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Abstract
Purpose The number of patients aged ≥ 90 years is increasing worldwide; however, the treatment guidelines for colorectal cancer
in elderly patients remain unclear. This study aimed to investigate the clinical outcomes of patients with primary colorectal cancer
aged ≥ 90 years.
Methods We retrospectively reviewed the medical records of 100 patients (aged ≥ 90 years) with primary colorectal adenocar-
cinoma. Their demographic and clinical characteristics and surgical outcomes were assessed.
Results The patients who underwent tumor resections (n = 71) showed longer overall and cancer-specific survival than
those who underwent non-operative treatments (n = 29) (median overall survival time: 23.92 months vs. 2.99 months,
P < 0.0001). Age, body mass index, performance status, advanced cancer stage (stages 3 and 4), and treatment
strategy were identified as risk factors, prognostic factors, and predictors of overall survival. No significant differ-
ences in the postoperative morbidity rate, in-hospital mortality rate, and survival time were found between the elective
laparoscopic (n = 27) and elective open (n = 37) surgery subgroups. However, the in-hospital mortality rate was 6.25%
(4/64) in the patients who underwent elective open surgeries and 42.9% (3/7) in those who underwent emergent open
surgeries (p = 0.0179).
Conclusions In clinical practice, surgical treatment should not be denied to patients with primary colorectal cancer aged ≥
90 years. However, the high complication and mortality rates for emergency surgeries act as a deterrent. Further studies to
eliminate the bias between operative and non-operative groups may be needed to validate our results.
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Introduction

Human’s life expectancy is increasing gradually; thus, the
proportion of the elderly population is also increasing. In

Taiwan, approximately 12% of the entire population was aged
> 65 years; 1.37%, > 85 years; and 0.41%, > 90 years in 2014,
and these proportions continue to increase.1,2 As a result, the
proportion of the Bold-old^ population (i.e., age of ≥ 85 years)
is expected to increase more than twofold from 2014 to 2061.3

Colorectal cancer (CRC) is one of the most common can-
cers worldwide. It occurs at any age; however, age remains
one of its most important risk factors.4 The fact that most
cancers of the colon and rectum evolve from isolated adeno-
matous polyps and villous adenomas has been known as the
polyp-cancer sequence. The natural history of the polyp-
cancer sequence is highly variable in patients. It happens nev-
er less than 5 years with an average of 10–15 years.5 Since the
life expectancy is increasing, the number of elderly patients
with CRC and various comorbidities is expected to increase
accordingly.6

In the past, very old patients with CRC were treated less
aggressively owing to concerns of age, physical conditions,
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comorbidities, and available surgical techniques.7 However,
CRC can now be diagnosed via routine screening examina-
tions early,8 and surgical techniques and postoperative medi-
cal care have improved dramatically. Thus, more aggressive
treatment has recently been used in very old patients. In par-
ticular, laparoscopic colorectal resection has become the stan-
dard treatment for patients with CRC. It provides greater peri-
operative benefits in elderly patients than in younger patients.9

Hence, this study aimed to investigate the clinical outcomes of
patients with CRC aged ≥ 90 years who underwent non-
operative and operative treatments in the past 15 years.

Materials and Methods

We included patients aged ≥ 90 years with CRC diagnosed at
the National Taiwan University Hospital and its Hsinchu
Branch between January 2001 and September 2015. Patients
treated with local excision and those with tumors of a non-
glandular origin were excluded. A total of 100 patients with
primary colorectal adenocarcinoma were enrolled in this study.

We collected the following patient information: age, sex,
body mass index (BMI) , Amer i can Soc i e ty o f
Anesthesiologists (ASA) score, performance status according
to the Barthel index, preoperative comorbidities, tumor loca-
tion, stage of presentation, type of surgical method, postoper-
ative morbidity, postoperative hospital stay, in-hospital mor-
tality, chemotherapy, radiotherapy, and survival by reviewing
their medical records. Thereafter, the patients were divided
into the non-operative and operative groups. Further, the pa-
tients in the operative group were subdivided into the laparo-
scopic and open surgery subgroups (including elective and
emergent open surgeries). Emergent surgery was defined as
surgery performed within 1 day after hospital admission. The
preoperative comorbidities included cardiovascular diseases,
respiratory diseases, renal disease, diabetes mellitus (DM),
hypertension, cerebral infarction, and dementia or
Alzheimer’s disease. Specifically, the cardiovascular diseases
included coronary artery disease, arrhythmia, and heart fail-
ure; the respiratory diseases included lung emphysema and
obstructive pulmonary disease. Renal disease was defined as
a glomerular filtration rate (GFR) of < 60 ml/(min⋅1.73 m2).
DM and hypertension were recorded if medical treatment for
such was required. The Charlson comorbidity index was also
calculated. The study was approved by the institutional review
board of National Taiwan University Hospital (protocol no.
201410038RINB).

Statistical Analysis

Statistical analysis was performed using the R 3.2.3 software
(R Foundation for Statistical Computing, Vienna, Austria). In
statistical testing, two-sided P value ≤ 0.05 was considered

statistically significant. The distributional properties of con-
tinuous variables were expressed by mean ± standard devia-
tion (SD). Categorical variables were presented as frequencies
and percentages. And, survival curves and themedian survival
times for time to death of any cause and time to death of
cancer were estimated using the Kaplan-Meier method. In
univariate analysis, the differences in the distributions of con-
tinuous variables and categorical variables among the four
groups of patients with colorectal cancer (no surgery, laparo-
scopic surgery, elective open surgery, and emergent open sur-
gery) were examined using Kruskal-Wallis rank-sum test or
Fisher’s exact test. Similarly, the unadjusted effect of each
potential risk factor, prognostic factor, and predictor of the
two binary outcomes (i.e., death of any cause and death of
cancer) was examined using Wilcoxon rank-sum test or
Fisher’s exact test as appropriate.

Next, multivariate analysis was conducted by fitting Cox’s
proportional hazards models to estimate the adjusted effects of
risk factors, prognostic factors, and predictors of the two sur-
vival outcomes (i.e., time to death of any cause and time to
death of cancer). Since the elderly patients were not random-
ized to one of the four treatment strategies, if a demographic or
clinical characteristic was associated with the selection of the
treatment strategy and it was also a risk factor of patient sur-
vival, then it could cause a selection bias in assessing the effect
of a treatment strategy on patient survival. To tackle the po-
tential selection bias due to the distributional differences in the
baseline demographic and clinical characteristics among these
four groups of patients, we performed a regression analysis,
instead of a propensity score analysis, to examine the adjusted
effects of surgical treatments on patient survival for compar-
ing these groups in one multivariate analysis and minimizing
the loss of subjects.

Results

Non-operative Treatment Versus Operative
Treatment

The comparisons of the demographic and clinical characteris-
tics among the four treatment strategies (no surgery, laparo-
scopic surgery, elective open surgery, and emergent open sur-
gery) are shown in Table 1. The mean age of the 100 very old
patients was 92.76 years (SD = 2.74). Among them, 29 pa-
tients did not undergo surgery, while 71 patients underwent
one of the three operative treatments. As listed on the left
panel of Table 1, no statistically significant differences were
found in age, sex, tumor location, chemotherapy, and radio-
therapy between the non-operative and operative groups.
However, significant differences were detected in the BMI
(20.18 ± 2.59 vs. 21.47 ± 2.93 kg/m2, P = 0.0374), perfor-
mance status (38.10 ± 35.49 vs. 69.23 ± 31.37, P = 0.0001),
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Table 1 Univariate analyses of demographic and clinical characteristics between patients treated conservatively and surgically

Variable Total Surgery P value Surgery type A vs. B
P value

A +B
vs. C
P value

No Yes (A)
Laparoscopic
surgery

(B)
Open surgery
(elective)

(C)
Open surgery
(emergent)

Sample size (n) 100 (100%) 29 (29.0%) 71 (71.0%) 27 (27.0%) 37 (37.0%) 7 (7.0%)
Age (years) 92.76 ± 2.74 92.69 ± 2.78 92.79 ± 2.74 0.7553 93.04 ± 3.49 92.70 ± 2.33 92.29 ± 1.25 0.7256 0.9377
Sex 0.6624 0.2055 0.4290
Male 51 (51.0%) 16 (55.2%) 35 (49.3%) 11 (40.7%) 22 (59.5%) 2 (28.6%)
Female 49 (49.0%) 13 (44.8%) 36 (50.7%) 16 (59.3%) 15 (40.5%) 5 (71.4%)

Body mass index (BMI) 21.10 ± 2.89 20.18 ± 2.59 21.47 ± 2.93 0.0374 22.10 ± 2.68 21.16 ± 3.09 20.73 ± 2.99 0.1392 0.5694
Performance status 60.20 ± 35.40 38.10 ± 35.49 69.23 ± 31.37 0.0001 71.30 ± 27.48 72.57 ± 30.36 43.57 ± 42.69 0.6774 0.0837
All deaths 73 (73.0%) 28 (96.6%) 45 (63.4%) 0.0004 14 (51.9%) 27 (73.0%) 4 (57.1%) 0.1145 0.7014
Cancer deaths 48 (48.0%) 25 (86.2%) 23 (32.4%) <0.0001 8 (29.6%) 12 (32.4%) 3 (42.9%) > 0.9999 0.6742
Tumor site 0.1039 0.6316 0.1215
A-colon 32 (32.0%) 7 (24.1%) 25 (35.2%) 6 (22.2%) 13 (35.1%) 6 (85.7%)
T-colon 13 (13.0%) 5 (17.2%) 8 (11.3%) 5 (18.5%) 3 (8.1%) 0 (0%)
D-colon 6 (6.0%) 3 (10.3%) 3 (4.2%) 1 (3.7%) 2 (5.4%) 0 (0%)
S-colon 26 (26.0%) 4 (13.8%) 22 (31.0%) 10 (37.0%) 11 (29.7%) 1 (14.3%)
Rectum 23 (23.0%) 10 (34.5%) 13 (18.3%) 5 (18.5%) 8 (21.6%) 0 (0%)

Stage < 0.0001 0.0945 0.3363
1 12 (12.0%) 1 (3.5%) 11 (15.5%) 7 (25.9%) 4 (10.81%) 0 (0%)
2 36 (36.0%) 4 (13.8%) 32 (45.1%) 9 (33.3%) 20 (54.1%) 3 (42.9%)
3 28 (28.0%) 8 (27.6%) 20 (28.2%) 10 (37.0%) 8 (21.6%) 2 (28.6%)
4 24 (24.0%) 16 (55.2%) 8 (11.3%) 1 (3.7%) 5 (13.5%) 2 (28.6%)

Radiotherapy 3 (3.0%) 1 (3.5%) 2 (2.8%) > 0.9999 1 (3.7%) 1 (2.7%) 0 (0%) > 0.9999 > 0.9999
Chemotherapy 20 (20.0%) 5 (17.2%) 15 (21.1%) 0.7867 7 (25.9%) 7 (18.9%) 1 (14.3%) 0.5513 > 0.9999
Comorbidity
Cardiovascular disease 26 (26.0%) 8 (27.6%) 18 (25.4%) 0.8066 6 (22.2%) 9 (24.3%) 3 (42.9%) > 0.9999 0.3591
Respiratory disease 8 (8.0%) 3 (10.4%) 5 (7.0%) 0.6875 0 (0%) 4 (10.8%) 1 (14.3%) 0.1316 0.4144
Renal disease 54 (54.0%) 12 (41.4%) 42 (59.2%) 0.1251 16 (59.3%) 21 (56.8%) 5 (71.4%) > 0.9999 0.6925
Diabetes mellitus (DM) 16 (16.0%) 2 (6.9%) 14 (19.7%) 0.1410 6 (22.2%) 6 (16.2%) 2 (28.6%) 0.7469 0.6180
Hypertension 50 (50.0%) 14 (48.3%) 36 (50.7%) > 0.9999 15 (55.6%) 16 (43.2%) 5 (71.4%) 0.4481 0.4190
Cerebral infarction 14 (14.0%) 5 (17.2%) 9 (12.7%) 0.5401 3 (11.1%) 4 (10.8%) 2 (28.6%) > 0.9999 0.2142
Dementia 8 (8.0%) 5 (17.2%) 3 (4.2%) 0.0434 1 (3.7%) 1 (2.7%) 1 (14.3%) > 0.9999 0.2710
Arthritis 5 (5.0%) 0 (0%) 5 (7.0%) 0.3175 4 (14.8%) 1 (2.7%) 0 (0%) 0.1529 > 0.9999

Charlson comorbidity index 7.80 ± 2.01 9.10 ± 2.18 7.27 ± 1.68 0.0001 6.93 ± 1.30 7.30 ± 1.78 8.43 ± 2.15 0.5827 0.0602
ASA score – 0.3217 0.7384
1 1 (1.0%) – 1 (1.4%) 1 (3.7%) 0 (0%) 0 (0%)
2 3 (3.0%) – 3 (4.2%) 0 (0%) 3 (8.1%) 0 (0%)
3 55 (55.0%) – 55 (77.5%) 21 (77.8%) 29 (78.4%) 5 (71.4%)
4 12 (12.0%) – 12 (16.9%) 5 (18.5%) 5 (13.5%) 2 (28.6%)

Postoperative complications
Anastomotic leak 3 (3.0%) – 3 (4.2%) – 1 (3.7%) 0 (0%) 0 (0%) > 0.9999 > 0.9999
Urinary problems 12 (12.0%) – 12 (16.9%) – 4 (14.8%) 7 (18.9%) 1 (14.3%) 0.7476 > 0.9999
Ileus 4 (4.0%) – 4 (5.6%) – 3 (11.1%) 1 (2.7%) 0 (0%) 0.3019 > 0.9999
Wound infection 6 (6.0%) – 6 (8.5%) – 1 (3.7%) 4 (10.8%) 1 (14.3%) 0.3868 0.4765
Cardiovascular 1 (1.0%) – 1 (1.4%) – 1 (3.7%) 0 (0%) 0 (0%) 0.4219 > 0.9999
Respiratory 16 (16.0%) – 16 (22.5%) – 5 (18.5%) 7 (18.9%) 4 (57.1%) > 0.9999 0.0411
Renal 3 (3.0%) – 3 (4.2%) – 1 (3.7%) 1 (2.7%) 1 (14.3%) > 0.9999 0.2710
ICH 1 (1.0%) – 1 (1.4%) – 0 (0%) 1 (2.7%) 0 (0%) > 0.9999 > 0.9999

Number of complications – 0.9639 0.2964
0 38 (38.0%) – 38 (53.5%) 15 (55.6%) 20 (54.1%) 3 (42.9%)
1 22 (22.0%) – 22 (31.0%) 8 (29.6%) 12 (32.4%) 2 (28.6%)
2 9 (9.0%) – 9 (12.7%) 4 (14.8%) 4 (10.8%) 1 (14.3%)
3 2 (2.0%) – 2 (2.8%) 0 (0%) 1 (2.7%) 1 (14.3%)

Complications 33 (33.0%) – 33 (46.5%) – 12 (44.4%) 17 (45.9%) 4 (57.1%) > 0.9999 0.6972
Major complications 17 (17.0%) – 17 (23.9%) – 6 (22.2%) 7 (18.9%) 4 (57.1%) 0.7627 0.0516
In-hospital mortality 7 (7.0%) – 7 (9.9%) – 0 (0%) 4 (10.8%) 3 (42.9%) 0.1316 0.0179
Hospital stay (days) 28.03 ± 34.38 – 28.03 ± 34.38 – 24.78 ± 32.98 24.81 ± 24.78 57.57 ± 65.31 0.8541 0.1889

The sample statistics presented in this table were represented as mean ± standard deviation (SD) for continuous variables and frequency (percentage, %)
for categorical variables. The listed P values of statistical tests between two ormore groupswere calculated using theWilcoxon rank-sum test or Kruskal-
Wallis rank-sum test for continuous variables and the Fisher’s exact test for categorical variables
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dementia (17.2 vs. 4.2%, P= 0.0434), and cancer stage (P
< 0.0001) between the non-operative and operative groups.
And, the mortality rates were significantly different between
the non-operative and operative groups (all deaths 96.6 vs.
63.4%, P = 0.0004; cancer deaths 86.2 vs. 32.4%, P
< 0.0001).

Laparoscopic Surgery Versus Open Surgery (Elective
or Emergent)

Moreover, as listed on the right panel of Table 1, 27 patients
underwent laparoscopic surgery, and 44 patients underwent
open surgery among the 71 patients in the operative group.
None of the 27 laparoscopic surgeries were emergent, whereas
7 of the 44 open surgeries were emergent (6 patients had
CRCs with obstructions, and 1 patient had massive bleeding).
The 64 elective surgeries (27 laparoscopic surgeries and 37
open surgeries) were further analyzed. No statistically signif-
icant differences were found in age, sex, BMI, ASA score,
performance status, tumor location, cancer stage, chemother-
apy, radiotherapy, comorbidities, postoperative complications,
and in-hospital mortality between the laparoscopic and elec-
tive open surgery groups. However, the patients who
underwent emergent surgeries had a higher rate of postopera-
tive respiratory complications than those who underwent lap-
aroscopic or elective open surgeries (57.1 vs. 18.8%,
P= 0.0411). Moreover, the patients who underwent emergent
surgeries had a higher in-hospital mortality rate than those
who underwent laparoscopic or elective open surgeries (42.9
vs. 6.3%, P = 0.0179). Specifically, in the 7 patients who
underwent emergent open surgeries, 3 patients died, including
1 patient who died of pneumonia with respiratory failure and
septic shock, 1 of aspiration pneumonia and shock-related
multiple organ failure, and another of postoperative respirato-
ry failure. By contrast, in the 64 patients who underwent lap-
aroscopic or elective open surgeries, 4 patients died, including
1 patient who died of urosepsis, 1 of pneumonia with sepsis, 1
after undergoing laparoscopic surgery due to pulmonary con-
gestion, and 1 of postoperative intracranial hemorrhage.

Conversion occurred in one patient owing to severe intra-
abdominal adhesion. The operation was converted to open
anterior resection immediately after the camera port was cre-
ated, and severe adhesion was found. No conversion occurred
because of cardiopulmonary compromise with insufflation.

Overall Survival and Cancer-Specific Survival

Next, univariate analyses of the demographic and clinical
characteristics between the alive and dead patients, who died
of any cause or died of cancer during the follow-up period, are
shown in Table 2. No statistically significant associations with
death of any cause were found in age, sex, tumor location,
chemotherapy, radiotherapy, and comorbidity, but significant

associations with death of any cause were detected in the BMI
(alive 22.28 ± 3.11 kg/m2, dead 20.66 ± 2.69 kg/m2, P =
0.0159), performance status (alive 75.19 ± 31.3, dead 54.66
± 35.43, P = 0.0095), cancer stage (P = 0.0346), surgery
(dead/no surgery 96.6%, dead/surgery 63.4%, P = 0.0004),
and treatment strategy (P = 0.0005). By contrast, no statisti-
cally significant associations with death of cancer were found
in age, sex, BMI, tumor location, chemotherapy, radiotherapy,
and comorbidity (except dementia), but significant associa-
tions with death of cancer were detected in the performance
status (alive 70.00 ± 32.54, dead 49.58 ± 35.64, P = 0.0054),
cancer stage (P < 0.0001), dementia (dead/dementia 100%,
P = 0.0020), surgery (dead/no surgery 86.2%, dead/surgery
32.4%, P < 0.0001), and treatment strategy (P < 0.0001).

The median follow-up period of the 100 patients was
13.14 months (mean 24.01 months; range 0.23–
170.58 months). As shown in Fig. 1a, the median overall
survival time was 2.99 months (range 0.23–30.75 months)
in the non-operative group as compared with 23.92 months
(range 0.26–154.38 months) in the operative group. These
two survival curves were statistically significantly different
(P < 0.0001). As shown in Fig. 1b, after the patients who died
of non-cancer-related causes were excluded, the survival
curves of the non-operative and operative groups were still
statistically significantly different (P < 0.0001).

However, as shown in Fig. 2, the overall survival and
cancer-specific survival curves of the laparoscopic colectomy
and elective open surgery groups were not statistically signif-
icantly different (P= 0.1138 and P= 0.6387, respectively).
Specifically, the 5-year overall survival and cancer-specific
survival rates in the operative group were 40.78 and
63.79%, respectively. The 5-year overall survival rates of the
laparoscopic colectomy and elective open surgery groups
were 61.85 and 30.01%, respectively. Moreover, the 5-year
cancer-specific survival rates of the laparoscopic colectomy
and elective open surgery groups were 75.38 and 57.28%,
respectively.

Regression Analysis

As listed in Table 3, multivariate analyses of the risk factors,
prognostic factors, and predictors for the time to death of any
cause and time to death of cancer respectively were conducted
by fitting stepwise Cox’s proportional hazard models with the
available covariates in Tables 1 and 2 in our patients with CRC
aged ≥ 90 years. We used the smoothing technique to detect
nonlinear effects of continuous covariates and identify appro-
priate cut-off point(s) for discretizing continuous covariates, if
necessary, during the stepwise variable selection procedure
(not shown).

In the analysis of the risks for death of any cause, we found
that older age (years), BMI < 22.19 kg/m2, performance status
score < 78.48, and advanced cancer stage (stages 3 and 4)
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predicted the worse overall survival, but patients with ASA
score ≤ 3 who underwent laparoscopic or elective open sur-
gery had better overall survival. In other words, if two patients
with CRC had the same old age, BMI, performance status
score, and cancer stage, and their ASA scores ≤ 3, then the
one who underwent laparoscopic or elective open surgery

would live longer than the other one who did not undergo
surgery or underwent emergent open surgery. Technically
speaking, after adjusting for the effects of age, BMI <
22.19 kg/m2, performance status score < 78.48, and advanced
cancer stage (stages 3 and 4), the hazard rates of the patients
with ASA scores ≤ 3 who underwent laparoscopic or elective

Table 2 Univariate analyses of demographic and clinical characteristics between long-term alive and dead patients

Variable Total Death of any cause P value Death of cancer P value

No Yes No Yes

Sample size (n) 100 (100%) 27 (27.0%) 73 (73.0%) 52 (52.0%) 48 (48.0%)

Age (years) 92.76 ± 2.74 92.41 ± 2.94 92.89 ± 2.67 0.2460 92.79 ± 2.95 92.73 ± 2.52 0.7932

Sex 0.2623 0.5556

Male 51 (51.0%) 11 (21.6%) 40 (78.4%) 25 (49.0%) 26 (51.0%)

Female 49 (49.0%) 16 (32.7%) 33 (67.3%) 27 (55.1%) 22 (44.9%)

Body mass index (BMI) 21.10 ± 2.89 22.28 ± 3.11 20.66 ± 2.69 0.0159 21.60 ± 2.87 20.56 ± 2.84 0.0655

Performance status 60.20 ± 35.40 75.19 ± 31.3 54.66 ± 35.43 0.0095 70.00 ± 32.54 49.58 ± 35.64 0.0054

Surgery 0.0004 < 0.0001

No 29 (71.0%) 1 (3.4%) 28 (96.6%) 4 (13.8%) 25 (86.2%)

Yes 71 (71.0%) 26 (36.6%) 45 (63.4%) 48 (67.6%) 23 (32.4%)

Surgery 0.0005 < 0.0001

None 29 (29.0%) 1 (3.4%) 28 (96.6%) 4 (13.8%) 25 (86.2%)

Laparoscopic surgery 27 (27.0%) 13 (48.1%) 14 (51.9%) 19 (70.4%) 8 (29.6%)

Open surgery (elective) 37 (37.0%) 10 (27.0%) 27 (73.0%) 25 (67.6%) 12 (32.4%)

Open surgery (emergent) 7 (7.0%) 3 (42.9%) 4 (57.1%) 4 (57.1%) 3 (42.9%)

Tumor site 0.0889 0.3777

A-colon 32 (32.0%) 10 (31.3%) 22 (68.8%) 15 (46.9%) 17 (53.1%)

T-colon 13 (13.0%) 3 (23.1%) 10 (76.9%) 7 (53.8%) 6 (46.2%)

D-colon 6 (6.0%) 1 (16.7%) 5 (83.3%) 4 (66.7%) 2 (33.3%)

S-colon 26 (26.0%) 11 (42.3%) 15 (57.7%) 17 (65.4%) 9 (34.6%)

Rectum 23 (23.0%) 2 (8.7%) 21 (91.3%) 9 (39.1%) 14 (60.9%)

Stage 0.0346 < 0.0001

1 12 (12.0%) 3 (25.0%) 9 (75.0%) 9 (75.0%) 3 (25.0%)

2 36 (36.0%) 15 (41.7%) 21 (58.3%) 26 (72.2%) 10 (27.8%)

3 28 (28.0%) 7 (25.0%) 21 (75.0%) 13 (46.4%) 15 (53.6%)

4 24 (24.0%) 2 (8.3%) 22 (91.7%) 4 (16.7%) 20 (83.3%)

Radiotherapy 3 (3.0%) 0 (0%) 3 (100%) 0.5612 1 (33.3%) 2 (66.7%) 0.6064

Chemotherapy 20 (20.0%) 7 (35.0%) 13 (65.0%) 0.4041 10 (50.0%) 10 (50.0%) > 0.9999

Comorbidity

Cardiovascular disease 26 (26.0%) 5 (19.2%) 21 (80.8%) 0.4416 11 (42.3%) 15 (57.7%) 0.2648

Respiratory disease 8 (8.0%) 1 (12.5%) 7 (87.5%) 0.6789 4 (50.0%) 4 (50.0%) > 0.9999

Renal disease 7 (7.0%) 3 (42.9%) 4 (57.1%) 0.3835 5 (71.4%) 2 (28.6%) 0.4388

Diabetes mellitus (DM) 16 (16.0%) 5 (31.3%) 11 (68.8%) 0.7603 7 (43.8%) 9 (56.3%) 0.5877

Hypertension 50 (50.0%) 12 (24.0%) 38 (76.0%) 0.6529 23 (46.0%) 27 (54.0%) 0.3170

Cerebral infarction 14 (14.0%) 1 (7.1%) 13 (92.9%) 0.1042 6 (42.9%) 8 (57.1%) 0.5681

Dementia 8 (8.0%) 0 (0%) 8 (100%) 0.1038 0 (0%) 8 (100%) 0.0020

Arthritis 5 (5.0%) 2 (40.0%) 3 (60.0%) 0.6097 3 (60.0%) 2 (40.0%) > 0.9999

The sample statistics presented in this table were presented asmean ± standard deviation (SD) for continuous variables and frequency (percentage, %) for
categorical variables. The listed P values of statistical tests between two groups were calculated using the Wilcoxon rank-sum test for continuous
variables and the Fisher’s exact test for categorical variables
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open surgeries would be 26.18% (95% confidence interval
[CI] 12.45–55.08%, P = 0.0004) or 57.91% (95% CI 33.80–
99.22%, P = 0.0467) of the hazard rate of the patients with
ASA score ≤ 3 who did not undergo surgery or underwent
emergent open surgery and those with ASA score > 3. The
proportional hazard assumptions were not violated. And, the
adjusted generalized R2 = 0.471 > 0.15 and the estimated area
under the receiver operating characteristic (ROC) curve (stan-
dard error, se) = 0.7672 (0.0387) > 0.7 indicated a good fit.

By contrast, in the analysis of the risks for death of
cancer, we found that older age (years), advanced cancer
stage (stages 3 and 4), and non-surgical treatment predict-
ed the worse cancer-specific survival, but the patients

with higher performance status scores had a better
cancer-specific survival. In other words, if two patients
with CRC had the same old age, cancer stage, and perfor-
mance status score, then the one who did not undergo
surgery would have a shorter cancer-specific survival than
the other one who underwent laparoscopic or open surger-
ies. Technical speaking, after adjusting for the effects of
age, advanced cancer stage (stages 3 and 4), and perfor-
mance status score, the hazard rate of the patients who did
not undergo surgery would be 2.64 (95% CI 1.28–5.45,
P = 0.0084) times of the hazard rate of the patients who
underwent laparoscopic or open surgeries. The propor-
tional hazards assumptions were not violated. And, the

Fig. 1 a The long-term overall survival curves for elderly colorectal
cancer patients (operative vs. non-operative). Solid line: patients who
did not undergo surgery; dashed line: patients who underwent surgery.

b The long-term cancer-specific survival curves for elderly colorectal
cancer patients (operative vs. non-operative). Solid line: patients who
did not undergo surgery; dashed line: patients who underwent surgery
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adjusted generalized R2 = 0.432 > 0.15 and the estimated
area under the ROC curve (se) = 0.7961 (0.0460) > 0.7
indicated a good fit.

Discussion

The incidence of colon and rectal cancers is known to increase
with age. As the life expectancy is increasing, the number of
elderly patients with CRC and various comorbidities is also
expected to increase worldwide. However, the relatively high
risks of complications, postoperative sequelae, and in-hospital
mortality in very old patients with CRC undergoing cancer

surgery have led to the refusals of screening examinations
and aggressive treatments. Similar to the natural end cancer
concept by Kitagawa et al. in 1998,10 some people even con-
sider that no treatment is the best treatment for the elderly to
let them die peacefully without suffering.

Nevertheless, laparoscopic colectomy has gradually be-
come a popular surgical option since 2000.11 It leads to shorter
hospital stays and lower complication rates than open colorec-
tal surgery.9,12–15 Similar to the finding of Valls et al.,16 we did
not observe statistically significant differences in the length of
hospital stay, postoperative complication rate, in-hospital mor-
tality, and survival between laparoscopic colectomy and elec-
tive open surgeries in the patients with CRC aged ≥ 90 years.

Fig. 2 a The long-term overall survival curves for elderly colorectal
cancer patients (laparoscopic vs. elective open surgery). Solid line: pa-
tients who underwent elective open surgery; dashed line: patients who
underwent laparoscopic surgery. b The long-term cancer-specific survival

curves for elderly colorectal cancer patients (laparoscopic vs. elective
open surgery). Solid line: patients who underwent elective open surgery;
dashed line: patients who underwent laparoscopic surgery
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The tissues of the aged are weak, fragile, and more easily
traumatized, and tissue healing and blood supply are known
to be worse in elderly patients. This may be the reasonwhy we
did not observe the benefits of laparoscopic surgery in the very
old patients in this study. Hence, the surgical procedure should
be performed more gently in elderly patients to reduce the
risks of tissue damages and complications. In our experience,
the dissection plane in the elderly patients was loose with a
lower tissue strength, and the dissection was difficult owing to
the loss of elasticity in older tissues. Avoiding excessive ma-
nipulations in the surgical techniques was extremely
important.

The postoperative complication rates in patients with CRC
aged > 80 years have been reported to be 21–46.4%17–19 with
perioperativemortality rates of 1.1–15.6%.4,17–23 In this study,
the postoperative complication, major postoperative compli-
cation, and in-hospital mortality rates of elective open surgery
in the patients with CRC aged ≥ 90 years were 45.3, 20.3, and
6.25%, respectively, which were not higher than those report-
ed by other studies on elderly patients. By contrast, the post-
operative complication rate was higher in the elderly patients
who underwent emergent open surgeries. Themortality rate of
emergent surgery in elderly patients has been reported to range
from 27.6 to 81%.4,21,23–26 In our study, 4 of the 7 patients
(57.1%) who underwent emergent open surgeries experienced
major postoperative complications. Among these 4 patients
who experienced major postoperative complications, 3 pa-
tients (42.9%) died in hospital due to postoperative sequelae.

In this study, we found statistically significant differences
in the distributions of the BMI, performance status score, de-
mentia, and cancer stage between the operative and non-

operative groups. In fact, the patients with CRC with lower
BMI, dementia, poor performance status, and advanced can-
cer stage were more likely to receive conservative treatments.
Nevertheless, after controlling for the selection bias in our
multivariate analyses, the important risk factors, prognostic
factors, and predictors of overall survival and cancer-specific
survival were identified by fitting stepwise Cox’s proportional
hazard models, respectively. Specifically, older age, lower
BMI, lower performance status score, and advanced cancer
stage predicted the worse overall survival, but the patients
with CRC and ASA score ≤ 3 who underwent laparoscopic
colectomy or elective open surgery showed better overall sur-
vival. By contrast, older age (years), advanced cancer stage
(stages 3 and 4), and non-surgical treatment predicted the
worse cancer-specific survival, but patients with higher per-
formance status scores showed better cancer-specific survival.
These findings suggested that given the same baseline demo-
graphic and clinical characteristics, the patients who
underwent surgery properly would have better overall survival
and cancer-specific survival than those who did not. Hence,
curative surgical treatments should be considered in patients
with CRC aged ≥ 90 years, although their risks of postopera-
tive morbidity and mortality are relatively high. However,
there are still some biases in this study. To minimize these
biases, it is better to compare patients with the same
conditions.

In our study, patients who underwent surgery showed lon-
ger overall survival and cancer-specific survival than those
who did not. However, the complication rates were relatively
high in elderly patients who underwent emergency operations.
The current colorectal cancer screening protocol in Taiwan is

Table 3 Multivariate analyses of risk factors, prognostic factors, or predictors for time to death of any cause and time to death of cancer respectively by
fitting stepwise Cox’s proportional hazards models with the available covariates in Tables 1 and 2 in CRC patients aged ≥ 90 years

Covariate Estimate Standard error Wald’s chi-square P value Hazard ratio 95% confidence interval

1. Time to death of any cause (months)1

Age (years) 0.1049 0.0449 2.3367 0.0195 1.1107 1.0171–1.2129

Body mass index (BMI) < 22.19 0.6996 0.2652 2.6382 0.0083 2.0130 1.1971–3.3852

Performance status < 78.48 1.0540 0.3205 3.2888 0.0010 2.8691 1.5309–5.3770

Stage 3 0.8937 0.3139 2.8471 0.0044 2.4442 1.3211–4.5221

Stage 4 1.1712 0.3331 3.5156 0.0004 3.2259 1.6791–6.1976

ASA score ≤ 3 × laparoscopic surgery − 1.3400 0.3794 − 3.5321 0.0004 0.2618 0.1245–0.5508

ASA score ≤ 3 × elective open surgery − 0.5462 0.2747 − 1.9887 0.0467 0.5791 0.3380–0.9922

2. Time to death of cancer (months)2

91.59 < age ≤ 98.20 (years) 0.6449 0.3116 2.0698 0.0385 1.9058 1.0348–3.5099

Performance status − 0.0108 0.0047 − 2.2841 0.0224 0.9893 0.9801–0.9985

Stage 3 1.0179 0.4027 2.5273 0.0115 2.7673 1.2567–6.0935

Stage 4 1.6758 0.4271 3.9236 0.0001 5.3428 2.3133–12.3401

No surgery 0.9719 0.3690 2.6336 0.0084 2.6430 1.2822–5.4479

1Goodness-of-fit assessment: n = 100, adjusted generalized R2 = 0.471, and the estimated area under the ROC curve (se) = 0.7672 (0.0387)
2 Goodness-of-fit assessment: n = 100, adjusted generalized R2 = 0.432, and the estimated area under the ROC curve (se) = 0.7961 (0.0460)
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immunochemical fecal occult blood testing (iFOBT) every
2 years in patients between 50 and 74 years old. Therefore,
our work suggests that colorectal screening in these extremely
old patients (> 75 years old) may still be needed, not only
because the cancer treatment results were acceptable, but also
to reduce the rate of emergency operation, which has relative-
ly high complication and mortality rates.

Elderly patients are usually unable to recover quickly from
surgery owing to their decreased physiological reserve. Many
studies have shown that prehabilitation can result in excellent
recovery of functional outcomes in elderly patients undergo-
ing elective colorectal surgery.27,28 A prehabiliation program
should be customized according to each patient’s condition,
the type of surgery, and the disease status. This is particularly
true in elderly patients who are prone to have decreased func-
tional reserve, more comorbidities, and increased possibility
of medical and surgical interventions. Currently, no consensus
has been reached about the duration of prehabilitation, espe-
cially for extremely old patients with colorectal cancer. For
elective colorectal cancer surgery, prehabilitation programs
with a duration of 3–6 weeks have been reported.29 Future
studies with larger sample sizes are needed to explore more
issues with regard to the duration of prehabilitation programs
for elderly patients with colorectal cancer.

Although colorectal cancer surgery is steadily increasingly
being performed in elderly patients aged 90 years or older, the
decision-making of surgical treatment for these extremely old
patients is still difficult owing to the possibility of negative
influences on the quality of life, the limited functional capabil-
ity of these patients, and the disposition of nursing facilities
after the operation. The challenge is increasing because the
population of elderly is rapidly growing. For many patients,
their family, and physicians, quality of life and ability to per-
form activities of daily living after the operation is more impor-
tant than extending life alone. Several reports have shown that
elderly patients with colorectal cancer have a quality of life
comparable to that of younger patients in most respects.30,31

For the treatment of colorectal cancer, age is not a contraindi-
cation for surgery. Furthermore, surgery is still useful in colo-
rectal cancer even as a palliative treatment to prevent emergen-
cy surgery and to extend the comfortable life of patients.
However, further prospective investigation with more enrolled
patients that evaluates survival outcomes, quality of life, and
functional status should be done, not only to extend the life
expectancy but also to improve the quality of life.

The National Health Insurance (NHI) plan of Taiwan
covers > 98% of Taiwan’s population, and enrollees enjoy
almost free access to health care. Taiwan’s NHI was associat-
ed with a reduction of deaths of causes amenable to health
care, particularly among those age groups (< 20 and≥ 65years)
that were previously uninsured in the beginning.32 The appro-
priate management for colorectal cancer might be hindered by
the high cost of cancer treatment. These economic barriers

were eliminated after the implementation of NHI. Especially,
the effect was more prominent because the proportion of el-
derly populations is increasing steadily in Taiwan.

This study has three limitations. First, it was difficult to
perform a propensity score analysis in this study to reduce
selection bias because there were four treatment groups
(non-operative, laparoscopic surgery, elective open surgery,
and emergent open surgery) to be compared in our multivar-
iate analyses. And, it is infeasible to conduct randomized clin-
ical trials in patients with CRC aged ≥ 90 years owing to
ethical concerns. Second, 73 of the 100 patients died during
the follow-up period, but the data on the patients’ post-
discharge medical care and quality of life could not be collect-
ed retrospectively. Third, this study had a relatively small
sample size of 100 so that statistically non-significant find-
ings, including differences in the length of hospital stay, mor-
bidity, and mortality between the laparoscopic and elective
open surgery groups, might appear owing to the lack of sta-
tistical power. Hence, further studies with larger sample sizes
are needed to verify these results and to explore more issues.

Conclusion

In summary, surgical treatment should not be denied to pa-
tients with primary CRC aged ≥ 90 years in clinical practice.
With good preoperative preparation and postoperative care,
such elderly patients who undergo surgical treatment could
have good oncological outcomes similar to those in younger
patients. However, the high complication and mortality rates
for emergency surgeries act as a deterrent for such, and in such
cases, palliative surgery should be considered rather than cu-
rative resection for emergency operations. Further research
eliminating the bias between operative and non-operative
groups is required to conclude that such very old patients with
CRC could benefit from aggressive surgical treatment.
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