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Abstract 
Backgrounds: Colorectal cancer is an important contributor to cancer mor-
bidity and mortality. Given that many older adult patients often have con-
comitant diseases and impairments in organ function, they are at increased 
risk for chemotherapy toxicity. Therefore, it is important to identify prog-
nostic factors in older patients undergoing chemotherapy. Methods: We 
performed a retrospective chart review of colorectal cancer patients treated 
at Nagoya Memorial Hospital between 2012 and 2017 and selected those 
who received chemotherapy for metastatic colon cancer. Overall survival was 
calculated from the beginning of chemotherapy until death or the most re-
cent follow-up date. We used the Kaplan-Meier method to plot survival 
curves and performed a statistical comparison using a log-rank test. In addi-
tion, multivariate analysis was performed using stepwise Cox proportional 
hazards models. Finally, a comprehensive geriatric assessment was con-
ducted for older patients. The chart review was approved by the ethics com-
mittee of Nagoya Memorial Hospital. Results: The overall survival of me-
tastatic colon cancer patients was not markedly different between patients 
aged < 65 years (N = 17) and those aged ≥ 65 years of age (N = 37). Neither 
lesion site nor the RAS status affected survival, whereas the usage of three 
kinds of cytotoxic agents prolonged longevity. In a multivariate analysis of 
patients ≥ 65 years of age, the only independent prognostic factor for surviv-
al was the functional capacity, as measured by the Tokyo Metropolitan In-
stitute of Gerontology (TMIG) index of competence. Conclusions: A com-
bination of the comprehensive geriatric assessment and TMIG index was 
useful for predicting the longevity in patients with metastatic colon cancer ≥ 
65 years of age. 
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1. Introduction 

Colorectal cancer is an important threat to human health and the third most 
common type of cancer worldwide [1]. In the past decade, significant advances 
have been made in the treatment of metastatic colorectal cancer [2] [3] [4] [5]. 
The development of cytotoxic therapies and targeted agents has improved me-
dian survival time to more than 30 months [6]. Several prognostic factors for 
colorectal cancer have been examined, including performance status (PS), age, 
sex, and biological variables such as serum levels of lactate dehydrogenase 
(LDH) and serum carcinoembryonic antigen (CEA) [7] [8]. Because several crit-
ical genes and pathways play an important role in the initiation and progression 
of colorectal cancer [9] [10], RAS gene mutations and mismatch repair status 
have been associated with the prognosis of affected patients [11] [12] [13]. In 
addition, recent studies have suggested that the location of the primary tumor 
might be of prognostic value [14] [15]. Studies have shown that patients with 
metastatic cancer originating in the left side of the colon showed improved sur-
vival after treatment with an anti-EGFR antibody, compared to patients with 
cancer originating in the right side of the colon [16] [17]. 

In addition, cancer is associated with aging. In 2017, Japan had the world’s 
largest aging population with an average life span of more than 80 years. Indi-
viduals aged 65 years or older account for 27.7% of the overall population. Con-
sidering that many older patients often have concomitant diseases and age-related 
changes in pharmacokinetics and pharmacodynamics [18], cancer chemothera-
py in older patients requires particular caution [19] [20]. Although the definition 
of “elderly” has not been universally defined or accepted, most developed coun-
tries have the age over 65 years as the definition for an elderly person. Since it 
is generally recognized that chronological age is not equivalent to physiologic 
age, we examined the factors that are associated with overall survival (OS) in 
older patients (aged 65 and older) with colorectal cancer undergoing chemothe-
rapy. 

2. Patients and Methods 

Medical records were retrospectively reviewed to examine the clinicopathologi-
cal features of colorectal cancer patients (469 with colon cancer and 324 with 
rectal cancer) treated at Nagoya Memorial Hospital from April 2012 to March 
2017. The chart review was approved by the ethics committee of the hospital. 
Considering the site of the primary lesion, the patients with rectal cancer were 
excluded to ease the interpretation of results. Accordingly metastatic colon can-
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cer patients receiving chemotherapy (N = 54) were selected from the above 793 
patients, and the following data were collected from their medical records: age, 
sex, PS, site of primary lesion, histological type, RAS status, metastatic sites, se-
rum CEA levels, serum LDH levels at baseline, chemotherapeutic agents admi-
nistered, tumor response, and OS. 

A comprehensive geriatric assessment was conducted for older patients using 
both an 8-item function-based scoring system (IADL) [21] and a 13-item scor-
ing system (Tokyo Metropolitan Institute of Gerontology [TMIG] index of 
competence) [22]. In this study, older patients were defined as those aged 65 
years and older at the time of initiation of systemic chemotherapy. Objective re-
sponse to chemotherapy was evaluated using the criteria proposed by Response 
Evaluation Criteria in Solid Tumors [23] for metastatic lesions. The OS was cal-
culated from the time chemotherapy was initiated to death or the most recent 
follow-up day. Results were compared using a log-rank test for statistical analy-
sis. Multivariate analysis was performed using stepwise Cox proportional ha-
zards models. The following factors were analyzed by converting the following 
variables into dichotomous variables: 1) age, <65 vs. ≥65 years; 2) sex, male vs. 
female; 3) primary tumor location, left-sided vs. right-sided; 4) RAS status, mu-
tation vs. wild-type; 5) the number of cytotoxic chemotherapeutic agents, <3 vs. 
≥3; and 6) functional capacity (as measured by either IADL or TMIG index of 
competence), full score vs. others. 

Differences with P-values < 0.05 were considered statistically significant. All 
statistical analyses were performed using EZR (Saitama Medical Center, Jichi 
Medical University;  
http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html), which is a 
graphical user interface for R (The R Foundation for Statistical Computing, Vien-
na, Austria) [24]. 

3. Results 

Our retrospective study included 54 patients with metastatic colon cancer re-
ceiving palliative chemotherapy. Figure 1 shows that OS did not differ markedly 
between patients aged < 65 years (N = 17) (median OS [days; 95% confidence 
interval {CI}], 823 [269 - 1467]) and ≥65 years of age (N = 37, median OS, 805 
[471 - 1138]). Neither RAS status nor lesion affected the survival of metastatic 
colon cancer patients (Figure 2, Figure 3). In contrast, the usage of three cyto-
toxic agents (fluoropyrimidines, oxaliplatin, and irinotecan) significantly pro-
longed the longevity of the affected patients (median OS [days; 95% CI] = 1138 
[732 - 1394]), compared to those who did not receive all three drugs (median OS 
= 352 [171 - 805]; P < 0.01) (Figure 4). We expected that if we focused on older 
patients (≥65 years of age), the number of chemotherapeutic agents and func-
tional capacity would be associated with their OS (Figure 5 and Figure 6). 
However, multivariate analysis of older patients revealed that the only indepen-
dent prognostic factor for survival was functional capacity, as measured by TMIG  
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Figure 1. Overall survival (OS) in metastatic colon cancer patients receiving chemothe-
rapy according to age. 

 

 

Figure 2. Overall survival (OS) in metastatic colon cancer patients receiving chemothe-
rapy according to the primary lesion site. 
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Figure 3. Overall survival (OS) in metastatic colon cancer patients receiving chemothe-
rapy according to RAS status. 

 

 

Figure 4. Overall survival (OS) in metastatic colon cancer patients receiving chemothe-
rapy according to the number of cytotoxic agents administered. 
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Figure 5. Overall survival (OS) in older patients with metastatic colon cancer receiving 
chemotherapy according to the number of cytotoxic agents administered. 

 

 

Figure 6. Overall survival (OS) in older patients with metastatic colon cancer receiving 
chemotherapy according to the Tokyo Metropolitan Institute of Gerontology score for 
competence. 
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index of competence (hazard ratio 0.13 [95% CI 0.05 - 0.38]; P < 0.001, Table 1), 
but not as measured by IADL. 

4. Discussion 

In general, to optimize the survival outcomes of cancer patients, all patients 
should be exposed to active agents during the course of their disease [6]. The 
present analysis showed that metastatic colon cancer patients who received three 
cytotoxic agents survived longer than those administered fewer than three, 
which supported this notion. However, for older patients ≥ 65 years of age, we 
found that the TMIG index score of competence was more relevant for survival 
than the number of cytotoxic agents used. Aging is associated with an accumula-
tion of physiological deficits, which affects treatment tolerance and survival in 
elderly patients with cancer [18]. The evaluation of physical conditions at the in-
itiation of chemotherapy is a significant predictor of treatment tolerance for el-
derly patients. A comprehensive geriatric assessment includes an assessment of 
the patient’s ability to maintain independence in the community, such as taking 
transportation, shopping, managing money, doing housework, and communi-
cating [21] [22]. These activities could be impaired due to comorbidity, cognitive  

 
Table 1. Hazard ratios and 95% confidence intervals (CI) of independent variables for 
overall survival of older patients with metastatic colon cancer (n = 37) (Cox proportional 
hazards regression). 

 
Hazard ratio 95% CI P value 

Sex 
   

Female 1.00 
  

Male 1.44 0.61 - 3.45 0.41 

Site 
   

Left-sided 1.00 
  

Right-sided 1.16 0.47 - 2.86 0.75 

RAS status 
   

Mutant 1.00 
  

Wild 0.60 0.23 - 1.55 0.29 

Number of cytotoxic agents 
   

3> 1.00 
  

3 0.89 0.30 - 2.60 0.82 

IADL 
   

Others 1.00 
  

Full score 0.27 0.02 - 3.40 0.31 

TMIG index 
   

13> 1.00 
  

Full score 0.13 0.05 - 0.38 0.000195 
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disturbances, nutritional status, or psychological state. These skills can be meas-
ured by either an 8-item IADL scoring system or the TMIG index of compe-
tence, both of which are useful tools for identifying the vulnerability of geriatric 
patients. However, there are several differences between the two systems: the 
IADL system includes house affairs, which eventually differs in full scores be-
tween males (5 points) and females (8 points) [21], whereas the TMIG index of 
competence is superior to IADL in evaluating functional vulnerability beyond 
sex differences [22]. Although there are some limitations of our study due main-
ly to small sample size, performing a comprehensive geriatric assessment using 
the TMIG index before chemotherapy should be helpful in predicting the lon-
gevity of patients with metastatic colon cancer who were ≥ 65 years of age. 

5. Conclusion 

The present analysis of elderly patients with metastatic colon cancer showed that 
a comprehensive geriatric assessment before chemotherapy was useful for pre-
dicting their prognosis. 
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