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Summary Colorectal cancer (CRC) is one of the most
frequent malignancies. While adjuvant fluoropyrim-
idine-based chemotherapy has been established as
standard of care for patients with stage III disease,
its value and role are still uncertain for stage II dis-
ease. This review discusses the usefulness of adjuvant
therapy in both stages and highlights the use of liquid
biopsy via circulating tumor DNA (ctDNA) for the as-
sessment ofminimal residual disease which will shape
the therapy decision for adjuvant treatment in future.
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Introduction

Colorectal carcinoma (CRC) is the second most com-
mon malignant tumor in women and the third in
men in German-speaking countries. The mean age
of onset is between 70–75 years. Individuals with
genetic predisposition may develop the disease in
early adulthood. With globally almost 2 million new
cases and 1 million deaths worldwide in 2020, it can
be considered a global burden [1]. The prognosis and
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choice of therapy of patients with CRC depends on
the stage of the disease at initial diagnosis and other
biological risk factors. For locally confined CRC in
stages I–III, surgery is the cornerstone of treatment.
In addition, in stage III and in subgroups of stage II
adjuvant chemotherapy may be chosen [2].

Role of chemotherapy in stage II and III colorectal
cancer

While adjuvant fluoropyrimidine-based chemother-
apy has been established as standard of care for
patients with stage III disease, its value and role are
still uncertain for stage II disease. In 80% of patients,
surgery alone can be a curative option; however,
no clear benefit could be observed in trials of adju-
vant therapy [3]. Particularly in borderline cases of
stage II patients with high microsatellite instability
(MSI-high or MSI-H) and concurrent high-risk fea-
tures such as T4 disease, intestinal obstruction, fewer
than 12 lymph nodes harvested, poorly differentiated
histology, invasion (vascular, lymphatic, or perineu-
ral), or tumor perforation, adjuvant chemotherapy is
subject of ongoing debate and controversy [4]. It has
however been observed that some patients with these
“high-risk features” might not necessarily have dis-
ease recurrence, whereas some patients with a cancer
considered “low-risk” in fact do [5]. Thus, there is
an urgent need for better biomarkers to predict the
efficacy and necessity of chemotherapy and to predict
recurrence risk after surgery for stage II colon cancer.

Following chemotherapy, it has been observed that
approximately one third of patients drop out of ther-
apy prematurely due to high toxicity and low quality
of life. In 2020, the International Duration Evalu-
ation of Adjuvant Therapy (IDEA) group advocated
a shortening of adjuvant chemotherapy in patients
with low-risk stage III colon cancer [6]. Their study
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examined the association between patient groups re-
ceiving either FOLFOX (fluorouracil, leucovorin, and
oxaliplatin) or CAPOX (capecitabine and oxaliplatin)
administered for 3 versus 6 months in over 12,000 pa-
tients with stage III CRC. In the overall evaluation,
3 months of chemotherapy was not non-inferior to
6 months of postoperative treatment in terms of dis-
ease-free survival (DFS). In a subgroup analysis of
patients with low-risk stage III cancer (T1–3 plus
N1), the combination of capecitabine with oxaliplatin
(CAPOX) for 3 months was in fact non-inferior to
6 months. In these patients the incidence of neu-
rotoxicity, hand–foot syndrome, mucositis, nausea,
fatigue, and diarrhea occurred significantly less fre-
quently after 3 than after 6 cycles, as expected [6].

To provide more evidence on the prognostic im-
pact of early therapy discontinuation and duration of
adjuvant chemotherapy, the ACCENT/IDEA system-
atic review and meta-analysis presented their results
at ASCO in 2022. Pooled data were obtained from
11 studies of 10,444 patients that were planned to re-
ceive 6 months of adjuvant fluoropyrimidine plus ox-
aliplatin (FOLFOX or CAPOX) and were analyzed for
early discontinuation of all therapy or early discon-
tinuation of only oxaliplatin therapy. Around 20.9%
of patients discontinued all therapy regimes; 18.8%
of patients discontinued oxaliplatin therapy with con-
tinuous 5-fluorouracil (5-FU)/capecitabine adminis-
tration. Patients who discontinued early were mainly
female, aged ≥65 years, with poorer general health
(ECOG PS ≥1), with body mass index (BMI) <18.5, and
patients on the CAPOX regimen (vs. FOLFOX) discon-
tinued both therapy and oxaliplatin more frequently.
For patients who only discontinued oxaliplatin ther-
apy early, neither DFS nor overall survival (OS) was
significantly different when up to 75% of cycles were
received. There was however a significant difference
in DFS when <50% of oxaliplatin cycles were received
(p< 0.001). According to these results, when neuro-
toxicity (grade 1–2) occurs, the discontinuation of ox-
aliplatin after 3 months of therapy may not affect the
success of therapy and may therefore be a valid op-
tion. Simultaneously, these findings also undermine
the importance of fluoropyrimidine-based therapy in
the adjuvant treatment of localized CRC [7].

Role of liquid biopsy in detecting circulating
tumor DNA

As mentioned, in current clinical practice the indica-
tion for adjuvant chemotherapy is still being debated
and markers for recurrence prediction and DFS are
being investigated. It has been shown that during
necrosis or apoptosis of tumor cells, DNA segments
are released into the bloodstream and can be detected
as circulating tumor DNA (ctDNA) [8]. Several in-
dependent studies have demonstrated the prognos-
tic significance of measuring ctDNA postoperatively
[9]. Patients with postoperative ctDNA positivity are

considered as having minimal residual disease (MRD)
and thereby having clinically relevant and statistically
significant shorter DFS than patients with postopera-
tive ctDNA negativity [9]. Based on these important
results, it was Taieb et al. who measured ctDNA from
CRC patients included in the IDEA-FRANCE phase III
trial to assess its prognostic and predictive value in
the course of the adjuvant therapy [10]. It was ob-
served that postoperative ctDNA positivity was associ-
ated with poor tumor differentiation, T4, tumor perfo-
ration and shorter 2-year DFS with ctDNA being an in-
dependent prognostic marker. There was a significant
difference in the 2-year DFS in patients with ctDNA
positivity with 64%, compared to 82% in patients with
ctDNA negativity (hazard ratio [HR] 1.75 95% confi-
dence interval [CI] 1.25–2.45; p= 0.001). Interestingly,
ctDNA-positive patients treated with 6 months adju-
vant therapy had a similar prognosis to ctDNA-nega-
tive patients given only 3 months of therapy [10].

Taking these findings further, the DYNAMIC phase
III trial investigated whether postoperative ctDNA can
be used as a selection criterion for adjuvant therapy
in patients diagnosed with stage II CRC. Choice of
adjuvant therapy was based in one group on ctDNA
positivity, in the other on clinical risk factors with
2-year recurrence-free survival (RFS) being the pri-
mary endpoint. A total of 455 patients underwent
2:1 randomization. In the ctDNA patient group, 15%
of the patients received adjuvant chemotherapy com-
pared to 28% in the control group. The ctDNA-based
treatment decision with 93.5% was non-inferior to the
standard treatment with 92.4% in terms of 2-year RFS.
The 3-year RFS was 86.4% in ctDNA-positive patients
who received adjuvant chemotherapy compared to
92.5% in ctDNA-negative patients who did not receive
therapy (HR 1.83; 95% CI 0.79–4.27). These promis-
ing results show that treatment decisions guided by
ctDNA results compared to decisions based on stan-
dard clinicopathological features reduced the neces-
sity for adjuvant chemotherapy without compromis-
ing recurrence-free survival [5].

It has been a concern that high levels of cell-free
DNA (cfDNA) originating from normal tissue after
surgery may prevent adequate detection of ctDNA.
Thus, a recent study from Cohen et al. retrospectively
analyzed real-world data from 16,347 patients to fur-
ther understand how cfDNA levels and the timing of
blood samples may impact minimal residual disease
(MRD monitoring) [11]. Immediately after surgery,
levels of cfDNA postoperatively were highest, gradu-
ally declined over the next weeks (p<0.0001) and did
not appear to significantly affect ctDNA detection.
When concentrations were higher in the first 2 weeks,
ctDNA was detected in approximately 18% of patients.
When analyzing the data >2 weeks postoperatively,
ctDNA detection rates were more consistent. More-
over, ctDNA positivity in 2–8 weeks after surgery and
>6 months surveillance was associated with signifi-
cantly worse recurrence-free survival compared with
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patients who were negative for ctDNA (p<0.0001).
Overall, these data could suggest that a standard
testing window could start as early as 15 days post-
operatively to not further delay adjuvant therapy, as
well as guide clinical trial designs using ctDNA as an
integral biomarker [11].

Currently, the CIRCULATE study is being con-
ducted in 14 centers across Germany and Austria.
In case of ctDNA positivity, patients are random-
ized to a standard therapy arm (5-FU-based therapy
for 3–6 months), while patients with postoperative
ctDNA negativity are followed up. These results will
give further information on whether ctDNA-guided
decision making is a suitable approach without com-
promising disease-free survival or overall survival and
maybe even open the idea to a ctDNA-based follow-
up regime.

Conclusion

For adequate decision making in the adjuvant man-
agement of CRC patients, various factors and variables
including age, stage, gender, sidedness, molecular
profile, minimal residual disease, type of adjuvant
therapy, therapy duration, and patient’s wish have to
be considered and integrated into clinical routine.
This stratification might spare unnecessary toxicity
to patients in the adjuvant setting by optimizing the
prognosis. Future molecular profiling ideally assessed
and monitored by liquid biopsy might even more per-
sonalize decision making in the adjuvant setting of
CRC patients. Further research and clinical trials are
needed to clarify relevant questions and to identify
important clinical aspects.
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