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Abstract
Background: Colon cancer (CC) is a disease of elderly patients (pts.) with a me-
dian age of 73 years (yrs.). Lack of data about the effects of adjuvant chemother-
apy (ACT) is caused by underrepresentation of this clinically relevant cohort in 
interventional trials. We analyzed real- world data from the German CPP registry 
with regard to a possible benefit of ACT in elderly (70+ yrs.) versus younger pts. 
(50 to <70 yrs.) taking cause- specific deaths into account.
Methods: We analyzed the effect of age and ACT on overall survival (OS) and 
cause- specific death of stage III pts. using Cox regression.
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1  |  INTRODUCTION

Colon cancer (CC) still ranks among the most fre-
quent types of malignant neoplasms and still accounts 
annually for almost 30,000 deaths in Germany.1  With 
a median age of 73  years (yrs.) CC is a disease of el-
derly.2 Numerous randomized trials (RCTs) have proven 
the benefit of adjuvant chemotherapy (ACT) regarding 
survival in UICC stage III pts.3– 5  The median age of 
included patients (pts.), however often undercuts the 
statistical median age of the disease. Hence, elderly 
pts. are regularly underrepresented in RCTs and less 
likely to be offered systemic treatment.6– 8  Therefore, 
robust data on the benefit of ACT in elderly CC pts. are 
scarce and national and international guideline rec-
ommendations are controversial.9,10  The TOSCA trial 
(part of the IDEA collaboration that investigated the 
non- inferiority of 3 vs. 6 months ACT), published data 
concerning pts. >70 yrs. and showed no differences in 
pts. below or above 70  yrs. and duration of treatment 
(HR 1.15 for both11, 12). Data from a pooled analysis of 
>70 yrs. stage II/III CC pts. not only indicated a bene-
fit on survival but also showed similar rates of adverse 
events.13– 16 Several tools are established to determine 
the life expectancy in older cancer pts., for example, 
the Charlson comorbidity score. Charlson comorbidity 
score scores age, co- morbidities, and their severeness in 
cancer pts., where Charlson comorbidity score >5 cor-
relates with a shorter OS.17

We aimed to analyze whether older pts. at or above 
70 yrs. compared to younger (50 to <70 yrs.) have a similar 
benefit from ACT in UICC stage III CC, particularly with 
regard to cause- specific death.

2  |  MATERIALS AND METHODS

In September 2013, the molecular registry trial CPP 
was initiated in 70 German community cancer cent-
ers (Blinded for peer review). Newly diagnosed, his-
topathologically confirmed UICC stage II or III CC 
pts. were included after surgery and written informed 
consent. Of note, UICC stage I and IV as well as rec-
tal cancer were excluded. Data cutoff for this subgroup 
analysis of elderly (≥50 yrs.) UICC stage III pts. with a 
Charlson comorbidity score <5 was October 29, 2020. 
Cause of death, as stored in the database, was moni-
tored by a GI oncologist for plausibility according to 
Raycraft et al.18 A no traceable cause of death was set 
to “unknown.”

2.1 | Patients

For all included CC pts., the following parameters were 
assessed: gender, age, weight, height, body mass index 
(BMI), and acquired co- morbidities. These parameters 
were used to calculate Charlson comorbidity score, UICC 
stage, primary tumor localization, adjuvant treatment 
regimen, respectively, applied medication (oxaliplatin 
and fluoropyrimidine), clinical and histopathological 
risk factors, secondary malignancies, molecular markers 
(BRAF and RAS mutational status, microsatellite status), 
disease- free survival (DFS), and overall survival (OS). 
In detail, Charlson comorbidity score was calculated 
using co- morbidities such as secondary malignancies 
(breast, lung, gynecologic, prostate, and others), pul-
monary or cardiovascular diseases, organ dysfunctions 

Results: In total, 1558 pts. were analyzed and follow- up was 24.6 months. 62.6% 
of the elderly received ACT whereas 91.1% of younger pts. (p < 0.001). Oxaliplatin 
combinations were significantly less often given to older than younger pts. (38.8% 
vs. 88.9%; p < 0.001). Mean Charlson comorbidity score was significantly lower 
in pts. that received ACT (0.61) than in those without ACT (1.16; p < 0.001). ACT 
was an independent positive prognostic factor for cancer- related death in elderly 
pts. even in pts. 75+ yrs. No significant difference in the effect of ACT could be 
observed between age groups (interaction: cancer- specific death HR  =  1.7948, 
p = 0.1079; death of other cause HR = 0.7384, p = 0.6705).
Conclusion: ACT was an independent positive prognostic factor for OS. There 
may be a cohort of elderly with less co- morbidities who benefit from ACT.
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(gastrointestinal, renal, and liver) plus metabolic dis-
eases like rheumatologic disorders, HIV, and diabetes 
mellitus analogous to Colinet et al.17 To reveal potential 
differences between younger and older CC pts., we es-
tablished two age groups 50 to <70 yrs. versus 70+ yrs. 
Because German Guidelines do not recommend ACT for 
patients aged 75+ we also analyzed a subgroup of 599 
pts. 75+ yrs.

2.2 | Histology and molecular analysis

Molecular analysis was performed centrally by Institute 
of Pathology via next- generation sequencing (NGS) mo-
lecular markers like BRAF and RAS (K-  and N- RAS) 
mutational status were assessed. Tumor DNA was am-
plified with a custom Primer Panel (Qiagen, GeneRead 
V2), ligated to adaptors (BIOO Scientific) and analyzed 
on a MiSeq Sequencer (Illumina). A mutation was con-
sidered as valid with a mutation frequency of at least 
5%, read balance >0.1, and coverage >400. A substantial 
number of samples has been analyzed using the Human 
Colorectal Cancer Panel (Qiagen). Isolated tumor DNA 
is coded with unique molecular identifiers (QIAseq 96- 
Index I Set C [384]) and subsequently amplified and an-
alyzed on the NextSeq 550 (Illumina). A mutation was 
considered as valid with at least 5% allelic frequency, 
read balance >0.3, and coverage >100. Microsatellite 
analysis was performed via immunohistochemistry of 
MMR proteins and fragment length analysis analogous 
to Boland et al.19

2.3 | Statistics

Arithmetic means and standard deviations were cal-
culated for continuous variables, frequencies and per-
centages for categorical variables. Differences between 
age groups were tested with t- tests and chi- squared 
tests. OS was defined with death of any cause (regard-
less of relapse). All pts. lost to follow- up (defined as 
time to last follow- up >6 months) and alive pts. were 
censored. DFS combined both endpoints relapse and 
death. Confounder- adjusted survival curves were cal-
culated using direct standardization based on cox re-
gression models. Cause- specific cumulative incidence 
functions considering competing risks were estimated 
using a nonparametric Aalen– Johansen estimator. 
Hazard ratios (HRs) with 95% confidence intervals 
(CIs) were calculated using a cause- specific cox regres-
sion model. P values were defined as significant, when 
p < 0.05.

3  |  RESULTS

3.1 | Patients

In total, 4779 pts. were registered within CPP until data 
cutoff on October 29, 2020, of those 2108 had UICC stage 
III CC. For this subgroup analysis we excluded pts. with a 
Charlson comorbidity score ≥5, pts. <50 yrs., patients who 
had not survived surgery (mortality within 30  days after 
surgery), and patients with missing data for adjuvant treat-
ment. In summary, 515 pts. had to be excluded from the final 
evaluation (Figure 1). Median follow- up was 24.6 months. 
A total of 1558 pts. were included in this subgroup analysis 
comprising 745 (48%) female and 808 (52%) male subjects. 
The group of pts. ranging from 50 to <70 yrs. included 688 
(44.2%) pts., while 870 pts. were 70+ yrs. (55.8%). The me-
dian Charlson comorbidity score was significantly lower in 
the younger age group 0.52 (50 to <70 yrs.) versus 0.92 (70+ 
yrs.); p < 0.001 (Table 1). Pts. who received ACT had a me-
dian Charlson comorbidity score of 0.61, whereas the un-
treated cohort displayed a mean CC of 1.16 (p < 0.001). CCs 
with a primary tumor localization in the right colon were 
more frequent in the whole study population (58.6%) as well 
as in the elderly (63.3% vs. 52.6%; p < 0.001; Table 1). In 42 
pts. (2.7%), the localization was overlapping or not precise.

3.2 | Adjuvant chemotherapy

Out of 1558 included pts. 1172 (75.2%) pts. received ACT: 
627 (91.1%) pts. comprised the age group 50 to <70 yrs., 
whereas 545 (62.6%) pts. were 70 yrs. and older (p < 0.001, 
Table 1). In total, 386 pts. did not receive ACT: 61 (8.87%) 
in the younger and 325 (37.4%) from the older pts. group. 
Fluoropyrimidine monotherapy was given to 390 (34.2%) 
pts., 68 (11.1%) in the younger cohort and 322 (60.9%) in 
the older population. A total of 747 (65.6%) pts. received 

F I G U R E  1  Consort diagram of the subgroup analysis of CPP
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