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Abstract

Background: Rectal cancer predominantly occurs in older adults. We aimed
to compare the long-term outcomes of older adults (=70 years) versus younger
adults (<70 years) who had had a primary resection for stage I-IV rectal can-
cer. Methods: Consecutive patients who had resection of a primary rectal
cancer between January 1, 2000 and December 31, 2010 were identified from
a prospective database at the Concord Repatriation General Hospital and
stratified into two age groups: <70 years and >70 years. Age-related differences
in patients, cancer, and treatment characteristics were determined by Chi-square
tests. 5-year Overall Survival (OS) and Cancer-Specific Survival (CSS) were
determined by the Kaplan-Meier method and by multivariable Cox regression
analysis. Results: Of 714 included patients, the mean age was 65.8 years
(range, 21 - 92 years). 407 (57%) patients were aged < 70 years and 307 (43%)
were aged > 70 years. Older age (>70 years) predicted more comorbidity (p <
0.001) and earlier stage (p = 0.01). Of the patients with stage III rectal cancer,
older adults (>70 years), compared with younger adults (<70 years), received
less neoadjuvant chemotherapy [7/86 (8.1%) vs 25/147 (17.0%), p = 0.058],
less neoadjuvant radiotherapy [8/86 (9.3%) vs 42/147 (28.6%), p = 0.001] and
less adjuvant chemotherapy [30/86 (34.9%) vs 117/147 (79.6%), p < 0.001].
Older age was associated with worse OS and CSS in stage III (p < 0.001 and p
= 0.02 respectively). Adjuvant chemotherapy independently predicted im-
proved OS (p < 0.001) and CSS (p = 0.008) regardless of age. Conclusion:
Older adults who had had a resection of stage I-IV primary rectal cancer re-
ceived less neoadjuvant and adjuvant therapy and had worse OS and CSS
than their younger counterparts.
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1. Introduction

Rectal cancer predominantly occurs in older adults with an increasing incidence
with increasing age [1]. Worldwide, there were an estimated 704,000 new cases
of rectal cancer in 2018 [2] with the highest risk in developed countries. In Aus-
tralia, there were an estimated 5238 new cases of rectal cancer in 2019 with over
half of these patients (58%) aged over 65 years [3]. With increasing life expec-
tancy and the general aging of the population [4], the number of older adults
diagnosed with rectal cancer is expected to increase, making optimisation of the
management of rectal cancer in older adults an important priority for clinicians
involved in their care.

The treatment of locally advanced rectal cancer (stage II, = T3-NO or stage III,
any T = N1) has evolved over the last two decades. Surgery is the mainstay of
curative treatment with the addition of neoadjuvant and/or adjuvant therapy for
resectable locally advanced disease. For fit patients, one standard approach is
tri-modality treatment with neoadjuvant radiotherapy + chemotherapy followed
by a Total Mesorectal Excision (TME) and adjuvant chemotherapy. This ap-
proach is based on several randomized clinical trials that showed neoadjuvant
radiotherapy + chemotherapy improved local control ranged from 7% (4.4% -
11%, p = 0.004) to 16% (11% - 27%, p < 0.001) without consistent improvement
in Overall Survival (OS) [5] [6]. The addition of adjuvant chemotherapy im-
proved Disease-Free Survival (DFS) (HR 0.59, 95% CI 0.40 - 0.85) and distant
recurrence (HR 0.61, 95% CI 0.40 - 0.94) particularly in patients with a tumour
10 - 15 cm from the anal verge [7]. The NCCN and ESMO guidelines recom-
mend adjuvant chemotherapy as standard treatment for all patients with locally
advanced rectal cancer after neoadjuvant radiotherapy or Chemoradiotherapy
(CRT) and surgery [8] [9].

Older adults with rectal cancer, compared with younger adults with rectal
cancer, may be challenging to treat with triple modality therapy due to the in-
tensity and toxicity of the treatment. Older adults have more comorbidities and
geriatric syndromes such as falls, polypharmacy, cognitive impairment and
malnutrition that reduce their fitness for standard cancer therapy [10] [11].
Older adults are also more likely to discontinue therapy earlier than younger
adults due to the higher rates of treatment toxicity [12]. Older adults are less
likely to be referred for neoadjuvant and adjuvant therapy for rectal cancer [13]
and, when referred, they may not be offered similar treatment as their younger
counterparts [13] [14] [15]. Another key factor affecting the management of

older adults with rectal cancer is their underrepresentation in pertinent clinical
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trials. The abovementioned trials of neoadjuvant CRT and adjuvant chemotherapy
in rectal cancer included mostly younger (median age of 60 - 61) and fitter adults
(ECOG performance status of 0 or 1) rather than the frail, older adults typical of
routine clinical practice [16]. This means little specific randomized evidence in
older adults with rectal cancer to help clinicians guide their care.

Observational studies have a role in determining the impact of age on out-
comes of rectal cancer when older adults are underrepresented in randomized
clinical trials. The results of observational studies determining Overall Survival
(OS) and Cancer-Specific Survival (CSS) for rectal cancer generally show worse
OS with increasing age, but inconsistent results for CSS [17] [18] [19].

We conducted an observational study to determine the long-term outcomes of
older adults who had had a resection of primary rectal cancer and their utilisa-
tion of neoadjuvant CRT and adjuvant chemotherapy, compared with their younger
counterparts in our local institution. We hypothesized that older adults, com-
pared with younger adults, had worse long-term outcomes and lower rates of

utilisation of neoadjuvant and adjuvant therapy.

2. Methods
2.1. Study Design

Consecutive patients over the age of 18 who had undergone curative or palliative
surgery for a diagnosis of rectal cancer at the Concord Repatriation General
Hospital, Sydney, Australia between 2000 and 2011 were included. Data were
extracted from a prospectively collected Colorectal Cancer (CRC) database main-
tained since 1971 and received approval of the Sydney Local Health District Eth-
ics Committee (CH62/62011-136-P Chapuis HREC/11/CRGH206). This data-
base included patient characteristics, comorbidity, presentation, investigations,
pathology, neoadjuvant therapy, surgical management, complications, receipt of
adjuvant therapy and follow-up data. This project included and explored the
following variables: patient gender, previous history of colorectal cancer, num-
ber of comorbidities, cardiac comorbidity, resection at urgent operation, histo-
logical type, maximum surface dimension, staging, lymphatic vessel invasion,
venous invasion, positive margin, neoadjuvant therapy and adjuvant chemothe-
rapy. Patients were stratified to two age groups, <70 years and =70 years, at the

time of diagnosis.

2.2. Statistical Analysis

Patient demographics, tumour and treatment characteristics between the two
age-groups (<70 years and 270 years) were compared by the use of the log-rank
test. Demographic, tumour and treatment characteristics were compared with
use of the chi-squared test for association for categorical factors. Kaplan-Meier
method was used to construct overall and rectal cancer specific survival curves
in patients with stage III rectal cancer. Results of patients in stage III rectal can-

cer only were analyzed due to the use of adjuvant chemotherapy in this stage in
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routine clinical practice. For 5-year CSS and 5-year OS analysis in patients with
stage III rectal cancer, the two age groups (<70 years and =70 years) were further
stratified by gender, resection at urgent operation, lymphatic vessel invasion,
positive margin, venous invasion, number of comorbidities and receipt of
neoadjuvant CRT and adjuvant chemotherapy. To determine the association
between these factors and patient OS and CSS, multivariate cox regression anal-
ysis was performed. SPSS (version 24) was used for all statistical analyses. All p

values were 2-sided and values <0.05 were considered statistically significant.

3. Results

714 patients were included in the study. The mean age was 65.9 years (range, 21
- 92 years). 407 (57%) patients were aged <70 years and 307 (43%) were =70
years. There were more males than females in both the younger (271/407, 67%)
and older (182/307, 60%) age groups. Demographic information, presentation
and treatment characteristics are presented in Table 1.

Older age group (=70 years) predicted more comorbidity (p < 0.001), cardiac
comorbidity (p < 0.001), lymphatic vessel invasion (p = 0.03), early stage tumour
(p = 0.01), less neoadjuvant radiotherapy (p 0.001), less neoadjuvant chemothe-
rapy (p < 0.001) and less adjuvant chemotherapy (stage III only; p < 0.001).

In patients with stage III rectal cancer, older adults (=70 years), compared
with younger adults (<70 years), received less neoadjuvant chemotherapy [7/86
(8.1%) vs 25/147 (17.0%), p = 0.058], less neoadjuvant radiotherapy [8/86 (9.3%)
vs 42/147 (28.6%), p = 0.001] and less adjuvant chemotherapy [8/86 (9.3%) vs
42/147 (28.6%), p = 0.001].

Table 1. Tumour and treatment characteristics stratified by age.

Characteristics Age group years
Total <70 >70 P difference
N=714 N =407 N =307 between
Mean Mean Mean <70 and 270
Previous CRC resected
No 702 (98.3%) 399 (98.0%) 303 (98.7%)
P =0.49
Yes 12 (1.7%) 8 (2%) 4 (1.3%)
No. of comorbidities
<1 545 (76.3%) 341 (83.8%) 204 (66.4%)
P <0.001
>1 169 (23.7%) 66 (16.2%) 103 (33.6%)
Cardiac comorbidity*
No 526 (77.8%) 355 (89%) 171 (61.7%)
P <0.001
Yes 150 (22.2%) 44 (11%) 106 (38.3%)
Resection at urgent operation
No 707 (99%) 403 (99%) 304 (99%)
P=0.99
Yes 7 (1%) 4 (1%) 3 (1%)
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Continued
Histological type of primary
Adenocarcinoma 661 (92.6%) 371 (91.2%) 290 (94.5%)
Mucinous P =0.09
Adenocarcinoma/ 53 (7.4%) 36 (8.8%) 17 (5.5%)
Signet ring
Distant metastasis
No 621 (87.0%) 347 (85.3%) 274 (89.3%)
P=0.12
Yes 93 (13.0%) 60 (14.7%) 33 (10.7%)
Lymphatic vessel permeation
No 569 (79.7%) 313 (76.9%) 256 (83.4%)
P=0.03
Yes 145 (20.3%) 94 (23.1%) 51 (16.6%)
Venous invasion
None 582 (81.5%) 326 (80.1%) 256 (83.4%)
P=0.26
Yes 132 (18.5%) 81 (19.9%) 51 (16.6%)
Positive margin
No 667 (93.4%) 380 (93.4%) 287 (93.4%)
P=0.95
Yes 47 (6.6%) 20 (6.5%) 27 (6.6%)
Preoperative radiotherapy
No 594 (83.2%) 311 (76.4%) 283 (92.2%)
P <0.001
Yes 120 (16.8%) 96 (23.6%) 24 (7.8%)
Preoperative chemotherapy
No 633 (88.7%) 344 (84.5%) 289 (94.1%)
P <0.001
Yes 81 (11.3%) 63 (15.5%) 18 (5.9%)
Postoperative radiotherapy
No 691 (96.8%) 395 (97.1%) 296 (96.4%)
P =0.64
Yes 23 (3.2%) 12 (2.9%) 11 (3.6%)
Postoperative chemotherapy
No 487 (68.2%) 225 (55.3%) 262 (85.3%)
P <0.001
Yes 227 (31.8%) 182 (44.7%) 45 (14.7%)
TNM stage
Stage I 187 (26.2%) 95 (23.3%) 92 (30.0%)
Stage II 201 (28.2%) 105 (25.8%) 96 (31.3%)
P=0.01
Stage III 233 (32.6%) 147 (36.1%) 86 (28.0%)
Stage IV 93 (13.0%) 60 (14.7%) 33 (10.7%)

*There were 38 missing cases for New York Heart Association evaluation.
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The 5-year OS and 5-year CSS between the two age groups stratified by cancer

stage are shown in Table 2. Kaplan-Meier survival curves are presented in Fig-

ures 1-4. Five-year OS was significantly lower in the older age group irrespective

of cancer stage (p < 0.001) (Table 2, Figure 1). In patients with stage III rectal

cancer, increasing age group was associated with worse 5-year OS [44.2% (=70
years) vs 71.9% (<70 years), p < 0.001], and worse 5-year CSS [62.3% (=70 years)

vs 76.2% (<70 years), p = 0.02] (Figure 3 and Figure 4).

Table 2. 5-year overall and cancer specific survival after surgery by age group and patho-

logical stage.

5-year 5-year
Stage Age grou No of cases P value P value
8 ge group OS rate CSS rate
<70 95 94.7% 97.8%
Stage I >70 92 72.8% 91.1%
All 187
<70 105 81.9% 87.3%
Stage II =70 96 60.0% 82.6%
All 201
<0.001 0.001
<70 147 71.9% 76.2%
Stage III >70 86 44.2% 62.3%
All 233
<70 60 11.7% 11.9%
Stage IV >70 33 0% 0%
All 93
5-year OS
1.0 age (Binned)
—1<70.00
—1270.00
—}— <70.00-censored
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Figure 1. OS curve by age group for all stages. P < 0.001.
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Figure 2. CSS curve by age group for all stages. P = 0.65.
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Figure 3. OS curve by age group for stage III. P < 0.001.
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Figure 4. CSS curve by age group for stage III. P = 0.02.
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In patients with stage III rectal cancer, bivariate predictors of improved OS

were age < 70 years (p < 0.001), no lymphatic vessel invasion (p < 0.001), no

positive margin (p < 0.001), receiving adjuvant chemotherapy and less comor-
bidity (p = 0.002) (Table 3). Neoadjuvant radiotherapy did not improve OS (p =
0.41) but significantly improved CSS (p = 0.038) (Figure 5). On multivariable
analysis, improved OS was independently predicted by age < 70 years (hazard

ratio, 0.44, p < 0.001), no lymphatic vessel invasion (hazard ratio, 0.47, p <

0.001), no positive margin (hazard ratio, 0.23 p < 0.001) and receiving adjuvant

chemotherapy (hazard ratio, 0.50, p = 0.001). Improved CSS was predicted by

adjuvant chemotherapy in stage III rectal cancer (p = 0.008) (Figure 6).

Table 3. Bivariate and multivariable survival analysis for only stage III rectal cancer.

Variable

Female
Male

Age < 70 years
Age > 70 years

No Previous CRC
Previous CRC

No Resection at urgent operation
Resection at urgent operation

No Venous invasion
Venous invasion

No lymphatic vessel invasion
Lymphatic vessel invasion

No positive margin
Positive margin

Adenocarcinoma
Mucinous adenoCa/ Signet ring

Neoadjuvant radiotherapy
No neoadjuvant radiotherapy

Neoadjuvant chemotherapy
No neoadjuvant chemotherapy

Adjuvant radiotherapy
No adjuvant radiotherapy

Adjuvant chemotherapy
No adjuvant chemotherapy

Number of nodes examined < 12
Number of nodes examined > 12

Number of comorbidities < 1
Number of comorbidities > 1

Number

86
147

147
86

228

230

181
52

156
77

212
21

208
25

50
183

32
201

14
219

147
86

60
173

179
54

Bivariate hazard
Ratio (95% CI)

1.13 (0.79 - 1.63)

0.34 (0.24 - 0.48)

0.61 (0.19 - 1.93)

0.44 (0.11 - 1.77)

0.70 (0.48 - 1.04)

0.49 (0.34 - 0.69)

0.16 (0.10 - 0.26)

0.68 (0.41 - 1.13)

1.19 (0.78 - 1.80)

1.07 (0.64 - 1.78)

1.40 (0.73 - 2.67)

0.34 (0.24 - 0.50)

1.30 (0.89 - 1.90)

0.55(0.38 - 0.81)

0.47

<0.001

0.40

0.25

0.08

<0.001

<0.001

0.14

0.41

0.79

0.31

<0.001

0.17

0.002

Multivariable hazard
Ratio (95% CI) P
0.44 (0.30 - 0.65) <0.001
0.47 (0.32 - 0.68) <0.001
0.23 (0.14 - 0.39) <0.001
0.50 (0.34 - 0.74) 0.001
0.76 (0.51 - 1.12) 0.16

CRC, Colorectal cancer.
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Figure 5. CSS curve by neoadjuvant radiotherapy in stage III rectal cancer. P =
0.038.
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Figure 6. CSS curve by adjuvant chemotherapy in stage III rectal cancer. P =
0.008.

4. Discussion

The key findings of our study were that older adults (=70 years), compared with
younger adults (<70 years), who had had a resection of primary rectal cancer of
stage I to IV had higher comorbidity and cardiac comorbidity, more lymphatic
vessel invasion and more early stage cancers. Older adults, compared with young-
er adults, received less neoadjuvant radiotherapy, less neoadjuvant chemothera-
py and less adjuvant chemotherapy. 5-year OS declined significantly with the in-
creasing age group. 5-year CSS was significantly worse in older adults with stage
IIT rectal cancer.

The survival outcomes in our study are similar to other published studies.

Chang et al conducted an observational study using the Surveillance, Epidemi-
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ology, and End Results (SEER) database to examine more than 21,000 patients
with locally advanced rectal cancer and found a 31% increase in the relative risk
for cancer-specific mortality with each 5-year increase in age > 70 years (RR =
1.31; 95% CI, 1.25 - 1.36; P < 0.0001) [18]. Kotake et al studied included 16,147
patients with rectal cancer in a large study from the Japanese cancer registry and
found older age predicted worse 5-year OS (50% in >80 years vs 73% in 50 - 64
years, p < 0.001) and worse 5-year CSS (65% in >80 years vs 76% in 50 - 64
years, p < 0.001) [17]. Jung et al studied 15,104 patients with rectal cancer from
the Swedish Rectal Cancer Registry 1995-2004 of whom more than 11,000 had
had curative surgery (stages I-IV). Older adults (275 years), compared with
younger adults (<75 years), had worse 5-year OS (0.52, 95% CI, 0.50 - 0.54 vs
0.62, 95% ClI, 0.61 - 0.63) [19]. Devon et al. studied 373 adults undergoing cura-
tive surgery for their rectal cancer at the Mount Sinai Hospital, Canada between
1997 and 2006. Older adults (aged > 75 years), compared with younger adults
(aged 50 - 75 years), had worse 5-year OS (68.7% vs 57.3%, p = 0.036) but no
difference in 5-year CSS (74.0% vs. 74.7%, p = 0.277) [20]. Similarly, Widdison
et al. studied 218 patients with rectal cancer and showed older age was not a
predictor of worse 5-year CSS (72% for younger and older groups) [21].

It was unsurprising that older adults had worse OS in our study, like in the
observational studies discussed above, given competing risks for death in older
adults. More concerning was that CSS, or the chance of surviving cancer in the
absence of other causes of death, was worse for older adults in stage III rectal
cancer. Possible reasons for this result highlighted by our study are increased
comorbidities and low utilisation rates of neoadjuvant and adjuvant therapy.
Other possible reasons include increased toxicity from radiotherapy and che-
motherapy and increased post-surgical complications.

The utilisation of neoadjuvant radiotherapy (7.8%) and neoadjuvant chemo-
therapy (5.9%) in older adults in our study was low, however, similar to other
studies [17] [19]. The role of neoadjuvant radiotherapy and CRT in rectal can-
cer, however, is now well established. Multiple randomized trials and population
based studies have shown that neoadjuvant radiotherapy and CRT improve local
control in patients aged > 70 years [6] [22] [23] [24] [25]. The large Swedish
Rectal Cancer Study Group trial (n = 1168) showed neoadjuvant radiotherapy
(25 Gy in 5 fractions), compared with surgery alone, reduced local recurrence by
16% (from 27% to 11%, p < 0.001) and improved both five-year OS by 10% (48%
to 58%, p = 0.004) and CSS by 9% (65% to 74%, p = 0.002) (ref Swedish rectal
trial). One possible explanation for the low utilisation rates in our study was the
dates of data extraction being 2000-2011 (to allow for 5 years of follow-up for
survival outcomes) when neoadjuvant radiotherapy + chemotherapy for older
adults was likely a less accepted standard of care. Utilisation rates of neoadjuvant
radiotherapy for rectal cancer for older adults have likely increased over time as
clinicians have become familiar with the treatment and are generally more con-

fident treating older adults with cancer. The older observational studies such as
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Kotake et al. (1995 to 2004) showed rates of 0.3% in patients aged > 80 years and
34% in patients aged > 75 years by Jung et al. (1995 to 2004) [7] [26]. Later stu-
dies such as Zhao et al that analyzed rectal cancer data from the SEER database
between 2004 and 2016, showed a utilisation rate of neoadjuvant radiotherapy of
53% for patients aged > 60 years, lower than the 67% rate of patients aged < 60
years [27]. Other reasons for the low utilisation rates include patient preferences
for no neoadjuvant and/or adjuvant therapy, and patient and clinician concerns
about excess toxicity such as faecal incontinence and sexual dysfunction, which
are more pronounced in older patients [28] [29] [30].

In our study, older adults with rectal cancer received less adjuvant chemothe-
rapy (9.3%) than younger adults (28.6%) with rectal cancer as in previous studies
[31]. Irrespective of age, there is no clear OS benefit of adjuvant chemotherapy
for rectal cancer, and the treatment is largely a translation from the DFS and OS
benefit of adjuvant chemotherapy in colon cancer [7] [31] [32] [33] [34] [35]. A
meta-analysis of four pivotal randomized control trials examining the benefit of
adjuvant chemotherapy for patients with locally advanced rectal cancer demon-
strated that adjuvant 5-fluorouracil/capecitabine improves DFS (HR 0.59, 95%
CI: 0.40 - 0.85, p = 0.005) and rate of distant recurrence (HR 0.61, 95% CI: 0.40 -
0.94, p = 0.025) in those patients with a tumour 10 to 15 cm above the anal verge
but no improvement in OS (HR 0.97, 95% CI: 0.81 - 1.17, p = 0.775) [7]. Com-
mon clinical practice, supported by guidelines, is four months of adjuvant che-
motherapy for patients who had long course CRT and six months of adjuvant
chemotherapy for patients who have not had neoadjuvant therapy [8].

Possible reasons for the low utilisation rates in our study include the paucity
of robust evidence supporting the benefit of such therapy in patients of all ages
and in older adults (>70 years), referrer bias against the treatment resulting in
reduced referrals for adjuvant chemotherapy, and concerns about the increased
toxicity of chemotherapy in older adults [36]. Fit older adults with rectal cancer,
however, benefit equally from adjuvant chemotherapy without a significant in-
crease in toxicity [37].

Increasing treatment utilisation in older adults with rectal cancer involves op-
timal assessment of their fitness for treatment to minimise their exclusion from
treatment based on their chronological age. This is particularly important in
older adults with stage III rectal cancer where the worse CSS in our study high-
lights the need to improve outcomes and where tri-modality treatment, requir-
ing careful patient selection, is a standard of care. Optimal assessment of older
adults can be achieved by the use of formal geriatric assessments and risk pre-
dicting tools, as recommended by ASCO guidelines [38] [39]. Integrated geria-
tric assessment in the care of older adults with cancer has recently been shown to
improve quality of life, reduce hospital admissions and reduce early discontinua-
tion of anti-cancer therapy [40] [41] [42]. The key ways to improve treatment
utilisation in older adults with rectal cancer include conducting trials and studies

specific to older adults, for example, the optimal dosing of adjuvant chemothe-

rapy.
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The main strength of our study is the prospective, large surgical database with
minimal missing data. Limitations of our study include the database involving a
single institution meaning that the surgical and oncological management, patient
selection, surgical techniques, pre-operative and post-operative care, and selec-
tion for neoadjuvant radiotherapy or chemo-radiotherapy and adjuvant chemo-
therapy may differ from other institutions or health care settings. Details of ra-
diotherapy (dose, fractionation, completion) and chemotherapy (regimen, dose,
toxicities, completion) were not readily available and required manual searching
through medical records for which the study was not adequately resourced. The
generalisability of the study is limited due to the inclusion of patients who had
had a resection of primary rectal cancer and hence excludes patients who were
not suitable or fit for surgery or who chose not to have surgery.

In conclusion, older adults who had a resection of a stage I-IV rectal cancer
had higher comorbidity, cardiac comorbidity, more lymphatic vessel invasion,
early stage tumour, and received less neoadjuvant radiotherapy, less neoadjuvant
chemotherapy and less adjuvant chemotherapy. Older adults had worse OS and
worse CSS in stage III disease. These results highlight the need to optimise the
treatment of older adults with rectal cancer and ways to increase the utilisation

of adjuvant chemotherapy.
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