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The emergence of immunotherapy has revolutionized the traditional treatment paradigm of colorectal cancer
(CRC). Among them, immune checkpoint blockade has become the first-line treatment for metastatic colorectal
cancer (mCRC) and has made significant progress in the treatment of locally advanced colorectal cancer
(LACRC). We reviewed a series of clinical trials that have made breakthrough progress. We will emphasize the
breakthrough progress in achieving organ preservation in patients with high microsatellite instability or DNA
mismatch repair deficiency (MSI-H/dMMR), and based on this, we propose the concept of selective surgery,

which includes selectively removing or preserving lymph nodes, with the aim of proving our idea through more

research in the future.

Introduction

Colorectal cancer (CRC) is the third leading cause of cancer-related
deaths globally and the second leading cause of cancer-related deaths
worldwide. It is considered a global health problem that requires new
treatment strategies to meet urgent unmet needs [1,2]. Although
screening has become more widespread and significantly reduced inci-
dence and mortality, 20 % of newly diagnosed CRC patients present with
metastatic disease, and an additional 25 % present with localized disease
that subsequently progresses to distant metastasis.

The current standard treatment for CRC includes surgery, adjuvant
chemotherapy and radiotherapy, as well as systemic therapy using
chemotherapy and targeted drugs. Surgical treatment is the cornerstone
of early-stage colorectal cancer treatment. Among them, targeted ther-
apy refers to the treatment method that targets specific proteins or
pathways that are overexpressed or abnormally expressed in colorectal
cancer cells. Studies have shown that in patients with KRAS/NRAS/
BRAF wild-type metastatic colorectal cancer (mCRC), the use of cetux-
imab and panitumumab in combination with chemotherapy can prolong
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median survival time (MST) [3-5]. For patients with BRAF V600E
sequence mutations [6-8], targeted combination therapy using BRAF
and EGFR inhibitors can prolong overall survival (OS) [7,8].

Despite reaching a plateau in the benefits of chemotherapy and
targeted therapy, there is an urgent need to develop new effective
treatment strategies to improve survival outcomes. Immunotherapy has
become one of the most popular treatments in recent years. By utilizing
the patient's own immune system to attack cancer cells, immunotherapy
includes checkpoint inhibitors, monoclonal antibodies, chimeric antigen
receptor-modified T (CAR-T) cells, and cancer vaccines. Immune
checkpoint inhibitors (ICIs) can inhibit the activation and suppression
signals of immune cells, thereby enhancing the immune cells' attack on
cancer cells [9]. Pembrolizumab and nivolumab (used alone or in
combination with ipilimumab) have been approved by the US Food and
Drug Administration (FDA) as first-line treatment for mCRC patients due
to their high efficacy, stability, and durability [10-14]. In this review,
we summarize the existing evidence supporting the use of ICIs in CRC,
with a focus on the latest clinical trials expanding the use of ICIs in
mCRC and locally advanced CRC (LACRC). Immunotherapy has made a
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significant breakthrough in achieving organ preservation for some pa-
tients with locally advanced rectal cancer (LARC) to reach complete
clinical response (cCR) status.

Based on these, we propose a promising vision for future CRC surgery
with selective lymph node clearance or preservation, which is techni-
cally and theoretically supported. We look forward to more break-
throughs in the treatment of CRC in the future, making treatment more
personalized and tailored to individual needs.

The impact of immunotherapy on the treatment paradigm of CRC

Studies have shown that mCRC is the main cause of cancer-related
death, with a five-year survival rate of less than 15% [15]. Although
conventional surgery, chemotherapy, and radiotherapy have improved
patient survival to some extent, there are still many cases of recurrence
and metastasis, indicating that current treatment strategies still have
limitations. In recent years, the development of immunotherapy,
particularly ICIs, has brought new hope for the treatment of CRC.

Application of ICIs

ICIs are a new cancer treatment modality that can effectively attack
cancer cells by releasing the immune system's brakes. Numerous studies
have shown that ICIs have better therapeutic effects on microsatellite
instability-high (MSI-H)/deficient DNA mismatch repair (dMMR)
mCRC. However, 95 % of mCRC patients belong to the microsatellite-
stable (MSS)/proficient DNA mismatch repair (pMMR) subtype, which
is insensitive to immunotherapy [16,17]. These patients are prone to
DNA replication errors, frameshift mutations, and have reduced immune
escape mechanisms, resulting in an increase in tumor mutation burden
(TMB) and the production of abnormal proteins or neoantigens that can
be recognized and activated by the immune system [32,33] (Fig. 1). ICIs
have made significant breakthroughs in this patient population
(Table 1), gradually shifting from second-line to first-line treatment.

Two ICIs (pembrolizumab and nivolumab) have been approved by
the FDA as the new standard of care for first-line treatment of MSI-H
mCRC and have been designated as the standard of care for MSI-H/
dMMR CRC by the FDA [18].

In 2015, a clinical phase II study named KEYNOTE-016 was pre-
sented at the American Society of Clinical Oncology (ASCO) annual
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Table 1
Representative clinical trials supporting checkpoint inhibitor use in MSI-H
mCRC.

Trials Phase  Therapy Outcome Significance
KETNOTEO16 I Pembrolizumab ORR:40 % A new era of
(PD-1) immunotherapy
KEYNOTE177 il Pembrolizumab PFS: 16.5 First-line: PD-1
(PD-1) m monotherapy
ORR: 45.1
%
CheckMatel42 1I Nivolumab 12mORR: First-line: PD-1 +
+ipilimumab (PD- 60 % CTLA-4
1 + CTLA-4) 12 m PFS:
77 %
0S: 83 %

PD-1 = programmed cell death 1; CTLA-4 = cytotoxic T-lymphocyte-associated
protein 4; mCRC = metastatic CRC; MSI-H = microsatellite instability high; ORR
= overall response rate; PFS = progression-free survival; OS = overall survival;
m = month.

meeting [19]. The study found that the objective response rate (ORR)
was 40 % in MSI-H/dMMR CRC patients, compared to 0 % in non-MSI-
H/pMMR CRC patients. This study marked the beginning of immune
therapy for MSI-H/dMMR CRC, providing a promising new treatment
option for this challenging disease.

In 2020, pembrolizumab was approved by the FDA as the first
monotherapy PD-1 inhibitor for first-line treatment of MSI-H/dMMR
CRC patients with unresectable or metastatic disease [20], marking
significant progress in the treatment of this disease. Based on the
KEYNOTE-177 trial, this is the first drug to be approved by the FDA for
first-line treatment of MSI-H/dMMR CRC, providing a promising new
treatment option for mCRC patients. The 2023 CSCO guidelines update
recommends dual immunotherapy for MSI-H/dMMR patients based on
the available evidence from ipilimumab and the CheckMate-142 study
in China [21]. The study recommends dual immunotherapy as first-line
treatment for advanced MSI-H/dMMR patients, but with a low recom-
mendation level (expert consensus III).

Meanwhile, for MSS (microsatellite-stable)/pMMR (typical
mismatch repair) CRC, single immunotherapy (such as monoclonal an-
tibodies, cancer vaccines, etc.) cannot significantly improve patient
survival and treatment outcomes (Fig. 1). Insufficient mutation

Fig. 1. Comparison between MSI-H/dMMR and
MSS/pMMR CRC. MSI-H/dMMR CRC is charac-
terized by a high mutational burden and
continuous generation of neoantigens, which are
favorable for immune surveillance. Neoantigens
are presented by MHC class I molecules and re-
cruit CD8+ T cells to the tumor microenviron-
ment via interaction with T cell receptor (TCR).
However, immune checkpoint proteins
expressed on the surface of T cells, such as PD-1/
PD-L1 and CTLA-4/B7, can attenuate antitumor
immune responses by interacting with their li-
gands on antigen-presenting cells. In contrast,
MSS/pMMR CRC has a lower mutational burden
and lacks immune surveillance.
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neoantigens, immune evasion, and neovascularization are the reasons
for the poor efficacy [22,23]. However, some studies have shown that
combining immunotherapy with other treatments, such as chemo-
therapy or radiotherapy, may enhance the efficacy of immunotherapy in
this patient population [24,25].

Adopting novel immunotherapies

CAR-T cell therapy (chimeric antigen receptor T cell therapy) is a
treatment that modifies a patient's T cells into “biological weapons” that
can recognize and attack cancer cells. Recent studies have shown that
CAR-T cell therapy targeting CRC-related antigens such as CEA (carci-
noembryonic antigen) and GUCY2C (guanylate cyclase 2C) has
demonstrated good safety and efficacy in clinical trials [26].

Study of the immune microenvironment

The immune microenvironment, including tumor cells, immune
cells, vascular cells, and extracellular matrix, plays an important role in
the occurrence, development, and treatment response of tumors
[27,28]. In recent years, researchers have found that tumor-associated
macrophages (TAMs), tumor-associated neutrophils (TANs), regulatory
T cells (Tregs), and other immune cells play a promoting role in the
development of CRC, while the activity of anti-tumor immune cells such
as cytotoxic T cells and natural killer cells (NK cells) is often inhibited
[29-31]. By intervening in the proportion and function of these immune
cells, the efficacy of immunotherapy can be improved.

Study of gene vaccines

Gene vaccines are a new type of immunotherapy that activates or
enhances the body's immune response to tumors by injecting genes
containing tumor antigens or enhancing immune response. Some studies
have shown that gene vaccines targeting CRC-related antigens such as
CEA and MUC1 can improve the efficacy of immunotherapy [32]. Some
studies have also explored different delivery methods for gene vaccines,
such as viral vectors and liposomes, to improve the immunogenicity and
biological stability of gene vaccines [33].

Immunotherapy targeting TdLNs

In recent years, more and more studies have shown that tumor-
associated lymph nodes (TdLNs) in the tumor microenvironment have
a strong therapeutic response to ICIs [34]. Therefore, some new clinical
trials have begun to explore the possibility of selectively removing or
preserving TdLNs to improve the efficacy of immunotherapy.

In summary, immunotherapy has made significant progress in the
treatment of CRC, but further research is still needed. Although the MSS
subtype of colorectal cancer has a lower response to single immuno-
therapy, combination immunotherapy may have some therapeutic ef-
fect. Future studies are needed to explore the application of combination
immunotherapy in MSS colorectal cancer to improve treatment out-
comes and survival in patients.

Exploration of ICIs in LACRC

LACRC refers to cancer that has spread to adjacent tissues or lymph
nodes before surgical treatment. Immunotherapy has opened up new
treatment options for these patients. Among them, neoadjuvant immu-
notherapy (nIT) [35], which involves administration of ICIs before
surgery, has shown promising results, including reducing tumor staging,
increasing RO resection rates, reducing local recurrence rates, improving
prognosis, and even achieving complete remission or pathological
complete remission (pCR) in some patients [21,36-41]. This provides
more opportunities for subsequent surgical treatment and injects hope
into LACRC patients. In addition, studies have shown that nIT is well-
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tolerated in LACRC patients, with only mild immune-related adverse
events (irAEs) such as fever, fatigue, nausea, vomiting, and rash.
Although further research is needed to determine its efficacy and safety
in larger patient populations, nIT has the potential to become a more
effective and less toxic treatment option for LACRC patients.

Overall, ICIs have made significant breakthroughs in the treatment of
LACRC patients, with representative clinical trials shown in Table 2. To
further improve treatment outcomes, various strategies based on ICIs
have been developed, such as combining ICIs with radiotherapy,
chemotherapy, and targeted therapy (Fig. 2A).

ICIs in CRC patients with MSI-H/dMMR

Single-agent immunotherapy with ICIs

In a study conducted by Zhang et al. [42], two LARC patients with
dMMR/MSI achieved complete remission with nivolumab alone in nIT.
One of the patients underwent surgery after 6 cycles of nivolumab and
achieved pCR, while the other patient achieved cCR. This is the first
report of the use of anti-PD-1 antibody monotherapy as a neoadjuvant
treatment for dAMMR LARC.

Ding et al. [43] conducted a retrospective analysis of eight patients
with MSI-H/dMMR LACRC who received treatment with pem-
brolizumab or nivolumab in China. All eight patients enrolled had a
significant response on imaging and/or pathological assessment, with
five of the seven patients who underwent surgery being assessed as pCR
and one non-operated patient achieving cCR and then adopting a
“w&w” treatment strategy was adopted for the one non-operated patient
who achieved a cCR. More recently, Ding's latest study [44] showed that
in 58 patients treated with PD-1 blockade monotherapy, final response
rates and pCR/cCR were 87.9 % and 60.3 % respectively, with no dif-
ference from combination therapy. These results suggest that neo-
adjuvant therapy with PD-1 blockade alone is sufficient to achieve high
response rates in localized MSI-H/dMMR CRC and may be as effective as
combination therapy.

The results of the PICC study [45] suggest that patients in the tor-
ipalimab combined with celecoxib group had a pCR rate of 88 %,
compared to 65 % in the toripalimab monotherapy group. This study is
the first prospective clinical trial in the world to report preoperative nIT
using anti-PD-1 monoclonal antibody-based, monotherapy or in com-
bination with COX-2 inhibitors for MSI-H/dMMR in patients with locally
progressive CRC.

A neoadjuvant monotherapy trial [38] targeting MSI-H LACRC was
conducted in China. Eighteen MSI-H/dMMR LACRC patients received
pembrolizumab treatment, and all patients (100 %) achieved significant
tumor shrinkage. Five LARC patients underwent surgery, and all were
diagnosed with pCR. LARC patients received “w&w” treatment after
achieving cCR.

A groundbreaking study showed that monotherapy with PD-1
blockade for MSI-H/dMMR LARC patients achieved cCR in 100 % of
patients after 6 months of treatment [35]. Their unprecedented results
and 100 % clinical complete remission suggest that for some rectal
cancers (such as low-grade rectal cancer), it may surpass standard
treatment and require organ preservation.

A recent study [46] investigated the use of sintilimab as neoadjuvant
therapy for LARC with MSI-H/dMMR. Of the 16 evaluable patients, 15
had tumor shrinkage following treatment, and nine achieved clinical
complete response and opted for follow-up observation rather than more
invasive treatments. The study achieved an impressive 75 % complete
response rate, offering compelling evidence for the potential of immu-
notherapy in treating MSI-H/dMMR LARC. These promising results
underscore the importance of continuing to explore the use of immu-
notherapy in CRC treatment.

ICIs combination
The NICHE study [47] was a pioneering investigation into the use of
immunotherapy in neoadjuvant treatment for CRC. Specifically, it aimed
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Table 2
Representative clinical trials supporting checkpoint inhibitor use in CRC.
Trials Phase  Patients Therapy Outcome Significance
NICHE I 32 Nivolimab-+ipilimumab PCR: 69 % The first nIT in early stage CRC
PICC (NCT03926338) I 17vs17 Toripalimab vs pCR: 65% vs Filled the gap in the field of nIT for MSI-H/dMMR LACRC
Toripalimab+celecoxib 88%
NCT04165772 II 14 Dostarlimab cCR: 100 % Unprecedented 100 % cCR
NCT04304209 I 17 Sintilimab CR: 75 % Achieving organ preservation
REGONIVO Ib 24 MSS/pMMR Nivolimab-regorafenib ORR: 33.3 % The first phase Ib study exploring in MSS CRC
(NCT03406871) 1yPFS: 41.8 %
1y0S: 68 %
REGOTORI Ib/II 42MSS/pMMR/ Regorafenib+-teriparatide ORR: 2.36 % The first domestically conducted study of ICIs combined with
(NCT03946917) MSI-L DFS: 4.80 % anti-VEGF therapy.
Advanced mPFS: 2.1 m
CRC mOS: 15.5m

cCR = clinical complete remission; pCR = pathological complete remission; CR = complete response; ORR = overall response rate; PFS = progression-free survival; OS
= overall survival; y = year; m = month; mOS: median overall survival; mPFS: median progression-free survival.
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to evaluate the safety and efficacy of nivolumab and ipilimumab in the
context of early-stage CRC. Preliminary results from the study were
highly promising, with all patients achieving objective remission and 67
% of patients achieving pCR. These findings suggest that the use of dual
immune neoadjuvant therapy represents a significant opportunity for
CRC patients, and the study marks a major milestone in the application
of nIT in the treatment of this disease.

A recent study [48] reported that a female patient with MSI-H/
dMMR LARC who refused radiotherapy received nIT consisting of ipi-
limumab + nivolumab for 3 cycles, underwent TME with pathologically
confirmed pCR and showed no recurrence at the first evaluation 6
months after surgery. And another study [49] reported a young patient
with MSI-H/dMMR LACRC in Lynch syndrome who refused nCRT to
preserve fertility and eventually opted to receive nIT with ipilimumab in
combination with nivolumab and subsequently underwent TME, with
postoperative pathology confirming pCR.

ICIs in combination with radiotherapy and chemotherapy

In the VOLTAGE-A (NCT02948348) phase I/1I trial, the addition of
3-5 courses of nivolumab consolidation therapy between nCRT and
radical surgery in LARC patients with MSS or MSI-H status showed that
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Fig. 2. In CRC tumors, the combination of ICIs with
other treatment modalities can enhance the anti-
tumor treatment efficacy.
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tem that is more capable of recognizing and attacking
tumor cells than MSS/pMMR CRC patients, due to
their higher mutational burden and expression of
more neoantigens. Monotherapy with ICIs has
become one of the first-line treatment options for
MSI-H/dMMR CRC patients, but combination therapy
with other treatment modalities such as chemo-
therapy, radiation therapy, and targeted therapy is
also being studied and developed to further enhance
its therapeutic efficacy.

B. On the other hand, the efficacy of monotherapy
with ICIs is limited for MSS/pMMR CRC patients.
Clinical trials are underway to develop combination
therapy of ICIs with other treatment modalities.
Combination therapy of ICIs with chemotherapy (e.g.
FOLFOX, CAPEOX) has been shown to have some
efficacy. In addition, combination therapy of ICIs with
radiation therapy and targeted therapy is also widely
studied. Combination therapy may enhance tumor
immunogenicity by boosting the immune system
response and promoting tumor cell apoptosis, thereby
improving treatment efficacy.
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PCR was achieved in 30 % (11/37) and 60 % (3/5) of LARC patients with
MSS and MSI-H status, respectively [50],suggesting that the combina-
tion of nivolumab and radical surgery after nCRT is effective in treating
patients with MSS/pMMR in LARC.

The ANAVA study [51], reported at the 2021 ASCO Annual Meeting,
recruited 101 patients with LARC who were treated with 6 courses of
avelumab following nCRT. Of the 96 patients whose pathology was
finally assessed, 22 (23 %) achieved pCR and 59 (61.5 %) achieved
major pathological remission (mPR).

The AVERECTAL study investigated the effectiveness of neoadjuvant
short-course radiotherapy (SCRT) in combination with mFOLFOX6 plus
avelumab for LARC [52]. Of 40 patients who completed at least 1 cycle
of ICIs combined with radiotherapy followed by TME, 67.5 % achieved
mPR and 37.5 % achieved pCR, with further follow-up studies to follow
[53,54].

A R-IMMUNE phase Ib/II prospective trial study [55] included 26
LARC patients treated with atezolizumab for 4 cycles after the end of
nCRT followed by surgery, of which 25 completed surgery and 6 had
postoperative pathology showing pCR.



S. Yao et al.

ICIs in combination with targeted therapy

The NSABP C-08 study included II/III stage CRC patients who
received adjuvant FOLFOX and bevacizumab [56]. In the entire study
population, bevacizumab did not significantly improve disease-free
survival (HR, 0.89). However, post-hoc analysis of patients with
dMMR or pMMR showed improved survival with bevacizumab
compared to FOLFOX alone in the dMMR subgroup [57]. In contrast, no
survival benefit was observed in the pMMR subgroup. This result sug-
gests that at least in some CRC patients with pre-existing anti-cancer
immunity, the inhibition of VEGF alone is sufficient to provide immune-
stimulatory effects, enhance anti-cancer immune responses, and provide
rationale for combining bevacizumab with ICIs to enhance immunity.

A retrospective case study from Zhang et al. [58] evaluated the re-
ported efficacy and safety of nIT combined with targeted drug therapy in
patients with MSI-H/dMMR gastrointestinal malignancies, in which two
MSI-H LARC patients received nIT alone or in combination with bev-
acizumab, both patients were diagnosed with pCR postoperatively, and
no severe irAEs occurred during treatment.

ICIs in CRC patients with MSS/pMMR

MSS/pMMR CRC is more common than MSI-H/dMMR CRC. In recent
years, numerous studies have focused on overcoming the inherent
resistance to ICIs observed in the majority (approximately 95 %) of
MSS/pMMR tumor patients [59]. Efforts are being made to develop
effective strategies and convert their immunogenicity “cold” microen-
vironment into a “hot” microenvironment (Fig. 2B) to enhance their
anti-tumor immunity. The following are some of the latest and most
promising clinical trials in this field.

Combination of ICIs

In the NICHE exploratory study (NCT03026140) mentioned earlier
[47]1, 4 out of 15 (27 %) pMMR tumor patients who received a combi-
nation of ipilimumab and nivolumab with or without celecoxib achieved
PCR levels. This suggests that combining ICIs with other drugs such as
celecoxib may be a promising treatment modality for pMMR tumor
patients.

ICIs in combination with radiotherapy and chemotherapy

Li et al. [60] included 24 patients with LARC at low and high risk in
MSS/pMMR, treated with the CAPEOX regimen in combination with
sintilimab followed by a full course of neoadjuvant therapy, followed by
continuation of the CAPEOX regimen for consolidation of therapy; the
results showed a pCR rate of 30 % in the 20 patients who underwent
surgery; of the four patients who did not undergo surgery, three ach-
ieved a cCR and one declined surgery because the tumor remained
stable.

The ongoing TORCH trial [61] reported an initial cCR or pCR rate of
81.3 % in 16 patients with MSS LARC treated with toripalimab in
addition to SCRT or CAPEOX-based combination therapy.

Lin et al. [62] used a short course of radiotherapy sequential
immunotherapy combined with chemotherapy to treat LARC patients
for 2 cycles and showed a high pCR rate of 48 % in the total population
of 27 subjects who underwent the procedure, 26 of whom were of the
PMMR type with a pCR rate of 46 %. The programme is also currently in
a clinical phase III study and it is expected that it will enable more pa-
tients to benefit from immunotherapy. So far, the safety appears to be
manageable, with no level 4-5 irAEs.

ICIs in combination with targeted therapy

The REGONIVO study [63] enrolled 50 advanced gastrointestinal
cancer patients who failed standard treatment, of which 24 were MSS
CRC. The salvage treatment with regorafenib plus nivolumab achieved a
good ORR of 40 % overall, with an ORR of 36 % in the CRC group. The
median PFS was 7.9 months, and the 12-month PFS was 41.8 %. The
median OS was not reached, and the 1-year OS rate was 68.0 %.
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REGONIVO achieved a “qualitative leap” in salvage treatment for CRC,
opening up a new era of regorafenib plus PD-1 inhibitor therapy for
refractory MSS CRC. This is currently the most effective third-line
treatment for colorectal cancer.

The REGOTORI study [64] is the first clinical trial of PD-1 mono-
clonal antibody combined with regorafenib for refractory pMMR/MSS/
MSI-L mCRC conducted in Chinese patients. In the evaluable patients at
the recommended phase II dose (15 mg regorafenib plus toripalimab),
the objective response rate (ORR) was 2.36 %, and the disease control
rate was 4.80 %. The median PFS and median OS were 2.1 months and
15.5 months, respectively.

Overall, these advances highlight the growing importance of com-
bination therapy in LACRC, especially for patients with lower tumor
location, difficult anal preservation, or the need for organ and tissue
preservation. Some patients may even have the opportunity to be cured
through immunotherapy alone, providing a promising new treatment
option for this challenging disease. Further research will optimize
treatment strategies and outcomes for MSS CRC patients in the future.

The implementation of selective surgery

For patients with LACRC, the preferred surgical approach is complete
mesocolic excision (CME)/total mesorectal excision (TME) surgery. The
goal of this surgery is to completely remove the tumor and surrounding
tissues and clear lymph nodes, including the mesentery (as shown in
Fig. 3A). TME surgery can be performed through either the anus or
abdominal incision, depending on the patient's specific situation.
However, it should be noted that CME/TME surgery carries potential
risks and complications, including bleeding, infection, urinary inconti-
nence, sexual dysfunction, and pelvic pain.

The “w&w” non-surgical organ preservation strategy was first re-
ported by Harba-Gamal et al. in 2004. This approach is applied to LARC
patients who have achieved cCR after receiving immunotherapy and
who do not undergo conventional surgery but go directly to a close
follow-up and observation period, preserving organ function without
compromising patient survival and avoiding surgical complications or
permanent colostomy. Patients with preserved organs have similar DFS
and OS compared to those who undergo surgery, and LARC patients
have a significantly improved quality of life.

As mentioned earlier, immunotherapy has shown promising results
in LARC patients. Preliminary data suggest that immunotherapy may
achieve high pCR or cCR rates as well as organ preservation [35]. This
finding represents a major breakthrough in the field of CRC treatment, as
it provides patients with an alternative treatment option while
improving their overall prognosis. The “watch-and-wait” non-surgical
organ preservation strategy was first reported by Habr-Gama et al. in
2004 [65]. This approach can be applied to LARC patients who achieve
cCR through immunotherapy and do not undergo traditional surgery,
but instead enter a close follow-up and observation period, preserving
organ function without compromising patient survival and avoiding
surgical complications or permanent colostomies [66-73]. Patients with
organ preservation have similar DFS and OS compared to those who
undergo surgery, but with significantly improved quality of life
[65,74-76].

As mentioned earlier, the breakthrough study [35] showed that
LARC patients with MSI-H/dMMR achieved cCR in 100 % of patients
after 6 months of PD-1 monotherapy, as assessed by a comprehensive
evaluation of rectal MRI, endoscopy, and digital rectal examination.
This allows patients to avoid radiotherapy and surgery and continue
with observation only. The study provides revolutionary evidence of a
paradigm shift from nCRT to organ preservation through immuno-
therapy for this patient population.

In 2023, Xu et al. [77] demonstrated that 9 out of 17 primary MSI-H/
dMMR LARC patients achieved cCR after receiving Sintilimab neo-
adjuvant immunotherapy and were selected for follow-up observation.
The overall study complete remission rate was as high as 75 %. These
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Fig. 3. With the continuous development of surgical techniques, tumor treatment has evolved from traditional CME/TME surgery to the era of organ preservation
and selective surgery, and will continue to develop towards a more individualized, precise, and efficient direction.

A. The traditional CME/TME surgery is the main curative approach for tumor treatment, aimed at controlling tumor progression by removing the tumor, surrounding
tissue, and lymph nodes. The figure shows curative CME surgery for sigmoid colon cancer, which involves removing the colon within 10 cm above the tumor and at
least 5 cm below it. Lymph nodes to be cleared include mesenteric lymph nodes, pericolonic lymph nodes, and 253 lymph nodes. Vessels to be dissected include the
sigmoid artery.

B. Comparison of pre-nIT and post-nIT in MSI-H/dMMR LARC patients. Through follow-up with a combined approach of endoscopy, rectal MRI for at least 6 months,
all patients achieved cCR.

C. Currently, organ preservation has been achieved, and we propose the concept of selective surgery. A promising idea for future surgical procedures is to selectively
remove lymph nodes or preserve them after immunotherapy. The purpose of selective surgery is to ensure complete tumor removal while selectively clearing lymph
nodes, or even preserving them, to improve patient prognosis and quality of life.

patients were followed up until November 2022 and did not experience shows that after immunotherapy of tumor patients, progenitor exhaus-
tumor recurrence. In this study, most patients with MSI-H/dMMR LARC ted CD8+ T cells (Tpex) differentiate into transitional intermediate
were able to achieve cCR after PD-1 antibody treatment, avoiding the exhausted cells (Tex-int) in lymph nodes not invaded by tumor cells;
need for radical surgery. subsequently, Tex-int then enter the blood system, expand and infiltrate
These findings provide compelling evidence supporting the use of the tumor. That is, the T cells responding to immunotherapy originate
immunotherapy as a potentially effective treatment strategy for locally from the lymph nodes, suggesting that keeping the lymph nodes intact
advanced MSI-H/dMMR rectal cancer patients. Using a comprehensive prior to immunotherapy may enhance the effectiveness of immuno-
approach of endoscopy, rectal MRI, or CT/PET-CT for at least 6 months, therapy, and this solidifies the position of neoadjuvant immunotherapy.
all patients achieved cCR (Fig. 3B), offering hope for improving LARC This study was conducted in head and neck squamous cell carcinoma,
management. and we look forward to similar breakthroughs in the field of CRC in the
Overall, the evidence so far indicates that the “watch-and-wait” future.
strategy is a feasible breakthrough in selectively treating colorectal A new study by Huang et al. in the journal Cell identifies the presence
cancer with surgery, opening up a new era of anal preservation. Future of tumor-specific memory CD8+ T cells, or Tumor-draining lymph nodes
research and discoveries will bring exciting prospects, providing pa- (TdLNs)-Tygym cells, in TdLNs, considered to be true responders to ICIs
tients with better treatment options and improving their quality of life. blocking agents. Their findings suggest that we can make patients
benefit more from immunotherapy by keeping tumor-free lymph nodes
Preserving lymph nodes or selective resection of metastatic intact during surgery [79]. It has also been shown that the tumor-
lymph nodes specific T-cell response of TdLNs is strongly correlated with the
response to ICIs therapy [34].
Theoretical feasibility The groundbreaking research led by Spitzer et al. [80] has shed new
light on the mechanisms behind the effectiveness of immunotherapy in
Currently, based on the breakthrough progress in research related to fighting against cancer. Contrary to the common belief that immuno-
lymph nodes, we propose a beautiful vision of protecting lymph nodes or therapy activates T-cells directly within the tumor, their study indicates
implementing a selective lymph node dissection strategy during surgery, that the immune response is initiated by activating T-cells within the
to achieve the selective surgery we have discussed. lymph nodes, which in turn release circulating T-cells into the blood-
A study published in Cell by Maha et al. [78] has made us rethink the stream. These T-cells can then infiltrate the tumor and attack cancer
significance of preserving lymph nodes during treatment. This study cells, ultimately leading to tumor regression and improved patient
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outcomes.

However, the removal of nearby lymph nodes prior to immuno-
therapy treatment can have a detrimental effect on the activation of T-
cells and their subsequent infiltration into the tumor. This highlights the
importance of preserving lymph nodes, especially those not affected by
the tumor, as key sites for T-cell activation and immune response
initiation.

In the field of cancer treatment, lymph nodes are an important
component in identifying metastatic tumor cells. Removing nearby
lymph nodes before immunotherapy may have adverse effects on T cell
activation and subsequent infiltration into the tumor. This highlights the
importance of protecting lymph nodes, especially those that are not
affected by the tumor, as critical sites for T cell activation and immune
response initiation. Therefore, we propose that protecting lymph nodes
or implementing a selective lymph node dissection strategy during
surgery may help reduce these risks and potentially improve patient
outcomes (Fig. 3C).

Essentially, preserving some lymph nodes that are not invaded by the
tumor may be a key factor in improving the effectiveness of immuno-
therapy. The emerging trend of selective lymph node dissection or
lymph node preservation may be a crucial factor in improving the
effectiveness of immunotherapy and improving patient outcomes. By
preserving the critical sites where T cells can be activated, we can
maximize the potential of immunotherapy and fundamentally change
the way we treat cancer. Lymph node preservation in the treatment of
malignant tumors is still in the exploratory stage and requires more
clinical research to confirm its safety and efficacy.

Technological feasibility

Lymphatic mapping can visualize lymphatic drainage pathways and
the distribution of regional lymph nodes. It is widely used in curative
surgery for gastrointestinal malignancies to help determine the extent of
lymph node dissection, detect lymph nodes, and provide intraoperative
flexibility when dealing with lymph nodes outside the standard clear-
ance area [81-85]. Tracer lymph node dissection commonly uses fluo-
rescent tracers, with carbon nanoparticles (CNPs) and indocyanine
green (ICG) being the most commonly used tracers.

CNPs
The principle behind the ability of CNPs to track lymph nodes lies in
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their high lymphatic tropism. When injected into local tumor tissue,
they are phagocytosed by macrophages. Due to the difference between
capillary lymphatic vessels and capillary endothelial cells, CNPs cannot
enter blood vessels, but can quickly enter lymphatic vessels and stay and
aggregate in lymph nodes. This causes the nodes to turn black, achieving
the goal of tracking lymph nodes [86-88]. CNPs are widely used in CRC
surgery to detect black areas of positive lymph nodes (Fig. 4A). Since
CNPs are injected around the tumor, they mainly deposit in the lymph
nodes and do not enter the cardiovascular or respiratory systems, thus
avoiding potential toxic effects on these systems to some extent [89].

However, the use of CNPs also faces some challenges [90]. One dif-
ficulty is the difficulty of injecting CNPs into the submucosal layer
around the tumor through an endoscope. Injection leakage may also
interfere with tumor resection and cause adverse effects. In addition,
CNPs are a non-specific lymph node tracer and cannot distinguish be-
tween metastatic and negative lymph nodes.

ICG

ICG fluorescence lymphography has been reported for assessing
lymphatic pathways in CRC surgery. After submucosal, subserosal, or
subcutaneous injection, ICG disperses in lymphatic fluid, binds to lipo-
proteins, and is excreted through lymphatic pathways and lymph nodes.
Especially in laparoscopic right hemicolectomy, it can highlight water-
shed areas around major vascular branches to more accurately fix the
mesentery and visualize lymphatic and blood flow [91,92] (Fig. 4B). ICG
fluorescence has the advantages of low toxicity, high sensitivity, rapid
feedback, and no radiation [93]. ICG can accurately assess the blood
supply at the anastomotic site in real time and can detect organ ischemia
before reconstruction, thus reducing the incidence of anastomotic fistula
and reoperation rate [92,94]. The use of ICG in robot-assisted colorectal
surgery is also feasible [95,96].

Choosing the appropriate tracer can help achieve selective lymph
node dissection, and selecting the correct tracer requires consideration
of factors such as lymph node uptake, imaging quality, dosage, and
safety. This can assist in implementing the concept of selective surgery.
Some tracers have a longer residence time in lymph nodes and can
provide more accurate lymph node localization information, such as
CNPs, which can migrate to lymph nodes through the lymphatic system
and have a high lymph node accumulation rate. Other tracers, such as
ICG, can provide real-time lymph node imaging information through
ultraviolet or near-infrared light excitation. Therefore, choosing the

Fig. 4. Lymphatic mapping refers to the injection of a tracer into the patient's body, and tracking its flow path during the surgery to determine the location and
number of lymph nodes. This approach can help surgeons more accurately remove lymph nodes, thereby reducing the risk of tumor recurrence and metastasis.
A. CNPs are applied in laparoscopic surgery for colorectal cancer, where the black area indicates the detected positive lymph nodes.

B. ICG is applied in laparoscopic surgery for colorectal cancer, with the bottom left corner showing ICG-enhanced near-infrared fluorescence-guided imaging.
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appropriate tracer requires consideration of multiple factors to help
achieve the concept of selective surgery.

Conclusions

Undoubtedly, in recent years, immunotherapy has had a significant
impact on the treatment of CRC, including immune checkpoint in-
hibitors, CAR-T cell therapy, cancer vaccines, and all of these have made
significant progress. Among them, based on the strong data from the
KEYNOTE-177 trial, Pembrolizumab was approved by the FDA in 2020
as a first-line treatment for mCRC. In recent years, the application of
immunotherapy in LACRC has also made breakthroughs. Currently,
multiple clinical trials are underway to explore the potential benefits of
ICIs as a treatment for LACRC patients, which is highly anticipated.

Moreover, it is encouraging that ICIs treatment is no longer limited to
MSI-H/dMMR patients who respond to immunotherapy. Some recent
clinical trials have overcome the initial resistance of MSS/pMMR mCRC
patients to immunotherapy and achieved good results. A series of clin-
ical trials of combination therapy have shown promising data, but
further research is needed to validate their safety and effectiveness.

In addition, based on the achievement of complete pathological
remission through immunotherapy in MSI-H/dMMR LARC, patients
who choose the “watch and wait” strategy have made breakthroughs in
organ preservation, avoiding the harm caused by surgery, and taking a
big step forward in the concept of selective surgery proposed by us. In
addition, because TdLNs have a strong therapeutic response to ICIs, we
propose the concept of future selective surgery, including selective
clearance or preservation of lymph nodes. Lymph node preservation in
the treatment of malignant tumors is still in the exploratory stage and
requires more clinical studies to confirm its safety and effectiveness.

In conclusion, it is reasonable to say that immunotherapy has already
changed the treatment paradigm of CRC. However, there are still a series
of difficulties and challenges to be faced in the future, and the devel-
opment of immunotherapy for CRC requires further research and
exploration, including determining the optimal treatment regimen,
prognostic factors, and biomarkers of patient response. With the
development of new research and technologies, the vision of achieving
selective surgery can be realized, providing individualized treatment
plans for patients and improving their quality of life in advanced stages.
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