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Abstract
Colon cancer continues to be one of the leading causes of mortality and morbidity 
throughout the world despite the availability of reliable screening tools and 
effective therapies. The majority of patients with colon cancer are diagnosed at an 
early stage (stages I to III), which provides an opportunity for cure. The current 
treatment paradigm of early stage colon cancer consists of surgery followed by 
adjuvant chemotherapy in a select group of patients, which is directed at the 
eradication of minimal residual disease to achieve a cure. Surgery alone is 
curative for the vast majority of colon cancer patients. Currently, surgery and 
adjuvant chemotherapy can achieve long term survival in about two-thirds of 
colon cancer patients with nodal involvement. Adjuvant chemotherapy is 
recommended for all patients with stage III colon cancer, while the benefit in stage 
II patients is not unequivocally established despite several large clinical trials. 
Contemporary research in early stage colon cancer is focused on minimally 
invasive surgical techniques, strategies to limit treatment-related toxicities, precise 
patient selection for adjuvant therapy, utilization of molecular and 
clinicopathologic information to personalize therapy and exploration of new 
therapies exploiting the evolving knowledge of tumor biology. In this review, we 
will discuss the current standard treatment, evolving treatment paradigms, and 
the emerging biomarkers, that will likely help improve patient selection and 
personalization of therapy leading to superior outcomes.

Key words: Adjuvant; Circulating tumor DNA; Immunoscore; Minimally invasive; 
Neoadjuvant; FOxTROT; Minimal residual disease; International duration evaluation of 
adjuvant chemotherapy
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Core tip: Although the majority of patients with colon cancer are diagnosed in an early 
stage, cancer recurrence after initial curative therapy is frequent, underscoring the need for 
novel approaches. The challenges in the current treatment paradigm include the lack of 
precise patient selection tools for adjuvant therapy, disabling toxicities, and modest 
efficacy of the adjuvant therapies. Herein we provide a contemporaneous appraisal of the 
early stage colon cancer treatment and discuss how evolving technologies, including 
circulating tumor DNA, can potentially transform the standard of care.

Citation: Chakrabarti S, Peterson CY, Sriram D, Mahipal A. Early stage colon cancer: Current 
treatment standards, evolving paradigms, and future directions. World J Gastrointest Oncol 
2020; 12(8): 808-832
URL: https://www.wjgnet.com/1948-5204/full/v12/i8/808.htm
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INTRODUCTION
Colorectal cancer (CRC) continues to be a major global health problem, with 
approximately 1.09 million new cases diagnosed and 551000 deaths from it each 
year[1]. Globally the burden of CRC is expected to increase by 60% resulting in more 
than 2.2 million new cases and 1.1 million deaths annually by the year 2030[2]. Recent 
data from the western countries suggest that the incidence of CRC is increasing in 
population under age 50[3]. Approximately 75% of newly diagnosed CRC patients 
present with non-metastatic early stage disease[4], which presents an opportunity of 
curative-intent treatment. Despite surgery and adjuvant therapy, 5% to 30% patients 
with colon cancer (CC) endure recurrence[5,6].

Colorectal carcinogenesis is a protracted multistage process which evolves over 
several decades. Most CRCs arise from adenomatous polyps that gradually progress to 
dysplasia and eventually to carcinoma over a period of 5-15 years[7], which opens up 
an opportunity for early detection and cure. Screening can identify early stage CRC 
that is easier to treat and has a lower mortality rate than advanced CRC. In addition, 
screening can prevent CRC by detecting and removing premalignant polyps before 
they progress to carcinoma. CRC incidence and mortality rates have been declining in 
the United States, likely due to widespread adoption of screening[8]. However, 
conventional colonoscopy has about 25% of false-negative results due to flat or 
depressed precancerous lesions[9]. A systematic review of colonoscopy studies reported 
a pooled miss rate of 22% for all polyps and 26% for polyps smaller than 5 mm in 
size[10].

While current treatment modalities with proven efficacy save thousands of lives, 
short- and long-term toxicities of the treatment often significantly compromise the 
quality of life. To improve efficacy and reduce toxicity, contemporary research is 
focusing on the following areas: (1) Minimizing the invasiveness of surgical resection 
and improving surgical recovery; (2) Refining patient selection for adjuvant therapy 
based on novel biomarkers; (3) Precise risk stratification to calibrate treatment type, 
intensity and duration; and (4) Exploration of new systemic therapies incorporating 
targeted agents. In this article, we present a review of the current standard treatment 
strategies and evolving treatment paradigms that might improve outcomes in the near 
future.

EARLY STAGE COLON CANCER: OVERVIEW OF TREATMENT 
STRATEGIES
Current standard treatment of early stage CC consists of upfront resection of the 
primary tumor along with regional lymph nodes and, in selected patients, 
administration of adjuvant chemotherapy (AC) 4 to 8 wk after the surgery[11-13]. For 
stage I CC, the current standard of care is surgery alone, which results in a 5-year 
disease-free survival (DFS) rate of 95%[6], and AC is not recommended. In stage II CC, 
the reported 5-year DFS rate with surgery alone ranges from 82% to 88%[6,14], and the 
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benefit of AC remains controversial. Current major guidelines recommend AC guided 
by risk stratification based on clinicopathologic features for patients with stage II 
CC[11-13]. AC, preferably with a combination of fluoropyrimidine and oxaliplatin, is 
recommended for all resected stage III patients[11]. Of note, surgery alone can achieve a 
5-year DFS rate of 45%-50% in stage III patients[14,15], and the administration of 
oxaliplatin-based AC after surgery results in a 5-year DFS rate of 67%-70%[5,16,17]. These 
data highlight that only 17%-20% of stage III patients survive long term because of AC. 
The gain in survival with oxaliplatin-based AC needs to be considered in the light of 
treatment-related toxicities, especially 12.5% incidence of grade 3 neuropathy after 6 
months of treatment[5]. Table 1 summarizes the role of surgery and chemotherapy in 
early stage CC.

SURGERY FOR EARLY STAGE COLON CANCER
The techniques for surgical resection have changed dramatically in the last three 
decades with the invention of minimally invasive techniques such as laparoscopy and 
robotic surgery. Endoscopic techniques that can be employed for select stage I tumors 
are currently an active area of research and offer the potential to significantly reduce 
the risk of complications, which averages about 20% in patients undergoing traditional 
surgical resection[18]. The expansion of laparoscopy for colectomy, along with the rapid 
growth of robotics has allowed surgeons to perform colectomy with significant 
reductions in complications and faster recovery for patients. In general, the goal of 
surgical resection is three-fold: To resect visible malignant disease, to remove the 
tumor in the wall of the colon and to remove the lymph nodes in the drainage basin 
for the tumor. By accomplishing this, accurate pathologic staging can be determined, 
and patients can be stratified into risk categories based on histologic and pathologic 
features. Such risk stratification is nearly impossible to perform without detailed 
histopathologic information.

Endoscopic resection
In select cases of large non-invasive premalignant polyps or early invasive tumors 
with favorable features, endoscopic resection can be employed. Clearly, for advanced 
adenomas such as tubulovillous adenomas or intramucosal adenocarcinoma, lymph 
node resection is not indicated, and only complete removal of the mucosal based 
dysplastic tissue is needed. Additionally, certain malignant polyps with favorable 
features, such as well or moderate differentiation, pedunculated morphology, at least 2 
mm from the cauterized edge, without lymphovascular invasion and no evidence of 
distant or nodal metastases, are amenable to endoscopic resection with very low risk 
of lymph node metastasis and excellent long-term overall survival[19]. In a study of 
patients with malignant polyps who were lacking only one listed favorable feature, the 
risk of lymph node metastasis was 8% and residual carcinoma was 3% following 
surgery; with the risk of surgical complications at 13%, the balance remained even 
suggesting that only patients with multiple poor prognostic features would benefit 
from surgery (Table 2)[20,21]. Furthermore, some features are high-risk enough on their 
own to warrant resection even if others are lacking, specifically poorly differentiated 
tumors or mucinous or signet ring histology or those with deeper submucosal 
invasion, as these morphologies are associated with rates of lymph node metastases as 
high as 17%-46%[21,22]. Thus, for malignant polyps and very small stage I disease, the 
recommendation for full segmental colonic resection should be an individualized 
decision based upon the patients’ tumor risk factors and surgical risk factors. In some 
guidelines, specific recommendations are laid out for when such treatments should be 
employed to help guide surgeons on risk management in such complicated settings[23]. 
There are three general advanced endoscopic techniques: Endoscopic mucosal 
resection (EMR), endoscopic submucosal dissection (ESD), and combined endoscopic-
laparoscopic surgery (CELS). EMR, which involves the injection of fluid to “lift the 
polyp” from the submucosa followed by polypectomy using snare technique, differs 
from ESD, where endoscopic knives are used to create an incision in the bowel wall 
after fluid injection, and the lesion is removed circumferentially[24]. Both EMR and ESD 
allow higher rates of en bloc resection of the colon lesion and minimize piecemeal 
resection, which can make margin identification difficult and can lead to higher polyp 
recurrence rates[25]. EMR is technically less challenging, has lower complication risks, 
and can be repeated multiple times if necessary in the case of recurrent non-invasive 
dysplasia[25]. ESD is employed with larger lesions and for those where invasion into the 
submucosa is suspected as this technique allows resection into the deeper 
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Table 1 Role of surgery and adjuvant chemotherapy in early stage colon cancer (American Joint Committee on cancer stages I to III)

Stage I Stage II Stage III

Definition The tumor has grown through the 
colonic mucosa and has invaded the 
muscular layer of the colon

The tumor has grown through the wall of 
the colon or invaded adjacent organ, but 
has not involved the regional lymph nodes

The tumor has spread to the regional lymph 
nodes, but not to the distant organs

Contribution of 
surgery

5-yr DFS rate of 95% with surgery 
alone[6]

5-yr DFS rate of 82% to 88% with surgery 
alone[6,14]

5-yr DFS rate of 45%-50% with surgery 
alone[14,15]

Contribution of 
adjuvant 
chemotherapy

Adjuvant chemotherapy not 
recommended

Only offered to “high-risk” group-
magnitude of benefit is uncertain

Recommended for all patients. Absolute 
improvement of 5-yr DFS rate is about 20% 
because of adjuvant chemotherapy[5,16,17]

DFS: Disease free survival.

Table 2 Prognostic features of malignant polyps

Features consistent with low risk of lymph node metastases (Low 

risk/favorable features)[26]

Features consistent with high risk of lymph node metastases (Poor 

prognostic features)[26]

Margins with no dysplasia or malignancy Poorly differentiated

Well or moderately differentiated Mucin/mucinous

No angiolymphatic invasion Signet ring or cribriform histology

Superficial invasion into submucosa (≤ 2 mm) Tumor budding

Lymphovascular invasion

Deeper invasion into submucosa (> 2 mm)

(submucosal) layers of the bowel wall[25]. If deeper invasion is a concern, endoscopic 
ultrasound or chromoendoscopy during the procedure can be performed with good 
accuracy in predicting the depth of submucosal invasion, and this can help guide the 
choice of endoscopic resection[22]. Once the lesions are removed, if poor prognostic 
features are present (as defined in Table 2) then surgery is recommended due to 
elevated risk of nodal metastases[26]. Overall, the results of ESD have been very good, 
with local recurrence rates of 2% in one single-institution high volume center, all of 
which were high-grade dysplasia without invasion and piecemeal resection was 
shown to be the significant predictor of recurrence[27].

In cases where endoscopic resection is difficult, or the risk of complications is high, 
a combined surgical and endoscopic approach, known as CELS, can be utilized with 
great effect. Because the occult rate of invasive cancer for patients with benign 
appearing endoscopically unresectable polyps is low, 8.4% in one study, surgical 
resection may be avoided in select patients[28]. In CELS, the surgeon laparoscopically 
mobilizes the colon, offers assistance with positioning the colon in redundant patients, 
and repairs any perforation or controls bleeding when needed while the endoscopist 
performs the mucosal resection to remove the lesion. This technique has been shown 
to have acceptable risks with complication rates of 11% and failure rates of 6% in one 
study[29]. Furthermore, the cost of such procedures are lower than formal colectomy, 
most due to reductions in hospital length of stay for the CELS procedure[30].

Principles of surgical resection
The goal of surgical resection is three-fold: To resect visible malignant disease, to 
remove the affected segment of intestine, and to remove the correlating draining 
lymph nodes with vascular ligation and mesocolon integrity[31]. In the absence of 
synchronous lesions, the surgeon should inspect the abdominal cavity for evidence of 
other disease, and plan operative resection based upon the location of the tumor in the 
colon and its lymphovascular drainage such that a margin of colon 5-7 cm proximal 
and distal to the tumor is removed en bloc with the associated mesentery extending to 
the origin of the named primary blood vessel feeding the segment of bowel[26]. A 
minimum of 12 lymph nodes should be resected to allow accurate pathologic staging 
and improved survival[32]. When feasible, anastomosis of the proximal and distal 
resection margins should be considered to allow bowel continuity.



Chakrabarti S et al. Therapy of early stage colon cancer

WJGO https://www.wjgnet.com 812 August 15, 2020 Volume 12 Issue 8

In the last few years, the idea of a complete mesocolic excision (CME) has gained 
popularity. This idea is similar to the complete mesorectal excision for rectal cancer–a 
sharp dissection along anatomic embryologic planes to dissect the colon mesentery 
from the retroperitoneum and isolate the angiolymphatic drainage to its most central 
location[33,34]. Studies indicate that the rate of central nodal metastasis is approximately 
2%-3%, even when other nodes closer to the tumor location do not harbor metastases (
i.e. skip metastases), thus if surgical resection reduced even just this recurrence, CME 
would be as effective as AC for low-risk stage II patients, in part by identifying micro-
metastatic disease and optimizing lymph node harvest[35]. This dissection is not 
without cost, as overly aggressive clearance of lymphatic tissues around origin vessels 
on the aorta can not only damage the vessels, but also the nerve plexus resulting in 
diarrhea, delayed gastric emptying, as well as urologic and sexual dysfunction[35,36]. 
While several retrospective cohort studies have shown favorable oncologic outcomes, 
there remains no randomized controlled study to support the benefit of CME at this 
time, and a recent meta-analysis did not find any significant difference in 
complications or oncologic outcomes[37-39]. A corollary to CME, sentinel lymph node 
biopsy (removing the first draining node for a given tumor to determine if additional 
nodal resection is needed) has been commonly used in many other malignancies, 
including breast cancer and melanoma; however, in CC in vivo sentinel node biopsy 
has not been routinely utilized due to technical considerations with the procedure. 
Sentinel lymph node mapping (identifying the location of the first draining node 
within the resected lymphatic tissue) may have more utility. While it is not routinely 
recommended as part of the pathologic assessment, there is the potential to identify 
nodal micro-metastases and thereby more accurately stage patients, yet even in doing 
so long-term outcomes may not be appreciably affected[40,41]. Future studies will need 
to be performed to understand the full benefits of costs of CME and nodal mapping 
techniques.

Minimally invasive surgical resection
Laparoscopic surgical techniques were first described in the late 1980s and has spread 
widely throughout the surgical community with its principles impacting every facet of 
surgical care; CRC treatments are no exception. In the early 2000s, several randomized 
controlled trials validated the safety and oncologic utility of laparoscopic surgery for 
CC[42-44]. Laparoscopic resections have been shown to have less operative blood loss, 
faster return of bowel function, fewer complications, shorter hospital stays, with no 
differences in oncologic outcomes such as positive margins, lymph node harvest, or 
survival[45-47]. This interest in reducing the impact of surgery with ever smaller incisions 
and ever less invasive approaches has led to a number of novel surgical techniques 
including hand-assisted laparoscopy (using a smaller approximately 4 cm port to 
allow a single hand into the abdominal cavity), single-incision surgery (all ports 
through one incision about 2-3 cm long), and robotic surgery (using a “robotic” 
platform with fine and flexible instruments). These various techniques, which use the 
same oncologic principles discussed previously, are appropriate options with 
comparable oncologic outcomes, and the choice of technique ultimately lies with the 
surgeon[26]. Despite enthusiasm and recommendations from multiple societies, the 
rates of minimally invasive surgery utilization in many countries only reaches 50% 
with considerable geographic variability; it is not entirely clear why this is the case, but 
the long training needed for mastery of complex laparoscopic procedures and higher 
equipment costs are certainly contributory[26,31].

ADJUVANT CHEMOTHERAPY: GOAL, ENDPOINTS AND TIMING
The primary goal of adjuvant therapy is eradication of micro-metastatic residual 
disease after surgical removal of the primary tumor to achieve a cure. Since micro-
metastatic disease cannot be reliably identified or monitored, historically improvement 
in 5-year overall survival (OS) had been the gold standard to confirm the benefit of 
AC. Overall, the 5-year OS correlates well with the long term disease control, as 
demonstrated in 2 large retrospective analyses[48,49] including an ACCENT (Adjuvant 
Colon Cancer End Points ) database analysis of 20898 patients enrolled in 18 
randomized trials. The ACCENT database analysis reported recurrence rates of less 
than 1.5% per year after 5 years and less than 0.5% per year after 8 years from the 
study enrollment[49]. These data support the view that 5-year OS is a reliable surrogate 
marker of long-term survival and provides the “evidence for cure”. However, a long 
follow up period is needed to demonstrate an improvement in 5-year OS with the 
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newer therapies in clinical trials, which underscored a need for an alternative strategy. 
A separate ACCENT database analysis of patients treated with 5-FU-based AC 
suggested that the 3-year DFS rate is an excellent predictor of 5-year OS, especially for 
stage III patients[50], and the 3-year DFS rate could be a surrogate endpoint for adjuvant 
CC trials. Subsequent retrospective analyses, which included patients receiving 
oxaliplatin-based AC, supported this view[51,52] although extended survival after 
recurrence as a result of improved therapy of metastatic disease weakened the 
strength of association between 3-year DFS and 5-year OS. Overall, 3-year DFS rate is 
considered a reliable endpoint to assess the efficacy of adjuvant therapy. The Drugs 
Advisory Committee of the United States Food and Drug Administration (FDA) has 
accepted a 3-year DFS rate as a regulatory endpoint for adjuvant therapy trials in CC. 
The adjuvant therapy with FOLFOX (5-FU, LV and oxaliplatin) was approved in the 
United States for stage III CC based on the improvement of the 3-year DFS rate 
reported in the MOSAIC trial[53]. The IDEA (International Duration Evaluation of 
Adjuvant Chemotherapy) pooled analysis[54], which evaluated the non-inferiority of 
AC administered for 3 mo vs 6 mo in stage III CC patients, also chose 3-year DFS rate 
as the primary endpoint.

The ideal time interval between surgery and initiation of AC is unknown, and a 
randomized clinical trial has not been conducted to date to address this question. 
Although the major guidelines do not specifically recommend a time window after the 
surgery, initiation of AC within 6 to 8 wk of surgery is required in most adjuvant 
clinical trials and has been accepted as a preferred practice. However, AC often does 
not begin within 8 wk of surgery in routine clinical practice due to a variety of reasons, 
including delay in recovery from the surgery. In this regard, laparoscopic surgery has 
an advantage over open resection, as recovery from the surgery is faster[55]. The impact 
of delaying initiation of AC on survival has been investigated in several retrospective 
studies and meta-analyses, which reached conflicting conclusions. A recent SEER-
Medicare database analysis of 18491 patients reported significantly worse OS with 
initiation of AC after 8 wk of surgery, although benefit still persisted with a delay of 
up to 5 mo[56]. Two meta-analyses of fluoropyrimidine-based AC trials reported a 
higher risk of mortality with delayed initiation of AC beyond 8 wk[57] and 12 wk[58]. 
Conversely, a population-based analysis by the British Columbia Cancer Agency 
reported no adverse impact on outcome with a delay beyond 8 wk in patients with 
stage III CC who received oxaliplatin-based AC, implying that analyses based on 
fluoropyrimidine-based AC may not apply to patients who receive oxaliplatin-based 
AC[59]. The results of retrospective studies should be viewed in the light of possible 
biases, most important of which is the possibility that adverse tumor biology may have 
been responsible for both delays in initiation of AC as well as adverse survival 
outcome. For example, surgery of T4 CC is associated with higher post-operative 
morbidity[60] which can potentially delay the initiation of AC, and at the same time, the 
T4 disease is an independent predictor of poor survival[61]. In absence of conclusive 
data, we recommend initiation of AC within 8 wk of surgery. However, it is important 
to recognize that delayed initiation of AC, even up to 24 wk from the surgery, is 
associated with some degree of benefit[62].

DURATION OF ADJUVANT CHEMOTHERAPY
Duration of AC has evolved over the last 3 decades through a series of clinical 
trials[63-66] from 18 mo in the 1980s to 3 mo currently for a select group of patients. The 
MOSAIC trial, which established FOLFOX as the preferred adjuvant therapy for stage 
III CC, used chemotherapy for 6 mo[53]. However, oxaliplatin-based regimens for 6 mo 
are associated with several disabling toxicities, especially the oxaliplatin-induced 
peripheral sensory neuropathy. Some degree of neuropathy occurs in nearly all 
patients[53], and approximately two-thirds will have symptoms one-year post-treatment 
or beyond[67,68]. Moreover, the neuropathy often peaks several months after the last 
dose of oxaliplatin, which makes the preemptive dose adjustment to prevent 
neuropathy difficult[69]. In consideration of the potential curability and long survival of 
patients undergoing AC, the efficacy of a shorter duration of adjuvant therapy was 
explored in a pooled analysis of six large randomized trials with stage III CC patients 
(IDEA study) which evaluated the primary hypothesis that 3 mo of adjuvant 
oxaliplatin-based therapy would be non-inferior to standard 6 mo with a primary 
endpoint of 3-year DFS rate[54]. This pooled analysis had a non-inferiority design in 
which non-inferiority of 3 mo vs 6 mo would be established if the upper limit of the 
two-sided 95% confidence interval (CI) of the hazard ratio (HR) did not exceed 1.12. 
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The rationale behind choosing this non-inferiority margin was it corresponded to a 
worsening of the 3-year DFS rate by 2.7% compared to the standard therapy (from 72% 
to 69.3%), an outcome that was considered acceptable. Overall, about 40% of the 
patients received CAPOX (capecitabine and oxaliplatin), and 60% received FOLFOX. 
After a median follow-up of 41.8 months, although there was only 0.9 % difference in 
the 3-year DFS rate (74.6% vs 75.5%), the non-inferiority of 3 mo vs 6 mo was not 
confirmed in the overall study population (HR 1.07; 95%CI: 1.00-1.15). In a preplanned 
subgroup analysis by chemotherapy regimen, the non-inferiority of 3 mo was 
observed for CAPOX but not for FOLFOX. Of the patients who received CAPOX, 3 mo 
was found to be non-inferior to 6 mo (DFS rates of 75.9% vs 74.8%, respectively; HR 
0.95; 95%CI: 0.85-1.06). Conversely, for patients receiving FOLFOX, 6 mo was found to 
be superior to 3 mo (DFS rate of 73.6% for 3 mo vs 76% for 6 mo; HR 1.16; 95%CI: 1.06-
1.26; P = 0.001). Furthermore, an exploratory analysis revealed that in the ‘low risk ‘ 
patient group (T1–3 and N1; 58.7% of patients), 3 mo of therapy was non-inferior to 6 
mo for both CAPOX and FOLFOX regimens, with the 3-year DFS rates of 83.1% and 
83.3%, respectively (HR 1.12; 95%CI: 0.90-1.12). Conversely, in patients with “high 
risk” tumors (T4/N1-2 or any T/N2 ; 41.3% of patients), the 6-month therapy was 
superior to the 3-month (3-year DFS rate of 64.4% vs 62.7% for the treatments 
combined; HR 1.12; 95%CI: 1.03-1.23; P = 0.01 for superiority). As expected, there was 
a substantial reduction in neurotoxicity with the 3-mo treatment. The incidence of 
neurotoxicity of grade 2 or higher with the 3-month regimens was 16.6% with 
FOLFOX and 14.2% with CAPOX compared to the 6-mo regimens, 47.7% with 
FOLFOX and 44.9% with CAPOX. Thus, the IDEA analysis provided a basis for 
treating low-risk stage III CC patients with 3 mo of therapy, especially if CAPOX is 
utilized. Based on this data, the most recent National Comprehensive Cancer Network 
(NCCN) guidelines recommend CAPOX for 3 mo as the preferred regimen for patients 
with low-risk stage III CC. For patients with high-risk stage III CC, CAPOX for 3 to 6 
mo (with category 1 evidence for 6 mo) or FOLFOX for 6 mo (category 1) are 
recommended. Although CAPOX appears to have superior efficacy than FOLFOX in 
IDEA analysis, the evidence is not conclusive. The choice of using CAPOX vs. 
FOLFOX was not randomized, which increased the potential for selection bias. This is 
an important consideration in view of the fact that capecitabine is often poorly 
tolerated in the US population[70].

Four trials in IDEA collaboration (SCOT, TOSCA, ACHIEVE-2, and HORG) enrolled 
patients with high-risk stage II CC, with a total of 3273 patients randomly assigned to 
3 mo vs 6 mo of adjuvant therapy, of whom 2019 received CAPOX and 1254 received 
FOLFOX[71]. The overall analysis failed to establish the non-inferiority of 3 mo vs 6 mo 
of treatment in terms of efficacy. In the entire population, five-year DFS rate was 80.7% 
vs 84% for 3 mo vs 6 mo of therapy, respectively (HR 1.18; 95%CI: 1.05-1.31; absolute 
difference of 3.3%). A subset analysis by regimen showed that 3 mo of CAPOX was 
non-inferior, with a 5-year DFS rate of 81.7% for 3 mo vs 82.0% for 6 mo (HR 1.02; 
95%CI: 0.88-1.17). By contrast, the 5-year DFS rate for FOLFOX was 79.2% for 3 mo of 
treatment vs 86.5% for 6 mo, an absolute 7.3% difference in favor of longer treatment 
duration (HR 1.42; 95%CI: 1.19-1.70). It was concluded that 3 mo of CAPOX is a 
reasonable choice for high-risk stage II CC patients.

ADJUVANT CHEMOTHERAPY: CURRENT STANDARD
AC following the surgery is routinely recommended for all patients of resected stage 
III CC based on the unequivocal survival benefit demonstrated in numerous clinical 
trials, both with the 5-FU monotherapy[49] and oxaliplatin-based regimens[72]. The 
benefit with AC for the stage II group as a whole is debatable. Table 3 summarizes 
landmark adjuvant chemotherapy trials conducted in stage II and III CC patients.

Stage II colon cancer
Despite several randomized trials and meta-analyses, an unequivocal robust survival 
benefit from AC has not been demonstrated in stage II CC patients. The challenges to 
show a clear benefit with AC in stage II patients include marked prognostic 
heterogeneity within this patient group (5-year survival rate of 66.5% in T3N0 tumors 
vs 37.3% in T4bN0 tumors[73]), stage migration as a result of improved lymph node 
sampling over the years[74], excellent prognosis with the surgery alone[6] and a smaller 
number of stage II patients enrolled in randomized studies. The important studies 
which evaluated AC in stage II patients include QUASAR[75], MOSAIC[76], NSABP C-
07[17], IMPACT B2 analysis[77] and the Cancer Care Ontario group analysis[78]. The 
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Table 3 Landmark adjuvant trials in early stage colon cancer

Study 
(Reference)

Study 
population Patients (n) Experimental arm Control arm Study result/Conclusion

Intergroup 
(INT) 0035[64]

Stage II and III 1296 5-FU bolus + Levamisole for 1 yr. Observation. Stage III: 5-FU/Levamisole reduced recurrence rate by 41% (P < 0.0001) and the death rate by 
33% (P = 0.006). Stage II- No survival benefit with 5-FU/Levamisole. One year of 5-FU based 
adjuvant chemotherapy became the standard for stage III patients.

NSABP C-03[66] Duke stage B 
and C

1081 Bolus 5-FU plus LV for 1 yr. MOF for 1 year. 5-yr DFS rates- 54% vs 66% in favor of 5-FU/LV, P = 0.0004. 5-yr OS rates - 66% vs 76% in favor 
of 5-FU/LV, P = 0.003.

IMPACT B2[77] Stage II 1016 Bolus 5-FU/LV for 6 mo. Observation. Pooled analysis of B2 CC in 5 randomized trials. No significant improvement in survival with 
the adjuvant chemotherapy. The 5-yr EFS: 73% for controls and 76% for 5-FU + LV (HR, 0.83; 
90%CI: 0.72-1.07). The 5-yr OS: 80% for controls and 82% for 5-FU + LV (HR, 0.86; 90%CI: 0.68-
1.07).

Intergroup 
(INT) 0089[63]

High-risk stage 
II and stage III

3794 (1) Low-dose LV plus 5-FU (Mayo Clinic regimen); (2) 
High-dose LV plus 5-FU (Roswell Park regimen); and 
(3) Low-dose LV plus Levamisole plus 5-FU. Each for 
30-32 wk.

Bolus 5-FU plus levamisole 
for 1 year.

None among the 4 arms was statistically superior in terms of DFS or OS. Roswell park regimen 
was better tolerated than Mayo Clinic regimen in terms of diarrhea. 6 mo of 5-FU/LV replaced 
12 mo of 5-FU/Levamisole as standard of care.

GERCOR 
C96.1[85,86]

Stage II and 
stage III

905 Semimonthly infusional 5-FU/LV (de Gramont 
regimen). Duration- 24 vs 36 wk.

Monthly bolus 5-FU /LV 
(Mayo Clinic regimen). 
Duration- 24 vs 36 wk.

DFS and OS were not statistically different between treatment groups and treatment durations. 
Semimonthly infusional 5-FU/LV regimen had better toxicity profile and was adopted as the 
standard arm for the MOSAIC trial.

QUASAR[75] Stage I-III 3239 (Colon 
stage II = 
2291)

5-FU/LV monthly bolus (Mayo clinic regimen) for 6 
mo.

Observation. 3.6% (95%CI: 1.0–6.0) absolute improvement in 5-year OS with adjuvant chemotherapy in stage 
II CC patients.

X-ACT trial[92] Stage III 1987 Capecitabine- 6 mo. 5-FU/LV (Mayo Clinic 
regimen)- 6 mo.

5-yr OS rates 71.4% with capecitabine vs 68.4% with 5-FU/LV (P = 0.06). Capecitabine was at 
least equivalent to 5-FU/LV in terms of OS and DFS.

MOSAIC[53,76] High-risk Stage 
II and stage III

2246 FOLFOX4 for 6 mo. de Gramont regimen 
(infusional 5-FU/LV) for 6 
mo.

10-year OS rates for stage III - 67.1% vs 59.0 % (HR, 0.80; P = 0.016) in favor of FOLFOX. 10-year 
OS rates for stage II - 78.4% vs 79.5% (HR, 1.00; P = 0.980). FOLFOX replaced 5-FU/LV as the 
standard adjuvant therapy in resected stage III CC.

NSABP C-
07[17,90]

Stage II and 
stage III

2407 FLOX for 6 mo. Bolus 5-FU/LV (Roswell 
Park) for 6 mo.

5-yr DFS 69.4 vs 64.2% favoring FLOX (HR, 0.82; 95%CI, 0.72–0.93; P = 0.002) corresponding to 
an 18% relative reduction in the risk of a DFS event. 5-yr OS was similar between treatment 
groups.

NO169968/ 
XELOXA[16]

Stage III 1886 CAPOX- 6 mo. bolus 5-FU/LV (Mayo 
Clinic or Roswell Park 
regimen) for 6 mo.

7-yr DFS rates 63% versus 56% in favor of CAPOX (HR, 0.80; 95%CI, 0.69–0.93; P = 0.004). 7-year 
OS rates 73% vs 67% in favor of CAPOX (HR, 0.83; 95%CI, 0.70–0.99; P = 0.04).

IDEA meta-
analysis[54]

Stage III 12834 FOLFOX or CAPOX for 3 mo. FOLFOX or CAPOX for 6 
mo.

Noninferiority of 3 mo versus 6 mo treatment was not confirmed in the overall study 
population. Among the patients with low-risk tumors (T1-T3, N1), 3 mo of therapy with 
CAPOX was noninferior to 6 mo, with a 3-year rate of disease-free survival of 85.0% versus 
83.1% (hazard ratio, 0.85; 95%CI, 0.71-1.01).

CC: Colon cancer; 5-FU: 5 Fluorouracil; LV: Leucovorin; MOF: Lomustine + vincristine + 5-FU; NS: Not significant; DFS: Disease free survival; EFS: Event free survival; OS: Overall survival; HR: Hazard ratio; CAPOX: Capecitabine and 
oxaliplatin.
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QUASAR trial randomized 3239 patients with CRC (1073 patients of stage II CC in 
each arm) to observation vs monthly bolus 5-FU/LV for 6 mo. Among the patients 
with stage II CC, there was only a trend towards better OS in favor of the group who 
received AC with a five-year OS of 83.9% vs 81.5 % (HR 0.86; 95%CI: 0.54-1.19). The 
major criticism of the QUASAR trial was the small number of lymph nodes harvested 
(median number 6). The IMPACT B2 and the Cancer Care Ontario group analysis, 
both designed to evaluate the benefit of 5-FU-based AC, also failed to show a clear 
survival benefit. Conversely, in an ACCENT database analysis of nearly 6900 patients, 
5-FU-based AC was associated with a 5% absolute improvement in survival at eight 
years (72% vs 66.8%, P = 0.026)[49]. A National Cancer Database (NCDB) analysis, which 
included 153110 patients of stage II CC diagnosed between 1998 and 2011, also showed 
a benefit with AC[79]. The 5- and 10-year OS rates were 73% and 51% with 
chemotherapy, as opposed to 62 % and 35% without chemotherapy.

The impact of adding oxaliplatin to 5-FU/LV backbone in stage II patients was 
explored in two prospective randomized trials, the MOSAIC[76] and the NSABP- C07[17] 
trials. The final report of the MOSAIC trial[76] reported identical 10-year OS rates with 
5-FU/LV vs FOLFOX4: 79.5% vs 78.4% (HR 1.00; P = 0.98), respectively. NSABP-C07 
trial also did not show any benefit of oxaliplatin containing regimen FLOX over 
5FU/LV (5-year DFS rate 82.1% vs 80.1%, respectively; P = 0.67). Of note, no 
prospective randomized trial has been conducted to date comparing oxaliplatin-based 
AC with observation alone in resected stage II CC patients. In summary, evidences are 
lacking to support the routine use of AC in stage II CC patients.

Several studies have suggested that certain clinicopathologic high-risk features 
might be predictive of benefit from AC in stage II CC patients[80,81]. The current NCCN 
guideline recommends consideration of AC in stage II CC patients with following 
high-risk features[11]- T4 primary tumor, poorly differentiated histology (exclusive of 
tumors with deficient mismatch repair), lymphovascular invasion (LVI), perineural 
invasion (PNI), bowel obstruction, localized perforation, inadequately sampled lymph 
nodes (< 12 nodes) and close, indeterminate, or positive margin. The MOSAIC[5] trial 
included 569 patients with high-risk stage II CC- 282 patients randomized to the 
FOLFOX4 arm and 287 patients to the 5-FU/LV arm. The 5-year DFS rate was 
numerically higher with FOLFOX4, 82.3% (95%CI: 77.2%-86.28%) vs 74.6% (95%CI: 
69.1%-79.34%), a difference that was not statistically significant. The NCDB analysis[79] 
mentioned above demonstrated a benefit with AC with a 5-year OS improvement from 
57% to 76% (P < 0.001) in the high-risk group.

An important limitation of the studies described above is that these studies 
analyzed the high-risk stage II patients collectively as a group, despite the possibility 
that biologic heterogeneity among the various high-risk features may exist. A 
retrospective study, which analyzed the patients based on a single predominant high-
risk feature[82], showed that AC was associated with improved OS only among the 
patients with T4 tumor as the single high-risk feature (HR 0.51; 95%CI: 0.34–0.78) or 
combinations involving T4 tumors as T4/< 12 sampled lymph nodes (HR 0.31; 95%CI: 
0.11–0.90), T4/high grade histology (HR 0.26; 95%CI: 0.11-0.61), and T4/LVI (HR 0.16; 
95%CI: 0.04–0.61). A prospective randomized trial to evaluate the benefit of AC 
exclusively in the high-risk stage II CC patients has not been conducted to date.

Stage III colon cancer
Once the NSABP C-01 trial[65] demonstrated a survival benefit with 5-FU-based AC in 
patients with resected Duke B and C colon cancer and the enhancement of the 
antitumor activity of 5-FU by leucovorin (LV) was reported[83], clinical trials over the 
next decades were conducted with three major schedules of 5-FU and LV 
combinations: (1) Monthly bolus 5-FU and LV (Mayo clinic regimen); (2) Weekly bolus 
FU and LV, 6 wk out of 8 wk (Roswell Park Memorial Institute regimen, RPMI); and 
(3) Semimonthly infusional 5-FU/LV regimen (de Gramont schedule)[63,66,84-87]. These 
clinical trials led to two important conclusions : (1) Stage III CC patients derived 
unequivocal survival benefit from the AC whereas stage II patients did not; and (2) All 
three 5-FU/LV schedules had comparable efficacy, but the semimonthly regimen had 
better tolerability[85,86,88,89]. These trials established 5-FU/LV based regimens as the 
standard adjuvant therapy for stage III CC in the pre-oxaliplatin era. The GERCOR 
C96.1 trial[85,86] compared semimonthly regimen with monthly bolus 5-FU/LV in stage 
II and III patients, each given over 24 wk and 36 wk. There were no significant 
differences in DFS with either treatment arm (HR, 1.04) or between 24 wk or 36 wk of 
therapy (HR, 0.94) at a median follow up of 6-year. The semimonthly regimen was less 
toxic, particularly with regards to hematologic and gastrointestinal adverse events (P < 
0.001). As a result, the semimonthly regimen was adopted as the standard arm in the 
subsequent MOSAIC trial[53].
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In the next phase, several randomized adjuvant trials were conducted in which 
oxaliplatin was added to the 5-FU/LV backbone[16,17,76]. The MOSAIC trial, which 
randomized resected stage II and III patients to semimonthly 5-FU/LV vs oxaliplatin-
based FOLFOX4 for 6 mo, demonstrated a superior 3-year DFS in stage III patients 
treated with FOLFOX4[53] and the benefit sustained long term. Most recent publication 
of MOSAIC data, after a median follow up of 9.5 years, reported a 10-year OS of 67.1% 
with FOLFOX4 vs 59% with 5-FU/LV (HR 0.80; 95%CI: 0.66-0.96; P = 0.016)[76]. In the 
XELOXA trial[16], resected stage III CC patients were assigned to CAPOX vs bolus 5-
FU/LV (as Mayo Clinic regimen or RPMI) for 6 mo. After a median follow up of about 
7 years, the 7-year DFS rates (the primary endpoint of the study) were 63% and 56% 
with CAPOX and 5-FU/LV, respectively (HR 0.80; 95%CI: 0.69-0.93; P = 0.004). In the 
NSABP C-07 trial[17,90], oxaliplatin was added to the weekly bolus 5-FU/LV (FLOX) and 
was compared to the RPMI regimen for 6 mo in stage II and III patients. This trial 
reported outcome after 8 years of median follow up which showed a favorable 5-year 
DFS with FLOX in the combined stage II and III population- 69% vs 64% (HR 0.82; 
95%CI: 0.72-0.93; P = 0.002), but no OS benefit (5- year OS of 80% vs 78 % with an HR 
of 0.88; 95%CI: 0.75-1.02; P = 0.08). Based on these trial results, FOLFOX and CAPOX 
emerged as the preferred adjuvant regimens for resected stage III CC. FLOX regimen 
is rarely used in the current clinical practice because of toxicities, particularly diarrhea 
and neutropenia. However, the FLOX regimen could be a logical alternative for 
patients who experience chest pain with capecitabine or infusional 5-FU[91].

Capecitabine as adjuvant therapy was evaluated in stage III CC patients in the 
Xeloda in Adjuvant Colon Cancer Therapy (X-ACT) study[92] which randomly assigned 
1987 patients to six months of capecitabine alone (1250 mg/m2 twice daily for 14 of 
every 21 d) or monthly bolus 5-FU/LV . With a median follow-up of 6.9 years, 
capecitabine was at least equivalent to 5-FU/LV in terms of DFS (HR 0.88; 95%CI: 0.77-
1.01) and OS (HR 0.86; 95%CI: 0.74-1.01). This pattern was maintained in all 
subgroups, including patients aged 70 years or older.

AC in the elderly population (aged ≥ 70 years) poses a number of unique challenges, 
which include limited bone marrow reserve, impaired functional capacity, co-
morbidities, and increased risk of toxicities from chemotherapy. Analysis of pooled 
clinical trial data[93] as well as population-based studies[94-96] have provided evidence 
that 5-FU/LV based AC confers as much OS benefit in elderly population as in 
younger population and the rate of toxicities are not higher in the older population. 
However, the benefit from the addition of oxaliplatin to 5-FU/LV in the elderly 
population is controversial. Post-hoc analyses of MOSAIC[97] and NSABP C-07[17] trials, 
as well as an ACCENT database analysis[98] have failed to demonstrate a significant 
survival benefit with oxaliplatin-based regimens in patients aged ≥ 70 years. On the 
other hand, a benefit was suggested in a pooled analysis of four randomized trials 
comparing an oxaliplatin-containing vs a non-oxaliplatin containing regimen[99]. In this 
analysis, OS was significantly improved in all age groups, although the benefits of 
oxaliplatin were attenuated in those aged ≥ 70 years (HR 0.78; 95%CI: 0.61-0.99, vs HR 
0.62; 95%CI: 0.54-0.72). Furthermore, patients aged ≥ 70 years are more likely to 
discontinue oxaliplatin earlier than younger patients[17]. As a result, oxaliplatin-based 
regimens are not routinely recommended for patients aged ≥ 70 years, although not 
contraindicated for those in good general health. For elderly patients considered to 
have low-risk disease and/or considered unsuitable for oxaliplatin-based 
chemotherapy, capecitabine or 5-FU based regimens are reasonable alternatives. A 
subgroup analysis of the X-ACT trial confirmed the efficacy of capecitabine in stage III 
patients aged ≥ 70 years[92]. If tolerance to capecitabine is poor, which is prevalent in 
the United States[70], intravenous 5-FU/LV based regimens are reasonable alternatives, 
especially the semimonthly regimen, because of its favorable toxicity profile[86].

Oxaliplatin based AC is the current standard of care for stage III patients with 
dMMR/MSI-H tumors, which is supported by a retrospective study[100]. 5-FU 
monotherapy is contraindicated in this group, as discussed in the following section. 
The role of immunotherapy in this setting is currently being investigated in clinical 
trials[101].

Several drugs active in metastatic setting have failed to show any benefit in the 
adjuvant setting, including the addition of irinotecan to 5-FU/LV[102-104], the addition of 
bevacizumab to oxaliplatin-based regimens[105,106], the addition of bevacizumab to 
capecitabine[107] and finally the addition of cetuximab to FOLFOX in the N0147[108] and 
PETACC8[109] trials. Figure 1 illustrates 5-year DFS rates with standard adjuvant 
regimens in stage III CC.
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Figure 1  5-year disease free survival rate in stage III colon cancer patients treated with standard adjuvant chemotherapy regimens. 1X-
ACT trial[92]; 2NSABP-C07[17,90]; 3MOSAIC trial[53,76]; 4NO16968/XELOXA[16].

REFINING PATIENT SELECTION AND PERSONALIZATION OF ADJUVANT 
THERAPY
The most important challenge in the current treatment paradigm of early stage CC is 
the inability to detect micro-metastatic residual disease after the surgery. 
Clinicopathologic characteristics currently utilized to optimize adjuvant therapy 
imperfectly prognosticate the risk of cancer recurrence. As a result, AC is 
recommended in all resected stage III CC patients, although only about 20% of these 
patients are the actual beneficiary of the adjuvant therapy, as discussed earlier. 
Conversely, AC is withheld in all average risk stage II patients, and 12%-18% of these 
patients endure cancer recurrence[6,14]. Recent research has unveiled a variety of 
promising tools and biomarkers which might enable precise patient selection and 
therapy personalization. These biomarkers/tools broadly belong to the following 
categories: (1) Circulating tumor DNA (ctDNA) based assays; (2) Tools based on 
immune contexture of the primary tumor (“immunoscore”); and (3) Molecular 
markers and genomic profiling. Table 4 summarizes the leading prognostic and/or 
predictive biomarkers.

Circulating tumor DNA
The ctDNA is the fraction of cell-free DNA in the circulation that originates from the 
apoptotic or necrotic tumor cells and carries tumor-specific genetic or epigenetic 
alterations. A rapidly increasing body of research indicates that the presence of tumor-
specific ctDNA in the bloodstream after completion of the curative surgery can 
identify patients with residual, radiographically occult cancer who are at a 
substantially higher risk of cancer recurrence[110-115]. Two recently reported cohort 
studies, designed to determine the prognostic value of ctDNA in newly diagnosed 
resected stage II and III CC patients who had at least one tumor-specific DNA 
mutation commonly found in CC, are of particular importance[113,114]. The first study 
analyzed 230 patients with stage II CC using a next-generation sequencing panel on 
blood collected 4-10 wk after surgical resection[114]. The study showed that, among the 
patients who did not receive AC, 79% (11 out of 14) with detectable ctDNA post-
surgery had a cancer relapse at a median follow-up of 27 mo. On the other hand, 
recurrence occurred in only 16 (9.8 %) of 164 patients with negative postoperative 
ctDNA (HR 18; 95%CI: 7.9-40; P < 0.001). Kaplan-Meier estimates of relapse-free 
survival at 3 years were 0% for the ctDNA-positive and 90% for the ctDNA-negative 
groups. Detectable ctDNA following resection had a positive predictive value of 100% 
and a negative predictive value of 92%. Among the stage II patients who received AC, 
the presence of ctDNA after completion of chemotherapy was also associated with an 
inferior recurrence-free survival (HR 11; 95%CI: 1.8-68; P = 0.001). On multivariate 
analysis, the detection of ctDNA was associated with the highest risk for recurrence 
(HR 28; P < 0.001), and the other well-known high-risk clinicopathologic features (i.e., 
< 12 lymph nodes examined, presence of lymphovascular invasion, microsatellite 
status) did not meet statistical significance. In the other study with stage III 
patients[113], 47% of patients with detectable ctDNA post-surgery were disease-free at 3 
years compared with 76% of those with undetectable ctDNA (HR 3.8; 95%CI: 2.4-21.0; 
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Table 4 Evolving tools and biomarkers which may help precise patient selection for adjuvant therapy and therapy personalization in early stage colon cancer

Biomarker/tool Clinical 
significance Potential use and relevance Ref.

ctDNA Prognostic ctDNA detection in the bloodstream after surgical resection and adjuvant chemotherapy provides direct evidence of residual micro-metastatic disease and correlates with a very 
high risk of cancer recurrence in resected stage II and III patients. Sensitivity, specificity, positive and negative predictive values are 48%, 100%, 100% and 91%, respectively. 
Reported studies suggest that ctDNA can potentially serve as a real time marker of adjuvant therapy efficacy in stage II and III patients.

[110-
115]

Immunoscore Prognostic High immunoscore is associated with favorable prognosis in both stage II and III patients independent of patient T stage, N stage and microsatellite instability. High-risk stage II 
patients with high Immunoscore had similar time to recurrence compared with average risk stage II patients in a recent report.

[118-
122]

dMMR Prognostic and 
predictive

Associated with favorable prognosis in stage II and possibly low-risk (IDEA defined) stage III patients. Predicts lack of benefit and possibly harm with 5-FU based adjuvant 
chemotherapy in both stage II and III patients.

[124-
137]

KRAS and BRAFV600E 
mutation

Prognostic KRAS and BRAFV600E mutations have been reported to be associated with a worse prognosis in several large retrospective studies, in both stage II and III patients. dMMR status 
attenuates adverse prognostic impact of BRAFV600E mutation, possibly except in IDEA defined high-risk stage III CC.

[133,137 
-141]

Genomic profiling 
(Oncotype Dx Colon 
Cancer®)

Prognostic Prognostic discrimination capacity is insufficient to guide therapy in routine clinical practice.
[142-
147]

PIK3CA mutations Predictive Retrospective analysis suggests an association between the use of aspirin and improved survival among the patients with mutated-PIK3CA colorectal cancer including stage I-III 
patients.

[152]

CDX2 expression Prognostic and 
predictive

Retrospective analysis suggested lack of CDX2 expression was associated with worse outcome in stage II and III CC. Lack of CDX2 expression appears to be predictive of benefit 
from adjuvant chemotherapy in stage II patients.

[153]

CMS Prognostic CMS1 tumors have a good prognosis, the CMS4 tumors have a poor prognosis, and the CMS2 and CMS3 types have an intermediate prognosis. Not validated to guide therapy in 
routine clinical practice.

[148-
151]

ctDNA: Circulating tumor DNA; dMMR: Deficient mismatch repair status; CC: Colon cancer; CMS: Consensus molecular subtypes.

P < 0.001). On multivariate analysis, ctDNA status after surgery had the strongest 
independent association with cancer recurrence among the clinicopathological 
variables studied, including T and N stage. Disease recurrence at 3 years was also 
higher in the patients with detectable ctDNA after AC than in those without ctDNA 
after AC (77% vs 30%; HR 6.8; 95%CI: 11.0-157.0; P < 0.001). Furthermore, conversion 
from positive to negative ctDNA status after AC resulted in a lower recurrence rate 
compared to the patients with persistent ctDNA (HR 3.7; P = 0.04). In both studies, the 
risk of cancer recurrence was substantially higher in those who had detectable ctDNA 
post-surgery, which did not turn undetectable after standard AC, suggesting the 
possibility that ctDNA can potentially serve as a real-time marker of efficacy of the 
adjuvant therapy. A recently reported analysis of the IDEA-France data (presented at 
the ESMO 2019 Congress) also confirmed that the presence of ctDNA post-operatively 
is an independent adverse prognostic marker (adjusted HR 1.85; P < 0.001) in stage III 
patients[116]. These data, taken together, suggest that ctDNA can serve as a tool to detect 
minimal residual disease following resection and AC in early stage CC patients, 
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independent of known clinicopathologic risk factors.
The ctDNA, although looks promising, has several important limitations, which 

include modest sensitivity in the adjuvant setting (50%-60%) [117], a lack of 
standardization across the platforms, and a lack of validation cohorts in the reported 
studies. Moreover, among the stage III patients[113] who completed at least 12 wk of 
prescribed adjuvant therapy (78 out of 96), 9 patients had detectable ctDNA post-
surgery which turned undetectable after AC, and 3 of these 9 patients had disease 
recurrence with a time to recurrence between 15.7 to 20 mo. This observation 
highlights a potential drawback of ctDNA as a marker of efficacy of adjuvant therapy.

Immunoscore
Immunoscore, derived from the density of CD3+ and CD8+ T-cells within the tumor 
and its invasive margin, is an emerging tool that may play an important role in the 
near future to risk-stratify early stage CC patients into distinct prognostic groups with 
significant therapeutic implications[118-121]. Immunoscore has recently been validated 
prospectively in a large trial population of stage I-III CC patients and has been 
demonstrated to have a stronger association with survival characteristics than a 
variety of other risk parameters, including the AJCC/UICC TNM classification 
system[120]. A separate study reported that high-risk stage II patients with high 
Immunoscore had a time to recurrence similar to the low-risk stage II patients 
implying that Immunoscore can potentially risk-stratify high-risk stage II CC patients 
and help precise patient selection for adjuvant therapy[119]. A meta-analysis to evaluate 
the prognostic value of immunoscore in CC, which included 8 studies, confirmed that 
low immunoscore was significantly correlated with poor OS (HR 1.74; 95%CI: 1.43-
2.13) and DFS (HR 1.82; 95%CI: 1.64-2.03)[122]. Clinical trials are needed to assess the 
value of Immunoscore in guiding therapeutic decision making. Immunoscore, once 
prospectively validated, has the potential to help select patients for observation who 
would otherwise be candidates for AC based on current guidelines. Perhaps of even 
greater importance is the potential for the immunoscore to be used to identify the 
subset of patients who might be responsive to immunotherapy-based adjuvant 
therapy.

Molecular markers and genomic profiling
A variety of molecular markers are reported to have prognostic and predictive value 
with important therapeutic implications in early stage CC. Microsatellite instability 
(MSI), a characteristic genetic signature of deficient mismatch repair mechanism 
(dMMR), is an important prognostic and predictive biomarker which currently 
influences treatment decision. High levels of MSI (MSI-H), defined as instability in ≥ 
30% of microsatellite loci, occurs approximately in 15% to 20% of early stage CRC 
patients[123] with higher prevalence in stage II as compared with stage III CC (21 vs 14% 
in one study)[124]. Patients with dMMR stage II CC have an excellent prognosis with 
surgery alone, and AC does not improve survival[125-128]. Current NCCN guideline does 
not recommend AC in MSI-H/dMMR stage II patients, even in patients with high-risk 
features such as T4 tumors[11].

For the patient group with stage III disease, the MSI-H/dMMR status has also been 
shown to be associated with favorable prognosis in some[129,130] but not in all studies[131]. 
Furthermore, it has been suggested in a retrospective analysis that the favorable effect 
of dMMR status is limited to patients with right-sided stage III tumors treated with 
FOLFOX -based AC[132]. A recently reported pooled analysis of stage III CC patients (n 
= 5337) enrolled in 2 adjuvant trials with FOLFOX ± cetuximab [N0147 (Alliance) and 
PETACC-8] reported that the prognostic advantage of MSI-H status is limited to IDEA 
study defined low-risk stage III patients[133].

A number of retrospective analyses support the view that MSI-H phenotype 
predicts the lack of efficacy or even potential harm with 5-FU based AC[126,127,134,135]. 
Furthermore, in vitro studies suggest that dMMR CC cell lines are less susceptible to 5-
FU induced cytotoxicity[136]. Based on these data, AC with 5-FU/LV alone is not 
recommended for stage II or III CC patients. Conversely, both DNA mismatch repair-
proficient and –deficient CC cell lines are sensitive to oxaliplatin[137], and AC with 
oxaliplatin-based regimens retains its efficacy in MSI-H stage III CC patients[100].

Poor survival associated with the presence of KRAS[138-140] and BRAFV600E 
mutations[140,141] in early stage CC patients have been reported in several large 
retrospective studies. In a recently reported retrospective analysis, KRAS mutation 
was found to be a strong predictor of shorter time to relapse in both IDEA analysis 
defined low- and high-risk stage III patients who received FOLFOX-based AC for 6 
mo[133]. However, sufficient data do not exist at this time to use KRAS or BRAF 
mutation status to guide adjuvant therapy.



Chakrabarti S et al. Therapy of early stage colon cancer

WJGO https://www.wjgnet.com 821 August 15, 2020 Volume 12 Issue 8

Several multigene assays have been explored as prognostic and predictive tools to 
identify higher-risk patients in a given TNM stage group. Oncotype dx colon is the 
most extensively studied gene panel[142-146]. The validation studies with stage II and III 
patients in QUASAR and NSABP C-07 trials showed that the Oncotype dx recurrence 
scores are prognostic for recurrence, DFS, and OS but not predictive of benefit from 
AC[142,146]. ColoPrint, a gene expression classifier similar to Oncotype dx, has been 
shown to significantly improve prognostic accuracy in stage II patients independent of 
other clinical factors[147]. However, sufficient data do not exist to recommend these 
tools for routine clinical use at this time.

Consensus Molecular Subtypes (CMS), proposed by the CRC Subtyping Consortium 
based on unsupervised gene expression profile to refine the classification of CRC and 
facilitate prognostication and development of expression signature-based targeted 
therapies[148], is another area of development. Among the four subtypes, CMS4 or the 
mesenchymal subtype has the worst survival rate. Although CMS system has been 
demonstrated to have prognostic significance[149-151], this system has not been 
extensively validated for clinical use at this time.

A few other molecular markers deserve a mention, which include PIK3CA mutation 
and CDX2 expression. A retrospective analysis of 964 rectal or CC patients in Nurses' 
Health Study and the Health Professionals Follow-up Study revealed that PIK3CA 
mutation status could predict a survival advantage from adjuvant therapy with 
aspirin[152]. The loss of CDX2 expression was identified as a negative prognostic marker 
in a retrospective cohort of patients with stage II and stage III CC[153]. Furthermore, a 
lack of CDX2 expression identified a subgroup of patients with stage II CC who 
appeared to benefit from AC. However, these hypothesis-generating results need 
prospective validation before being deployed into routine clinical practice.

PERIOPERATIVE CHEMOTHERAPY
Accumulating preclinical and clinical data suggest that the surgical trauma can 
influence several pathophysiological processes potentially leading to tumor metastasis 
and recurrence[154], which provides a biologic basis for exploration of an alternative 
strategy in which a part of the systemic chemotherapy is delivered for “chemical 
debulking” prior to the surgery. The rest is delivered after the surgery, referred as 
“perioperative” chemotherapy. Potential benefits of administration of chemotherapy 
before surgery are several, which include earlier treatment of occult micro-metastatic 
disease, improved tolerability, and dose intensity, opportunity to assess response to 
preoperative chemotherapy to inform adjuvant therapy, reduction of tumor cell 
shedding during surgery and improved R0 resection rates. A retrospective NCDB 
analysis reported a 23% lower risk of death at 3 years in T4b non-metastatic CC 
patients treated with preoperative chemotherapy followed by surgery compared to 
patients who had upfront resection followed by AC (HR 0.77; 95%CI: 0.60-0.98; P = 
0.04)[155]. Several single-arm studies, including the pilot phase of the randomized 
FOxTROT trial, have explored the feasibility of perioperative chemotherapy in 
operable, locally advanced CC and reported significant tumor downstaging with 
acceptable toxicity[156,157]. Recently two studies that explored the efficacy of 
perioperative chemotherapy have reported their results- the phase II PRODIGE 22 
trial[158] and the phase III FOxTROT trial[159].

The preliminary result of the ongoing FOxTROT trial (NCT00647530) has been 
presented at the American Society of Clinical Oncology annual meeting (2019). In this 
trial, 1052 patients (median age of 65 years) with operable, non-obstructed early stage 
CC ( T3 to T4, N0 to N2 and M0 based on CT scan) who were fit for modified FOLFOX 
(mFOLFOX) and surgery, were randomized in a 2: 1 ratio to the novel neoadjuvant 
treatment arm consisting of 6 wk of mFOLFOX followed by surgery and 18 wk of 
mFOLFOX post-operatively (n = 698) or control arm (n = 354). Patients in the control 
arm underwent upfront surgery, followed by 24 wk of adjuvant mFOLFOX. The trial 
allowed physicians to replace mFOLFOX with CAPOX as the chemotherapy backbone 
and to shorten the duration of chemotherapy from 24 wk to 12 wk in older, low-risk 
patients. Attempted curative surgery was successful in 98% of patients in both 
treatment groups. In this trial, the perioperative therapy arm was associated with a 
trend towards an improved 2-year rate of failure, the primary endpoint of the study, 
defined as relapse or persistent disease at 2 years (13.6% in the perioperative arm vs 
17.2% in the control arm). This difference, however, did not reach the target statistical 
significance (HR 0.75; 95%CI: 0.55–1.04; P = 0.08). The absence of statistically 
significant benefit in this trial was attributed to the lower than expected failure rate in 
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control arm-18% vs expected 25% to 32% used for the power calculation. The 
perioperative treatment protocol was well-tolerated and safe, with no increase in 
perioperative morbidity, and a trend toward fewer serious postoperative 
complications ( 4.7% vs 7.4% rate of anastomotic leak or intra-abdominal abscess, 4.3% 
vs 7.1% rate of complications requiring further surgery, and 12% vs 14% rate of 
complications prolonging postoperative stay). Furthermore, perioperative arm had 
marked reduction in the rate of incomplete resections, 5% vs 11% (P = 0.001).

An exploratory subgroup analysis of the FOxTROT trial provided important 
information regarding the patients with dMMR tumors. In this analysis, exclusion of 
the patients with dMMR tumors (n = 173) resulted in a drop of the HR for a 2-year 
treatment failure rate, suggesting that the neoadjuvant therapy was less effective in 
patients with dMMR tumors. On pathological examination of the resected tumors 
from patients who received pre-operative chemotherapy, tumor regression induced by 
chemotherapy was absent in nearly 74% of the dMMR tumors as compared to 26.6% in 
the pMMR (proficient mismatch repair) tumors. This result suggests that upfront 
surgery probably would be the preferred option for the early stage CC patients with 
dMMR tumors. The role of pre-operative immunotherapy is unknown at this time for 
this patient group.

The phase II randomized study, PRODIGE 22[158], had the similar design in which 
the patients with resectable localized stage III or high-risk stage II CC determined by 
CT scans were randomized to receive either 6 months of adjuvant FOLFOX after 
colectomy (control) or 4 cycles of FOLFOX before surgery and 8 cycles after surgery 
(perioperative arm). The primary endpoint of the study was the histological tumor 
regression grade (TRG). In this trial, TRG was not significantly improved in the 
perioperative arm, but overall mortality and morbidity rates were similar in both 
arms. It is important to note that the CT scan criteria were associated with a 33% rate 
of over staging in the control group. Based on these results, it can be inferred that 
perioperative chemotherapy should not be adopted as a standard treatment option at 
this time. However, these trial results provide a rationale for using perioperative 
chemotherapy in selected patient groups, such as T4b patients who are at risk of 
incomplete resection.

CONCLUSION
Although the treatment of early stage CC has evolved at a slower pace in last decades, 
research involving novel and biomarker-guided therapies is likely to advance this field 
in the near future. The likely areas of focus are: (1) Personalization of therapy, based 
on clinicopathologic and molecular characteristics, in terms of type, duration, and 
intensity; and (2) Discovery of novel treatment with improved efficacy.

Although oxaliplatin-based chemotherapy is the current standard adjuvant therapy 
for resected stage III dMMR patients, the efficacy of chemotherapy in this tumor type 
is limited[160,161]. Based on the data confirming the efficacy of checkpoint inhibitors in 
patients with metastatic dMMR CC[162], investigators have moved on to evaluating 
immunotherapy agents in the adjuvant setting. The ATOMIC trial (NCT02912559) is 
currently ongoing whichcompares mFOLFOX for 6 mo plus 12 mo of atezolizumab vs 
6 mo of mFOLFOX in patients with resected stage III dMMR CC. In the POLEM trial 
(NCT03827044), patients who have undergone surgical resection for stage III dMMR or 
POLE exonuclease domain–mutant CC will be assigned to chemotherapy (CAPOX for 
12 wk or capecitabine for 24 wk) or chemotherapy followed by avelumab for 24 wk.

The PIK3CA mutated CC patients are another molecular subgroup of patients 
currently under study. A retrospective study, which primarily included stage I-III CRC 
patients, reported a potential benefit of aspirin on CC specific mortality in PIK3CA 
mutated patients. Several trials are underway to assess the impact of aspirin as an 
adjuvant treatment in stage III or high-risk stage II patients with PIK3CA mutation 
[PRODIGE 50-ASPIK trial (NCT02467582), Add-Aspirin (ISRCTN74358648)].

As discussed above, it is uncertain if the addition of oxaliplatin to 5-FU benefits 
elderly patients with stage III CC. The PRODIGE 34-ADAGE trial (NCT02355379) is 
currently underway to assess the benefit of adjuvant chemotherapy with or without 
oxaliplatin in patients over 70 years who have stage III CC.

Recently published encouraging data with HER2[163,164] and BRAF[165] directed 
therapy in metastatic CC may translate into new trials in the adjuvant setting. A trial is 
currently assessing dual HER2 inhibition (with pertuzumab plus trastuzumab) in 
unresectable CC, including non-metastatic locally advanced patients (NCT03365882). 
A recently reported pooled analysis of stage III CC patients treated with FOLFOX-
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based AC showed that the IDEA meta-analysis defined high-risk stage III patients 
with BRAFV600E mutant tumors had a much worse prognosis compared to the rest of 
stage III patients[133]. This patient group should possibly be the target of adjuvant trial 
with BRAFV600E directed therapy.

The high risk stage III patients have a 3-year DFS rate of around 65%, even with 6 
months of adjuvant oxaliplatin-based chemotherapy[54]. This group represents a 
population in need of more effective treatments. A trial is exploring the intensification 
of adjuvant treatment for this group (IROCAS, NCT02967289) with the addition of 
irinotecan to the FOLFOX backbone. The evolving perioperative chemotherapy 
approach utilized in the FOxTROT trial described above, which led to an increase in 
R0 resection rate with no increase in postsurgical complications, may also potentially 
improve the outcome of high-risk stage III patients.

The ability of traditional clinicopathologic characteristics to define the risk of cancer 
recurrence and optimize the adjuvant therapy for patients with resected early stage CC 
is limited. In this regard, ctDNA is a promising tool that has shown a very high 
prognostic value in both stage II and III CC patients. One of the major obstacles to 
utilizing this platform is the need to have a marker mutation unique for a given 
patient in order to determine that ctDNA is actually pathologic. Each patient will need 
to have unique mutation profile, limiting the applicability of this tool. Furthermore, 
mutations may not be present in all clones of a malignancy. Thus, each marker must be 
patient-specific and highly conserved across all clones of a patient’s tumor. At this 
time, the use of ctDNA technology is limited by the absence of prospective data 
confirming its value as a predictive biomarker for adjuvant therapy. Nonetheless, the 
early results are promising, and several randomized clinical trials are underway to 
further evaluate the prognostic value of ctDNA (NCT02842203, NCT03312374, 
NCT03637686), and to explore the value of ctDNA-directed adjuvant therapy in 
resected stage II and III CC [DYNAMIC-II (ACTRN12615000381583), DYNAMIC-III 
(ACTRN12617001566325), NRG-GI005 (COBRA) for stage IIA CC, CIRCULATE-
IDEA].

In conclusion, despite a lack of newer agents with improved efficacy, a number of 
advances have altered the treatment landscape of early stage CC. Existing treatment 
regimens have been modified and refined to decrease the impact on patients, improve 
tolerability and optimize patient outcomes. As we move to an era dominated by the 
utilization of advanced surgical technologies, targeted therapies, and immunotherapy, 
it is likely that outcome will continue to improve with a reduction in treatment-related 
complications. The use of biomarkers and genomic signatures to risk stratify 
individual patients presents an enormous opportunity to personalize treatment. We 
anticipate that the use of ctDNA-based tools will improve patient selection for 
adjuvant therapy and help the detection of early, curable recurrences.
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