol/min/kPa= millimoles per minute per kilopascal; NOS= not otherwise specified; PET/CT= 

positron emission tomography/computed tomography; PTV= planning target volume; RT= Radiotherapy; SCC= 

squamous cell carcinoma; SD= standard deviation; VMAT= volumetric modulated arc therapy  

 

Between 2014 and 2021, 47 patients with a median age of 72 years were treated. At  baseline 

the median FEV1 was 1.17 L, vital capacity was 2.34 L and DLCO-SB was 35% predicted. The 

mean and median planning target volumes were 410.8cc and 315.4cc, respectively.  

With a median follow-up of 28.9 months after hypofractionated radiotherapy , the median 

progression-free survival and overall survival were 10.4 months and 18. 3 months (Figure 2), 

respectively. The 6- and 12-month PFS/OS rates were 70%/89.4% and 38.8%/66% (Figure 2), 

respectively. Treatment was well tolerated, with only one instance  each of grade 3 

pneumonitis and esophagitis. No grade 3+ adverse event was observed.   
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In further analyses, clinical and dosimetric analyses of clinical and dosimetric  predictors of 

esophagitis and pneumonitis were investigated.  

Dosimetric parameters such as mean lung dose (MLD), mean heart dose (MHD) and mean 

esophageal dose (MED) were analyzed, along with the percentage of lung, heart, and 

esophageal volumes receiving specific radiation doses. Acute radiation esophagitis and 

pneumonitis events were evaluated within 3 months and 6 months post-treatment, 

respectively. Statistical analyses indicated that higher MLD, percentage of normal lung volume 

receiving 10 Gy (V10), and 18 Gy (V18)  are associated with an increased risk of pneumonitis, 

while higher V5 and V10 values in the contralateral lung also pose a risk.  The maximum dose 

(Dmax) was found to be a significant predictor of esophagitis, with  the percentage of normal 

esophagus volume receiving 5 Gy (EV5) and 40 Gy (EV40) potentially associated with 

esophagitis onset. Although MLD and Dmax emerged as significant predictors, the study's 

small sample size limits the depth of the conclusions, warranting further research with 

larger cohorts to optimize treatment planning and outcomes.  

Additionally, the role of [18F]FDG PET/CT in this distinct patient cohort was also analyzed. 

The analysis aimed to assess the prognostic value of pretreatment positron emission 

tomography (PET) parameters in high-risk patients undergoing hypofractionated 

radiotherapy. A retrospective analysis of 42/47 patients was conducted. Clinical, treatment-

related, and [18F]FDG PET-based parameters were correlated with PFS and OS. After a 

median follow-up of 47.1 months, the median PFS and OS were 11.5 months and 24.3 

months, respectively. Significant predictors of PFS included salvage systemic treatment, 

SUVmax, and tMTV, while ECOG-PS, histology, and tMTV were significant for OS. 

Multivariable analysis identified SUVmax as a significant predictor for PFS and ECOG -PS for 

Cancer, Volume: 128, Issue: 12, Pages: 2358-2366, First published: 13 April 2022, DOI: (10.1002/cncr.34201)   
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OS, with tMTV approaching significance. The high tMTV group had a median PFS of 5.3 

months compared to 15.2 months in the low tMTV group, and a median OS of 14.1 months 

compared to 33.5 months for lower tMTV. These findings suggest that pretreatment PET 

parameters, especially tMTV, are promising prognostic indicators for NSCLC patients 

undergoing hypofractionated radiotherapy, highlighting their potential as biomarkers for 

patient stratification. 

 

Eze C, Lombardo E, Nierer L, et al.  

MR-guided radiotherapy in node-positive non-small cell lung cancer and severely limited pulmonary 

reserve: a report proposing a new clinical pathway for the management of high-risk patients. Radiat 

Oncol. 2022;17(1):43. Published 2022 Feb 24. doi:10.1186/s13014-022-02011-8 

Radiation Oncology (IF: 3.6) 

 

Furthermore, we investigated the role of online MR-guided radiotherapy (MRgRT) - a 

significant advancement in radiation oncology  - offering enhanced real-time tumor 

visualization, adaptive planning for anatomical changes, and improved motion 

management. Drawing from our previous experience with conventional linear accelerators, 

MRgRT in high-risk patients. Theoretically, the use of online soft -tissue visualization and 

gating capabilities reduces uncertainty in radiotherapy d elivery, potentially supporting 

dose-escalation strategies, in a further technical report, the tumor motion and breathing 

curve analyses for a patient with node-positive stage IIB(N1) NSCLC and severely 

compromised pulmonary function treated in a prospective observational study using 

moderately hypofractionated MR-guided radiotherapy (MRgRT). The patient's pulmonary 

function was significantly impaired, with total lung capacity (TLC) at 8.78L/132% predicted, 

residual volume (RV) at 6.35L/271% predicted, vita l capacity (VC) max at 2.43L/58% 

predicted, FEV1 at 1.19L/38% predicted, and DLCO-SB corrected for hemoglobin at 2.76 
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mmol/min/kPa/30% predicted. Treatment was delivered with the MRIdian system (Viewray 

Inc, Oakwood, USA) to a total dose of 48.0 Gy over 16  daily fractions. 

The treatment was well tolerated without significant toxicity, and the first follow -up 

imaging at three months post-radiotherapy showed partial remission. This case is notable 

for the patient’s severely compromised pulmonary function and represents the first 

published instance of using online MR-guided accelerated hypofractionated radiotherapy 

for primary node-positive NSCLC, proposing a clinical pathway for managing high-risk 

patients. 

3.2.2.1. Summary and Discussion 

 

In summary, we report our long-term experience in managing patients with locally advanced 

or recurrent node-positive NSCLC and severely compromised lung function, who were 

ineligible for definitive concurrent chemoradiation. The findings provide a clinical pathway 

for managing these high-risk patients. Unlike other studies on hypofractionated 

radiotherapy (RT), our analyses included patients with severely limited pulmonary  function, 

with all treated patients having an FEV1 ≤ 1.0 L, DLCO -SB ≤40%, and/or being on long-term 

oxygen therapy (LTOT). The mean FEV1 and DLCO were significantly lower in our study (51% 

and 34.5%, respectively) compared to other studies.  

Most patients (60%) were enrolled prospectively, and the majority (78.7%) did not receive 

any salvage systemic treatment after radiotherapy, which was not a significant predictor 

for progression-free survival or overall survival  in multivariate analysis. ECOG-PS and 

planning target volume (PTV) were significant prognosticators for OS, while PTV was 

borderline significant for PFS. Patients had a median age of 72 years, a high Charlson 

Comorbidity Index, and advanced disease stages (IIIA, IIIB, IIIC, and regional nodal 

recurrence). 



Habilitationsschrift Dr C. Eze 
 

33 

 

Our results compare favorably to other studies. With a median follow -up of 28.9 months, 

the median PFS was 10.4 months, and the 6- and 12-month PFS rates were 70% and 38.8%. 

The median OS was 18.3 months, with 6- and 12-month OS rates of 89.4% and 66%. 

Treatment was well tolerated, with only one case each of grade 3 pneumonitis and 

esophagitis and no greater than grade 3 acute adverse events. Most patients (79%) had 

baseline dyspnea, and post-radiotherapy pulmonary function tests (PFTs) showed only a 

nonsignificant decline in DLCO-SB. 

Locoregional relapse occurred in 38.3% of patients, consistent with another radiotherapy-

alone series. While dose escalation has been considered to improve local control, 

randomized trials have not demonstrated a surv ival benefit in unresectable stage III NSCLC 

treated with concurrent chemoradiation.  (Bradley et al. 2020) The use of immune 

checkpoint inhibitors is a promising strategy, supported by trials like PACIFIC and real -world 

data showing improved locoregional control and patient outcomes.  (Antonia et al. 2018; 

Spigel et al. 2022; Wang et al. 2022) 

There are some limitations to our analyses, including being conducted at a single tertiary 

cancer center and potential selection bias in the retrospective cohort. Despite these 

limitations, the results reflect the feasibility of safely and effectively treating inoperable 

node-positive NSCLC in patients with poor performance status and severely limited lung 

function using individualized moderately hypofractionated radiotherapy. Recruitment for 

an updated institutional protocol on a magnetic resonance -guided radiotherapy treatment 

platform is ongoing, which may enable isotoxic dose-escalation strategies. In conclusion, 

the survival rates achieved for this multimorbid patient group were encouraging. 
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3.2.3. The role of [18F]FDG PET/CT in the management of non-small cell lung cancer 

 

Roengvoraphoj O*, Eze C*, Wijaya C, Dantes M, Taugner J, Tufman A, Huber RM, Bartenstein P, Belka C, 

Manapov F.  

How much primary tumor metabolic volume reduction is required to improve outcome in stage III NSCLC 

after chemoradiotherapy? A single-centre experience. Eur J Nucl Med Mol Imaging. 2018 

Nov;45(12):2103-2109. doi: 10.1007/s00259-018-4063-7. Epub 2018 Jun 6. PMID: 29876620. 

European Journal of Nuclear Medicine and Molecular Imaging (IF: 7.182) 

 

The changes in metabolic activity following (C)RT can be observed earlier than morphologic 

changes on CT scans and metabolic changes characterized by PET-metrics: Maximum 

Standardized Uptake Value (SUVmax), Metabolic tumor volume (MTV), Total lesion 

glycolysis (TLG) during or shortly after treatment have been identified as prognosticators 

for disease recurrence and survival.  (Cremonesi et al. 2017; van Diessen et al. 2020; 

Gensheimer et al. 2017; Machtay et al. 2013; Ohri et al. 2017; Usmanij et al. 2013)  An 

association of residual MTV at a cutoff of 25cm 3 with tumor local control was identified 

(Ohri et al. 2017) and corroboration of these findings was previously published by our 

group.  

In this analysis, a correlation between pre- to post-treatment primary tumor 

metabolic volume (PT-MV) reduction on [18F]FDG PET/CT and survival NSCLC patients 

following CRT. Sixty consecutive patients with NSCLC stage IIIA -B (UICC 7th edition were 

assessed before and 6 weeks after treatment. Various metabolic response values were 

investigated on their correlation with survival parameters: Median overall survival for the 

entire cohort was 17 months. Median OS was 34 months, 12 months, and 11 months in 

patients with complete, moderate, and minor responses, respectively (p=0.008). On 

multivariate analysis after adjustment for other factors, complete and major metabolic 

response as a continuous variable with PT-MV reduction of at least 80% remained a 

significant prognosticator. 
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Eze C, Schmidt-Hegemann NS, Sawicki LM, et al.  

PET/CT imaging for evaluation of multimodal treatment efficacy and toxicity in advanced NSCLC-current 

state and future directions. Eur J Nucl Med Mol Imaging. 2021;48(12):3975-3989. doi:10.1007/s00259-

021-05211-8 

Eur J Nucl Mol Imaging (IF: 10.057) 

 

Manapov F, Eze C, Holzgreve A, et al.  

PET/CT for Target Delineation of Lung Cancer Before Radiation Therapy. Semin Nucl Med. 

2022;52(6):673-680. doi:10.1053/j.semnuclmed.2022.05.003 

Seminars in Nuclear Medicine (IF: 4.9) 

 

 

In the abovementioned reviews, the role of [18F]FDG PET/CT imaging in assessing the effectiveness and 

side effects of combined treatments for advanced non-small cell lung cancer (NSCLC) was evaluated. 

PET/CT is instrumental in evaluating tumor response to therapy, monitoring disease progression, and 

detecting treatment-related toxicities. It provides comprehensive insights into both anatomical and 

metabolic changes in tumors. In addition, PET/CT is pertinent for assessing the success of multimodal 

treatment approaches by showing changes in the metabolic activity of tumors, which often precede 

anatomical changes. Additionally, PET/CT helps in identifying adverse effects of treatments early, 

enabling timely intervention to manage and mitigate side effects. 

Advances in imaging technology and the integration of artificial intelligence are expected to improve 

diagnostic accuracy and personalized treatment planning. Overall, PET/CT imaging stands out as a 

powerful tool in the management of advanced NSCLC, offering a detailed evaluation of treatment 

efficacy and safety, with promising potential for future advancements. 

 

Holzgreve A, Taugner J, Käsmann L…, Eze C*, Unterrainer M*, Manapov F* 

Metabolic patterns on [18F]FDG PET/CT in patients with unresectable stage III NSCLC undergoing 

chemoradiotherapy ± durvalumab maintenance treatment. Eur J Nucl Med Mol Imaging. 

2023;50(8):2466-2476. doi:10.1007/s00259-023-06192-6 

Eur J Nucl Mol Imaging (IF: 8.6) 
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The purpose of this study was to evaluate metabolic changes in tumors and secondary 

lymphoid organs in patients with unresectable stage III NSCLC receiving durvalumab 

maintenance treatment after chemoradiotherapy (CRT), compared to those undergoing CRT 

alone. The study included 43 patients with [ 18F]FDG PET/CT scans before and after standard 

CRT; 16 of these patients received durvalumab before the second PET/CT scan. Tumor and 

lymphoid organ uptake were compared between patients receiving CRT alone and those 

receiving both CRT and durvalumab (CRT-IO).  

Initial uptake characteristics were similar between the two groups. However, 

significant differences were observed under durvalumab treatment: there was a greater 

reduction in tumor uptake intensity in the CRT-IO group compared to CRT alone, with a 

median decrease in SUVmax of –70.0% vs. –24.8% (p = 0.009). Conversely, spleen uptake 

increased in the CRT-IO group while it decreased in the CRT group (median + 12.5% vs. –

4.4%, p = 0.029). Overall survival was significantly longer in the CRT -IO group, with fewer 

events of progression or death.  

Additionally, PET/CT scans showed a higher proportion of findings suggestive of 

immunotherapy-related adverse events (irAE) in the CRT-IO group (12/16) compared to the 

CRT group (8/27), with a p-value of 0.005. In conclusion, durvalumab maintenance after CRT 

leads to distinct metabolic changes in tumors and increased splenic metabolism, along with 

a higher incidence of irAE findings on PET/CT, correlating with significantly prolonged 

survival. Further survival analysis will be conducted as more clinical events occur.  
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3.2.3.1. Summary and Discussion 

 
Pre-treatment FDG-PET parameters have proven to be reliable prognostic indicators for outcomes and 

survival in advanced NSCLC. (Chin et al. 2018; Seban et al. 2020) While SUVmax is commonly used to 

assess treatment response, metrics such as MTV, tMTV, and TLG are considered the most robust 

prognostic factors during initial staging. Multiple studies have established a link between these 

parameters and patient outcomes. (Chin et al. 2018; Seban et al. 2020) For instance, a connection has 

been noted between high TMTV and poor inflammatory status, leading to a worse prognosis and lack 

of durable clinical benefit (DCB). (Seban et al. 2020) Another study demonstrated that radiomic features 

from baseline pre-treatment FDG PET/CT scans can accurately identify patients likely to achieve DCB. 

However, these parameters are not yet uniformly applied in clinical practice. (Mu et al. 2019) 

Changes in metabolic activity after (C)RT can be detected earlier with PET than morphological changes 

on CT scans. PET metrics such as SUVmax, MTV, and TLG, measured during or shortly after treatment, 

have been identified as prognostic biomarkers for disease recurrence and survival. (Cremonesi et al. 

2017; van Diessen et al. 2019; Gensheimer et al. 2017; Machtay et al. 2013; Ohri et al. 2017; 

Roengvoraphoj et al. 2017; Unterrainer et al. 2020; Usmanij et al. 2013) Studies have found that a 

residual MTV cutoff of 25 cm³ is associated with local tumor control (Ohri et al. 2017), reinforcing the 

prognostic value of pre-treatment primary tumor MTV, reduction in mid- to post-treatment MTV, and 

the correlation between post-treatment MTV and patient outcomes by our research group across 

multiple studies. (Roengvoraphoj et al. 2017, 2018)  
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