
Zurich Open Repository and
Archive
University of Zurich
University Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch

Year: 2023

A Multicenter Evaluation of Different Chemotherapy Regimens in Older Adults
With Head and Neck Squamous Cell Carcinoma Undergoing Definitive

Chemoradiation

Rühle, Alexander ; Weymann, Maria ; Behrens, Max ; Marschner, Sebastian ; Haderlein, Marlen ; Fabian,
Alexander ; Senger, Carolin ; Dickstein, Daniel R ; Kraft, Johannes ; der Grün, Jens von ; Chen, Eric ;

Aquino-Michaels, Todd ; Domschikowski, Justus ; Bickel, Amanda ; Altay-Langguth, Alev ; Kalinauskaite, Goda
; Lewitzki, Victor ; Bonomi, Marcelo ; Blakaj, Dukagjin M ; Jhawar, Sachin R ; Baliga, Sujith ; Barve, Rahul ;
Ferentinos, Konstantinos ; Zamboglou, Constantinos ; Schnellhardt, Sören ; Haehl, Erik ; Spohn, Simon K B ;

Kuhnt, Thomas ; Zöller, Daniela ; Guckenberger, Matthias ; et al

Abstract: PURPOSE: The number of older adults with head-and-neck squamous cell carcinoma (HNSCC) is in-
creasing, and treatment of these patients is challenging. Although cisplatin-based chemotherapy concomitantly
with radiotherapy is considered standard regimen for patients with locoregionally advanced HNSCC, there is
substantial real-world heterogeneity regarding concomitant chemotherapy in older HNSCC patients. METH-
ODS: The XXX study is an international multicenter cohort study including older (≥65 years) HNSCC patients
treated with definitive radiotherapy at 13 academic centers in the United States and Europe. Here, patients with
concomitant chemoradiation were analyzed regarding overall survival (OS) and progression-free survival (PFS)
using Kaplan-Meier analyses, while Fine-Gray competing risks regressions were performed regarding the inci-
dence of locoregional failures (LRFs) and distant metastases (DMs). RESULTS: Six hundred ninety-seven patients
with a median age of 71 years were included in this analysis. Single-agent cisplatin was the most common
chemotherapy regimen (n=310; 44%), followed by cisplatin plus 5-fluorouracil (n=137; 20%), carboplatin (n=73;
10%), and mitomycin c plus 5-fluorouracil (n=64; 9%). Carboplatin-based regimens were associated with dimin-
ished PFS (HR=1.39 [1.03-1.89], p<0.05) and a higher incidence of LRFs (SHR=1.54 [1.00-2.38], p=.05) compared
with single-agent cisplatin, whereas OS (HR=1.15 [0.80-1.65], p=.46) was comparable. There were no oncolog-
ical differences between single-agent and multi-agent cisplatin regimens (all p>.05). Median cumulative dose
of cisplatin was 180 mg/m2 (IQR, 120-200 mg/m2). Cumulative cisplatin doses ≥200 mg/m2 were associated
with increased OS (HR=0.71 [0.53-0.95], p=.02), PFS (HR=0.66 [0.51-0.87], p=.003), and lower incidence of LRFs
(SHR=0.50 [0.31-0.80], p=.004). Higher cumulative cisplatin doses remained an independent prognostic variable
in the multivariate regression analysis for OS (HR=0.996 [0.993-0.999], p=.009). CONCLUSIONS: Single-agent
cisplatin can be considered as the standard chemotherapy regimen for older HNSCC patients who can tolerate
cisplatin. Cumulative cisplatin doses are prognostically relevant also in older HNSCC patients.

DOI: https://doi.org/10.1016/j.ijrobp.2023.10.025

Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: https://doi.org/10.5167/uzh-238759
Journal Article
Accepted Version



 

 

The following work is licensed under a Creative Commons: Attribution 4.0 International (CC BY 4.0) License.

Originally published at:
Rühle, Alexander; Weymann, Maria; Behrens, Max; Marschner, Sebastian; Haderlein, Marlen; Fabian, Alexan-
der; Senger, Carolin; Dickstein, Daniel R; Kraft, Johannes; der Grün, Jens von; Chen, Eric; Aquino-Michaels,
Todd; Domschikowski, Justus; Bickel, Amanda; Altay-Langguth, Alev; Kalinauskaite, Goda; Lewitzki, Victor;
Bonomi, Marcelo; Blakaj, Dukagjin M; Jhawar, Sachin R; Baliga, Sujith; Barve, Rahul; Ferentinos, Konstantinos;
Zamboglou, Constantinos; Schnellhardt, Sören; Haehl, Erik; Spohn, Simon K B; Kuhnt, Thomas; Zöller, Daniela;
Guckenberger, Matthias; et al (2023). A Multicenter Evaluation of Different Chemotherapy Regimens in Older
Adults With Head and Neck Squamous Cell Carcinoma Undergoing Definitive Chemoradiation. International
Journal of Radiation Oncology, Biology, Physics:Epub ahead of print.
DOI: https://doi.org/10.1016/j.ijrobp.2023.10.025

2



1 

 

A Multicenter Evaluation of Different Chemotherapy Regimens in Older Adults With 

Head and Neck Squamous Cell Carcinoma Undergoing Definitive Chemoradiation 

 

 

Alexander Rühle, MD
1,2,3,4

; Maria Weymann, BS
5
; Max Behrens, MSc

5
; Sebastian 

Marschner, MD
6,7

; Marlen Haderlein, MD
8,9

; Alexander Fabian, MD
10

; Carolin Senger, 

MD
11,12

; Daniel R. Dickstein, MD
13

; Johannes Kraft, MD
14

; Jens von der Grün, MD
15,16,17

; 

Eric Chen, MD
18

; Todd Aquino-Michaels, BS
18

; Justus Domschikowski, MD
10

; Amanda 

Bickel, MD
17

; Alev Altay-Langguth, MD
15,16

; Goda Kalinauskaite, MD
11,12

; Victor Lewitzki, 

MD
14

; Marcelo Bonomi, MD
19

; Dukagjin M. Blakaj, MD, PhD
20

; Sachin R Jhawar, MD
20

; 

Sujith Baliga, MD
20

; Rahul Barve, MD
20

; Konstantinos Ferentinos, MD
21

; Constantinos 

Zamboglou, MD
1,2,21

; Sören Schnellhardt, MD
8,9,22

; Erik Haehl, MD
6,7

; Simon K.B. Spohn, 

MD
1,2

; Thomas Kuhnt, MD
3,4

; Daniela Zöller, PhD
5
; Matthias Guckenberger, MD

17
; Volker 

Budach, MD
11

; Claus Belka, MD
6,7

; Richard Bakst, MD
13

; Arnulf Mayer, MD
23,24

; Heinz 

Schmidberger, MD
23,24

; Anca-Ligia Grosu, MD
1,2

; Panagiotis Balermpas, MD
17

; Carmen 

Stromberger, MD
11,12

; Nils H. Nicolay, MD, PhD
1,2,3,4 

 

1
 Department of Radiation Oncology, University of Freiburg – Medical Center, Freiburg, 

Germany 

2 
German Cancer Consortium (DKTK) Partner Site Freiburg, German Cancer Research Center 

(DKFZ), Heidelberg, Germany 

3
 Department of Radiation Oncology, University of Leipzig, Leipzig, Germany 

4
 Comprehensive Cancer Center Central Germany, Partner Site Leipzig, Leipzig, Germany 

5
 Institute of Medical Biometry and Statistics, Faculty of Medicine and Medical Center-

University of Freiburg, Freiburg, Germany 

6
 Department of Radiation Oncology, University Hospital, LMU Munich, Munich, Germany 





2 

 

7
 German Cancer Consortium (DKTK) Partner Site Munich, German Cancer Research Center 

(DKFZ), Heidelberg, Germany 

8
 Department of Radiation Oncology, Universitätsklinikum Erlangen, Friedrich-Alexander-

Universität Erlangen-Nürnberg, Erlangen, Germany 

9
 Comprehensive Cancer Center Erlangen-EMN (CCC ER-EMN), Universitätsklinikum 

Erlangen, Friedrich-Alexander-Universität Erlangen-Nürnberg 

10
 Department of Radiation Oncology, University Hospital Schleswig-Holstein, Campus Kiel, 

Kiel, Germany 

11
 Department of Radiation Oncology, Charité – Universitätsmedizin Berlin, corporate 

member of Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of 

Health, Germany, Berlin, Germany 

12
 German Cancer Consortium (DKTK) Partner Site Berlin, German Cancer Research Center 

(DKFZ), Neuenheimer Feld 280, 69120 Heidelberg, Germany 

13
 Department of Radiation Oncology, Icahn School of Medicine at Mount Sinai, New York, 

NY, USA 

14
 Department of Radiation Oncology, University Hospital Würzburg, Würzburg, Germany 

15
 Department of Radiotherapy and Oncology, Goethe University Frankfurt, Frankfurt am 

Main, Germany 

16
 German Cancer Consortium (DKTK) Partner Site Frankfurt, German Cancer Research 

Center (DKFZ), Heidelberg, Germany 

17
 Department of Radiation Oncology, University Hospital Zurich, University of Zurich, 

Zurich, Switzerland 

18
 Department of Radiation Oncology, University Hospitals Seidman Cancer Center, 

Cleveland, OH, USA 

19
 Department of Medical Oncology, The Ohio State University Wexner Medical Center, 

Ohio, OH, USA 





3 

 

20
 Department of Radiation Oncology, The Ohio State University Wexner Medical Center, 

Ohio, OH, USA 

21
 Department of Radiation Oncology, German Oncology Center, European University of 

Cyprus, Limassol, Cyprus 

22
 Department of Radiotherapy and Radiation Oncology, Saarland University Medical Center, 

Homburg, Germany 

23
 Department of Radiation Oncology and Radiation Therapy, University Medical Center 

Mainz, Mainz, Germany 

24
 German Cancer Consortium (DKTK) Partner Site Mainz, German Cancer Research Center 

(DKFZ), Heidelberg, Germany 

 

Corresponding author: Alexander Rühle, MD (alexander.ruehle@uniklinik-freiburg.de)  

Department of Radiation Oncology, University of Freiburg – Medical Center, Freiburg, 

Germany, Robert-Koch-Str. 3, 79106 Freiburg, Tel. +49-761-270-94520; Fax +49-761-270-

94720 

Running title: Chemoradiation in Older Adults with HNSCC 

Authors responsible for statistical analyses: Maria Weymann (maria.weymann@uniklinik-

freiburg.de), Max Behrens (max.behrens@uniklinik-freiburg.de), Daniela Zöller 

(zoeller@imbi.uni-freiburg.de). 

Conflicts of interest: Dr Rühle reported receiving personal fees from Novocure, grants from 

Novocure, and personal fees from Merck Healthcare Germany, Darmstadt outside the 

submitted work. Dr Jhawar received research funds from Varian Medical Systems. Dr Belka 

reported receiving grants from Helmholtz Zentrum Munich, nonfinancial support from LMU 

Munich, and grants from the German Cancer Consortium during the conduct of the study; 

personal fees from Merck Darmstadt, personal fees from Bristol-Myers Squibb, and grants 

from Elekta outside the submitted work. Dr Mayer reported receiving grants from Varian Inc 





4 

 

during the conduct of the study and personal fees from Merck Serono GmbH outside the 

submitted work. Dr Nicolay reported receiving speaker honoraria from Merck Healthcare 

Germany, Darmstadt, Sun Pharmaceuticals, Leverkusen, and a research grant from Novocure. 

No other disclosures were reported.  

Funding: None. 

Data Availability Statement: The data that support the findings of this study are available 

from the corresponding author upon reasonable request. 





5 

 

 

Abstract 

Purpose 

The number of older adults with head-and-neck squamous cell carcinoma (HNSCC) is 

increasing, and treatment of these patients is challenging. Although cisplatin-based 

chemotherapy concomitantly with radiotherapy is considered standard regimen for patients 

with locoregionally advanced HNSCC, there is substantial real-world heterogeneity regarding 

concomitant chemotherapy in older HNSCC patients. 

Methods 

The XXX study is an international multicenter cohort study including older (≥65 years) 

HNSCC patients treated with definitive radiotherapy at 13 academic centers in the United 

States and Europe. Here, patients with concomitant chemoradiation were analyzed regarding 

overall survival (OS) and progression-free survival (PFS) using Kaplan-Meier analyses, while 

Fine‐Gray competing risks regressions were performed regarding the incidence of 

locoregional failures (LRFs) and distant metastases (DMs). 

Results 

Six hundred ninety-seven patients with a median age of 71 years were included in this 

analysis. Single-agent cisplatin was the most common chemotherapy regimen (n=310; 44%), 

followed by cisplatin plus 5-fluorouracil (n=137; 20%), carboplatin (n=73; 10%), and 

mitomycin c plus 5-fluorouracil (n=64; 9%). Carboplatin-based regimens were associated 

with diminished PFS (HR=1.39 [1.03-1.89], p<0.05) and a higher incidence of LRFs 

(SHR=1.54 [1.00-2.38], p=.05) compared with single-agent cisplatin, whereas OS (HR=1.15 

[0.80-1.65], p=.46) was comparable. There were no oncological differences between single-

agent and multi-agent cisplatin regimens (all p>.05). Median cumulative dose of cisplatin was 

180 mg/m2 (IQR, 120-200 mg/m2). Cumulative cisplatin doses ≥200 mg/m2 were associated 

with increased OS (HR=0.71 [0.53-0.95], p=.02), PFS (HR=0.66 [0.51-0.87], p=.003), and 
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lower incidence of LRFs (SHR=0.50 [0.31-0.80], p=.004). Higher cumulative cisplatin doses 

remained an independent prognostic variable in the multivariate regression analysis for OS 

(HR=0.996 [0.993-0.999], p=.009). 

Conclusions 

Single-agent cisplatin can be considered as the standard chemotherapy regimen for older 

HNSCC patients who can tolerate cisplatin. Cumulative cisplatin doses are prognostically 

relevant also in older HNSCC patients. 

Trial Registration 

XXX 

Keywords  

Radiotherapy, chemotherapy, elderly, geriatric, cisplatin, carboplatin, mitomycin, head and 

neck cancer 
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Introduction 

 Due to the demographic change, the proportion of older adults with head-and-neck 

squamous cell carcinoma (HNSCC) is estimated to increase in the following decades.
1
 

Surgical resection followed by risk-adapted adjuvant (chemo)radiation or definitive 

chemoradiation are the treatment standards for locoregionally advanced HNSCCs (LA-

HNSCCs).
2,3

 With underrepresentation of older HNSCC patients in clinical trials and several 

specific characteristics of this population (e.g., increased prevalence of comorbidities, higher 

vulnerability to treatment-related toxicities, differences in treatment goal prioritization) 

treatment of these patients is challenging.
4-6

 There are particular controversies regarding the 

usage of concomitant chemotherapy in general, the choice of chemotherapeutic agents and 

dosage, and the management of patients with contraindications against cisplatin.
7
 

Concomitant chemotherapy significantly improves survival in HNSCC patients 

compared with definitive radiotherapy alone, as reported in the MACH-NC meta-analysis; 

however, the survival benefit was found to be declining with higher patient age and to be 

absent in patients aged ≥70 years.8 Large database analyses based on the Surveillance, 

Epidemiology, and End Results (SEER) registry, and the National Cancer Database (NCDB) 

reported conflicting results regarding the value of concomitant chemotherapy in older 

HNSCC patients.
9,10

 A previous international multicenter cohort study reported a significant 

improvement of OS and PFS with the addition of concomitant chemotherapy in older adults 

with HNSCC even after adjusting for several potentially confounding variables, whereas there 

was no such benefit for the addition of concomitant cetuximab.
11

  

 Although both the NCCN and ESMO guidelines indicate concomitant high-dose 

cisplatin (100 mg/m2 at days 1, 22 and 43) as treatment standard for definitive 

chemoradiation, a significant number of treatment centers favor weekly cisplatin regimens 

with 40 mg/m2 for older HNSCC patients given the reduced toxicity burden for this 

regimen.
11-14

 Oncological equivalence between the three-weekly high-dose cisplatin regimen 
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and the weekly cisplatin regimen with 40 mg/m2 has been shown for the postoperative 

situation.
15

 Two large randomized trials, the ConCERT trial (CTRI/2018/03/012422) and the 

NRG-HN009 trial (NCT05050162), are comparing these two cisplatin regimens also for 

definitive chemoradiation. As reported from the ConCERT data, weekly cisplatin was non-

inferior to three-weekly high-dose cisplatin and was better tolerated with less interruptions, 

hospitalizations and toxicity.
16

 Besides the controversies regarding cisplatin dosing, further 

uncertainty exists whether cisplatin may be replaced by alternative agents such as carboplatin 

in older HNSCC patients. There is one non-inferiority trial comparing carboplatin with 

cisplatin concomitantly to radiotherapy for nasopharyngeal carcinoma patients that showed 

comparable survival rates and fewer toxicities (renal toxicity, leucopenia, and anemia) for 

carboplatin
17

; however, there is currently no data of randomized phase III trials comparing 

cisplatin with carboplatin for non-nasopharyngeal HNSCCs. Given the prospective evidence 

for other regimens, mitomycin c- and taxane-based protocols are also used in the clinical 

routine.
18-20

 However, older HNSCCs were highly underrepresented in these trials: Median 

age was about 55 years both in the ARO 95-06
18

 and IAEA mitomycin c trial
19

, and 56 years 

in the trial regarding carboplatin plus paclitaxel at the University of Maryland trial.
20

 

Considering the limited evidence regarding the optimal chemotherapy regimen 

concomitantly to definitive radiotherapy in older adults with HNSCC, we conducted a 

comprehensive multicenter cohort analysis to examine the impact of different chemotherapy 

regimens on overall survival (OS), progression-free survival (PFS), incidence of locoregional 

failures (LRFs), and incidence of distant metastases (DMs). To the best of our knowledge, this 

study represents the largest analysis of older adults with HNSCC focusing on the comparison 

of commonly utilized chemotherapy regimens across various oncological outcome measures 

including locoregional and distant tumor control. Even though there are conflicting definitions 

when a patient should be considered as “old” or “elderly”21
, many guidelines still indicate 65 

years as the threshold, so that we decided to apply a cutoff of 65 years as inclusion criterion 
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for our cohort analysis.
22,23

 However, given the fact that other guidelines considers 70 years as 

age threshold for the definition of an older adult
24

, and that the MACH-NC meta-analysis 

reported an absent benefit of concomitant chemotherapy for the group of patients aged 70 

years and older
8
, we also provide subgroup analyses for patients ≥70 years. 

 

Materials and methods 

Study Design 

The present study comprises a subset of patients that were included in an international 

registry (XXX) consisting of currently 1,100 older adults with LA-HNSCC (supplementary 

figure 1). Patient and treatment data were collected retrospectively from 13 academic centers 

in the XXX, XXX, XXX, and XXX. The present analysis includes 697 patients aged 65 years 

and older, diagnosed with LA-HNSCCs of the oral cavity, oropharynx, hypopharynx, or 

larynx, who received definitive chemoradiation between 2005 and 2019. For an exploratory 

subgroup analysis, the oncological outcomes of older adults with HNSCC receiving curative 

radiotherapy alone within the XXX registry (n=242) were compared with the outcomes of the 

chemoradiation group. Patients who had received induction or adjuvant chemotherapy, had a 

history of previous head-and-neck carcinomas or radiotherapy in the head-and-neck region, 

presented with distant metastases at treatment initiation, or had cancers of the nasopharynx, 

salivary glands, skin, or cancers of an unknown primary were excluded. The study used the 

7th Edition of the American Joint Committee on Cancer/Union for International Cancer 

Control (AJCC/UICC) staging system to classify the patients, and the Charlson Comorbidity 

Index (CCI) was calculated for each patient as reported in the literature, with the primary 

tumor and patient age not included in the calculation.
25

 The Modification of Diet in Renal 

Disease (MDRD) equation was used to calculate the estimated glomerular filtration rate based 

on sex, age, serum creatinine concentration and race. The study was approved by the XXX, 
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and the institutional review boards at each participating center. The study followed the 

STROBE reporting guideline for cohort studies.  

 

Statistical Analysis 

 Patient and tumor characteristics were presented as median values including 

interquartile range (IQR) or absolute numbers with percentages, and the different 

chemotherapy groups were compared using one-way ANOVA (for age, CCI, estimated 

glomerular filtration rate, and radiotherapy dose) or χ²-tests (for categorial variables). OS and 

PFS were calculated using the Kaplan-Meier method. Death, local or locoregional 

progression, and development of DMs were considered as events for PFS. Endpoints were 

calculated from the start of radiotherapy until the event or last follow-up date, with patients 

being censored at the last date of follow-up. Proportional hazards models were used to 

evaluate both the incidence of LRFs and the incidence of DMs, respectively, with death as 

competing risk. Multivariate Cox proportional hazards analyses were conducted regarding 

OS, and Fine-Gray proportional hazards models with death as competing risk were performed 

for the incidence of LRFs and DMs. For the regression analyses, multiple imputation of 

missing data was conducted using k-Nearest Neighbor Imputation, in which the five nearest 

neighbors were computed based on a variation of the Gower distance. All statistical analyses 

were performed using R version 4.1.3, and p-values and 95% confidence intervals were not 

corrected for multiple comparisons, as the analyses were exploratory in nature. As a result, p-

values and 95% confidence intervals were not corrected for multiple comparisons and 

inferences drawn from them may not be reproducible. A p-value <.05 was considered as 

statistically significant for all analyses. 

 

Results  

Characteristics of the Study Cohort  
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 The median age of the analyzed cohort was 71 years (IQR, 68-76), and 482 patients 

(69.2%) were male (table 1). A total of 590 patients (84.6%) had an ECOG performance 

status of ≤1, and 502 exhibited a Charlson Comorbidity Index of ≤2 (72.0%), indicative of 

relatively few comorbidities. Tumors were most commonly located in the oropharynx (n=383, 

54.9%), followed by hypopharynx (n=111, 15.9%), oral cavity (n=89, 12.9%) and larynx 

(n=84, 12.1%). Half of the patients exhibited cT4 carcinomas (n=348, 49.9%), and 583 

patients (83.6%) had locoregional lymph node metastases at the time of chemoradiation. 

About one-fifth of the patients (n=151, 22%) presented with HPV-positive oropharyngeal 

carcinomas. Radiotherapy was administered to a median dose of 70.0 Gy (IQR, 69.3-70.4 

Gy), and 633 patients (90.8%) completed the prescribed radiotherapy course. Single-agent 

cisplatin was the most common chemotherapy regimen (n=310, 44%). Cisplatin plus 5-

fluorouracil (n=137, 20%), carboplatin (n=73, 10%), mitomycin c plus 5-fluorouracil 

(n=64%, 9%), mitomycin c (n=50, 7%), carboplatin plus paclitaxel (n=27, 4%), cisplatin plus 

paclitaxel (n=13, 2%), and paclitaxel (n=12, 2%) were other regimens that were commonly 

used in the cohort. Descriptive statistics depending on the type of concomitant systemic 

treatment are shown in supplementary table 1. 

 Among patients treated with single-agent cisplatin, median cumulative cisplatin dose 

amounted to 180 mg/m2, and 146 patients (48% of patients with known cumulative cisplatin 

dose) achieved a cumulative dose of ≥200 mg/m2. Median cumulative cisplatin dose of 

patients receiving any type of cisplatin-containing regimen (n=451 with known cumulative 

cisplatin dose) was also 180 mg/m2, and 191 patients (42%) were exposed to cumulative dose 

of ≥200 mg/m2 (supplementary table 2). Patients treated with weekly 30-40 mg/m2 cisplatin 

(n=157) received a median cumulative dose of 180 mg/m2, and 83 of them (53%) completed 

≥5 cycles of weekly cisplatin (supplementary table 3). The vast majority of weekly cisplatin 

regimens consisted of 40 mg/m2 as single dose (n=130, 83%). 
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Comparison between cisplatin and other chemotherapy agents 

 The median follow-up time was 56 months (95% CI, 50-63 months). A total of 337 

deaths (48.4%), 144 LRFs (20.7%) and 76 DMs (10.9%) had occurred at the time of analysis. 

Median OS and PFS were 53 months (95% CI, 43-63 months) and 33 months (95% CI, 25-41 

months), respectively. The 2-year incidence of LRFs and DMs was 19.6% (95% CI, 16.5%-

22.7%) and 9.5% (95% CI, 7.2%-11.8%), respectively. 

  Patients treated with other regimens than single-agent cisplatin exhibited a non-

significant trend towards lower OS (HR=1.24; 95% CI, 0.99-1.55; p=.06), while PFS 

(HR=1.16; 95% CI, 0.95-1.42; p=.15), incidence of LRFs (SHR=1.11; 95% CI, 0.80-1.55; 

p=.52), and incidence of DMs (SHR=0.65; 95% CI, 0.41-1.02; p=.06) were not different 

(figure 1). In patients aged ≥70 years, treatment with single-agent cisplatin translated into 

improved OS (HR=1.35; 95% CI, 1.03-1.77; p=.03), whereas incidence of LRFs was not 

different (SHR=1.24; 95% CI, 0.81-1.90; p=.31) when compared with patients receiving other 

regimens than single-agent cisplatin (supplementary figure 2). Cisplatin-based regimens 

(including both single-agent cisplatin and multi-agent cisplatin regimens) were associated 

with superior survival (OS: HR=1.24; 95% CI, 1.00-1.55; p=.05; PFS: HR=1.29; 95% CI, 

1.05-1.58; p=.02) compared with cisplatin-free regimens, while incidence of LRFs 

(SHR=0.74; 95% CI, 0.54-1.03; p=.08) and DMs (SHR=1.38; 95% CI, 0.83-2.29; p=.22) was 

not different (supplementary figure 3). However, in the multivariate Cox regression model, 

neither usage of single-agent cisplatin (supplementary table 4) nor usage of cisplatin-based 

chemotherapy (supplementary table 5) was an independent prognostic parameter for OS.  

As concomitant carboplatin is often discussed as alternative to cisplatin, we compared 

single-agent cisplatin with carboplatin-containing regimens (i.e., carboplatin mono, 

carboplatin plus paclitaxel, carboplatin plus docetaxel, and carboplatin plus 5-fluorouracil) 

(figure 2). Here, carboplatin-consisting regimens were associated with reduced PFS 

(HR=1.39; 95% CI, 1.03-1.89; p<0.05), and a higher incidence of LRFs (SHR=1.54; 95% CI, 
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1.00-2.38; p=.05) compared with single-agent cisplatin, whereas OS (HR=1.15; 95% CI, 0.80-

1.65; p=.46) and the incidence of DMs (SHR=0.86; 95% CI, 0.43-1.71; p=.67) were 

comparable. These findings were also found in the subgroup of patients aged ≥70 years 

(supplementary figure 4). Patients treated with mitomycin c-containing regimens exhibited 

significantly lower OS (HR=1.46; 95% CI, 1.10-1.93; p=.01); however, neither PFS 

(HR=1.26; 95% CI, 0.97-1.65; p=.09) nor the incidence of LRFs (SHR=0.95; 95% CI, 0.63-

1.44; p=.81) or DMs (SHR=0.59; 95% CI, 0.29-1.17; p=.13) differed between single-agent 

cisplatin and mitomycin c-based protocols (figure 2). Subgroup analyses for mitomycin c-

based regimens in the cohort of patients aged 70 years and older are also shown in 

supplementary figure 4.  

Addition of further chemotherapeutic agents (e.g., 5-fluorouracil) to single-agent 

cisplatin did not translate to differences in OS (HR=1.16; 95% CI, 0.88-1.53; p=.29), PFS 

(HR=1.01; 95% CI, 0.78-1.31; p=.94), incidence of LRFs (SHR=0.89; 95% CI, 0.57-1.39; 

p=.60), or incidence of DMs (SHR=0.69; 95% CI, 0.42-1.14; p=.14) when compared with 

single-agent cisplatin (supplementary figure 5, supplementary figure 6). In general, multi-

agent chemotherapy protocols yielded comparable oncological outcomes compared with 

single-agent protocols (supplementary figure 7). Subgroup analyses for patients with HPV-

positive and HPV-negative oropharyngeal cancer are shown in supplementary figures 8-11. 

Even though patient numbers were rather small for this subgroup analyses, older adults with 

HPV-positive oropharyngeal cancer (n=151) treated with single-agent cisplatin exhibited 

significantly longer OS compared with HPV-positive oropharyngeal cancer patients receiving 

other regimens than single-agent cisplatin (HR=2.58; 95% CI, 1.25-5.32; p=.01). Comparative 

analyses including the oncological outcomes of patients treated with radiotherapy alone are 

shown in supplementary figures 12-13. Table 2 summarizes the oncological outcomes at 2 

years after chemoradiation depending on the type of concomitant systemic treatment. 
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Prognostic value of cumulative cisplatin dose 

As a median cumulative cisplatin dose of at least 200 mg/m2 is considered as a 

prognostically relevant threshold in the general HNSCC population receiving definitive 

chemoradiation, we also analyzed this issue in our cohort of older HNSCC patients (figure 3). 

Cumulative doses ≥200 mg/m2 were associated with significantly higher OS (HR=0.71; 95% 

CI, 0.53-0.95; p=.02) and PFS (HR=0.66; 95% CI, 0.51-0.87; P=.003), mainly related to the 

significantly lower incidence of LRFs (SHR=0.50; 95% CI, 0.31-0.80; p=.004). The incidence 

of DMs was not dependent on the cumulative cisplatin dose (SHR=1.06; 95% CI, 0.62-1.81; 

p=.84). A subgroup analysis in which incrementally increased cumulative cisplatin doses 

(≤100 mg/m2, 101-200 mg/m2, >200 mg/m2) were compared revealed a dose-response 

relationship: Patients receiving up to 100 mg/m2 exhibited the worst OS and PFS 

(supplementary figure 14). Especially the incidence of LRFs was significantly reduced in 

patients treated with >200 mg/m2 compared with patients receiving ≤100 mg/m2 (SHR=0.42; 

95% CI, 0.19-0.89; p=.02). These results were also seen in the subgroup of patients aged 70 

years and older (supplementary figure 15-16). However, in the multivariate regression 

analyses, a median cumulative cisplatin dose of at least 200 mg/m2 was not prognostic 

regarding OS (HR=0.71; 95% CI, 0.47-1.07; p=.10) or the incidence of LRFs (SHR=0.69; 

95% CI, 0.35-1.35; p=.28) (supplementary table 6-7). When the cumulative cisplatin dose 

was entered as continuous variable into the multivariate analyses, it was an independent 

favorable prognostic variable in terms of OS (HR=0.996; 95% CI, 0.993-0.999; p=.009); the 

association between the cumulative cisplatin dose and the incidence of LRFs missed statistical 

significance (SHR=0.995; 95% CI, 0.990-1.000; p=.06) (supplementary table 8-9). 

Weekly cisplatin was associated with superior OS (HR=0.64; 95% CI, 0.45-0.92; 

p=.01) and PFS (HR=0.69; 95% CI, 0.51-0.95; p=.02) compared with all other single-agent 

cisplatin regimens (e.g., cisplatin 20 mg/m2 at days 1-5 and 29-33; cisplatin 20 mg/m2 at days 

1-5, 22-26, 43-47), while there was no significant difference regarding the incidence of LRFs 
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(SHR=0.76; 95% CI, 0.46-1.26; p=.29) or DMs (SHR=1.86; 95% CI, 0.98-3.50; p=.06) 

(figure 4). There was no significant difference in oncological outcomes between patients 

treated with cisplatin weekly and patients receiving high-dose three-weekly cisplatin 

(supplementary figure 17); however, only few patients (n=9) received high-dose three-

weekly cisplatin. Cumulative cisplatin doses did not differ between weekly cisplatin and other 

single-agent cisplatin regimens (mean 182 mg/m2 [weekly] vs. 172 mg/m2 [other regimens]; 

p=.193) (supplementary table 10). 

 

Discussion  

 In this international cohort study of 697 older adults with LA-HNSCC undergoing 

definitive chemoradiation, carboplatin-based regimens were associated with more LRFs and 

diminished PFS, but OS was similar between cisplatin- and carboplatin-based regimens. 

Neither single-agent cisplatin nor cisplatin-based regimens were independent parameters 

regarding OS in the multivariate regression models, and there was no significant benefit in 

adding additional chemotherapeutic drugs to single-agent cisplatin. A higher cumulative 

cisplatin dose was found to serve as an independent prognostic parameter for OS. 

 In line with the results of the MACH-NC meta-analysis showing that multi-agent 

chemotherapy is not superior to single-agent chemotherapy
26

, our data do not support multi-

agent cisplatin regimens such as cisplatin plus 5-fluorouracil. A previous retrospective 

multicenter analysis reported similar oncological outcomes but significantly less toxicities 

after single-agent cisplatin compared with cisplatin plus 5-fluorouracil.
27

 In addition, the 

toxicity profile of 5-fluorouracil (e.g., cardiotoxicity, diarrhea, mucositis) makes its usage 

challenging in the older HNSCC population when given in combination with cisplatin.
5,28

 A 

retrospective analysis of LA-HNSCC patients treated with chemoradiation in two Dutch 

cancer centers found significantly lower chemotherapy completion rates for carboplatin plus 

5-fluorouracil than for single-agent three-weekly cisplatin 100 mg/m2.
29

 Another 
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retrospective study observed that rates of late toxicity (defined as presence of percutaneous 

endoscopic gastrostomy tube or tracheostomy) were higher with carboplatin plus 5-

fluorouracil (25%) compared with single-agent cisplatin (8%).
30

 Results of other multi-agent 

cisplatin protocols, e.g., cisplatin plus paclitaxel
31,32

 have also shown considerable risks for 

severe toxicities. 

The known prognostic value of cumulative cisplatin dose in the general HNSCC 

population was validated also in older patients with HNSCCs.
33

 To the best of our knowledge, 

this cohort study is the largest analysis about the prognostic value of cumulative cisplatin dose 

in older adults with LA-HNSCC. The fact that the cumulative cisplatin dose (when entered as 

continuous variable) remained an independent prognostic variable concerning OS provides a 

strong basis to improve supportive care measures (e.g., intravenous hydration protocols, state-

of-the art antiemetic treatments) in order to ensure high cumulative cisplatin doses. However, 

considering the absent prognostic benefit of a cumulative cisplatin of ≥200 mg/m2 in the 

multivariate regression analysis, the optimal cumulative target dose for the elderly HNSCC 

population remains a matter of debate. Our real-world data are in accordance with patterns-of-

care analyses in which cisplatin weekly is the preferred schedule of cisplatin administration in 

older patients with LA-HNSCC.
12,34

 Given the significantly lower incidence of higher-grade 

toxicities in low-dose once-a-week compared with high-dose once-every-3-weeks cisplatin 

administration protocols
15,35

, cisplatin 40 mg/m2 weekly may especially be attractive for older 

patients with HNSCC who exhibit higher hazards for nephrotoxicity and ototoxicity.
36-38

 

 The fact that carboplatin-based regimens were found to be associated with 

significantly reduced PFS, mainly mediated by a higher incidence of LRFs, points out that 

cisplatin should not generally be replaced by carboplatin in the older HNSCC population. 

However, carboplatin is known to result in fewer renal and vestibulocochlear toxicities than 

cisplatin and is considered an alternative for HNSCC patients with contraindications against 

cisplatin. A meta-analysis with three randomized clinical trials, eight retrospective studies and 
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one matched-pair analysis observed comparable 3-year survival and tumor control rates, 

although 5-year survival rates were higher for cisplatin.
39

 Both the NCCN (as category 1) and 

the ESMO guidelines (for patients unfit for cisplatin; level of evidence II, grade of 

recommendation A) indicate carboplatin plus 5-fluoruracil as a possible chemotherapy 

regimen in HNSCC patients.
40,41

 As carboplatin plus 5-fluorouracil was only administered in 

5 patients in our cohort, we cannot make any conclusions regarding the efficacy of this 

protocol in the older HNSCC population. Mean age was about 56 years both in the GORTEC 

99-02 trial
42

 and in the GORTEC 94-01 trial
43

 for the carboplatin plus 5-fluorouracil groups, 

and no patient was older than 75 years in these studies, making extrapolation of these trial 

results to older adults with HNSCC challenging. However, in consideration of other 

retrospective analyses including a large US cohort study in which carboplatin-based regimens 

were associated with improved outcomes compared with cetuximab 
44,45

, carboplatin-based 

regimens are a treatment alternative for patients unfit for cisplatin. Weighing the higher 

evidence concerning carboplatin plus 5-fluorouracil (compared with single-agent carboplatin) 

against the higher toxicity rates of the carboplatin combination protocol due to additional 

toxicities caused by 5-fluorouracil, carboplatin plus 5-fluorouracil should can be considered in 

older adults with very good performance status but specific contraindications against cisplatin 

(e.g., renal or hearing impairments).
46

 Considering the comparable OS between single-agent 

cisplatin and carboplatin-based regimens (which mainly consisted of single-agent carboplatin) 

as well as the existing prospective evidence for single-agent carboplatin 
47,48

, it could be an 

alternative for patients with contraindications against cisplatin and moderate performance 

status, although further prospective evidence is warranted. 

 A recently published randomized phase III trial has shown improved disease-free 

survival, locoregional control and overall survival after addition of docetaxel to radiotherapy 

(either definitive [61%] or adjuvant [39%]) in HNSCC patients unfit for cisplatin, without 

affecting long-term quality of life.
49

 The main strength of this trial is the fact that this was the 
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first randomized trial in which the addition of concomitant systemic treatment was tested for 

cisplatin-ineligible patients, which was not the inclusion criteria for the Bonner trial or the 

carboplatin plus 5-fluorouracil trials.
42,43,50

 Thirty-one out of 180 patients (17%) were aged 70 

years or older in the docetaxel chemoradiation group. Unfortunately, single-agent docetaxel 

was only administered in one patient within our cohort, so that we cannot contribute real-

world data regarding this regimen’s efficacy in the older HNSCC population. However, 

studies in which single-agent docetaxel was investigated in older adults with non-HNSCC 

cancers (e.g., breast or prostate cancer) showed acceptable compliance and toxicity rates.
51,52

 

It would be highly desirable to obtain further real-world data on concomitant docetaxel in 

older adults with HNSCC treated with state-of-the-art radiotherapy techniques, as only about 

20% received intensity-modulated radiotherapy in the DHANUSH trial.  

Although our analyses are based on a large international multicenter cohort study and 

incorporate several oncological endpoints including incidence of LRFs and DMs, there are 

some limitations mainly due to the retrospective character of data acquisition. First, the 

prognostic benefit of cumulative cisplatin doses is prone to selection biases, as patients with 

good performance status and few comorbidities may tolerate more cycles of cisplatin, so that 

the improved outcomes associated with higher cisplatin doses could be related to the fact that 

healthier patients were able to receive more cisplatin cycles.
46

 However, the fact that higher 

cumulative cisplatin doses were prognostic also in the multivariate Cox proportional hazards 

analyses (in which patient age, performance status, comorbidity burden, etc. were included) 

for OS makes a causative relationship more conceivable. Second, cisplatin ineligibility was 

not assessed in a standardized manner. No uniformly accepted criteria have been established 

for cisplatin ineligibility, and there is a strong heterogeneity regarding the definition, e.g., 

concerning parameters for renal function or performance status, complicating consistent 

analyses on this issue.
38,53,54

 Third, only very few patients were treated with high-dose 

cisplatin (100 mg/m2 at days 1, 22 and 43), therefore not allowing for conclusive comparative 
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analyses between high-dose and low-dose weekly cisplatin. Fourth, geriatric screenings were 

not mandatory for inclusion, and results of a geriatric screening or assessment, if performed, 

were not collected in our data registry. Last, we did not adjust for multiple testing due to the 

explorative nature of our analyses. The results should therefore be interpreted cautiously; 

however, they provide a basis for further prospective studies on this issue. 

 

Conclusions 

The results obtained from this cohort study of 697 older patients with LA-HNSCC 

suggest that single-agent cisplatin can be considered standard regimen also for older adults 

with LA-HNSCC who exhibit a good performance status and no specific contraindications 

against cisplatin. The fact that patients who received carboplatin-based chemoradiation 

exhibited comparable survival rates to patients undergoing cisplatin-based chemoradiation 

makes carboplatin-based regimens an alternative for patients with contraindications to 

cisplatin, although the observed higher incidence of LRFs should be taken into consideration. 

Given the favorable prognostic value of higher cumulative cisplatin doses, optimal supportive 

care measures should be undertaken to ensure high cumulative cisplatin doses. Further efforts 

are necessary to elaborate on the optimal treatment approach for frail patients and patients 

with contraindications against cisplatin. 
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Figure Legends 

 

 

Figure 1. Overall Survival, Progression-Free Survival, Incidence of Locoregional 

Failures, and Incidence of Distant Metastases of Older (≥65 Years) Head and Neck 

Squamous Cell Carcinoma Patients Receiving Either Single-agent Cisplatin or Other 

Chemotherapy Regimens (Multi-agent Cisplatin Regimens, Carboplatin-Based 
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Regimens, Mitomycin C-Based Regimens, etc.) Concomitantly to Definitive 

Radiotherapy. HR, hazard ratio; SHR, subdistribution hazard ratio. 

 

 

 

Figure 2. Overall Survival, Progression-Free Survival, Incidence of Locoregional 

Failures, and Incidence of Distant Metastases of Older (≥65 Years) Head and Neck 

Squamous Cell Carcinoma Patients Receiving Single-agent Cisplatin, or Carboplatin-

based Regimens, or Mitomycin C-based Regimens Concomitantly to Definitive 

Radiotherapy. HR, hazard ratio; SHR, subdistribution hazard ratio. 
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Figure 3. Overall Survival, Progression-Free Survival, Incidence of Locoregional 

Failures, and Incidence of Distant Metastases of Older (≥65 Years) Head and Neck 

Squamous Cell Carcinoma Patients Depending on the Cumulative Cisplatin Dose 

Administered During Chemoradiation. HR, hazard ratio; SHR, subdistribution hazard ratio. 
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Figure 4. Overall Survival, Progression-Free Survival, Incidence of Locoregional 

Failures, and Incidence of Distant Metastases of Older (≥65 Years) Head and Neck 

Squamous Cell Carcinoma Patients Depending on the Type of Cisplatin Administration. 

Cisplatin 30-40 mg/m2 weekly was compared with all other applied single-agent cisplatin 

regimens (e.g., 100 mg/m2 at days 1, 22, 43; 20 mg/m2 at days 1-5, 29-33; 20 mg/m2 at days 

1-5, 22-26, 43-37; 33 mg/m2 at days 1-3, 22-24, 43-45; 6 mg/m2 daily; see supplementary 

data for details). HR, hazard ratio; SHR, subdistribution hazard ratio. 
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Table 1. Baseline Characteristics of Patients 65 Years and Older Who Underwent 

Definitive Chemoradiation for Locoregionally Advanced Head and Neck Squamous Cell 

Carcinoma between 2005 and 2019. CCI, Charlson Comorbidity Index; ECOG, Eastern 

Cooperative Oncology Group; HPV, human papillomavirus. Please note that the initially 

prescribed chemotherapy regimen was considered for this analysis (e.g., patients treated with 

cisplatin first and then switched to carboplatin were included in the cisplatin group). 

Characteristic Number (%) 

Age, median (IQR), y 71 (68-76) 

Sex  

Female 215 (30.8) 

Male 482 (69.2) 

ECOG  

0 226 (32.4) 

1 364 (52.2) 

≥2 96 (13.8) 

Missing 11 (1.6) 

CCI, median (IQR)a 1 (0-3) 

Smoking  

Never smoker/limited smoking 188 (27.0) 

Smoking >10 pack-years 393 (56.4) 

Missing 116 (16.6) 

Localization  

Oral cavity 89 (12.8) 

Oropharynx 383 (54.9) 

Hypopharynx 111 (15.9) 

Larynx 84 (12.1) 

Oro-/Hypopharynx 30 (4.3) 

Clinical T stage  

cT1 35 (5.0) 

cT2 90 (12.9) 

cT3 224 (32.1) 

cT4 348 (49.9) 

Clinical N stage  

cN0 114 (16.4) 

cN1 86 (12.3) 

cN2a 17 (2.4) 

cN2b 147 (21.1) 

cN2c 147 (21.1) 

cN2, not specified 147 (21.1) 

cN3 39 (5.6) 

HPV status of oropharynx carcinomas  

HPV-positive 151 (39.4) 

HPV-negative 75 (19.6) 

Missing 157 (41.0) 

Radiotherapy dose, median (IQR), Gy 70.0 (69.3-70.4) 

Radiotherapy completion  

Radiotherapy completed 633 (90.8) 

Radiotherapy not completed 64 (9.2) 

Chemotherapy regimen  

Cisplatin 310 (44.5) 

Cisplatin + 5-fluorouracil 137 (19.7) 

Carboplatin 73 (10.5) 

Mitomycin c + 5-fluorouracil 64 (9.2) 

Mitomycin c 50 (7.2) 

Carboplatin + paclitaxel 27 (3.9) 

Cisplatin + paclitaxel 13 (1.9) 

Paclitaxel 12 (1.7) 

Others 11 (1.6) 
a 695 patients 
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Table 2. Summary of Oncological Data for the Analyzed Chemotherapy Regimens in 

Older Adults who Underwent Definitive Chemoradiation for Locoregionally Advanced 

Head and Neck Squamous Cell Carcinoma between 2005 and 2019. 95% confidence 

intervals are shown in square brackets. DM, distant metastases; LRF, local and/or 

locoregional failure; OS, overall survival; PFS, progression-free survival. 

Regimen 2-year OS 2-year PFS 2-year incidence of LRFs 2-year incidence of DMs 

Entire cohort (patients aged ≥65 years) 

Single-agent cisplatin 71.1 [65.8-76.7] 58.5 [53.0-64.6] 18.5 [13.9-23.1] 11.1 [7.3-14.8] 

Multi-agent cisplatin 63.2 [55.7-71.6] 54.5 [46.9-63.2] 17.3 [11.1-23.5] 8.4 [3.8-13.0] 

Cisplatin-based chemotherapy (including 

single-agent and multi-agent) 
68.3 [63.9-72.9] 57.1 [52.6-62.0] 18.1 [14.4-21.8] 10.1 [7.2-13.0] 

Single-agent carboplatin 70.2 [58.5-84.2] 42.1 [30.8-57.4] 32.4 [20.3-44.5] 10.8 [2.4-19.3] 

Carboplatin-based chemotherapy 73.4 [64.2-83.9] 46.0 [36.3-58.3] 28.8 [19.0-38.6] 9.7 [3.2-16.1] 

Mitomycin-based chemotherapy 57.3 [48.7-67.4] 50.9 [42.4-61.1] 16.0 [9.2-22.8] 8.1 [3.0-13.1] 

Subgroup analysis for patients aged ≥70 years 

Single-agent cisplatin 72.6 [66.4-79.4] 60.8 [54.2-68.2] 15.8 [10.6-21.0] 12.6 [7.8-17.5] 

Multi-agent cisplatin 62.2 [52.3-73.9] 53.7 [43.8-65.9] 18.8 [10.2-27.3] 8.8 [2.6-15.1] 

Cisplatin-based chemotherapy (including 

single-agent and multi-agent) 
69.4 [64.0-75.3] 58.7 [53.1-64.9] 16.7 [12.3-21.2] 11.4 [7.6-15.3] 

Single-agent carboplatin 68.0 [55.0-84.1] 40.3 [28.3-57.5] 30.8 [17.7-43.9] 13.0 [3.0-23.1] 

Carboplatin-based chemotherapy 70.8 [60.5-82.8] 45.1 [34.7-58.8] 25.8 [15.4-36.1] 11.5 [3.8-19.1] 

Mitomycin-based chemotherapy 59.5 [49.7-71.2] 54.0 [44.2-65.9] 12.1 [5.1-19.2] 7.4 [1.7-13.0] 

 

 

 

 

 

 

 

 

 




