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Is cancer biology different in older patients?
Yannick Van Herck*, Annelies Feyaerts*, Shabbir Alibhai, Demetris Papamichael, Lore Decoster, Yentl Lambrechts, Michael Pinchuk, Oliver Bechter, 
Jaime Herrera-Caceres, Frédéric Bibeau, Christine Desmedt, Sigrid Hatse, Hans Wildiers

Roughly 50% of cancer cases occur in people aged 65 years or older. Older people are often diagnosed at a later stage 
and might receive less (intensive) treatment, which might affect the outcome. In addition, an older age might be 
associated with biological differences in tumour and microenvironment behaviour, a domain that has been poorly 
studied so far. In this narrative Review of published literature, we explored the reported differences in tumour biology 
according to age in five major cancer types: breast, colorectal, prostate, lung, and melanoma. Our literature search 
uncovered clear differences in tumour histology and subtype distribution in older people compared with younger 
patients, as well as age-specific patterns of tumour mutations and other molecular alterations. Several studies also 
indicate notable changes in tumour-infiltrating immune cells in tumours of older versus younger people, although 
this research is still in its infancy. More research is needed and might lead to a better understanding of the biology of 
ageing in relation to malignancy. This knowledge could provide new perspectives for more personalised cancer 
treatments, eventually improving the global outcomes of older patients with cancer.

Introduction
Because of an ongoing increase in global life expectancy1–3 
combined with a disproportionately high incidence of 
most cancer types in older adults,4,5 cancer care for older 
patients has attracted increasing attention. Geriatric 
oncology can be considered a specific expertise within 
clinical oncology,6 but since most cancers occur in older 
people, it is important that all oncologists and health-care 
workers are aware of the particularities within this 
domain. Geriatric oncology presents unique age-specific 
challenges, including competing health and socio-
economic factors, but also age-related changes in tumour 
biology that might have an effect on screening, diagnosis, 
treatment, and outcome.

Most of the research done within the field of geriatric 
oncology has highlighted differences in tumour-extrinsic 
features between older and young age groups and their 
impact on treatment effectiveness and outcome. Host-
specific factors such as functional disability,7 poly-
pharmacy,8–11 malnutrition,12–14 sarcopenia,15–21 cognitive 
impairment,22–26 age-related pharmacological differences 
in the metabolism of anticancer drugs,27–29 systemic 
metabolic changes,30 depression,31,32 and chemotherapy 
dose adaptation33,34 have all been reported to affect the 
disease course in older individuals. In addition, ageism 
(ie, discrimination based on perceived or actual 
chronological age) is an invisible and insidious social 
occurrence that exists in many dimensions within cancer 
care.35 Conversely, surprisingly little attention has been 
given as to whether tumour-intrinsic features, such as 
histopathological presentation or molecular profile, differ 
according to age group and how these differences could 
potentially influence cancer care.

To bridge this knowledge gap, we did an in-depth 
literature review to gather existing evidence concerning 
tumour biological differences according to age. We chose 
to focus on five of the most common tumour types in 
older people according to the Surveillance, Epidemiology, 
and End Results programme database:36 breast, lung, 
prostate, colorectal, and melanoma. A working group of 

international experts, with expertise in both one of the 
five tumour domains and in geriatric oncology, was 
established. For each tumour type, the dedicated experts 
did a tailored literature search, focusing on well-known 
disease-specific characteristics with prognostic or clinical 
relevance, or both. Importantly, only the tumour 
characteristics of newly diagnosed, untreated tumours 
were considered, to avoid the effect of previous treatment. 
It was also decided upfront that the focus should only be 
on differences in tumour biology, and not on differences 
in prognosis or treatment response, because differences 
in these responses might have multiple causes other 
than the differences in tumour biology. The literature 
search thus principally covered age-related differences in 
the key aspects of tumour biology (ie, histology, subtype, 
and molecular markers). In addition, specific attention 
was also given to age-related remodelling of the tumour 
microenvironment (stroma or immune infiltrate) for 
each of the five subtypes.

Breast cancer
Breast cancer is the most common cancer in women 
worldwide with a mean age at diagnosis of 62 years.37 The 
major clinical, histopathological, and tumour biology 
characteristics according to age are summarised in 
figure 1 and the panel.

Age-related differences in histology
Older adults present with slightly less high-grade 
tumours than younger adults.38–40 The proportion of the 
invasive ductal carcinoma subtype (the most common 
subtype, officially referred to as invasive breast carcinoma 
of no special type and accounting for approximately 70% 
of breast cancers) was shown to consistently decline with 
increasing age in the studies included, whereas the data 
on the invasive lobular subtype (accounting for 
approximately 15% of breast cancers) are inconsistent in 
terms of changing proportion with age.38–42 The rare 
mucinous histological subtype is only slightly more 
frequent (approximately 1%) in older people.38,39 Hormone 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2666-7568(21)00179-3&domain=pdf


e664 www.thelancet.com/healthy-longevity   Vol 2   October 2021

Review

Figure 1: Differences in breast 
cancer biology according to 

age
Arrow pointing down 

indicates that all data point to 
a decrease with age. Arrow 

pointing up indicates that all 
data point to an increase with 

age. ER=oestrogen receptor. 
IDC=invasive ductal 

carcinoma. ILC=invasive 
lobular carcinoma. 

PAM50=Prediction Analysis of 
Microarray 50 gene expression 

profiles. PR=progesterone 
receptor. *There are no clear 

age differences. †Data are not 
perfectly consistent. 

‡Two independent cohorts. 
Bold values indicate 

statistically significant 
difference between the young 

and old group in each 
study (p<0·05).
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receptor state (oestrogen receptor and progesterone 
receptor) is the best studied biological characteristic in 
breast cancer. Oestrogen or progesterone receptors, or 
both, are expressed in approximately 80% of breast 
tumours and positivity for these receptors is associated 
with a better prognosis and response to antihormonal 
therapy. Oestrogen and progesterone receptor expression 
increases progressively with increasing age, but is also 
notably affected by the menopausal state, which 
presumably accounts for the greatest difference in 
oestrogen and progesterone receptor positivity between 
younger (<35 years) and older (>65 years) adults.38,40,41,43,50 
Tumours in older adults are slightly less likely to be 
positive for HER2,41,44,51 which is overexpressed in 
approximately 15% of breast cancers. HER2+ tumours 
are associated with aggressive behaviour; however, 
they are responsive to anti-HER2 therapies, such as 
trastuzumab.52

Some studies evaluated specific biomarkers in the triple 
negative (ie, oestrogen receptor, progesterone receptor, 
and HER2 negative) breast cancer subset (not shown). 
Triple-negative breast cancer occurs much less with 
increasing age, and if it occurs, the biology of the tumour 
is more favourable in older groups with less invasive 
ductal carcinoma and a higher presence of rare subtypes 
such as triple negative apocrine or lobular carcinoma.45,53,54

Triple-negative tumours in older women have lower 
amounts of the well known proliferation marker Ki67, 
compared with tumours in younger women (<70 years): in 
one study 52·0% in the older group versus 12·3% in the 
younger group had Ki67 expression levels of less than 
10%.55 Furthermore, tumours in older women more often 
show a normal p53 protein expression compared with 
tumours in younger women (55·6% vs 44·6%, 
respectively).55 The p53 protein is produced by TP53, a 
well-known tumour suppressor gene, and its 

Panel: Summary of the most important age-related differences in cancer biology for breast cancer, lung cancer, prostate 
cancer, melanoma, and colorectal cancer

Breast cancer
• Older age is associated with slightly fewer high-grade 

tumours, fewer triple-negative breast cancer and HER2+ 
subtypes, and more luminal tumours than a younger age, 
but all subtypes occur in all age categories

• The tumour mutational landscape differs with age; for 
example, fewer TP53 and more PIK3CA mutations occur in the 
older breast cancer population than the younger population

• Age-dependent changes in systemic and peritumoral 
immunity have been reported but require further research 
in different breast cancer subtypes

Lung cancer
• Clear histological (more frequent squamous cell 

carcinoma) and molecular (increased tumour mutational 
burden; different EGFR mutation subtypes; and less 
prevalent ALK, ROS1, and RET rearrangement) differences 
seem to emerge with increasing age that could potentially 
affect lung cancer treatment

• The expression of PD-1 and PD-L1 does not seem to differ 
between age groups, yet more research is needed for an in-
depth characterisation of the tumour microenvironment to 
highlight differences between older and younger patients

Prostate cancer
• Prostate cancer in older men generally seems to behave 

more aggressively, established from the higher Gleason 
grade, higher D’Amico risk group, more frequent 
luminal B subtype, more prevalent intraductal carcinoma of 
prostate architecture, higher p53 positivity, and more 
tumours with a high-risk Decipher score

• Older age hampers the interpretation of serum prostate-
specific antigen, hence the use of age-based references or 
alternative biomarkers (including the PCA3 score and the 
four kallikreins score) is suggested

• Our literature search yielded no relevant studies evaluating 
age-related differences in immunological features

Melanoma
• Melanoma in older people typically presents with more 

frequent adverse prognostic histological characteristics 
and signs of cumulative sun exposure (increased Breslow 
thickness, more ulceration, higher mitotic rate, more head 
and neck location, and more nodular malignant 
melanoma and lentigo maligna melanoma subtypes)

• At the molecular level, increasing age is associated with an 
increased frequency of NRAS mutations and decreased 
frequency of BRAF mutations, suggestive of divergent age-
dependent pathways for melanoma development

• Little is known about age-specific differences in the 
composition of the tumour microenvironment, despite the 
wide use of the immune checkpoint blockade as a systemic 
therapeutic approach in melanoma

Colorectal cancer
• Colorectal cancer in older patients has marked biological 

differences compared with younger patients with the 
disease. At an older age, there is a higher incidence of right-
sided tumours, and serrated polyps are more likely to be 
implicated in carcinogenesis, rather than the conventional 
adenoma-carcinoma pathway

• At the molecular level, there is a higher prevalence of CpG 
island methylator phenotype-high tumours, microsatellite 
instability phenotype, and BRAF mutations, that might have 
profound therapeutic implications in view of the increasing 
use of targeted approaches and immunotherapy

• The prognostic effect of an immunoscore appears to be 
independent of age
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overexpression is associated with a poor prognosis. Triple-
negative breast cancer in older women also tends to 
express BCL-255 more frequently (ie, 79·3% in older vs 
43·5% in younger women), an anti-apoptotic gene that 
can cause cancer development by impeding cell death.56

Age-related differences in molecular markers
When looking at the distribution of intrinsic molecular 
subtypes identified by the gene expression profiling test 
Prediction Analysis of Microarray 50 gene expression 
profiles (PAM50), which is based on the mRNA 
expression of 50 genes, luminal A and B tumours (both 
oestrogen receptor positive HER2 negative tumours, but 
with a low differentiation grade for luminal A and a high 
grade for luminal B) are more common in women aged 

70 years or older, compared with younger women.42,45–47 
The HER2-enriched subtype (independent of oestrogen 
receptor status) declines slightly with age,42,45,46 whereas 
for the basal-like signature, a more prominent age-
related decrease is consistently reported in all studies.45–47

When evaluating tumour driver mutations in primary 
breast cancer according to age, mutated TP53, AKT1 
(targetable with AKT inhibitors), GATA3, and MAP2K4 
were less frequently found in older people (>65 years) 
than younger people,41,42,47,48,57–60 although some data were 
conflicting. In contrast, other tumour mutations occur 
more frequently in older individuals, such as PIK3CA 
(targetable with PIK3CA inhibitors), MLL3, CDH1, and 
MAP3K1 mutations.41,42,47–49,57,61–65 As such, the proportion of 
patients that qualify for the targeted treatment of a 
specific molecular alteration is determined by age, 
although it still needs to be investigated whether the 
effectiveness differs according to age.

Immunological features and their association with age
The detection of stromal tumour-infiltrating lymphocytes, 
assessed on routine haematoxylin and eosin-stained 
slides, has emerged as a robust prognostic and predictive 
biomarker in patients with breast cancer.66,67 An increase 
in stromal tumour-infiltrating lymphocyte has predicted 
a response to neoadjuvant chemotherapy in all molecular 
subtypes assessed, but was also associated with a benefit 
in overall survival for both triple-negative breast cancer 
and HER2-positive breast cancer.68 With increasing age, a 
decrease in stromal tumour-infiltrating lymphocyte 
percentage is observed both for patients with breast 
cancer in general68 and with triple negative breast cancer 
specifically.69 Notably, in oestrogen receptor-positive and 
HER2-negative tumours, higher stromal tumour-
infiltrating lymphocyte amounts are only associated with 
a younger age in invasive lobular carcinoma but not in 
invasive ductal carcinoma tumours.70 In addition, age-
dependent changes in systemic and peritumoral 
immunity have been reported in luminal B subtype 
tumours.71 An age-related decrease was observed for total 
lymphocytic tumoral infiltration, with an altered immune 
constitution (decreased densities of CD3+, CD5+, and 
especially the cytotoxic CD8+ cells).71

Lung cancer
Lung cancer mainly affects older adults and is often not 
amenable for curative treatment at diagnosis, and is 
therefore a notable cause of death in this age group. The 
mean age at diagnosis is 71 years.72 The main age-related 
tumour biology characteristics are summarised in 
figure 2 and the panel.

Age-related differences in histology
In general, older adults with non-small cell lung cancer 
(NSCLC) are more frequently diagnosed with squamous 
cell carcinoma (SCC) and less frequently with adeno-
carcinoma,73,74 whereas data on the age distribution of 

Figure 2: Differences in lung cancer biology according to age
Arrow pointing down indicates that all data point to a decrease with age. Arrow pointing up indicates that all data 
point to an increase with age. ALKr=anaplastic lymphoma kinase relocation. EGFR=epidermal growth factor 
receptor. RETr=RET rearrangement. ROS1r=ROS1 rearrangement. SCC=squamous cell carcinoma. SCLC=small cell 
lung cancer. *Data are not perfectly consistent. †There are no clear age differences. ‡Only tumor PD-L1 expression. 
§Both tumour and immune PD-L1 expression. Bold values indicate a statistically significant difference between the 
young and old group in each study (p<0·05). 
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small cell carcinomas are not conclusive.73 Adeno-
carcinoma and SCC have different outcomes in lung 
cancer, with significantly higher stage-specific 5-year 
overall survival rates for adenocarcinoma compared with 
SCC. Furthermore, there is insufficient data supporting a 
variation in the differentiation grade between age groups, 
although a trend towards poorer tumour differentiation 
at an older age has been reported.74–76

Age-related differences in molecular markers
The tumour mutational burden (total number of somatic 
mutations) increases with age.84 Moreover, in non-
squamous NSCLC, broad molecular screening is 
currently the standard of care because of the availability 
of targeted therapies. For example, EGFR mutations are 
present in 14–38% of patients with NSCLC and are 
associated with a favourable outcome.85,86 Remarkably, the 
specific tumour genomic EGFR alteration differs 
depending on age. Although exon 21 L858R mutations 
occur more frequently in the older population, exon 
19 deletions are more frequent within younger patients.74 
Noticeably, sensitivity to EGFR tyrosine-kinase inhibitors, 
such as first-generation gefitinib, depends on the 
underlying mutation subtype with significantly longer 
progression-free survival and overall survival with exon 
19 deletion compared with L858R mutation.87

KRAS mutations are frequent in NSCLC (20–40%), tend 
to be associated with a worse outcome,86,88 and are more 
prevalent in the older population, although reported age-
dependent differences are not consistent.77–80,89,90 However, 
this variation in mutational frequency can probably largely 
be explained by differences in the study population, as 
KRAS mutations are typically present in smokers and 
those with non-squamous NSCLC. The presence of BRAF 
mutations, targetable by BRAF inhibitors, is rare and do 
not clearly differ by age, although the specific BRAF 
V600E mutation might be more prevalent in older people 
(compared with melanoma).77–79,91 In contrast, ALK, ROS1, 
and RET rearrangements, all targetable proto-oncogenes 
with tyrosine-kinase activity, are most prevalent within the 
younger age category of 40–49 years.77,79,81,92–96 Finally, for 
other clinically relevant molecular alterations, such as the 
MET exon 14 skipping mutation that occurs in 3–4% of 
NSCLC97 and is also targetable,98,99 no clear age-related 
differences have been reported.

Immunological features and their association with age
The expression of the immune checkpoints PD-1 and 
PD-L1 does not seem to change notably with age.82,83,100 
Some data suggest an increased PD-1 expression with 
older age on the surface of T cells, pointing to exhaustion. 
This finding is in line with the lower T cell activity observed 
in the older population. Myeloid-derived suppressor cells, 
a heterogeneous population of immature myeloid cells 
that can express PD-L1 on their surface, are reported 
to play a role in lung cancer immune evasion and 
disease progression by accumulating in the tumour 

microenvironment, thereby suppressing immune function 
by inhibiting the activation and proliferation of T cells.101,102 
A possible role of myeloid-derived suppressor cells in the 
age-related susceptibility of lung cancer has been proposed 
in ageing mice, yet needs to be confirmed in humans.103

Prostate cancer
Prostate cancer is the second most commonly diagnosed 
cancer and the fifth leading cause of cancer death among 
men worldwide.104 60% of patients are aged 65 years and 
older at diagnosis, and cancer deaths in men aged 
70 years and older are expected to almost double between 
2018 and 2030.105 An overview of the age-specific 
differences in prostate tumour biology can be found in 
figure 3 and the panel.

Figure 3: Differences in prostate cancer biology according to age
Arrow pointing down indicates that all data point to a decrease with age. Arrow pointing up indicates that all data 
point to an increase with age. AR=androgen receptor. ESR1=oestrogen receptor 1. ESR2=oestrogen receptor 2. 
IDC P=intraductal carcinoma of the prostate. PSA=prostate-specific antigen. *Data are not perfectly consistent. 
Bold values indicate a statistically significant difference between the young and old group in each study (p<0·05). 
For the D’Amico risk group, high-risk disease was defined as a prostate-specific antigen of 20 ng/mL or more or a 
Gleason grade of 8 or more, or both. Decipher refers to the Decipher genomic classifier.
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Age-related differences in histology
Most prostate cancers develop in the peripheral zone of 
the prostate, which does not show a significant increase 
in volume with age (unlike the transitional zone, which 
increases in size as men get older).113 Older patients have 
a higher Gleason grade106 (the higher grade, the more 
aggressive the tumour) and D’Amico107 risk classification 
(a risk score incorporating stage, Gleason Grade, and 
prostate-specific antigen) at diagnosis. Furthermore, the 
presence of some tumour characteristics has been 
associated with a poor prognosis. For example, 
intraductal carcinoma of the prostate, a pathological 
entity characterised by carcinoma cells growing or 
extending into the prostatic ducts or acini, or both, which 
results in a more locally advanced disease and a higher 
risk of biochemical recurrence after definitive treatment 
using prostatectomy or brachytherapy.114 Intraductal 
carcinoma of the prostate architecture is also associated 
with older age, being more common in patients older 
than 70 years, albeit still rare (<1% of prostate cancers).108,115

Age-related differences in molecular and serological 
markers
Screening for prostate-specific antigen has been the 
subject of much controversy over many years.105,116 Patient 
age might be one of the main factors influencing the 
sensitivity and specificity of prostate-specific antigen in 
predicting a positive biopsy,117 and the use of an age-based 
reference standard has been suggested. In older men, a 
prostate-specific antigen higher than or equal to 4 nmol/L 
is frequently associated with a prostate cancer with a 
Gleason score of 6 or more (with less than 6 now not 
considered to be a cancer), and not necessarily a more 
aggressive tumour requiring a radical treatment.107 The 
International Society of Uro-Pathologists (ISUP) grade is a 
new histological grading system for prostate cancer that 
has largely replaced the conventional Gleason score. A 
cancer with an ISUP grade of 2 or more is more likely to 
leak prostate-specific antigen into the blood than ISUP 
grade 1 cancer; therefore, resulting in higher amounts of 
prostate-specific antigen. This process is why higher 
amounts of prostate-specific antigen are related to the 
presence of higher ISUP grade prostate cancer, and both 
seem to happen more in older men.118 The interpretation of 
prostate-specific antigen amounts with age is confounded 
by the fact that there is an enlargement of the prostate 
gland with age, and both benign and malignant prostate 
cells produce prostate-specific antigen, and for this reason, 
the prostate-specific antigen dynamics (eg, prostate-
specific antigen doubling time and prostate-specific 
antigen velocity) can provide information complementary 
to an individual prostate-specific antigen measurement.

PCA3 is a urine biomarker that can improve the 
detection of prostate cancer. Since age was the strongest 
independent predictor of PCA3 score, the use of an age-
adjusted PCA3 score has also been suggested.119 Data also 
showed that PCA3 score increases with age and that 

age-specific PCA3-score interpretation leads to a higher 
diagnostic accuracy.120 Another promising marker is the 
4K score, a panel of four kallikreins measured in blood. 
This score has also improved the ability to predict lethal 
prostate cancer, mainly for men older than 69 years.121

The PAM50 classifier divides prostate cancer on a 
molecular basis into luminal A, luminal B, and basal 
subtypes, with luminal B being associated with worst 
prognosis, followed by basal subtype, whereas luminal A 
tumours have a better prognosis.122 The prevalence of the 
adverse phenotype luminal B increases with age in 
patients with ISUP grade 1 and 2 (<60 years, 22·7% in 
ISUP grade 1 and 40·2% in ISUP grade 2 vs ≥80 years, 
29·7% in ISUP grade 1 and 49·1% in ISUP grade 2), 
reflecting a more aggressive behaviour even of low ISUP 
grade tumours in older patients. On the contrary, no 
differences between age groups can be found in ISUP 
grade 3–5 tumours.109

The Decipher genomic classifier is a gene expression 
profiling test including 22 mRNA. Higher scores are an 
independent predictor for the development of metastatic 
disease, regardless of Gleason score and other disease 
characteristics. Older age was consistently associated with 
a high-risk Decipher score, even in patients with an ISUP 
grade of 1,109 reflecting the more aggressive behaviour of 
prostate tumours in older people. Tumours in older men 
also have significantly more p53 immuno reactivity (the 
abnormal protein produced by the mutant TP53 gene is 
more stable and tends to accumulate in the nucleus, 
which allows for detection via an immuno histochemical 
stain) and high micro-vessel density than younger men,110 
again suggesting that tumours are biologically more 
aggressive in older men. Also, the epithelial-to-
mesenchymal transition gene expression profile seems to 
differ notably between ages,111 with older individuals 
having a higher downregulation of transcription factors 
and mesenchymal markers as well as the overexpression 
of adhesion factors that are associated with a more 
aggressive and invasive phenotype, independent of 
Gleason score. In parallel, there is also a change in 
hormone receptor expression dominance with age, 
shifting from a predominant expression of androgen 
receptor in younger patients, to predominantly oestrogen 
receptors 1 and 2 in older patients. Several investigators 
suggest that this shift might be caused by the occurrence 
of andropause in the oldest age group. On the other hand, 
the TMPRSS2:ERG gene fusion, leading to overexpression 
of ERG, is frequently encountered in prostate cancer and 
has been associated with metastatic disease.123 ERG-
positive prostate tumours are more common in younger 
patients,112 and a meta-analysis124 showed that the 
prevalence of TMPRSS2:ERG fusion was more common 
in young men (<65 years) with prostate cancer.

Melanoma
With a median age of 65 years at diagnosis and as the 
fifth most common malignancy with age-adjusted 
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incidence rates rising on average by 1·5% per year (in 
the period 2008–2017),125 melanoma represents a 
substantial tumour burden in the older population. 
Melanoma in the older adult typically presents with both 
distinct histo patho logical features and molecular 
differences compared with melanoma in younger 
people, suggesting that different biological mechanisms 

are causing melanoma develop ment and growth (figure 4 
and panel).

Age-related differences in histology
Compared with younger patients, older patients typically 
present with a higher frequency of adverse prognostic 
histological markers, with a greater mean Breslow 

Figure 4: Differences in melanoma biology according to age
Arrow pointing down indicates that all data point to a decrease with age. Arrow pointing up indicates that all data point to an increase with age. LMM=lentigo 
maligna melanoma. NMM=nodular malignant melanoma. SSMM=superficial spreading malignant melanoma. *There are no clear age differences. Bold values 
indicate a statistically significant difference between the young and old group in each study (p<0·05). †Indicates % compared with total BRAF mutations.
 

Ag
e-

re
la

te
d 

di
ff

er
en

ce
s i

n 
hi

st
ol

og
y 

an
d 

su
bt

yp
es

Ag
e-

re
la

te
d 

di
ff

er
en

ce
s i

n 
m

ol
ec

ul
ar

 m
ar

ke
rs

Breslow thickness ↑

Ulceration↑

BRAF mutations :
Overall ↓
V600↓
Non V600E↑

Reference Age group n ≤1·00 mm 
(%)

1·01–2·00 mm
(%)

2·01–4·00 mm
(%)

>4·00 mm
(%)

Unknown
(%)

Schuurman et al (2020)126

Weiss et al (2016)127

Melanoma

<70
70–79
80–89

≥90
≤ 45

46–65
>65

42 474
9004
4372
696

28 316
60 322
60 923

58·1
46·5
35·0
22·8
76·9
73·2
64·7

22·1
20·6
18·5
13·5
13·6
14·5
15·3

11·3
17·4
21·4
24·1

5·9
7·4

11·3

5·2
11·6
19·4
32·0

3·6
4·9
8·7

3·3
3·9
5·7
7·6

··
··
··

Reference Age group n Present (%)

Weiss et al (2016)127

Ciocan et al (2013)128

≤ 45
46–65

>65
<70
≥70

28 181
60 083
61 150

1134
487

8·1
10·8
17·0
12·4
20·9

Mitotic rate↑

Reference Age group n Mitotic figures per mm²

Macdonald et al (2011)129

Shen et al (2014)130

<70
≥70
<50

50–70
>70

373
237

469
623
408

2·7
3·6
2·0
2·7
4·0

Location of the 
primary tumour:
Head and neck↑
Trunk ↓
Extremities*

Reference Age group n Head and neck (%)

Schuurman et al (2020)126

Cavanaugh-Hussey et al (2015)131

Ciocan et al (2013)128

<70
70–79
80–89

≥90
<70
≥70
<60

60–79
≥80

42 474
9004
4372
696

1134
487

82 348
61 363
23 102

9·5
19·9
32·6
45·3

8·7
29·4
11·7
24·1
35·8

Trunk (%)
42·0
33·1
21·5
13·9
41·5
28·6
44·0
30·7
20·5

Extremities (%)
48·4
46·8
45·6
40·4
49·8
42·0
40·7
39·2
36·3

Unknown (%)
0·1
0·2
0·3
0·4

··
··

3·6
6·0
7·4

Histological subtypes:
SSMM↓
NMM↑
LMM↑

Reference Age group n SSMM (%)

Schuurman et al (2020)126

Cavanaugh-Hussey et al (2015)131

Ciocan et al (2013)129

<70
70–79
80–89

≥90
<70
≥70
<60

60–79
≥80

42 474
9004
4372
696

1134
487

73 348
62 363
23 102

72·8
59·6
46·5
32·9
77·4
55·9
34·2
25·2
18·5

NMM (%)
10·4
15·6
20·5
26·9
11·0
21·8

5·3
6·8

10·3

LMM (%)
2·3
8·9

13·9
15·5

2·0
10·7

··
··
··

Other or unspecified (%)
14·6
15·9
19·1
18·8

9·6
11·6
60·5
68·0
71·2

Reference Age group n BRAF mutation (%)

Bauer et al (2011)132

Devitt et al (2011)134

Menzies et al (2011)133

≤ 45
46–70

>70
≤50

51–70
>70
<60
≥60

118
278
144

86
161

65
161
88

67·8
47·8
31·9
66·3
45·3
21·5
51·6
33·0

V600E† (%)
··
··
··

84·2
69·9
50·0

··
··

V600K† (%)
··
··
··

8·8
26·0
21·4

··
··

non V600† (%)
··
··
··

7·0
4·1

28·6
··
··

NRAS mutations↑

Reference Age group n NRAS mutation

Devitt et al (2011)134

Heppt et al (2017)136

Thomas et al (2015)135

<60
≥60
<50

50–69
≥70
<50

50–69
≥70

161
88

299
355
240

52
90
70

13·7
15·9
8·4

15·2
17·9
17·3
25·6
30·0



e670 www.thelancet.com/healthy-longevity   Vol 2   October 2021

Review

tumour thickness,126,127,129 higher frequency of 
ulceration,127,128 and a higher mitotic index.129,130 This 
difference could partly be explained by a delay in diagnosis 
because of difficulties in self-skin examination (eg, visual 
impairment and physical limitations), the absence of a 
partner for a home examination,128 or simply by physical 
impairments, practical issues, or both, making doctor 
visits more difficult. It could also be because of the clinical 
presentation of the lesion making self-diagnosis more 
difficult. The nodular melanoma subtype, for example, 
often does not have the classic asymmetry, border 
irregularity, colour variation, and diameter of more than 
6 mm criteria, hence making this lesion more difficult to 
detect to the untrained eye.137,138 In addition, melanoma in 
the older adult is more often associated with clinical signs 
of chronic, cumulative sun exposure (photoaging), such 
as solar elastosis.139,140 Therefore, it is not surprising that 
older patients preferentially develop primary melanoma 
in habitually sun-exposed areas, such as the head and 
neck, face, and dorsal-distal side of the extremities.126,128,131 
Notably, several studies indicate that melanoma located 
on the scalp is associated with a higher incidence of brain 
metastases141,142 and represents an independent predictor 
for worse melanoma-specific survival.143,144

When comparing the distribution of the histo-
pathological subtypes in different age groups, it is notable 
that nodular melanoma, an aggressive subtype with a 
disproportionally high case-fatality rate compared with the 
incidence rate,145 is more frequent in the older patient. In 
contrast, superficial spreading melanoma, the most 
common subtype in young patients, is less frequent at an 
older age.126,128,131 Lentigo maligna melanoma, a lentigo 
maligna that invades the dermis, can be considered the 
classic subtype associated with chronic sun-damage and 
is, unsurprisingly, more frequent at an older age.126,128

Age-related differences in molecular markers
BRAF mutation is a molecular hallmark in approximately 
50% of primary melanomas. This mutation does not 
influence the disease-free interval after the primary 
diagnosis, yet it shows a trend towards a poorer outcome 
in stage 4 disease.146–148 Notably, the prevalence of BRAF 
mutation is inversely proportional to age and solar 
elastosis.132 Younger patients with metastatic melanoma 
have a high prevalence of BRAF mutations with a 
predominance of the V600E genotype.132–134 In contrast, 
older patients have a lower prevalence of BRAF mutations 
overall, but within the group of BRAF alterations there 
is a higher proportion of non-V600E genotypes, 
predominantly V600K.132–134 Furthermore, an increased 
frequency of the NRAS mutation is observed with 
increasing age and is associated with a worse 
outcome.134,136,149 NRAS-targeted therapies are still in the 
stage of clinical trials, but MEK inhibition has been used 
in clinical trials150 and NRAS-mutated melanoma might 
have an increased benefit from immune-based therapies 
compared with other genetic subtypes.151

Immunological features and their association with age
The immune system plays a role in controlling tumour 
growth in melanoma. Ageing of the immune system is 
believed to cause an absence of immune surveillance, 
hence facilitating melanoma development and growth. 
However, little is known about the differences in the 
composition of the tumour environment between young 
and old patients. The presence or absence of a lymphocytic 
infiltrate in the vertical growth phase of a primary 
melanoma is needed to predict patient outcomes in terms 
of lymph node metastasis, disease recurrence, and 
melanoma-specific survival.152–154 The lymphocytic infiltrate 
is defined as brisk, that is, that there is diffuse infiltration 
of lymphocytes in the entire invasive component or across 
the entire base of the vertical growth phase, or non-brisk, 
that is, that there is focal infiltration of lymphocytes. 
Notably, no significant differences between different age 
groups (eg, a brisk infiltration pattern in 15·5% of patients 
<50 years vs 12·8% in patients aged 70 years or older) were 
reported in the literature.129,135

Colorectal cancer
Patients with colorectal cancer are diagnosed at a median 
age of around 70 years. In the UK and France, 
approximately 45% of cases are identified in patients 
aged older than 75 years,155–158 with the age group with the 
highest incidence being 85–89 years. An overview of the 
age-specific differences in colorectal cancer biology can 
be found in figure 5 and the panel.

Age-related differences in histology
Colorectal cancer typically arises from genetic mutations 
and epigenetic modifications affecting different molecular 
pathways. Depending on the germline and somatic 
mutation burden, many different mechanisms are 
involved, making this a complex and heterogeneous 
disease. Approximately 80% of sporadic colorectal cancer 
follows the so-called conventional adenoma-carcinoma 
pathway, whereby the mechanisms of epithelial renewal 
are disrupted either through exogenous (eg, diet, 
smoking, alcohol, or obesity) or endogenous (eg, chronic 
inflammation or oxidative stress) factors.175 In this setting, 
adenomatous polyps can evolve into dysplastic lesions 
and eventually lead to the development of colorectal 
cancer. The molecular pathway involved is the 
chromosomal instability pathway, which is characterised 
by deletions, insertions, and a loss of heterozygosity. The 
most important genes involved are APC, TP53, and 
DCC.176,177 For the other approximately 20% of colorectal 
cancer cases, an alternative pathway for colorectal cancer 
carcinogenesis exists, which appears to be more common 
in older patients. Implicated in this pathway are so-called 
serrated polyps (traditional serrated adenomas or sessile 
serrated lesion).178 These polyps are more likely to be 
found in the right colon, have a higher malignant 
potential, and are rarely present with mutations in the 
APC gene.179 In addition, their natural course is less 
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predictable and time to malignant transformation can be 
quite short. Older patients have a higher incidence of 
right-sided tumours, reaching approximately 50% in 
patients over 80 years.159,160,180 In this age group, women 
have a more than 10% higher incidence than men for 
right-sided tumours. Biologically, right-sided tumours 
show a particular appearance, with mucosal microbiota 
being characterised almost universally by invasive 
bacterial aggregates.181 Generally, they are associated with 
a worse prognosis in the metastatic disease setting as 
compared with left-sided tumours.182 The histological 
grading of colorectal cancer, including the degree of 
tumour differentiation, does not change with age.161,162 
Similarly, the histological subtype generally does not 
differ notably between young and older patients, with 
equally prevalent adenocarcinoma and signet ring cell 
carcinoma; but with the exception of mucinous 
adenocarcinoma, which is more common in the older 
patient.163 Nonetheless, adenocarcinoma is by far the most 
prevalent subtype in all age groups.163

Age-related differences in molecular markers
As stated earlier, serrated polyps are more likely to be 
encountered in older patients. There are two main 
molecular mechanisms implicated in the malignant 
transformation from benign serrated polyps to colorectal 
cancer: CpG island methylator phenotype (CIMP) and 
microsatellite instability (MSI). The CIMP pathway is 
based on epigenetic instability and is characterised by the 
hypermethylation of several gene promoter regions, such 
as hMLH1, which is abundant in CpG islands. MSI results 
from the defective mismatch repair mechanism leading to 
a predisposition to mutations and drives one of the key 
mechanisms of oncogenesis in colorectal cancer. CIMP-
high tumours have a distinct clinical and molecular profile. 
They are mostly associated with a right-sided colon 
location, poor histological differen tiation, the presence of 
BRAF mutations, and an older age.164–166 CIMP can exist 
with or without MSI, but 70–80% of MSI tumours can be 
attributed to CIMP.165,183–185 Therefore, it is unsurprising that 
there is a high prevalence of the MSI phenotype and BRAF 
mutations in older patients with colorectal cancer, 
especially those older than 75 years.164,165,167–171 MSI tumours 
are more common in women, although there is no clear 
sex difference for the BRAF mutation.186 The overall 
incidence of BRAF mutations in colorectal cancer 
is 10–15%, but as already mentioned, it appears to be 
higher in older patients. The presence of BRAF mutations 
without MSI results in a worse prognosis in a metastatic 
setting.187 However, phase 3 trials have shown a benefit for 
the combination of BRAF and EGFR (and MEK) inhibitors 
as a second and subsequent line of treatment for patients 
with metastatic colorectal cancer.188

KRAS mutations, associated with a poor prognosis in 
patients with colorectal cancer,172 are also common in 
right-sided tumours and age-specific differences might 
also exist, but are not clearly documented in the 

Figure 5: Differences in colorectal cancer biology according to age
Arrow pointing down indicates that all data point to a decrease with age. Arrow pointing up indicates that all data 
point to an increase with age. *There are no clear age differences. †Data are not perfectly consistent. Bold values 
indicate statistically significant difference between the young and old group in each study (p<0·05). CIMP=CpG 
island methylator phenotype. dMMR=deficient mismatch repair. MAC=mucinous adenocarcinoma. 
MSI=microsatellite instability. SRCC=signet ring cell carcinoma.
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11·9
14·7
19·2

3·9
10·9
22·7
10·3

8·7
15·0

5·5
9·5

10·8
19·5

BRAF mutations↑

Reference Age group n BRAF mutation (%)

Bläker et al (2019)167

Phipps et al (2012)171

Sorbye et al (2015)170

<65
65–74

≥75
<60

60–75
>75
<60

60–69
≥70

642
698
655
106
190
150
955
619
406

4·8
6·6

12·5
17·9
20·0
23·3
6·3

17·0
20·2

KRAS mutations*†

Reference Age group n KRAS mutation (%)

Dai et al (2020)172

Berg et al (2010)174

Farina-Sarasqueta et al (2010)173

<60
60–79

≥80
<60

60–72
≥73
<50

51–70
>70

3,821
4,171

991
72

146
73
45
67
69

39·4
41·7
37·2
26·4
34·9
41·1
28·9
29·9
34·8
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literature.172–174 This absence of documentation might 
partly be because most studies looking at KRAS 
incidence are retrospective, quite often based on 
previously done clinical trials and therefore have a bias 
for younger age groups. Intriguingly, the KRAS Q61K 
mutation is associated with older, female patients and is 
rarely found in rectal tumours.186,189 The molecular 
characteristics described earlier might have profound 
implications for everyday clinical practice, especially in 
this older age group.190–192

Immunological features and their association with age
In colon cancer, there is a strong correlation both 
between immune cell infiltrates or adaptive immune 
reactions in the tumour and the invasive margin, and the 
time to recurrence and overall survival. Consensus 
immunoscore is a scoring system that relates to CD3+ 
and cytotoxic CD8+ T-lymphocytes densities within the 
tumour and the invasive margin.193 Multivariate analysis 
from a large validation of the consensus immunoscore 
for the prognostic effect of colon cancer showed that the 
association between the immunoscore and the time to 
recurrence was independent of age, sex, tumour and 
node stage, and MSI status.194 However, the role of the 
immunoscore in the management of colorectal cancer 
needs more investigation to better define its effect on the 
need, type, and duration of adjuvant therapies.195

Conclusion
Ageing clearly affects tumour biology. In this Review, we 
focused mainly on age-related biological characteristics 
at the first diagnosis of cancer, which are truly inherent 
to the tumour and unaffected by previous treatment or by 
different treatment approaches according to age. We did 
not analyse the effect of age on treatment response or 
survival, which is beyond the scope of this Review. 

Moreover, there might be many reasons other than 
tumour biology as to why response or survival are 
different in older people, including differences in 
treatment choice, drug pharmacokinetics and pharmac-
odynamics, the competing risk of mortality, and 
comorbidities, etc. The publications selected for this 
Review are the ones considered most relevant by the 
authors; most of them are highly specialised in one of the 
five specific tumour types considered, as well as in 
geriatric oncology as a whole. We did not do a systemic 
review, as this would have been impossible; nearly every 
biomarker in every tumour type would need a separate 
systematic review.

Our review reveals biological differences in all five 
common cancer types that were evaluated. In breast 
cancer, tumours are in general more indolent with a 
lower grade, more luminal subtype, and more oestrogen 
receptor positivity. Subtypes also differ in lung cancer, 
with a higher proportion of the SCC (with its poor 
prognosis) compared with the adenocarcinoma subtype 
at an older age. Likewise, prostate cancer and melanoma 
seem more aggressive at higher age, as indicated by a 
higher Gleason or ISUP grade and D’Amico risk group 
in prostate cancer, and increased Breslow thickness, 
ulceration, and mitotic rate in melanoma. In addition, 
for melanoma, clear age-related differences exist in 
tumour location and histological subtype. In colorectal 
cancer, right colon tumours (which are prognostically 
less favourable) increase with age, whereas rectal cancer 
decreases.

Studies reporting on molecular alterations according to 
age show clear differences in specific tumour mutations 
or other molecular markers. This finding might have 
notable consequences regarding treatment (eg, targeted 
therapies) for the different tumour types. Mutational 
signatures are also expected to alter with increasing age, 
but there are hardly any data available. It has been shown 
that tumours from older patients present with an overall 
increase in genomic instability, somatic copy-number 
alterations, and somatic mutations, along with age-
related global transcriptomic changes, partly regulated by 
age-associated DNA methylation changes.196

The investigation of the peri-tumour or intra-tumour 
immune environment according to age is still 
undeveloped. Exploratory studies in older patients with 
cancer show marked differences in the abundance and 
composition of the immune infiltrate. More research is 
needed and might lead to a better understanding of the 
immune landscape in older patients with cancer, and 
consequently more potential for targeted (immuno-
therapy) interventions according to age.

One notable limitation of this Review that might affect 
the results to some extent is the heterogeneity in the 
population included in the different studies. However, this 
variety would primarily explain the differences in 
frequency observed throughout the studies, but 
consistency in the direction of the observed differences 

Search strategy and selection criteria

For this narrative Review, the references were identified 
through searches of PubMed with the search terms “aging”, 
“older patients”, “elderly”, “breast cancer”, “melanoma”, “lung 
cancer”, “colorectal cancer”, and “prostate cancer”, published 
at the latest by May, 2021 . Articles were also identified 
through searches of the authors’ own files. Further references 
were extracted by manually searching the bibliographies of all 
selected articles. We only included articles in English that 
were published in peer-reviewed journals. Epidemiological 
data was also retrieved from different cancer registries, 
including the Surveillance, Epidemiology, and End Results 
programme of the National Cancer Institute, the French 
Network of Cancer Registries of the Institut National du 
Cancer, and the National Cancer Registration and Analysis 
Service of Public Health England. The final reference list was 
generated on the basis of originality and relevance to the 
broad scope of this Review.
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(increase or decrease) in several studies is most likely 
reflecting an underlying age-related biological process. In 
addition, the selection of the five most prevalent cancer 
types within this Review is on the basis of the Surveillance, 
Epidemiology, and End Results programme database, 
which is mostly representative of the epidemiology of 
cancer in a so-called Anglo-European, high-income 
country, whereas other countries or regions might have 
different cancer issues (eg, cervical and head and neck 
cancer in India).

To conclude, although most tumour subtypes and 
molecular alterations seem to be present in all age 
categories, there are clear shifts in the distribution of 
these characteristics with increasing age. The biological 
explanation as to why some subtypes and alternations 
are more frequent in older people has yet to be 
elucidated. Cumulative DNA damage with increasing 
age and immunosenescence might play a role, but are 
insufficient to explain all the observations summarised 
in this Review. A better understanding of these 
biological processes is needed and might help to better 
understand cancer biology globally, and as such improve 
personalised cancer care in both young and old people 
with cancer.
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