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Abstract: Neoadjuvant systemic therapy has many potential advantages over up-front
surgery, including tumor downstaging, early treatment of micrometastatic disease, and
providing an in vivo test of tumor biology. Due to these advantages, neoadjuvant
therapy is becoming the standard of care for an increasing number of tumor types.
Currently, colon cancer patients are still routinely treated with up-front surgery, and
neoadjuvant systemic therapy is not yet standard. Limitations to widespread use of
neoadjuvant therapy have included inaccurate radiological staging, concerns about
tumor progression while undergoing preoperative treatment rendering a patient incur-
able, and a lack of randomized data demonstrating benefit. However, there is great
interest in neoadjuvant chemotherapy, and a number of trials are under way. Early
follow up of the first phase III trial of neoadjuvant chemotherapy for colon cancer
demonstrated tumor downstaging and suggested an improvement in disease-free survi-
val with neoadjuvant chemotherapy, and it is hoped that this will translate into longer-
term overall survival benefit. Clinicians should closely watch this developing field,
consider the option of neoadjuvant chemotherapy for colon cancer patients, and actively
seek out opportunities for their patients to participate in ongoing clinical trials to
further inform this field in future.

Keywords: colorectal cancer, preoperative chemotherapy, perioperative chemotherapy,
staging

Introduction

Chemotherapy for colon cancer was initially used in the metastatic setting and later
proven to be of benefit in the postoperative adjuvant setting, reducing the risk of
systemic recurrence. The main driver of prognosis for a patient with localized colon
cancer is the risk of later distant metastases; therefore, the opportunity to treat up
front any potential distant micrometastases at the time of diagnosis may represent
the best opportunity to attain long-term cure.

For an increasing number of cancers where treatment is aimed at cure, including
early-stage gastric, lung, and bladder cancers, the neoadjuvant approach of che-
motherapy or chemoradiation administered prior to definitive treatment (usually
surgery) shows superior outcomes to up-front surgery and is the standard of care.' ™
The theoretical benefits of neoadjuvant therapy are multiple, but need to be proven
in each tumor type by randomized controlled trials against the current standard
(usually up-front surgery and subsequent adjuvant chemotherapy).

Neoadjuvant chemotherapy is not currently a standard treatment for colon cancer,
unlike rectal cancer (below the peritoneal reflection), where chemoradiation prior to
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resection has proven to be of benefit and is the standard of care
for locally advanced disease. One reason for this is that adju-
vant chemotherapy is not of benefit for all stages of colon
cancer, and radiological differentiation between low- and
high-risk tumors requires definition and validation in clinical
trials, which has recently been achieved.

In the field of rectal cancer, the additional benefit of
neoadjuvant systemic chemotherapy added to the current
standard neoadjuvant chemoradiation has been shown to
improve disease-free survival, and mature data to deter-
mine effects on overall survival are eagerly awaited.” The
success of this approach, known as total neoadjuvant ther-
apy (TNT) implies that intensification of neoadjuvant che-
motherapy for colon cancer is likely to also be of benefit,
given the similar biology of these cancer types.

This review aimed to explore the current evidence for
neoadjuvant chemotherapy in locally advanced colon can-
cer. We discuss the practical limitations of current staging
modalities, which impact on appropriate patient selection
for neoadjuvant treatment. We also discuss ongoing trials
and emerging evidence for new agents, such as immu-
notherapy and targeted therapy, in this setting.

Search Strategy and Selection

Criteria
The indexed databases PubMed and Embase were searched for

REINNT3

the keywords “colon cancer”, “neoadjuvant chemotherapy”,

99 ¢

“neoadjuvant therapy”, “locally advanced”, “staging”, “com-

CEINNT3

puterized tomography”, “magnetic resonance imaging”, and
“positron-emission tomography”. Medical subject-heading
terms used included “colonic neoplasms” and “neoadjuvant
therapy.” The ClinicalTrials.gov registry was searched for
“neoadjuvant” and “colon cancer” to identify ongoing clinical
trials. Relevant papers were included if they had been pub-
lished in English and specifically addressed the question at
hand. This paper was constructed as a narrative review, rather
than a systematic review, to allow full discussion of important
background details, rather than focusing solely on completed

clinical trials.

Definition of Locally Advanced

Colon Cancer

For the purposes of clinical trials, locally advanced colon
cancer has been defined by radiological T stage, focusing on
high-risk T3 (>5 mm extramural invasion to pericolic fat)
and T4 primary tumors.”® This is for the pragmatic reason
that nodal staging is less accurate than T staging with current

methods, as well as the clinical rationale that these patients
have at least higher-risk stage II disease and thus may benefit
from chemotherapy.

Despite the trial definition of “locally advanced” to
describe any primary tumor sufficiently advanced to derive
benefit from chemotherapy, in much of the literature this term
has been used synonymously with T4 colon cancer (ie, tumors
invading to the visceral peritoneum or into adjacent struc-
tures). This review includes high-risk T3 and T4 disease.

Rationale for Neoadjuvant
Chemotherapy

The mainstay of treatment for stage I-III (nonmetastatic)
colon cancer remains surgical resection. While local failure
rates with surgery are low, systemic disease recurrence
(usually equating to incurability) in those with locally
advanced disease remains common. Five-year survival rates
after surgery alone are 60%—-80% for “high-risk” stage II and
30%—60% for stage III colon cancer.” ' Adjuvant chemother-
apy with 5-fluorouracil and folinic acid improves survival by
22% relative to observation for Dukes B and C disease
(equivalent to stage IT and III disease).'? There is a further
incremental benefit from the addition of oxaliplatin for patients
with stage III disease (20% relative survival benefit compared
to S5-fluorouracil and folinic acid without oxaliplatin, or an
absolute benefit of 8.1% at 10 years)."> These incremental
benefits have resulted in S5-year survival for patients with
stage III colon cancer of 80%—-82% with adjuvant oxaliplatin-
based chemotherapy.'*'> For stage I disease, the benefit of
oxaliplatin is less clear, with no benefit observed for low-risk
disease and a numeric but non-statistically significant benefit
in high-risk stage II disease (defined as T4 tumor, perforation,
or fewer than ten lymph nodes in pathological specimens)."

While adjuvant chemotherapy is currently the standard
of care for many tumors, mounting evidence across broad
tumor types, including gastric, esophageal, rectal, and
breast cancers, suggests that neoadjuvant chemotherapy
may be substantially more effective'*'®"'? for both disease-
and patient-related reasons.

Factors Favoring Neoadjuvant Chemotherapy

1. Downstaging: A significant benefit of neoadjuvant che-
motherapy is its ability to induce tumor regression with
subsequent reduction in tumor volume/bulk,?® seen on
both serial imaging and at pathological examination.”'
This is likely to be important prognostically, as with
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rectal cancer, where pathological tumor regression grad-
ing at resection after preoperative chemotherapy corre-
lates with recurrence risk.”? Reducing the number and
viability of tumor cells that are available to invade
lymph and blood vessels or spread locally within the
bowel and adjacent peritoneum is likely to lower the
micrometastatic rate. Evidence from rectal and breast
cancer research supports the notion of reducing ctDNA
during neoadjuvant therapy, which may be an indirect
measure of micrometastatic disease burden.?***
Furthermore, chemotherapy in the neoadjuvant setting
may reduce the risk of distant relapse and increase over-
all survival, given the evidence that surgery induces
growth-factor activity, which enhances micrometastatic
progression.”>2* Downstaging can render easier surgi-
cal resection, allowing for greater likelihood of com-
plete resection and less surgical tumor shedding at time
of surgery.”’ It may help facilitate a laparoscopic
approach to surgery, resulting in more favorable perio-
perative outcomes and minimizing delay in commen-
cing adjuvant chemotherapy if required.**>"

2. Increased Chance of Complete Treatment Delivery:
Neoadjuvant chemotherapy minimizes the risk of
patients not receiving any or not completing chemother-
apy as a result of postoperative complications or
delay.**>* It allows treatment to be administered when
patients are (usually) at their fittest.

3. Ability to Assess Treatment Response: A lack of
response to therapy may yield important information
about tumor biology, an opportunity not available when
treatment is given adjuvantly. Similarly, the neoadju-
vant setting is ideal for testing new agents, such as
immunotherapy, in early-stage disease.*

4. Ability to Reduce Total Systemic Treatment for Some
Patients: As with rectal cancer, where the effect of further
systemic therapy for patients with a good response to
neoadjuvant therapy is questionable,’® the need for
further systemic therapy in the adjuvant setting for
patients achieving a pathological response is of great

interest and the subject of ongoing trials.

Factors Against Neoadjuvant Chemotherapy

There are a number of concerns relating to potential
adverse impacts of a neoadjuvant approach.

1. Potential overtreatment: Inaccuracies in clinical or
radiological diagnosis of locally advanced disease

may result in unnecessary overtreatment of some
patients.®” Expertise and experience, particularly
with computed tomography (CT) staging, for local
tumors is critical, and patients should be counseled
regarding the implicit uncertainties in staging. As we
discuss in the “Imaging” section, T staging is more
accurate than N staging with current imaging mod-
alities, meaning that it is difficult to differentiate
stage II patients (who may not benefit from exposure
to oxaliplatin) from stage III patients preoperatively.

2. “Missing the boat”: A lack of tumor response can poten-
tially result in local progression and obstruction requiring
emergent surgery, which conveys increased morbidity
and worse oncological outcomes.*® There is a risk that
patients may need urgent surgery while on chemotherapy,
when they may be neutropenic or thrombocytopenic.
Worst of all, postponing curative surgery with emergence
of incurable disease is a common fear, although rarely
borne out in other tumor types. The FOXTROT trial of
neoadjuvant chemotherapy for colon cancer reported that
98% of patients undergoing neoadjuvant chemotherapy
underwent surgery compared with 99% of patients who
did not have neoadjuvant treatment, a reassuringly simi-
lar rate. Also reassuring was the reduced rate of R1 and
R2 resections in the intervention arm.*

3. With regard to the safety of surgical resection after
neoadjuvant chemotherapy, chemotherapy has the
potential to reduce patient fitness for surgery or to
increase the risk of surgical complications. In pub-
lished data available to date, this has not been
borne out. Single-arm studies found reassuringly
comparable rates of postoperative morbidity to
expected rates in patients undergoing surgery
alone.’”***! Subsequently, the randomized phase
III FOXxTROT trial found a numerically lower,
statistically similar rate of prolongation of hospital
stay and anastomotic leak between the treatment
and control arms.*® Taken together, data to date do
not support an increase in perioperative morbidity
with neoadjuvant chemotherapy.

Diagnosis
Endoscopy
Colonoscopy is typically the initial diagnostic test for loca-
lized colon cancer, providing assessment of the degree of
luminal obstruction and biopsy for histopathological confir-

mation. At present, further staging of the tumor is not
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a routine component of colonoscopy, although there is emer-
ging evidence of a role for endoscopic ultrasound (EUS) to
evaluate the T stage of in situ colon cancer. This approach has
been used widely for rectal cancers, and is now being exam-
ined for colonic tumors.

A systematic review and meta-analysis conducted in
2015 examined the diagnostic accuracy of EUS for pre-
diction of T and N stages in colon cancers proximal to the
rectum.*> It found that sensitivity to detect T3 or T4
tumors was 0.97, with a specificity of 0.83. Its sensitivity
in detecting nodal involvement was 0.58, with specificity
of 0.78. A subsequent prospective study showed sensitiv-
ity of 0.75 and specificity of 0.90 for higher-risk (T3 with
>5 mm submucosal invasion or T4) tumors, with overall
accuracy of 0.88.* This study compared EUS to CT,
reporting sensitivity in detecting high-risk tumors was
similar, while the specificity of EUS was superior. This
has important implications in avoiding overtreatment when
considering a neoadjuvant approach. It is important to note
that the majority of cases in these studies involved tumors
in the sigmoid or descending colon and that EUS staging
may not be practical throughout the colon.

No neoadjuvant trials have included colonic EUS sta-
ging to date. However, given its increased accuracy over
CT staging, this could be incorporated into future clinical
trials to optimize patient selection.

Imaging
Computed Tomography
CT is widely available and already a routine part of pre-
operative staging of colon cancer, but in the context of
documenting extracolonic disease. As mentioned, there is
a learning curve for applying T and N stages to primary
colon tumors, but technological improvements and proto-
cols to optimize settings to examine local parameters are
emerging.

A 2007 study of preoperative CT staging for evaluation
of T and N stages showed low diagnostic accuracy of 60%
for T stage and 62% for N stage.** The authors noted that
despite the relatively poor accuracy, the prognostic out-
come of high-risk radiologically staged tumors was similar
to that of high-risk pathologically staged tumors. In 2012,
as part of the training and quality control for the rando-
mized phase III FOxTROT trial of neoadjuvant che-
motherapy for colon cancer, a pilot study of radiological
staging was undertaken.”> CT and pathological staging
was compared for 94 patients, reporting 87% sensitivity

and 49% specificity for high-risk tumors (T3 with >5 mm
submucosal invasion or T4). Sensitivity to predict any
tumor eligible for chemotherapy (T3 or T4) was 95%,
with specificity of 50%. Sensitivity for node-positive dis-
ease was 68% and specificity 42%.

More recently, a large US National Cancer Database
study of over 100,000 patients showed 80% correlation
between radiological and pathological T stage. For
N stage, this was 83%.*® This study used nationwide
database-level data and did not evaluate specific staging
modalities, although the authors noted that CT scanning
was the most widespread staging modality in use. It was
noted that sensitivity in detecting T3/4 tumors was 80%,
with 98% specificity.

Magnetic Resonance Imaging

Standard for rectal and prostate cancers, magnetic reso-
nance imaging (MRI) is an emerging tool for T and
N staging of colon cancers. Small studies have shown
somewhat improved diagnostic accuracy with MRI com-
pared to CT imaging and a lower rate of false-positive T3/
4 tumor classifications.””*® A retrospective study in the
Netherlands showed the sensitivity of MRI in detecting
any T3/4 tumor was high (72%-91%); however, for “high-
risk” T3 or T4 tumors it was only 40%-60%.*’ One reason
for this may be the difficulty in accurately differentiating
reactive serosal changes compared with bona fide serosal
involvement of the tumor, as both have similar imaging
appearances.*’

CT Colonography

CT colonography is an evolving technique using con-
trast-enhanced CT to obtain three-dimensional images
of the bowel wall. Diagnostic accuracy for T stage is
73%—-83%, depending on whether multiplanar recon-
structions are used.’® Further refinement to the staging
technique has been suggested, using bordering blood
vessels to better define the bowel wall.>' This techni-
que improved accuracy to 77% for T2 tumors, 81% for
T3, and 97% for T4a tumors. A major limitation of CT
colonography is the requirement for bowel preparation,
an arduous and unpleasant process, in patients who
have likely already undergone this for their diagnostic
endoscopy. However, if further validation confirms the
accuracy of colonography, this could potentially be
concurrently timed with colonoscopy so that a single

preparation is required.
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Clinical Applications of Imaging Data

It is likely that a combination of staging modalities is more
accurate than a single modality, but this would add time
and expense, and further research is required. For those
who may be understaged radiologically, it is important to
design follow-up and manage patient expectations, includ-
ing apprising them of the fact that higher pathological
stage leads to postoperative adjuvant therapy as required.
Conversely, clinical trials need to recognize the potential
for overstaging and subjecting patients to chemotherapy
who otherwise would not have received adjuvant
treatment.

Current Evidence

Preclinical and Translational Data

Initial preclinical research studied cell kinetics following
tumor removal. Fisher et al noted that removal of
a primary mammary adenocarcinoma in mice prompted
secretion of a serum growth-stimulating factor and asso-
ciated increased cell proliferation in residual tumor cells.>>
Subsequently, they reported that chemotherapy adminis-
tered prior to surgery was more effective at preventing cell
proliferation than when administered after surgery.>
Furthermore, when sera from mice with mammary tumors
who had received neoadjuvant chemotherapy was injected
into other mice with the same tumors, it failed to cause the
same cell proliferation.”® On the basis of these results, it
was proposed that administration of chemotherapy prior to
surgery may prevent the increase in cell proliferation after
tumor removal.

A similar phenomenon of metastasis proliferation post-
resection was investigated in humans. A paper examining
pathological tumor vascularity pre- and postresection and
also change in FDG-PET avidity found that human color-
ectal cancer demonstrated similar behavior to animal
models.”* Metastasis samples collected after primary
tumor resection were more vascular than those collected
prior to resection, with lower rates of apoptosis.>*

Apart from direct tumor-cell killing, cytotoxic che-
motherapy has been shown to have extensive immuno-
genic effects that likely contribute to its effectiveness,
discussed in an excellent 2018 review.”> Comparison of
resected liver metastases after neoadjuvant chemotherapy
compared to no neoadjuvant chemotherapy showed
a transient increase in T-cell tumor infiltration
postchemotherapy.”® This suggests that antitumor immu-

nity could potentially be increased by the administration of

neoadjuvant chemotherapy, allowing for ongoing immu-
nosurveillance for dormant tumor cells postresection.

Neoadjuvant treatments other than chemotherapy are
also supported by preclinical data. A study on colon cancer
also displayed improved survival with preresection radio-
frequency ablation in aggressive murine colon cancer by
inducing antitumor systemic immunity.>’

Patient-derived organoids (PDOs) and xenografts offer
exciting translational approaches to refine neoadjuvant
treatment, and correlate with in situ biology. Weeber et al
demonstrated that colorectal cancer PDOs preserved 90%
of somatic mutations found in the tumors from which they
were derived.”® In rectal cancer, response to neoadjuvant
chemoradiation in both models has been shown to corre-
late with treatment response in the patients from which
they were derived.””®® PDOs are a promising avenue for
high-throughput drug screening for neoadjuvant therapy,
due to their low cost, quick propagation time, and close
correlation with human cancers. This has already been
utilized in intraperitoneal chemotherapy for peritoneal
metastases of colorectal cancer.’’ One disadvantage, how-
ever, is the lack of the tumor microenvironment in these
samples.

Single-Arm Clinical and Cohort Studies

Growing evidence supports the use of neoadjuvant che-
motherapy in locally advanced colon cancer. A number of
single-arm trials have suggested that the fluoropyrimi-
both safe and

dine—oxaliplatin combination is

feasible 20,32,37,40,41

A minimum of two cycles of neoadjuvant capecitabine
and oxaliplatin (CAPOX; alone or with panitumumab in
RAS/RAF wild-type patients) has been shown to result
in both radiological response and pathological regression

in two studies,”’41

with a small number of patients (2%—
4%) demonstrating complete pathological response at sur-
gery. A longer regimen of four to six cycles of 5-fluorour-
acil, folinic acid, and oxaliplatin (FOLFOX) or CAPOX
neoadjuvant therapy has also demonstrated efficacy in
terms of radiological response and pathological response
without evidence of distant progression during the preo-
perative period, though with a similarly low rate of com-
plete pathological response (4.6%).2°

Triplet neoadjuvant chemotherapy with (FOLFOX plus
irinotecan (FOLFOXIRI) has also been assessed in a phase
I study.*® This demonstrated a trend to greater tumor
volume reduction with each subsequent chemotherapy
cycle administered when comparing patients who received
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all or nearly all of the four planned preoperative cycles,
with patients who completed only one or two cycles. It
should be noted that triplet therapy was also associated
with high rates of toxicity, with more than half (56.5%) the
patients experiencing grade 3 or 4 toxicities, most com-
monly cytopenias and gastrointestinal side effects.*® Two
of the 23 patients in the FOLFOXIRI study had progres-
sive disease during the preoperative period; however, this
study recruited high-risk patients with clinical stage IIIb
disease (a higher-risk cohort than used for other compar-
able trials).

Importantly, neoadjuvant chemotherapy did not appear
to delay surgery in any of the studies, and rates of perio-
perative complications were similar to published rates in
patients undergoing surgery alone.’”***! Length of post-
operative stay in these trials ranged 6-9 days, which is
comparable to that seen in the general surgical population.
Hospital stay is impacted by surgical technique and local
hospital practices, and reported duration posthemicolect-
4-14 days,

country.®”** Similarly, rates of anastomotic leak post-
37,40,41

omy is depending on technique and
operatively were 0-7% in these phase 2 studies,
comparable to the 6.4% rate seen in a nationwide Danish
population-wide study.®’

The effect on overall survival also appeared to be
encouraging in these single-arm studies, but will be further
elucidated in randomized trials.”’>% At a population level,
a large cohort study utilizing data from the US National
Cancer database found that survival was improved in
patients with very locally advanced (T4b) colon cancer
who received neoadjuvant chemotherapy, but not in
patients with T3 or T4a disease.°® Of note, only 3% of
the cohort (921 of 27,575) were treated with neoadjuvant
chemotherapy and tended to have higher-stage and -grade
tumors. These data suggest that the downstaging effect of
neoadjuvant chemotherapy may be most useful in T4b
tumors; however randomized prospective data are needed
to better elucidate treatment effects. Five-year survival in
smaller cohorts with T4 colon cancer post-neoadjuvant
therapy ranges from the expected 67%>> to the very pro-
mising 95%,?" highlighting the need for prospective ran-
domized studies to truly estimate the treatment effect.

Randomized Data
The key clinical trials reported to date are summarized in
the following sections.

PRODIGE 22-ECKINOXE

This randomized phase II trial included patients with high-
risk T3 and T4 tumors or N2 nodal status (regardless of
T stage) staged by CT.” The primary end point was degree
of pathological response. The experimental arm received
four cycles of neoadjuvant FOLFOX4, followed by eight
cycles of the same chemotherapy adjuvantly, while the
control arm received immediate surgery and adjuvant che-
motherapy (12 cycles of FOLFOX4). RAS wild-type
tumors were additionally randomized to receive che-
motherapy versus chemotherapy plus cetuximab; however,
this arm was stopped early after interim analysis showed
lack of efficacy.

Response was evaluated according to tumor-response
grading (TRG), as defined by Ryan et al.°” In sum, 7% of
patients in the preoperative chemotherapy arm had a TRG
1 (major) response and 36% TRG 2 (significant tumor
regression). Pathological stage was numerically lower in
the preoperative-treatment group, but this was not statisti-
cally significant. Other high-risk features, including extra-
mural vascular invasion and perineural invasion, were
significantly reduced in the preoperative-treatment arm.
Importantly, 33% of patients in the control arm were
found to have low-risk stage II disease at surgery and
had been overstaged based on preoperative CT. These
patients would not routinely be administered adjuvant
chemotherapy. Preoperative chemotherapy was safe, with
no difference in perioperative morbidity. Three-year survi-
val was reported in 2020, and was equivalent in both arms
at 90.3%, while disease-free survival was numerically
better in the neoadjuvant-treatment arm (76.8% vs 69.2%
in controls, p=0.6).°® Of note, the study was not designed
or powered to demonstrate differences in these end points.

FOxTROT
This phase III trial conducted from the UK recruited
patients with at least T3 disease on preoperative staging
and randomized them to neoadjuvant chemotherapy =+
panitumumab or to immediate surgery followed by adju-
vant chemotherapy.”! The pilot phase included only
higher-risk patients with radiological (r) T3 tumors with
>5 mm extramural extension or rT4 tumors. The pilot
study found that the approach was well tolerated and
appeared to downstage the primary tumor.?'

Further results were reported at the 2019 American
Society of Clinical Oncology Annual Meeting: the 2-year
failure rate (defined as either relapse or persistent disease)
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was reduced numerically (HR 0.77, 95% CI 0.56-1.06),
but did not reach statistical significance (p=0.11).%° There
was a significantly reduced rate of incomplete tumor (R1
or R2) resection and reduced pathological staging.
Nonprespecified subgroup analysis suggested less benefit
in patients with deficient mismatch repair (dMMR)
tumors.”® The pilot phase included only higher-risk
patients with radiological rT3 tumors with >5 mm extra-
mural extension or rT4 tumors. Later protocol revision
allowed any rT3 tumor to be enrolled in a “younger age/
good general health” patient, as determined by the treating
physician. There was no specific nodal status prescribed.®
Of note, a significant proportion of the control arm were
node-negative at surgery (48%), suggesting that it is likely
a large number of stage II patients were also included in
the neoadjuvant-treatment arm.*® The final results of this

trial are yet to be published.

Use of Biological Agents

Both the clinically available anti-EGFR monoclonal anti-
bodies, cetuximab and panitumumab, have been studied
in combination with neoadjuvant chemotherapy. In the
PRODIGE 22 study, the cetuximab arm was stopped
early for lack of efficacy. A panitumumab arm was
included in the FOXTROT trial, but results have not yet
been published. Interest is high, given the somewhat
analogous situation studied in the New EPOC trial,
where there was a deleterious effect of cetuximab in
7071 Anti

VEGF agents have not been included in trials; however,

patients with resectable liver metastases.

in the adjuvant setting bevacizumab has proven
ineffective.”® There are also potential safety concerns,
with the use of preoperative bevacizumab possibly

impairing wound healing.

Future Directions

Triplet Regimens

The triplet FOLFOXIRI regimen plus bevacizumab improves
overall response rates, progression-free survival, and overall
survival (OS) compared to FOLFIRI plus bevacizumab/
FOLFOX plus bevacizumab in the first-line metastatic

7374 recently confirmed in a meta-analysis.”

setting,
Neoadjuvant benefit is being assessed in a phase II trial with
neoadjuvant FOLFOXIRI, using PET-CT imaging assessment
and ctDNA monitoring during and after therapy (see

Table 1).”°

Immunotherapy
The body of evidence for the efficacy of immunotherapy
in advanced dMMR colorectal cancer is growing, with
objective response rates of 31%—40% for single-agent
PD1 inhibitors and 55% for dual-checkpoint inhibition,
whereas the response rate in proficient MMR (pMMR)
metastatic disease is almost nil.””"”’ Immunotherapy may
provide a more efficacious alternative to neoadjuvant che-
motherapy in the dMMR group, which comprises 10%—
15% of early-stage colorectal cancer (as opposed to only
4% of metastatic cases). The AMMR subgroup in the phase
3 FOxTROT trial had reduced rates of tumor regression
after neoadjuvant FOLFOX chemotherapy compared to
pMMR tumors, with no pathological response seen in
74% vs 27% of patients.®® Several studies are now exam-
ining the role of immunotherapy earlier in the disease
trajectory. A small retrospective study (eight patients
with four T4AN1-T4N2 colon cancers) reported one patho-
logical complete response and one partial response after
single-agent neoadjuvant PD1-inhibitor treatment.®'

Recent data from the NICHE study support the use of
dual-checkpoint inhibition with ipilimumab and nivolu-
mab in the neoadjuvant setting for dAMMR colorectal can-
cer. The huge surprise was the benefit shown in pMMR
cancers:>> 19 of 20 patients with dMMR colorectal cancer
achieved a major pathological response, while 25% (n=4)
of pMMR patients responded.®” Translational studies will
be pivotal in understanding these results. Ongoing trials in
this setting are presented in Table 1.

Immunomodulation using antitumor vaccines and chi-
meric antigen—receptor T cells are also being explored as
neoadjuvant treatments in early-phase trials.®?

Neoadjuvant Chemoradiotherapy

Although the standard of care in locally advanced rectal
cancer, neoadjuvant chemoradiotherapy has not been well
studied in colon cancer, with only a few small studies and
case reports to date. Barriers include feasibility of irradiat-
ing mobile areas of the bowel and increased toxicity with
concurrent therapy. A prospective observational study of
60 Chinese patients with unresectable colon cancer
(located over 15 cm from the anal verge) found that 95%
of patients became suitable for resection after neoadjuvant
chemoradiotherapy with CAPOX (or capecitabine in
patients aged over 70 years).*> Some were able to avoid
radical cystectomy or enterectomy. These findings pro-

moted a phase III trial of neoadjuvant CAPOX/
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radiotherapy versus neoadjuvant CAPOX with a primary
end point of overall survival, which is under way
(Table 1).3

Chemoradiation may also be a more attractive option
for dMMR tumors. In the rectal cancer setting,
a retrospective cohort study of 50 dMMR patients found
29% of dMMR versus 0 pMMR rectal cancer patients
progressed while on neoadjuvant FOLFOX, but that
dMMR and pMMR patients responded at comparable
rates to chemoradiation.® These data suggest that neoad-
juvant chemoradiotherapy could be explored in further
research for patients with more proximal locally advanced
dMMR colorectal cancers.

Novel Biomarkers

It is hoped that biomarkers will be able to better persona-
lise and refine neoadjuvant therapy, avoiding futile therapy
in those where it is likely to be ineffective and providing
stronger evidence for treatment in those with markers
associated with response. Upregulation of PDK4 has
been shown to be associated with improved liver function
following neoadjuvant chemotherapy in oligometastatic
colorectal cancer.®® NDRGI is associated with response
to oxaliplatin.®” Furthermore, several markers are asso-
ciated with chemotherapy-refractory cells in colorectal
cancer, including nucleus NACI, HMGBI,
andABCB5.%%%° ¢tDNA is an emerging tool that in the
neoadjuvant setting could be used to assess treatment
response, potentially directing nonresponding patients to
intensification of therapy or immediate surgery.?

Elderly and Other “Special” Populations
Trial patients have been in general younger than the aver-
age patient with colon cancer, the median age at diagnosis
of colorectal cancer in the SEER database being 67 years,
with 24.6% of patients aged 65-74 years and 30% of
patients diagnosed aged >75 years.”’ In general, as in
most trials, the elderly have been underrepresented in
neoadjuvant studies, so extrapolation into real-world prac-
tice needs caution. The intervention arm in the FOXTROT
pilot cohort had a median age of 64 years, with only 24%
of patients aged >70 years. In PRODIGE 22, the median
age in the treatment arm was 65 years, with the oldest
patient in this trial aged 79 years.”?!

Patients with colonic obstruction have generally been
excluded from neoadjuvant trials, though some trials
have included a small number of patients with uncom-
plicated defunctioning stomata. One phase II study

specifically evaluated neoadjuvant chemotherapy in
those with defunctioning stomata for obstructing colon
cancer, and found that this was feasible and safe.””
Major comorbidities and poor performance status were
also excluded.

Conclusion

Neoadjuvant chemotherapy for locally advanced colon
cancer remains an evolving treatment paradigm. There
have been encouraging findings in surrogate end points,
such as tumor downstaging and reduction in high-risk
features of resected tumors. Limitations at present
include the inaccuracy of traditional radiological sta-
ging and a lack of prospective data showing definite
survival benefit. Novel approaches incorporating bio-
markers and new therapies, such as neoadjuvant immu-
notherapy, are of great interest. The results of ongoing
clinical trials are awaited to provide stronger evidence
regarding the benefits (or lack thereof) of this treatment
approach.
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