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Abstract

:

The value of adjuvant chemotherapy in elderly patients has been the subject of many overviews, with opinions varying from “not effective”, since randomized trials have not been performed, to “as effective as in young individuals”, based upon many retrospective analyses of randomized trials that have included patients of all ages. In the absence of randomized trials performed specifically with elderly patients, retrospective analyses demonstrate that the influence on the time to tumour recurrence (TTR) may be the same as in young individuals, but that endpoints that include death for any reason, such as recurrence-free survival (RFS), disease-free survival (DFS), and overall survival (OS), are poorer in the elderly. This is particularly true if oxaliplatin has been part of the treatment. The need for adjuvant chemotherapy after colorectal cancer surgery in elderly patients is basically the same as that in younger patients. The reduction in recurrence risks may be similar, provided the chosen treatment is tolerated but survival gains are less. Adding oxaliplatin to a fluoropyrimidine is probably not beneficial in individuals above a biological age of approximately 70 years. If an oxaliplatin combination is administered to elderly patients, three months of therapy is in all probability the most realistic goal.






Keywords:


colorectal cancer; adjuvant chemotherapy; elderly












1. Introduction


Globally, colorectal cancer (CRC) is the third most common cancer and the fourth most common cause of cancer death [1] {Arnold, 2017 #15794}. The median age of patients in most Western countries is around 70 years. Thus, approximately half of the patients belong to an elderly group, 70 years of age or older.



At diagnosis, slightly more than 20% of the patients have distant metastases and a further 20–25% will recur after curative surgery. The latter group is the target of adjuvant chemotherapy, where the purpose is to decrease the risk of recurrence by eradicating subclinical tumour deposits which remain in the body after surgery. The recurrence risk determines the need for adjuvant therapy. One crucial question in elderly patients is whether the recurrence risk is the same as that in younger individuals. Population data seldom provide reliable reports of recurrence risks, and overall survival (OS) or disease-free survival (DFS) is often presented indicating the need. Since mortality is higher in the elderly, it may falsely appear as if the need for adjuvant treatment is higher. A second crucial question is whether the adjuvant therapy that works in younger adults is as effective in the elderly. Without randomized trials specifically encompassing the elderly, our knowledge is based upon retrospective analyses of elderly patients included in trials.



This review will summarize what the retrospective analyses have shown. In addition, it will discuss an aspect not usually properly considered, namely, the need of adjuvant chemotherapy in elderly patients compared with that in younger patients.



1.1. Which Patients Are Elderly?


There is greater heterogeneity in physical, mental, and cognitive health in elderly patients than in younger patients. Thus, in the elderly, biological age is more relevant than chronological age [2,3,4].



There is no universal definition of who is elderly and who is not. The World Health Organization (WHO) definition varies substantially in different areas of the world and it is not easy to find a proper definition, but individuals over an age of 65 are frequently considered elderly [5]. Most adjuvant CRC studies use 70 years [2,3,4] and some have used 75 years as a cut-off [6,7]. When reviewing the literature, one has to stick to available data in the publications. In some trials, an upper age limit has sometimes been defined (70–75 years), limiting the number of elderly patients. However, even if no upper age limit was present, the number of individuals belonging to an elderly group is limited due to extensive selection. In all probability, only a small fraction of the fittest elderly is included.




1.2. How to Measure Benefit? The Scientific Evidence


Adjuvant treatment improves DFS and OS by reducing recurrences. The effect on recurrences is best recorded as a reduced number of recurrences or an improved time to recurrence (TTR). However, in trials, DFS (including recurrences, any death and second malignancies as events) [8] and OS are recommended [9] since they also account for negative side-effects, which TTR ignores. Adjuvant treatment is, however, generally only clinically motivated if it improves DFS or possibly even OS, balancing gains and losses. Because of the comparatively limited gains from adjuvant treatment in CRC, although clinically meaningful in many patients, only randomized trials can confirm whether a treatment is efficacious and motivated.



There are no randomized trials performed specifically in elderly patients to answer the second most crucial question raised above, i.e., whether adjuvant therapy prevents recurrences sufficiently well in elderly patients to motivate the increased risks of toxicity seen in these patients. This has led to one conclusion that adjuvant treatment in elderly patients is not evidence-based [10].



There is thus limited formal scientific evidence of sufficient gains in elderly patients, apart from that culled from retrospective analyses of the fittest elderly patients included in trials. The evidence has been summarized or at least discussed multiple times [11,12,13,14,15,16,17,18,19,20,21,22,23,24]. Much of the retrospective evidence has been created by the Adjuvant Colon Cancer Endpoints (ACCENT) collaborative group [25]. This group has collected individual patient data from a large number of clinical randomized trials run during the past 40 years and has thus been able to shed light on research questions requiring pooling of data in less frequent subgroups, such as elderly patients. It should be noted that the ACCENT database does not contain data from all clinical trials, as the Cochrane Library [26] aims at achieving.



One study from the ACCENT group reported that elderly patients included in the trials surviving five years without recurrence had a better survival than individuals from a matched general population, emphasizing that patients included in the trials are fit individuals [27].





2. What Is the Present Need in Elderly Patients?


This question falls into two parts, firstly, whether the need in elderly patients is less today than it was in the past and, secondly, whether the need differs in younger and older adults. At least as regards colon cancer, recent evidence suggests that recurrence risks, clinically dominated by distant metastases, have decreased compared with the trials with a surgery-only group, proving that adjuvant chemotherapy works. We will first describe evidence that recurrence risks after radical surgery are less today than in the past [28,29,30,31] and then show present recurrence risks according to age in the Swedish population of colon cancer patients having revealed apparently lower recurrence risks than in the past [32,33]. To the best of our knowledge, we have not seen any similar reports on these topics.



2.1. Evidence of a Lower Need for Adjuvant Therapy in Elderly Patients Today Compared with the Situation in the Past


2.1.1. Colon Cancer


Fewer recurrences were reported in two investigations analysing outcomes in the ACCENT database which summarized the evidence from trials that included patients between 1978 and 2007. One study analysing recurrence risks in elderly patients stated that “many calculators (of DFS/OS) reflect older practices” [30] and “called into question historical data related to the benefit of FU-based adjuvant therapy in such (stage II) patients” [28]. When analysed according to age, a significant interaction (p = 0.009) was seen with stage migration only in patients older than 75 years. The present guidelines [34,35,36,37], based on the results of the older trials, are thus no longer relevant, at least not in early stages where they overestimate the present need for adjuvant treatment, especially in elderly patients.



Furthermore, in a recent update from the ACCENT database [38], stage III patients treated with an oxaliplatin/5-fluorouracil (5-FU) regimen (FOLFOX or FLOX) and included during a more recent period (2004–2009) compared with older studies (1998–2003, the MOSAIC trial [39] and NSABP C-07 using bolus FLOX [40]) fared better. TTR was significantly better in the new era, hazard ratio; 95% confidence interval (HR; 95% CI 0.83; 0.74–0.92). This improvement was particularly pronounced in patients above 65 years of age (HR; 95% CI 0.71; 0.58–0.86) and not seen in those under 45 years of age. DFS behaved similarly. OS was also improved but this was mainly ascribed to longer survival after recurrence, median 2.2 years vs. 1.5 years, p = 0.000. This apparently improved outcome in elderly patients is in all probability not caused by fewer recurrences, as in the two previous analyses of the ACCENT database [28,30], but rather reflects improved possibilities of treating elderly patients with an oxaliplatin combination.




2.1.2. Rectal Cancer


The risk of local recurrence has in rectal cancer decreased thanks to the use of pre-operative (chemo)radiotherapy (RT/CRT), precise surgery, improved preoperative staging using magnetic resonance imaging (MRI), and multidisciplinary team meetings [41]. Systemic recurrences have only marginally decreased [42] and now contribute to the majority of rectal cancer deaths after radical surgery. The risk of (systemic) recurrence is about 20% in multicentre series [43] and in nationwide populations [42] when patients are adequately staged and treated, providing the potential gain from adjuvant treatment. To refer to an OS of 50–60% after five years to indicate the need is inappropriate. Elderly patients have not been analysed separately, and there are no indications that recurrence patterns differ from those observed in younger rectal cancer patients.



In rectal cancer, the issue is not only if adjuvant treatment prevents recurrences sufficiently well in the elderly but also whether it is effective in younger adult patients. The discrepancy in the efficacy of adjuvant chemotherapy observed in colon and rectal cancers has been the topic of many articles [44,45,46,47].





2.2. Are Recurrence Risks Today Different in Elderly and Young Patients?


Although most colorectal cancers are adenocarcinomas showing different degrees of differentiation and variable amounts of mucinous expression, great heterogeneity is molecularly seen between different cancers at different locations of the large intestine [48,49]. The relative distribution of some of these changes differs according to age. Of immediate interest for evaluating the risk of recurrence and potentially also for the response to fluoropyrimidines are deficiencies in the expression of mismatch repair proteins (dMMR), often resulting in microsatellite instability (MSI). Most tumours with dMMR are right-sided, and right-sided tumours are more common in the elderly, especially in elderly women. In a large series of Japanese patients, the proportion of right-sided tumours increased with age from less than 30% in those under 65 years of age to almost 50% above 85 years of age [50,51]. MSI tumours are associated with a smaller risk of recurrence and, at least in some, but not all studies [52,53], a poorer response to fluoropyrimidines. Since MSI tumours are rather infrequent, about 15% of newly diagnosed cases but as high as 35% in patients above 85 years [54,55], this may decrease the need in elderly and lessen the effect of adjuvant chemotherapy. Very old patients generally have less advanced tumours with less node-positivity than younger patients [56], indicating a more limited need for adjuvant treatment. BRAF-V600E-mutated tumours are also more common in the elderly but display an increased risk of recurrence; overlapping is seen to a great extent between MSI-high (MSI-H), BRAF-V600E mutations, right-sidedness, and high age [56,57]. However, in a Dutch study [58], MSI and BRAF mutations were not more common in elderly than in young individuals. The poor prognosis of BRAF-V600E mutations in stage II + III colon cancer in most studies seems to be overridden by the good prognosis seen with MSI-H [59,60].



In several clinical trials and observational cohorts, MSI-H and right-sided tumours were independent predictors of improved OS in stage II + III colon cancer, whereas BRAF-V600E mutations were not [61]. However, the effects of including these molecular changes were modest when compared with routine clinico-pathological variables. Thus, even if molecular alterations in primary CRC demonstrate differences when the tumours of young and old patients are compared, these are not of such a magnitude that they put into question the general statement that recurrence risks do not differ between age groups.



In a study by Hoshino et al. [62], exploring risk factors for recurrence in 1354 patients above 70 years of age, the same factors were important in both elderly and younger individuals.




2.3. Recurrence Risks According to Age in Swedish Colon Cancer Patients


In order to illustrate the present needs, an analysis of recurrence risks in the Swedish population for colon cancer is presented for different age groups in relation to whether adjuvant chemotherapy was administered or not in stages II and III.



Sweden has a public health care system with equal access for all citizens. In CRC, several clinical trials have been run, many quality assurance measures have been taken during the past 20 years, and a nationwide quality registry, SCRCR, allows excellent control of whether the measures result in expected good results uniformly distributed across the country. We recently published recurrence risks that are apparently lower than they were in the past, i.e., when the trials showed that adjuvant chemotherapy lowers recurrence risks [32]. As can be seen in Table 1, recurrence risks in patients not treated with adjuvant therapy, who make up the majority of stage II patients irrespective of age, are around 10% for all ages above 50 years.



The same lack of difference according to age was seen also in stage III, where almost all patients up to 70 years and the majority between 70–79 years of age received adjuvant therapy. To investigate whether differences were statistically significant, a Cox proportional hazards regression was calculated adjusting for stage and adjuvant treatment. Patients aged between 70–79 and 80–89 years old fared worse than the reference group of patients < 50 years old (HR 1.3, p = 0.005 and 0.006). No statistically significant differences were seen for patients aged between 50–59, 60–69 or those over 90 years of age. The higher recurrence risks in patients with stage II receiving adjuvant treatment reflect the selection according to the presence of risk factor(s).





3. What Do the Trials Tell Us about the Efficacy of Adjuvant Therapy in Elderly Patients?


3.1. Colon Cancer


3.1.1. Treatment with Fluoropyrimidines Alone


In two pooled analyses of seven colon cancer trials [12,13] exploring the value of adjuvant 5FU-based treatment versus surgery alone, the same benefit was seen in patients above or below 60 [13] or 70 years [12]. Toxicity in 15% of elderly patients above age 70 also appeared to be similar (Table 2).



In the QUASAR study [63], which mainly included patients with low-risk stage II disease, no benefit of adjuvant chemotherapy among patients > 70 years old was observed. In a Dutch study [64], where the gains from adjuvant therapy were confirmed, no differences in efficacy (RFS or OS) were seen between patients below age 60, between 60–65, and between 65–75 years, although RFS tended to be poorer in those individuals over 60 years of age.



In the non-inferiority trial X-ACT [65] which compared capecitabine with bolus 5FU/leucovorin (Lv) according to the Mayo clinic schedule, non-inferiority was shown irrespective of age with a cut-off at 70 years. In two Japanese non-inferiority trials [66,67] where UFT/Lv were compared with 5FU/Lv and S1 (combination of tegafur, gimeracil, and oteracil) with UFT/Lv, the results were statistically similar according to age, although S1 appeared to result in better DFS than UFT/Lv in those above 70 years of age.




3.1.2. Treatment with a Fluoropyrimidine and Oxaliplatin


In the MOSAIC trial [39], the addition of oxaliplatin (FOLFOX-4) to 5FU/Lv improved outcomes. This study together with two other studies resulted in oxaliplatin-containing regimens becoming the reference treatment in colon cancer stage III and in stage II with high risk features of recurrence. In a subgroup analysis of 315 patients aged 70–75 years old, no significant gain was seen in 6-year OS, 5-year DFS or 5-year TTR [68]. TTR was, however, similar in the 70–75 year age group and the younger age group, indicating that oxaliplatin added to 5FU prevents recurrences but does not translate into improved DFS or OS (Table 2).



In the NSABP C-07 trial [69] comparing bolus FU/FA ± oxaliplatin, a gain in DFS was seen for patients up to 70 years but not above. OS was worse in the elderly group. No difference in DFS was seen in patients aged older or younger than 65 years in the NO16968 trial (XELOXA-trial) [70].



Two of the three pivotal trials reported that the benefit of oxaliplatin was not seen in patients above age 70 years. A Cancer Care Ontario [71] systematic review of the evidence for benefit from adding oxaliplatin in patients older than 70 years of age found no benefit in any of the three trials, only greater levels of toxicity.



In a pooled analysis of four trials—NSABP C-08, XELOXA, X-ACT, and AVANT (bevacizumab was not considered)—DFS and OS were significantly improved in the patients who had been administered oxaliplatin irrespective of age, but less so in those above age 70 than in those below [72]. Toxicity was increased in elderly patients.



Similarly, a pooled analysis of seven trials comparing a newer adjuvant treatment, either a combination of drugs, usually oxaliplatin or an oral fluoropyrimidine with a standard 5FU/Lv regimen, patients aged 70 or above seemed to benefit less from adding oxaliplatin as regards OS and DFS [15]. For TTR, the difference between age groups was smaller, but younger individuals benefited to a greater extent.



In a third pooled analysis of the adjuvant trials performed during the past three decades and included in the ACCENT database [38], patients over age 65 years (not 70 as in the other analyses) benefitted from the addition of oxaliplatin in the trials including patients between 2004–2009 (NASABP C-08, PETACC-8, N0147, AVANT) but not in the trials (MOSAIC, NSABP C-07) which included patients between 1998–2003. In the PETACC-8 trial, randomizing colon cancer stage III patients to FOLFOX ± cetuximab [73], 10% of the patients above age 70 years did worse if they received cetuximab. Cetuximab did not have any favorable effect, only increased toxicity.



In a nomogram based upon the ACCENT database, age was an important factor for predicting OS, but was not included in the TTR nomogram [74], indirectly implying that the reduction in the risk of recurrence is not influenced by age whereas the ability to benefit from treatment is.



[image: Table] 





Table 2. Retrospective analyses of the importance of age as regards the benefit of adjuvant chemotherapy in randomized trials and in pooled analyses of trials with patients treated for colon cancer.
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	Reference Study
	Number of Elderly Patients/Total
	Treatments
	Age Cut Off
	5-Year TTR Below

Cut-Off
	5-Year TTR Above

Cut-Off
	5-Year DFS Below

Cut-Off
	5-Year DFS Above Cut-Off
	5-Year OS Below

Cut-Off
	5-Year OS Above

Cut-Off
	Comments





	Sargent et al. [12,13]
	7 trials

506/3351
	FU/Lv vs surgery
	70
	
	Similar
	
	
	Statistically similar
	
	Similar gains in elderly



	Gill et al. [12,13]
	7 trials

1864/3302
	FU/Lv vs surgery
	60
	
	
	69% vs 56%

p < 0.001
	63% vs 55%

p = 0.0001
	74% vs 67%

p = 0,002
	69% vs 62%

p = 0.0005
	Similar gains in elderly



	QUASAR [63]
	663/2291
	FU/Lv vs surgery (colon and rectum)
	70
	HR 0.78 (0.64–0.95)
	HR 1.13

(0.74–1.75)
	
	
	HR about 0.75
	HR 1.02
	No benefit above 70 years. TTR similar below 50, 50–59 and 60–69 years



	Taal et al. [64]
	279/324/1029
	FU/lev vs surgery
	60, 60–65 65–75
	
	
	51% and 52% vs 61% and 58%
	48% vs 54%


	64% and 60% vs 72% and 66%
	58% vs 66%
	No significant differences as regards age



	Twelwes et al. [65]
	397/1987
	FU/Lv vs capecitabine
	70
	
	
	54% vs 60%

HR 0.87
	56% vs 58%

HR 0.97
	63% vs 67%

HR 0.96
	68% vs 73%

HR 0.86
	No significant differences as regards age



	Shimada et al. [66]
	321/1092
	UFT/Lv vs 5-FU/l-Lv
	70
	
	
	HR 1.02

(0.80–1.30)
	HR 1.05

(0.63–1.74)
	
	
	Overall HR 1.02

(0.84–1.23) No significant differences as regards age



	Yoshida et al. [67]
	536/1518
	UFT/Lv vs S1
	70
	
	
	71% vs 73% HR 0.93

(0.73–1.19)
	68% vs 76%

HR 0.73

(0.56–1.02)
	
	
	Overall HR 0.85

(0.70–1.03) No significant difference as regards age.



	Tournigand et al. [39,68]
	315/2246
	FU/Lv vs FOLFOX4
	70
	HR 0.74

(0.62–0.88)
	70% vs 79%

HR 0.72

(0.47–1.11)
	HR 0.78

(0.66–0.92)
	66% vs 69%

HR 0.93

(0.64–1.35)
	HR 0.80(0.66-0.97)
	76% vs 76%

HR 1.10

(0.73–1.65)
	No benefit in DFS/OS by adding oxaliplatin in atients 70+ years



	Yothers et al. [69]
	396/2409
	FU/Lv vs FLOX
	70
	
	
	65% vs 71%
	62% vs 63%

HR 1.2

(0.9–1.5)
	79% vs 82%
	76% vs 72%

HR 1.3

(1.0–1.7)
	No benefit from adding oxaliplatin in patients 70+ years



	Haller et al. [70]
	22% (≥70)/1886
	5-FULV vs CAPOX
	65
	
	
	HR overall 0.8 (0.7–0.9)
	HR similar as in younger pts, however, overlapping 1.0
	
	
	XELOX better if < 65, ns. if ≥ 65

Multivariate HR DFS 1.1 (1.0–1.2)/10 yr, OS 1.2 (1.1–1.3)/10 yr



	Haller et al. [72]
	4 trials

904/4819
	FU/Lv vs CAPOX/FOLFOX
	70
	
	
	About 60% vs 72% HR 0.68

(0.61–0.76)
	About 58% vs 68%

HR 0.77

(0.62–0.95)
	About 78% vs 85%

HR 0.62

(0.54–0.72)
	About 75% vs 78%

HR 0.78

(0.61–0.99)
	Assessed from K–M plots, 1921 pts FU/Lv, 2898 patients + oxaliplatin



	McCleary et al. [15]
	7 trials

1119/6539
	iv. 5-FU vs combination with oxaliplatin or oral capecitabine
	70
	HR 0.77 (0.69–0.85)
	HR 0.86 (0.69–1.06)

p-interact = 0.32
	HR 0.78

(0.71–0.86)
	HR 0.94

(0.78–1.13)

p-interact= 0.09
	HR 0.83

(0.74–0.92)
	HR 1.04

(0.85–1.27)

p-interact= 0.05
	Reduced benefit in elderly, no signs of interaction.



	Salem et al. [38]
	6 trials

1754/6501
	FU/Lv vs FOLFOX/FLOX, old (1998–2003) vs new era trials (2004–2009)
	65
	72%
	70%
	70–71%
	64%
	78–80%
	99%
	Patients 65+ years did better when receiving oxaliplatin in new vs old era



	Taieb et al. [73]
	149/2559
	FOLFOX4 ± cetuximab
	70
	
	
	
	HR 1.97

(0.99–3.93)
	
	
	Administering cetuximab to elderly worsened DFS, no gain in younger patients







Abbreviations: TTR = time to recurrence; DFS = disease-free survival; OS = overall survival; HR = hazard ratio; FU/Lv = 5-FU/leucovorin; ns = not significant; FOLFOX = 5-fluorouracil/leucovorin/oxaliplatin; FLOX = bolus 5-fluororuracil/leucovorin/oxaliplatin; CAPOX = capecitabine, oxaliplatin, i.v.= intravenous.














3.1.3. Three vs. Six Months of Treatment with a Fluoropyrimidine and Oxaliplatin


A series of non-inferiority trials, summarized under the IDEA umbrella [75], have compared three and six months of treatment in 12,834 eligible patients with stage III colon cancer. For many patient groups, three months, at least with CAPOX and possibly also with FOLFOX was non-inferior to six months of treatment. Age was not addressed specifically in the IDEA publication, nor in the largest of the trials, SCOT [76]. In the TOSCA trial [77], no differences were seen between patients below or above 70 years of age (HR about 1.15 for both).





3.2. Rectal Cancer


3.2.1. Fluoropyrimidines Alone


A Cochrane investigation of data from 20 older heterogeneous trials investigating adjuvant treatment in rectal cancer showed gains in either DFS (HR 0.75; 95% CI; 0.68–0.83) or OS (HR 0.83; 95%CI; 0.76–0.91) [78] (Table 3).



Since the quality of the staging, surgery, pathology, and preoperative therapy (RT/CRT rarely administered) represented older practices, these results have limited relevance today. Differences according to age were not described. Another Cochrane review showed similar gains in colon cancer stage II [86]. In the QUASAR trial [63], where pre- or post-operative RT was allowed, the recurrence risk was reduced in both rectal cancer (HR 0.68; 95% CI; 0.48–0.96) and colon cancer (HR 0.83; 95%CI; 0.65–1.07). A gain in DFS was seen independent of age (above/below 65 years, upper age limit usually 75) in a meta-analysis of 5 Japanese adjuvant trials testing oral uracil-tegafur (UFT) without RT [79].



Modern studies, where patients were pre-operatively treated with RT/CRT have greater clinical relevance today, and no firmly established gains have been seen in the individual studies or in meta-analyses summarizing the evidence [87,88]. No analyses according to age have been performed.



Thus, in the rectal cancer trials where patients are treated according to present routines and following guidelines (including administering neo-adjuvant therapy to risk groups [89] and surgery according to TME principles), no gains were seen from adjuvant chemotherapy (oxaliplatin added in one trial [90]). However, the studies were small and some prematurely interrupted because of poor patient inclusion. As in clinical practice, the compliance to the adjuvant treatment was generally poor (about 50%) [91,92]. Compliance was better in trials that randomized patients after surgery (about 70%).



Taken together, gains from adjuvant chemotherapy in rectal cancer are not evidence-based, although there is probably some gain not fundamentally different from that observed in colon cancer patients, considering that treatment initiation after diagnosis usually takes much longer in rectal than in colon cancer patients. It is possibly (one cannot use any stronger word considering the lack of proof from clinical studies) similar in elderly patients.




3.2.2. Treatment with a Fluoropyrimidine and Oxaliplatin


Apart from the small negative Chronicle study [90], an oxaliplatin combination has not been tested as adjuvant therapy in rectal cancer without also adding oxaliplatin preoperatively. Several studies have incorporated oxaliplatin with a fluoropyrimidine concomitant with radiotherapy [80,85,93]. Although some gains in DFS were reported in two studies [80,85], the precise role of oxaliplatin cannot be evaluated due to the differences in 5-FU schedule and the addition of oxaliplatin both pre-operatively with radiation and post-operatively. Several trials have shown that the addition of oxaliplatin to chemo-radiotherapy is of no value [94,95,96,97,98].



Tumours with a pCR after pre-treatment have few recurrences and less need of adjuvant therapy [99,100,101]. In some studies, OS is apparently better in patients with pCR after chemo-radiotherapy who received adjuvant chemotherapy [102,103,104]; this is probably due to selection bias. A minor overall gain from adding oxaliplatin was restricted to patients whose tumours had an intermediate response to chemo-radiotherapy in the German CAO/ARO/AIO-04 trial [80]. Patients below age 61 years had the most pronounced gain, while patients between 61–70 had no significant gain and those above age 70 had no gain.





3.3. Information from Population Studies—Need for Randomized Studies in the Elderly


In population studies, better outcomes, particularly OS, have often been reported in adjuvant-treated patients [105,106]. However, the selection of fitter patients for treatment prevents proper conclusions, even after appropriate matching [107]. Population studies cannot confirm or refute the value of adjuvant therapy in CRC. If anything, they tend to overestimate its effects. Typically, in one meta-analysis of rectal cancer patients, the gains were restricted to non-randomized studies [108].



In four US Outcomes Databases, benefit from a fluoropyrimidine alone in stage III was suggested in patients above age 75 years, but the gains appeared to be overestimated (propensity scored HR for mortality 0.42–0.76) [109]. In a SEER/Medicare [110] database study, no benefit could be detected in patients older than 65 years with stage II malignancies, even if high risk features were present. In a similar analysis of four US effectiveness population cohorts, the authors suggest that the use of oxaliplatin added to 5FU improves OS at three years in patients between 65 and 75 years in the community, contrasting with what other trials have shown [111,112]. In a Japanese study including 4,598 patients from several hospitals, 21% of which were older than 75 years [113], elderly patients received adjuvant therapy much more seldom than younger ones, but treated patients fared better, the results resembling those reported in studies in the Western World.



Randomized trials are needed to identify the comparably limited gains seen from administering adjuvant chemotherapy and, in particular, the additional effects provided by the addition of oxaliplatin. The randomized PRODIGE 34-FFCD 1402-ADAGE study, (ClinicalTrials.gov Identifier: NCT02355379) [114], recruits patients as of 24 April 2020. A Chinese randomized phase III trial (ClinicalTrials.gov Identifier: NCT02316535) in elderly patients was activated in 2015, with no information since 2016. It aimed at comparing capecitabine in a standard dose of 1250/m2 × 2 × 14 with a low dose, 1000 mg/m2 × 2 × 14 in patients aged 70–90 years of age. In most Western countries, the usual dose to elderly patients is 1000 mg/m2 and not 1250 mg/m2, and in elderly frail patients, even lower doses are initially chosen.





4. Is the Timing of Adjuvant Treatment Important as Regards Efficacy?


The gains in colon cancer stage III from modulated 5-fluorouracil (improved DFS by 35%) were seen in trials where the delay to treatment initiation was short (generally less than five weeks). In two parallel Scandinavian adjuvant chemotherapy trials [115], one-third of patients started treatment later than eight weeks, and no statistically significant gain was seen in colon cancer stage III patients. In the patients treated at Norwegian centres, where therapy was to start within 3–4 weeks, and at the latest within six weeks, a significant gain was seen [116]. In the trials proving that the addition of oxaliplatin improved DFS (HRs about 0.8), the allowed delay was seven weeks in [69,117] and eight weeks in [70].



In routine clinical practice, adjuvant treatment is usually started later, and the relevance of this has been the subject of many retrospective studies. Associations with OS have been found in several of them [118,119,120,121,122] and, although plausible, it has not been established if a reasonable delay is deleterious. In the XELOXA-trial [70], every 10-day delay from surgery to randomization significantly decreased both DFS (HR 1.09 (1.01–1.17)) and OS (HR 1.10 (1.00–1.21). It has not been reported if adjuvant treatment is initiated later in elderly patients, although this is possible since the post-operative course may be longer.



This “rapid” initiation has not been possible in any rectal cancer trial. This allows the subclinical deposits, to be eradicated by the adjuvant treatment, time to proliferate a few months longer during neo-adjuvant treatment. The deposits may then contain so many tumour cells that they cannot be completely eradicated. The response to chemotherapy varies and in highly sensitive and resistant tumours, time may be irrelevant, but for those with intermediate sensitivity, a few weeks delay may be detrimental.




5. Neo-Adjuvant Rather than Adjuvant Therapy?


Adequate chemotherapy pre-operatively rather than post-operatively should result in fewer systemic recurrences if time matters. Three cycles of neo-adjuvant mFOLFOX and nine adjuvant cycles resulted in fewer recurrences at two years of primary colon cancer compared with 12 post-operative cycles in the FOxTROT trial (14% vs. 17.5%; HR 0.74; 0.54–1.00) [123]. In a subgroup analysis according to age, a tendency towards a reduced recurrence rate was also seen in elderly patients (70+ years, HR 0.61, 0.35–1.07; 60–69 years, HR 0.68, 0.42–1.09; 50–59 years, HR 0.77, 0.40–1.48).



In rectal cancer, short-course RT followed by three cycles of FOLFOX was not better than chemo-radiotherapy; adjuvant chemotherapy could be given to both groups [83,84]. However, three cycles of FOLFOX may be too few to reduce the distant metastasis rate. In the RAPIDO trial [81], patients with high-risk rectal cancer were randomized to chemo-radiotherapy, surgery, and optional adjuvant chemotherapy or to short-course RT followed by six courses of CAPOX and surgery. A reduction in the primary endpoint, disease-related treatment failure (HR 0.75;0.60-0.96), was seen regardless of patient age [82]. This approach (scRT and CAPOX followed by surgery) can be considered a new reference treatment in high-risk rectal cancer. Neo-adjuvant chemotherapy has been added as one treatment option in recent guidelines [124] and is used increasingly, especially to facilitate organ preservation after both conventional CRT and short-course RT [125,126,127,128,129].




6. Toxicity to Adjuvant Chemotherapy in Elderly Patients: Importance of Geriatric Assessments


Although it is important to properly evaluate every cancer patient prior to treatment decisions in order to individualize therapy, this is particularly important in older adults since functional reserves are decreased and co-morbidities frequent. The variability in the abilities to tolerate and accept chemotherapy is pronounced and increases with age. A geriatric assessment (GA) is considered mandatory in order to evaluate the biological age and life expectancy of the individual [130]. The regularly used performance status evaluations are insufficient [131,132].



In a report of 120 patients treated at one hospital during a 10-year period, no increased toxicity could be noted in patients between 65–75 years when treated with 5-FU-based adjuvant therapy [6]. In another hospital-based series of 529 patients treated with a fluoropyrimidine alone or with oxaliplatin, increased toxicity was seen despite significant dose reductions in patients above 70 years, but tumour outcomes were not negatively affected. In a Dutch study including 216 patients above 75 years treated with 5FU, increased toxicity was seen, but also better survival than in non-treated patients [133].



The increased toxicity to oxaliplatin-containing chemotherapy seen in the elderly usually fit patients included in the trials was also observed in a population-based study of Dutch patients above 70 years of age [134]. Grade III–IV toxicity had a pronounced influence on cumulative dosages received and completion of all planned cycles, this explaining why the elderly do not appear to benefit from the addition of oxaliplatin. The administration of CAPOX or capecitabine was associated with better RFS and OS but the completion of treatment was more important than the choice of regimen [134]. The authors recommended capecitabine alone rather than CAPOX. In another study of older patients, even lower grade toxicities (less than grade III–IV) influenced compliance to treatment [135], further emphasizing that adding oxaliplatin is of questionable value in elderly patients.



Attempts have been made to predict chemotherapy toxicity in older adults [136] and it is possible to use stratification schedules in clinical practice to individualize therapy.



The International Society for Geriatric Oncology (SIOG) recommends patients with cancer above an age of about 70 to have a GA [2,131]. A comprehensive GA (CGA), i.e., a multi-faceted evaluation of general well-being of elderly, is preferably recommended [2,137]. It identifies health issues that may otherwise be routinely overlooked (see [131] for a review). The involvement of a geriatrician is claimed to grant the opportunities to identify co-morbidities for optimization and to address psychological needs. A GA/CGA may help in the decision of a particular treatment [138], but must be followed by appropriate interventions to help the patient.




7. Conclusions


Even in the absence of randomized trials recruiting elderly patients in order to demonstrate that adjuvant chemotherapy reduces recurrence rates after colon cancer surgery to such an extent that DFS and possibly also OS are improved, multiple retrospective analyses of the rather limited number of elderly patients (typically 15% of the total material to hand) indicate that fit elderly patients have the same gain from six months of fluoropyrimidine treatment as younger adults. SIOG considers adjuvant 5FU-based chemotherapy in elderly patients well established in stage III [2] disease, similar to the situation in younger patients. Similarly, treatment may also be motivated in stage II if risk factors for recurrence are present. The gains are not pronounced, HR about 0.7, and, for many elderly patients with a comparably limited risk of recurrence, insufficient for routine therapy. Like in young patients, MSI indicates less risk of recurrence, at least in stage II, and adjuvant therapy is not motivated.



It is questionable if elderly patients (above approximately 70 years) have any gain from the addition of oxaliplatin to the adjuvant regimen since none of the three trials directly indicated that they benefit sufficiently. In an article from SIOG [2], it is stated that “the gains from the addition of oxaliplatin for up to six months are modest and most of the benefit is still conferred by the fluoropyrimidine”. It is up to an individual evaluation of the patient by the physician, taking into consideration the risk of recurrence and the increased toxicity from combined treatment in relation to the biologic age of the patient. The many pooled retrospective analyses, including trials not directly randomizing patients between a fluoropyrimidine ± oxaliplatin, have indicated that elderly patients might benefit, although the magnitude of benefit is at best limited (HR about 0.8). Since toxicity to oxaliplatin with a fluoropyrimidine is a major concern in elderly patients, three months of treatment is an attractive option, even in high-risk groups for recurrence such as those with pT4 and pN2 tumours. This has simplified the decision in individual patients, but for most elderly patients, a fluoropyrimidine alone for six months remains the recommended adjuvant therapy.



In rectal cancer, the knowledge base is weak, and strong evidence of sufficient gains from adjuvant chemotherapy is not even present in young adults. One reason may be a longer delay from diagnosis to treatment initiation, caused by a long pre-treatment period with a delay to surgery. This is most probably also true in elderly patients, but no data are available.



Since neo-adjuvant chemotherapy is generally more tolerable than post-operative chemotherapy and, according to recent trials in both colon and rectal cancer, also more effective in reducing recurrences (improved DFS or a comparable endpoint, DrTF), this can be recommended for elderly patients despite the absence of trial data.







Author Contributions


All authors have read and agreed to the published version of the manuscript.




Funding


Supported by grant number: 19 0382 Pj 01 H, from the Swedish Cancer Society, Stockholm, Sweden.




Acknowledgments


This project was made possible by the continuous work of many clinicians entering valid data into the Swedish Colorectal Cancer Registry, SCRCR.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Arnold, M.; Sierra, M.S.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global patterns and trends in colorectal cancer incidence and mortality. Gut 2017, 66, 683–691. [Google Scholar] [CrossRef] [PubMed]

	



Papamichael, D.; Audisio, R.A.; Glimelius, B.; de Gramont, A.; Glynne-Jones, R.; Haller, D.; Kohne, C.H.; Rostoft, S.; Lemmens, V.; Mitry, E.; et al. Treatment of colorectal cancer in older patients: International Society of Geriatric Oncology (SIOG) consensus recommendations 2013. Ann. Oncol. 2015, 26, 463–476. [Google Scholar] [CrossRef] [PubMed]

	



Goldberg, R.M.; Sargent, D.J.; Morton, R.F.; Fuchs, C.S.; Ramanathan, R.K.; Williamson, S.K.; Findlay, B.P.; Pitot, H.C.; Alberts, S. Randomized controlled trial of reduced-dose bolus fluorouracil plus leucovorin and irinotecan or infused fluorouracil plus leucovorin and oxaliplatin in patients with previously untreated metastatic colorectal cancer: A North American Intergroup Trial. J. Clin. Oncol. 2006, 24, 3347–3353. [Google Scholar] [CrossRef] [PubMed]

	



Millan, M.; Merino, S.; Caro, A.; Feliu, F.; Escuder, J.; Francesch, T. Treatment of colorectal cancer in the elderly. World J. Gastrointest. Oncol. 2015, 7, 204–220. [Google Scholar] [CrossRef]

	



WHO. Definition of an Older or Elderly Person. 2016. Available online: http://www.who.int/healthinfo/survey/ageingdefnolder/en/ (accessed on 21 May 2020).

	



Fata, F.; Mirza, A.; Craig, G.; Nair, S.; Law, A.; Gallagher, J.; Ellison, N.; Bernath, A. Efficacy and toxicity of adjuvant chemotherapy in elderly patients with colon carcinoma: A 10-year experience of the Geisinger Medical Center. Cancer 2002, 94, 1931–1938. [Google Scholar] [CrossRef]

	



Zuckerman, I.H.; Rapp, T.; Onukwugha, E.; Davidoff, A.; Choti, M.A.; Gardner, J.; Seal, B.; Mullins, C.D. Effect of age on survival benefit of adjuvant chemotherapy in elderly patients with Stage III colon cancer. J. Am. Geriatr. Soc. 2009, 57, 1403–1410. [Google Scholar] [CrossRef]

	



Punt, C.J.; Buyse, M.; Kohne, C.H.; Hohenberger, P.; Labianca, R.; Schmoll, H.J.; Pahlman, L.; Sobrero, A.; Douillard, J.Y. Endpoints in adjuvant treatment trials: A systematic review of the literature in colon cancer and proposed definitions for future trials. J. Natl. Cancer. Inst. 2007, 99, 998–1003. [Google Scholar] [CrossRef]

	



Cohen, R.; Vernerey, D.; Bellera, C.; Meurisse, A.; Henriques, J.; Paoletti, X.; Rousseau, B.; Alberts, S.; Aparicio, T.; Boukovinas, I.; et al. Guidelines for time-to-event end-point definitions in adjuvant randomised trials for patients with localised colon cancer: Results of the DATECAN initiative. Eur. J. Cancer 2020, 130, 63–71. [Google Scholar] [CrossRef]

	



Nitsche, U.; Stoss, C.; Friess, H. Effect of Adjuvant Chemotherapy on Elderly Colorectal Cancer Patients: Lack of Evidence. Gastrointest. Tumors 2017, 4, 11–19. [Google Scholar] [CrossRef]

	



Schrag, D.; Cramer, L.D.; Bach, P.B.; Begg, C.B. Age and adjuvant chemotherapy use after surgery for stage III colon cancer. J. Natl. Cancer Inst. 2001, 93, 850–857. [Google Scholar] [CrossRef]

	



Sargent, D.J.; Goldberg, R.M.; Jacobson, S.D.; Macdonald, J.S.; Labianca, R.; Haller, D.G.; Shepherd, L.E.; Seitz, J.F.; Francini, G. A pooled analysis of adjuvant chemotherapy for resected colon cancer in elderly patients. N. Engl. J. Med. 2001, 345, 1091–1097. [Google Scholar] [CrossRef] [PubMed]

	



Gill, S.; Loprinzi, C.L.; Sargent, D.J.; Thome, S.D.; Alberts, S.R.; Haller, D.G.; Benedetti, J.; Francini, G.; Shepherd, L.E.; Francois Seitz, J.; et al. Pooled analysis of fluorouracil-based adjuvant therapy for stage II and III colon cancer: Who benefits and by how much? J. Clin. Oncol. 2004, 22, 1797–1806. [Google Scholar] [CrossRef] [PubMed]

	



Copur, M.S. Impact of older age on the efficacy of newer adjuvant chemotherapy regimens in colon cancer, a subgroup analysis of a meta-analysis: Practice changing? Certainly not; Hypothesis generating? Perhaps. Clin. Colorectal Cancer 2009, 8, 190–191. [Google Scholar] [CrossRef] [PubMed]

	



McCleary, N.J.; Meyerhardt, J.A.; Green, E.; Yothers, G.; de Gramont, A.; Van Cutsem, E.; O’Connell, M.; Twelves, C.J.; Saltz, L.B.; Haller, D.G.; et al. Impact of age on the efficacy of newer adjuvant therapies in patients with stage II/III colon cancer: Findings from the ACCENT database. J. Clin. Oncol. 2013, 31, 2600–2606. [Google Scholar] [CrossRef]

	



Van Erning, F.N.; Creemers, G.J.; De Hingh, I.H.; Loosveld, O.J.; Goey, S.H.; Lemmens, V.E. Reduced risk of distant recurrence after adjuvant chemotherapy in patients with stage III colon cancer aged 75 years or older. Ann. Oncol. 2013, 24, 2839–2844. [Google Scholar] [CrossRef]

	



Hung, A.; Mullins, C.D. Relative effectiveness and safety of chemotherapy in elderly and nonelderly patients with stage III colon cancer: A systematic review. Oncologist 2013, 18, 54–63. [Google Scholar] [CrossRef]

	



Kim, J.H. Chemotherapy for colorectal cancer in the elderly. World J. Gastroenterol. 2015, 21, 5158–5166. [Google Scholar] [CrossRef]

	



McCleary, N.J.; Benson, A.B., 3rd; Dienstmann, R. Personalizing Adjuvant Therapy for Stage II/III Colorectal Cancer. Am. Soc. Clin. Oncol. Educ. Book 2017, 37, 232–245. [Google Scholar] [CrossRef]

	



Van Erning, F.N.; Janssen-Heijnen, M.L.; Creemers, G.J.; Pruijt, J.F.; Maas, H.A.; Lemmens, V.E. Recurrence-free and overall survival among elderly stage III colon cancer patients treated with CAPOX or capecitabine monotherapy. Int. J. Cancer 2017, 140, 224–233. [Google Scholar] [CrossRef]

	



Chan, G.H.J.; Chee, C.E. Making sense of adjuvant chemotherapy in colorectal cancer. J. Gastrointest. Oncol. 2019, 10, 1183–1192. [Google Scholar] [CrossRef]

	



Chong, R.C.; Ong, M.W.; Tan, K.Y. Managing elderly with colorectal cancer. J. Gastrointest. Oncol. 2019, 10, 1266–1273. [Google Scholar] [CrossRef] [PubMed]

	



Sun, Q.; Liu, T.; Liu, P.; Lu, K.; Zhang, N.; Liu, L.; Zhu, Y. Adjuvant chemotherapy for locally advanced rectal cancer in elderly patients after neoadjuvant chemoradiotherapy and surgery: Toxicity and survival outcomes. Medicine 2020, 99, e18835. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.H.; Ihn, M.H.; Lee, Y.H.; Lee, J.; Yun, S.; Cho, S.W. Effect of age on laparoscopic surgery and adjuvant chemotherapy in elderly colorectal cancer patients. Ann. Coloproctol. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Renfro, L.A.; Sargent, D.J. Findings from the Adjuvant Colon Cancer End Points (ACCENT) Collaborative Group: The power of pooled individual patient data from multiple clinical trials. Chin. Clin. Oncol. 2016, 5, 80. [Google Scholar] [CrossRef]

	



Cochrane Library. 2020. Available online: https://www.cochranelibrary.com (accessed on 21 May 2020).

	



Renfro, L.A.; Grothey, A.; Kerr, D.; Haller, D.G.; Andre, T.; Van Cutsem, E.; Saltz, L.; Labianca, R.; Loprinzi, C.L.; Alberts, S.R.; et al. Survival following early-stage colon cancer: An ACCENT-based comparison of patients versus a matched international general populationdagger. Ann. Oncol. 2015, 26, 950–958. [Google Scholar] [CrossRef] [PubMed]

	



Shi, Q.; Andre, T.; Grothey, A.; Yothers, G.; Hamilton, S.R.; Bot, B.M.; Haller, D.G.; Van Cutsem, E.; Twelves, C.; Benedetti, J.K.; et al. Comparison of outcomes after fluorouracil-based adjuvant therapy for stages II and III colon cancer between 1978 to 1995 and 1996 to 2007: Evidence of stage migration from the ACCENT database. J. Clin. Oncol. 2013, 31, 3656–3663. [Google Scholar] [CrossRef]

	



Bockelman, C.; Engelmann, B.E.; Kaprio, T.; Hansen, T.F.; Glimelius, B. Risk of recurrence in patients with colon cancer stage II and III: A systematic review and meta-analysis of recent literature. Acta Oncol. 2015, 54, 5–16. [Google Scholar] [CrossRef]

	



Papamichael, D.; Renfro, L.A.; Matthaiou, C.; Yothers, G.; Saltz, L.; Guthrie, K.A.; Van Cutsem, E.; Schmoll, H.J.; Labianca, R.; Andre, T.; et al. Validity of Adjuvant! Online in older patients with stage III colon cancer based on 2967 patients from the ACCENT database. J. Geriatr. Oncol. 2016, 7, 422–429. [Google Scholar] [CrossRef]

	



Pahlman, L.A.; Hohenberger, W.M.; Matzel, K.; Sugihara, K.; Quirke, P.; Glimelius, B. Should the benefit of adjuvant chemotherapy in colon cancer be re-evaluated? J. Clin. Oncol. 2016, 34, 1297–1299. [Google Scholar] [CrossRef]

	



Osterman, E.; Glimelius, B. Recurrence Risk After Up-to-Date Colon Cancer Staging, Surgery, and Pathology: Analysis of the Entire Swedish Population. Dis. Colon. Rectum 2018, 61, 1016–1025. [Google Scholar] [CrossRef]

	



Osterman, E.; Mezheyeuski, A.; Sjoblom, T.; Glimelius, B. Beyond the NCCN Risk Factors in Colon Cancer: An Evaluation in a Swedish Population-Based Cohort. Ann. Surg. Oncol. 2020, 27, 1036–1045. [Google Scholar] [CrossRef] [PubMed]

	



Schmoll, H.J.; Van Cutsem, E.; Stein, A.; Valentini, V.; Glimelius, B.; Haustermans, K.; Nordlinger, B.; van de Velde, C.J.; Balmana, J.; Regula, J.; et al. ESMO Consensus Guidelines for management of patients with colon and rectal cancer. a personalized approach to clinical decision making. Ann. Oncol. 2012, 23, 2479–2516. [Google Scholar] [CrossRef]

	



Meyers, B.M.; Cosby, R.; Quereshy, F.; Jonker, D. Adjuvant systemic chemotherapy for stages II and III colon cancer after complete resection: A clinical practice guideline. Curr. Oncol. 2016, 23, 418–424. [Google Scholar] [CrossRef] [PubMed]

	



Watanabe, T.; Muro, K.; Ajioka, Y.; Hashiguchi, Y.; Ito, Y.; Saito, Y.; Hamaguchi, T.; Ishida, H.; Ishiguro, M.; Ishihara, S.; et al. Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines 2016 for the treatment of colorectal cancer. Int. J. Clin. Oncol. 2018, 23, 1–34. [Google Scholar] [CrossRef] [PubMed]

	



NCCN. National Comprehensive Cancer Network (NCCN), Inc. NCCN Guidelines, Version 2.2020 Colon Cancer. 2020. Available online: https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf (accessed on 10 June 2020).

	



Salem, M.E.; Yin, J.; Goldberg, R.M.; Pederson, L.D.; Wolmark, N.; Alberts, S.R.; Taieb, J.; Marshall, J.L.; Lonardi, S.; Yoshino, T.; et al. Evaluation of the change of outcomes over a 10-year period in patients with stage III colon cancer: Pooled analysis of 6501 patients treated with fluorouracil, leucovorin, and oxaliplatin in the ACCENT database. Ann. Oncol. 2020, 31, 480–486. [Google Scholar] [CrossRef] [PubMed]

	



Andre, T.; Boni, C.; Mounedji-Boudiaf, L.; Navarro, M.; Tabernero, J.; Hickish, T.; Topham, C.; Zaninelli, M.; Clingan, P.; Bridgewater, J.; et al. Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon cancer. N. Engl. J. Med. 2004, 350, 2343–2351. [Google Scholar] [CrossRef] [PubMed]

	



Kuebler, J.P.; Wieand, H.S.; O’Connell, M.J.; Smith, R.E.; Colangelo, L.H.; Yothers, G.; Petrelli, N.J.; Findlay, M.P.; Seay, T.E.; Atkins, J.N.; et al. Oxaliplatin combined with weekly bolus fluorouracil and leucovorin as surgical adjuvant chemotherapy for stage II and III colon cancer: Results from NSABP C-07. J. Clin. Oncol. 2007, 25, 2198–2204. [Google Scholar] [CrossRef]

	



Valentini, V.; Marijnen, C.; Beets, G.; Bujko, K.; De Bari, B.; Cervantes, A.; Chiloiro, G.; Coco, C.; Gambacorta, M.A.; Glynne-Jones, R.; et al. The 2017 Assisi Think Tank Meeting on rectal cancer: A positioning paper. Radiother. Oncol. 2020, 142, 6–16. [Google Scholar] [CrossRef]

	



Glimelius, B.; Myklebust, T.Å.; Lundqvist, K.; Wibe, A.; Guren, M.G. Two countries—Two treatment strategies for rectal cancer. Radiother. Oncol. 2016, 121, 357–363. [Google Scholar] [CrossRef]

	



Ruppert, R.; Junginger, T.; Ptok, H.; Strassburg, J.; Maurer, C.A.; Brosi, P.; Sauer, J.; Baral, J.; Kreis, M.; Wollschlaeger, D.; et al. Oncological outcome after MRI-based selection for neoadjuvant chemoradiotherapy in the OCUM Rectal Cancer Trial. Br. J. Surg. 2018, 105, 1519–1529. [Google Scholar] [CrossRef]

	



Poulsen, L.O.; Qvortrup, C.; Pfeiffer, P.; Yilmaz, M.; Falkmer, U.; Sorbye, H. Review on adjuvant chemotherapy for rectal cancer—Why do treatment guidelines differ so much? Acta Oncol. 2015, 54, 437–446. [Google Scholar] [CrossRef] [PubMed]

	



Carvalho, C.; Glynne-Jones, R. Challenges behind proving efficacy of adjuvant chemotherapy after preoperative chemoradiation for rectal cancer. Lancet Oncol. 2017, 18, e354–e363. [Google Scholar] [CrossRef]

	



Minsky, B.D. Emerging trends in the treatment of rectal cancer. Acta Oncol. 2019, 58, 1343–1351. [Google Scholar] [CrossRef] [PubMed]

	



Glimelius, B. Adjuvant chemotherapy in rectal cancer: State of the art and future perspectives. Curr. Opin. Oncol. 2020, 32. [Google Scholar] [CrossRef] [PubMed]

	



Cancer Genome Atlas Network. Comprehensive molecular characterization of human colon and rectal cancer. Nature 2012, 487, 330–337. [Google Scholar] [CrossRef] [PubMed]

	



Imperial, R.; Ahmed, Z.; Toor, O.M.; Erdogan, C.; Khaliq, A.; Case, P.; Case, J.; Kennedy, K.; Cummings, L.S.; Melton, N.; et al. Comparative proteogenomic analysis of right-sided colon cancer, left-sided colon cancer and rectal cancer reveals distinct mutational profiles. Mol. Cancer 2018, 17, 177. [Google Scholar] [CrossRef] [PubMed]

	



Arai, T.; Takubo, K.; Sawabe, M.; Esaki, Y. Pathologic characteristics of colorectal cancer in the elderly: A retrospective study of 947 surgical cases. J. Clin. Gastroenterol. 2000, 31, 67–72. [Google Scholar] [CrossRef]

	



Arai, T.; Takubo, K. Clinicopathological and molecular characteristics of gastric and colorectal carcinomas in the elderly. Pathol. Int. 2007, 57, 303–314. [Google Scholar] [CrossRef]

	



Sargent, D.J.; Marsoni, S.; Monges, G.; Thibodeau, S.N.; Labianca, R.; Hamilton, S.R.; French, A.J.; Kabat, B.; Foster, N.R.; Torri, V.; et al. Defective mismatch repair as a predictive marker for lack of efficacy of fluorouracil-based adjuvant therapy in colon cancer. J. Clin. Oncol. 2010, 28, 3219–3226. [Google Scholar] [CrossRef]

	



Hutchins, G.; Southward, K.; Handley, K.; Magill, L.; Beaumont, C.; Stahlschmidt, J.; Richman, S.; Chambers, P.; Seymour, M.; Kerr, D.; et al. Value of mismatch repair, KRAS, and BRAF mutations in predicting recurrence and benefits from chemotherapy in colorectal cancer. J. Clin. Oncol. 2011, 29, 1261–1270. [Google Scholar] [CrossRef]

	



Kakar, S.; Burgart, L.J.; Thibodeau, S.N.; Rabe, K.G.; Petersen, G.M.; Goldberg, R.M.; Lindor, N.M. Frequency of loss of hMLH1 expression in colorectal carcinoma increases with advancing age. Cancer 2003, 97, 1421–1427. [Google Scholar] [CrossRef]

	



Aparicio, T.; Schischmanoff, O.; Poupardin, C.; Soufir, N.; Angelakov, C.; Barrat, C.; Levy, V.; Choudat, L.; Cucherousset, J.; Boubaya, M.; et al. Deficient mismatch repair phenotype is a prognostic factor for colorectal cancer in elderly patients. Dig. Liver Dis. 2013, 45, 245–250. [Google Scholar] [CrossRef] [PubMed]

	



Kotake, K.; Asano, M.; Ozawa, H.; Kobayashi, H.; Sugihara, K. Tumour characteristics, treatment patterns and survival of patients aged 80 years or older with colorectal cancer. Colorectal Dis. 2015, 17, 205–215. [Google Scholar] [CrossRef] [PubMed]

	



Itatani, Y.; Kawada, K.; Sakai, Y. Treatment of Elderly Patients with Colorectal Cancer. Biomed. Res. Int. 2018, 2018, 2176056. [Google Scholar] [CrossRef] [PubMed]

	



Farina-Sarasqueta, A.; van Lijnschoten, G.; Moerland, E.; Creemers, G.J.; Lemmens, V.E.; Rutten, H.J.; van den Brule, A.J. The BRAF V600E mutation is an independent prognostic factor for survival in stage II and stage III colon cancer patients. Ann. Oncol. 2010, 21, 2396–2402. [Google Scholar] [CrossRef]

	



Lochhead, P.; Kuchiba, A.; Imamura, Y.; Liao, X.; Yamauchi, M.; Nishihara, R.; Qian, Z.R.; Morikawa, T.; Shen, J.; Meyerhardt, J.A.; et al. Microsatellite instability and BRAF mutation testing in colorectal cancer prognostication. J. Natl. Cancer Inst. 2013, 105, 1151–1156. [Google Scholar] [CrossRef]

	



Popovici, V.; Budinska, E.; Bosman, F.T.; Tejpar, S.; Roth, A.D.; Delorenzi, M. Context-dependent interpretation of the prognostic value of BRAF and KRAS mutations in colorectal cancer. BMC Cancer 2013, 13, 439. [Google Scholar] [CrossRef]

	



Dienstmann, R.; Mason, M.J.; Sinicrope, F.A.; Phipps, A.I.; Tejpar, S.; Nesbakken, A.; Danielsen, S.A.; Sveen, A.; Buchanan, D.D.; Clendenning, M.; et al. Prediction of overall survival in stage II and III colon cancer beyond TNM system: A retrospective, pooled biomarker study. Ann. Oncol. 2017, 28, 1023–1031. [Google Scholar] [CrossRef]

	



Hoshino, N.; Kawada, K.; Hida, K.; Goto, S.; Uozumi, R.; Hasegawa, S.; Sugihara, K.; Sakai, Y. Impact of venous invasion on the efficacy of adjuvant chemotherapy in elderly patients with stage III colorectal cancer. Med. Oncol. 2017, 34, 138. [Google Scholar] [CrossRef]

	



Quasar Collaborative Group; Gray, R.; Barnwell, J.; McConkey, C.; Hills, R.K.; Williams, N.S.; Kerr, D.J. Adjuvant chemotherapy versus observation in patients with colorectal cancer: A randomised study. Lancet 2007, 370, 2020–2029. [Google Scholar]

	



Taal, B.G.; Van Tinteren, H.; Zoetmulder, F.A. Adjuvant 5FU plus levamisole in colonic or rectal cancer: Improved survival in stage II and III. Br. J. Cancer. 2001, 85, 1437–1443. [Google Scholar] [CrossRef] [PubMed]

	



Twelves, C.; Scheithauer, W.; McKendrick, J.; Seitz, J.F.; Van Hazel, G.; Wong, A.; Diaz-Rubio, E.; Gilberg, F.; Cassidy, J. Capecitabine versus 5-fluorouracil/folinic acid as adjuvant therapy for stage III colon cancer: Final results from the X-ACT trial with analysis by age and preliminary evidence of a pharmacodynamic marker of efficacy. Ann. Oncol. 2012, 23, 1190–1197. [Google Scholar] [CrossRef]

	



Shimada, Y.; Hamaguchi, T.; Mizusawa, J.; Saito, N.; Kanemitsu, Y.; Takiguchi, N.; Ohue, M.; Kato, T.; Takii, Y.; Sato, T.; et al. Randomised phase III trial of adjuvant chemotherapy with oral uracil and tegafur plus leucovorin versus intravenous fluorouracil and levofolinate in patients with stage III colorectal cancer who have undergone Japanese D2/D3 lymph node dissection: Final results of JCOG0205. Eur. J. Cancer 2014, 50, 2231–2240. [Google Scholar] [CrossRef]

	



Yoshida, M.; Ishiguro, M.; Ikejiri, K.; Mochizuki, I.; Nakamoto, Y.; Kinugasa, Y.; Takagane, A.; Endo, T.; Shinozaki, H.; Takii, Y.; et al. S-1 as adjuvant chemotherapy for stage III colon cancer: A randomized phase III study (ACTS-CC trial). Ann. Oncol. 2014, 25, 1743–1749. [Google Scholar] [CrossRef] [PubMed]

	



Tournigand, C.; Andre, T.; Bonnetain, F.; Chibaudel, B.; Lledo, G.; Hickish, T.; Tabernero, J.; Boni, C.; Bachet, J.B.; Teixeira, L.; et al. Adjuvant therapy with fluorouracil and oxaliplatin in stage II and elderly patients (between ages 70 and 75 years) with colon cancer: Subgroup analyses of the Multicenter International Study of Oxaliplatin, Fluorouracil, and Leucovorin in the Adjuvant Treatment of Colon Cancer trial. J. Clin. Oncol. 2012, 30, 3353–3360. [Google Scholar] [CrossRef] [PubMed]

	



Yothers, G.; O’Connell, M.J.; Allegra, C.J.; Kuebler, J.P.; Colangelo, L.H.; Petrelli, N.J.; Wolmark, N. Oxaliplatin as adjuvant therapy for colon cancer: Updated results of NSABP C-07 trial, including survival and subset analyses. J. Clin. Oncol. 2011, 29, 3768–3774. [Google Scholar] [CrossRef]

	



Haller, D.G.; Tabernero, J.; Maroun, J.; de Braud, F.; Price, T.; Van Cutsem, E.; Hill, M.; Gilberg, F.; Rittweger, K.; Schmoll, H.J. Capecitabine plus oxaliplatin compared with fluorouracil and folinic acid as adjuvant therapy for stage III colon cancer. J. Clin. Oncol. 2011, 29, 1465–1471. [Google Scholar] [CrossRef]

	



Meyers, B.M.; Cosby, R.; Quereshy, F.; Jonker, D. Adjuvant Chemotherapy for Stage II and III Colon Cancer Following Complete Resection: A Cancer Care Ontario Systematic Review. Clin. Oncol. 2017, 29, 459–465. [Google Scholar] [CrossRef]

	



Haller, D.G.; O’Connell, M.J.; Cartwright, T.H.; Twelves, C.J.; McKenna, E.F.; Sun, W.; Saif, M.W.; Lee, S.; Yothers, G.; Schmoll, H.J. Impact of age and medical comorbidity on adjuvant treatment outcomes for stage III colon cancer: A pooled analysis of individual patient data from four randomized, controlled trials. Ann. Oncol. 2015, 26, 715–724. [Google Scholar] [CrossRef]

	



Taieb, J.; Tabernero, J.; Mini, E.; Subtil, F.; Folprecht, G.; Van Laethem, J.L.; Thaler, J.; Bridgewater, J.; Petersen, L.N.; Blons, H.; et al. Oxaliplatin, fluorouracil, and leucovorin with or without cetuximab in patients with resected stage III colon cancer (PETACC-8): An open-label, randomised phase 3 trial. Lancet Oncol. 2014, 15, 862–873. [Google Scholar] [CrossRef]

	



Renfro, L.A.; Grothey, A.; Xue, Y.; Saltz, L.B.; Andre, T.; Twelves, C.; Labianca, R.; Allegra, C.J.; Alberts, S.R.; Loprinzi, C.L.; et al. ACCENT-based web calculators to predict recurrence and overall survival in stage III colon cancer. J. Natl. Cancer Inst. 2014, 106. [Google Scholar] [CrossRef] [PubMed]

	



Grothey, A.; Sobrero, A.F.; Shields, A.F.; Yoshino, T.; Paul, J.; Taieb, J.; Souglakos, J.; Shi, Q.; Kerr, R.; Labianca, R.; et al. Duration of Adjuvant Chemotherapy for Stage III Colon Cancer. N. Engl. J. Med. 2018, 378, 1177–1188. [Google Scholar] [CrossRef] [PubMed]

	



Iveson, T.J.; Kerr, R.S.; Saunders, M.P.; Cassidy, J.; Hollander, N.H.; Tabernero, J.; Haydon, A.; Glimelius, B.; Harkin, A.; Allan, K.; et al. 3 versus 6 months of adjuvant oxaliplatin-fluoropyrimidine combination therapy for colorectal cancer (SCOT): An international, randomised, phase 3, non-inferiority trial. Lancet Oncol. 2018, 19, 562–578. [Google Scholar] [CrossRef]

	



Sobrero, A.; Lonardi, S.; Rosati, G.; Di Bartolomeo, M.; Ronzoni, M.; Pella, N.; Scartozzi, M.; Banzi, M.; Zampino, M.G.; Pasini, F.; et al. FOLFOX or CAPOX in Stage II to III Colon Cancer: Efficacy Results of the Italian Three or Six Colon Adjuvant Trial. J. Clin. Oncol. 2018, 36, 1478–1485. [Google Scholar] [CrossRef]

	



Petersen, S.H.; Harling, H.; Kirkeby, L.T.; Wille-Jorgensen, P.; Mocellin, S. Postoperative adjuvant chemotherapy in rectal cancer operated for cure. Cochrane Database Syst. Rev. 2012, 3, CD004078. [Google Scholar] [CrossRef]

	



Sakamoto, J.; Hamada, C.; Yoshida, S.; Kodaira, S.; Yasutomi, M.; Kato, T.; Oba, K.; Nakazato, H.; Saji, S.; Ohashi, Y. An individual patient data meta-analysis of adjuvant therapy with uracil-tegafur (UFT) in patients with curatively resected rectal cancer. Br. J. Cancer 2007, 96, 1170–1177. [Google Scholar] [CrossRef]

	



Rödel, C.; Graeven, U.; Fietkau, R.; Hohenberger, W.; Hothorn, T.; Arnold, D.; Hofheinz, R.D.; Ghadimi, M.; Wolff, H.A.; Lang-Welzenbach, M.; et al. Oxaliplatin added to fluorouracil-based preoperative chemoradiotherapy and postoperative chemotherapy of locally advanced rectal cancer: The German CAO/ARO/AIO-04 randomised phase 3 trial. Lancet Oncol. 2015, 16, 979–989. [Google Scholar] [CrossRef]

	



Nilsson, P.J.; van Etten, B.; Hospers, G.A.; Pahlman, L.; van de Velde, C.J.; Beets-Tan, R.G.; Blomqvist, L.; Beukema, J.C.; Kapiteijn, E.; Marijnen, C.A.; et al. Short-course radiotherapy followed by neo-adjuvant chemotherapy in locally advanced rectal cancer--the RAPIDO trial. BMC Cancer 2013, 13, 279. [Google Scholar] [CrossRef]

	



Bahadoer, R.; Dijkstra, E.; van Etten, B.; Marijnen, C.; Putter, H.; Meershoek-Klein Kranenbarg, E.; Roodvoets, A.; Nagtegaal, I.; Beets-Tan, R.; Blomqvist, L.; et al. Short-course radiotherapy followed by chemotherapy before total mesorectal excision (TME) in locally advanced rectal cancer—The randomized RAPIDO-trial. Am. Soc. Clin. Oncol. 2020. [Google Scholar] [CrossRef]

	



Bujko, K.; Wyrwicz, L.; Rutkowski, A.; Malinowska, M.; Pietrzak, L.; Krynski, J.; Michalski, W.; Oledzki, J.; Kusnierz, J.; Zajac, L.; et al. Long-course oxaliplatin-based preoperative chemoradiation versus 5 × 5 Gy and consolidation chemotherapy for cT4 or fixed cT3 rectal cancer: Results of a randomized phase III study. Ann. Oncol. 2016, 27, 834–842. [Google Scholar] [CrossRef]

	



Cisel, B.; Pietrzak, L.; Michalski, W.; Wyrwicz, L.; Rutkowski, A.; Kosakowska, E.; Cencelewicz, A.; Spalek, M.; Polkowski, W.; Jankiewicz, M.; et al. Long-course preoperative chemoradiation vs. 5 × 5 Gy and consolidation chemotherapy for clinical T4 and fixed clinical T3 rectal cancer: Long-term results of the randomized Polish II study. Ann. Oncol. 2019, 30, 1298–1303. [Google Scholar] [CrossRef] [PubMed]

	



Hong, Y.S.; Kim, S.Y.; Lee, J.S.; Nam, B.H.; Kim, K.P.; Kim, J.E.; Park, Y.S.; Park, J.O.; Baek, J.Y.; Kim, T.Y.; et al. Oxaliplatin-Based Adjuvant Chemotherapy for Rectal Cancer After Preoperative Chemoradiotherapy (ADORE): Long-Term Results of a Randomized Controlled Trial. J. Clin. Oncol. 2019, 37, 3111–3123. [Google Scholar] [CrossRef] [PubMed]

	



Figueredo, A.; Coombes, M.E.; Mukherjee, S. Adjuvant therapy for completely resected stage II colon cancer. Cochrane Database Syst. Rev. 2008, CD005390. [Google Scholar] [CrossRef] [PubMed]

	



Breugom, A.J.; Swets, M.; Bosset, J.F.; Collette, L.; Sainato, A.; Cionini, L.; Glynne-Jones, R.; Counsell, N.; Bastiaannet, E.; van den Broek, C.B.; et al. Adjuvant chemotherapy after preoperative (chemo)radiotherapy and surgery for patients with rectal cancer: A systematic review and meta-analysis of individual patient data. Lancet Oncol. 2015, 16, 200–207. [Google Scholar] [CrossRef]

	



Bujko, K.; Glimelius, B.; Valentini, V.; Michalski, W.; Spalek, M. Postoperative chemotherapy in patients with rectal cancer receiving preoperative radio(chemo)therapy: A meta-analysis of randomized trials comparing surgery +/− a fluoropyrimidine and surgery + a fluoropyrimidine +/− oxaliplatin. Eur. J. Surg. Oncol. 2015, 41, 713–723. [Google Scholar] [CrossRef]

	



Hammarstrom, K.; Imam, I.; Korsavidou Hult, N.; Ekstrom, J.; Sjoblom, T.; Glimelius, B. Determining the use of preoperative (chemo)radiotherapy in primary rectal cancer according to national and international guidelines. Radiother. Oncol. 2019, 136, 106–112. [Google Scholar] [CrossRef]

	



Glynne-Jones, R.; Counsell, N.; Quirke, P.; Mortensen, N.; Maraveyas, A.; Meadows, H.M.; Ledermann, J.; Sebag-Montefiore, D. Chronicle: Results of a randomised phase III trial in locally advanced rectal cancer after neoadjuvant chemoradiation randomising postoperative adjuvant capecitabine plus oxaliplatin (XELOX) versus control. Ann. Oncol. 2014, 25, 1356–1362. [Google Scholar] [CrossRef]

	



Mari, G.M.; Maggioni, D.; Crippa, J.; Costanzi, A.T.M.; Scotti, M.A.; Giardini, V.; Garancini, M.; Cocozza, E.; Borroni, G.; Benzoni, I.; et al. Compliance to Adjuvant Chemotherapy of Patients Who Underwent Surgery for Rectal Cancer: Report from a Multi-institutional Research Network. World J. Surg. 2019, 43, 2544–2551. [Google Scholar] [CrossRef]

	



Spalek, M.; Michalski, K.; Bujko, K.; Wyrwicz, L. Association between Preoperative Pelvic Irradiation and Toxicity of Subsequent Chemotherapy in Rectal Cancer. Oncol. Res. Treat. 2019, 42, 497–505. [Google Scholar] [CrossRef]

	



Schmoll, H.-J.; Haustermans, K.; Price, T.J.; Nordlinger, B.; Hofheinz, R.; Daisne, J.-F.; Janssens, J.; Brenner, B.; Schmidt, P.; Reinel, H.; et al. Preoperative chemoradiotherapy and postoperative chemotherapy with capecitabine +/− oxaliplatin in locally advanced rectal cancer: Final results of PETACC-6. J. Clin. Oncol. 2018, 36, 3500. [Google Scholar] [CrossRef]

	



Gerard, J.P.; Azria, D.; Gourgou-Bourgade, S.; Martel-Lafay, I.; Hennequin, C.; Etienne, P.L.; Vendrely, V.; Francois, E.; de La Roche, G.; Bouche, O.; et al. Clinical outcome of the ACCORD 12/0405 PRODIGE 2 randomized trial in rectal cancer. J. Clin. Oncol. 2012, 30, 4558–4565. [Google Scholar] [CrossRef] [PubMed]

	



O’Connell, M.J.; Colangelo, L.H.; Beart, R.W.; Petrelli, N.J.; Allegra, C.J.; Sharif, S.; Pitot, H.C.; Shields, A.F.; Landry, J.C.; Ryan, D.P.; et al. Capecitabine and oxaliplatin in the preoperative multimodality treatment of rectal cancer: Surgical end points from National Surgical Adjuvant Breast and Bowel Project trial R-04. J. Clin. Oncol. 2014, 32, 1927–1934. [Google Scholar] [CrossRef] [PubMed]

	



Azria, D.; Doyen, J.; Jarlier, M.; Martel-Lafay, I.; Hennequin, C.; Etienne, P.; Vendrely, V.; Francois, E.; de La Roche, G.; Bouche, O.; et al. Late toxicities and clinical outcome at 5 years of the ACCORD 12/0405-PRODIGE 02 trial comparing two neoadjuvant chemoradiotherapy regimens for intermediate-risk rectal cancer. Ann. Oncol. 2017, 28, 2436–2442. [Google Scholar] [CrossRef] [PubMed]

	



Aschele, C.; Cionini, L.; Lonardi, S.; Pinto, C.; Cordio, S.; Rosati, G.; Artale, S.; Tagliagambe, A.; Ambrosini, G.; Rosetti, P.; et al. Primary tumor response to preoperative chemoradiation with or without oxaliplatin in locally advanced rectal cancer: Pathologic results of the STAR-01 randomized phase III trial. J. Clin. Oncol. 2011, 29, 2773–2780. [Google Scholar] [CrossRef] [PubMed]

	



Deng, Y.; Chi, P.; Lan, P.; Wang, L.; Chen, W.; Cui, L.; Chen, D.; Cao, J.; Wei, H.; Peng, X.; et al. Neoadjuvant Modified FOLFOX6 With or Without Radiation Versus Fluorouracil Plus Radiation for Locally Advanced Rectal Cancer: Final Results of the Chinese FOWARC Trial. J. Clin. Oncol. 2019, 37, 3223–3233. [Google Scholar] [CrossRef] [PubMed]

	



Maas, M.; Nelemans, P.J.; Valentini, V.; Crane, C.H.; Capirci, C.; Rodel, C.; Nash, G.M.; Kuo, L.J.; Glynne-Jones, R.; Garcia-Aguilar, J.; et al. Adjuvant chemotherapy in rectal cancer: Defining subgroups who may benefit after neoadjuvant chemoradiation and resection: A pooled analysis of 3,313 patients. Int. J. Cancer 2015, 137, 212–220. [Google Scholar] [CrossRef] [PubMed]

	



Ma, B.; Ren, Y.; Chen, Y.; Lian, B.; Jiang, P.; Li, Y.; Shang, Y.; Meng, Q. Is adjuvant chemotherapy necessary for locally advanced rectal cancer patients with pathological complete response after neoadjuvant chemoradiotherapy and radical surgery? A systematic review and meta-analysis. Int. J. Colorectal Dis. 2019, 34, 113–121. [Google Scholar] [CrossRef]

	



Hu, X.; Li, Y.Q.; Ma, X.J.; Zhang, L.; Cai, S.J.; Peng, J.J. Adjuvant chemotherapy for rectal cancer with complete pathological response (pCR) may not be necessary: A pooled analysis of 5491 patients. Cancer Cell Int. 2019, 19, 127. [Google Scholar] [CrossRef]

	



Shahab, D.; Gabriel, E.; Attwood, K.; Ma, W.W.; Francescutti, V.; Nurkin, S.; Boland, P.M. Adjuvant Chemotherapy Is Associated with Improved Overall Survival in Locally Advanced Rectal Cancer After Achievement of a Pathologic Complete Response to Chemoradiation. Clin. Colorectal Cancer 2017, 16, 300–307. [Google Scholar] [CrossRef]

	



Polanco, P.M.; Mokdad, A.A.; Zhu, H.; Choti, M.A.; Huerta, S. Association of Adjuvant Chemotherapy With Overall Survival in Patients With Rectal Cancer and Pathologic Complete Response Following Neoadjuvant Chemotherapy and Resection. JAMA Oncol. 2018, 4, 938–943. [Google Scholar] [CrossRef]

	



Tomasello, G.; Ghidini, M.; Petrelli, F. Adjuvant chemotherapy in patients with rectal cancer achieving pathologic complete response after neoadjuvant chemoradiation and surgery. Eur. J. Cancer 2019, 108, 97–99. [Google Scholar] [CrossRef] [PubMed]

	



Tiselius, C.; Gunnarsson, U.; Smedh, K.; Glimelius, B.; Pahlman, L. Patients with rectal cancer receiving adjuvant chemotherapy have an increased survival: A population-based longitudinal study. Ann. Oncol. 2013, 24, 160–165. [Google Scholar] [CrossRef] [PubMed]

	



Gahagan, J.V.; Whealon, M.D.; Phelan, M.J.; Mills, S.; Jafari, M.D.; Carmichael, J.C.; Stamos, M.J.; Zell, J.A.; Pigazzi, A. Improved survival with adjuvant chemotherapy in locally advanced rectal cancer patients treated with preoperative chemoradiation regardless of pathologic response. Surg. Oncol. 2019, 32, 35–40. [Google Scholar] [CrossRef] [PubMed]

	



Boakye, D.; Walter, V.; Martens, U.M.; Chang-Claude, J.; Hoffmeister, M.; Jansen, L.; Brenner, H. Treatment selection bias for chemotherapy persists in colorectal cancer patient cohort studies even in comprehensive propensity score analyses. Clin. Epidemiol. 2019, 11, 821–832. [Google Scholar] [CrossRef]

	



Petrelli, F.; Coinu, A.; Lonati, V.; Barni, S. A systematic review and meta-analysis of adjuvant chemotherapy after neoadjuvant treatment and surgery for rectal cancer. Int. J. Colorectal Dis. 2015, 30, 447–457. [Google Scholar] [CrossRef]

	



Sanoff, H.K.; Carpenter, W.R.; Sturmer, T.; Goldberg, R.M.; Martin, C.F.; Fine, J.P.; McCleary, N.J.; Meyerhardt, J.A.; Niland, J.; Kahn, K.L.; et al. Effect of adjuvant chemotherapy on survival of patients with stage III colon cancer diagnosed after age 75 years. J. Clin. Oncol. 2012, 30, 2624–2634. [Google Scholar] [CrossRef]

	



O’Connor, E.S.; Greenblatt, D.Y.; LoConte, N.K.; Gangnon, R.E.; Liou, J.I.; Heise, C.P.; Smith, M.A. Adjuvant chemotherapy for stage II colon cancer with poor prognostic features. J. Clin. Oncol. 2011, 29, 3381–3388. [Google Scholar] [CrossRef]

	



Sanoff, H.K.; Carpenter, W.R.; Martin, C.F.; Sargent, D.J.; Meyerhardt, J.A.; Sturmer, T.; Fine, J.P.; Weeks, J.; Niland, J.; Kahn, K.L.; et al. Comparative effectiveness of oxaliplatin vs non-oxaliplatin-containing adjuvant chemotherapy for stage III colon cancer. J. Natl. Cancer Inst. 2012, 104, 211–227. [Google Scholar] [CrossRef]

	



Shields, A.F.; Ou, F.S.; Paul, J.; Sobrero, A.F.; Yoshino, T.; Taieb, J.; Souglakos, I.; Shi, Q.; Kerr, R.; Labianca, R.; et al. Effect of age, gender and performance status (PS) on the duration results of adjuvant chemotherapy for stage III colon cancer: The IDEA collaboration. J. Clin. Oncol. 2018, 36. [Google Scholar] [CrossRef]

	



Yamano, T.; Yamauchi, S.; Kimura, K.; Babaya, A.; Hamanaka, M.; Kobayashi, M.; Fukumoto, M.; Tsukamoto, K.; Noda, M.; Tomita, N.; et al. Influence of age and comorbidity on prognosis and application of adjuvant chemotherapy in elderly Japanese patients with colorectal cancer: A retrospective multicentre study. Eur. J. Cancer 2017, 81, 90–101. [Google Scholar] [CrossRef]

	



Aparicio, T.; Francois, E.; Cristol-Dalstein, L.; Carola, E.; Maillard, E.; Paillaud, E.; Retornaz, F.; Faroux, R.; Andre, T.; Bedenne, L.; et al. PRODIGE 34-FFCD 1402-ADAGE: Adjuvant chemotherapy in elderly patients with resected stage III colon cancer: A randomized phase 3 trial. Dig. Liver Dis. 2016, 48, 206–207. [Google Scholar] [CrossRef] [PubMed]

	



Glimelius, B.; Dahl, O.; Cedermark, B.; Jakobsen, A.; Bentzen, S.M.; Starkhammar, H.; Grönberg, H.; Hultborn, R.; Albertsson, M.; Påhlman, L.; et al. Adjuvant chemotherapy in colorectal cancer: A joint analysis of randomised trials by the Nordic Gastrointestinal Tumour Adjuvant Therapy Group. Acta Oncol. 2005, 44, 904–912. [Google Scholar] [CrossRef] [PubMed]

	



Dahl, O.; Fluge, O.; Carlsen, E.; Wiig, J.N.; Myrvold, H.E.; Vonen, B.; Podhorny, N.; Bjerkeset, O.; Eide, T.J.; Halvorsen, T.B.; et al. Final results of a randomised phase III study on adjuvant chemotherapy with 5 FU and levamisol in colon and rectum cancer stage II and III by the Norwegian Gastrointestinal Cancer Group. Acta Oncol. 2009, 48, 368–376. [Google Scholar] [CrossRef] [PubMed]

	



Andre, T.; Boni, C.; Navarro, M.; Tabernero, J.; Hickish, T.; Topham, C.; Bonetti, A.; Clingan, P.; Bridgewater, J.; Rivera, F.; et al. Improved overall survival with oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment in stage II or III colon cancer in the MOSAIC trial. J. Clin. Oncol. 2009, 27, 3109–3116. [Google Scholar] [CrossRef]

	



Berglund, A.; Cedermark, B.; Glimelius, B. Is it deleterious to delay the start of adjuvant chemotherapy in colon cancer stage III? Ann. Oncol. 2008, 19, 400–402. [Google Scholar] [CrossRef]

	



Klein, M.; Azaquoun, N.; Jensen, B.V.; Gogenur, I. Improved survival with early adjuvant chemotherapy after colonic resection for stage III colonic cancer: A nationwide study. J. Surg. Oncol. 2015, 112, 538–543. [Google Scholar] [CrossRef]

	



Peixoto, R.D.; Kumar, A.; Speers, C.; Renouf, D.; Kennecke, H.F.; Lim, H.J.; Cheung, W.Y.; Melosky, B.; Gill, S. Effect of delay in adjuvant oxaliplatin-based chemotherapy for stage III colon cancer. Clin. Colorectal Cancer 2015, 14, 25–30. [Google Scholar] [CrossRef]

	



Sun, Z.; Adam, M.A.; Kim, J.; Nussbaum, D.P.; Benrashid, E.; Mantyh, C.R.; Migaly, J. Determining the Optimal Timing for Initiation of Adjuvant Chemotherapy After Resection for Stage II and III Colon Cancer. Dis. Colon Rectum 2016, 59, 87–93. [Google Scholar] [CrossRef]

	



Turner, M.C.; Farrow, N.E.; Rhodin, K.E.; Sun, Z.; Adam, M.A.; Mantyh, C.R.; Migaly, J. Delay in Adjuvant Chemotherapy and Survival Advantage in Stage III Colon Cancer. J. Am. Coll. Surg. 2018, 226, 670–678. [Google Scholar] [CrossRef]

	



Seymour, M.; Morton, D. FOxTROT: An international randomised controlled trial in 1052 patients evaluating neoadjuvant chemotherapy (NAC) for colon cancer. J. Clin. Oncol 2019, 37. [Google Scholar] [CrossRef]

	



NCCN. NCCN Guidelines Version 3.2019 Rectal Cancer. 2019. Available online: https://www.nccn.org/professionals/physician_gls/pdf/rectal.pdf (accessed on 15 December 2019).

	



Erlandsson, J.; Holm, T.; Pettersson, D.; Berglund, Å.; Cedermark, B.; Radu, C.; Johansson, H.; Machado, M.; Hjern, F.; Hallböök, O.; et al. The Stockholm III Trial on optimal fractionation of preoperative radiotherapy and timing to surgery for rectal cancer—A randomised controlled trial. Lancet Oncol. 2017, 18, 336–346. [Google Scholar] [CrossRef]

	



Glimelius, B. On a prolonged interval between rectal cancer (chemo)radiotherapy and surgery. Ups. J. Med. Sci. 2017, 122, 1–10. [Google Scholar] [CrossRef]

	



Hu, K.Y.; Simpson, M.T.; Blank, J.J.; Szabo, A.; Eastwood, D.; Ludwig, K.A.; Peterson, C.Y.; Ridolfi, T.J. Use of Neoadjuvant Chemotherapy in the Treatment of Locally Advanced Rectal Cancer. J. Surg. Res. 2019, 243, 447–452. [Google Scholar] [CrossRef] [PubMed]

	



Rouleau-Fournier, F.; Brown, C.J. Can less be more? Organ preservation strategies in the management of rectal cancer. Curr. Oncol. 2019, 26, S16–S23. [Google Scholar] [CrossRef] [PubMed]

	



Terzi, C.; Bingul, M.; Arslan, N.C.; Ozturk, E.; Canda, A.E.; Isik, O.; Yilmazlar, T.; Obuz, F.; Birkay Gorken, I.; Kurt, M.; et al. Randomized controlled trial of 8 weeks’ vs 12 weeks’ interval between neoadjuvant chemoradiotherapy and surgery for locally advanced rectal cancer. Colorectal Dis. 2019, 22, 279–288. [Google Scholar] [CrossRef] [PubMed]

	



Hamaker, M.E.; Schiphorst, A.H.; ten Bokkel Huinink, D.; Schaar, C.; van Munster, B.C. The effect of a geriatric evaluation on treatment decisions for older cancer patients—A systematic review. Acta Oncol. 2014, 53, 289–296. [Google Scholar] [CrossRef] [PubMed]

	



Wildiers, H.; Heeren, P.; Puts, M.; Topinkova, E.; Janssen-Heijnen, M.L.; Extermann, M.; Falandry, C.; Artz, A.; Brain, E.; Colloca, G.; et al. International Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer. J. Clin. Oncol. 2014, 32, 2595–2603. [Google Scholar] [CrossRef]

	



Orum, M.; Gregersen, M.; Jensen, K.; Meldgaard, P.; Damsgaard, E.M.S. Frailty status but not age predicts complications in elderly cancer patients: A follow-up study. Acta Oncol. 2018, 57, 1458–1466. [Google Scholar] [CrossRef]

	



Hoeben, K.W.; van Steenbergen, L.N.; van de Wouw, A.J.; Rutten, H.J.; van Spronsen, D.J.; Janssen-Heijnen, M.L. Treatment and complications in elderly stage III colon cancer patients in the Netherlands. Ann. Oncol. 2013, 24, 974–979. [Google Scholar] [CrossRef]

	



Van Erning, F.N.; Razenberg, L.G.; Lemmens, V.E.; Creemers, G.J.; Pruijt, J.F.; Maas, H.A.; Janssen-Heijnen, M.L. Intensity of adjuvant chemotherapy regimens and grade III-V toxicities among elderly stage III colon cancer patients. Eur. J. Cancer 2016, 61, 1–10. [Google Scholar] [CrossRef]

	



Kalsi, T.; Babic-Illman, G.; Fields, P.; Hughes, S.; Maisey, N.; Ross, P.; Wang, Y.; Harari, D. The impact of low-grade toxicity in older people with cancer undergoing chemotherapy. Br. J. Cancer 2014, 111, 2224–2228. [Google Scholar] [CrossRef] [PubMed]

	



Hurria, A.; Togawa, K.; Mohile, S.G.; Owusu, C.; Klepin, H.D.; Gross, C.P.; Lichtman, S.M.; Gajra, A.; Bhatia, S.; Katheria, V.; et al. Predicting chemotherapy toxicity in older adults with cancer: A prospective multicenter study. J. Clin. Oncol. 2011, 29, 3457–3465. [Google Scholar] [CrossRef]

	



Papamichael, D.; Hernandez, P.; Mistry, R.; Xenophontos, E.; Kakani, C. Adjuvant chemotherapy in patients with colorectal cancer. Is there a role in the older adult? Eur. J. Surg. Oncol. 2020, 46, 363–368. [Google Scholar] [CrossRef] [PubMed]

	



Antonio, M.; Saldana, J.; Carmona-Bayonas, A.; Navarro, V.; Tebe, C.; Nadal, M.; Formiga, F.; Salazar, R.; Borras, J.M. Geriatric Assessment Predicts Survival and Competing Mortality in Elderly Patients with Early Colorectal Cancer: Can It Help in Adjuvant Therapy Decision-Making? Oncologist 2017, 22, 934–943. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Censored recurrence risks (RR) at 3 and 5 years in the entire Swedish colon cancer population from 2007–2016
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Stage

	

	
No Adjuvant Treatment

	
Adjuvant Treatment




	

	
Age

	
N

	
3y RR

	
5y RR

	
N

	
3y RR

	
5y RR






	
Stage II

	
<50

	
204

	
3%

	
3%

	
131 (39%)

	
6%

	
9%




	

	
50–59

	
502

	
6%

	
8%

	
217 (30%)

	
13%

	
14%




	

	
60–69

	
1620

	
8%

	
10%

	
475 (23%)

	
13%

	
15%




	

	
70–79

	
3139

	
8%

	
10%

	
432 (12%)

	
14%

	
17%




	

	
80–89

	
2632

	
7%

	
9%

	
49 (2%)

	
16%

	
16%




	

	
>90

	
281

	
8%

	
9%

	
0

	

	




	
Stage III

	
<50

	
7

	
29%

	
29%

	
394 (98%)

	
25%

	
28%




	

	
50–59

	
43

	
24%

	
24%

	
662 (94%)

	
19%

	
22%




	

	
60–69

	
178

	
35%

	
40%

	
1762 (91%)

	
23%

	
27%




	

	
70–79

	
816

	
27%

	
31%

	
1876 (70%)

	
26%

	
30%




	

	
80–89

	
1562

	
27%

	
31%

	
227 (13%)

	
33%

	
39%




	

	
>90

	
177

	
23%

	
28%

	
0

	

	








N = number of patients; y = year; RR = recurrence risk.
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Table 3. Retrospective analyses of the importance of age for the benefit of adjuvant/neo-adjuvant chemotherapy in randomized trials in patients with rectal cancer.
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	Study

Randomization Groups
	Number of Elderly Patients
	Treatment
	Age Cut Off
	5-Year DFS Below
	5-Year DFS Above
	5-Year OS Below
	5-Year OS Above
	Comments





	QUASAR rectal [63]
	totally 948 patients
	Control vs. FULv
	70
	
	
	
	
	No information about age for rectal cancer patients



	Sakamoto et al. [79]
	541/2091 in 5 trials
	Control vs. UFT
	65
	HR 0.73
	HR 0.72
	HR

0.79–0.82
	HR 0.88
	Overall benefit DFS/OS, no difference according to age



	CAO/ARO/AIO-04 trial, Rödel et al. [80]
	471, 60–69

294, 70+, years totally 1236 pts
	CRT and adjuvant treatment ± oxaliplatin
	60, 70
	−61: HR 0.61

(0.43–0.86), 61–70 HR 0.87

(0.61–1.24)
	70+: HR 1.06

(0.71–1.58)
	
	
	No benefit in elderly patients



	RAPIDO [81,82]
	362/912
	CRT + optional adjuvant CAPOX vs. scRT + neo-adjuvant CAPOXx6
	65
	HR 0.75
	HR 0.75
	
	
	Reduced DrTF in favour of

neo-adjuvant chemo in both age groups



	Polish II trial [83,84]
	not reported/515
	CRT vs. scRT + neo-adjuvant FOLFOX4x3
	
	
	
	
	
	No data on age



	Adore [85]
	87/321
	CRT and adjuvant treatment ± oxaliplatin
	65
	HR 0.64

(0.42–0.97)
	HR 0.60

(0.21–1.67)
	
	
	Similar HRs for elderly patients







Abbreviations: Control = observation after surgery; FLv = 5-fluorouracil/leucovorin; cap=capecitabine; FOLFOX = 5-fluorouracil/leucovorin/oxaliplatin; CAPOX = capecitabine, oxaliplatin; scRT = short-course radiotherapy, 5 × 5 Gy in one week; CRT = conventional chemoradiotherapy to approximately 50 Gy with a fluoropyrimidine; ACT = adjuvant chemotherapy; TTR = time to recurrence; DFS = disease-free survival; DrTF = disease-related treatment failure (used in the RAPIDO trial); OS = overall survival; HR = hazard ratio.
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