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The pre-operative chemo-radiotherapy (Pre-OP CCRT) in aged
patients with stage III rectal cancer may be less effective. We
collected data from 3365 patients (2004-2012) from Taiwan Cancer
Registry. Metachronous colorectal cancer and multiple cancer
patients were excluded. The patients were separated in three
groups, operation first, Pre-OP CCRT first and treatment without
operation. SAS 9.2 Student-t, ANOVA and Chi-Square tests were
used for analysis. It was found that Group II had good survival
curve than the group I (HR =0.26, p<0.0001). The group III had
the worst survival benefit (HR=3.38, p<0.0001). Patients with
age <75 Y/O had the same survival curve (p=0.0099). Patients age
between75-80Y/O had worse survival time (HR=2.91, p<0.0001). The
mortality rate increased dramatically in patients old than 85Y/O
but the Pre-OP CCRT still provided survival benefit (HR=6.55,
p<0.0001). Pre-operative CCRT improved survival in stage III
rectal cancer. Even patients with 80~85 years old still had the
benefit. In old patients without major comobility and good
physical status, Pre-OP CCRT was still the best choice.
Keywords: Pre-operative concurrent chemo-radiotherapy
CCRT), rectal cancer, local recurrence, survival time
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The incidence of colorectal cancer (CRC) has increased in many countries in recent years. Due to the
popularity of lower fiber and high-fat diet, the incidences of CRC elevated gradually. Colorectal cancer
become a major cause of morbidity and mortality throughout the world and makes the treatment more
important. CRC treatment is mainly done on tumor stage when it is diagnosed. The treatment guidelines for
CRC, made by the National Comprehensive Cancer Network (NCCN) in the U.S., is used worldwide. Several
countries use it as a standard. But in Taiwan, each hospital owns its modified guidelines according to
operational ability rule.
Radical resection of colon cancer is simple in stages I-III, as radiotherapy or neoadjuvant chemotherapy
is not necessary due to the movable anatomic structure of the colon. Rectal cancer treatment, however, is
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More difficult. Mendenhall et al. (1983) found a local advanced tumor (T3 or T4) cannot be controlled easily
during operation and a high incidence of local recurrence was observed in the past.
Cedermark et al. (1997) presented preoperative concurrent chemoradiotherapy (Pre-OP CCRT) was then
used and subsequently became a guideline for the past two decades. The procedure can achieve tumor
shrinkage, increase success of the sphincter-saving operation, reduce local recurrences according to HabrGama et al. (1998), and increase disease-free survival by Jung et al. (2015), as well as decrease 5-year
overall mortality, cancer-related mortality, and local recurrence rates by Camma et al. (2000).
Although the Pre-OP CCRT following with surgery becomes a general rule in rectal cancer treatment,
colorectal surgeons in Taiwan may not follow it due to age, patient condition, and/or health insurance
payment principle. In clinical practice, not all doctors obey the guideline, particularly when patients are over
75 years old. The factors included ECOG performance status of patients, comorbidity, age beyond life
expectancy, and economic support of family.
There are no reports on whether elderly patients benefit by Pre-OP CCRT. Sanoff et al. (2012) found
patients above 75 years old were excluded from most studies. So the group of old age patients need more
attention in clinical practice. Most developed countries set the age of 65 as the beginning of old age. The
definitions of old age continue to change as life expectancy in developed countries has risen to beyond 80
years old.
Therefore, it is unclear whether elderly patients receive standard treatment of rectal cancer and if doctors
adhere to NCCN treatment guidelines for rectal cancer. In order to address these questions and monitor the
treatment of local advanced rectal cancer, we used the database from Taiwan Cancer Registry. Our main
objective was to determine whether old patients have the same benefit from Pre-OP CCRT as young
patients. The result of this analysis can help doctors make good suggestions to old patients.

LITERATURE REVIEW
CRC is the most prevalent malignancy in Taiwan. Glimelius et al. (1995) had reported the incidence of rectal
cancer is 35%-45% among all CRCs worldwide. The local failure rate plays an important role in the treatment
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of rectal cancer. Scott et al. (1995) showed there were many techniques to improve the local failure rate
including total mesorectal excision (TME), such as preoperative radiotherapy, CCRT, postoperative adjuvant
chemotherapy, postoperative adjuvant CCRT, radiotherapy, etc.
Though many procedures are used, preoperative radiotherapy has been extensively investigated. Early in
1997, study by Cedermark et al. (1997) reported an overall 5-year survival rate of 58% in patients who
underwent radiotherapy plus surgery and 48% in patients who underwent surgery alone. This is significant
improvement of survival improvement in the war to rectal cancer. Since then, information from a number of
controlled trials (Habr-Gama et al. 1998; Glimelius et al., 1995) indicates that the proportion of local
recurrences is reduced to less than half when radiotherapy at moderately high doses is given preoperatively.
A meta-analysis by Camma et al. (2000) showed in patients with resectable rectal cancer, preoperative
radiotherapy significantly improved overall and cancer-specific survival compared with surgery alone. The
magnitude of the benefit is relatively large and criteria are needed to identify patients most likely to benefit
from adjuvant radiotherapy.
According to the NCCN guideline and related papers (e.g., Sebag-Montefiore et al. 2009, 2001, Tepper et

al., 2002, Pucciarelli et al., 2000), Pre-OP CCRT is the standard of locally advanced rectal cancer treatment
since 2003. Wagman et al. (1998) said that sphincter preservation could be achieved in 77% of patients who
would otherwise require an abdominoperineal resection. Kachnic (2006) also concluded that preoperative
chemoradiation therapy also allowed for the investigation of innovative agents (capecitabine, oxaliplatin,
irinotecan, bevacizumab, and cetuximab) in combination with pelvic radiation. In Taiwan, the treatment
guideline of all medical centers mainly follows the NCCN guideline, so all patients with rectal cancer are
expected to receive the same treatment protocol.
Little data about the benefit of Pre-OP CCRT in elderly patients with rectal cancer. Sanoff and Goldberg
(2007) reported the colorectal cancer treatment in older patients but limited the age of patients to 70 years
old. A review of National Cancer Institute (NCI)-sponsored trials (Murthy et al., 2004) showed only “ 0.3%0.5% of enrolled patients in these trials were older than 75. Old patients should be an important group in the
colorectal cancer patients.
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Gerontologists have recognized the diversity of old age by defining sub-groups. Zizza et al.(2009) used
the sub-grouping as young-old (65 to 74), middle-old (75– 84), and oldest-old (85+). Forman et al. (1992)
distinguishes the young old (60 to 69), the middle old (70 to 79), and the very old (80+). As there is no
literature on the value of the NCCN guideline in elderly patients, we sought to design a study to determine
this.
METHODOLOGY
This study used cancer registration data, provided by the Taiwan Cancer Registry, from rectal cancer
patients diagnosed with clinical or pathological stage III cancer with no distal metastasis from 2004 to 2012.
Patients selected were 18 years of age and above, and were placed into three groups: (1) Patients who
underwent direct surgery and had postoperative pathological stage (pStage) III, (2) Patients with clinical
stage (cStage) III who underwent tumor resection after Pre-OP CCRT, and (3) Patients with cStage III who
underwent chemotherapy, radiotherapy, CCRT, or supportive treatment but did not undergo any tumor
resection surgery. Subgroups were made according to the post treatment pathologic stage (ypStage) and
following treatments after tumor resection.
In Taiwan, the physical status of people younger than 75 years old seem to be gathered in the same subgrouping, So each sub-group was further divided into four age groups, namely, 70 years old and below, 7074 years old, 75-80 years old and 80 years old and above. We analyzed the choice of treatment regimen in
each age group and whether there were significant differences in the compliance rates.
What condition means treatment adhere to the guidelines? Certain restrictions were needed for the time
course in the experiment, and patients that were unable to complete the treatment regimen within a fixed
time period were excluded from this study. For Group 1, the time of diagnosis to day of surgery must be
within 60 days, and the start date of postoperative radiotherapy and chemotherapy must be within 90 days
from the day of surgery. For Group 2, the time of diagnosis to start date of radiotherapy must be within 60
days and surgery must be carried out within 60 days from completion of radiotherapy. The start date of
postoperative chemotherapy must be within 90 days from the day of surgery. For Group 3, patients only
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underwent radiotherapy, chemotherapy, CCRT, or were not given treatment at all. Patients also did not
undergo tumor resection surgery after diagnosis.
Data processing and statistical analysis was conducted using SAS 9.2 statistical software. Descriptive
and correlation statistics analyses were used in the study. Independent and dependent variables were
evaluated to find the demographic characteristics of rectal cancer patients (age, gender), treatment course
characteristics, and post-treatment status. Survival status and relevant prognosis of rectal cancer patients
were also calculated in different treatment regimens (such as with or without radiotherapy), or different age
groups after undergoing radiotherapy. The Cox Proportional Hazard Model was used to estimate Hazard
Ratios (HR) and 95% confidence intervals.
RESULTS
From 2004 to 2012, the total number of patients in the Taiwan Cancer Registry that fulfilled the inclusion
criteria of this study were 3,365. There were 2,040 males and 1,325 females. The average age was 57.1
years. There were 2,004 patients in Group 1, 1,044 patients in Group 2, and 317 patients in Group 3.
According to the regulations by the Taiwan Ministry of Health and Welfare, data from groups with fewer than
five people were not shown. Therefore, some fields are empty in Table I (see Appendix-I).
Patient demographics and characteristics are listed in Table 1. In Group 1, the most common
postoperative adjuvant treatment was CCRT (1,444 patients; 72%), with follow-up as the second treatment
plan used (359 patients; 17.9%), and radiotherapy as the least often (19 patients; 0.9%).
The postoperative cancer stage in Group 2 ranged from ypStage 0 to ypStage III. The same preoperative
and postoperative stage was observed in 438 patients (42.0%) and the rest had tumor downstaging. The
median follow-up times were similar (10.5-12.6 months) among all groups and subgroups except Group 3
(6.6 months) and the F/U subgroup in Group 1 (7.8 months).
The results of the univariate and multivariate Cox regression analyses for cancer-related mortality are
listed in Table 2. Univariate analysis using Cox proportional hazard modeling showed the Group 2 had a
significant better effect in treatment group (HR 0.26, **p<0.001). The Group 3 patients had high cancerrelated mortality than the patients in Group 1 (HR 3.38, **p<0.001). The survival curve is shown in Figure 1.
In Age group (Figure 2), the patients aged 70-75 seemed to have trend about worse survival benefit than the
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patients aged below age 70 , but there is no statistical difference in multivariate Cox regression model (HR
1.03, p=0.04). And the patients age 75-80 and age >= 80 had high mortality rate than patient aged below 70.
The same results were also noted in multivariate Cox regression model. The Group 2 showed best survival
benefit despite patient in all age group (Figure 2, 3)

Figure 1. Survival Probability by Treatment Group

Figure 2. Survival Probability by Age Group

DISCUSSION
Preoperative CCRT has been included in the rectal cancer treatment guidelines of the world and Taiwan for
more than 10 years. Hines et al. (2015) has reported the guideline-adherent treatment was received by
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Figure 3. Survival Probability by 75 Y/O Boundary

Figure 4. Survival Probability by 80 Y/O Boundary

Univariate Cox regression
95% C.I. of HR
P value
Treatment group
0.26
[0.16,0.42]
<0.001
3.38
[2.36,4.85]
<0.001
Age group
1.83
[1.16,2.90]
0.0099
2.91
[1.90,4.46]
<0.001
6.55
[4.61,9.30]
<0.001
HR

Group 2 vs. Group 1
Group 3 vs. Group 1
Aged 70-75 vs. aged <70
Aged 75-80 vs. aged <70
Aged >=80 vs. aged <70

Multivariate Cox regression
HR
95% C.I. of HR
P value
0.32
2.70

[0.20,0.52]
[1.67,3.90]

<0.0001
<0.0001

1.03
2.66
4.44

[1.03,2.59]
[1.73,4.07]
[3.09,6.36]

0.0375
<0.0001
<0.0001

Table 2. Univariate and Multivariate Cox Regression for Cancer Related Mortality (N=3365)

82.7% of patients. However, according to the data collected in this study, there were more patients that did
not receive Pre-OP CCRT (groups 1 and 3; 69%) compared to those that did receive Pre-OP CCRT (Group
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2; 31%), suggesting that the percentage of adherence in Taiwan is lower. Thus, there is a gap in current
awareness that most physicians obey the treatment guideline as far as possible. Because there appears to
be a discrepancy between real-world practice and treatment guidelines in the treatment of rectal cancer, the
reasons behind this discrepancy should be investigated. Patients may refuse the suggestion in treatment
plan due to lack of medical knowledge and poor physical status (ECOG). In Taiwan, the family support
system plays a major role in the treatment selection of patients.
With regard to Group 1, a majority of patients (72.1%) underwent postoperative adjuvant CCRT. This was
followed by adjuvant chemotherapy (CT) (9.1%). The number of patients who underwent adjuvant
radiotherapy (RT) was very low (0.9%). However, about 17.9% of patients did not undergo any CT or RT
following surgery. This group of patients was relatively older in age (average 70.3 years) compared to
patients who received postoperative treatment, whereas the average age of patients who underwent
adjuvant CCRT was the lowest (add average). Thus, the physician may adjust the postoperative adjuvant
treatment based on age.
The number of patients in Group 2 was lower than expected. As mentioned previously, this group of
patients accounted for 31% of the total patients in this study, and the subgroup distribution was extremely
uneven, with some subgroups housing less than ten patients. The reason for this could be that the
preoperative clinical stage of all rectal cancer patients was determined using computed tomography imaging.
However, a pelvic computed tomography scan could detect regional lymph node enlargement, and few
patients fulfilled the criteria for stage III. This is due to the limitations in imaging precision and AJCC
guideline (Edge et al., 2010) also states that lower stages cannot be determined as the clinical stage of
patients. The number of patients may not match the physician's expectation by stage, thus the number
patients with clinical stage III cancer may be underestimated. To improve classifying clinical stage, magnetic
resonance imaging (MRI) was advised by some physicians (Adeyemo and Hutchinson, 2009, Nerad et al.,
2017). Positron Emission Tomography (PET)-CT is also a more useful and powerful tool to accurately
determine staging of tumors compared to traditional CT (Buijsen et al., 2011).
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The number of patients in Group 2 who underwent Pre-OP CCRT, did not have any tumor cells in
postoperative specimens, and achieved complete tumor remission (ypStage 0) was very low (7 patients;
<1%). This is lower than the 17%– 25% reported in the literature (Maas et al., 2010, Yoon et al., 2015). The
difference may be due to the reason that this study used a Taiwanese population or the earlier inclusion date
of patients in the Taiwan Cancer Registry. A report by Lee et al. (2008) also had a low complete response
rate (5.3%) in Korea, but this is still higher than what we report. More data is needed to determine the reason
for this difference.
There were 599 patients (57%) in Group 2 that were downstaged to ypStage I and ypStage II. Yang et al.
(2005) reported the TNM stage after Pre-OP CCRT, where 60% of patients were downstaged, and similarly,
Lee et al. (2008) reported a downstaging rate of 52.6%. Our results are consistent with these previous
reports, suggesting that about half of rectal cancer patients may have an advantage in receiving the
procedure.
The majority of patients in groups 1 and 2 were aged 70 and below. There were no large differences in
the number of patients aged 70-75, 75-80, and older than 80 years. However, in Group 3, the number of
patients with 80 years of age or older were the largest among the three treatment groups (n = 87; 27.5%)
while the number of patients 70 years old and younger were the lowest (n = 128; 49.8%), which was lower
than half the number of patients. A similar trend for adjuvant treatment can be found in Group 1. The
average age (70.3 years) in the follow-up (F/U) group is older than the other three subgroups (Table 1). Age
appeared to be a major factor when selecting treatment regimen. According to the Cox regression analysis
and the survival curves, significant differences in cancer-related mortality were seen when the data was split
by age, with patients 80 years and older showing greater mortality rates and patients 75 years and older
showed lower patterns of survival compared to their younger counterparts. Zizza et al. (2009) and Forman et

al. (1992) had reported the different sub-groupings for "old", we can distinguishes the young old (65 to 74),
the middle old (75 to 79), and the very old (80+) in Taiwan CRC patients. In our study, for patients aged 80
years and older, survival rates could decrease drastically (Figure 4). However, if patients aged 75 years and
older underwent appropriate surgery, their survival rates could approach that of patients aged below 75 who
did not undergo surgery (Figure 3).
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Group 2 had the best treatment outcome, with Group 1 showing better prognosis compared to Group 3.
There were no significant differences for patients under 75 years of age. Differences start to appear in the
age group of 75-80 years, and mortality probability starts to drastically increase at age 85 years and older.
Preliminary results from a follow-up period of 24 months showed that the Pre-OP CCRT group had the best
survival rate regardless of age. This result may be useful for modifying current treatment guidelines (Jung et

al., 2015).
CONCLUSION
Factors associated with guideline adherence included age, comorbidity index, insurance status, and level of
hospital. Pre-OP CCRT is currently used as a standard treatment for stage III rectal cancer. It was not known
if elderly patients benefited from the procedure; now, the results of this study suggest that these patients
(even patients older than 80 years old) can still follow the guideline. Pre-OP CCRT following with operation
results is the best outcome of this study and the literature review. The guideline is suitable in Taiwan also.
Physicians could suggest patients receive the treatment procedure regardless of the age.

LIMITATIONS AND FUTURE DIRECTIONS
This study did not use the death registry; therefore, we were unable to accurately obtain the time of death. In
addition, the cancer registry staff registered patients’ data within one year of diagnosis and uploaded data
according to year, so 3-year and 5-year survival data are not available. We are awaiting access to health
insurance data to tabulate the Charlson Comorbidity Index and treatment choice according to existing
subgroups, in order to determine the actual survival rate and disease progression rate.
Some stage III patients did not undergo resection surgery, and the reasons for this could not be obtained
using the cancer registry. It is possible that these patients may have comorbidities and were unable to
undergo surgery, that they have high surgery risk, or that the patient and their family members refuse radical
surgery. We found that patients in Group 3 had very low survival rates and almost all patients died within two
years. To determine whether comorbidity factors influenced our results, further access to health insurance
data is needed.
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Appendix-I
Treatment

Group I

Group II

Group III

Tatal Number (%)

2004 (59.56%)

1044 (31%)

317 (9.4%)

Stage

pStage III

ypStage 0

ypStage I

ypStage II

ypStage III

cStage III

F/U

CCRT

RT

CT

F/U

CT

F/U

CT

F/U

CT

F/U

CT

--

Number
(% in each group)

359
(17.9%)

1444
(72%)

19
(0.9%)

182
(9.1%)

5
(0.48%)

2
(0.2%)

117
(11.2%)

129
(12.4%)

149
(14.3%)

204
(19.5%)

119
(11.4%)

319
(30.6%)

317

Median F/U time
(Month)

7.8

11.6

11.0

12.6

10.5

--

15.7

12.4

14.3

12.7

14.3

12.4

6.6

Time from CCRT to
surgery (Day)

--

--

--

--

45.8

--

43.7

48.8

43.9

45.0

45.0

43.2

--

<70 Y/O

1196 (69.7%)

785 (75.2%)

128 (49.8%)

70-75 Y/O

279 (13.9%)

127 (12.2%)

37 (11.7%)

75-80 Y/O

268 (13.4%)

94 (9.0%)

35 (11.0%)

>=80 Y/O

261 (13.0%)

38 (3.6%)

87 (27.5%)

No.

Age Average

70.3

64.3

67.3

63.3

51.7

--

62.2

60.2

60.8

59.9

60.0

59.1

68.8

M

1154 (57.6%)

692 (66.3%)

194 (61.2%)

F

850 (42.4%)

352 (33.7%)

12 (38.8%)

Gender

F/U: follow-up, CCRT: concurrent chemohradiotherapy, RT: radiotherapy, CT: chemohterapy
Group II: all were cStage II

Table 1. Demographic Characteristics of All Patients (N=3365)
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