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The aging of the general population in developed countries
is becoming a major healthcare issue and it is commonly
addressed as “Silver Tsunami.” Cancer is growing in burden
in elderly patients, as almost 80% of the newly diagnosed
patients are aged over 55 years and the median age at
diagnosis formost neoplastic conditions is over 60 years [1, 2].
Adjunctively, tumor incidence for the population beyond 65
years has increased 11-fold in comparison to younger adults
[3]. Elderly patients represent a peculiar setting for cancer
therapy, with specific characteristics in terms of comorbid
conditions, compliance to treatment, clinical endpoints, and
psychological and social issues. Therefore, the optimal ther-
apeutic strategy for elderly patients represents an intriguing
clinical challenge. Most of the randomized clinical trials did
not enroll older patients because of age limit and particular
comorbid conditions as exclusion criteria [4]. In a recent
survey performedby theEuropeanOrganization forResearch
and Treatment of Cancer (EORTC) and dealing with health-
related quality of life in elderly patients, authors observed
that, among 6000 patients included in 25 trials, only 9% were
aged ≥ 70 [5]. Hence the clinical evidence in this setting
is lacking and most of the guidelines are relatively helpful.
Another interesting aspect is the different perspective on
treatment consequences between older and younger patient
populations as, for example, younger patients seem to con-
sider more worrisome the impact of cancer therapies on
social role functioning and consequent financial issues, while
elderly patients are more focused on items such as impaired

physical functioning, appetite loss, and constipation [5].
Thus, older patients have specific needs and concerns. This
setting of patients also poses several methodological issues
for appropriate clinical management and future trial design.
Compliance to treatment may be different than that of the
general population and drug pharmacokinetics may undergo
age-relatedmodifications, calling for the need of tailored clin-
ical strategies [4]. Hypofractionation schedules reduce acute
toxicity, which can lead to discontinuation of radiotherapy
treatment [6–8]. Appropriate screening tools for geriatric
assessment and biomarkers for aging may strongly help dur-
ing the clinical decision-making process [4]. Consolidated
clinical endpoints, such as survival, may not perfectly fit the
context and should be sustained by items related to quality
of life and patient’s reported outcomes. The oncological
community is gaining awareness on this topic and several
initiatives were set up to fulfil this gap.The Task Force for the
Elderly within the EORTC organization produced a position
paper on the treatment of elderly patients with cancer and
developed a screening tool to distinguish “fit” elderly patients
from fragile cases in order to correctly allocate them to
the most proper treatment strategy [1, 9]. The American
Society of Clinical Oncology (ASCO) formulated, within a
statement paper, 5 recommendations to build up evidence-
based guidelines to guide therapeutic strategy for elderly
patients with cancer [10]. With the present special issue, we
would like to contribute to the growing awareness in the
treatment of cancer in older patients covering a broad range
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of fields of interest, including different therapeutic strategies
(surgery, radiotherapy, chemotherapy, immunotherapy, and
hormonal therapy), treatment tolerance and quality of life,
clinical prognostic factors, biomarkers, and financial and
social implications. The management of elderly patient with
cancer is challenging and articulated, and the quest for the
best option is yet ongoing. The right balance between cure
and care should be the final goal. With this issue, we hope to
help in raising the level of awareness and knowledge on this
topic.

Meritxell Arenas
Nam Nguyen

Pierfrancesco Franco
Ugur Selek

Angeles Rovirosa
Sebastia’ Sabater
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Lung cancer has the highest mortality rate among all cancers in most developed countries. The number of elderly patients with
lung cancer has been increasing, reflecting the global increase in aging population.Therefore, standard chemotherapeutic regimens
for elderly patients with lung cancer need to be established. However, the effectiveness of chemotherapy in elderly patients with
advanced non-small-cell lung cancer remains controversial because they are often excluded from clinical trials. Some clinical
trials have shown that the therapeutic benefit of a third-generation anticancer drug alone was superior to best supportive care.
In contrast, platinum-doublet was superior only in terms of overall survival and progression-free survival, and other trials reported
an increased rate of treatment-related death in the elderly patients. In recent years, some novel treatment modalities for lung
cancer have been developed and shown to significantly improve the therapeutic outcomes, including targeted therapy for lung
cancer harboring driver mutation, combination therapy of angiogenesis inhibitor and cytotoxic agents, and immune checkpoint
inhibitor. Although several clinical trials with these agents have shown favorable outcome regardless of age, their safety in the elderly
patients has not been established. Herein, we discuss the current clinical status and future prospects in elderly patients with lung
cancer.

1. Introduction

Lung cancer is among the malignancies with poor prognosis.
In 2015, lung cancer was the fifth leading cause of mortality,
with the World Health Organization (WHO) reporting 1.7
million deaths worldwide [1]. This mortality rate was the
highest among all cancers of the organs. Given that old age
increases the risk for developing lung cancer, the proportion
of elderly patients with lung cancer has also been increasing,
reflecting the global increase in aging population [2]. Such
trend is more prominent in Japan because of its high elderly
population, and 75% of patients who died of lung cancer
are the elderly aged 70 years or older [3]. Although elderly
patients with lung cancer can also be treated with standard
therapy, only few clinical trials target elderly patients. Thus,
the therapeutic management for lung cancer has not been
properly assessed for this patient group. Some clinical trials

showed an increase in the incidence of adverse events and
poor efficacy of standard treatment modalities; by contrast,
other drugs were reported to achieve favorable antitumor
effects in both elderly and young patients. However, most
clinical trials that reported these promising studies excluded
elderly patients with poor physical state [4].

In recent years, drug therapy for advanced lung cancer has
rapidly progressed. Due to the relatively mild adverse events
compared to conventional cytotoxic agents, drug therapy,
such as molecular targeted drugs and immune checkpoint
inhibitors, has been widely considered to be appropriate
for elderly patients with lung cancer for whom therapy is
indicated via biomarker testing [5]. In this study, we discuss
the current state of and the issues to be addressed in drug
therapy for elderly patients with advanced non-small-cell
lung cancer (NSCLC).
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2. Features of Elderly Patients with
Lung Cancer

Compared with young patients with cancer, the elderly
has several characteristics that need to be considered dur-
ing treatment, including reduced ability for performance
of activities of daily living, history of multiple comorbid
diseases, decline in organ function, reduction in cognitive
function, and changes in social environment. In lung cancer,
cigarette smoking (which is the leading cause of lung cancer)
and chronic obstructive pulmonary disease (COPD, which
is the most common comorbidity of lung cancer) often
limit air flow, decreasing the ability for physical activity.
The adverse effects of cigarette smoke accumulates, and the
risk for COPD increases with age [6]. Moreover, elderly
patients with lung cancer tend to have cardiac comorbidities
such as congestive heart failure, which can be a problem
in chemotherapy, particularly for chemotherapeutics that
need to be administered with high-volume hydration [7].
Furthermore, Repetto et al. reported that the risk of cognitive
disorders in patients with advanced lung cancer increases
with age. The percentage of patients with low mini-mental
state examination score is at 29.0% among those aged 74 years
or younger versus 78.4% among those aged over 85 years
[8].

These factors should be carefully considered in devel-
oping a chemotherapy plan for elderly patients with lung
cancer.

3. Changes in Physiological Function and
Pharmacokinetics in the Elderly

Organ and physiological functions decrease over time after
the age of 40 years. Because drugs are excreted from the
kidney or liver, pharmacokinetics are affected by decreases in
renal or hepatic bioactivity.

Renal function is easily affected by decreased renal blood
flow and arteriosclerotic change due to aging, and the rate of
creatinine clearance becomes two times slower after the age of
45 years [9]. Therefore, proper dosage adjustment is required
during drug administration in elderly patients.

Multiple factors, such as hepatic blood flow, metabo-
lizing enzyme activity, and ratio of an unbound drug with
plasma protein, affect the pharmacokinetics of drugs excreted
mainly through the hepatic/biliarymetabolism. Physiological
changes in hepatic function, reductions in hepatic blood
flow caused by reduced cardiac output, and decreases in the
metabolizing enzyme CYP due to aging have been reported
[10]. In addition, renal dysfunction significantly affects the
functions of drug-metabolizing enzymes and transporters in
the liver [11]. Given that elderly patients commonly develop
multiple types of organ dysfunction, a reduced capacity for
drug clearance can cause persistently high drug levels in the
blood, which may lead to an increase in drug toxicity. There-
fore, appropriate dosage adjustment and careful monitoring
are required in this patient population.

4. Chemotherapy for Elderly Patients with
Advanced Non-Small-Cell Lung Cancer

4.1. Cytotoxic Chemotherapy. In the 20th century, evidence
on the efficacy of chemotherapy for advanced NSCLC in
elderly patients was limited.However, the results of two phase
III trials, namely, the Elderly Lung Cancer Vinorelbine Italian
Study and the Multicenter Italian Lung Cancer in the Elderly
Study (MILES), showed that the therapeutic benefits of a
third-generation anticancer drug alone, such as vinorelbine
(VNR) and gemcitabine (GEM), are superior to best sup-
portive care alone [12, 13]. In the phase III WJTOG9904
trial conducted in Japan, although no significant difference
in outcomes was obtained, docetaxel (DTX) alone extended
overall survival (OS) and progression-free survival (PFS)
compared to VNR alone. Therefore, DTX has been recom-
mended in Japan’s guidelines for treatment of lung cancer in
the elderly [14]. However, the most superior third-generation
anticancer drug remains undetermined. After 2010, sub-
group analysis of pemetrexed and nanoparticle albumin-
bound paclitaxel demonstrated favorable results in elderly
groups. Phase III trials are now underway to confirm their
therapeutic benefit in nonsquamous cell carcinoma [19, 20]
(Table 1).

The application of combined therapy with a platinum
agent is controversial. A meta-analysis and subgroup anal-
ysis of the Cochrane Database of Systematic Review on 51
randomized controlled trials showed that chemotherapeutics
combined with a platinum agent extended OS compared
to that of a nonplatinum agent; however, the toxicity also
tended to worsen [42]. The results of the IFCT-501 phase III
trial, in which combination therapy of carboplatin (CBDCA)
plus PTX was compared with VNR or GEM monotherapy,
showed that CBDCA plus PTX was superior in terms of
OS and PFS, but the rate of treatment-related death also
tended to be high (4.4%) [15]. Therefore, the recommended
therapeutic regimen for elderly population varies per coun-
try: monotherapy is recommended in Japan, while combined
therapy with CBDCA is recommended in Western countries
for patients who are in good general condition. Meanwhile,
pooled analysis of two phase III trials, namely, MILES-3 and
MILES-4, showed that combination treatment with cisplatin
(CDDP) resulted in a more favorable response rate compared
to monotherapy using a third-generation anticancer drug
in patients with advanced lung cancer with a performance
status (PS) of 0-1 and aged 70 years or older. Such results
have been presented in the 2017 American Society of Clinical
Oncology convention. PFS was extended in the group treated
with combination CDDP, but no significant difference was
observed in OS. In addition, the rates of toxicity, febrile
neutropenia, and body malaise were also higher in the
group treated with combination CDDP therapy [16]. The
pharmacokinetics of CDDP is similar between the elderly
and young patients [43]. Although evidence for the active
recommendation of CDDP administration in elderly patients
is lacking, CDDP should still be considered for such patients
given that the drug has been shown to yield beneficial
results.
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Table 1: Clinical trials of cytocidal anticancer drugs for elderly patients with NSCLC.

Study, author 𝑛. Treatment RR (%) OS (month) PFS (month) Neutropenia
G3-4 (%)

Phase III trials

ELVIS [12] 78 VNR 19.7 6.5 NR NR
96 BSC - 4.9 - -

MILES [13]
232 VNR + GEM 21 7.6 4.8 18
233 VNR 18 8.8 4.5 25
233 GEM 16 6.6 4.3 8

WJTOG9904 [14] 88 DTX 22.7 14.3 5.5 82.9
91 VNR 9.9 9.9 3.1 69.3

IFCT-0501 [15] 225 CBDCA + PTX 27.1 10.3 6 48.4
226 VNR or GEM 10.2 6.2 2.8 12.4

MILES-3/MILES-4 [16] 263 CDDP + GEM or PEM 15.5 9.6 4.6 Significantly higher
and more sever in
CDDP group.

268 GEM or PEM 8.5 7.5 3

JCOG0803 [17] 139 CDDP + DTX 34.4 14.8 4.7 10.1
137 DTX 24.6 13.3 4.4 88.8

JCOG0207 [18] 63 CDDP + DTX 55 17 6.2 14.3
63 DTX 26.2 10.7 3.7 4.8

Subset analysis of elderly group

Socinski et al. [19] 73 nab-PTX + CBDCA 34 8 19.9 55
81 PTX + CBDCA 24 6.8 10.4 73

PARAMOUNT [20] 52 PEM 42 13.7 6.4 17
40 Placebo 43 12.1 3 -

RR = response rate, OS = overall survival, PFS = progression free survival, NR = not reported, VNR = vinorelbine, BSC = best supportive care, GEM =
gemcitabine, DTX = docetaxel, PTX = paclitaxel, CDDP = cisplatin, CBDCA = carboplatine, nab-PTX = nanoparticle albumin-bound paclitaxel, and PEM =
pemetrexed.

4.2. EGFR Tyrosine Kinase Inhibitors. Active mutation in the
epidermal growth factor receptor (EGFR) gene is highly cor-
related with the efficacy of EGFR tyrosine kinase inhibitors
(EGFR-TKI). EGFR is among the indispensable biomarkers
in selecting the therapeutic modality for NSCLC patients.
Several phase III comparative studies, including NEJ002,
have been conducted and have shown that EGFR-TKI is
more effective than conventional cytotoxic agents as first-
line therapy for EGFR mutation-positive lung cancer [44].
Although the median age of the subjects in these trials was
approximately 60 years, several elderly patients were included
in these studies, and subset analysis of PFS showed a trend in
favor of EGFR-TKI in the elderly group [21–23].

By contrast, although only few comparative studies
of EGFR-TKI targeting only elderly patients with EGFR
mutation-positive lung cancer have been conducted, the
results of the NEJ001 trial, which included patients with a PS
of 3 or 4 and aged younger than 74 years, those with a PS of
2–4 and aged between 75 and 79 years, and those with a PS of
1–4 and aged older than 80 years, showed favorable outcome
improvement in PS in most patients in the group given
gefitinib (PFS: 6.5 months; OS: 17.8 months) [45]. In addition,
the results of the NEJ003 trial that targeted patients with a
PS of 0–2 and older than 75 years showed a response rate of
74%, a median PFS of 12.3 months, a one-year survival rate

of 83.9%, and a two-year survival rate of 58.1% in the group
administered with gefitinib [46]. The results of a pooled
analysis combining the NEJ001, NEJ002, and NEJ003 trials
that limited the subjects to elderly patients older than 70 years
showed that PFS was longer in the gefitinib administration
group than in the chemotherapy group (CBDCA plus PTX),
but no significant difference was observed for OS [47]. These
results are similar to those of subgroup analyses of elderly
patients in phase III comparative studies and indicate the
high efficacy of EGFR-TKI as treatment for EGFRmutation-
positive lung cancer, even in elderly patients with poor PS.
Therefore, EGFR-TKI has been highly recommended and
widely used in elderly patients both in Japan and in Western
countries.

However, most trials that included only elderly patients
used gefitinib, and studies using erlotinib or second- or third-
generation EGFR-TKI are limited. A comparative analysis
between patients aged older and younger than 75 years
showed that the efficacy of erlotinib is similar in the elderly
group and in the younger group, and the adverse effects
were manageable [48]. Meanwhile, although no comparative
studies regarding the second-generation EGFR-TKI afatinib
and dacomitinib and the third-generationEGFR-TKI osimer-
tinib have been performed specifically for elderly patients, the
results of subset analyses have suggested the efficacy of such
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Table 2: Subset analysis of elderly population in clinical trials of EGFR-TKIs or ALK inhibitors for NSCLC.

Study Treatment Age 𝑛. HR for OS (95% CI) HR for PFS (95% CI)
(A) EGFR-TKIs

IPASS [21] Gefitinib ≥65 NR NR 0.58 (0.45–0.76)
<65 NR NR 0.81 (0.70–0.95)

OPTIMAL [22] Erlotinib ≥65 38 NR 0.17 (0.07–0.43)
<65 116 NR 0.19 (0.11–0.31)

EUROTAC [23] Erlotinib ≥65 88 NR 0.28 (0.16–0.51)
<65 85 NR 0.44 (0.25–0.75)

LUX-Lung 3 [24, 25] Afatinib ≥65 134 0.73 (0.43–1.21) 0.64 (0.39–1.03)
<65 211 0.82 (0.57–1.19) 0.53 (0.36–0.76)

LUX-Lung 6 [25, 26] Afatinib ≥65 86 0.60 (0.33–1.10) 0.16 (0.07–0.40)
<65 278 0.87 (0.64–1.20) 0.30 (0.21–0.43)

ARCHER1050 [27] Dacomitinib ≥65 94 NR 0.69 (0.48–0.99)
<65 133 NR 0.51 (0.39–0.69)

AURA3 [28] Osimertinib ≥65 177 NR 0.34 (0.23–0.50)
<65 242 NR 0.38 (0.28–0.54)

(B) ALK inhibitors

PROFILE1014 [29] Crizotinib ≥65 55 NR 0.90 (0.43–1.87)
<65 288 NR 0.45 (0.29–0.70)

ALEX [30] Alectinib ≥65 70 NR 0.45 (0.24–0.87)
<65 233 NR 0.48 (0.34–0.70)

J-ALEX [31] Alectinib ≥75 22 NR 0.28 (0.06–1.19)
<75 285 NR 0.34 (0.21–0.56)

HR = hazard ratio, OS = overall survival, PFS = progression free survival, and NR = not reported.

drugs in elderly patients [24–28]. In particular, osimertinib,
which is effective against the EGFR-T790M mutation that
accounts for nearly 50% of susceptibility to EGFR-TKI, is
known for its efficacy as well as high tolerability, and studies
on its applicability in elderly patients are expected (Table 2).

4.3. ALK Inhibitors. Anaplastic lymphoma kinase (ALK) in-
hibitors, such as crizotinib, alectinib, and ceritinib, are cur-
rently developed and are among the treatment options for
ALK rearrangement-positive lung cancer, which accounts
for 3%–5% of all cases of NSCLC. However, at present, no
comparative study for such drug that targets only elderly
patients has been performed. In a subset analysis of the
PROFILE 1014 trial, 55 of the 343 patients were elderly (older
than 65 years); the results of this analysis showed the efficacy
of crizotinib and a prolonged PFS in the elderly group [29]. In
addition, the results of a subgroup analysis of theALEX study,
which compared the efficacy between crizotinib and alectinib
as first-line therapy, showed that the PFS was extended in
both patients aged younger than 75 years and older than 75
years, and the extension was higher in the alectinib group
compared to those in the crizotinib group. An analysis of
the J-ALEX study that targeted the Japanese population also
showed similar results [30, 31].

4.4. Angiogenesis Inhibitors. Combining angiogenesis inhibi-
tors with cytotoxic drugs or molecular targeted drugs yields
additive effects, which tends to be different in elderly patients
from young patients. A subset analysis of the AVAiL phase

III trial of bevacizumab showed the efficacy of combination
of cytotoxic agents with bevacizumab in patients aged older
than 65 years [32]. Meanwhile, a subset analysis of the
ECOG4599 trial and pooled analysis of the PointBreak trial
showed no additive effect from the combination of cytotoxic
agents with bevacizumab in elderly patients aged older than
70 years; however, the toxicity tended to increase [33]. In
the SAiL trial, which is an observational study in Europe,
the efficacy and safety of combining angiogenesis inhibitors
with cytotoxic drugs or molecular targeted drugs in patients
aged 70 years or older were similar to those in young patients
[34].The results of the ARIES trial, which is an observational
study in the US, showed that neither the incidence of adverse
events nor PFS in patients older than 75 years was different
from those of young patients; however, OS was shorter in the
elderly patients [35].

Concerning ramucirumab (RAM), which is an anti-
vascular endothelial growth factor receptor-2 antibody, the
results of the REVEL phase III trial showed that OS, PFS, and
response rate in the DTX plus RAM group were superior to
the DTX alone group. In a subgroup analysis of the REVEL
trial, the additive effect of RAM to DTX was not observed in
elderly patients, and the incidence of adverse events higher
than grade 3 tended to be higher in the DTX plus RAMgroup
[36, 37] (Table 3).

Evidence for recommending anti-VEGF therapy for
elderly patients with NSCLC is limited. Although anti-VEGF
antibodies yield significant additive effects in conditions
where VEGF is a key factor, such as metastasis to the central



BioMed Research International 5

Table 3: Subset analysis of elderly population in clinical trials of angiogenesis inhibitors for NSCLC.

Study Age 𝑛. Treatment OS (month) HR for OS (95% CI) PFS (month) HR for PFS (95% CI)

AVAiL [32] ≥65 103 CG + BEV (15mg/kg) NR 0.88 NR 0.84
<65 248 CG + BEV (15mg/kg) NR 1.09 NR 0.85

ECOG4599, PointBreak [33] ≥75 114 BEV + CP 9.6 1.10 (0.74–1.60) 5.6 0.95 (0.62–1.44)
<75 787 BEV + CP 13.4 0.76 (0.66–0.87) 6.1 0.69 (0.60–79)

SAiL [34] >65 623 Chemotherapy + BEV 14.6 NR 8.2 NR
≤65 1589 Chemotherapy + BEV 14.6 NR 7.6 NR

ARIES [35] ≥65 1013 Chemotherapy + BEV 12.1 1.17 (1.06–1.28) 6.8 1.01 (0.92–1.10)
<65 954 Chemotherapy + BEV 14.2 1 6.4 1

REVEL [36, 37] ≥70 127 RAM + DTX NR 1.07 (0.80–1.43) NR 0.94 (0.73–1.22)
<70 591 RAM + DTX NR 0.81 (0.70–0.94) NR 0.73 (0.64–0.83)

RR = response rate, OS = overall survival, PFS = progression free survival, HR = hazard ratio, NR = not reported, CG = carboplatin/gemcitabine, BEV =
bevacizumab, CP = carboplatin/paclitaxel, DTX = docetaxel, and RAM = ramucirumab.

Table 4: Subset analysis of elderly population in clinical trials of immune checkpoint inhibitors for NSCLC.

Study Age 𝑛. HR for OS (95% CI) HR for PFS (95% CI)
Nivolumab

CheckMate017 [38]
≥75 29 1.85 (0.76–4.51) 1.76 (0.77–4.05)
65–74 91 0.56 (0.34–0.91) 0.51 (0.32–0.82)
<65 152 0.52 (0.35–0.75) 0.62 (0.44–0.89)

CheckMate057 [39]
≥75 43 0.97 (0.49–1.95) 0.90 (0.43–1.87)
65–74 200 0.94 (0.69–1.27) 0.63 (0.45–0.89)
<65 339 0.89 (0.70–1.13) 0.81 (0.62–1.04)

Pembrolizumab

KEYNOTE024 [40] ≥65 164 NR 0.90 (0.43–1.87)
<65 141 NR 0.45 (0.29–0.70)

KEYNOTE010 [41] ≥65 429 0.76 (0.57–1.02) NR
<65 604 0.63 (0.50–0.79) NR

RR = response rate, OS = overall survival, PFS = progression free survival, and NR = not reported.

nervous system [49, 50], malignant pleural effusion [51], and
pericardial effusion, its use still requires caution.

4.5. Immune Checkpoint Inhibitors. Immune checkpoint
inhibitors, including nivolumab, which was approved in
2015, show favorable outcomes in advanced lung cancer.
Although the incidence of immune-related adverse events is
higher in immune checkpoint inhibitors than conventional
cytotoxic agents, the incidence of adverse events that lead to
deterioration in general condition, such as anorexia, malaise,
andmyelosuppression, is low.Therefore, immune checkpoint
inhibitors are considered safe for elderly patients. However,
no clinical trial regarding the use of immune checkpoint
inhibitors exclusive to elderly patients has been performed.
The results of a subset analysis of the CheckMate 017 study
showed that, in the group of patients aged 65–74 years,
improvement in the survival rate was almost similar to that
in patients younger than 65 years. Meanwhile, no efficacy was
observed in patients 75 years or older. However, given the
inclusion of a small number of patients in the elderly group,
which affected the results, the efficacy of the treatment cannot
be concluded to be inferior based on the analysis results

[38, 39]. In addition, pembrolizumab, an anti-programmed
cell death-1 (PD-1) antibody, was shown to be superior
to combined therapy with a platinum agent as first-line
treatment for diseases with more than 50% programmed
cell death ligand 1 (PD-L1) expression in a tumor surface.
A subgroup analysis regarding PFS showed favorable results
from immune checkpoint inhibitors independent of age in
patients older than 65 years and those who were younger
[40]. Meanwhile, the results of a subgroup analysis in the
KEYNOTE-010 study, which is a comparative trial between
pembrolizumab and DTX as second-line therapy, did not
show significant improvement in the OS of patients aged 65
years or older (Table 4) [41].

Studies have shown that, compared to young people,
alterations in the number of T cells in the elderly are minimal
in immunosenescence due to aging but acquired antigen-
specific immune function declines. In particular, studies have
reported hastened immune aging, particularly in patients
with cancer [52–54]. However, some elderly patients respond
favorably to immune checkpoint inhibitors despite their age.
Therefore, the mechanism by which the immune response to
tumors, which is activated by immune checkpoint inhibitors,
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is affected by aging remains unclear, and further studies are
necessary.

5. Conclusion

With an increase in the number of elderly patients with lung
cancer, comprehensive assessments of problems specific to
elderly patients and provision of adequate and appropriate
therapy are rising concerns. A number of clinical trials
targeting elderly patients are currently underway, and further
evidence is anticipated.
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Correspondence should be addressed to Luitpold V. Distel; luitpold.distel@uk-erlangen.de

Received 21 September 2017; Revised 22 January 2018; Accepted 6 February 2018; Published 15 April 2018

Academic Editor: Angeles Rovirosa

Copyright © 2018 Max J. Weiling et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Purpose. The general assumption is that cancer therapy impairs the quality of life in elderly patients more than in younger ones.
We were interested in the effects of radiochemotherapeutic treatment on the quality of life of elderly patients compared to younger
patients and compared to normative data of a general German population.Methods andMaterials. A total of 465 patients completed
the EORTCQLQ-C30 questionnaire. Repetitive completion of the questionnaire over time led to 1407 datasets. Our patient cohort
contained 197 (42.4%) patients with colorectal cancer followed by 109 (23.4%) patients with head and neck cancer, 43 (9.2%) patients
with lung cancer, and 116 (25%) with other types of cancer. Patients were categorized into five age groups, the respective cut-offs
being 40, 50, 60, and 70 years. Normative data were drawn from a population study of a general German population. Results.
Functional scores and symptom scores were approximately stable between the different age groups. Our data does not suggest a
significant difference between the investigated age groups. Advancing age evened out the differences between the normative data
of the general German population and the cancer patients in 11 of 15 scores. Conclusions. The general belief about younger patients
having fewer physical and psychological problems related to radiochemotherapy needs to be reconsidered. Overall resilience of
older patients is apparently underestimated.

1. Background

Over the last years the topic quality of life (QoL) is gaining
more and more importance in medical research. Mostly the
QoL surveys among cancer patients are used for different
groups of cancer patients to improve patient care. Yet, a
comparison of patient QoL to the QoL of the general pop-
ulation is challenging. Individuals differ in gender, cultural
background, and ethnical and regional origin, to name but
a few. Due to physiological changes, it is very important to
mention age as a major factor influencing QoL. Nowadays,
as the average population ages, elderly patients and their
therapies become more important. To yield normative QoL
data a representative sample of healthy individuals can be
interviewed, for example, the population of a country, and can
additionally be classified by age. This kind of study has been

conducted for the general population in Germany (GGP) [1–
3], Sweden [4], Norway [5], and Colombia [6].

Cancer and cancer therapy have side effects and regularly
constrain quality of life. Elderly cancer patients have a
high symptom burden and a decreased QoL. It is generally
suspected that elderly patients suffer more from cancer and
its therapy than younger ones. This is an unsubstantiated
belief because there is a lack of studies for elderly people.
Age is an exclusion criterion in most studies and therefore
only scarce evidence exists for elderly patients. Old patients
are at risk of receiving substandard treatment because of the
concern of oncologists to generate adverse effects as well as
poor functional outcomes and significant decrements in QoL
[7]. The term “ageism” is used to describe this practice in
cancer therapy discriminating individuals based on their age
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Table 1: Mean radiotherapeutic total doses of all patients related to age groups and the deceased patients.

Age (years) 𝑛 (%) Deceased patients (%) Mean irradiation dose (Gy)
<40 19 (4.1%) 2 (10.5%) 55.2
40–49 56 (12.0%) 6 (10.7%) 53.7
50–59 111 (23.9%) 13 (11.7%) 54.3
60–69 137 (29.5%) 26 (19.0%) 54.0
≥70 142 (30.5%) 44 (31.0%) 52.6
Total dose 53.7
<60 186 (40.0%) 21 (11.3%) 54.3
≥60 279 (60.0%) 70 (25.1%) 53.5

[8]. Moreover, studies on the impact of old age on generating
adverse effects yield contradictory findings [7].

Our aim was to compare the quality of life of a group of
cancer patients treated with radiochemotherapy to a group
of random adult individuals, reflecting the general German
population [1, 2]. We were especially interested in the age
specific limitations of functions and appearance of symptoms
in the radiochemotherapy treated patients compared to a
normative group.

2. Material and Methods

2.1. Study Population. The study included 465 consecutive
patients who agreed to participate by filling in the third
version of EORTC QLQ-C30. Patients coming for the first
time to our department were informed on the questionnaire
based survey. Inclusion criteria to the study were a clinically
diagnosed cancer treated by radiotherapy and concomitant
chemotherapy (radiochemotherapy). All patients were in
the first week of their treatment inpatients. The patient
collective is divided into 186 (40%) patients under 60 years
and 279 (60%) patients over 60 years. Predominant group
were 197 (42.4%) patients with colorectal cancer followed
by 109 (23.4%) patients with head and neck cancer and
43 (9.2%) patients with lung cancer. The remaining 116
(25%) individuals were suffering from other types of cancer.
Data collection period was between May 2010 and August
2014. Patients having a recurring or metastatic disease were
excluded. A total of 465 patients received an individually
adapted radiotherapeutic treatment using total doses up to
73Gy with an average of 54.2Gy (Table 1). Administered
chemotherapeutic treatment was most frequently 5-FU fol-
lowed by 5-FU combined with Oxaliplatin or Cisplatin. 91
patients died in the follow-up period (Table 1). The Ethics
Review Committee of the University Hospital Erlangen
approved the study including the use of patients’ individual
data. All patients gave their written informed consent.

2.2. Data Collection. Study participants completed the ques-
tionnaire up to six times. A physician or a medical student
personally delivered the questionnaire and answered all ques-
tions from the patient. The first QLQ-C30 was filled in prior
to the patients’ first therapy session, the second questionnaire
exactly in the middle of the therapy, and the third one or two
days prior to the end of therapy. Patients were also asked to

participate at their first follow-up examination. To patients
who did not appear for the examination, the questionnaire
was mailed. The last two questionnaires were sent by letter
one and two years after finishing therapy. Questionnaires
were digitized using an Excel macro questionnaire. Patients
were subdivided into the following age groups: younger than
or equal to 39 years; from 40 to 49, 50 to 59, 60 to 69; and
70 years or older. A further division was done by separating
patients into an age group younger than 60 years and one of
60 years and older.

2.3. EORTCQLQ-C30Questionnaire. TheEORTCQLQ-C30
is a well validated instrument for assessing QoL in cancer
patients participating in clinical studies. It is used for almost
30 years and under constant development. Higher values for
symptom scores generally indicate higher symptom burden
and therefore worse QoL for the patient. In contrast, higher
values for functional scores indicate better patient condition.
15 scores, divided into symptom scales and functional scales,
were compared. Functional scales are multi-item scales and
consisted of either physical, emotional, cognitive, social, or
role functioning. Each item is to be answered on a four-point
scale, from 1 (not at all) to 4 (very much). The global health
status and the quality of life scale each have seven response
options ranging from 1 (very poor) to 7 (excellent). Symptom
scales were represented by three multi-item scales for fatigue,
pain, and nausea/vomiting and six single item scales for
diarrhea, dyspnea, insomnia, loss of appetite, constipation,
and financial difficulties. According to the manual of the
EORTC QLQC30, all scales and items were transformed to
a 0–100 range.

2.4. General German Population. Radiochemotherapy
patients data were compared to the datasets of two general
German population surveys termed GGP1 [1, 2] and GGP2
[1, 2]. Aim of the GGP studies is to give normative reference
value for a representative German population to better
understand and analyze acquired data from patients. GGP1
and GGP2 were conducted in Germany in the year 2012.
GGP1 is a representative sample in terms of age, gender,
and education from all over Germany including 2448
individuals with a mean age of 50.2 years (range 18 to 92
years). For GGP1 the entire state was separated into 320
sample areas representing different regions. Once a sample
area was selected, street, house, and household were selected
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Figure 1: (a) Number of collected datasets at the various times of surveys. (b) Percentage of the returned questionnaires at the various times
of surveys.

randomly. All individuals were visited by study assistants.
Three attempts were made to contact the selected individuals
if they were not at home. GGP2 is a random sample of the
population in Lübeck, Northern Germany, including 4684
individuals with a mean age of 51.7 years and minimum age
of 16 years. Randomly identified individuals with regard
to age, sex, and urban districts were surveyed in spring or
summer 2012. For individuals who did not answer the first
time, the questionnaire wasmailed a second time. Among the
GGP2 most common diseases were hypertension (35.7%),
hyperlipidemia (25.4%), cardiovascular disease (11.8%), and
cancer (8.0%).

2.5. Statistics. IBM SPSS Statistics 21 was used for calcu-
lations of differences between independent groups using
Student’s unpaired 𝑡-test. 𝑝 values < 0.05 were considered
significant. Additionally, clinical significance was assumed if
an interval of a difference ≥ 10 points was seen between two
groups [9].

3. Results

3.1. Cohort of Cancer Patients. The survey of 465 patients
treated at the University Hospital Erlangen led to a total of
1407 datasets regarding quality of life assessed in the variety
of 15 scores. The inclusion criterion was an inpatient stay in
the first week of the radiochemotherapeutic treatment. On
average, each patient filled in 3.1 questionnaires (Figure 1(a)).
Overall 69.5% of all possible surveys have been completed
(Figure 1(b)). These scores were divided into functional
scores and symptom scores and were analyzed with partic-
ular attention to different age categories, focusing on the
distinction between the radiochemotherapy patients and
the general German population [1]. The largest group of
the radiochemotherapy patients, comprising 30.5% of all

recruited patients, was the category of individuals being ≥70
years old, followed by 29.5% of all recruited patients in the
group of 60- to 69-year-old individuals. The mean age of the
cancer patients was 62.3 years with a range from 23.5 to 87.5
years.

3.2. Functional Scores of Cancer Patients Compared to the
General German Population. Functional scores and symp-
tom scores of all radiochemotherapy patients were pooled
and compared to the data originating from Hinz et al., now
called GGP1 (Figures 2(a) and 2(b)). Scores of GGP2, the data
originating from the second general German population by
Waldmann et al., were included in the figures by horizontal
lines. Functional scores of the general German population
have high levels in all age groups and decrease steadily
with age. In contrast, the values of the radiochemotherapy
patients are lower and decrease less or even increase slightly
from younger to older patients (Figure 2(a)). This leads to
a reduction of the difference between the two compared
datasets in dependence of age. The maximum deviation (27.5
points) of all functional mean scores occurs in the group of
patients being younger than 40 years; theminimumdeviation
(16.7 points) occurs in the age group ≥ 70 years (Figures 2(a)
and 2(c)). The difference between the radiochemotherapy
patients and the GGP1 score decreases with advancing age in
the scores “physical functioning,” “role functioning,” “cog-
nitive functioning,” and “social functioning,” as well as in
“global health status/QoL.” The only exception is “emotional
functioning” where the difference remains unchanged at all
age categories.

3.3. Symptom Scores of Cancer Patients Compared to the
General German Population. The symptom scores on the
other hand have an opposing trend. The GGP1 has lower
symptom levels in all age groups and the average score
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Figure 2: Mean values of all pooled questionnaires (a) functional scores and (b) symptom scores. Radiochemotherapy patients (white bars)
are compared to the GGP1 (black bars) and GGP2 (white or black horizontal line). Age is categorized. First bar: <40 years; second bar: 40–49
years; third bar: 50–59 years; fourth bar: 60–69 years; and sixth bar ≥ 70 years. (c) Mean differences between radiochemotherapy patients
and GGP1 subdivided by functional scores and symptom scores in dependence of age categories. Functional scores mean differences between
radiochemotherapy patients and GGP1 suffering from (e) rectal cancer, (f) head and neck cancer, (g) lung cancer, and (h) all other cancer
diagnoses.
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Table 2: Radiotherapeutic characteristics of rectal cancer patients related to age groups.

Age category
(years)

Rectal cancer
patients (𝑛)

Mean IR dose
(Gy) (SD)

Completed IR dose
(𝑛) (%)

Reduced IR dose
(𝑛) (%)

Increased IR dose
(𝑛) (%)

<40 7 49.6 (1.9) 6 (85.7) 1 (14.3) 0 (0)
40–49 17 50.8 (4.3) 14 (70.6) 2 (11.8) 1 (5.9)
50–59 42 50.3 (1.9) 37 (88.1) 3 (7.1) 2 (4.8)
60–69 53 50.3 (2) 45 (84.9) 4 (7.5) 4 (7.5)
≥70 64 49.8 (2.9) 52 (78.1) 8 (12.5) 4 (6.3)
Total 183 50.2 (2.6) 150 (82) 18 (9.8) 11 (6)
<60 years 66 50.3 (2.7) 57 (83.3) 6 (9.1) 3 (4.5)
≥60 years 117 50.1 (2.5) 97 (81.2) 12 (10.3) 8 (6.8)

Table 3: Chemotherapeutic characteristics of rectal cancer patients related to age groups.

Age category
(years)

Rectal cancer
patients (𝑛)

Chemotherapy
completed (𝑛) (%)

Reduced dose
(𝑛) (%)

Standard chemotherapy with
5FU/Oxaliplatin (𝑛) (%)

<40 7 6 (85.7) 1 (14.3) 7 (100)
40–49 17 17 (94.1) 0 (0) 12 (70.6)
50–59 42 42 (100) 0 (0) 35 (83.3)
60–69 53 52 (94.3) 1 (1.9) 45 (84.9)
≥70 64 51 (68.8) 13 (20.3) 38 (59.4)
Total 183 168 (86.3) 15 (8.2) 137 (74.9)
<60 years 66 65 (97) 1 (1.5) 54 (81.8)
≥60 years 117 103 (80.3) 14 (12) 83 (70.9)

increases as patients get older. This leads to a diminu-
tion of the spread between GGP1 and radiochemotherapy
patients. The maximum divergence of 13 points and the
minimum divergence of 8 points arise in the same age
categories corresponding to the functional scores (Figures
2(b) and 2(d)). The difference between the two compared
datasets of the following symptom scores decreases with age:
“fatigue,” “nausea/vomiting,” “dyspnea,” “pain,” “insomnia,”
and “financial difficulties.” Differences remain the same for
“appetite loss” independently of age, while they increase for
“constipation” and “diarrhea” the older the patients grow.

3.4. Older Patients Compared to Younger. Dividing the sam-
ple in younger (<60 years) and older (≥60 years) patients,
the differences between both groups for all functional scores,
except emotional functioning, are distinctly different (𝑝 ≤
0.002). Among the symptom scores, except appetite loss,
differences also exist (𝑝 < 0.001).

3.5. Cancer Subgroups. In addition, the difference between
GGP1 and the subgroups of colorectal cancer, head and neck
cancer, lung cancer, and all other cancer cases was analyzed
(Figures 2(e)–2(h), S1–4). Overall there were remarkably little
differences between the cancer groups. The trend towards
fewer differences between radiochemotherapy patients and
GGP1 at older age compared to younger ages was true in all
cancer groups.The GGP2 [5] has somewhat worse functional
and symptom scores, therefore resulting in considerable
differences between the two GGPs (Figure S5, Table S1).

However, this decline of disparity also applies for the GGP2
(Figure S5), women andmen (Figures S6 and S7), and the four
inquiry periods (Figures S8–S11).

3.6. Radiotherapeutic Dose and Chemotherapy in the Age
Groups. We also examined the influence of radiation dose
for all study participants. The mean value of total therapeutic
radiation dose changes only slightly among the age categories
(Figure 3(a)). Separating all survey participants into two age
groups of patients, < 60 years and ≥60 years, the mean values
of both groups differ only slightly by 54.3Gy and 53.3Gy (𝑝 ≥
0.267; Table 1). Radiotherapy treatment guidelines for rectal
cancer patients recommend an overall dose of 50.4Gy [10].
In the rectal cancer patient group, mean values of total dose
among the patients under 60 years (50.3 Gy) and ≥60 years
(50.1 Gy) differed only marginally (𝑝 ≥ 0.5) (Table 2). All
patients in the survey received chemotherapy. In the older
age group, more cycles of chemotherapy were discontinued
before completion or chemotherapeutic dose was reduced
(Table 3). 97% of patients being younger than 60 years
completed chemotherapy, whereas only 80% of the older age
group (≥60 years) received full dose (Figure 3(b), Table 3).

By averaging all the functional or symptom scores of
the different age groups and comparing the radiochemother-
apy patients to GGP1, in all age groups radiochemother-
apy patients differ clinically significantly from GGP1 (Fig-
ure 3(c)).The decline of the functional score in theGGP1with
increasing age is obvious, while among the radiochemother-
apy patients a trend towards an increase can be detected.
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Figure 3: (a) Mean ionizing radiation dose in all patients (stripped line) and rectal cancer patients (solid line). (b) Percentage of patients with
completed chemotherapeutic dose in all patients (stripped line) and rectal cancer patients (solid line). (c) Variation of all pooled functional
and symptom scores in dependence of age. Solid line: radiochemotherapy (RCT) patients, stripped line: general German population 1.

The symptom scores increase clearly with age in the GGP1,
while among the radiochemotherapy patients even a trend to
a decrease of symptoms is observed.

4. Discussion

In our study, we investigated whether the age of cancer
patients treated with radiochemotherapy was an influencing
factor on the quality of life. We could show that younger
patients are much more affected by cancer and radio-
chemotherapeutic treatment compared to older patients.
radiochemotherapy patients’ QoL was compared to the nor-
mative studies of the general German population. There are
three studies investigating the QoL of German citizens [1–3].
The apparently healthy individuals of both studies are cross-
sectional studies including sick individuals. In the GGP2
11.8% of individuals had cardiovascular disease and 8.0%
cancer disease. The trends of a decrease in functions and

an increase in symptoms with age were in both GGPs quite
similar. The GGP2 has overall somewhat worse score values
compared to the GGP1.

With increasing age, the average scores of the GGP1
decrease in functional scores and improve in symptom scores.
In contrast, in the group of radiochemotherapeutic patients
changes were less pronounced or the scores remained even
stable. Thus, we could show that with increasing age the
differences between radiochemotherapy patients and GGP1
decrease.

A study in a cohort of 89 cancer patients by Turaka et
al. examining QoL during and after radiotherapy showed
contrary results. They found that during radiochemotherapy
the QoL in patients older than 60 years was lower than in
younger patients on a physical, cognitive, emotional, and
functional level [11]. Cataldo et al. described similar results in
2013 by demonstrating that with increased age significantly
lower rates of symptoms like vomiting or pain occurred
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[7]. Similar results were also described by Kroenke et al.
with younger woman experiencing greater functional losses
than middle-aged women [12]. With the lower spread of
the symptom scores older patients experience less additional
adverse effects than younger patients.

Current data on different populations regard a decline of
physical functions and an increase ofmedical conditionswith
age as normal. It is generally held true that elderly people have
a higher symptom burden than younger people [13]. There-
fore older patients may suffer a more pronounced functional
impairment and be more vulnerable to the secondary effects
of a cancer treatment [14]. Our analysis indicates that these
assumptions might be wrong. In contrast to other studies
[11], this study shows in almost all evaluated scores that
the younger the patients are, the more they have functional
impairment. Additionally, their symptom burden rises in
several scores. Previous studies described that elderly patients
may have achieved an internal reconceptualization of their
symptom experience based on their lifetime experiences.
They might see especially pain as a normal part of aging and
therefore tend to underrate it [15]. Kroenke et al. saw reasons
for the higher symptom burden of younger breast cancer
women in them having fewer adaptive coping skills, having
faced fewer life issues.They grew up in a different historic and
social context thanmiddle-aged and older women [12, 16–21].

It is generally believed that older patients receive substan-
dard treatment due to a concern about more severe adverse
effects from high doses of radiation and chemotherapy [7].
In this study, we could show that rectal cancer patients of
older age received the same therapeutic dose of ionizing
radiation (Table 2) as younger patients. Mean radiothera-
peutic doses are very similar within the five age groups
with a minimal trend to higher dose for younger patients.
Chemotherapeutic data were gathered for patients suffering
from rectal cancer. Data revealed that the older the patients
were, the more chemotherapy was discontinued prematurely
or dose was reduced. The question is why chemotherapy was
discontinued although the QoL data indicates that patients
do not suffer more from therapy than younger patients. To
discontinue or reduce chemotherapy that early could be a
result of the assumption that older people should rather have
no severe adverse effects than finishing their planned therapy.
However, it seems that both a completed chemotherapy and
no impairment of the patients seem to be feasible.

5. Conclusion

This study points out that with increasing age the differ-
ences between the cancer patients group and the GGP1 are
declining. Older patients have neither more adverse effects
than younger patients nor less adverse effects. The general
belief about younger patients having fewer problems with
both physical and psychological dreadful situation needs to
be reconsidered. Possibilities in coping of older patients are
obviously underestimated. In conclusion, the treatment of
the elderly should be adapted, so that therapy should not
be prematurely discontinued or dose reduced solely due to
advanced patient age.
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GGP1 surveyed at the time of the 1-year follow-up; functional
scores (a), symptom scores (b), differences functional scores
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Purpose. Radiation therapy is a key treatment of breast cancer. Elderly patients with associated diseases that modify their
performance status do not tolerate long periods of daily irradiation. The objective of this study is to analyze the results of weekly
hypofractionated treatment in these patients. Material and Methods. Between 1992 and 2016, we included 486 elderly patients
presenting concomitant pathology or sociofamilial problems in which it was not feasible to propose conventional treatment. They
were treated with conservative surgery or mastectomy and then adjuvant hypofractionated irradiation, administering 5Gy or
6.25Gy in 6 fractions, once a week (total dose 30–37.5Gy) over 6 weeks. Results. Breast cancer overall survival according to the
Kaplan-Meier method at 5 years was 74.2% ± 2.3%; breast cancer disease-free survival was 90% ± 1.6%; local relapse-free survival
was 96.5% ± 1% showing that patients die more from other causes and not from their neoplasia. Acute dermatitis was mild (75.6%
of the patients grades I–III) and 30.6% hadmoderate chronic fibrosis.Conclusions.The once-weekly hypofractionated radiotherapy
is a feasible and convenient option for elderly patients with breast cancer. It is a safe treatment modality with similar survival and
local control results compared to standard fractionation, while the side effects are acceptable.

1. Introduction

Breast cancer is the most common tumor in women [1].
The incidence rate continues to increase slowly in both
developed and underdeveloped countries. It is the leading
cause of cancer mortality in women. Survival of breast
cancer has really improved in the last 20 years, approximately
1.4% annually [2], mainly due to the early detection of this
neoplasm, improvements in surgical techniques, systemic
treatments, and radiotherapy.

The treatment of breast neoplasia combines surgery,
systemic treatment, and radiotherapy. The most common
regimen for the complementary treatment of breast cancer
after conservative [3] or radical surgery has been the standard
fractionation, consisting of 45–50Gy in 25 fractions of 1.8
or 2Gy/day, 5 days a week, for 33 days [4, 5]. These studies
show that the incidence of local recurrence is significantly

lower in the group of patients treated with radiotherapy,
about an 8%–10% with respect to the nonirradiated ones in
which the local recurrence reached 25%–35%, independently
of other associated factors. One of the most important risk
factors for the development of breast cancer is age [6].
Most cases are diagnosed between the ages of 35 and 80,
nearly half of them diagnosed at the age of 70 or more
years [7]. Currently, approximately 30% of patients in a
radiotherapy department have breast cancer [8]. Elderly
patients are frequently associated with concomitant diseases,
cognitive impairment, sociofamilial problems, or functional
limitation [9]. Patients often live far from the hospital and
have difficulty to attend the radiotherapy sessions. Therefore,
according to established practice, it is not always feasible for
elderly patients to indicate a conventional, daily treatment
[10]. This may lead to individuals avoiding complementary
treatment after conservative surgery, or unnecessary abuse of
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radical mastectomy in the initial stages, which results in an
undertreatment or overtreatment in a large number of cases.
Therefore, it is advisable to plan a more convenient treatment
regimen for the elderly patients while a similar local control
result can be achieved.

Today, although the current standard is moderate daily
hypofractionation, there are still many patients who cannot
tolerate it and require a more adapted treatment to their
condition. There are other fractionation schedules that can
shorten the radiation treatment, demonstrating the same
efficacy, without increasing complications. Aside improve-
ment in quality of life [11], also short treatments can relieve
the pressure of medical resources and logistical problems of
access to the radiotherapy.One of the current challenges is the
definition of irradiation schedules that are more comfortable
for patients and easier to integrate with systemic therapies. In
any case, there is no clear consensus on what should be used
on a regular basis [12, 13].

The purpose of the present observational study is to
analyze the results of weekly hypofractionated irradiation
treatment in older patients with breast cancer in terms
of survival, locoregional control, tolerance, and acute and
chronic toxicity.

2. Materials and Methods

2.1. Patient Selection. Elderly patients with nonmetastatic
breast neoplasia treated between 1992 and 2016 have been
included. Inclusion criteria have been patients older than
70 years and/or those patients who do not tolerate daily
travel to our radiotherapy department for several reasons
such as those associated with concomitant diseases, cognitive
impairment (according to the global deterioration scale or
GDS of 4 or higher), sociofamilial problems, functional
limitation, or living away from the treatment center. The
criteria for the choice of initial surgery were the same as
those used for young patients. So patients with I-II stages
underwent conservative treatment and lymphadenectomy
(or sentinel node selective biopsy), and patients with stage
III were submitted to radical treatment with mastectomy and
lymphadenectomy. In patients with conservative surgery, the
marginswere considered positive if the tumor reached the ink
of the sample or close when they were negative but inferior to
3mm.The characteristics of the patients are shown in Table 1.

2.2. Treatment. They received weekly hypofractionated irra-
diation within 2 months after surgery. The patients were
treated with a cobalt unit or a linear accelerator by means
3D conformal tangential beams to the breast volume or
field in field modulated techniques to optimize dosimetric
distribution. All patients were treated in supine position,
with abduction of ipsilateral arm utilizing an alpha-cradle
immobilization.

The radiation schedule consisted of 6.25Gy per fraction
once aweek but in the recent part of the series the fractionwas
reduced to 5Gywith the aimof reducing the risk of secondary
effects. Patients treated with conservative surgery or only
biopsy received irradiation to the breast and mastectomized
patients to the chest wall. In patients with T4 tumors treated

Table 1: Characteristics of the patients.

n %
Stage
I 187 38.5
II 182 37.4
III 80 16.5
IV 5 1
In situ 11 2.26
Recurrence 10 2
Unknown 11 2.3
Histologic grade
1 85 17.5
2 218 44.8
3 100 20.5
Unknown 83 17
Surgical type
Brest-conserving surgery 382 78.6
Mastectomy 97 20

with electrons to the chest wall a bolus was utilized. Patients
with positive surgical margin were considered to receive
radiotherapy to the tumor bed by adding 1 or 2 additional
weekly doses at this level. The boost volume consisted in the
tumor bedmarkedwith clips and additionalmargin of 15mm
in all directions to obtain the PTV. The supraclavicular fossa
was irradiated as a function of the nodal involvement, always
in N2 cases and in patients with N1 involvement treated in
the period from 2008 to 2016 according to our guideline
and evidence published data [14]. In these cases, additional
anterior and posterior fields to supraclavicular fossa and
lymph node level III were utilized.

2.3. Evaluation and Follow-Up. All patients were evaluated
weekly after the session for tolerance and underwent control
of acute and chronic local toxicity according to the RTOG
scale or the Common Terminology Criteria for Adverse
Events v4.0 (CTCAE), indicating supportive treatment when
necessary. Patients were followed periodically after the end
of treatment, at a month, 6 months, and subsequently at least
once a year.

Patients were included following the ethical principles for
medical research according to Helsinki declaration and an
informed consent was obtained from all the patients.

2.4. Statistical Analysis. The statistical analysis was per-
formed with SPSS v22 (IBM SPSS, Chicago, IL). Chi-square
and exact Fisher tests were employed to evaluate categorical
variables. The actuarial rates of overall survival, disease-
free survival, local relapse-free survival, and metastasis-
free survival were calculated according to the Kaplan-Meier
method and comparisons were made using the log-rank test.

3. Results

3.1. Patients and Treatment Characteristics. Four hundred
and eighty-six patients have been included. The median
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age of patients was 79 ± 6.5 years (range 58–97). Half of
the patients lived outside Barcelona, which makes it more
difficult for them to get to the hospital. Breast conservative
surgery was performed in 78.6% (73.3% tumorectomy and
5.3% quadrantectomy) and total mastectomy in 20% and only
biopsy in 0.6% were performed by associated pathology that
contraindicated the intervention or occasionally because of
the refusal of the patient to be operated on. Patients without
chemotherapy were treated postoperatively at 2.2 months
(range: 1–3 months), and patients with adjuvant chemother-
apy were treated 4.5 months (range: 2.5–4.6 months) after
surgery. Hormonal therapy was utilized in 78.7% of the cases;
among them 57.8%were treated with aromatase inhibitors. In
13.4% of the patients neoadjuvant or adjuvant chemotherapy
was administered, mainly anthracyclines, taxanes, or CMF
schedules.

Patients were treated in 13.4% of cases using 1.25MV
photons of a Cobalt-60 unit or by means of a linear
accelerator unit so that 69.3% of the cases were treated
with 6MV photons (337 patients), and 17.3% of the cases
corresponding to mastectomized patients were treated with
electrons (84 patients). 80.7% of cases received a total of
6 sessions. 90.7% of patients received a fractionation of
6.25Gy/fraction and 9.3% (45 patients) at 5Gy/fraction up
to a total dose of 30Gy. An amount of 17.5% of patients with
positive surgical margin after conservative surgery received
a boost to the tumor bed of 1 or 2 additional doses (7.2%
and 10.3% of patients, resp.). None of the patients treated
with mastectomy received a boost. In 15% of the series, the
patients received irradiation to the supraclavicular fosa and
axillar level III cause of positivity of lymph nodes in the
lymphadenectomy. Only 9 patients (1.8%) did not complete
the treatment (1 patient received 4 sessions and 8 patients
received 5 sessions) mainly due to complications of their
comorbidities.

3.2. Recurrence and Survival. Local control was excellent,
reaching 96.5% ± 1% at 5 years, and only 16 patients had local
recurrence. After a median follow-up of 51 months (range:
1–163 months), the status of the patients was as follows: 341
(70%) were disease-free, 45 (9.3%) died as a result of cancer
progression, and 95 (19.5%) died of another disease.Mortality
was more frequently caused by concomitant diseases than by
neoplasia.

So, overall survival according to the Kaplan-Meier
method at 5 years was 74.2% ± 2.3%; breast cancer specific
survival was 90% ± 1.6%; relapse-free survival was 96.5% ±
1%; metastasis-free survival was 90% ± 1.6% (Figure 1).
Estimated survival at 5 years according to the disease stage
is presented in Figure 2: Patients with grade 1-2 histology
had better survival rates than those of grade 3 (𝑝 = 0.002).
Survival according to the histologic grade at 5 years is shown
in Figure 2.

Survival according to the positivity of estrogen receptors
was also significant. So, patients who had positive estrogen
receptors have better survival than those whose receptors
were negative. Overall, survival according to progesterone
receptor is not statistically significant.

3.3. Treatment Tolerance and Toxicities. The acute toxicity is
presented in Figure 2. Among patients who have presented
dermatitis, half of them were grade 1. Usually, the cases of
acute dermatitis were resolved in 1-2 months with the appro-
priate topical moisturizing treatment for patients who have
presented dermatitis grades 1 and 2 and with sulphadiazin
cream for patients with grade 3. There were no differences in
skin toxicity according to the treatment unit or the techniques
utilized for irradiation (𝑝 = 0.092 and 𝑝 = 0.174 for
acute and chronic toxicity, resp.). When comparing acute
toxicity among the fraction utilized, patients with 5Gy per
session presented dermatitis grade 1 in 65%, grade 2 in 30%,
and grade 3 in 5%, and the patients treated with 6.25Gy
presented dermatitis grades 1, 2, or 3 in 47%, 32.6%, and
13.7%, respectively. In terms of chronic toxicity, 30.9% of
the patients presented skin impairment (Figure 3). Among
them, 88% presented fibrosis, 8.7% had hyperpigmentation
or telangiectasia, and 3.3% had edema or mastitis. Among
patients with fibrosis, only one patient was grade IV. The
reporting of symptoms related to breast fibrosis was very
unusual. Chronic toxicity was lower in patient treated with
5Gy per session compared to patients treated with 6.25Gy
per session schedule (22.9% and 31.4%, resp.;𝑝 = 0.34).There
were no cases of pulmonary or thoracic sequelae in terms of
pneumonitis or rib fracture.

4. Discussion

Complementary radiotherapy is classically indicated for
patients who have undergone conservative surgery for all
types of infiltrating tumors and many intraductal carcinoma
tumors. The volume to be treated includes the entire breast
with a total dose between 45 and 50Gy, at a daily dose of
1.8–2Gy as a classical or standard fractionation. The good
results obtained with the conservative treatment provoke
a new attempt to reduce the therapeutic aggressiveness, in
this case focused on the radiotherapy. Hypofractionation
programs are being developed in order to reduce the number
of sessions, so as to increase patients’ comfort, especially the
comfort of elderly patients.

There is abundant experience in the hypofractionated
treatment in patients with breast cancer (Table 2). Shelley et
al. [15] demonstrated in a phase II studywith 294 patients that
treatment based on 40Gy in 16 fractions of 2.5 Gy and in 22
days after a mean follow-up of 5.5 years achieved a relapse-
free survival of 96.5% which had no difference in acute or
chronic local toxicity. In 2010, Whelan demonstrated in his
study with more than 1200 patients receiving 50Gy in 25
fractions or 42.56Gy in 16 fractions, after a 10-year follow-up,
that there were no significant differences in local recurrence
(6.7% versus 6.2%) and good aesthetic results were achieved
(71.3% versus 69.8%, resp.). Acute toxicity of grade 3 or higher
was only present in 3% in each group [11]. In the START-
A trial, a regimen of 50Gy in 25 fractions over 5 weeks was
compared with 41.6Gy or 39Gy in 13 fractions over 5 weeks
[16]. In START-B trial, a regimen of 50Gy in 25 fractions
over 5 weeks was compared with 40Gy in 15 fractions over
3 weeks [17]. After approximately 10 years of follow-up, it
has been confirmed that moderately daily hypofractionated
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Figure 1: Overall and disease-free survival curves according to stage (a and b) and according to histologic grade (c and d).

irradiation is safe and effective for patients with early breast
cancer. These results support the use of 40Gy in 15 fractions
(3 weeks), which has already been adopted by most centers
as the standard therapy for women who require adjuvant
radiotherapy for early stage invasive breast cancer.

More recently, results of the UK IMPORT LOW trial have
been published. In this trial the patients were randomized
to receive whole breast irradiation at a dose of 40Gy in 15
fractions, 36Gy towhole breast and 40Gy to the partial breast
(reduced-dose group) or 40Gy to the partial breast only.This
trail has showed noninferiority of partial breast and reduced-
dose radiotherapy compared with the standard whole breast
hypofractionated irradiation [18]. Also the same research
group is investigating, in the HIGH IMPORT Trial, the

intensification of hypofractionated treatments by comparing
the whole breast irradiation of 40Gy plus a sequential boost
of 16Gy (control group) with two test arms: arm 1 consisting
in whole breast irradiation up to 36Gy, the index quadrant
up to 40Gy, and concomitant boost up to 48Gy in 15
fractions, or arm 2 with whole breast receiving 36Gy, the
index quadrant receiving 40Gy, and a concomitant boost up
to 53Gy, also in 15 fractions. The trial is under recruitment.

From the radiobiological point of view, the limits to avoid
increase in chronic toxicity seem to be about 3.2–3.3 Gy per
fraction as reported by Qi et al. [19].

Although the 3-week daily schedule is a significant
improvement compared to the traditional 5-6-week schedule,
the requirements of daily therapy continue to be problem in
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Figure 2: Acute toxicity and dermatitis grade according to RTOG criteria.
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Figure 3: Chronic toxicity (any type) and fibrosis grade rates according to CTCAE v4.0 criteria.

regions with limited oncology care resources and in some
cases the patients are excluded to receive appropriate postop-
erative treatment [20]. Favorable results from the randomized
trials of the hypofractionated schedules described above
have provided enough data to allow further investigation
towards still more concentrated hypofractionated schedules
with fewer sessions.

The first published clinical trial of once-weekly hypofrac-
tionated radiotherapy regimen was carried out in 1987 and
published by Rostom et al. [21]. It was a phase II trial that

applied a dose per session of 6.5 Gy/day, one session per week
to older patients. It demonstrated a good locoregional control
result and an acceptable cosmetic outcome. In 2006,Ortholan
et al. published a similar study that included 150 patients
undergoing both conservative and radical surgical treatment,
using the same weekly hypofractionation schedule, in which
a good clinical outcome was also demonstrated [22]. Other
similar published studies have also shown similar locore-
gional control rates, with a slightly higher but acceptable
chronic toxicity inmost series [23–25].More recentlyDragun
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Table 2: Moderate daily hypofractionation and weekly hypofractionation schedules in breast cancer.
(a) Daily hypofractionated schedules

Author n RDT schedule Commentary
Shelley et al., 2000 [15] 294 40Gy in 2.5 Gy/s, 22 days

Deutsch, 2002 [38] 47 Different schedules since
50Gy in 2Gy to 36Gy in 3Gy 80–89 years old

Whelan et al., 2002 [39] 1234
Standard schedule 50Gy in 2Gy/s, 35 days,

versus
hypofraction 42.5Gy in 2.65Gy/s, 22 days

Yarnold et al., 2005 [37] 1410
50Gy in 2Gy/s, 39Gy in 3Gy/s,

or
42.9Gy in 3.3 Gy/s

Haviland et al., 2013 [28] 2236

START A: 50Gy in 2Gy/s versus 41.6Gy or
39Gy in 13 s

START B: 50Gy in 2Gy/s versus 40Gy in
15 s

(b) Weekly hypofractionated schedules

Author n RDT schedule Commentary
Rostom et al., 1987 [21] 84 6.5Gy × 6 s

Bates, 1988 [40] 411
3Gy × 12 s (3 s/week = 28 days)

versus
6Gy × 6 s (2 s/week = 18 days)

53 p biopsy, 13 p
lumpectomy, 18 p

mastectomy

Baillet et al., 1990 [41] 230
45Gy (1.8 Gy × 25 s in 33 days)

versus
23Gy (5.75Gy × 4 s in 17 days)

Maher et al., 1995 [23] 70 6.5Gy × 5 s + boost 6.5 Gy × 2 s Biopsy or cytology only

Ortholan et al., 2005 [22] 150 6.5Gy × 5 s; supra 5.5 Gy × 5 s; boost 6.5 Gy
× 1 or 2 s

108 p lumpectomy, 43 p
mastectomy

Courdi et al., 2006 [24] 115 6.5 × 5 s Median age 83 years, biopsy
only

Sanz et al., 2008 [7] 262 6.25Gy × 6 s (+6.25Gy × 2 s if positive
margin in conservative surgery)

22 p biopsy, 174 p
lumpectomy, 66 p

mastectomy

Dragun et al., 2011 [26] 42 6Gy × 5 s 69% lumpectomy
31% chemotherapy

Yarnold, 2011 [25] 915 50Gy (2Gy × 25 s) versus 28.5 Gy (5.7 × 5 s)
or 30Gy (6Gy × 5 s)

Rovea et al., 2015 [27] 298 30Gy (6Gy × 5 s) or 32.5 Gy (6.5Gy × 5 s)

Brunt et al., 2016 [35] 352 40Gy in 15 s in 3 weeks versus 27Gy in 5 s in
1 week or 26Gy in 5 s in 1 week

Patients that require lymph
node irradiation are

excluded
RDT: radiation therapy; s: session; p: patient.

et al. have published a phase 2 study which included 42
patients who underwent conservative surgery and received
weekly hypofractionated irradiation at 6Gy/week in 5 weeks,
total dose at 30Gy, demonstrating the feasibility of the weekly
schedule. At the same time, it was cost effective and had low
acute toxicity rates, although further monitoring is required
to confirm long-term results with a possible reduction of
chronic toxicity according to dose reduction per fraction [26].
These results have been also confirmed in another series of
Rovea et al. where 291 patients received 30 or 32.5 Gy in
5 fractions, with mild chronic toxicity in terms of fibrosis,

edema, or hyperpigmentation and also achieving good or
excellent cosmetic result in 86.4% of cases [27].

A common criticism of these studies regards their lim-
ited applicability in that they include mainly lymph-node-
negative, postmenopausal patients with biologically favorable
early stage invasive disease [28]. In the present study, we
included 486 patients, the majority in early stage, who have
received 5Gy or 6.25Gy in 6 sessions with 1-2 additional
fractions if they have the positive surgical margin. Treatment
tolerance was assessed and considered satisfactory. Long-
term toxicity was greater. Such toxicity was acceptable taking
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into consideration the fact that it rarely seems to impact
patients’ quality of life, as most cases have been reported
as asymptomatic along the follow-up. The results regarding
specific survival and local control were similar to the standard
treatment and matched with the series already published,
stressing that the survival of these older patients is more
influenced by their own comorbidities than for the evolution
of breast cancer, leading to a specific survival of 90%at 5 years.

In addition, in our series, we have irradiated the supr-
aclavicular fossa (in 15% of the series) in those patients
with involvement of 4 or more axillary lymph nodes, in
patients with 1–3 involved nodes during the period from
2008 to 2016, those with insufficient lymphadenectomy (less
than 10–12 nodes), or those with macroscopically supra-
clavicular involvement. The regional treatment volume was
on the nodes of the supraclavicular fossa. Radio dermatitis
is the most common acute toxicity and leads to the most
discomfort for patients [29]. Signs and symptoms that are
derivate from breast irradiation are conditioned by various
factors, such as the volume to be treated, the irradiation
technique, and the energy of the fractionation, the total dose,
as well as previous and/or concomitant systemic treatments
and comorbidities of the patient [30]. Radio induced skin
toxicity has been extensively documented and investigated,
but in most cases there is no standardization in prevention
and care [31, 32]. The chronic effects of irradiation at the
cutaneous level include hyperpigmentation, telangiectasia,
subcutaneous fibrosis, edema, and local pain that may con-
tinue to occur in the subsequent and long-term follow-up
of irradiated patients [33]. In our series, although acute and
chronic toxicity was acceptable and seems not to compromise
quality of life in most cases, the percentage of patients with
fibrosis increased over time, which presented 30.7% at a
median follow-up of 51 months. Agrawal et al. compared the
standard schedule (2Gy × 25 s) with the weekly hypofraction
scheme in 5.7Gy × 5 s or 6Gy × 5 and after a 3-year follow-up
showed that 28.5Gy or 30Gy in 5 sessions are comparable to
50Gy in 25 sessions.The 28.5Gy schedule had a slightly lower
acute toxicity and a more discreet cosmetic impairment [34].

Subsequently, the FAST Forward trial that compares the
daily schedule in oneweekwith theUK standard schedule at 3
weeks after primary surgery for early breast cancer is ongoing.
With a moderate reduction of the dose, it seems that there
is relatively better tolerance and less acute toxicity. However,
longer follow-up is required [35].

We decided to apply the 5Gy scheme in 6 sessions instead
of the 6.25Gy × 6 schedule starting in August 2012, with the
intention of reducing chronic toxicity without compromising
the oncologic result. Therefore, we included 45 patients
(9.3%) in the present study in which we administered 5Gy
per fraction. No difference in survival has been shown.
Although not significant, a trend towards lower chronic
toxicity with 5Gy has been observed in comparison with the
6.25Gy schedule in 6 sessions, although further monitoring
is necessary to confirm this data. In addition, in the last
years there was a tendency to include the patients with worse
physical conditions or comorbidities in suchweekly schedule.
We are looking forward to obtain good clinical results and
lower toxicity with a longer follow-up.

We irradiated whole breast after conservative surgery, but
actually there is a consolidated experience in schedules in
which the partial irradiation of the breast in selected favorable
cases is considered to be a more comfortable alternative for
the patients. It is possible to administer a high enough dose
to the involved quadrant of the breast. The most frequent
schedules consist in 3.85Gy doses twice a day, ten fractions
in a week, although other schedules have been utilized. Also
the partial breast irradiation can be performed by a single
intraoperative session [36]. This treatment achieves similar
results in terms of toxicity and local control, constituting a
good option in low risk patients [37]. Also, actually there
are several studies ongoing investigating the omission of the
adjuvant irradiation in elderly good prognosis patients after
conservative surgery.

5. Conclusions

Weekly hypofractionated radiation therapy is a feasible and
convenient option for patients with advanced breast cancer
who do not tolerate a daily treatment. It is a safe treatment
modality with similar survival and local control results. The
side effects are also acceptable. As with the weekly hypofrac-
tionation schedule, the reduction of total time treatment may
improve patients’ quality of life.
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Colorectal cancer (CRC) is one of the leading causes of cancer-related deaths worldwide. As society ages, the number of elderly
patients with CRC will increase. The percentage of patients with right-sided colon cancer and the incidence of microsatellite
instability are higher in elderly than in younger patients with CRC. Moreover, the higher incidence of comorbid diseases in elderly
patients indicates the need for less invasive treatment strategies. For example, care should be taken in performing additional surgery
after endoscopic submucosal dissection for elderly patients with high-risk T1 CRC.Minimally invasive surgery, such as laparoscopic
colectomy, would be preferable for elderly patients with CRC. Chemotherapy for elderly patients requires careful monitoring for
adverse events. The aim of this review is to summarize the clinicopathological features of CRC in elderly patients, optical surgical
strategies, including endoscopic and laparoscopic resection, and chemotherapeutic strategies, including postoperative adjuvant
chemotherapy and systemic chemotherapy for unresectable CRC.

1. Introduction

Expansion of the worldwide population and elevation of life
expectancy have increased the number of elderly individuals,
resulting in aging of the population. According to the United
Nations Population Fund (UNFPA), life expectancy around
the world elevated from 64.8 years to 70 years over the past 20
years. Moreover, by 2050, people aged ≥60 years will account
for almost 22% of the world’s population, reaching over 2
billion people [1]. Because the incidence of many cancers
is higher in patients aged ≥65 years, the number of elderly
patients with cancers is expected to increase markedly.

Colorectal cancer (CRC) is one of the most common
causes of cancer deaths worldwide [2–4], and the global inci-
dence of CRC continues to increase [5]. In clinical practice,
increased numbers of elderly patients with CRC undergo
surgery and/or receive chemotherapy. These individuals are
more likely than youngpatients to have comorbidities, such as
cardiovascular disease, respiratory disease, renal dysfunction,
and/or liver dysfunction, making treatment riskier. Physical
activity is usually evaluated by measuring the performance
status (PS) scoring of Eastern Cooperative Oncology Group
(ECOG), but it is sometimes difficult to determine [6]. Fur-
thermore, aging itself can reduce physiological recuperative
power. In fact, aging is an independent risk factor for both

in-hospital morbidity and mortality after colorectal surgery
[7–9]. Therefore, designing appropriate treatment strategies
for elderly patients with CRC requires comprehensive under-
standing of the characteristics of CRC in these patients.
Here, wewould like to review clinicopathological features and
molecular alterations of CRC in elderly patients, as well as the
optimal surgical approaches (i.e., endoscopic resection and
laparoscopic surgery), and chemotherapy.

2. Clinicopathological Features and Genetic
Background of CRC in Elderly Patients

2.1. Clinical Characteristics. One of the most prominent clin-
ical characteristics of elderly, compared to younger, patients
with CRC is their higher frequency of right-sided colon
cancer. This incidence increases with patient age, reaching
about 50% in patients with CRC aged ≥80 years (Figure 1(a))
[10, 11]. Moreover, the incidence of right-sided colon cancer
is about 10% higher in women than in men aged ≥80 years
[11]. Although elderly patients tend to have large and locally
invasive CRC, the frequency of lymph nodes metastasis is
lower compared to that in younger ones (Figures 1(b) and
1(c)) [10]. Mismatch repair- (MMR-) deficient cancer with
microsatellite instability (MSI) is more frequent in elderly
patients with CRC, being present in 36% of patients aged
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Figure 1: (a) Proportion of tumor location at indicated ages [10]. (b) Proportion of pathological T factor at indicated ages [10]. (c) Proportion
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Figure 2: (a) Proportion of MMR-deficient CRC at indicated ages [12]. (b) Proportion of hMLH1 loss in CRC at indicated ages [13].

≥85 years, with an especially high frequency in women
(Figure 2(a)) [12, 13]. In these right-sided andMSI-high CRC
developed in the elderly women, hMLH1 gene promoter is
frequently methylated and its protein expression is silenced
(Figure 2(b)) [13–15].

In a mouse model of MSI colonic adenoma that car-
ries loxP sites flanking exon 14 of Adenomatous polyposis

coli (Apc) gene regulated by CDX2 promoter and a long
mononucleotide tract (CDX2P9.5-G22Cre;Apc𝑓𝑙𝑜𝑥/𝑓𝑙𝑜𝑥), most
of the adenomatous lesions can be developed in the proximal
colon [16]. These data are consistent with the fact that
the incidence of MSI-high CRC is higher in right-sided
colon than in left-sided colon or rectum in elderly patients
[17, 18].
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Figure 3: Schematic representation of the hypothesis of CRC carcinogenesis. Upper section shows serrated pathway, and lower one shows
classical pathway.

2.2. Pathological Characteristics and Genetic Background.
Mucinous carcinoma and serrated adenocarcinoma are often
found in elderly patients [19, 20].The serrated pathway is one
of the evolutionary steps of CRC carcinogenesis (Figure 3)
[21]. The serrated pathway starts from the progression of ser-
rated polyps, including traditional serrated adenomas (TSAs)
and sessile serrated adenomas/polyp (SSA/P) [22]. TSA tends
to develop in the left-sided colon and rectum, whereas SSA/P
tends to develop in the right-sided colon. TSAs can have
two types of molecular characteristics: one having KRAS
mutations and the other having BRAF mutations [22]. CRCs
that develop fromTSAs seldom exhibit MSI, but develop into
microsatellite stable (MSS) tumors. In contrast, SSA/Ps can
give rise toCRCswith highMSI [23].Most SSA/Ps are primed
by BRAF mutations, followed by bearing CpG island methy-
lator phenotype (CIMP), and it finally becomes MSI-high
CRC [22–24]. Although CIMP is a genome-wide phenotype,
methylation of the p16, insulin growth factor binding protein
7 (IGFBP7), and hMLH1 is important for the development of
MSI-high CRC [24]. Acquiring the MSI phenotype is the key
step of malignant progression from SSA/P, as this phenotype
increases the likelihood of mutations in the microsatellite
genomic region, resulting in an invasive phenotype.

2.3.Medullary Adenocarcinoma. Medullary adenocarcinoma
is a rare pathological type of CRC. This type of poorly differ-
entiated adenocarcinoma has a phenotype indicative of min-
imal or no glandular differentiation [25]. The clinicopatho-
logical characteristics of medullary adenocarcinoma include
its predominant location in the right-sided colon, its higher
incidence in elderlywomen, and its relatively better prognosis
despite its poorly differentiated phenotype. MSI is high
in these tumors, along with hMLH1 promoter methylation
[25]. Histologically, medullary carcinomas consist of a small
uniform population of tumor cells with prominent nucleoli
and eosinophilic cytoplasm.These cells grow in a solid-sheet
structure, often containing Crohn’s-like lymphoid reaction
(CLR) and intratumoral lymphocytic infiltration [26]. CLR
represents peritumoral lymphoid aggregates located couple of
millimeters beyond the advancing tumor fronts [27]. Tumor-
infiltrating lymphocytes (TILs) consist of T-cell population,

and are frequently found in CRCs with high MSI [28].
The presence of CLR and TILs reflects strong antitumor
immunity, and it is a good prognostic indicator for CRC
after adjustment of traditional staging [29]. These data are
consistent with the recent finding that immune checkpoint
inhibitors are effective in the patients with MSI-high CRC
[30].

3. Surgical Approaches for Elderly
Patients with CRC

3.1. Endoscopic Resection. Endoscopic resection is a mini-
mally invasive approach for adenomas and early cancers.
Endoscopic submucosal dissection (ESD) is ideal because of
its en bloc resection. Although less invasive than surgery,
ESD still carries risks of perforation (6%) and bleeding
(1%) [43]. Therefore, caution should be exercised in per-
forming ESD for elderly patients, as they are more likely
to have comorbidities that can exacerbate post-ESD com-
plications. However, aging itself is not a contraindication
for ESD, as it has been shown to be effective and safe for
elderly patients with CRC, with en block resection rates of
81.2–96.3%, perforation rates of 1.8–6.1%, and bleeding rates
of 3.0–3.7% [44–46]. Moreover, the 5-year disease specific
survival (DFS) rates in the elderly populations have been
reported to be almost 100% when appropriately managed
[45].

Some patients with early CRC who undergo endoscopic
resection require additional colectomy with lymph node
dissection, because about 10% of patients with T1 CRC
have lymph node metastases [47]. Indications for additional
surgery in patients with T1 tumors include (1) depth of sub-
mucosal invasion ≥ 1000 𝜇m, (2) vascular invasion (i.e., lym-
phatic or venous invasion) positive, (3) poorly differentiated
adenocarcinoma, signet-ring cell carcinoma, or mucinous
carcinoma, or (4) grade 2/3 budding at the site of deepest
invasion [47, 48]. To date, there is no consensus regarding
whether additional surgery is really effective and reasonable
for elderly patients who have T1 CRC with such signs as
described above.
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Table 1: Representative studies comparing laparoscopic colectomy and open surgery for elderly CRC patients.

Author (year) Age Hospital stay (days)∗ 𝑃 OS∗∗ 𝑃

Cummings (2012) [31] ≥65 8.3 ± 6.2 versus 10 ± 8.9 <0.001 55.8% versus 50.05% (5 y) 0.095
Mukai (2014) [32] ≥85 14.7 versus 21.7 <0.0001 – –

Vallribera Valls (2014) [33] 75–84 10 versus 14.3 0.001 – –
≥85 11.4 versus 15.4 0.077 – –

Nakamura (2014) [34] ≥85 10 versus 19 <0.0001 – –

Hinoi (2015) [35] ≥80 12 versus 13.0 (colon) <0.001 85.5% versus 81.2% (colon, 3 y) 0.916
19 versus 18 (rectum) 0.990 78.6% versus 70.2% (rectum, 3 y) 0.765

∗Laparoscopic surgery versus open surgery; ∗∗percentage of survival at indicated years in parentheses. y, years; –, not mentioned in the article.

3.2. Laparoscopic Surgery for Elderly Patients with CRC.
Aging is an independent risk factor inmajor digestive surgery
[49]. Laparoscopic surgery forCRCwaswidely adopted in the
late 1990s to 2000s because it was regarded asminimally inva-
sive. However, at first, application for laparoscopic surgery
was limited and sometimes elderly and/or high-risk patients
were excluded just because this surgery required techniques
different from those of open surgery and standardized proce-
dure had not been established. Recent randomized controlled
trials have reported that laparoscopic surgery for CRC has an
equivalent oncological result and better short-term outcomes
compared with open surgery [50–56]. Moreover, analyses
of large databases have found that laparoscopic surgery is
an independent predictor of reduced mortality after CRC
surgery [57–61]. Taken together, these studies emphasize
the benefits of laparoscopic colectomy over open surgery,
including reduced invasiveness, lowermortality rates, shorter
hospital stay, and lower costs, with comparable oncological
outcomes.

Minimally invasive laparoscopic colectomy is therefore
indicated for elderly patients with CRC. Some observational
studies have shown that laparoscopic surgery has better
short-term outcomes than open surgery for elderly patients
with CRC (Table 1) [31–35, 62, 63]. Most of these studies
have reported that postoperative hospital stay is shorter after
laparoscopic than after open surgery, suggesting that laparo-
scopic surgery may reduce surgical complications. Similar to
nonelderly patients, elderly patients should undergo curative
laparoscopic colectomy with D3 lymph node dissection,
when an operation under the general anesthesia is possible
due to a lack of severe comorbidities. Moreover, care should
be taken, especially in elderly patients, to maintain postoper-
ative activities of daily living (ADL) and quality of life (QOL).
In particular, the anus-sparing surgery for low rectal cancer
(i.e., low anterior resection or intersphincteric resection) can
cause the postoperative defecation dysfunction, and so we
need to determine the operative method considering the
preoperative anal function.

4. Chemotherapy for Elderly
Patients with CRC

4.1. General Management of Chemotherapy. Particular atten-
tion is required when planning chemotherapy for elderly
cancer patients, because of reductions in organ function and
preexisting comorbidities. The kidneys and livers are the

most important organs involved in the pharmacokinetics and
pharmacodynamics of chemotherapy agents. For example,
doses of capecitabine and TS-1, both of which are frequently
used to treat CRC, should be reduced or omitted in patients
with renal dysfunction [64, 65], and doses of irinotecan
should be reduced in patients with hepatic dysfunction
[66]. Bevacizumab, an antivascular endothelial growth factor
(VEGF) neutralizing antibody, sometimes causes proteinuria
in a dose-dependent manner, requiring its reduction or
discontinuation [67].

4.2. Adjuvant Chemotherapy (Table 2). Unfortunately, some
patients experience recurrence/metastasis even after com-
plete resection of the primary CRC. The likelihood of recur-
rence after curative resection may be reduced by admin-
istration of adjuvant chemotherapy. A randomized trial
sponsored by the National Cancer Institute reported, in 1990,
that adjuvant therapy with fluorouracil plus levamisole (5-
FU/LEV) reduced recurrence risk by 41% over surgery alone
for patients with stage III (metastatic lymph node-positive)
CRC [68]. Based on the results of this trial and other following
trials, a regimen of 5-FU plus folic acid (leucovorin) (5-
FU/LV) became a standard treatment for stage III CRC [37–
39]. Many randomized controlled trials have tested other
adjuvant chemotherapy regimens. For example, the addition
of oxaliplatin to 5-FU/LV resulted in acceptable tolerance and
a better DFS and/or overall survival (OS) rate in patients with
stage III CRC patients (MOSAIC trial [40, 42] and NSABP
C-07 [41]). Results of the MOSAIC trial, however, found
that elderly patients aged ≥65 years did not benefit from
adding oxaliplatin to 5-FU/LV, suggesting the need for care
in applying the results of these randomized trials to adjuvant
chemotherapy for elderly patients with CRC.

Most of these randomized trials did not include many
elderly patients. For example, the two major trials described
above included only 25 (1%) and 131 (5%) patients aged
≥75 years, respectively [69]. A large cohort study, published
in 2002, of elderly patients aged ≥67 years with stage III
CRC reported a survival benefit of 5-FU-based adjuvant
chemotherapy over surgery alone [70]. Another cohort study
published in 2006 also reported its benefit in patients aged
≥65 years [71]. However, the age predilection of CRC suggests
that patients in their late 60s are not “elderly.” In 2012, Sanoff
et al. reported a cohort study combining four large databases
of patients diagnosed as stage III CRC between 2004 and
2007. A total of 5,489 patients with stage III CRC aged ≥75
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Table 2: Representative studies of adjuvant chemotherapy for stage II and/or stage III CRC.

Author (year) Regimen DFS∗∗ 𝑃 OS∗∗ 𝑃

Moertel (1995) [36] 5-FU/LEV versus none 63% versus 47% (3.5 y) <0.0001 71% versus 55% (3.5 y) 0.0064
Francini (1994) [37] 5-FU/LV versus none 74% versus 59% (5 y) 0.005 79% versus 65% (5 y) 0.0044
IMPACT (1995) [38] 5-FU/LV versus none 71% versus 62% (3 y) <0.0001 83% versus 78% (3 y) 0.018
O’Connell (1997) [39] 5-FU/LV versus none 74% versus 58% (5 y) 0.001 74% versus 63% (5 y) 0.01
André (2004) [40] FL + Oxali versus FL 78% versus 73% (3 y) 0.002 – –
Kuebler (2007) [41] FLOX versus FULV 73% versus 67% (4 y) 0.0034 – –
André (2009) [42] FOLFOX4 versus LV5FU2 66% versus 59% (5 y) 0.005 73% versus 69% (6 y) 0.023
∗∗Percentage of survival at indicated years in parentheses. y, years; –, not mentioned in the article.

years were analyzed using covariate adjusted and propensity
score-matched proportional hazardsmodels. Comparedwith
surgery alone, 5-FU-based adjuvant chemotherapy had sig-
nificant survival benefit, whereas the addition of oxaliplatin
to 5-FU-based chemotherapy provided no significant benefit
over 5-FU alone, although it tended to improve prognosis
[69].

4.3. Chemotherapy for Unresectable CRC. Because of the
discovery of novel drugs, including molecular targeting
reagents, systemic chemotherapy for advanced/metastatic
CRC dramatically has increased median overall survival by
2-3 years these days. However, most of these clinical trials
did not include patients with CRC aged ≥75 years, because
these trials were usually designed for the patients without any
comorbidities. It is uncertain, therefore, whether the results of
these clinical trials can be applicable to elderly patients with
CRC.

A pooled analysis of the safety and efficacy of oxaliplatin
in elderly patients with CRC was reported in 2006 [72].
Although this analysis mixed trials of the FOLFOX4 regimen
as adjuvant, first-line, and second-line settings, it included 614
patients with CRC aged ≥70 years. That analysis found that
the incidence of grade≥3 hematologic toxicities (neutropenia
and thrombocytopenia) was significantly higher in elderly
than in other patients. In contrast, the incidence of other
adverse events, such as neurotoxicity, infection, diarrhea,
nausea/vomiting, and fatigue, and the overall incidence
of grade ≥3 toxicity were not associated with older age.
Moreover, the benefits of FOLFOX over control treatment, as
determined by response rate, progression-free survival (PFS),
DFS, and OS, were not associated with age, suggesting that
oxaliplatin-containing chemotherapy is efficient and safe for
the elderly patients with CRC.

The randomized trial (MRC FOCUS2) was designed for
the elderly and frail CRC patients who needed the reduced
dosage of chemotherapy regimen [73]. In this trial, 42%
(191/459) were aged ≥76 years, and the starting doses were
80% of the standard doses, with discretionary escalation to
full dose after 6 weeks.They identified that adding oxaliplatin
onto a 5-FU-based regimen exhibited some improvement of
PFS, although not statistically significant.

5. Conclusion

Aging is one of the factors we need to take into account
in determining a comprehensive strategy of CRC treatment.

Several studies reported that aging itself was an indepen-
dent prognostic factor in these patients. To date, there is
not enough evidence to develop a standardized treatment
of elderly patients with CRC. A personalized strategy is
required, considering each patient’s comorbidities, perfor-
mance status, and life styles.
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Vihko, “Microsatellite instability: Impact on cancer progression
in proximal and distal colorectal cancers,” European Journal of
Cancer, vol. 35, no. 2, pp. 197–201, 1999.

[19] T. Arai and K. Takubo, “Clinicopathological and molecular
characteristics of gastric and colorectal carcinomas in the
elderly,” Pathology International, vol. 57, no. 6, pp. 303–314, 2007.

[20] V. L. J. Whitehall and B. A. Leggett, “The serrated pathway of
colorectal carcinogenesis,” Current Colorectal Cancer Reports,
vol. 5, no. 2, pp. 75–83, 2009.

[21] J. R. Jass, V. L. J. Whitehall, J. Young, and B. A. Leggett,
“Emerging concepts in colorectal neoplasia,” Gastroenterology,
vol. 123, no. 3, pp. 862–876, 2002.

[22] B. Leggett and V. Whitehall, “Role of the Serrated Pathway in
Colorectal Cancer Pathogenesis,” Gastroenterology, vol. 138, no.
6, pp. 2088–2100, 2010.

[23] J. R. Jass, “Classification of colorectal cancer based on cor-
relation of clinical, morphological and molecular features,”
Histopathology, vol. 50, no. 1, pp. 113–130, 2007.

[24] M. Toyota, N. Ahuja,M. Ohe-Toyota, J. G. Herman, S. B. Baylin,
and J. J. Issa, “CpG island methylator phenotype in colorectal
cancer,” Proceedings of the National Acadamy of Sciences of the
United States of America, vol. 96, no. 15, pp. 8681–8686, 1999.

[25] T. Arai, Y. Esaki, M. Sawabe, N. Honma, K.-I. Nakamura,
and K. Takubo, “Hypermethylation of the hMLH1 promoter
with absent hMLH1 expression in medullary-type poorly dif-
ferentiated colorectal adenocarcinoma in the elderly,” Modern
Pathology, vol. 17, no. 2, pp. 172–179, 2004.
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Ageing, which is associated with a progressive decline and functional deterioration in multiple organ systems, is highly
heterogeneous, both inter- and intraindividually. For this, tailored-made theranostics and optimum patient stratification become
fundamental, when decision-making in elderly patients is considered. In particular, when cancer incidence and cancer-related
mortality and morbidity are taken into account, elderly patient care is a public health concern. In this review, we focus on
oncogeriatrics and highlight current opportunities and challenges with an emphasis on the unmet need of clinically relevant
biomarkers in elderly cancer patients. We performed a literature search on PubMed and Scopus databases for articles published
in English between 2000 and 2017 coupled to text mining and analysis. Considering the top insights, we derived from our literature
analysis that information knowledge needs to turn into knowledge growth in oncogeriatrics towards clinically relevant biomarkers,
cost-effective practices, updated educational schemes for health professionals (in particular, geriatricians and oncologists), and
awareness of ethical issues. We conclude with an interdisciplinary call to omics, geriatricians, oncologists, informatics, and policy-
makers communities that Big Data should be translated into decision-making in the clinic.

1. Introduction

Age-related decline and functional deterioration in multiple
organ systems are heterogeneous both inter- and intrain-
dividually [1] and at times differ from the chronological
age. To add further to this complexity, the mechanisms and
molecular networks involved in the ageing process are still
to be defined. Harman [2] stated that ageing occurs due to
free radicals and radiation chemistry and several others have
further supported this theory, according to which reactive
oxygen species is the major determinant of lifespan, with an
emphasis on protein oxidation [3] or mitochondria [4]. It
has been also commonly assumed that growth and ageing
share a common molecular mechanism, being the evolu-
tionary conserved TOR (target of rapamycin) pathway [5].
To many, the oxidation-inflammation theory (“oxi-inflamm-
ageing”) dominates, providing answers to the how (oxida-
tion), where first (mitochondria of differentiated cells), and

why (pleiotropic genes) this process occurs [6]. According
to this integrative theory, the involvement of the immune
system in “oxi-inflamm-ageing” is of paramount importance,
since (i) the redox state relates to the functional capacity
of immune cells and (ii) “immunosenescence” describes
the age-associated failing systemic immunity [6, 7]. Others
focus solely on “inflamm-ageing,” a chronic state of low-
grade inflammation [8–10], “immunosenescence” [11, 12], or
dysfunctional telomeres [13–15].

Taken together, the aforementioned theories and terms
are often used to describe why cancer, infection, and autoim-
mune disease incidences all increase with age [16]. Another
topic of debate refers to the age at which a patient is “elderly,”
as it seems there is a lack of consensus across specialties and
governing bodies [17, 18]. Thus, even though the generally
accepted definition of elderly is that of being older than 65
years, many argue it should be older than 75 years, if the

Hindawi
BioMed Research International
Volume 2018, Article ID 3793154, 7 pages
https://doi.org/10.1155/2018/3793154

http://orcid.org/0000-0002-6263-4231
https://doi.org/10.1155/2018/3793154


2 BioMed Research International

Delayed diagnosis Larger tumor burden Disease complications

Comorbidities Disease complications

Depression Lower physical activity
Sleep problems
Severe fatigue

Disability
Social isolation
Undertreatment

Malnutrition Treatment toxicity
Social isolation

Poor cancer prognosisAg
ein

g

Figure 1: Cancer care in the elderly is of paramount importance as ageing itself is considered as the most important risk factor for cancer
development and poor prognosis. Indeed, ageing has been associated with delayed diagnosis, comorbidities, depression, malnutrition, and,
notably, undertreatment.

physiologic and pharmacologic changes that occur around
that time are to be taken into account [19, 20].

Whatever the mechanism(s) and network(s) underlying
the ageing process may be or the criteria according to which a
patient is defined as “elderly,” ageing itself is considered as the
most important risk factor for cancer development and poor
prognosis (Figure 1). To this extent, data from the National
Cancer Institute Surveillance Epidemiology and End Results
program reveals that the median age at diagnosis across all
cancer types is 66 years, with more than 25% of new cancer
cases being diagnosed in patients aged 65 to 74 years, 19%
in those aged 75 to 84 years, and 8% in those older than
84 years (https://seer.cancer.gov/statfacts/html/all.html). As
human population ages, an increasing cancer incidence is
anticipated. If optimum cancer treatment is to be employed,
then the life expectancy of cancer patients will be also greater.

As it becomes apparent, comprehensive geriatric assess-
ment (CGA), being a biological assessment, still needs
easily accessible biomarkers to predict the decline or loss
of functional reserve. Such biomarkers should also enable
their monitoring through various endpoints, such as overall
survival or functional disability [21]. Especially for oncoge-
riatrics, clinically relevant biomarkers should (i) provide an
accurate estimate of the general health status and disease-free
or overall survival of patients, being independent of cancer-
specific prognosis, (ii) evaluate the impact of comorbidities,
and (iii) predict any treatment-related toxicities to inform
decision-making towards optimum disease management.
Today, decision-making is largely based on benefit/risk ratios
and an assessment of the general health status of patients
via the application of several algorithms [1] or in the context
of adjuvant treatments survival estimates are derived from
clinical scores [22, 23].

Herein, we performed a literature search on PubMed and
Scopus databases for articles published in English between
2000 and 2017 coupled to text mining and analysis. We
used MeSH and search terms (indicatively, “precision oncol-
ogy”, “precision medicine”, “oncogeriatrics”, “biomarkers”
and “theranostics”). Such terms were applied to “keyword,”
“title,” and “abstract.” Our search strategy consisted of

four phases (identification, screening, eligibility, and final
inclusion) and has been further supported by HiPub [24]
and FuseMind (https://fusemind.org). Our literature and text
mining analyses highlight that information knowledge needs
to turn into knowledge growth in oncogeriatrics. Considering
that ageing is a rather complex trait, system-level multiomics
strategies may unravel the complexity of oncogeriatrics and
guide decision-making in geriatric oncology.

2. Candidate Biomarkers in Oncogeriatrics

2.1. Ageing Biomarkers. Ageing has a major impact on
mitotically inactive organ systems (brain, heart) or their
counterparts with high rates of cell turnover (haemopoietic
and epithelial tissues) [25]. Thus, someone would expect
that such organ systems offer a great repertoire of candi-
date ageing biomarkers. To name a few, the ageing of the
hematopoietic system, which is one of the most studied
and best characterized systems due to tissue accessibility
by peripheral blood sampling, is marked by decrease in
lymphopoiesis (often referred to by “immunosenescence”
[11]) and a relative increase of myelopoiesis, possibly because
of a selective depletion of lymphoid competent hematopoi-
etic stem cells [12, 26]. Furthermore, the ageing associated
decline in lymphopoiesis has been linked to dysfunctional
telomeres. Dysfunctional telomeres not only are fundamental
markers of cellular ageing, but also can induce inflamma-
tory signals impairing lymphopoiesis [13–15, 25]. In the
context of “inflamm-ageing,” several inflammation markers
are detected in peripheral blood, whose increasing levels
indicate the interplay of chronic inflammation and human
ageing [27], an interplay which has been also described
as being disturbed between autophagy and inflammasomes
[28]. Indicatively, chronic high levels of C-reactive pro-
tein (CRP), tumor necrosis factor-alpha (TNF-alpha), and
interleukin-6 (IL-6) levels have been shown to correlate with
functional decline and survival [29]. Notably, the aforemen-
tioned markers depend on both ageing and inflammation,
the latter being a pathobiological status. Questioning further
their clinical relevance, Salvioli et al. [30] reappraised the

https://seer.cancer.gov/statfacts/html/all.html
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Figure 2: Oncogeriatrics holds the promise of informing decision-making in the clinic for the elderly cancer patients. In such a context, CGA
(by geriatricians) coupled to disease assessment (by oncologists) will result in radical or palliative treatment strategies and, next, benefit/risk
ratios (on the basis of efficacy/toxicity data) will guide decision-making. The role of clinically relevant ageing biomarkers is fundamental in
every step of the decision-making process.

concept of “inflamm-ageing,” implying that its pathological
consequences can be independent of proinflammatory medi-
ators and hence it is rather associated with the tissue and
cell type in question. Monti et al. [31] presented an updated
version of “inflamm-ageing” focused on glycomics that fully
agrees with the extensive complexity that accompanies the
interplay of “inflamm-ageing” and human longevity.

2.2. Clinically Relevant Ageing Biomarkers. For clinically
relevant ageing biomarkers to suffice for optimum decision-
making and tailored-made theranostics in oncogeriatrics,
they should (i) provide an accurate estimate of the general
health status and disease-free or overall survival of patients,
being independent of cancer-specific prognosis, (ii) evaluate
the impact of comorbidities, and (iii) predict any treatment-
related toxicities to inform decision-making towards opti-
mum disease management (Figure 2). The ageing process
not only affects cancer strategies and patient stratification
in light of related toxicities and theranostics’ inefficacy, but
also may be also affected by the disease state itself. An
increasing amount of data indicates that the accumulation
of damaged cells may influence the rate of ageing as well
as the development of ageing associated diseases in cancer
patients, as the general health status of cancer survivors
is compromised when compared to that of the general
population [39–41].

Table 1 summarizes candidate biomarkers in oncogeri-
atrics and points out as primary interest (i) DNA dam-
age (upstream) markers, (ii) DNA damage induced alter-
ations in tissue composition (e.g., immune system), (iii)
the induction of cell senescence, (iv) senescent-associated
secretory alterations, and (v) telomere dysfunction. Yet, age-
related alterations that are central to cancer development and
hence may serve as clinically relevant biomarkers are highly
complex and as such they remain an area of active study.
Other key contributing factors include somatic mutational

load and epigenetic regulation as well as a changing stromal
environment [16, 42].

Since the ability of the elderly patients to tolerate
treatment and the overall benefit/risk ratio are important
parameters to be taken into account in decision-making
in oncogeriatrics, clinically relevant biomarkers are also
needed to assess risk factors and predict efficacy/toxicity
upon xenobiotic administration. Current data are scarce,
since specific efficacy and safety data by age in clinical trials
are extremely limited. The case of candidate biomarkers
of response when elderly cancer patients are treated with
immunotherapy strategies serves as a paradigm. Indeed,
Meucci et al. have explored a head and neck squamous cell
carcinoma cohort of the Cancer Genome Atlas and reported
age-dependent differences in mutational backgrounds of
tumors with four specific enriched pathways (namely, “axon
guidance,” “focal adhesion,” “ECM-receptor interaction,”
and “Notch signalling”) that were only sporadically mutated
in the other age groups [43].

Even though such findings would suggest that older
patients should be more likely to respond to immune check-
point blockade, this has not been documented clearly in
clinical trials to date [16]. Talarico et al. [44] analysed for the
first time the age-related enrolment of cancer patients onto
registration trials of either new drugs or indications approved
by the US Food and Drug Administration (1995–2002), con-
cluding that elderly cancer patients were underrepresented
(the percentages of study patients aged ≥65, 70, and 75 years
were comparedwith the corresponding percentages in theUS
cancer population for the treatment of leukaemia, lymphoma,
and cancers of the breast, lung, colon or rectum, ovary,
pancreas, and central nervous system).

Earlier this year, Bailur et al. [45] conducted the first clin-
ical study to identify biological and clinical ageing biomark-
ers in elderly breast cancer patients receiving chemother-
apy, integrating geriatric assessment data to blood-based
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Table 1: Candidate disease biomarkers in oncogeriatrics.

Biological process Candidate disease biomarkers Refs
DNA damage (upstream) Gamma-H2AX, 53BP1, MDC1 [21, 32]
DNA damage induced alterations in
tissue composition
(e.g., immune system)

Decreased production of näıve lymphocytes with
a concomitant increase of myeloid cell lineages [16, 21, 32]

Senescence induction p21, p16, and SA-beta-GAL [21, 33]
Senescence-associated secretory
alterations G-SCF, IL-6, IL-8, GRO (a, b, g), IL-7, ICAM-1 [21, 32, 34, 35]

Telomere dysfunction
Telomere shortening, altered expression of

proteins of the shelterin, anaphase bridges, and
chromosomal imbalances

[21, 36–38]

candidate biomarkers (leukocyte telomere length, plasma
cytokines, and growth factors), circulatingmicroRNAs (miR-
NAs), and immune (cytomegalovirus serostatus, circulating
immune cell populations) measurements. Notably, alter-
ations in immune profiles over time were obtained coupled
to specific circulating leukocyte populations measured prior
to therapy (elevated CD4+ T effector memory reexpressing
CD45RA cells and relatively lower CD8+ central memory
cells at 3 months, with normalized levels after 12 months)
and biomarkers of ageing, including telomere length and
blood cytokines, and clinical frailty scored by the LOFS
(Leuven Oncogeriatric Frailty Score) [46] and G8 screening
tool [47]. An interesting finding is that none of the immune
populations studied correlated with chronological age, while
immune profiles prior to therapy predicted unexpected
hospitalizations in patients receiving chemotherapy. As the
authors point out, however, this study was exploratory and
thus no power calculations were performed or correction
for multiple testing for a large number of the statistical tests
performed.

In particular for circulating miRNAs, when Hatse et al.
[48] determinedmiRNA expression levels (175 plasma/serum
miRNAs) in elderly breast cancer patients (𝑛 = 10) upon
chemotherapy administration to identify “ageing miRNAs”
for monitoring the impact of the therapeutic approach on
their biological age, the age-associated miRNAs did not show
differential expression between fit/healthy and nonfit/frail
subjects within the elderly breast cancer cohort of the vali-
dation study (𝑛 = 10 fit and 𝑛 = 10 frail patients).

3. From Precision Oncology to Geriatric
Oncology (Oncogeriatrics)

Precision oncology holds the promise of more-effective, less-
toxic tailored-made theranostics as well as optimum patient
stratification therapies on the basis of genomic, molecular,
or related characteristics of cancers that can shape treatment
or elucidate prognosis [49]. Experiencing the Big Data
era, notwithstanding, such information growth needs to be
curated, disseminated, and translated into knowledge growth
for the medical oncologist to provide precision oncology and
value-based care to cancer patients.

For the elderly patients with cancer, geriatric oncology
holds such promise, as it is well established that cancer is

a disease state that peaks after 60 years of age and human
populations are inevitably ageing. Indeed, cancer-related
mortality and morbidity in the elderly are a public health
concern [50]. Yet, the routine CGA for the management
of elderly patients with cancer still calls upon the skills
of both oncologists and geriatricians, as the former should
not perform geriatric assessments themselves, nor should
geriatricians recommend cancer treatment strategies [51]. For
this, medical students and health professionals need to be
educated.

Even though the progress in the understanding of human
biology has been tremendous, the mechanisms and networks
driving ageing remain largely unresolved and at the same
time geriatric patients are a highly heterogeneous group
for which ageing related alterations cannot be delineated
on the basis of chronological age alone. In this context,
optimumpatient care becomes rather challenging, evenwhen
CGA is considered, as it is a time-consuming staff-intensive
procedure. Therefore, user-friendly cost-effective tools are
critical in everyday clinical practice. Spyropoulou et al. [52]
explored the use of the Vulnerable Elders Survey-13 (VES-13)
score [53] as an accurate predictive tool towards optimum
patient stratification, assessing the vulnerability of elderly
patients with cancer and planning radiotherapy in a case-
specific manner. The authors demonstrated for the first
time that patients with higher VES-13 scores were highly
likely not to complete radiotherapy and such an association
was found to be independent of confounding factors (age,
sex, comorbidities, toxicity, and type of radiotherapy). Such
tools can be further empowered by web-based informatics
interfaces, ideally coupled to electronic health records that
could be also transferable to different clinical settings.

Exploring further approaches to address the complexity
and challenges in managing elderly patients with cancer,
clinicians need to be introduced to and use CGA omics
data. To structure medical decisions in face of uncertainty,
information needs to be translated into clinically relevant
knowledge and this is the exact advantage that CGA omics
data offer, especially if coupled to user-friendly informatics.
Recently, clinical cases have served as paradigms to show
the interoperability of an algorithm for optimum decision-
making in elderly patients with cancer, focusing on the
assessment of (i) cancer-free life expectancy, (ii) cancer-
related risks on patient survival, function, or quality of life,
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and (iii) treatment-related risks and benefits [54]. Notably
and as it has been recently showed by a systematic review
of systematic reviews with a focus on the use of CGA tools
to predict adverse postoperative outcomes [55], different
clinical settings present a range of demands and needs, when
daily clinical practice is taken into account. For this, CGA
omics data may serve as the knowledge platform to tailor
a transferable geriatric assessment across various clinical
settings and practices. CGA omics data are Big Data and if
stringent criteria are employed, robustness and feasibility can
be supported. In this context and if companion theranostics
are considered, disease and response/toxicity biomarker dis-
covery and validation are crucial. Today, clinically relevant
ageing biomarkers remain a matter of debate, as neither
cross-sectional nor longitudinal studies could emerge any
biomarkers usable in clinical studies on ageing [21, 56]. Once
again, Big Data coupled to evidence-based stringent criteria
and informatics may pave the way to informed biomarker
discovery and validation.

There is no doubt that clinical trials with larger accrual of
cancer patients, and elderly patients in particular, are critical
for the assessment of the efficacy and safety of theranostics.
Elderly patients are still underrepresented in clinical trials,
rendering evidence-based decision-making for the elderly
patients challenging. Interestingly, there are race-, sex-, and
age-based disparities to be considered, which remain amatter
of debate regarding participation in cancer clinical trials [57,
58]. Furthermore, a consensus should be reached regarding
the definition of a patient/individual as “elderly” [17, 18].

In terms of general health policies, cost-effective oncoge-
riatric practices need to be demonstrated, along with the
evidence that if the adequate cancer care strategy with the
help of geriatric assessment is chosen, then positive outcomes
withminimal toxicity are to be obtained for the elderly cancer
patients deemed fit for treatment. At this point, ethical issues
arise, especially when frail patients are considered, since it
is deemed best for them to undergo best supportive care
rather than radical therapy [59]. Furthermore, in the current
antiageism era, we must consider the putative harmful con-
sequences of the use of ageing biomarkers [21].

4. Conclusions

As the human population increases and ages with time,
tailored-made theranostics for the elderly become of
paramount importance. When cancer incidence is consid-
ered, cancer-related mortality and morbidity in the elderly
become an immediate public health concern. Clinically
ageing biomarkers could become a quantitative, reproducible,
and quick help for decision-making in the clinic. Even though
data are still sparse and the current challenges are many,
oncogeriatrics holds the promise of more-effective, less-toxic
tailored-made theranostics as well as optimum patient
stratification therapies on the basis of genomic, molecular,
or related characteristics of cancers that can shape treatment
or elucidate prognosis in the elderly. In such a context,
clinicians need to be introduced to and use CGA omics data
coupled to user-friendly informatics.
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3Polo Scienze Oncologiche ed Ematologiche, Università Cattolica del Sacro Cuore,
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This review examines the role of interventional radiotherapy (IRT otherwise known as brachytherapy) in cancer treatment for
elderly patients. Despite their advanced age and associated comorbidities, elderly patients should receive definitive cancer therapies,
including surgery and radiotherapy (RT). In fact, RT becomes first-line option for patients who are not eligible for surgery (due to
comorbidities, anticoagulant drugs, and risk of disfigurement) or those who refuse it. It emerged from this review of the literature
as effective, simple, safe, and comfortable and was associated with good local control, low toxicity rates, and excellent cosmesis and
provided a cost benefit. IRT may be used as sole treatment for small cancers or as a useful adjunct to surgery or external beam
radiotherapy (EBRT) in more advanced (or lymph node positive) cases, especially when the aim is local control with adequate
preservation of normal tissue function. As palliative treatment, IRT preserves quality of life and/or improves survival. It is to be
hoped that this review will serve as a helpful guide for members of multidisciplinary teams that are involved in treating elderly
patients with cancer.

1. Introduction

The National Institute on Aging described aging in our soci-
ety as a “silver tsunami for which we are unprepared.” Being
a complex multidimensional, dynamic process deriving from
interactions among a range of environmental and genetic
factors, aging leads to loss of functional reserve and organ
system susceptibility to gradual deterioration, that is, “frailty”
[1–3]. Since over 50% of tumors are currently diagnosed in
patients aged 65 years or more and the rate is expected to rise
to 70% by 2030, the management of elderly cancer patients is

a major issue for health authorities.This is particularly worth
noting since they constitute a heterogeneous group due to
differences in lesion locations, multimorbidities, physical or
functional performance status, social support, and physiolog-
ical age-related changes, which may make surgery, which is
often the first-line option for many cancers, not feasible in
this advanced age group [4].

When assessing the elderly and adapting treatment to
them, clinicians should focus on identifying frail or prefrail
patients as age-related status determines their ability to
tolerate and comply with treatment, their survival, and
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Table 1: Comparison of different radiotherapy techniques regarding local dose application potentials.

CK IMRT IGRT IRT
Target definition Worse∗ Worse∗ Worse∗ Better
Interfraction movements Better Worse Better Better
Intrafraction movements Better Better (4D) Better (4D) Better
Target dose painting Better Better (4D) Better (4D) Better
Low dose volumes Worse Worse Worse Better
OAR’s dose Better Worse Worse Better
Invasivity Better Better Better Worse
Smallest reasonable CTV 0.5 cm3 >2 cm3 >2 cm3 0.5 cm3

CK = cyberknife; IMRT = Intensity Modulated Radiotherapy; IGRT = Image Guided Radiotherapy; IRT = interventional radiotherapy (brachytherapy); CTV
= Clinical Target Volume;Worse∗ = turns into “better” if image fusion is used for treatment planning; 4D = four-dimensional external beam radiotherapy.

quality of life [5, 6]. These factors may also be associated
with delayed diagnosis and in fact a significant relationship
emerged between age and disease stage at diagnosis in
different tumor sites [7]. On the other hand, the biological
aggressiveness of tumors in aged patients also seems to vary
with the individual’s age, being lower for some histolog-
ical types in older patients [8–10]. Indeed, some clinical
studies concluded that, for selected patients, the age factor
does not decrease tolerance to more aggressive treatments
[11–13].

Even though RT indications in elderly cancer patients
have long been debated, at present age alone no longer con-
stitutes a counter-indication and if the aim of radiotherapy is
curative, there is no age-related indication for a dose reduc-
tion [14, 15]. The modern consensus is that elderly cancer
patients should receive RT, if their performance status is
adequate and the extent and severity of comorbidities do not
preclude it.

Consequently, RT is often treatment of choice for the
aged, and IRT, which was less likely to be delivered for pa-
tients ≥80 years, may be considered competitive, when com-
pared with other radiotherapy modalities or cancer treat-
ments [16]. The American Brachytherapy Society (ABS)
recently published a consensus statement that provides
detailed technical guidance for IRT for medically inoperable
cancer [2], with emphasis on IRT with or without EBRT for
most patients. The Radiotherapy Task Force of the Inter-
national Society for Geriatric Oncology (SIOG) provided
recommendations for RT in elderly patients without focusing
on IRT, which offers several advantages over external beam
techniques [17]. Even though IRT delivery often requires
anesthesia, particularly in perioperative or interstitial set-
tings, treatment times are shorter, less normal tissue is irra-
diated, and gating techniques are not needed to counteract
patient movement. Local dose applications using different
radiotherapy techniques are compared in Table 1.The follow-
ing review focuses on IRT applications in this growing cohort
of elderly patients and summarizes the evidence for offering it
to them, considering that IRT was associated with acceptable
toxicity rates in the elderly and that some types of acute
side effects are observed more frequently in younger patients
[18].

2. Material and Methods

On 12 April and 17 July 2017, MEDLINE searches with
“brachytherapy” and “elderly” as key words were performed
in the Knowledge Finder� and Scopus� databases for the years
2012–2017. Knowledge Finder yielded 24 publications, 13 of
whichwere relevant. Scopus provided 387 reports, 26 ofwhich
were relevant. Pertinent reports encompassed the following
categories: general (𝑛 = 3), anal and rectum (𝑛 = 4), bile duct
(𝑛 = 2), uterine cervix (𝑛 = 2), uterine corpus (𝑛 = 1), vaginal
and vulvar (𝑛 = 1), head and neck (𝑛 = 6), esophagus (𝑛 = 1),
lung (𝑛 = 1), prostate (𝑛 = 4), skin (𝑛 = 2), and breast (𝑛 = 2)
respectively. All reports were studied and analyzed.

3. Results and Discussion

IRT is used alone or as a boost to external beam RT (depend-
ing on tumor site and the patient’s condition) [19, 20]. IRT
alone is associated with excellent outcomes as local control,
patient survival rates, cosmetic results, and the incidence
and severity of side effects did not differ in the aged and
in younger populations [21–25]. Although the combination
therapy (EBRT + IRT) is associated with the highest overall
survival (OS) rate, nearly 40%of patients do not receive either
surgery or radiotherapy and are treatedwith systemic therapy
alone (e.g., endocrine therapy). The incidence of late toxicity
ranged from 0% to 21%. After high dose-rate- (HDR-) IRT
alone or in combination with EBRT, Disease Specific Survival
(DSS) and low complication rates, with no grade 3 or higher
acute toxicities, were similar in patients aged 75–92 years
(median 83 years) and other EBRT studies [26].

3.1. Anal and Rectal Cancer. Because of potential complica-
tions or poor organ function, patients aged 70 years or more
are not usually considered as suitable candidates for surgery
or radiochemotherapy. Although they were often treated
with palliative RT, they might benefit from a more radi-
cal approach using RT alone [27]. Promising results were
achieved with contact X-ray RT, which delivers high doses to
the tumor surface, in combination with EBRT in inoperable
patients [28–31]. An alternative to contact X-ray for inop-
erable patients is HDR endorectal IRT [32, 33] which was
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assessed in association with EBRT in a few retrospective
studies [34, 35]. No agreement emerged on the optimal
dose, toxicity profile, or treatment schedules. Despite these
limitations, all studies reported a response rate of almost
90%, with approximately 60% complete remission (CR) and a
good local progression-free survival rate (L-PFS) in complete
responders [28–33, 36]. IRT alone or as a boost to EBRT
(+/− chemotherapy) also provided excellent results [37–39].
Furthermore, the toxicity rate was acceptable in all reports
and anal function was preserved. The latter parameter is one
of the major objectives of anal and rectal cancer therapy
because colostomy is amajor impairment to quality of life and
should always be avoided, if possible.

3.2. Bile Duct Cancer. As extrahepatic biliary carcinoma
(EBC) is rare, accounting for about 2–6% of all cancer [40],
few data can be extrapolated as referring specifically to the
aging population.

Although endoscopic stenting is first-line palliative ther-
apy, stent occlusions rates of 30–45% were reported, as pal-
liative treatment EBRT alone prolongs survival and reduces
symptoms but only with major local dose escalation which is,
unfortunately, limited by the tolerance of critical organs like
the liver, kidneys, and small bowel.

Intraluminal IRT (ILIRT), an optimal technique for deliv-
ering a high dose to a well-defined small volume and the
shortest possible treatment time, has the further advantage
of respecting the dose constraints of organs at risk. In a
retrospective comparison of 30 patients treated with self-
expandingmetallic stent (SEMS) + ILIRT versus SEMS alone,
Karani et al. reported the combined approach was associated
with longer prolongation of biliary patency and up to 16.8
months longer mean OS [41]. Válek et al. randomized 42
patients to either palliative stent placement or stent placement
with ILIRT followed by EBRT, reporting that OS was signifi-
cantly increased in patients who received ILIRT [42]. OS rates
at 6, 12, and 18 months after SEMS + ILIRT in 18 patients
with nonmetastatic extrahepatic biliary cancer (median age
79 years, range 61–86) were 77%, 59%, and 37%, respectively.
Only one patient developed G3 gastrointestinal toxicity [43].

Consequently, we agree that bile duct ILIRT should be
treatment of choice in some cases, depending on lesion
location [40] because it plays a limited, but specific role,
in curing early disease, has a place in the postoperative
treatment of small residual disease, and is useful as palliative
therapy.

3.3. Gynecological Cancer

3.3.1. CervixCancer. Although radiochemotherapy including
IRT is standard treatment for locally advanced or inoperable
cervical cancer, data are based on studies with the majority of
the patients under 70 years [44, 45] and few data are available
about treatments, toxicities, and outcomes in elderly women.
The National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) database contains data on 28902
patients with cervical cancer but only 13.5% were ≥70 years
old. Elderly women usually suffered from squamous cell
tumors, G3, and advanced stage disease [6] and were treated

differently from younger patients [46–49]. After surgery for
early stage disease, elderly patients were less likely to receive
curative or adjuvant radiotherapy, even when there was an
indication. For example, 20% aged 70–79 years and 40% aged
>80 years did not receive IRT [50].

Lin et al. recruited 126 patients with cervical cancer
(median age 81.5 years; range 75–98) who underwent curative
(81 received definitive RT, 10 adjuvant RT) or palliative
RT [51]. Overall, 3- and 5-year OS rates were, respectively,
52.7% (95% CI, 43–61) and 41.2% (95% CI, 32–49), while
Recurrence-Free Survival (RFS) rates were 62.88% (95%
CI 53–70) and 59.51% (95% CI, 49–67), respectively. In 91
patients who received curative RT, 3- and 5-year OS rates
were, respectively, 66.63% (95% CI, 55–75) and 54.48% (95%
CI, 43–64), while RFS rates were 75.86% (95% CI, 65–83)
and 71.57% (95% CI, 60–80), respectively. G3 gastrointestinal
toxicity was observed in 7% of patients. No G3 bladder and
vaginal toxicity was reported.

In underlining the importance of individualized treat-
ment, Chen et al. [52] included IRT in the treatment regimen
of elderly patients with cervical cancer. Adapting the IRT
schedule to the patient’s general condition ensures the short-
est possible total treatment time. In comparing outcomes in
the 70 and 80 age groups, Yanazume et al. stated that
incomplete intracavitary IRT significantly decreased survival
rates [53].

3.3.2. Endometrial Cancer. It occursmainly in elderly women
with a median age of 68 years at diagnosis who usually pre-
sented with unfavorable prognostic factors like nonendome-
trial histology, advanced stage, G3, and more aggressive
immunological characteristics [54–57]. They have a higher
recurrence rate and cancer-specific mortality than younger
women and are often undertreated [58–60]. Lymphadenec-
tomy, RT, and systemic treatment are less likely to be admin-
istered to older women [57, 61–63]. Lymphadenectomy was
not recommended for 58.2% of patients aged 71–80 years
versus 30.8% of those aged ≥81 years, respectively. RT was
not recommended for 76.6% versus 51% of cases and systemic
therapy was not recommended for 58.6% versus 25% [64].
Elderly patients did not have more perioperative complica-
tions than younger patients but it should be borne in mind
that laparoscopy was associated with less morbidity than
laparotomy in terms of sedation time, blood loss, and periop-
erative complications [65–68]. After surgery, pelvic/vaginal
relapse rates were higher in patients who did not receive
adjuvant RT [69].

RT provided good local control and low toxicity and
improves OS, particularly when EBRT was combined with
IRT [70]. Indeed, 10-year DSS andOS rates were, respectively,
75.1% and 30.2%, in 228 patients with stage I endometrial
cancer who were treated with IRT alone [71]. Furthermore,
the American Brachytherapy Society published a consensus
statement with emphasis on IRT with or without EBRT for
inoperable endometrial cancer. They recommended IRT
alone for inoperable, clinical stage I endometrial cancer when
there was no MRI evidence of lymph node involvement or
deep myometrium invasion [72]. Decision-making, however,
needs to balance risk factors and the patient’s health status,
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independently of age. In assessing the impact of adjuvant
radiotherapy (EBRT +/− IRT) in terms of feasibility and
activity in women aged ≥75 years, Fiorica et al. observed
survival was significantly better in patients with no, or only
mild, comorbidities and concluded that aggressive treatment
risked shortening life expectancy in patients with severe
comorbidities [73]. Indeed, the right treatment schedule for
them could well be conservative surgery combined with
postoperative intravaginal IRT.

3.3.3. Vulva and Primary Vagina Cancer. The rare vaginal
and vulvar cancer account for only 4% of gynecological
malignancies. Known risk factors are age, smoking, human
papilloma virus, or human immunodeficiency virus infection
as well as other genital cancers. The average age at diagnosis
of invasive vulvar cancer is 70 years and 50% of vaginal
cancers occur in women aged ≥70 years [72]. Since most
elderly patients havemultiple comorbidities that often restrict
treatment options [74], locally advanced or recurrent vulvar
cancer may become a serious treatment issue.

IRT as monotherapy or in association with EBRT [75–83]
can exert local control in themajority of patients with accept-
able morbidity rates. Results with multimodality treatment
variedwith cancer stage: 86%of patients with stage I/II vulvar
cancer achieved DFS at 5 years, which dropped to 54% for
stage III/IVA and 16% for stage IVB [84]. In vaginal cancer 5-
year DFS rates were, respectively, 80–90%, 35–78%, 30–59%,
and 0–58% for stages I, II, III, and IV. After interstitial IRT,
patients exhibited milder but similar rates of late mucosal
reactions and more severe stenosis than after intracavitary
IRT [85].

3.4. Head and Neck Cancer. IRT offers excellent long-term
results as local treatment of head and neck (H&N) cancers
[86] in “elderly patients” with the cut-off being usually set
at age 65 years [87]. Even though advanced age usually
precludes elective neck surgery or RT, it should be considered
for locally advanced N0 cases. If even node dissection is not
performed the relapse risk rises to over 20% [88].

Performance status is the major factor in treatment
tolerance, followed by tumor stage, anatomic site, and oral
hygiene status. Even though surgery is first-line treatment of
choice if the tumor is resectable, a satisfactory surgicalmargin
may be associated with significant loss of function and/or
cosmetic compromises, which could potentially be overcome
by combining surgery with perioperative IRT [89]. In fact,
in resected H&N cancer, the complication rates, locoregional
failure, and disease-free survival were similar to limited-
volume perioperativeHDR-IRT andwide-field EBRT, despite
a much smaller treatment volume. Careful delineation of the
areas at high risk of recurrence may provide a useful basis for
volume reduction and improve the therapeutic ratio [90].

After IRT treatments for primary irradiated oral cavity
and oropharynx cancers, Yuasa-Nakagawa et al. reportedDSS
andOS rates of 63% and 49%, respectively [91]. No significant
differences emerged in 2- and 5-year local control rates of
node negative tongue cancer when very elderly (≥80 years)
patients were compared with younger counterparts (91%
versus 82%). The included intercurrent deaths OS rates were

55% at 2 years and 34% at 5 years [92]. On the other hand,
7 years after IRT for tongue cancer Khalilur et al. observed
70% DSS rates in patients ≥80 years compared with 41% in
the cohort ≤80 [93]. HDR-IRT provided excellent results in
a large cohort of patients with lip cancer, as local control
rates were 100% in T1, 93.9% in T2, and 80% in T4 cancers.
Unfortunately no information was available on age-related
outcomes in this study [94].

Outcomes varied after nasopharyngeal cancer treatment
in the elderly compared with the general adult population.
Zhang et al. reported that EBRT +/− IRT boost might inher-
ently predict poor outcomes in elderly patients, as the cure
rate correlated strongly with the applied dose. Unfortunately,
the cohort size precluded comparing different boost methods
at the same dose levels [95].

3.5. Esophagus Cancer. Although esophagus cancer occurs
in 19.6% of patients aged ≥75 years [96, 97], elderly patients
underwent less surgery, radiotherapy, and chemotherapy
than younger cohorts. Patient’s age, lymph node-status, and
radiation dose determine the optimal individualized treat-
ment for the elderly.The RTOG 8501 study showed platinum-
based chemotherapy plus EBRT benefited OS more than
EBRT alone. EBRT + IRT provided good outcomes in locally
advanced esophageal squamous cell cancer [98]. In a retro-
spective cohort study of 191 patients (median age 75 years,
range 70–84), Li et al. reported 1-, 2-, 3-, and 5-year OS rates
of 68.5%, 48.2%, 40.3%, and 28.7%, respectively [99] with 1-
, 2-, 3-, and 5-year rates for locoregional control of 82.2%,
67%, 61.8%, and 54.2%, respectively. EBRT + IRT appeared
to be efficacious, with acceptable toxicity levels as there were
no perforations, 33.5% G2 esophagitis, 2.6% fistula, and 7.9%
massive bleeding. HDR-IRT alone or in combination with
EBRT is also excellent for palliation of pain, dysphagia, or
obstruction. After randomizing 41 patients to receive SEMS
placement followed by HDR-IRT or HDR-IRT alone, Amdal
et al. concluded that combination treatment with SEMS and
HDR-IRT may be indicated for patients needing immediate
dysphagia relief, while HDR-IRT alone may be indicated for
less urgent cases as it was associated with a lower rate of
complications [100].

3.6. Lung Cancer. IRT may be applied as a curative/palliative
monotherapy in elderly patients with lung cancer. ILIRT is
optimal for treating intraluminal obstruction due to tumor
infiltration which is one of the major symptoms of lung
cancer andmay be combinedwith stenting and/or laser resec-
tion. It is rarely used intraoperatively after wedge resection
with either implantation of plastic tube applicators for HDR-
IRT or low dose-rate (LDR) isotopes. Response rates of
97% for hemoptysis, 93% for dyspnea, 91% for obstructive
pneumonia, and 82% for cough were reported, respectively
[101]. McKenna et al. reported on the combination of wedge
resection and interstitial perioperative IRT in 48 patientswith
poor pulmonary function who underwent wedge resection,
node dissection, and HDR-IRT with a dose of 7x 3.5 Gy in
4 treatment days. After a 13.5-month follow-up, three local
recurrences were observed [102]. Santos et al. compared
wedge resection versus wedge resection and intraoperative
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I-125 seed implantation in cohorts of 101 and 102 stage I
non-small-cell lung cancer (NSCLC) cases. No significant
differences emerged in morbidity, mortality, and survival but
the implanted group had significantly fewer local recurrences
(2% versus 19%, 𝑝 = 0.0001) [103]. Furthermore, after one
cycle of first-line chemotherapy and CT guided I-125 seed
implantation in locally advancedNSCLC, Song et al. reported
survival and quality of life were significantly better than with
best supportive care [104].

Combining EBRT + ILIRT, however, seems to be mean-
ingful only if large, intraluminal tumors remain after com-
pleting EBRT. In a meta-analysis of 13 randomized trials,
EBRT + ILIRT did not improve symptom control or OS com-
pared with EBRT alone [105]. Similarly, a meta-analysis of 29
trials of endobronchial IRT + EBRT in NSCLC found it to be
more effective for symptom relief than EBRT alone [106].

3.7. Prostate Cancer. Because of the rise in the aging popula-
tion, interest is currently focusing on the increased incidence
of prostate cancer. Age is the greatest risk factor since autopsy
studies have found prostate cancer in 30% men ≥50 years
[107]. As the elderly undergo fewer check-ups than younger
men [108], prostate cancer may already have metastasized at
the time of diagnosis.

HDR and LDR IRT play central roles at all stages of
prostate cancer treatment. They are used as monotherapy in
localized disease, as complementary to EBRT (+/− antiandro-
gen treatment), or as a salvage treatment for local recurrences
[109].

Choice of treatment in localized or locally advanced
prostate cancer needs to be based on risk categories [110].
Cooperberg et al. described the danger of overtreatment in
the elderly [111]. In 4,4630men aged 65 to 80 years,Wong et al.
reported better survival rates with active treatment rather
than watchful waiting for low- and intermediate-risk sub-
groups [112].

HDR-IRT is established as successful monotherapy in
low-, intermediate-, and carefully selected high-risk localized
prostate cancer [113–115]. In an investigation into the relation-
ships between therapy and prostate cancer-specific mortality
(PCSM) in elderly high-risk patients, Hoffman et al. observed
that PCSM was lower in patients without preexisting or
surgically corrected cardiovascular disease, particularly if
they received antiandrogen therapy combined with IRT and
EBRT [116].

Long-term results (>10 years) of IRT are good with no
biochemical evidence of disease in 60–98% of patients,
according to their risk category [117].When local recurrences
occur after EBRTor radical prostatectomy failure, IRT salvage
treatment can be offered to selected cases as shown by
evidence from a pooled-analysis study [118] and Niehoff et al.
[119].

3.8. Skin Cancer. The increase in nonmelanoma skin cancer
(NMSC) in European populations has become amajor public
health concern andwill presumably impact greatly on health-
care costs [120, 121]. With basal cell cancer (BCC) accounting
for 80–90% of NMSC, surgery is first-line treatment with RT
as a valid alternative, particularly in elderly patients [122].

Although few studies have compared surgery andRT, a recent
meta-analysis concluded that both are effective, safe, and
associated with low recurrence rates [123]. In several studies
HDR-IRT emerged as suitable one for elderly patients because
of its short treatment time and low toxicity rates [124], achiev-
ing a 100% complete remission rate in a retrospective study of
20 patients with 23 lesions, with erythema being reported as
the most frequent adverse event. Cosmesis was excellent as
over 60% of cases were without skin alterations [124].

In another study, 11 patients, with a median age of 80
years, poor performance status, and scalp and face skin le-
sions, were treated with customized applicators. After a
median follow-up of 16 months the 2-year local control rate
was 91%, with no high-grade skin toxicity and only low-grade
dermatitis (grade I: 50%, grade II: 33%) [125].

3.9. Breast Cancer. Approximately 45% of breast cancers
develop in women aged >65 years and 33% in women aged
>70 years [126, 127]. Although these data no studies have
focused on elderly women who are often undertreated com-
pared with younger counterparts [128, 129], consequently, the
cancer mortality reduction cannot be compared [130, 131].
In a randomized clinical study, 636 women (age >70 years,
clinical stage I, estrogen receptor (ER) positive, and breast
carcinoma treated by lumpectomy) were assigned to Tamox-
ifen plus RT (317 women) or Tamoxifen alone (319 women).
Median follow-up was 12.6 years. At 10 years, the disease-free
local and regional recurrences were 98% in Tamoxifen and
RT arm compared with 90% in the Tamoxifen alone group.
No significant differences emerged in time to mastectomy or
distantmetastasis, breast cancer-specific survival, orOS [132].

In another randomized clinical trial, 1326 women, aged
65 years or older with low-risk early breast cancer who had
had breast-conserving surgery and were receiving adjuvant
endocrine treatment, were assigned to whole-breast RT
(40–50Gy in 15–25 fractions) or no RT. After a median
follow-up of 5 years, ipsilateral breast tumor recurrence was
1.3% inwomen assigned towhole-breast RT and 4.1% in those
who received none (𝑝 = 0.0002). No intergroup differences
emerged in regional recurrence, distantmetastases, contralat-
eral breast cancers, or new breast cancers. The 5-year OS rate
was 93.9% in both groups (𝑝 = 0.34) [133].

In 79 elderly low-risk breast cancer patients (median
age 77 years; range 66–89), Sumodhee et al. [134] tested
accelerated Partial Breast Irradiation (APBI) against whole-
breast irradiation (WBI) or endocrine therapy alone. Median
follow-up was 96.8 months (range 68.6–104.9). Expected
5- and 10-year mastectomy rates without WBI were 2.95%
and 7.25%, respectively, leading to a 10-year metastasis-free
survival (MFS) rate of 92.7%. Instead, expected 5- and 10-
year mastectomy rates following WBI were 1.41% and 3.66%,
respectively. The 10-year MFS rate after APBI was 97.4%
versus 96.3% afterWBI (𝑝 = 1) and 92.7% after no irradiation
(𝑝 = 0.27). No grade 3 or grade 4 toxicity was observed.

Genebes et al. evaluated 70 APBI patients (median age
80.7 years; range: 62–93.1) with, respectively, 61.4%, 18.6%,
and 20% classified as suitable, cautionary, and unsuitable
cases according to American Society for Radiation Oncology
(ASTRO) criteria. In interstitial multicatheter HDR-IRT,
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catheters were implanted intra- or postoperatively following
lumpectomy and axillary sentinel lymph node dissection.
Patients had a median follow-up of 60.9 months (range
4.6–90.1). The 5-year local recurrence-free rate was 97.6%.
Five-year specific and overall survival rates were 97.9% and
93.2%, respectively. Late complications in 48% of patients
encompassed grade 1 (80.8%) and grade 2 (19.2%) with no
grade ≥3. Cosmetic results were considered excellent/good in
67 patients (95.7%) [135].

4. Conclusions

Evidence from this review shows that IRT therapy is of benefit
to elderly patients with cancer, whatever its location or stage
andwhether IRT is used asmonotherapy in combinationwith
other agents or as palliative therapy. Treatment decisions in
elderly cancer patients need to be taken by amultidisciplinary
team, who carefully analyze tumor extent, the therapeutical
alternatives, and the patient’s preferences. Quality of life is
probably a major outcome measure for the elderly as they
value its preservation over receiving aggressive treatments
with certain toxicity profiles. In terms of the patient’smidterm
quality of life, IRT is the optimal method for applying
very high doses locally with maximal preservation of nor-
mal neighboring structures in the shortest total treatment
time. Additional research into IRT is, however, needed, to
strengthen the evidence for its use in elderly cancer patients
[136, 137].
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Currently, the growing population of the elderly is one of biggest problems in terms of increase in geriatric diseases. Lack of data
from large prospective studies on geriatric breast cancer patients often makes it difficult for clinicians to make treatments decisions
for them. Because both benefit and risk of treatment should be taken into account, treatment is usually determined considering life
expectancy or comorbidities in elderly patients. Treatment of breast cancer is differentiated according to histologic classifications,
and hormone therapy is even adopted for patients with metastatic breast cancer if tumor tissue expresses hormone receptors.
Endocrine therapy can offer great benefit to elderly patients considering its equivalent efficacy to chemotherapywith fewer toxicities
if it is appropriately used. Aromatase inhibitors are usually prescribed agents in hormone therapy for elderly breast cancer patients
due to their physiology after menopause. Here, endocrine therapy for elderly patients with breast cancer in neoadjuvant, adjuvant,
and palliative setting is reviewed along with predictive adverse events resulting from the use of hormone agents.

1. Introduction

With increasing life expectancy, a growing number of patients
with geriatric diseases including cancers have become issues
of public health. Approximately more than 30% of patients
with breast cancer are diagnosed at age over 70 years, and
recent data suggest continuous increase of breast cancer
incidence rates in women in their 60s (1.0% per year since
2004) and women older than 70 years (1.2% per year since
2005) [1]. Breast cancer is the most frequently diagnosed
cancer in the world, and breast cancer alone is expected to
occupy 30% of all cancers newly diagnosed in women in
2017 [2]. As the population of elders is expected to grow
continuously, 20% of the population is estimated to be at
age of 65 years or more by 2030 [3], which will lead to
increased number of elderly patients with breast cancer.
Despite anticipated increase of geriatric population with
breast cancer, large prospective studies on older patients with
breast cancer have been scarcely performed. Recent data
on breast cancer statistics have shown an improvement of
long-term mortality from breast cancer in all age groups
from 1989 to 2012 largely due to progress in treatment and

early detection through screening [1, 4], but the range of
improvement is much smaller in elderly women aged over 70
years (1.5% per year) than that in young women aged 20 to
39 years (2.8% per year) [1]. The narrow range of reduction
in mortality paradoxically suggests the lack of screening and
the lack of treatment development for elderly breast cancer
patients.

Comprehensive assessment on elderly patients, including
life expectancy, comorbidities, and performance status, is
always necessary to predict the benefit and risk of chemother-
apy. While aging is one of reasons for undertreatment using
surgery, radiation therapy, or chemotherapy, it is also a cause
of increased use of endocrine therapy. Because chemotherapy,
which usually accompanies unwanted adverse events, is not
always the correct treatment option for patients with breast
cancer, decision for initiation of anticancer therapy in geri-
atric patients with breast cancer might be a little easier if their
histologic classifications are clear. Breast cancer expressing
hormone receptors is one of candidates that can be managed
without toxic chemotherapy. Breast cancer patients with
positive expression of estrogen receptor (ER) or progesterone
receptor (PgR)without expression ofHER2 receptor are good
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candidates for endocrine therapy with fewer toxicities but
equivalent treatment outcomes to chemotherapy. For phys-
iologic reason of menopausal women, aromatase inhibitors
(AIs) are often chosen as endocrine therapy agents in geriatric
patients with breast cancer expressing hormone receptors.
Here, we reviewed the hormone therapy as neoadjuvant,
adjuvant, and palliative therapy in elderly patients with breast
cancer.

2. Management of Geriatric Patients
with Malignancies

Because treatment-related complications such as chemo-
therapy-induced toxicities have been thought to be asso-
ciated with comorbidities in elderly cancer patients and
risk of breast cancer-related mortality is regarded to be
relatively reduced in elderly patients due to the elevated risk
from other comorbidities-related deaths [22, 23], choice of
aggressive treatment is not easy for elderly patients with
breast cancer. Results from a previous Surveillance, Epi-
demiology, and End Results (SEER) registry data analysis
assessing probabilities of death from breast cancer in the
presence of competing risks showed patients with metastatic
disease aged 70 years or older died from breast cancer,
but causes of mortality in patients with other stages were
attributed to comorbid diseases [24]. An observational study
using four nationwide population registries in Denmark
also reported that mild to moderate comorbidity assessed
by Charlson Comorbidity Index affects mortality of breast
cancer patients aged 50–79 years receiving chemotherapy
[25]. An agreement exists that chronologic age itself should
not be the only determinant in treatment of elderly patients
with cancers. For the heterogeneity of the elderly in the
same age in terms of physical, psychological, and cognitive
function, as well as financial and social status, biological
age taking consideration into individual health status and
comorbid disease should be taken account in treatment
decision. In order to address health status objectively, the
International Society of Geriatric Oncology and the National
Comprehensive Cancer Network recommend comprehen-
sive geriatric assessment (CGA) before treatment decisions
[26, 27]. CGA is a systematic procedure to assess multiple
comorbidities and functional status of old patients through
which geriatric problems not detected by routine oncology
approach can be found. Several studies have reported that
components of CGA, comorbid diseases, functional status,
cognitive function, nutritional status, geriatric syndromes,
and polypharmacy, are associated with survival and toxicity
of chemotherapy in older patients with malignancies [28,
29]. In breast cancer, a study with patients older than 65-
year harboring stage 1-3A has reported that the proportion
of women who survived 10 years is significantly decreased
as number of cancer-specific geriatric assessment (C-SGA)
deficits is increased (linear trend 𝑝 < 0.0001) [28]. However,
despite the proven benefit of CGA, this time-consuming tool
limits its application to the busy clinical practice. Several
screening tools such as Abbreviated CGA (aCGA), Geriatric
8 (G-8), Vulnerable Elders Survey (VES-13), Triage Risk
Screening Tool (TRST 1+), and Groningen Fraility Index

have been developed to overcome this disadvantage. Shorter
and comprehensive geriatric evaluation is possible with these
screening tools, but they should not replace CGA due to the
lack of data that support the predictability of those screening
tools for outcomes of CGA. A current guideline recommends
the use of these screening tools only for the identification of
patients who would benefit from CGA [27, 30].

3. Tumor Biology of Elderly Breast Cancer

Biology and pathologic characteristics of breast cancer seem
to change with increasing age. It is generally known that
tumor biology of older patients with breast cancer shows
less aggressive and indolent features, decreased frequency
of axillary lymph node metastasis, vascular invasion, and
lymphoplasmacytic stromal reaction [31]. Results from a
retrospective study of 1758 women older than 70 years
comparing tumor biology with younger counterparts showed
higher expression of ER, PgR, Bcl2, and Muc1 but low
expression of HER2, Ki76, p53, and EGFR in older group
[32]. Moreover, the proportion of ER-positive breast cancer
is increased with increasing age in cohort of patients over 65
years according to San Antonio Breast Cancer Database and
SEER. It was revealed that 87% of patients aged 65 to 74 years
showed ER positivity in their tumors, and the proportion of
ER positivity was increased to 91% in patients older than 85
years [33]. Contrary to ER, HER2 expression is known to
be less frequent in elderly patients with breast cancer; the
proportion of cases with HER2 positive tumors is 4% in the
cohort of over-60 years, while it is 9% in patients younger
than 35 years [30, 34]. These results might mislead clinicians
to conclude that endocrine therapy is the best choice in
treatment of breast cancer of the elderly; however, it is known
that the efficacy of hormone therapy is not correlatedwith age
[35, 36].

On the other hand, some studies report aggressiveness
of breast cancer in the elderly. A retrospective analysis
from a single-institution showed greater likelihood of distant
metastases in a subgroup of elderly patients aged over 70 years
compared to that in the younger patients [37]. In addition,
another study also reported that breast cancer was often
detected at far advanced stage in the elderly; only 47% of
patients with breast cancer aged over 75 years were found to
have T1 tumors, while 70% of patients aged between 45 and
64 years were found to have T1 tumor, probably due to the
lack of screening or delayed diagnosis [38–40].

Relevance of histologic classification of breast cancer
to age has also been suggested by a retrospective analysis
showing less aggressive features in the elderly in some cases.
Certain histologic subtypes including infiltrating lobular car-
cinomas, mucinous carcinomas, and papillary carcinomas,
which are slowly proliferating and low-grade tumors, have
shown a gradual rise in incidence with increasing age [30, 31].

4. Endocrine Therapy in Elderly Breast
Cancer Patients

Because little data are available on endocrine therapy for
elderly patientswith breast cancer, these patients are generally
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Table 1: Classification of aromatase inhibitors.

1st generation 2nd generation 3rd generation
Steroidal (type 1) Formestane Exemestane

Nonsteroidal (type 2) Aminoglutethimide Fadrozole
Letrozole

Anastrozole
Vorozole

Table 2: Endocrine therapy of the elderly with breast cancer.

Hormone agent Mechanism Dose
Letrozole Reversible AIs 2.5mg daily PO
Anastrozole Reversible AIs 1mg daily PO
Exemestane Irreversible AI 25mg daily PO
Fulvestrant SERD 500mg IM q 28 days
Everolimus mTOR inhibitor 10mg daily PO
Palbociclib CDK 4/6 inhibitor 125mg daily PO
AI, aromatase inhibitor; SERD, selective estrogen receptor downregulator;
mTOR, mammalian target of rapamycin; CDK, cyclin dependent kinase.

treated as postmenopausal women.Aftermenopause, adrenal
glands and adipose tissue take over the role as major estrogen
producing organs from ovaries. The fact that aromatase is an
enzyme that acts on conversion of testosterone to estradiol
and androstenedione to estrone, major source of estrogen
in postmenopausal women [41], makes aromatase inhibitors
(AIs) be preferred agents of hormone therapy for post-
menopausal women with breast cancer. All currently used
AIs are third generation represented by letrozole, anastrozole,
and exemestane, exerting more potent efficacy comparing to
first and second generations of AIs. Third generation AIs are
classified as steroidal (type 1) and nonsteroidal (type 2) types
according to their mechanisms of action (Table 1). Type 1
AI, exemestane, inactivates aromatase by irreversibly binding
to substrate’s binding site of the enzyme. Type 2 AIs are
letrozole and anastrozole which inhibit aromatase reversibly
by binding to haem moiety of the enzyme [42, 43]. Agents
used in endocrine therapy of elderly breast cancer patients
are summarized in Table 2.

4.1. Hormone Therapy in Neoadjuvant Treatment. The effi-
cacy of AIs in downstaging and reducing tumor volume
before surgical interventions in postmenopausal women
with breast cancer positive for hormone receptors who
are potentially operable has been demonstrated in several
randomized studies (Table 3) [5–8]. Two prospective phase 2
studies compared the efficacy of neoadjuvant therapy by AIs
to chemotherapy in postmenopausal women with hormone
receptor-positive breast cancer. One study randomized ER-
positive patients to receive anastrozole or exemestane for
three months or doxorubicin and paclitaxel. Neoadjuvant
endocrine therapy showed equivalent efficacy to chemother-
apy in terms of overall objective response, pathologic com-
plete response, and rates of breast-conserving surgery in ER-
positive postmenopausal women [9]. Another study ran-
domized postmenopausal or premenopausal patients with
luminal breast cancer to receive chemotherapy (epirubicin

plus cyclophosphamide followed by docetaxel) or hormone
therapy with exemestane. No significant difference in clinical
response rate was observed, suggesting equivalent efficacy of
neoadjuvant endocrine therapy to chemotherapy [10].

4.2. Hormone Therapy as Adjuvant Treatment. The efficacy
of AIs in adjuvant setting has been examined in several
studies (Table 4). Anastrozole Tamoxifen Alone and in
Combination (ATAC) trial was a head-to-head trial com-
paring efficacy of anastrozole, an AI, with tamoxifen. More
than 9000 postmenopausal patients were recruited, and
3125 were randomized to have anastrozole, 3116 to take
tamoxifen, and 3125 to use a combination of both agents.
The ATAC trial demonstrated that anastrozole was superior
in terms of disease-free survival (DFS), distant metastases,
and contralateral breast cancer compared to tamoxifen in
postmenopausal women with early stage breast cancer [11,
43–45]. DFS at three years was 89.4% in the anastrozole group
and 87.4% in the tamoxifen group (hazard ratio (HR) 0.83,
95% confidence interval (CI) 0.71–0.96, 𝑝 = 0.013), and
the superiority was maintained at 10 years (HR 0.91, 95%
CI 0.83–0.99, 𝑝 = 0.04). The favorable result of anastrozole
over tamoxifen in DFS was more prominent in hormone
receptor-positive postmenopausal breast cancer patients (HR
0.86, 95% CI 0.78–0.95, 𝑝 = 0.003). After a median follow-up
of 68 months, incidence of contralateral breast cancer (42%
reduction, 95% CI 12–62, 𝑝 = 0.01) and distant metastases
(HR 0.86, 95% CI 0.74–0.99, 𝑝 = 0.04) were significantly
lower in the anastrozole group than in the tamoxifen group
[11, 44, 45]. Furthermore, anastrozole appeared to be more
beneficial for postmenopausal women aged more than 65
years in a subgroup analysis (HR 1.19, 95% CI 1.04–1.36) [44].
The combination therapywith tamoxifen and anastrozole had
no advantage over tamoxifen monotherapy in DFS (HR 1.02,
95% CI 0.89–1.18, 𝑝 = 0.8).

The Breast International Group (BIG) 1-98 is a random-
ized phase 3 trial comparing two different groups receiving
letrozole first with two different groups receiving tamox-
ifen initially [12, 46]. The two letrozole initial groups were
letrozole alone for 5 years and letrozole 2 years followed by
tamoxifen for 3 years. The two tamoxifen first groups were
tamoxifen monotherapy for 5 years and tamoxifen for 2 years
followed by letrozole for 3 years. DFS was superior in the
letrozole initial group to the tamoxifen first group (HR 0.81,
95% CI 0.70–0.93, 𝑝 = 0.003) with a median follow-up of
25.8 months. Initial use of letrozole was also more beneficial
in elderly patients aged more than 65 years in terms of DFS
(HR 0.79, 95% CI 0.64–0.97, 𝑝 = 0.02) [46]. With a longer
follow-up, a median follow-up of 71 months, updated results
showed no significant difference in DFS between letrozole
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monotherapy group and either sequential treatment groups
(HR for tamoxifen and letrozole sequential group 1.05, 99%
CI 0.84–1.32; HR for letrozole and tamoxifen sequential
group 0.96, 99% CI 0.76–1.21) [12].

A letrozole extension study with large numbers of elderly
breast cancer patients, the MA. 17 trial, showed benefit of
extended therapy with letrozole after completion of adju-
vant tamoxifen in postmenopausal women with hormone
receptor-positive early stage breast cancer [13]. A total of
5,187 receptor-positive, postmenopausal early breast cancer
patients who were disease-free after 5 years of treatment
with tamoxifen were randomly assigned to receive either
letrozole or placebo. Improved DFS was demonstrated in
letrozole treated patients (HR, 0.58, 95% CI 0.45–0.76, 𝑝 ≤
0.001) at a median follow-up of 30 months. Patients were
further subdivided into three age groups (<60 years, 60 to
69 years, and ≥70 years) to see benefits of letrozole in elderly
patients. Significantly different DFS favoring letrozole was
shown only in patients younger than 60 years (HR 0.46,
𝑝 ≤ 0.001). Because there was no interaction between
age and treatment, the study suggested consideration of
extended adjuvant therapy with letrozole after completing 5-
year tamoxifen treatment in patients older than 70 years [47].

Two separate meta-analyses also demonstrated the supe-
riority of AIs. Results from a meta-analysis of individual
data on 31920 postmenopausal, ER-positive early stage breast
cancer patients revealed the superiority of AIs to tamoxifen
by showing reduced recurrence rate and decreased 10-year
breast cancer mortality [48]. Another study by meta-analysis
also proved efficacy of AIs with significantly lower recur-
rence rates compared to tamoxifen. There was no obvious
heterogeneity between all age-subgroups. There was a 22%
reduction in recurrence (SE 0.10) in patients aged over 70
years in the initial monotherapy with AIs group and a 19%
reduction (SE 0.13) in those who used AIs after 2-3 years of
tamoxifen comparing to tamoxifen monotherapy [49].

4.3. Hormone Therapy as Palliative Anticancer Treatment.
Considering great benefits with relatively fewer toxicities
in association with hormone therapy, endocrine therapy is
the most appropriate treatment modality for elderly breast
patients. Patients who can benefit from endocrine therapy
should always be accessed, and postmenopausal women with
hormone receptor-positive metastatic or recurrent breast
cancer are candidates for endocrine therapy. Clinical trials
of endocrine therapy in palliative setting are summarized in
Table 5.

4.3.1. First-Line Endocrine Therapy in Postmenopausal Pa-
tients with Metastatic Breast Cancer. Several randomized
phase 3 studies have demonstrated at least equivalence or
the superiority of anastrozole, letrozole, and exemestane over
tamoxifen in postmenopausal women with metastatic breast
cancer (Table 5) [14–17, 50, 51].

A series of recent studies have raised palbociclib (PD-
0332991), a reversible and selective inhibitor of cyclin depen-
dent kinases 4 and 6 (CDK 4/6), as one of agents rec-
ommendable for first-line and salvage endocrine therapy.
CDK4 and CDK6, known to be activated by cyclin D,

regulate G1-S transition of cell cycle by hyperphosphorylation
of Rb [52]. Many experimental data have suggested that
inhibition of cyclin D activity may lead to suppression of
tumor growth and tumor cell death [53, 54]. The inhibitory
effect of PD-0332991 was also shown in breast cancer cell
lines, especially in luminal ER-positive human breast cancer
cell lines including those with HER2 amplification. Mean-
while, nonluminal/basal breast cancer subtypes were found
to be resistant to the inhibitory effect of PD-0332991 [55].
Based on those findings, clinical studies have investigated
the efficacy of palbociclib in ER-positive postmenopausal
advanced breast cancer patients [18, 56]. Results of a phase
2, open-label, randomized study investigating the efficacy of
palbociclib in combination with letrozole compared to letro-
zole alone as first-line therapy in postmenopausal women
with advanced ER-positive and HER2-negative breast cancer
(PALOMA-1/TRIO-18) were reported about 2 years ago. The
combination group showed two times of improvement in
median progression-free survival (PFS) compared to the
letrozole alone group (median PFS 20.2 versus 10.2 months,
HR 0.488, 95% CI 0.319–0.748) [18].

Fulvestrant is a 17𝛽-estradiol analog that inhibits estrogen
signaling by downregulating the expression of ER protein
[57]. Fulvestrant First-Line Study Comparing Endocrine
Treatments (FIRST) is a phase 2, randomized, open-label,
multicenter trial investigating the efficacy of fulvestrant
500mg compared to anastrozole 1mg in postmenopausal ER-
positive patients with advanced breast cancer who had no
previous treatment. Results from this clinical trial showed
equivalent efficacy of fulvestrant to anastrozole in terms of
clinical benefit rate defined as the proportion of patients with
objective response or stable disease for ≥24 weeks (72.5%
versus 67%, OR 1.3, 95% CI 0.72–2.38, 𝑝 = 0.386) and overall
response (36.0% versus 35.5%, OR 1.02, 95%CI 0.56–1.87, 𝑝 =
0.947). Time to progression (TTP) (median TTP 23.4 versus
13.1months,HR0.66, 95%CI 0.47–0.92,𝑝 = 0.01) and overall
survival (OS) (median OS 54.1 versus 48.4 months, HR 0.7,
𝑝 = 0.04) were shown to be improved in the fulvestrant group
compared to the anastrozole group [19, 58, 59]. A prospective
phase 3 clinical trial is currently undergone (NCT01602380).

4.3.2. Endocrine Therapy Beyond Progression to First-
Line Hormone Treatment in Postmenopausal Women
with Metastatic or Recurrent Breast Cancer. Resistance
to hormone therapy in patients with receptor-positive
breast cancer is not unusual. One of suggested resistance
mechanisms to endocrine therapy is aberrant activation
of phosphatidylinositol 3-kinase- (PI3k-) Akt-mammalian
target of rapamycin (mTOR) signaling pathway [60–62].
Breast Cancer Trials of Oral Everolimus-2 (BOLERO-2)
study is a phase 3 randomized clinical trial that compares
everolimus, an mTOR inhibitor, and exemestane versus
exemestane and placebo in ER-positive postmenopausal
patients with advanced breast cancer refractory to previous
letrozole or anastrozole. After a median follow-up of 18
months, median PFS was shown to be significantly longer
in the everolimus plus exemestane group than that of the
placebo plus exemestane group (median PFS 7.8 versus 3.2
months, HR 0.45, 95% CI 0.38–0.54, 𝑝 < 0.0001) [20, 63].

http://www.clinicaltrial.co/ShowTrial/NCT01602380
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Analysis on elderly patients aged 65 years or more was
performed among patients enrolled in the BOLERO-2 study,
and significantly improved PFS was consistently reported in
those patients (HR in ≥65 years 0.59, 95% CI 0.43–0.80; HR
in ≥70 years 0.45, 95% CI 0.30–0.68). Older patients treated
by everolimus showed similar incidence of adverse events
compared to younger patients, but they had more frequent
incidence of on-treatment deaths (on-treatment deaths in
those <70 years of age, 1.3%; in those ≥70 years, 7.7% in
exemestane plus everolimus group) [64].

A phase 3 study with advanced hormone receptor-
positive, HER2 negative breast cancer patients who relapsed
or progressed during previous hormone therapy was per-
formed to compare the efficacy of palbociclib and fulvestrant
versus placebo and fulvestrant. This study included both
pre- and postmenopausal women. The combination therapy
showed superior efficacy with longer median PFS (9.2 versus
3.8 months, HR 0.42, 95% CI 0.32–0.56, 𝑝 < 0.001).
The majority of patients in this study were postmenopausal
women (>70%). HR for disease progression in patients older
than 65 years was comparable to that in younger patients (HR
in ≥65 years 0.35, 95% CI 0.19–0.62; HR in <65 years 0.44,
95% CI 0.32–0.61, 𝑝 = 0.48) in subgroup analysis [21].

5. Adverse Effects of Hormone Therapy

Although AIs are relatively tolerable, adverse effects from
their prolonged use should always be considered and man-
aged adequately to improve compliance.Due to their different
action of mechanisms, no proven estrogenic effects of AIs,
spectrum of adverse effects of AIs is somewhat discriminated
from that of selective estrogen receptor modulator (SERM),
tamoxifen. Several clinical studies on those hormone agents
have reported slightly better toxicity profiles of AIs.

5.1. Musculoskeletal Complication. Musculoskeletal compli-
cation is one of discriminating adverse events attributing
to the use of AIs from the use of SERM. The majority of
clinical trials on AIs showed significantly increased incidence
of musculoskeletal events in patients taking AIs comparing
to those having tamoxifen or placebo [16, 45, 47, 65].
Contrary to the protective effect of tamoxifen on bone loss
and bone mineral density [66], AIs are generally known to
be associated with osteoporosis and bone fracture [67]. A
systematic review of 11 randomized controlled trials (RCTs)
on adverse bone outcomes in the elderly using AIs reported
that fracture risk of AIs is 1.5 times higher than that of
tamoxifen or placebo [68]. In previously conducted ATAC
trial, significantly larger numbers of patients with anastrozole
were reported to experience skeletal events such as arthralgia
and fracture than those with tamoxifen [45, 68]. Data from
toxicity analysis of letrozole in MA.17 trial showed patients
with letrozole had significantly more frequent incidence
of arthralgia than those with placebo in patients younger
than 70 years [47]. The fracture rate was not shown to be
significantly different between two groups, and this might
be attributed to tamoxifen effect which had been used for
5 years before randomization to letrozole [68]. Considering
adverse skeletal events attributing to AIs, all patients with

AIs are recommended to take advice on exercise, calcium-
vitamin D supplements, and bone mineral density (BMD)
monitoring. If T-score is less than −2.0 or at least two risk
factors for fracture are observed, bisphosphonate therapy
should be considered. Patients with T-score more than −2.0
without accompanying risk factors are treated based on BMD
loss during 1-2 years. Risk factors for fracture in patients with
breast cancer include the use of AIs, T-score < −1.5, age older
than 65 years, BMI < 20 kg/m2, family history of hip fracture,
history of fragility fracture after age 50 years, prolonged
corticosteroid use, and smoking [69]. A large quantity of data
support bisphosphonate or a RANKL inhibitor, denosumab,
therapy as appropriate antiabsorptive therapy to prevent
osteoporosis in postmenopausal women having AIs.

Four independent studies on efficacy of zoledronic acid
(4mg i.v. q 6 months) and one study on denosumab (Hor-
mone Ablation Bone Loss Trial in Breast Cancer; HALT-
BC, 60mg s.c. q 6 months) demonstrated their benefits
in preventing bone loss [70–74]. More encouraging recent
results from a study on adjuvant bisphosphonate therapy
are antitumor effect and survival benefit of antiabsorptive
therapeutic agent. A meta-analysis from EBCTCG reported
that the use of adjuvant bisphosphonate in postmenopausal
women reduced recurrence and mortality from breast cancer
[75]. All results from these studies support the use of bispho-
sphonate and denosumab in postmenopausal women treated
with AIs, but unwanted adverse events from using these
antiabsorptive agents should be noted. Osteonecrosis, renal
insufficiency, myalgia, arthralgia, and electrolyte imbalance
including hypocalcemia are complications that should be
considered before initiating adjuvant bisphosphonate ther-
apy. Long-term risks of denosumab therapy have not been
reported yet.

5.2. Endometrial Cancer. Avoidance of postmenopausal
women with AIs from exposure to estrogen made favorable
toxicity profile for them in terms of endometrial cancer,
vaginal discharge, and bleeding. The ATAC study reported
more frequent incidence of vaginal bleeding and discharge
and endometrial cancer in patients having tamoxifen [45].
Five-year administration of tamoxifen before the use of
letrozole resulted in equivalent frequency of vaginal bleeding
between letrozole and placebo groups in MA.17 study [47].
A meta-analysis of RCTs comparing AIs with tamoxifen also
reported reduced risk of AIs for endometrial cancer [Odds
ratio (OR) 0.34, 95% CI 0.22–0.53, 𝑝 < 0.001] [76]. Another
patient-level meta-analysis of 31920 postmenopausal women
also showed lower incidence of endometrial cancer with AIs
than tamoxifen (10-year incidence 0.4% versus 1.2%, relative
risk 0.33, 95% CI 0.21–0.51). The decreased incidence of
endometrial cancer with AIs was independent of age and
lasted for years after finishing the endocrine therapy [48].

5.3. Vascular Events. Due to the absence of estrogenic effect
in AIs, incidence of vascular events including thromboem-
bolic and cerebrovascular events is also expected to be
decreased compared to that in patients taking tamoxifen.
Results from safety analysis of ATAC trial showed reduced
incidence of ischemic cerebrovascular (anastrozole versus
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tamoxifen 1.1% versus 2.3%, 𝑝 < 0.001), all venous throm-
boembolic (2.2% versus 3.8%, 𝑝 < 0.001), and deep venous
thromboembolic events (1.1% versus 1.8%, 𝑝 = 0.027),
although no difference in frequency of ischemic cardiovas-
cular events (2.8% versus 2.2%, 𝑝 = 0.121) was observed
[77]. Decreased incidence of thromboembolic events was
consistently observed in the BIC 1-98 trial (letrozole versus
tamoxifen 1.5% versus 3.5%, 𝑝 < 0.001). Cerebrovascular
accident or transient ischemic accident (1.0% versus 1.0%,
𝑝 = 0.91) and ischemic heart disease (1.4% versus 1.2%,
𝑝 = 0.28) showed no significant difference in incidence
between letrozole and tamoxifen groups in that study [46]. A
meta-analysis of 30023 patients also showed coherent results
in terms of adverse vascular events. This study reported no
significant difference in the odds of cerebrovascular disease
between the two groups (OR 1.01, 95% CI 0.81–1.26, 𝑝 =
0.93); meanwhile it significantly increased odds in AIs users
in terms of cardiovascular disease (OR 1.30, 95% CI 1.06–1.61,
𝑝 = 0.01) and decreased odds in venous thrombosis in AIs
users (OR 0.55, 95% CI 0.46–0.64, 𝑝 < 0.001) [76].

6. Adherence to Endocrine Therapy

Due to less severe toxicity profile of endocrine therapy com-
pared to chemotherapy, it is usually expected that patients
will adhere to endocrine therapy. However, results from the
MA. 17 trial showed that the proportion of patients who
discontinued treatment due to toxicities in the elderly aged
over 60 years was similar between letrozole and placebo
groups [47]. BIG 1-98 prospective trial showed that the
proportions of treatment discontinuation were 38.4% in
patients aged 75 years or more and 22.66% in those younger
than 75 years without significant difference between letrozole
and tamoxifen groups (𝑝 = 0.71) [78].These data suggest that
age itself other than toxicities might be one of major factors
affecting the adherence to endocrine therapy. A systematic
review, in which most studies focused on compliance to
adjuvant endocrine therapy in patients with breast cancer,
evaluating adherence to cancer treatment in elderly patients
found that adherence rate varied from 52% to 100%. Factors
for nonadherence were shown to vary across studies [79].
Another systematic review on adherence to medications
also described various factors such as socioeconomic-related
factors, healthcare team related factors, system related fac-
tors, condition-related factors, therapy-related factors, and
patients-related factors as determinants of patients compli-
ance [80]. As a matter of fact, several studies reported poor
adherence and low use of adjuvant endocrine therapy in low-
income breast cancer patients [81–83]. It seems that health
status represented by presence of comorbidities in addition
to chronological age is also an important contributing factor
to adherence to endocrine therapy in stage 2 to 3 breast cancer
patients. [84]. Duration of endocrine therapy is another
factor for adherence. A study on endocrine therapy use in
elderly breast cancer patients showed noncompliance with
time from diagnosis [81]. Therefore, considering necessity
of long-term adherence in endocrine therapy, not only age
but also various circumstances that patients on treatment are
facing should be taken into account to improve compliance,

because improvement in compliance consequently can lead
to better treatment outcomes.

7. Conclusion

Despite prolongation of life expectancy and subsequent
growing number of geriatric population with breast cancer,
progress of studies on those patients, a considerable pro-
portion in patients with breast cancer, is below expectations
at present. In this review, we summarized representative
studies on AIs used in postmenopausal women.We also tried
to focus on studies which included subgroup analyses on
elderly patients. However, because there are several problems
in currently performed studies on geriatric breast cancer
patients, limitation also exists in this study.

The lack of large prospective studies in which patients
with breast cancer are consisted only with the elderly is
one of rush assignments to be solved to provide appropriate
guide in treatment of geriatric patients with breast cancer.
Exploration on conditions where endocrine therapy can be
the most appropriate treatment choice other than known
histology subclassification could also be useful given that
hormone therapy is a relatively easy remedy to apply to
geriatric patients. Although endocrine therapy is usually
regarded as treatment with less burden for risks compared
to chemotherapy, AI-specific adverse events such as skeletal
events should always be monitored by treatment providers.
Various situations that decrease adherence to treatment in the
elderly are also one of problems we should consider in their
management to improve treatment outcomes. Further efforts
are needed to find appropriated therapy in older breast cancer
patients to prepare for the coming geriatric era in the near
future.
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Background. With the aging population and a rising incidence of squamous cell carcinoma of the head and neck (SCCHN), there is
an emerging need for developing strategies to treat elderly patients. Patients and Methods. We retrospectively analyzed 158 patients
treated with definitive, concurrent chemoradiotherapy (CRT) for SCCHN. Clinicopathological characteristics, acute toxicities, and
oncological outcomes were compared between patients younger and older than (or of age equal to) 65, 70, and 75 years. Results.
RT dose, chemotherapy regimen, and total chemotherapy dose were balanced between the groups. After a median follow-up of
29 months, overall survival (OS), progression-free survival (PFS), local control rate, and distant metastasis-free survival stratified
by age of ≥65, ≥70, or ≥75 years revealed no differences. The rate of acute toxicities was also not higher for older patients. Worse
ECOG performance score (ECOG 2-3) was associated with impaired OS (𝑝 = 0.004) and PFS (𝑝 = 0.048). Conclusion. Definitive
treatment with CRT for SCCHN is feasible and effective; even in advanced age treatment decisions should be made according to
general condition and comorbidity, rather than calendar age alone.

1. Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is
diagnosed about 500.000 times each year worldwide with ris-
ing incidence [1]. This growing number is related to younger
individuals with Human-Papilloma-Virus- (HPV-) positive
tumors and to an increasing number of elderly patients due
to a generally increasing life expectancy in Western societies
[2]. SCCHN usually peaks within the sixth decade of life
and is accompanied by tobacco and/or alcohol misuse [3].
Treatment of SCCHN is, depending on curative or palliative
intention and organ preservation or not, single- or combined-
modality treatment including surgery, radiotherapy (RT),
and chemotherapy. The standard of organ preserving treat-
ment for locally advanced SCCHN is chemoradiotherapy
(CRT) with 70Gy and concurrent platin-based chemother-
apy [4]. In total, these therapies can take up to 8–12 weeks for

surgery plus adjuvant RT/CRT or 7 weeks for definitive CRT.
The therapeutic management in elderly patients is challeng-
ing as their possible comorbidities, poor performance, and/or
mental status might hamper the realization of aggressive,
curative treatment approaches [5]. Although platinum-based
CRT has shown advances in terms of locoregional control
(LRC) and overall survival (OS) in randomized controlled tri-
als and meta-analyses, these benefits are often accompanied
by worse acute and late-term toxicities [6, 7], which makes
the implementation of such combined-modality therapies for
elderly and frail patients challenging.

With rising life expectancy, also the number of elderly
patients with good performance status and without impair-
ing factors increases. Therefore, although chronological age
remains an important factor, the emphasis on patients’
biological age for decision making in oncology plays a
more important role in recent years. Terms as “fit old,”
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“intermediate old,” and “frail old” were created to charac-
terize elderly patients into categories determining their eli-
gibility for therapy [8]. General assessment tools like ECOG
or Karnofsky status and special tools for elderly patients like
the Charlson Comorbidity Index (CCI) [9] were developed.
However, none of these scores is specialized for elderly
patients and no consensus for patient selection for CRT for
advanced age patients exists.

This article compares acute toxicities, treatment compli-
ance, tumor control, and survival between younger patients
and groups of ≥65, ≥70, and ≥75 years of age and attempts
to answer the question if age alone is a prognostic factor for
toxicities and oncological results following definitive CRT for
SCCHN.

2. Patients and Methods

2.1. Patients. We retrospectively analyzed 158 patients treated
with definitive CRT for histologically proven SCCHN
between June 2007 and January 2015 at our department
following institutional review board approval. All patients
underwent physical examination, computed tomography/
magnetic resonance imaging (CT/MRI) of the neck, panen-
doscopy with biopsy and CT of the thorax and abdomen
or chest X-ray, and sonography of the abdomen before the
start of treatment. All cases were discussed in an interdis-
ciplinary tumor board prior to treatment decision and all
patients provided informed consent for CRT. In 135 of 158
cases, pretreatment biopsies were screened for HPV-status by
immunohistochemical staining of the surrogate protein p16.

2.2. Treatment Protocols. Radiotherapy was delivered using
either three-dimensional conformal radiotherapy (𝑛 = 38)
or, since 2010, intensity-modulated radiotherapy (IMRT,
𝑛 = 120). All patients received planning CTs, thermoplastic
masks were used for immobilization, and 6MV photon
energies were used for treatment. The planning target vol-
umes (PTV) included elective irradiation of the draining
cervical nodes up to 50Gy, dose escalation up to 58–60Gy
for involved lymph node levels/levels at high risk, and a
boost to the primary tumor with a median total reference
dose of 70.6Gy. Concurrent chemotherapy (𝑛 = 158, 100%)
was applied at weeks 1 and 5 (days 1–5) and was platin-
basedwith a cumulative cisplatin dose of 180–200mg/m2 and
6000mg/m2 5-fluorouracil (5-FU) as continuous i.v. infusion
for most (>70%) patients. Patients with impaired renal func-
tion received either a combination of mitomycin c (10mg/m2
at weeks 1 and 5) and 5-FU, or carboplatin (5 days x AUC 1 at
weeks 1 and 5) and 5-FU. Acute toxicities during treatment
were scored using the Common Terminology Criteria for
Adverse Events (CTCAE version 3.0).

2.3. Follow-Up. The initial treatment response was evaluated
6–12 weeks after the completion of CRT via physical exami-
nation and CT/MRI of the head and neck region. Follow-up
examinations, panendoscopy, and biopsy in case of suspicious
findings and CT/MRI scans of the head and neck were
scheduled every 3 months for the first 2 years and every 6
months thereafter for a total of 5 years.

2.4. Statistical Analysis. Differences between groups were
assessed using Fisher’s exact test or Pearson’s chi-squared test
for categorical variables. The main outcome measures were
LRC, distant metastases-free survival (DMFS), progression-
free survival (PFS), and OS. Cumulative incidences and
survival times were calculated from the start of CRT/RT to
the dates of respective events or last follow-up. Differences for
cumulative incidences in terms of LRC, DMFS, PFS, and OS
between the different age groups were assessed using the log-
rank test. Uni- and multivariate Cox regression were carried
out to assess the influence of several clinicopathological
parameters on clinical outcomes. Factors significant in the
univariate analysis were included for multivariate analysis
and a forward selection method was used. Statistical analysis
was carried out using SPSS 21. A 𝑝 value < 0.05 was consid-
ered significant.

3. Results

3.1. Patient and Treatment Characteristics. A total of 158
patients (122 men, 77%) were treated with definitive CRT
(𝑛 = 158) for histologically proven SCCHN between June
2007 and January 2015 at our department. Patients and tumor
characteristics are summarized in Table 1. The median age
was 61 (range, 36–91). Tumors were mostly located in the
oropharynx and oral cavity (39% and 31%, resp.). A total of
100 patients (63%) were younger than 65 years. P16 status was
assessed in 135 patients with no significant difference for the
younger cohort (𝑝 = 0.201). History of smoking was assessed
for 116 individuals with no difference between the groups
(𝑝 = 0.533).The younger cohort contained significantlymore
men (𝑝 = 0.01), but did not differ significantly for tumor
size, nodal staging, and grading from the elderly patients.
Median RT dosage and the chosen regimen of concurrent
chemotherapy did not differ between the groups: in both age
cohorts, the percentage of patients that received platin-based
chemotherapy was between 70% and 80%. The total dose of
chemotherapy administered to the patients as percentage of
the prescribed dosage and the patients ECOG status were
also balanced between the groups (𝑝 values: 0.458 and 0.173,
resp.).

3.2. Acute Hematological and Nonhematological Toxicities.
The acute toxicities of the 158 patients according to CTCAE
scoring, separated between age groups, are shown in Table 2.
Leucocytopenia ≥ grade 3 was the only side effect differing
significantly between the age groups, with older patients
showing less events than younger patients (𝑝 values 0.043 and
0.017 for patients≥ 65 and≥70 versus younger, resp.). Anemia
and thrombocytopenia did not differ between the groups.
Regarding the nonhematological toxicities like dermatitis,
dysphagia, mucositis, and pain, no significant differences
were found.

3.3. Tumor Control and Survival. The clinical outcomes of
the 158 patients are summarized in Figure 1 and Table 3.
The Kaplan-Meier curves show OS, PFS, LCR, and DMFS
stratified by age < 65 and ≥65 years (Figure 1). No significant
differences were found for the above endpoints (𝑝 = 0.640;
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Table 1: Patient characteristics; ∗Fisher exact test (2-sided); ∗∗Pearson’s chi-squared test.

Patient characteristics
Characteristics 𝑝 value

Total number 158
Median age 61 (range 36–91)

n (%)
Age ≥ 65 58 (37)
Age ≥ 70 33 (21)
Age ≥ 75 16 (10)
Male 122 (77)

Age < 65 𝑛 (%) Age ≥ 65, 𝑛 (%)
Number 100 (63) 58 (37)
Tumor localization
Oral cavity 31 (31) 18 (32)

0.543∗∗Oropharynx 42 (42) 20 (34)
Hypopharynx, larynx 27 (27) 20 (34)
p16 positivity 19/82 (16) 14/53 (24) 0.686∗

(available for 𝑛 = 135, 85%)
History of smoking 50/75 (67) 30/41 (73) 0.533∗

(available for 𝑛 = 116, 73%)
Male 84 (84) 38 (66) 0.01∗

T2 5 (5) 4 (7)
0.794∗∗T3 24 (24) 16 (28)

T4 71 (71) 38 (66)
N0 6 (6) 10 (17)

0.379∗∗
N1 3 (3) 0 (0)
N2 78 (78) 45 (78)
N3 4 (4) 1 (2)
G1 7 (7) 2 (3)

0.069∗∗G2 77 (77) 38 (66)
G3 16 (16) 18 (31)
RT dose (Gy) 70.6 (59–72.6) 70.6 (50–74.6) 0.59∗∗

Median (range)
Concomitant chemotherapy (𝑛 = 158, 100%)
Platin-based chemotherapy 72 (72) 43 (74) 0.854∗

Chemotherapy completion
100% 64 (64) 32 (55)

0.458∗∗≥50% 31 (31) 20 (35)
<50% 5 (5) 6 (10)
ECOG performance status
0 34 (34) 13 (22)

0.173∗∗
1 48 (48) 27 (47)
2 12 (12) 8 (14)
3 1 (1) 2 (3)
Not reported 6 (6) 8 (14)

𝑝 = 0.500; 𝑝 = 0.700; and 𝑝 = 0.370, resp.) after a
median follow-up of 29 months (range, 1–115). The table
shows clinical outcomes after 3 years of follow-up. Also for
the groups of ≥65 (𝑛 = 58), ≥70 (𝑛 = 33), and ≥75 (𝑛 =
16) versus the younger cohorts, no significant differences
regarding the 3-year-outcomes were noted. When compared
with the younger patients, 𝑝 values for the group of ≥65 for

OS, PFS, LCR, andDMFSwere 0.682, 0.246, 0.530, and 0.282;
for the group of ≥70 0.765, 0.746, 0.882, and 0.335; and for the
group of ≥75 0.750, 0.782, 0.801, and 0.819, respectively.

3.4. Clinicopathological Factors Influencing Tumor Con-
trol and Survival. To identify clinicopathological factors
influenc-ing OS, PFS, LCR, and DMFS, univariate and
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Table 2: Acute hematological and nonhematological toxicities according to CTCAE version 3.0; Fisher exact test (2-sided).

Acute CTC-grade 3+ toxicities
(%) (%) (%)

Age < 65 Age ≥ 65 p value Age < 70 Age ≥ 70 p value Age < 75 Age ≥ 75 𝑝 value
Leucocytopenia 26 12 0.043 25 6 0.017 22 6 0.196
Anaemia 9 3 0.331 8 3 0.461 8 0 0.605
Thrombocytopenia 9 3 0.331 8 3 0.461 7 6 1
Dermatitis 15 17 0.822 16 15 1 17 6 0.471
Dysphagia 52 62 0.247 54 64 0.331 55 63 0.607
Mucositis 47 48 1 47 49 1 48 44 0.798
Pain 21 21 1 22 18 0.811 22 13 0.526

Table 3: Clinical outcomes at 3 years of follow-up, stratified by age; log rank (Mantel Cox).

3-year follow-up
(%) (%) (%)

Age < 65 Age ≥ 65 𝑝 value Age < 70 Age ≥ 70 𝑝 value Age < 75 Age ≥ 75 𝑝 value
Number (%) 100 (63) 58 (37) 125 (79) 33 (21) 142 (90) 16 (10)
OS 49 50 0.682 49 51 0.765 49 50 0.75
PFS 55 67 0.246 58 63 0.746 59 65 0.782
LCR 63 71 0.53 65 66 0.882 66 65 0.801
DMFS 78 87 0.282 79 89 0.335 81 85 0.819

multivariate analyses were carried out (Table 4). In uni-
variate analysis, history of smoking (smoker versus never-
smoker) was associated with higher cumulative incidence of
death (smoker/nonsmoker, 𝑝 = 0.032) and more distant
failures (smoker/nonsmoker, 𝑝 = 0.044). Smoking also
remained significant in multivariate analysis regarding OS
(𝑝 = 0.005) and DMFS (𝑝 = 0.029). More advanced N-stage
disease was found to be a significant prognostic factor for OS
(𝑝 = 0.024), PFS (𝑝 = 0.047), andDMFS (𝑝 = 0.047). Inmul-
tivariate analysis advanced N-stage disease only remained
significant forDMFS (𝑝 = 0.014).Worse ECOGperformance
score (ECOG2-3/ECOG0-1) was associated with poorer OS
(𝑝 = 0.005), PFS (𝑝 = 0.033), and LCR (𝑝 = 0.011). The
factor remained significant in multivariate analysis for OS
(𝑝 = 0.004) and PFS (𝑝 = 0.048).

4. Discussion

Despite an increasing incidence of SCCHN in younger indi-
viduals [10],most patients present in amore advanced age [8].
As the median age at diagnosis currently amounts to 63 years
[11], it is evident that in a continuously aging population the
adequate treatment of these patients is a growing challenge
for head and neck surgeons and radiation oncologists.

According tomost definitions, individuals with ≥65 years
of age are considered as “elderly” [12] and the National
Institute of Aging also uses the subcategories “older old” and
“oldest old” (for people between 75 and 85 and older than
85 years, resp.) [13]. In the present study, we analyzed our
single-center experience in treating patients with definitive,
concomitant CRT after dividing our entire cohort in various
age-specific subgroups. As the patients treated with CRT
older than 75 years of age (“older and oldest old”) were

very few, we analyzed our results separately for patients
with ≥65, ≥70, and ≥75 years of age. We did not observe
any significant differences regarding survival and local and
distant tumor control for any of the aforementioned groups.
Severe treatment-related adverse events (grade ≥ 3) were also
statistically not different between the age cohorts, with the
exception of leukocytopenia which was intriguingly some-
what more common in younger patients. This finding could
possibly be explained by bias of our retrospective analysis
as chemotherapy may have been more often interrupted at
the beginning of a decrease in the leucocyte numbers in
elderly patients. Nevertheless, the percentages of patients
that completed the prescribed chemotherapy were similar
between the age groups (Table 1).

The data comparing outcome and treatment complica-
tions for various age groups in the current literature orig-
inate from either retrospective or non-preplanned analyses
of prospective studies and are inconsistent and conflict-
ing.

It is generally believed that the oncological results and
tolerability of head and neck surgeries are similar for younger
and older SCCHN patients, although some authors indicate
slightly increased complication rates for the elderly [14, 15]. A
recent, large retrospective analysis of more than 1400 patients
with outpatient thyroidectomy revealed no differences com-
pared to the control cohort, even for “super-elderly” patients
[16]. Concerning the reconstructive surgery with free flaps,
many modern publications show that the procedure is fea-
sible for elderly patients with no substantial disadvantages
and that performance status rather than age alone was
predictive of complications [17–19]. Intriguingly, a recent
patterns-of-care analysis showed that older patients were
far more commonly treated with nonsurgical methods like
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Figure 1: Overall survival (OS), progression-free survival, locoregional control (LRC), and distantmetastasis-free survival (DMFS) according
to age; log rank (Mantel Cox).

radiotherapy and CRT [20], which makes careful consider-
ations about feasibility and results of these modalities even
more important.

With respect to RT andCRT, the data aremore conflicting
and recent cancer registry analyses provide contradictory
results [21–23]. Ameta-analysis by Pignon et al., 1996 [24] on
1589 patients with head and neck cancer enrolled in EORTC
trials and treated with RT/CRT showed that OS and most

toxicities were similar for younger and elderly patients when
examined in different age ranges from 50 to 75 years and
over. This analysis concludes that chronological age is not
relevant for treatment decisions. These results are consis-
tent with our observations and interestingly the objective
acute mucositis rates also showed no significant difference,
resembling our results. A further meta-analysis conducted
by the same authors in 2009 [25] on 17.346 SCCHN patients
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treated between 1965 and 2000 with simultaneous CRT
showed a decreasing effect of chemotherapy at higher ages.
In contrast to that, in terms of larynx preservation the benefit
of concomitant chemotherapy seems to be consistent for all
age groups [4], although late toxicity was more common in
the elderly [7]. In our present study, almost one-third of the
patients also presented with locally advanced hypopharynx
or larynx carcinoma and such were treated for larynx preser-
vation, but a difference to the large larynx preservation trial
above [6] was that we mostly used a chemotherapy regimen
with a lower prescribed cisplatin dose, often in combination
with 5FU. In the largest published database analysis about
elderly SCCHN patients treated with radiotherapy [26], 4165
patients were analyzed. The authors could not identify any
age threshold above which systemic treatment did not show a
survival benefit and concluded that chemotherapy could and
should be used for all age groups. However, contradictory
to our data, the data-based analysis defined the elderly as
older than 71 years, did not differentiate between concurrent
and other forms of chemotherapy (e.g., solely induction),
and also included patients without any systemic therapy after
nodal surgery or even with nasopharyngeal carcinoma. The
authors also did not report any toxicities making altogether
the interpretation and comparison of the results with our
study difficult.

Another retrospective, single-center analysis could not
identify any differences in the rates of treatment interruption,
completion, and treatment-related deaths for younger versus
older patients treatedwith intensified nonsurgical procedures
such as CRT and altered fractionation [27]. This observation
is matching our results and underlines the feasibility of such
therapeutical procedures. Nevertheless, in the latest study of
Huang et al., the cause specific survival for the elderly cohort
was satisfying but somewhat worse when compared to that
of the younger cohort. Such differences may be attributed
to the different biology of tumors in various age groups, as
SCCHN in younger individuals is more commonly attributed
to HPV infection, a status associated with improved tumor
control and survival [28]. Furthermore, a recent investigation
of the impact of HPV on the prognosis of elderly patients
confirmed this relationship also for patients older than 70
years [29]. In our patient collective, the proportion of p16-
positive patients was similar for all groups and no significant
differences regarding the oncological endpoints could be
found between p16-positive and p16-negative patients. The
second observation appears somewhat surprising, but could
be explained when the relatively small incidence of p16-
positive patients (ca. 20%) and at the same time the high
amount of smokers in the present study are taken into
account: it has been already demonstrated that HPV-positive
smokers have an impaired prognosis compared to HPV-
positive nonsmokers [28]. Smoking status was also an inde-
pendent prognosticator forworseOS andDMFS for the entire
patient cohort, a correlation that has been demonstrated
before [30, 31]. Caparrotti et al. could only show a trend
for impaired outcome for elderly smokers [29]. The only
pathological parameter with an impact on the endpoints
was the nodal stage, one of the strongest known prognostic
parameters in SCCHN with strong negative association with

metastases-free survival [32–34], possibly as indicator of
circulating tumor cells [35].

Interestingly, the only clinical factor with a significant
impact on survival in themultivariate analysis was the ECOG
performance status, indicating again that the general condi-
tion of the patient remains a far more reliable parameter that
the chronological age. In elderly SCCHN patients, comor-
bidities are an independent predictor of survival [29, 36–38].
The Comprehensive Geriatric Assessment (CGA) [39] and
the Geriatric-8 screening tool (G8) [40] also take functional,
mental, and psychological status of the patient into account
and could help differentiate patients suitable for intensified
treatment. In any case, CRT for older SCCHNpatients should
be performedwithmaximum supportive care [41] and prefer-
ably in high-volume centers where modern approaches such
as intensity-modulated radiotherapy could help improving
outcomes [42].

Finally, novel agents such as targeted therapies and im-
munotherapy could help decreasing toxicities without com-
promising tumor control. In a trial by Bonner et al., Cetux-
imab, an epidermal-growth-factor receptor-inhibitor, en-
hanced the therapeutic effect of radiotherapy when applied
simultaneously [43]. The effect was limited to younger
patients (<65 years), but the trial was not powered to answer
this question. Nevertheless, Cetuximab did not negatively
affect the quality of life [44] and could be an option for elderly
patients. In the future, a combination of radiotherapy and
immunotherapy (e.g., with PD-1 inhibitors) could advance to
a new standard for patients not amenable to CRT [45], as they
do not show any negative impact on quality of life, at least in
the palliative setting [46].

Altogether, there is enough experience showing that
elderly SCCHN patients can withstand an intensive, curative
treatment without experiencing a more pronounced decline
in the quality of life than younger ones [47, 48] and the biggest
danger relies on undertreating these patients [45].

Themain strength of the present work is the homogenous
collective analyzed, treated solely with concurrent chemora-
diotherapy for a single histology at a single institution. This
study has also some limitations: first of all the retrospective
nature of the study makes it sensitive for bias, such as
selection bias. For example, it is possible that some very
frail patients, who were in advance excluded from a CRT,
were more often older than 65 years. Secondly, important
factors, such p16 and smoking, could be assessed for the
majority, but not for all patients. However, we think that we
could provide some useful results, underlying the fact that
intensified treatment with CRT is feasible and effective, even
in advanced age, if performance status and comorbidities are
taken into account.
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Older adults with cancer present a unique set of management complexities for oncologists and radiation oncologists. Prognosis
and resilience to cancer treatments are notably dependent on the presence or risk of “geriatric syndromes,” in addition to cancer
stage and histology. Recognition, proper evaluation, and management of these conditions in conjunction with management of the
cancer itself are critical and can be accomplished by utilization of various geriatric assessment tools. Here we review principles of
the geriatric assessment, common geriatric syndromes, and application of these concepts to multidisciplinary oncologic treatment.
Older patients may experience toxicities related to treatments that impact treatment effectiveness, quality of life, treatment-related
mortality, and treatment compliance. Treatment-related burdens from radiotherapy are increasingly important considerations and
include procedural demands, travel, costs, and temporary or permanent loss of functional independence. An overall approach to
delivering radiotherapy to an older cancer patient requires a comprehensive assessment of both physical and nonphysical factors
that may impact treatment outcome. Patient and family-centered communication is also an important part of developing a shared
understanding of illness and reasonable expectations of treatment.

1. Introduction

Vignette. Robert Smith is a 75-year-old functionally inde-
pendent gentleman with recently diagnosed Stage II laryn-
geal carcinoma. His radiation oncologist prescribed him a
schedule of 70Gy in 2Gy fractions [1]. Mr. Smith tolerated
the initial weeks of radiation therapy well; however, by week
4, he developed moderate mucositis and his oral intake
significantly decreased. This led to subsequent dehydration,
resulting in an episode of syncope that caused him to fall
down a flight of stairs. Mr. Smith was hospitalized with a
fractured hip andunderwent surgery to stabilize the fractured
bone. He required a 2-month stay in a nursing facility due to
loss of his functional independence.

This above vignette is an unfortunately common scenario
that could complicate the cancer treatment process for an
older patient. An event such as Mr. Smith’s fall may at first
seem to be an ill-timed coincidence unrelated to cancer

treatment. In reality, it is a consequence of his complex
multifaceted health and functional status. Many older adults
risk a predicament similar to Mr. Smith’s in the face of
cancer treatment. As radiation oncologists, how canwe better
conceptualize assessment and management for patients like
Mr. Smith and reduce the risk of events leading to a loss of
functional independence?

Acknowledgment of older adults with cancer as a dis-
tinct patient population requiring knowledge of specialized
principles in cancer management is increasingly important
given that the population of the United States is aging
at an increasing rate. A projected 74.1 million (20.6%) of
Americans will be 65 or older in 2030, an increase from 46.2
million (14.5%) in 2014; 9.1 million (2.5%) of Americans will
be 85 or older in 2030, an increase from 6.2 million (1.9%)
in 2014 [2]. Given the linear relationship between increasing
age and cancer risk, the number of older adults with cancer
will increase dramatically over the next decade. Between 2010
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and 2030, an anticipated increase of 67% will be expected
in the cancer incidence for patients 65 years or older (1.0
million to 1.6 million instances) [3]. A significant proportion
of these patients will receive radiation therapy as part of their
treatment. It has been projected that from 2010 to 2020, there
will be a 38% rise in the number of adults 65 or older who
will be treated with radiation therapy as an initial treatment
course (282,000 to 388,000 instances) [4].

The key to approaching management of older patients
with cancer is to understand the unique differences that
these patients have compared to their younger counterparts,
both with respect to their tumor biology and overall health
and functional status. Older patients have distinct physical,
psychosocial, and economic needs that play an important
part in their well-being. In order to comprehensively address
their care, radiation oncologists may find it helpful to have a
working understanding of the available tools for performing
a geriatric assessment and the common geriatric syndromes
such as falls, frailty, and polypharmacy that might affect
treatment outcomes of older adults. A common pitfall that
arises in oncologic management of older adults is making
decisions about medical management based primarily on the
type and stage of cancer and chronological age. However,
decision-making in this special population is significantly
more nuanced. Assessment of functional age [5], which is
distinct from chronological age and is determined by a
combination of factors including performance status, comor-
bidities, and presence of geriatric syndromes, is of paramount
importance. This article will review the utility of geriatric
assessment tools that may help predict a patient’s ability
to tolerate cancer treatments and side effects, the geriatric
syndromes that can come into play during cancer treatment,
and the specific considerations regarding the delivery of
radiation therapy and chemotherapy to older adults.

2. Phenotype of the Older Adult

Aging is a coordinated process associated with many physio-
logical and biologic changes in the human body. Over time,
organs gradually lose their maximal function and respond
less resiliently to external stresses [6]. At the cellular level,
senescence may lead to reduced replication efficiency and
recovery of tissues. At the molecular level, a lifetime of
DNA replication, damage, and repair can pave the way to
deleterious mutations that can ultimately lead to cancer.
These changes play a part in the pathological development of
morbidity and mortality in the older patient as well as overall
resiliency and recovery.

2.1. Morbidity in the Older Adult. With a growing population
of older adults, morbidity is becoming an increasing concern
in the geriatric population. Compared to their younger
counterparts, older adults harbor a greater number of chronic
conditions. Many suffer from syndromes unique to the
geriatric population such as frailty, dementia, and falls and
can rely increasingly upon caregiving. From a 2014 report on
people aged 65 years or older residing in the United States,
55.9% were living with hypertension, 49.0% with arthritis,
29.4% with heart disease, 23.4% with cancer, and 20.8%

with diabetes [2]. More than 50% of Medicare beneficiaries
have more than one chronic condition [7]. Increasing level
of multimorbidity is positively correlated with increasing
number of inpatient admissions, postacute care services,
home health visits, emergency room visits, and readmissions
to the hospital within 30 days of discharge [7]. This overall
decrease in health status of older adults results in a higher
utilization of health care services. On average, older patients
incurmore annual health care costs, which consist of hospital
stays, doctors’ visits, nursing home or visiting nurse services,
and prescription drugs [2]; yet at the same time, they may
not have steady financial resources to pay for these increasing
costs, some of which may be out-of-pocket expenses.

3. Geriatric Assessment

3.1. Principles of the Geriatric Assessment. An older person’s
ability to perform activities of daily living may impact
the tolerability of cancer treatments. An awareness of the
multidimensional contributors to the overall health status of
an older adult (separate from the cancer stage, Karnofsky
Performance Status at the time of visit, and an individ-
ual’s chronological age) may allow for conceptualization of
more optimally tailored treatment recommendations for an
individual patient and also may better prepare the patient
and caregivers for what to expect during treatment and
afterwards. A full assessment of the geriatric patient covers
each of the following domains: physical condition, cognitive
function, functional status, nutritional status, psychosocial
health, economic status, physical environment, caregiver
support, and spirituality [6]. Specific issues that might have
important implications during a patient’s treatment and thus
need to be considered during an oncologic geriatric assess-
ment include but are not limited to impairments of vision and
hearing, urinary incontinence, constipation, changes in gait,
history of falls, tremor, neurocognitive deficits, and changes
in weight.

3.2. Tools for the Geriatric Assessment. The “gold standard”
for evaluating older adults is the comprehensive geriatric
assessment (CGA). The origin of the CGA dates back to the
1940s by Dr. Marjory Warren in the United Kingdom, who
noticed a need to better manage older patients in the hospital
who were bedridden and chronically ill [49]. She developed
one of the first geriatric units to help mobilize these patients
to undergo proper medical and rehabilitative care, thereby
paving the way for a more systemic means of evaluating
geriatric patients. A CGA involves a methodical approach of
in-depth evaluation that includes an assessment of four health
domains: physical health, functional status, psychological
well-being, and socioeconomic factors [6]. Many screening
tools and questionnaires can be used to assess these different
health domains (summarized in Table 1), although not all of
them are necessarily required to perform a thorough CGA.

The use of such a systematic way to conduct a full geri-
atric assessment has utility in predicting survival outcomes
among older patients undergoing cancer treatment [50].
For instance, better-performing older adults had improved
survival following surgery for breast or colorectal cancers,



BioMed Research International 3

Table 1: Examples of available screening tools currently used to conduct a geriatric assessment (CGA), adapted from [8, 9].

General health
status domain

Specific domain
components Screening tools available for assessment of the specific domain components

Physical health
status

Comorbidities Charlson Comorbidity Index (CCI) [10], Cumulative Illness Rating Scale for
Geriatrics (CIRS-G) [11]

Nutrition Subjective Global Assessment (SGA) [12], Mininutritional Assessment (MNA) [13],
Geriatric Nutritional Risk Index (GNRI) [14]

Medications Review history of medications, Beers criteria [15]

Functional
status

Frailty Frailty Index (FI) by deficit accumulation [16, 17], Fried Frailty Index [18],
Vulnerable Elders Scale-13 (VES-13) [19]

Activities of daily living
(ADLs) Barthel’s Index Rating Scale [20], Katz Index of Independence in ADLs [21]

Instrumental activities of
daily living (IADLs) Functional Activity Questionnaire [22], Rapid Disability Rating Scales [23]

Falls and balance test
History of falls, Berg Balance Scale [24], Timed Up and Go Test [25], Tinetti Gait
and Balance Test [26], Fall Risk Assessment Scale for the Elderly (FRASE) [27], Fall
Risk Index [28]

Gait speed Average In-home Gait Speed (AIGS) [29]
Strength Handgrip Test [30]

Psychological
well-being

Cognitive function
Minimental Status Examination (MMSE) [31], Montreal Cognitive Assessment
(MoCA) [32], Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE) [33], Simple Clock Drawing Test

Depression and anxiety
Geriatric Depression Scale (GDS) [34, 35], Hamilton Rating Scale for Depression
(HRSD) [36], Geriatric Anxiety Inventory (GAI) [37], Geriatric Anxiety Scale [38],
Hospital Anxiety and Depression Scale [39]

Socioeconomic
status

Social support General questionnaire, Medical Outcomes Survey Social Support [40]

Environment Financial capabilities, transport facilities, technology use, home safety
questionnaires

whereas poorer-performing older adults had a higher post-
operative mortality risk [50, 51]. Risk-stratifying patients
based on a CGA may uncover certain parameters (e.g., low
vitamin D levels) that could be intervened upon and thereby
minimize treatment-related toxicities [52, 53]. Evidence has
shown that performing a CGA can alter up to 49% of
patients’ initial treatment plans [54]. In radiation therapy,
conducting aCGAhas the potential to predict side effects and
tolerability to radiation. A recent Turkish study found that
certain parametersmeasured in theCGA, such as low vitamin
D levels and slower 6-meter length gait speeds, are associated
with postradiation esophagitis and emesis, respectively [53].

Performing a CGA can be time consuming and resource
intensive, and the use of these tools may require additional
training. Several abbreviated screening tools have been pro-
posed which identify patients who would likely benefit from
a full CGA (Table 2). Each of the tools has undergone assess-
ment of its sensitivity and specificity [41]. For example, the
G8 had a sensitivity ranging from 65% to 92% and specificity
ranging from 3% to 75%. VES-13 had a sensitivity ranging
from 39% to 88% and specificity ranging from 62% to 100%.
Because of their varying rates of sensitivity and specificity,
there is ongoing debate on whether these screening tools
can be used alone or in conjunction with a full geriatric
assessment [41, 55]. Despite its wide variation in sensitivity
range, direct comparisons between G8 and other screening
tools show that G8 performs at a significantly greater or equal

sensitivity [41, 43]. G8 may be the preferred screening tool
in a radiation oncology setting, given its performance and
efficiency.

The European Organisation for Research and Treatment
of Cancer QLQ-C30 (EORTC QLQ-C30) is another widely
used tool that can assess the quality of life for cancer patients
undergoing treatment but is nonspecific for older adults
[56]. An updated version of this tool (EORTC QLQ-ELD14)
validated for older patients has been in use since 2013 but
is not specifically designed to assess for geriatric syndromes
[57].

4. Geriatric Syndromes

An explanation for the increased morbidity and mortality
of older patients lies in their susceptibility to a set of
conditions known as “geriatric syndromes.” These ailments
are a central concern in geriatric care and include frailty,
dementia, syncope, delirium, falls, dizziness, sleep disorders,
and pressure ulcers [6]. Frailty is a well-studied geriatric
syndrome considered highly relevant in cancer treatment and
specifically in radiation therapy.

4.1. Frailty. As patients age, changes in physical health and
functional abilities become increasingly complex and thereby
cannot be easily attributed to a single underlying clinical
condition (such as cancer). A unifying factor that can explain
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Table 2: Selected screening tools currently available to perform an abbreviated geriatric assessment, adapted from [41].

Screening tools Purpose Method of assessment References

G8 screening
questionnaire

Identify geriatric impairments in
elderly patients across all CGA

domains

8-item clinical assessment conducted by health care
provider: food intake, weight loss, mobility,

neuropsychological problems, body mass index,
medication usage, self-perception of health, and age

[42]

Vulnerable elders
survey-13

Identify elderly patients who are
“vulnerable,” that is, at risk of
functional worsening or death

over 2 years

12-item clinical assessment conducted by health care
provider: physical activities, ADL/IADLS, age,

self-rated health, and comorbidities
[19]

Flemish version of the
triage risk screening
tool

Identify elderly patients who are
at risk for readmission following

discharge

5-item clinical assessment conducted by health care
provider: presence of cognitive impairment, living

alone or no caregiver available, walking difficulty and
history of falls, recent hospitalization, and

polypharmacy (≥5 medications)

[43, 44]

Study of osteoporotic
fractures index Measure “prefrailty” and “frailty”

3-item clinical assessment conducted by health care
provider: weight loss, inability to rise from chair, and

poor energy
[45, 46]

Groningen frailty
indicator

Measure physical, social, and/or
psychological impairment

15-item clinical assessment conducted by health care
provider: mobility, vision, hearing, nutrition,

comorbidities, cognition, psychosocial, and physical
fitness

[47]

Fried frailty criteria Measure “frailty”
5-item clinical assessment conducted by health care

provider: weight loss, handgrip, gait speed, exhaustion,
and physical performance

[18]

Abbreviated
comprehensive
geriatric assessment
(aCGA)

Select items from the CGA to
expedite assessment

15-item clinical assessment conducted by health care
provider: from Geriatric Depression Scale [34], MMSE

[31], ADLs, and IADLs
[48]

these multifaceted changes is the concept of frailty, which is
defined by geriatricians as a vulnerable, age-related state in
which one is less able to maintain homeostatic equilibrium,
resulting in unfavorable outcomes such as falls and disability
[6, 18, 58, 59]. Phenotypically, the frail patient will exhibit
a range of manifestations, such as loss in energy, physical
strength, and weight, and inability to perform common
functional tasks. In recent years, frailty is appreciated more
broadly as a multidimensional concept of illness spanning
biological, physiological, psychological, and social domains
of the older adult [60–62].

The prevalence of frailty in the geriatric population is
unclear. A systematic review by Collard et al. of populations
in various countries (e.g., United States, Canada, and United
Kingdom) found the prevalence of frailty to be 4.0% to 59.1%
among community-dwelling adults 65 or older [63]. This
wide range is attributed to the observation that a proportion
of the studies defined frailty solely as a physical phenotype,
which had a weighted prevalence of 9.9%, whereas another
proportion defined it as both a physical and psychological
phenomenon, which resulted in a weighted prevalence of
13.6%.

Several metrics have been proposed to quantify the
degree of frailty in a patient [64]. The two most promi-
nent scales are the CGA-based Frailty Index (FI), which
assesses the accumulation of deficits in various areas span-
ning physical symptoms, psychological symptoms, functional

abilities, and behaviors [16, 17], and the Fried Frailty Index
(FFI), which addresses frailty as solely a physical phenotype
(Table 3) [18]. Other scales, like the Groningen Frailty
Indicator (GFI) and the Tilburg Frailty Indicator (TFI),
are variants of these two approaches [47, 65]. Generally,
not one tool is preferred over another, as each evaluates
complementary aspects of the health and functional status
of geriatric patients, which explains the wide prevalence of
frailty in the systematic review by Collard et al. [63, 64, 66].

Assessing frailty has importance in preparing patients
for cancer treatments and radiotherapy. Frail patients are
more likely than nonfrail patients to exhibit more side effects
or have complications from both chemotherapeutic drugs
and radiotherapy treatments and at the same time have less
functional capacity with which to overcome these adverse
effects. From one systematic review, it has been calculated
that the median estimates of frailty and prefrailty in older
patientswith cancer are 42% (range 6%–86%) and 43% (range
13%–79%), respectively [67]. Frailty was found to increase all-
cause mortality, postoperative mortality, postoperative com-
plications, and treatment toxicities from procedural and/or
chemotherapeutic interventions [67].

For a radiation oncologist, the construct of frailty in
older patients can be considered a measure of functional
reserve. In this context, patients identified as frail may be less
likely to recover from radiation treatments compared to their
younger counterparts. The radiation oncologist can consider
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Table 3: Phenotypic criteria for the Fried Frailty Index, adapted from [18].

Characteristics of frailty Criteria used to define frailty (from Fried et al.)
Shrinking: weight loss (unintentional), sarcopenia (loss of muscle mass) Baseline: >10 lbs lost unintentionally in prior year
Weakness Grip strength: lowest 20% (by gender, body mass index)
Poor endurance; exhaustion “Exhaustion” (self-reported)
Slowness Walking time/15 feet: slowest 20% (by gender, height)

Low activity
Kcals/week: lowest 20%
(i) Males: <383Kcals/week
(ii) Females: <270Kcals/week

Presence of frailty
Positive for frailty phenotype: ≥3 criteria present
Intermediate or prefrail: 1 or 2 criteria present

utilizing frailty to help better evaluate the older patient when
planning their treatments. In a sample of older women with
breast cancer, 26% had a baseline Fried frailty score > 1
[68]. Radiotherapy-related fatigue was better predicted by
the Fried frailty score than other assessments such as the
Karnofsky Performance Status. A higher score on a Frailty
Index modified to include the presence of comorbidities
like diabetes and history of stroke was associated with
significantly lower overall survival and other cause-specific
survival in stage I/II non-small cell lung cancer patients who
underwent stereotactic body radiation therapy (SBRT) [69].

Understanding the risks and toxicities associated with
frailty during cancer treatments may help the older patient
withstand and recover from the effects of chemotherapy and
radiotherapy [70]. Frailty is a formal construct in geriatrics. In
oncology, an analogous concept is that of functional reserve.
Management of frailty relies first on its proper diagnosis and
second on an understanding of how expected toxicities aris-
ing from cancer treatment might precipitate an event leading
to an adverse outcome in a frail patient such as a fall (as in the
case of the patient described in the above vignette). Several
management options exist for health conditions and treat-
ment complications thatmight result or get worse from frailty
existing at baseline. These include pharmacologic interven-
tions for sarcopenia, cachexia, and nutritional deficits [71–
73] and exercise interventions [74]. Overall, management
should be multidisciplinary and involve physical therapists,
dieticians, nurses, caregivers, geriatricians, oncologists, and
radiation oncologists [75]. Understanding how frailty plays a
role in the care of the older cancer patient allows us to more
thoughtfully address how certain reduced capabilities might
affect a person’s tolerability of current cancer treatments.

5. Special Radiation Treatment Considerations

Radiotherapy is an important anticancer modality and some-
times the treatment of choice for patients regardless of age
or comorbid condition (for example, prostate cancer). A
decision to pursue radiotherapy requires a full comprehensive
understanding of the goals of treatment, individual patient
characteristics, and the predicted tolerability to the radiation
treatment itself. An incomplete understanding of a patient’s
upfront ability to tolerate the effects of treatment may lead

to interruption of treatment courses, which can lead to
undesirable cancer repopulation [76, 77]. Clinicians may
need to be extra careful of issues or problems that might
arise during radiation treatment in the older individual.These
include toxicities from radiation, treatment-related burdens
persisting after radiation, and synergistically related toxicities
resulting from combined chemoradiation.

5.1. Issues regarding the Biology of the Older Human Body.
Older adults are susceptible to the same toxicities of radia-
tion that affect their younger counterparts [78]. In general,
radiation can cause irreversible damage to cells and tissues
in the human body, resulting in acute injury manifesting a
few weeks after radiation treatment, or long-term reduction
in organ function manifesting months or years after [78].
Older adults, given their likelihood of having organs worse
in function, are presumably more vulnerable to the toxicities
of radiation therapy. Interestingly, in vitro studies have not
shown whether age has any impact on the radiosensitivity
of primary human cancers cells like fibroblasts, breast cancer
cells, mucosa, and vascular smooth cells [79–82]. Clinically,
there is evidence of worsening functional impairment in
older patients treated with radiotherapy [78]. Some of the
most concerning toxicities that older adults may have a
higher vulnerability of experiencing are fatigue [83, 84],
mucositis, xerostomia, dehydration, infections [78], and cog-
nitive defects [85–88]. However, other studies have produced
contradictory results regarding this subject [89–91]. There
is continued controversy on whether a correlation exists
between chronological age and incidence of radiation-related
toxicities.

5.2. Increased Treatment Precision Can Reduce Toxicities.
Over the years, advances in technology have led to radi-
ation techniques that efficiently deliver adequate amount
of radiation to an area with potential for reduced toxicity.
Intensity-modulated radiation therapy (IMRT) and image-
guided radiation treatment (IGRT) techniques allow the
delivery of higher doses in the treatment volumes with better
sparing of surrounding normal tissue [92]. These techniques
have been associated with lower toxicities than other forms of
radiation therapy in various types of cancers including cancer
of the prostate, head and neck, breast, bladder, and rectum
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[93–97]. Stereotactic body radiation therapy (SBRT) allows
for higher dosages to be delivered to a targeted tumor region
with fewer numbers of fractions [98] and has been associated
with a lower incidence of toxicities [99], such as radiation
pneumonitis in NSCLC treatment for instance [100]. A
recent study on brain metastases found that stereotactic
radiosurgery (SRS) alone compared with SRS with whole
brain RT can lead to a better conservation of cognitive ability
and quality of life without compromising survival [101]. The
advent of more precise radiation technologies has presented
safer and efficient options of radiation that can be delivered
to older patients with better toxicity profiles [94, 102–104].

Despite recent advances in precision technology, the
functional status of older adults with physical impairments
and/or comorbidities remains of utmost importance when
considering the appropriate radiation treatment. Frailty can
be a predictor of radiation-induced toxicity in older patients
[68, 69]. The presence of competing noncancer risk factors
can negatively impact tolerance to radiotherapy.Womenwith
breast cancer who also have a comorbid heart condition can
be at higher risk of developing cardiotoxicity to radiotherapy
treated to the breast [105].

Given their likelihood of experiencing increased toxici-
ties, older adults are at risk of not being able to complete
extended radiation treatments because of their amplified
experience of side effects, decline in clinical status, or treat-
ment burden regarding transport and financial costs [106,
107]. These patients would thereby benefit from hypofrac-
tionated treatment schedules, which deliver the same total
doses as that of conventional schedules, but in a smaller
number of treatment sessions (fewer visits to the treatment
facility of hospital). There is also growing evidence that
geriatric assessments may help with risk-stratifying patients
receiving radiotherapy. One study found that a Vulnerable
Elders Survey-13 (VES-13) score above 7 was associated with
around 3 times greater probability for not completing a
radiation treatment [108]. A prognostic index consisting of
demographics, medication and hormone use, comorbidities,
anxiety, and functional status was validated for patients
with prostate cancer who underwent androgen deprivation
therapy and/or radiation therapy [109]. Patients determined
to be high-risk by the prognostic index had a significantly
higher risk for fracture rate (19.2% in derivation cohort, 16.5%
in validation cohort).

5.3. Issues regarding Treatment-Related Burdens. Radiation
treatments can negatively impact the quality of life for older
adults in ways other than acute and long-term toxicities.
As described above, older patients can be encumbered by
geriatric syndromes that can reduce the effectiveness of
anticancer treatments. Protocols and fractionation schedules
that do not acknowledge the severity of these syndromes
can subject older patients to treatment noncompliance and
further deterioration in health.

The efficacy of radiation treatment lies in its success-
ful delivery. To this end, patient cooperation throughout
radiation treatment procedures is necessary. Presence of
certain geriatric syndromes might affect a patient’s ability
to complete parts of the radiation treatment process [6].

For instance, patients with hearing impairments, highly
prevalent among older adults, may not be able to promptly
listen to directions during dynamic (e.g., respiratory motion
management) protocols. Similarly, patients with dementia
may not be able to verbalize sensations of discomfort or pain
during radiation or remember instructions. Furthermore,
patients withmovement disorders like Parkinsonian tremors,
or severe arthritis, may have difficulty with immobilization
or positioning. Those with frailty or severe physical impair-
ment may have difficulty accomplishing stressful maneuvers
such as breath-holding or abdominal compression [102]. A
focused evaluation of these potential issues upfront may
allow workaround solutions to be developed that could make
treatments less taxing and more manageable. Special accom-
modations may be made by treatment facilities or hospitals
to make these techniques possible for patients with certain
disabilities. For instance, respiratory motion management
techniques can have visual or auditory guides (e.g., screens
inside treatment rooms, special glasses, and sound alarms).

Over the past decade, newer approaches have been devel-
oped that can potentially address some of these technical
challenges. Respiratory motion tracking allows for radiation
to be delivered without the need for a breath hold [110]. How-
ever, these techniques tend to lengthen the treatment session
time, which can increase patient discomfort (common in
older patients, as previously mentioned). Four-dimensional
computed tomography (4D-CT) and image guidance (4D-
IG) tracks organ movement over time through frequent
image capture during the radiation course [111, 112]. Adaptive
radiation therapy (ART) individualizes radiation treatment
by replanning and redosing radiation daily, allowing for
complicated patients who require varying treatment set-ups
[113, 114].

Another important consideration must be made for the
socioeconomic factors that often play a role in radiotherapy
effectiveness in older adults. Extended fractionation sched-
ules may require frequent travel between the radiotherapy
facility and the patient’s residence. Since older adults are vul-
nerable to treatment-related fatigue and deficits in physical
activity, constant travel may severely impact their quality of
life or may simply not be feasible [115–117].

In consideration of the socioeconomic factors and toxici-
ties, older patients may fare better with shorter fractionation
schedules without compromising tumor control. Hypofrac-
tionation has been studied to be an effective alternative to
conservative fractionation in different cancers [118–120]. In
breast cancer, older patients treated with hypofractionated
RT (42.56Gy in 16 fractions) as opposed to standard RT
(50–60Gy in 25–30 fractions) had 100% overall survival and
no severe toxicities or local recurrence at median follow-
up of 15 months [120]. In glioblastoma multiforme (GBM),
patients over 60 years of age receiving 40Gy in 15 fractions
over 3 weeks had similar overall survival to those who
were treated with the standard 60Gy course [121]. In head
and neck cancer, patients with multiple comorbidities and
overall poorer health may be able to tolerate split-course,
accelerated, hypofractionated radiotherapy (SCAHRT), or a
regimen comprising 60–72Gy in 20–24 fractionswith a break
in the middle of the course [119].
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Hypofractionated courses can also be useful in the pallia-
tive setting. For instance, in palliation of bone metastases, a
lower incidence of acute toxicities (e.g., nausea and vomiting,
diarrhea, and fatigue) was observed in 8Gy in 1 fraction
compared to 30Gy in 10 fractions in some randomized trials
[122].

However, hypofractionated courses may present with an
additional inconvenience for older patients. Although the
physical dose is lower, the dose per session is higher, which
may lead to a higher likelihood of acute toxicities in normal
tissues if the same tolerances used in normofractionated
schedules are applied. It is important to emphasize the neces-
sity of adjusting the dose constraints in hypofractionated
schedules.

A reasonable alternative to delivering radiotherapy is
omitting it in favor of more supportive measures. Supportive
care alone may benefit some selected cancer patients [123].
However, caution must be made before making the decision
to omit radiotherapy, as withholding adjuvant radiotherapy
can risk tumor recurrence and worsening of tumor progres-
sion [124, 125].

5.4. Issues regarding Concurrent Chemoradiation Treatments.
It has been shown that combined chemoradiation can
improve survival in certain cancers, like that of head and
neck, brain, endometrium, and lung [126–129]. However,
chemotherapy adds toxicities that can compound those of
radiation therapy, such as mucositis, cytopenia, and car-
diotoxicity [130, 131]. In addition, because of their age-related
reductions in kidney and liver function, older adults are
prone to increased chemotherapy potency [6]. Evidence has
shown that older individuals receiving combined chemoradi-
ation treatments can experience amplified toxicities leading
to more frequent hospitalizations and worse survival [132].

On the other hand, some trials have revealed that older
patients may be able to tolerate chemoradiation for particular
cancers similar to younger counterparts [133, 134]. However,
most of these trials only included older individuals who
were medically fit and with few or no comorbidities [135].
Thus, results may not be routinely generalizable to patients
with an increased number of comorbidities or functional
impairments.

Toxicities may be better controlled by employing the use
of more precise radiation technologies during chemoradia-
tion. Chemoradiotherapy using IMRT for treatment of cervi-
cal cancer has been shown to limit spread of radiation to the
bone marrow and reduce incidence of hematologic toxicity
[136]. Use of tomotherapy-based IGRT in chemoradiation
for small cell lung cancer was associated with no grades 3
to 4 pneumonitis, although other toxicities like esophagitis
and pulmonary embolism was still observed in some patients
[137].

Combining chemotherapy with hypofractionated radia-
tion may be feasible without increasing overall toxicity. A
retrospective analysis examining the concurrent use of temo-
zolomide (TMZ) and radiotherapy in glioblastoma found
that older patients receiving hypofractionation and TMZ
generally tolerated the combined regimen well [138].

Older adults with poorer functional status may better
tolerate sequential, rather than concurrent, chemoradiation
[139]. One study found that patients with nasopharyngeal
carcinoma receiving sequential chemoradiation had overall
less severe acute toxicities (leukopenia, anemia, mucositis,
and weight loss) than those who underwent concurrent
chemoradiotherapy; however, there was no significant differ-
ence in survival between the two modalities [140]. The use of
more precise radiation technologies, hypofractionation, and
sequential chemoradiationmay benefit older individuals with
poor functional status.

6. A Framework for Making
Management Decisions

A central question is how to best utilize the skillset of
specialty-level geriatrics to optimize cancer treatment for
older patients. A conceptual model utilizing four domains
(tumor behavior, noncancer related competing risks, func-
tional reserve, and palliative needs) described by G. L. Smith
and B. D. Smith can be considered a foundation for making
tailored radiation treatment plans [141]. A comprehensive
geriatric assessment and other abbreviated, easy-to-use geri-
atric assessment screening tools augment this model by
facilitating ascertainment of objective data about competing
health risks and functional reserve [8, 54]. Routine use of
these assessment tools in practice may help risk-stratify
geriatric patients and guide treatment decision-making. An
objective and complete assessment of an older patient may
uncover potentially modifiable geriatric impairments. These
in turn might affect the choice of radiation treatment modal-
ity, set-up, technique, dose, and fractionation that would be
most appropriate based upon an individual’s unique set of
clinical characteristics and circumstances [50, 51, 53, 67].
At the same time, a full geriatric assessment may be time-
consuming and resource intensive [41]. Not every cancer
clinician may be trained to perform one, and not every older
individual may require one. Additional studies are needed
to find reliable, routine, and easy-to-use screening tools for
radiation oncologists’ use that can expedite assessment [41,
142].

Choosing the “best” radiotherapy plan for the older adult
requires clinical judgment and acknowledgment of patient
preferences and concerns. Quality of life and functional
independence may be highly valued among older adults with
cancer. At the same time, undergoing radiotherapy, like any
other anticancer treatments, can be an arduous endeavor and
may be associated with temporary or permanent detriments
in quality of life and function that persist and even worsen
at times after treatment is over. An upfront discussion of
the potential risks, benefits, and acceptable trade-offs of
treatment can be more thoroughly and clearly conducted
by recognizing the multidimensional factors in caring for
the older adult and screening for geriatric impairments that
might directly impact a patient’s treatment outcome. It may
be reasonable in many instances to involve extra supportive
services earlier in a treatment course for older adults at
higher risk (e.g., significant comorbidities and frailty, or for
whom cancer treatments may be particularly burdensome).
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These might include supportive oncology specialists whose
role is to add a layer of support for both patients and
caregivers. This type of care may be delivered by palliative
care clinicians whose role is to care for any type of cancer
patient regardless of cancer type, stage, intent of treatment,
or age. Incorporating supportive oncology specialists earlier
in the management of cancer patients is associated with
better patient-reported quality of life in multiple domains
[143].

It is important for radiation oncologists to recognize the
limitations that their older patients may have in terms of
completing radiation treatment courses. Many patients may
experience treatment interruptions for a variety of reasons
(toxicity-related, patient-related, caregiver-related, treatment
machine-related, etc.).The efficacy of the treatment, however,
depends upon it being completed withminimal interruptions
[76, 77]. Thus, radiation oncologists may keep this in mind
as they make recommendations during consultation and
counsel their patients during on-treatment visits in order
to prevent and/or reduce these interruptions as much as
possible. By bringing specific mention to the potentially
harmful effects that many interruptions can cause, radiation
oncologists and patients/caregivers can decide together what
treatment regimens are most appropriate.

The data gathered from a geriatric assessment allows radi-
ation oncologists to deepen their understanding of potential
treatment implications for older patients in a way that can
facilitate better informed shared decision-making. A mul-
tidisciplinary supportive care approach involving geriatric
expertise, social work services, visiting nurse assistance,
nutritional support, physical therapy, and others can be
employed in a timely manner, possibly preventing a conse-
quence of treatment such as that described in the introduc-
tory vignette. Supportive services may also include individ-
uals specializing in psychosocial oncology [144]. Attention
to psychosocial health is a critical aspect of comprehensive
supportive care for cancer patients of all ages.

7. Conclusion

The overall approach to delivering any cancer treatment
for the geriatric patient, whether it consists of surgery,
chemotherapy, radiotherapy, or the combination of these,
requires a global understanding of physical, functional, and
social well-being. Assessment tools are available for more
optimal evaluation of older individuals with cancer. Inte-
grating abbreviated versions of these tools is feasible to
do within the routine flow of a radiation oncology clinic.
The decision to pursue specific treatments requires patient-
centered communication of preferences, concerns, risks, and
benefits among patients, caregivers, and clinicians.
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treal Cognitive Assessment, MoCA: a brief screening tool for
mild cognitive impairment,” Journal of the American Geriatrics
Society, vol. 53, no. 4, pp. 695–699, 2005.

[33] A. F. Jorm, “The Informant Questionnaire on cognitive decline
in the elderly (IQCODE): a review,” International Psychogeri-
atrics, vol. 16, no. 3, pp. 275–293, 2004.

[34] J. A. Yesavage, T. L. Brink, T. L. Rose et al., “Development
and validation of a geriatric depression screening scale: A
preliminary report,” Journal of Psychiatric Research, vol. 17, no.
1, pp. 37–49, 1982.

[35] S. A. Greenberg, “HowTo try this: the geriatric depression scale:
short form,” AJN, American Journal of Nursing, vol. 107, no. 10,
pp. 60–69, 2007.

[36] M. Hamilton, “A rating scale for depression,” Journal of Neurol-
ogy, Neurosurgery & Psychiatry, vol. 23, pp. 56–62, 1960.

[37] N. A. Pachana, G. J. Byrne, H. Siddle, N. Koloski, E. Harley, and
E. Arnold, “Development and validation of the geriatric anxiety
inventory,” International Psychogeriatrics, vol. 19, no. 1, pp. 103–
114, 2007.

[38] D. L. Segal, A. June, M. Payne, F. L. Coolidge, and B. Yochim,
“Development and initial validation of a self-report assessment
tool for anxiety among older adults: the Geriatric Anxiety
Scale,” Journal of Anxiety Disorders, vol. 24, no. 7, pp. 709–714,
2010.

[39] A. S. Zigmond and R. P. Snaith, “The hospital anxiety and
depression scale,” Acta Psychiatrica Scandinavica, vol. 67, no. 6,
pp. 361–370, 1983.

[40] A. Moser, A. E. Stuck, R. A. Silliman, P. A. Ganz, and K.
M. Clough-Gorr, “The eight-item modified Medical Outcomes
Study Social Support Survey: Psychometric evaluation showed
excellent performance,” Journal of Clinical Epidemiology, vol. 65,
no. 10, pp. 1107–1116, 2012.

[41] L. Decoster, K. Van Puyvelde, S. Mohile et al., “Screening tools
for multidimensional health problems warranting a geriatric
assessment in older cancer patients: An update on SIOG
recommendations,” Annals of Oncology, vol. 26, no. 2, pp. 288–
300, 2015.

[42] C. A. Bellera,M. Rainfray, S.Mathoulin-Pélissier et al., “Screen-
ing older cancer patients: First evaluation of the G-8 geriatric
screening tool,”Annals of Oncology, vol. 23, no. 8, pp. 2166–2172,
2012.

[43] C. Kenis, K. Milisen, J. Flamaing et al., “Performance of two
geriatric screening tools in older patients with cancer,” Journal
of Clinical Oncology, vol. 32, no. 1, pp. 19–26, 2014.

[44] S. W. Meldon, L. C. Mion, R. M. Palmer et al., “A brief risk-
stratification tool to predict repeat emergency department visits
and hospitalizations in older patients discharged from the
emergency department,”Academic EmergencyMedicine, vol. 10,
no. 3, pp. 224–232, 2003.

[45] K. E. Ensrud, S. K. Ewing, B. C. Taylor et al., “Comparison of
2 frailty indexes for prediction of falls, disability, fractures, and
death in older women,” JAMA Internal Medicine, vol. 168, no. 4,
pp. 382–389, 2008.

[46] K. E. Ensrud, S. K. Ewing, P. M. Cawthon et al., “A comparison
of frailty indexes for the prediction of falls, disability, fractures,



10 BioMed Research International

and mortality in older men,” Journal of the American Geriatrics
Society, vol. 57, no. 3, pp. 492–498, 2009.

[47] I. Drubbel, N. Bleijenberg, G. Kranenburg et al., “Identifying
frailty: Do the Frailty Index and Groningen Frailty Indicator
cover different clinical perspectives? a cross-sectional study,”
BMC Family Practice, vol. 14, article 64, 2013.

[48] J. A. Overcash, J. Beckstead, M. Extermann, and S. Cobb, “The
abbreviated comprehensive geriatric assessment (aCGA): A
retrospective analysis,”Critical Review inOncology/Hematology,
vol. 54, no. 2, pp. 129–136, 2005.

[49] D. A. Matthews, “Dr. Marjory Warren and the Origin of British
Geriatrics,” Journal of the American Geriatrics Society, vol. 32,
no. 4, pp. 253–258, 1984.

[50] A. Stotter, M.W. Reed, L. J. Gray, N.Moore, and T. G. Robinson,
“Comprehensive Geriatric Assessment and predicted 3-year
survival in treatment planning for frail patients with early breast
cancer,” British Journal of Surgery, vol. 102, no. 5, pp. 525–533,
2015.

[51] N. Ommundsen, T. B. Wyller, A. Nesbakken et al., “Frailty is
an independent predictor of survival in older patients with
colorectal cancer,”The Oncologist, vol. 19, no. 12, pp. 1268–1275,
2014.

[52] R. Corre, L. Greillier, H. Le Caer et al., “Use of a comprehensive
geriatric assessment for themanagement of elderly patientswith
advanced non-small-cell lung cancer:The phase III randomized
ESOGIA-GFPC-GECP 08-02 study,” Journal of Clinical Oncol-
ogy, vol. 34, pp. 1476–1483, 2016.

[53] S. Ulger, M. C. Kizilarslanoglu, M. K. Kilic et al., “Estimating
radiation therapy toxicity and tolerability with comprehensive
assessment parameters in geriatric cancer patients,” Asian
Pacific Journal of Cancer Prevention, vol. 16, no. 5, pp. 1965–1969,
2015.
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apy added to locoregional treatment for head and neck
squamous-cell carcinoma: threemeta-analyses of updated indi-
vidual data,”The Lancet, vol. 355, no. 9208, pp. 949–955, 2000.

[127] A. A. Secord, M. A. Geller, G. Broadwater et al., “A multicen-
ter evaluation of adjuvant therapy in women with optimally
resected stage IIIC endometrial cancer,” Gynecologic Oncology,
vol. 128, no. 1, pp. 65–70, 2013.

[128] R. Stupp, W. P. Mason, M. J. van den Bent et al., “Radiotherapy
plus concomitant and adjuvant temozolomide for glioblas-
toma,” The New England Journal of Medicine, vol. 352, no. 10,
pp. 987–996, 2005.

[129] P. Warde and D. Payne, “Does thoracic irradiation improve
survival and local control in limited-stage small-cell carcinoma
of the lung? A meta-analysis,” Journal of Clinical Oncology, vol.
10, no. 6, pp. 890–895, 1992.

[130] R. Sawhney, M. Sehl, and A. Naeim, “Physiologic aspects of
aging: Impact on cancer management and decision making,
part I,” Cancer Journal, vol. 11, no. 6, pp. 449–460, 2005.

[131] M. Sehl, R. Sawhney, and A. Naeim, “Physiologic aspects of
aging: Impact on cancer management and decision making,
part II,” Cancer Journal, vol. 11, no. 6, pp. 461–473, 2005.

[132] T. J. Strom, A. O. Naghavi, A. M. Trotti et al., “Increased acute
mortality with chemoradiotherapy for locally advanced head
and neck cancer in patients ≥ 70 years,” Journal of Geriatric
Oncology, vol. 8, no. 1, pp. 50–55, 2016.

[133] E. Metcalfe, O. Karaoglanoglu, and E. Akyazici, “Radiotherapy
with or without temozolomide in elderly patients aged ≥ 70
years with glioblastoma,”Wspolczesna Onkologia, vol. 20, no. 3,
pp. 251–255, 2016.

[134] V. Guimas, J. Boustani, B. Schipman et al., “Preoperative
chemoradiotherapy for rectal cancer in patients aged 75 years
and older: acute toxicity, compliance with treatment, and early
results,” Drugs & Aging, vol. 33, no. 6, pp. 419–425, 2016.

[135] F. Cardenal, E. Nadal, M. Jove, and C. Faivre-Finn, “Concurrent
systemic therapy with radiotherapy for the treatment of poor-
risk patients with unresectable stage III non-small-cell lung
cancer: A review of the literature,” Annals of Oncology, vol. 26,
no. 2, pp. 278–288, 2015.

[136] A. H. Klopp, J. Moughan, L. Portelance et al., “Hematologic
toxicity in RTOG 0418: A phase 2 study of postoperative IMRT
for gynecologic cancer,” International Journal of Radiation
Oncology ∙ Biology ∙ Physics, vol. 86, no. 1, pp. 83–90, 2013.

[137] N. Nguyen,W. Shen, S. Kratz et al., “Feasibility of tomotherapy-
based image-guided radiotherapy for small cell lung cancer,”
Frontiers in Oncology, vol. 3, 2013.

[138] M. Uto, T. Mizowaki, K. Ogura et al., “Feasibility evaluation of
hypofractionated radiotherapy with concurrent temozolomide



BioMed Research International 13

in elderly patients with glioblastoma,” International Journal of
Clinical Oncology, vol. 21, no. 6, pp. 1023–1029, 2016.

[139] D. De Ruysscher and J. van Loon, “Radical radiotherapy for
locally advanced non-small cell lung cancer: when should con-
current chemoradiotherapy not be used?” Clinical Oncology,
vol. 28, no. 11, pp. 708–711, 2016.

[140] Q. Zeng, J. Wang, X. Lv et al., “Induction Chemotherapy Fol-
lowed by Radiotherapy versus Concurrent Chemoradiotherapy
in elderly patients with nasopharyngeal carcinoma: Finding
from a propensity-matched analysis,” BMC Cancer, vol. 16, no.
1, article 693, 2016.

[141] G. L. Smith and B. D. Smith, “Radiation treatment in older
patients: a framework for clinical decision making,” Journal of
Clinical Oncology, vol. 32, no. 24, pp. 2669–2678, 2014.

[142] M. T. E. Puts, J. Hardt, J. Monette, V. Girre, E. Springall, and
S. M. H. Alibhai, “Use of geriatric assessment for older adults
in the oncology setting: a systematic review,” Journal of the
National Cancer Institute, vol. 104, no. 15, pp. 1134–1164, 2012.

[143] J. S. Temel, J. A. Greer, A. Muzikansky et al., “Early palliative
care for patients with metastatic non-small-cell lung cancer,”
The New England Journal of Medicine, vol. 363, no. 8, pp. 733–
742, 2010.

[144] K. M. Kash, R. Mago, and E. J. S. Kunkel, “Psychosocial
oncology: Supportive care for the cancer patient,” Seminars in
Oncology, vol. 32, no. 2, pp. 211–218, 2005.



Research Article
Diagnostics of Thyroid Malignancy and Indications
for Surgery in the Elderly and Younger Counterparts:
Comparison of 3,749 Patients

Krzysztof Kaliszewski,1 Dorota Diakowska,2 Marta StrutyNska-KarpiNska,3

BeataWojtczak,1 MichaB Aporowicz,1 ZdzisBaw Forkasiewicz,1 Waldemar Balcerzak,1

Tadeusz AukieNczuk,1 and PaweBDomosBawski1

1 1st Department and Clinic of General, Gastroenterological and Endocrine Surgery, Wroclaw Medical University, Wroclaw, Poland
2Department of Nervous System Diseases, Faculty of Health Science, Wroclaw Medical University, Wroclaw, Poland
3Department and Clinic of Gastrointestinal and General Surgery, Wroclaw Medical University, Wroclaw, Poland

Correspondence should be addressed to Krzysztof Kaliszewski; krzysztofkali@wp.pl

Received 15 July 2017; Accepted 11 September 2017; Published 16 October 2017

Academic Editor: Ugur Selek

Copyright © 2017 Krzysztof Kaliszewski et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. It seems valuable for clinicians to know if diagnostics of thyroid malignancy (TM) and indications for surgery in the
elderly patients differ from these in younger counterparts. Materials and Methods. Retrospective analysis of the medical records
of 3,749 patients surgically treated for thyroid tumor. Data of patients with histopathology confirmed TM (𝑛 = 309) were studied.
Results.The rate of cytological prediction to malignancy was more than three times higher in elderly women. Compression was a
main reason for surgery in the elderly (𝑝 < 0.0001). The final diagnosis of malignancy was significantly higher in older women
(𝑝 = 0.002). Clinical suspicion of malignancy was positively correlated with histopathological diagnosis in total group of women
(𝑟 = 0.543,𝑝 < 0.001) and total group ofmen (𝑟 = 0.560,𝑝 < 0.001).The subgroup of the eldest TMpatients included a significantly
higher number of subjects with advanced cancer and primary tumor progression (𝑝 < 0.0001). Distantmetastases were significantly
more presented among the elderly patients (𝑝 = 0.032). Conclusions. The rate of cytological prediction to malignancy in elderly
women is high. Tracheal compression is a common surgical indication in the elderly patients. The final diagnoses of malignancy
predominate in elderly women.The oldest TMpatients present a higher number of advanced thyroid tumors and distantmetastases.

1. Introduction

The proportion of the elderly people to the younger popu-
lation has increased by 90% over the last 30 years, and as
some authors predict, by the year 2020, the proportion of
the people over 65 years will increase from 12.4% to 20% [1].
According to the same source of information, the number of
older United States citizens will reach 80 million by 2050.
The other authors estimated that if in 2000 in the world
there were 600 million people in age of 60 years or more,
in 2050 there will be 2 billion [2]. The United State Census
Bureau announced that the number of the elderly Americans
aged above 65 years increases by 2.8% per year between 2010
and 2030 [1]. What is more, it is estimated that by 2050 the

population above 85 years oldwill comprise 24%of the elderly
in the United States and 5% of the total population in the
world [3]. Some authors noticed that approximately 50% of
all surgical interventions are performed in patients in age of
65 or older [4].

Benign and malignant thyroid nodules occur with
increasing frequency in the elderly patients [5, 6]. Mazzaferri
[7] assessed that, by the age of 65, about 50% of these
patients have ultrasound revealed nodules, and the same
observations are described on basis autopsies performed for
the general population [8]. Some other studies say that about
90% of women after the age of 60 years demonstrate the
thyroid nodules and about 60% of men after the age of
80 [2]. It was estimated that about 5% of palpable nodules
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appearmalignant on histopathological examination; however
some authors revealed strong association between age and
malignant potential of thyroid nodules [9]. From 1973, we
have observed the rapid increase of incidence of thyroid
malignancy in older patients, and it is due to rapid increase of
papillary thyroid carcinoma incidence [10]. Besides the fact
that this type of cancer has excellent prognosis in general
population, a lot of studies suggest that well-differentiated
thyroid carcinomas comprised of papillary, follicular, and
Hurtle cell carcinomas are more aggressive tumors in elderly
patients and are more likely to recur. Sorrenti et al. [11] also
confirmed thatwell-differentiated thyroid carcinomapatients
have a favourable prognosis, but they added too that the
aggressive thyroid tumors are more frequently observed in
the geriatric ages showing a higher disease specific mortality.
In older patients, sporadic medullary thyroid carcinomas
are more characteristic than hereditary tumors and older
age is assessed as poor prognostic factor [12]. Lerch et al.
[13] noticed that the age of diagnosis of thyroid carcinoma
influences its prognosis. Anaplastic thyroid carcinoma tends
to have an extremely poor prognosis in elderly people and
most often is observed in the 6th-7th decades of life [14].
Sautter-Bihl et al. [15] revealed that none of the patients in
age below 40 years died, while in the group of patients over
60 years old a ten-year survival rate was 79%.

Diagnostics and treatment of thyroid carcinoma is based
on the similar surgical procedures in elderly patients as in
younger ones. A lot of studies revealed that themost common
indications for surgery in older patients are similar than in
younger counterparts and the most common are thyroid car-
cinoma suspicion, multinodular goiter (MNG) with trachea
compression, or hyperthyroidism [16]. However, to establish
the accurate diagnosis in the elderly patients may seemmuch
more difficult. The clinical dilemmas concern the elderly
patients with thyroidmalignancy in the early stage of disease.
Some authors suggest that older patients generally have a
much “stronger” or more urgent indications for surgery like
severe compressive or trachea infiltration symptoms due to
thyroid carcinoma [17]. The proper diagnosis and accurate
indication for surgery in older patients in aspect of some
recent performed clinical analyses seem extremely valuable,
especially that, as the authors say, thyroid surgery in older
patients is associated with higher risk of severe complications
than in younger ones [18].

All these observations forced the authors of this study to
estimate how more difficult and complicated is to establish
the proper diagnosis of thyroid pathology in elderly patients
and, next if needed, properly qualify to surgery. The authors
analyzed the most common thyroid pathology and the most
common indication for surgery in the elderly patients.

2. Materials and Methods

Our study protocol was approved by the Bioethics Committee
of Wroclaw Medical University (signature number: KB-
487/2017).

2.1. Demographic and Clinical Characteristics. The terms of
“geriatric” or “elderly” patients are not clearly defined. The

cutoff age for this group of patients may vary from 60 to 80
years or even older [18]. In our study, we defined the elderly
patients as 65 and older.

2.2. Indication for Surgery. In aspect of some studies [19],
which have revealed the higher risk of perioperative compli-
cations among older patients undergoing thyroid surgery, the
indications for strumectomy in our patients were accurately
analyzed and based on the classical standards.

2.3. Study Group. Study group consisted of 3,749 patients
with solitary and multiple thyroid nodules, who were sur-
gically treated between January 2008 and December 2015 at
Department of General, Gastroenterological and Endocrine
Surgery of Wroclaw Medical University, Poland. The average
age of the patients was 51±14 years, and female to male ratio
was 3,148/601. All patients before the surgical ward admission
were diagnosed clinically by ultrasonography (US), com-
puted tomography (CT), or magnetic resonance (MR). All
of the patients had ultrasound guided fine needle aspira-
tion biopsy (UG-FNAB) of the thyroid tumor performed
minimum once and one month before admission. Clinical
and pathological c/pTNM staging was estimated according
to AJCC/UICC 2010 7th Edition. The characteristic of the
patients in the study group is demonstrated in Table 1.

Total study group of patients (𝑛 = 3,749) was divided
into three subgroups according to the age parameter.The first
subgroup combined the patients below 45 years old (“<45”),
the second one combined the patients at the age equal to or
above 45 years to below 65 years (“≥45–<65”), and the third
subgroup combined the patients at the age equal to or above
65 years (“≥65”). Since the first statistical analysis showed that
these three subgroups of patients are significantly different in
respect of gender parameter (𝑝 = 0.019), next comparative
statistics were performed separately in female and male.

In the second part of the research, selected from among
3,749 subjects, data of patientswith histopathology confirmed
TM (𝑛 = 309) were studied. This group was also divided
into three subgroups according to the age parameter (the
classification was identical to the one performed in the first
part of the study).There were no significant differences in the
gender distribution between subgroups of TM patients (𝑝 =
0.520). Therefore receiver operating characteristic (ROC)
and comparative analyses of the demographic, clinical, and
histopathological parameters were performed for these three
subgroups.

2.4. Statistical Analysis. Numbers and percentages were cal-
culated for qualitative variables, and averages and standard
deviations were measured for quantitative variables.The data
distribution was tested using chi-square test. Frequencies
were analyzed using Fisher exact test or chi-square test with
Yates correction. Correlation analysis was conducted with
Spearman test.

The diagnostic potential of clinical examinations in thy-
roid cancer occurrence in each subgroup was determined by
ROC analysis. Results were expressed as area under ROC
curve (AUC). The sensitivity, specificity, accuracy, positive
predictive value (PPV), negative predictive value (NPV),
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Table 1: Baseline characteristics of 3,749 patients with thyroid
nodules.

Parameters Mean ± SD or 𝑛 (%)
Age (years) 51.4 ± 14.4
Gender
Female 3,148 (84.0)
Male 601 (16.0)
Cytological diagnosis according to TBSRTC
Stage II (normotype thyrocytes,
lymphocytes, thyroiditis suspicion) 3,206 (85.5)

Stage III (AUS/FLUS) 84 (2.2)
Stage IV (follicular neoplasm) 225 (6.0)
Stage V (malignancy suspicion) 48 (1.3)
Stage V (malignancy/lymphoma suspicion) 2 (0.1)
Stage VI (papillary carcinoma) 178 (4.7)
Stage VI (medullary carcinoma) 6 (0.2)
Clinical suspicion of malignancy
No 3,290 (87.8)
Yes 459 (12.2)
Histological diagnosis
Benign multinodular goiter 2,946 (78.6)
Thyroiditis 118 (3.1)
Follicular carcinoma 25 (0.7)
Papillary carcinoma 247 (6.6)
Medullary carcinoma 10 (0.3)
Undifferentiated thyroid carcinoma 9 (0.3)
Secondary malignant tumor 4 (0.1)
Lymphoma 9 (0.2)
Follicular adenoma 375 (10.0)
Squamous cell carcinoma 1 (0.03)
Abscess 1 (0.03)
Final diagnosis
Benign 3,440 (91.8)
Malignant 309 (8.2)
TBSRTC: The Bethesda System for Reporting Thyroid Cytology, Second
Edition 2010 Bethesda,Maryland; AUS: atypia of undetermined significance;
FLUS: follicular lesion of undetermined significance.

likelihood ratio of positive results (LR(+)), likelihood ratio
of negative results (LR(−)), and Youden’s index were also
calculated.

In a two-tailed test, significance level 𝛼 ≤ 0.05 was
considered as statistically significant. Statistical analyses were
performedusing STATISTICA 12.0 software (Statistica, Tulsa,
OK, USA) and MedCalc 16.8 software (MedCalc Statistical
Software, Ostend, Belgium).

3. Results

3.1. Demographic, Clinical, and Pathological Characteristics
of Patients with Thyroid Nodules. We observed significant
differences in gender parameter between the three subgroups
(female/male ratio in “<45” group: 85/15, in “≥45–<65”

group: 85/15, and in “≥65” group: 80/20; 𝑝 = 0.019), so we
analyzed data for women and men separately (Table 2).

The rate of cytological prediction tomalignancywasmore
than three times higher in elderly women compared with
women below 65 years old. Also follicular neoplasm samples
were observed more frequently in women, who were over 65
years old. As it has been shown in comparative analysis of
clinical examinations, older women had significantly higher
prediction and suspicion to TM than women below 65 years
(for both 𝑝 < 0.0001). These results were not observed in
subgroup of older men (for both 𝑝 > 0.05) (Table 2).

Goiter enlargement and cosmetics indication were signif-
icant factors for operation in women andmen below 45 years
old, and compression was a main reason for surgery in more
than 85% of older women and men. These differences were
statistically significant between age subgroups in women and
men (for both 𝑝 < 0.0001) (Table 2).

The histopathological data demonstrated that signifi-
cantly more patients with age below 65 years had extreme
results of diagnosis: simple goiter or adenoma (𝑝 < 0.0001
and 𝑝 < 0.001, respectively, for women and men), and per-
cent value of final diagnosis of malignancy was significantly
higher in older women than in women below 65 years old
(𝑝 = 0.002). There were no significant differences in final
diagnosis between age subgroups in men (Table 2).

Clinical suspicion ofmalignancywas positively correlated
with histopathological diagnosis not only in total group of
women (𝑟 = 0.543, 𝑝 < 0.001) and total group of men
(𝑟 = 0.560, 𝑝 < 0.001), but also in each of age subgroups
(Table 3).

3.2.Diagnostic Potential of Clinical Examinations in Prediction
of TM Presence in Patients with Thyroid Nodules. The diag-
nostic potential of clinical examinations in TM occurrence
was evaluated in terms of the capacity to rule out malignancy
in patients with benign thyroid disease (the controls). The
overall accuracy of clinical examinations in prediction of TM
presence was high in all subgroups of patients (Table 4).

3.3. Demographic, Clinical, and Pathological Characteristics
of Patients with TM. As shown in Table 5, the subgroup
of the eldest TM patients included a significantly higher
number of subjects with advanced cancer (III or IV stage
of disease progression) and with primary tumor progression
(T3 and T4) (for both 𝑝 < 0.0001). Distant metastases were
significantly more presented among the elderly patients in
comparison to patients below 65 years old (𝑝 = 0.032).
No significant differences were observed in type of surgery,
necessity of reoperation, type of nodule, and lymph node
metastases between the three subgroups of TM patients
(Table 5).

4. Discussion

The prevalence of thyroid malignancy increases with age and
in the elderly it is more aggressive process [20, 21]. It was
estimated that papillary and follicular thyroid carcinomas are
more aggressive tumors after 45 years and anaplastic thyroid
carcinoma is extremely rare observed before the age of 60
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Table 2: Distribution of cases according to gender and age parameters. Data were presented as number (percent).

Female Male

<45 years
(𝑛 = 995)

≥45–<65
years

(𝑛 = 1584)

≥65 years
(𝑛 = 569) 𝑝 value

<45 years
(𝑛 = 178)

≥45–<65
years

(𝑛 = 285)

≥65 years
(𝑛 = 138) 𝑝 value

Cytological diagnosis according to
TBSRTC
Stage II (normotype thyrocytes,
lymphocytes, thyroiditis
suspicion)

841 (84.5) 1,382 (87.3) 448 (78.7)

<0.0001∗

151 (84.8) 261 (91.6) 123 (89.1)

0.254

Stage III (AUS/FLUS) 26 (2.6) 34 (2.2) 13 (2.3) 5 (2.8) 4 (1.4) 2 (1.5)
Stage IV (follicular neoplasm) 65 (6.5) 87 (5.5) 50 (8.8) 12 (6.7) 8 (2.8) 3 (2.2)
Stage V (malignancy suspicion) 3 (0.3) 15 (1.0) 21 (3.7) 3 (1.7) 2 (0.7) 4 (2.9)
Stage V (malignancy/lymphoma
suspicion) 0 (0.0) 0 (0.0) 2 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Stage VI (papillary carcinoma) 59 (5.9) 62 (3.9) 34 (6.0) 7 (3.9) 10 (3.5) 6 (4.4)
Stage VI (medullary carcinoma) 1 (0.1) 4 (0.3) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)

Clinical suspicion of malignancy
No 867 (87.1) 1,416 (89.4) 461 (81.0)

<0.0001∗ 156 (87.6) 265 (93.0) 125 (90.6) 0.157
Yes 128 (12.9) 168 (10.6) 108 (19.0) 22 (12.4) 20 (7.0) 13 (9.4)
Indication for surgery (out of
malignancy)
Trachea compression 278 (32.1) 720 (50.9) 444 (96.3)

<0.0001∗

46 (30.0) 117 (43.8) 112 (89.6)

<0.0001∗
Recent tumor/goiter enlargement 205 (23.6) 284 (20) 8 (1.7) 79 (50.0) 49 (18.8) 7 (5.6)
Urgent indication (acute
respiratory failure/retrosternal
goiter)

0 (0.0) 0 (0.0) 7 (1.5) 0 (0.0) 0 (0.0) 4 (3.2)

Cosmetic indication 384 (44.3) 412 (29.1) 2 (0.4) 31 (20.0) 99 (37.5) 2 (1.6)

Histological follow-up
Benign multinodular goiter 759 (76.3) 1,281 (81.0) 433 (76.1)

<0.0001∗

131 (73.6) 236 (82.8) 105 (76.1)

0.001∗

Thyroiditis 36 (3.6) 50 (3.2) 20 (3.5) 7 (3.9) 3 (1.1) 2 (1.5)
Follicular carcinoma 7 (0.7) 5 (0.3) 5 (0.9) 0 (0.0) 1 (0.4) 7 (5.1)
Papillary carcinoma 76 (7.6) 96 (6.1) 44 (7.7) 9 (5.1) 18 (6.3) 4 (2.9)
Medullary carcinoma 2 (0.2) 2 (0.1) 3 (0.5) 2 (1.1) 1 (0.4) 0 (0.0)
Undifferentiated thyroid cancer 0 (0.0) 1 (0.1) 6 (1.1) 0 (0.0) 1 (0.4) 1 (0.7)
Secondary malignant tumor 0 (0.0) 1 (0.1) 2 (0.4) 0 (0.0) 0 (0.0) 1 (0.7)
Lymphoma 0 (0.0) 2 (0.1) 6 (1.1) 0 (0.0) 1 (0.4) 0 (0.0)
Squamous cell carcinoma 0 (0.0) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)
Adenoma 115 (11.6) 142 (9.0) 47 (8.3) 29 (16.3) 24 (8.4) 18 (13.0)
Abscess 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Final diagnosis
Benign 910 (91.5) 1,474 (93.1) 501 (88.1) 0.002∗ 167 (93.8) 263 (92.3) 125 (90.6) 0.561
Malignant 85 (8.5) 110 (6.9) 68 (11.9) 11 (6.2) 22 (7.7) 13 (9.4)

Recurrent goiter
No 995 (100.0) 1,572 (99.2) 472 (83.0)

<0.0001∗ 178 (100.0) 285 (100.0) 130 (94.2)
<0.0001∗

Yes 0 (0.0) 12 (0.8) 97 (17.0) 0 (0.0) 0 (0.0) 8 (5.8)
TBSRTC: The Bethesda System for Reporting Thyroid Cytology, Second Edition 2010 Bethesda, Maryland; AUS: atypia of undetermined significance; FLUS:
follicular lesion of undetermined significance; ∗statistically significant.
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Table 3: Analyses of correlation between clinical suspicion of malignancy and final diagnosis of thyroid malignancy presence.

Total (𝑛 = 3,148) <45 years (𝑛 = 995) ≥45–<65 years (𝑛 = 1,584) ≥65 years (𝑛 = 569)
𝑟 𝑝 value 𝑟 𝑝 value 𝑟 𝑝 value 𝑟 𝑝 value

Female
Clinical suspicion of
malignancy & final
diagnosis

0.543 <0.0001∗ 0.581 <0.0001∗ 0.503 <0.0001∗ 0.554 <0.0001∗

Male
Clinical suspicion of
malignancy & final
diagnosis

0.560 <0.0001∗ 0.542 <0.0001∗ 0.590 <0.0001∗ 0.575 <0.0001∗

∗Statistically significant.

Table 4: Diagnostic potential of clinical suspicion of malignancy parameter in prediction of thyroid malignant tumor presence in total study
group and age subgroups of patients with thyroid nodules (ROC analysis).

Total study group
(𝑛 = 3,749)

<45 years
(𝑛 = 1,173)

≥45–<65 years
(𝑛 = 1,869)

≥65 years
(𝑛 = 707)

AUC 0.825 0.850 0.800 0.829
95% CI 0.790–0.855 0.800–0.900 0.751–0.850 0.772–0.885
𝑝 value <0.0001∗ <0.0001∗ <0.0001∗ <0.0001∗

SE 0.015 0.026 0.025 0.029
Sensitivity 0.72 0.77 0.66 0.75
Specificity 0.93 0.93 0.94 0.90
Accuracy 0.91 0.92 0.92 0.89
LR(+) 10.43 10.92 11.33 7.86
LR(−) 0.30 0.25 0.36 0.27
PPV 0.48 0.49 0.46 0.50
NPV 0.97 0.98 0.97 0.97
Youden’s index 0.65 0.70 0.60 0.66
AUC: area under ROC curve; 95% CI: confidence interval; SE: standard error; LR(+): likelihood ratio of positive results; LR(−): likelihood ratio of negative
results; PPV: positive predictive value; NPV: negative predictive value; ∗statistically significant.

[22]. Some authors revealed that, in patients in age of 65
and older, more aggressive tumors with extrathyroid spread,
multiple, larger lesion, and more advanced-stage disease can
be observed [23]. They added that nonpapillary types of
carcinoma were most often observed.

Diagnostics and qualification for thyroid surgery of
elderly patients still remain a set of challenges. The effect
of age on the risk of thyroid surgery still remains under
debate. In the literature, there are opposite opinions. Some
authors suggest that there is no higher risk of complications
in thyroid surgery for elderly patients [2], whereas the others
say that the possibility for surgical complication is very high
[21]. Some authors suggest that thyroid surgery presents
various risks for older people [24]. On the basis of all these
opinions we think that proper diagnostics and qualification
to surgery in the elderly patients are extremely important.
Majority of authors agree that there are two main indications
for thyroid surgery in elderly patients.The first is mechanical
compression symptoms caused by solitary tumor or goiter,
often localized in retrosternal space. The second is suspicion
or verified malignant process [21, 25–27]. The indications for
thyroid surgery like compressive syndrome, thyrotoxicosis,

and recent gland enlargement were described as more com-
mon in elderly patients than in younger population (the
percentage in age above 70 years was 38.2%, 30.9%, and
27.3%, respectively) [26].The basic diagnostic tool for thyroid
tumors to rule out or confirm its malignancy still remains
UG-FNAB. A large number of studies have demonstrated the
high overall accuracy of UG-FNAB for evaluation of thyroid
nodules, and this finding has been confirmed, particularly for
patients with solitary nodules [28]. Some authors revealed
that older patients underwent thyroid surgerymore often due
to suspicion or verified malignancy than younger patients
(52.7% versus 30.3%) [27].Thenextmore common indication
is compression of trachea (38.2% versus 3.1%). The same
authors say that benign, asymptomatic MNG in opposite to
younger population is very rare indication for strumectomy
in elderly patients (9.1% versus 66.6%). However in the
literature there are no clear data about differences of extent
of surgery between each age group of patients. In a very
interesting study performed by Rı́os et al. [19], they analyzed
591 patients with 81 individuals above 65 years old, who
underwent thyroidectomy due to MNG. They revealed that
elderly patients more often than younger ones presented
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Table 5: Clinical and pathological characteristics of thyroid malignancy (TM) patients (𝑛 = 309) divided into three subgroups according to
age parameter. Data were presented as 𝑛 (%).

𝑁
<45 years
(𝑛 = 96)

≥45–<65 years
(𝑛 = 132)

≥65 years
(𝑛 = 81) 𝑝 value

Gender
Female 263 85 (88,5) 110 (83.3) 68 (84.0) 0.520
Male 46 11 (11.5) 22 (16.7) 13 (16.0)

Type of surgery
Radical 202 65 (67.7) 82 (66.7) 46 (63,0) 0.803
Nonradical 107 31 (32.3) 41 (33.3) 27 (37.0)

Reoperation
No 217 70 (72.9) 87 (70.7) 50 (70.4) 0.919
Yes 92 26 (27.1) 36 (29.3) 21 (29.6)

pTNM
I 199 88 (91.7) 84 (67.2) 23 (31.9)

<0.0001∗II 48 5 (5.2) 21 (16.8) 18 (25.0)
III 31 1 (1.0) 11 (8.8) 15 (20.8)
IV 31 2 (2.1) 9 (7.2) 16 (22.2)

pT
T1a 125 45 (47.9) 62 (49.2) 16 (22.2)

<0.0001∗

T1b 68 31 (32.9) 26 (20.6) 8 (11.1)
T2 56 15 (15.9) 19 (15.1) 19 (26.3)
T3 25 1 (1.0) 8 (6.4) 13 (18.1)
T4a 17 2 (2.1) 8 (6.4) 4 (5.6)
T4b 18 0 (0.0) 3 (2.3) 12 (16.7)

pN
N0 148 49 (51.0) 60 (47.6) 35 (48.6)

0.071N1a 42 12 (12.5) 12 (9.5) 14 (19.4)
N1b 20 5 (5.2) 4 (3.2) 7 (9.7)
Nx 99 30 (31.3) 50 (39.7) 16 (22.2)

pM
M0 218 77 (80.2) 87 (69.1) 54 (75.0)

0.032∗M1 6 0 (0.0) 2 (1.6) 4 (5.6)
Mx 85 19 (19.8) 37 (29.3) 14 (19.4)

Type of nodule
Solitary 223 71 (73.9) 88 (69.8) 56 (77.8) 0.468
Multiple 86 25 (26.1) 38 (30.2) 16 (22.2)

∗Statistically significant.

compressive symptoms (43% versus 21%) and rare suspicion
for malignancy (19% versus 29%), recent goiter growth (1%
versus 6%), or patient request (4% versus 12%). In our
study the main indication for surgery in the elderly patients
group was compression symptom. The second was verified
malignant tumor or suspicion of malignancy. The number
of retrosternal goiters in elderly patients was significantly
higher than in younger ones. Only in this group of patients
we observed urgent indication for surgery, which had to be
performed immediately after admission to our department.
Park et al. [29] performed very interesting study, in which
they compared three age groups of patients who received

surgery due to well-differentiated thyroid carcinoma. They
analyzed patients between 45 and 64, 65 and 79, and 80 years
and older.They noticed that patients in the age of 65 years and
older had more aggressive malignant disease with multiple,
larger tumors andmore advanced-stage disease. In this group
of patients, in opposite to younger ones, there were a lot of
nonpapillary thyroid carcinoma and extraglandular exten-
sion. The same authors noticed that these elderly patients
underwent less radical treatment without radioiodine abla-
tion therapy even if AmericanThyroidAssociation guidelines
recommended more aggressive treatment [30]. In a very
similar observation described by Panigrahi et al. [31], they
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analyzed 2,033 patients surgically treated due to medullary
thyroid carcinoma. Among all patients without local invasion
and distant metastases, in the group of patients above 65
years, the authors noticed the fewest percentage of individuals
receiving recommended treatment. In the group of patients
below 40 years old it was 65% compared to those above 65,
where it was only 45%.

In the other study, the authors analyzed themost common
indications for thyroid surgery in the three age groups
of patients: 50–60 years (725 patients), 61–74 years (685
patients), andmore than 75 years (221 patients).They noticed
that the most common indication in all groups was ret-
rosternal goiter with tracheal compression, but it was least
frequent in the oldest group. In this group there were the
most of remedial surgeries [25]. Raffaelli et al. [32] analyzed
the indications for thyroid surgery in 320 patients in the age
of 70 years and more. They noticed that the most common
indication was bilateral multinodular goiter, next suspicion
or confirmed malignant process, and toxic goiter. In similar
observations revealed by Lang and Lo [26], they confirmed
that in patients aged 70 years and more the most common
indication for thyroid surgerywas retrosternal goiter, but they
added that in this group of patients the volume of goiter was
significantly higher.

The next very important aspect of thyroid surgery in
elderly patients is emergency thyroidectomies. This surgical
procedure is indicated in case of severe respiratory distress
caused by airway compression. Miccoli et al. [33] revealed
that the most common reasons of acute airway compression
in patients above 80 years were malignant process. The
presence of retrosternal goiter or its mediastinal location
very often causes the trachea compression with respiratory
failure. In our clinic during the analysis period we treated
11 patients with the huge retrosternal goiter which caused
acute compression symptoms. However retrosternal goiter
not always causes trachea compression. In the asymptomatic
patients, especially in the geriatric age, decision for surgery
is extremely difficult. In aspect of some recent studies, which
suggest that in the elderly patients the risk of complication
after thyroid surgery is high, it is very valuable to identify
the patients who become symptomatic without surgery,
those who benefit from only observation, and in the end
those who need rapid surgical procedure. In our study we
operated on 5 patients requiring emergency admission and
emergency surgery due to acute airway obstruction from a
large compressive goiter.

The next important issue of indications and thyroid
surgery in the elderly patients is secondary operations. These
might be performed mainly due to two basic clinical situa-
tions. The first is local or lymph node recurrence of thyroid
malignant process and the second is recurrent goiter with
compression symptoms. Some authors say that the number of
secondary thyroid operations is significantly higher in elderly
patients than in younger group [25, 27]. These observations
were confirmed in our study.

In the previous analyses, it can be observed that some
authors pay attention to a very important aspect of the older
people living, that is, a quality of life [34].This problem seems
extremely important especially in elderly patients, where

surgery not always increases the quality of life. In our study,
we treated 6 patients where the only surgical procedure that
we could perform was tracheostomy and gastrostomy. All
individuals had advanced malignant processes qualified as
inoperable cases.Matsuyama et al. [34] performed 85 surgical
procedures in elderly patients with thyroid carcinoma and
revealed that successful operation in these patients improved
the quality of life.

Mekel et al. [21] analyzed indications for thyroid surgery
of 332 patients.They divided the patients as octogenarian and
younger patients. The authors did not reveal any differences
in preoperative indications for surgery. In both groups there
were equal numbers of indications like benign diseases,
suspected malignancy, and follicular neoplasms.

The next issue of thyroid surgery in elderly patients is the
higher prevalence of more aggressive types of thyroid carci-
noma than in younger patients. Dellal et al. [20] described
their observations performed in 933 patients. They noticed
that the rates of anaplastic and Hurtle cell cancers were
increased in geriatric ages. These authors concluded that
cytological evaluation of thyroid lesions should be especially
considered because of increased tendency for aggressive
thyroid cancer types in elderly patients. We confirmed these
observations in our study. We noticed significantly higher
number of individuals with aggressive thyroid malignant
tumors in the subgroup of patients in age of 65 and older.

5. Conclusions

The rate of cytological prediction of malignancy in elderly
women is high. Tracheal compression is a common surgical
indication in the elderly patients. The final diagnoses of
malignancy predominate in elderly women, but not in men.
The oldest thyroid cancer patients present a higher number
of advanced thyroid tumors and distant metastases, but not
lymph node metastases. Undifferentiated carcinomas, sarco-
mas, secondary tumors, and lymphomas of thyroid occur
with increasing frequency in comparison to younger counter-
parts; however well-differentiated carcinomas predominate.
Retrosternal goiter is a common surgical indication in the
elderly patients. Every thyroid pathology in elderly patients
should be taken under careful consideration as the prevalence
of malignant tumors with more aggressive course.
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[19] A. Rı́os, J. M. Rodŕıguez, P. J. Galindo, M. Canteras, and
P. Parrilla, “Surgical treatment for multinodular goitres in
geriatric patients,” Langenbeck’s Archives of Surgery, vol. 390, no.
3, pp. 236–242, 2005.
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