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Abstract
The introduction of effective systemic therapies has significantly changed the treatment of stage III and IV melanoma. 
Both immune checkpoint inhibitors and targeted therapies have improved recurrence-free survival in the adjuvant setting. 
Recent interest has sparked for neoadjuvant systemic therapy with immune checkpoint inhibitors. The intended benefit of 
pre-operative treatment with immunotherapy is amongst others to enable tailoring of the surgery and adjuvant systemic 
therapy according to the treatment response. Most importantly, recurrence-free survival might be improved by neoadjuvant 
systemic therapy over the current standard of care of surgery followed by adjuvant systemic therapy. The first phase I and 
II trials investigating anti-PD1 inhibitors, both as a single agent and in combination with anti-CTLA-4 inhibitors or other 
therapeutic agents, have shown promising results. Pathological complete response on neoadjuvant systemic therapy seems 
a valid surrogate endpoint for relapse-free and overall survival. Pathological complete response rates in these trials vary 
between 30 and 70%. The optimal dose with respect to efficacy and toxicity and the interval between systemic and surgical 
treatment remain important issues to address. Accumulating follow-up data and ongoing phase III studies must prove if 
neoadjuvant systemic therapy is superior to surgery followed by standard-of-care adjuvant therapy.
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Key Points 

The treatment of advanced (metastatic stage IV) mela-
noma with systemic (immuno)therapies has significantly 
improved survival.

Phase I and II trials have proven the safety and effec-
tiveness of neoadjuvant systemic therapy with immune 
checkpoint inhibitors.

Neoadjuvant systemic therapy could potentially tailor the 
extent of surgery and/or any adjuvant systemic therapy, 
based on the pathologic response obtained.

1 Introduction

The concept of neoadjuvant systemic therapy (NAST) is 
not novel, it has been used for different types of cancers 
for decades, with varying degrees of success. One of the 
most frequently listed goals of NAST is an increased effi-
cacy leading to a better outcome, for example, less positive 
resection margins, less relapse and improved survival. Other 
goals of NAST that are currently pursued are: less extensive 
extent of surgery, more organ preservation and less morbid-
ity. Examples for this include breast and colorectal cancer.

For breast cancer, NAST can convert the need for a breast 
amputation into the option to perform breast conservative 
surgery, without diminishing the survival chances by doing 
so [1]. However, NAST in breast cancer does not improve 
survival compared to adjuvant systemic therapy, the survival 
of NAST and adjuvant systemic therapy is equivalent [1, 
2]. It is important to realize that this concerns NAST with 
chemotherapy in breast cancer and this might differ from 
immune checkpoint inhibitor (ICI)-based NAST, which has 
a completely different mechanism of action.

The oncology world has changed rigorously since the first 
positive result of an ICI therapy was demonstrated in mela-
noma. It was the anti-CTLA-4 inhibitor ipilimumab that was 

http://orcid.org/0000-0002-3262-6935
http://crossmark.crossref.org/dialog/?doi=10.1007/s40259-022-00525-x&domain=pdf


374 A. C. J. van Akkooi et al.

the first to improve survival for patients with stage IV mela-
noma, who were considered to have an infaust prognosis 
before [3]. Thereafter, anti-PD-L1 therapies (i.e. nivolumab, 
pembrolizumab) have been successfully brought to the clinic 
for a large diversity of cancer types [4–6]. Finally, the com-
bination of anti-CTLA-4 and anti-PD-L1 has shown some 
of the highest benefits for a few cancer types, including 
melanoma, albeit at the cost of considerably more toxicity 
[7]. The blocking of novel checkpoints are currently being 
attempted, with anti-LAG-3 (i.e. relatlimab) the most recent 
to show a successful benefit [8].

Melanoma has been historically treated with surgery 
as much as possible because of the lack of effective sys-
temic therapy for high-risk and stage IV melanoma prior 
to 2010. Therefore, effective NAST in melanoma remains 
in its early development. In this paper, we summarize the 
results obtained until now regarding the efficacy and safety 
of NAST in melanoma. Furthermore, we discuss the timing, 
specifics of intralesional therapies and future perspectives 
for NAST in melanoma.

2  Efficacy

2.1  History and Benchmark

First, before discussing the NAST results for melanoma, we 
must set the bar and create a benchmark to which we will 
later compare NAST. For the remainder of this paper, unless 
specifically described otherwise, we focus on patients with 
clinically detected (either by palpation or on imaging; mac-
roscopic), resectable nodal stage III melanoma. Approxi-
mately, 10–20% of patients with melanoma are diagnosed 
yearly as such.

Historically, surgical resection through a formal therapeu-
tic lymphadenectomy or therapeutic lymph node dissection 
(TLND) has always been the cornerstone of treatment for 
these patients. Despite this surgery with a curative intent, a 
considerable proportion of patients (between 20 and 80%) 
has been reported to progress to stage IV melanoma within 
months to years and subsequently succumb to the disease 
[9–13].

For many years, adjuvant therapy had focused on the use 
of interferon (IFN), with varying schedules being exam-
ined, including high-dose (HD), intermediate-dose, low-
dose, with or without an induction phase, short or longer 
maintenance and/or pegylated IFN. The results of all IFN 
trials were modest, as it did have a small benefit in terms 
of relapse-free survival (RFS), but limited to no effect on 
overall survival (OS) [14–24]. Therefore, the use of adjuvant 
IFN was varied across the world, with some countries where 
it would be considered standard-of-care (SoC) therapy and 
nearly all eligible patients receiving this therapy, whereas 

other countries, based on the same trial evidence, did not 
include adjuvant IFN in their guidelines and it would almost 
not be prescribed [25].

This all has changed radically during the last decade with 
the advent of ICI and BRAF-directed therapies. The 5-year 
OS of stage IIIB and IIIC melanoma used to be approxi-
mately 59% and 40%, respectively [10]. Updated OS data 
are not yet mature, but results from the pivotal phase III 
adjuvant trials have all reported improved RFS data.

2.2  Adjuvant ICI

The very first adjuvant trial of the modern era was the 
EORTC 18071 trial with HD ipilimumab. This trial used 
10 mg/kg of adjuvant ipilimumab every 3 weeks (Q3W) 
for four courses and also included maintenance courses of 
ipilimumab every 12 weeks up to 3 years and compared 
this to placebo [26]. The trial demonstrated a significantly 
improved RFS, which translated into the same benefit for 
distant metastasis-free survival and OS, which was sus-
tained even after a long-term follow-up [27]. This study 
was unique, as it showed a very clear effect of adjuvant 
therapy on RFS (± 10%) that translated into nearly exactly 
the same benefit for OS, which is currently much more dif-
ficult to demonstrate, as patients can be salvaged with an 
arsenal of therapies after progression. These effective thera-
peutic options were not yet available to the patients in the 
EORTC 18071 study, who were either treated as part of 
the study (adjuvant group) or not, as most could not (yet) 
access any effective drugs at that time outside of clinical 
trial(s), as BRAF-directed and other ICI therapies were not 
yet approved and thus not widely available.

Another thing that was different in the EORTC 18071 
study was the choice of dose for ipilimumab, as after the trial 
was conducted, the dose for metastatic stage IV melanoma 
was determined at 3 mg/kg rather than 10 mg/kg, but in the 
adjuvant trial 10 mg/kg Q3W was used. It led to a signifi-
cantly high rate of grade III/IV adverse events (AEs) that 
translated into premature termination of adjuvant therapy 
in nearly half of the patients [26]. Despite so many patients 
not completing the induction phase (or receiving any main-
tenance course(s) for that matter), the trial was still clearly 
positive in terms of efficacy.

Another trial, the North American Intergroup E1609 
study, was originally designed to examine adjuvant ipili-
mumab at 10 mg/kg vs HD IFN; however, it was later 
amended to include a third arm with the more common 
dose of ipilimumab at 3 mg/kg. This trial demonstrated a 
significant benefit of adjuvant ipilimumab at 3 mg/kg over 
HD IFN. Ipilimumab 3 mg/kg was significantly less toxic 
than HD ipilimumab at 10 mg/kg [28].

The Checkmate 238 study was designed to compare 
adjuvant HD ipilimumab (10 mg/kg Q3W) vs nivolumab (3 
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mg/kg every 2 weeks). This trial too showed an improved 
efficacy of adjuvant nivolumab in terms of RFS benefit of 
approximately 10%, which was sustained with a long-term 
follow-up compared with an active control (HD ipilimumab) 
[29, 30]. Additionally, it was far less toxic, with approxi-
mately 15% of patients developing a grade 3/4 AE compared 
with 45% for HD ipilimumab.

These results were independently validated by a trial 
with another anti-PD-1 agent, pembrolizumab. The EORTC 
1325/KN-054 study examined a fixed dose of pembroli-
zumab (200 mg Q3W, maximum of 17 adjuvant courses) vs 
a placebo in part 1 of the study. Part 2 of the trial consisted 
of a cross-over for patients who progressed on the placebo 
arm or re-treatment of patients on the adjuvant arm if they 
were more than 6 months after their last dose of adjuvant 
pembrolizumab. For now, we focus on the results of part 1 
that showed an approximately 20% benefit in terms of RFS 
compared with placebo, which was again sustained after a 
long-term follow-up [31, 32]. Indirect modelling seems to 
indicate that the results obtained with another adjuvant anti-
PD-1 agent are to be considered equivalent [33].

Because treatment for patients with stage IV metastatic 
melanoma had evolved towards the use of the combination 
of ipilimumab and nivolumab (IPI/NIVO), adjuvant stud-
ies were also set up to examine this. The first to report was 
the IMMUNED study that was a phase II adjuvant trial for 
patients with resected stage IV melanoma and had three 
arms: double placebo, adjuvant nivolumab (3 mg/kg every 2 
weeks) and adjuvant IPI/NIVO (IPI 3 mg/kg and nivolumab 
1 mg/kg Q3W for four courses, followed by nivolumab 1 
mg/kg Q3W). This phase II trial showed a clear benefit 
of IPI/NIVO over nivolumab alone, which in turn showed 
improved survival compared with placebo [34].

However, to the surprise of many, the subsequent rand-
omized phase III clinical trial Checkmate 915, comparing 
IPI/NIVO with nivolumab alone for resected stage IIIb–IV 
melanoma, turned out negative and thus the combination of 
IPI/NIVO is not used in the adjuvant setting for melanoma 
today [35]. Reasons for the lack of benefit in the Checkmate 
915 study have only been speculated, but include amongst 
others the dose and schedule of adjuvant IPI/NIVO used 
by the trial. Where IPI/NIVO for patients with stage IV 
melanoma is typically dosed at ipilimumab 3 mg/kg and 
nivolumab 1 mg/kg Q3W for four courses, the Checkmate 
915 study not only used the ‘flip dose’ of ipilimumab 1 mg/
kg and nivolumab 3 mg/kg, but also at an interval of every 
6 weeks.

2.3  Adjuvant BRAF‑Directed Therapy

To complete the picture, we must also discuss the results for 
adjuvant BRAF-directed therapy. Approximately 40–50% 
of patients with melanoma harbor an activating BRAF 

mutation [36, 37]. For metastatic stage IV melanoma, 
safety and efficacy of combinations of BRAF and MEK 
inhibitors with vemurafenib and cobimetinib, dabrafenib 
and trametinib or encorafenib and binimetinib were demon-
strated [38–40]. Only adjuvant therapy with dabrafenib and 
trametinib (D&T) was tested for patients with stage III mela-
noma BRAF V600E/K mutations in the adjuvant COMBI-
AD study vs a placebo. This study showed an improved 
RFS of adjuvant D&T vs placebo, which, although its effect 
diminished slightly over time, still translated into a more 
than 15% RFS benefit after 5 years [41, 42].

Thus, currently, it is considered SoC to treat patients with 
clinically detected, resectable nodal stage III melanoma with 
TLND, followed by adjuvant systemic therapy that can be 
either anti-PD-1 (either nivolumab or pembrolizumab) or 
D&T for patients with a BRAF V600E/K mutation. Land-
mark 1-year and 2-year RFS is approximately 75% and 65% 
for patients after TLND and adjuvant anti-PD-1 [30, 32].

2.4  NAST

Until today, only phase I/II NAST trials have been conducted 
and reported for melanoma. There have been studies looking 
at NAST with anti-PD-1 alone and studies looking at the 
combination of IPI/NIVO (Table 1).

First, there is the study by Huang et al. that examined 
single-dose pembrolizumab NAST before surgery. It 
showed that 30% of patients could achieve a major patho-
logic response (MPR), which is either a pathologic complete 
response (pCR, no residual melanoma cells detected) or a 
near pCR (≤ 10% viable tumor cells left) [43].

Thereafter, a study by Amaria et al. showed similar 
results for NAST with nivolumab with 25% of patients 
developing a pCR [44]. However, the same study by Ama-
ria et al. randomized patients between nivolumab alone or 
the combination of IPI/NIVO and showed a much higher 
pCR for the combination of 45% [44].

At the same time, the OpACIN study examined NAST 
IPI/NIVO vs adjuvant IPI/NIVO in a randomized phase 
Ib study. This study showed similar high overall response 
rates (ORRs) for the neoadjuvant combination of 78% 
[45]. Importantly, the OpACIN study was not designed to 
look at an improved efficacy of NAST vs adjuvant therapy, 
but did seem to indicate such in terms of improved RFS 
for NAST patients compared with adjuvant patients after a 
long-term follow-up [46]. A perhaps even more significant 
finding of the OpACIN study is the biomarker analysis, 
that showed a more extensive T-cell response for NAST 
patients compared with adjuvant patients, which might 
indicate a biologically driven, improved mechanism of 
action for NAST over adjuvant therapy [46].
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The largest NAST study to date is the OpACIN-neo 
study, which examined three different schedules of IPI/
NIVO, either ipilimumab 3 mg/kg plus nivolumab 1 mg/
kg Q3W for two courses compared to the ‘flip-dose’ of 
ipilimumab 1 mg/kg plus nivolumab 3 mg/kg vs sequential 
treatment of ipilimumab 3 mg/kg followed by nivolumab 
3 mg/kg. This study demonstrated significant overall 
response rates in all three arms of 65–80% with a MPR of 
45–70% [46, 47]. This translated into a landmark 1-year 
RFS rate of 85%, which is sustained with a long-term 
follow-up [46, 47].

More recent developments include the PRADO exten-
sion cohort of the OpACIN-neo study. The aim of this 
extension cohort was to validate the safety and efficacy 
of the ‘flip-dose’ schedule and to determine if the index 
node could be used to determine response and tailor adju-
vant treatment. Patients with clinically detected, resectable 
nodal stage III melanoma were treated with two courses of 
ipilimumab 1 mg/kg and nivolumab 3 mg/kg after which, 
rather than proceed immediately to TLND, they would 
undergo removal of the index node first. Based on the 
response, further treatment would be tailored. In the case 
of MPR, patients would have no further surgery or adju-
vant systemic therapy. For patients with a partial response, 
they would undergo a TLND, but no further adjuvant sys-
temic therapy. In patients with a non-response (> 50% 
viable tumor cells), TLND would be followed by adjuvant 
systemic therapy (either BRAF directed in the case of a 
BRAF mutation or anti-PD-1 for wild-type patients) and/
or adjuvant radiotherapy to the nodal basin. First results 
have been presented and confirm an ORR of 71% and an 
MPR rate of 61% [48]. However, a longer follow-up is 
needed to determine if the omission of TLND was safe 
for patients with an MPR. Finally, a recent NAST study by 
Amaria et al. reported that the use of the anti-LAG-3 ICI 
relatlimab in combination with nivolumab demonstrated 
a 59% pCR rate [49].

2.5  INMC

The International Neo-Adjuvant Melanoma Consortium 
(INMC) has performed a pooled analysis of a number of 
the above-mentioned trials and demonstrated that pCR for 
NAST with ICIs is an excellent surrogate marker for RFS 
and OS [50].

3  Safety

The early NAST studies prioritized safety first. Safety con-
sideration can be divided into two different items: AEs due 
to NAST or the failure to bring patients to (timely) surgery 

and thus potentially losing the ability to safely perform a 
potentially curative TLND.

With respect to the AEs, studies with single-agent anti-
PD-1 have shown a favorable toxicity profile with 8–30% of 
patients presenting with grade ≥ 3 AEs [43, 44]. In contrast, 
NAST with IPI/NIVO combinations with the ipilimumab 
3-mg/kg and nivolumab 1-mg/kg doses have shown sig-
nificantly higher toxicity rates, with grade ≥ 3 AEs being 
seen in 73–90% of patients [44, 45]. Of note, this is a much 
higher rate of grade ≥ 3 AEs than patients with stage IV 
metastatic melanoma treated with the same schedule, which 
is noted at around 45% grade ≥ 3 AEs [7]. We can only 
speculate about the reasons for this, but one hypothesis is 
the increased efficacy and toxicity of this regime in NAST 
compared with patients with stage IV melanoma is due to 
the lesser immune suppressive status of the host immune 
system of those patients with earlier stage disease.

This has sparked investigators to examine different sched-
ules of NAST to reduce toxicity. In this case, the OpACIN-
neo study examined different schedules of the combination 
of IPI/NIVO. Either ipilimumab 3 mg/kg plus nivolumab 1 
mg/kg Q3W for two courses compared to the ‘flip-dose’ of 
ipilimumab 1 mg/kg plus nivolumab 3 mg/kg vs sequential 
treatment of ipilimumab 3 mg/kg followed by nivolumab 3 
mg/kg. The OpACIN-neo study concluded that efficacy was 
similar for all three treatment arms (albeit slightly less for 
the sequential arm vs the concurrent arms), but the toxicity 
was least (20% grade ≥ 3 AEs) for the ‘flip-dose’ arm of 
ipilimumab 1 mg/kg and nivolumab 3 mg/kg [47]. Investiga-
tors are using this schedule moving forward [48].

With respect to the failure to perform timely surgery 
and the loss of local control, the study with single-agent 
pembrolizumab did not see any delays or failures to per-
form timely surgery [43], whereas the Data Safety Moni-
toring Board terminated accrual of patients to single-agent 
nivolumab because of disease progression in 2/12 (17%) 
patients during NAST [44]. The first studies with the com-
bination IPI/NIVO did not show any delays or failures [44, 
45]. The PRADO extension cohort found progression during 
NAST in 7/99 patients and toxicity in 1/99 patients (total 
8%).

Interestingly, a consideration for all pivotal phase III 
adjuvant trials is the fact that they reported only on patients 
who have successfully completed the screening phase. 
A report by Bloemendal et al. demonstrated that 18% of 
patients were excluded from their adjuvant dendritic cell 
trial because of progression detected during the screen-
ing phase [51]. Importantly, this was exclusively related to 
patients with clinically detected, nodal stage 3 melanoma 
(unlike other adjuvant trials that also include sentinel node-
positive patients), all of whom had also been initially staged 
prior to their TLND. This rate of progression after TLND, 
prior to commencing adjuvant systemic therapy, needs to 
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be considered when looking at the comparison with NAST 
and taking the progression during NAST into the balance.

4  Timing

What is the optimal duration of NAST prior to surgery? 
This is a difficult question to answer, as it has not been pro-
spectively investigated in any randomized approach by any 
trial (yet). Huang et al. showed that with only a single dose 
of pembrolizumab already a 30% MPR could be achieved 
within 3 weeks [43]. However, one could hypothesize that 
the maximum reduction achievable by NAST might not yet 
be reached if one performs the surgery too soon. Others have 
used 12 weeks (four full courses of IPI/NIVO Q3W) and did 
not see better outcomes than what were seen after only two 
courses of IPI/NIVO (6 weeks) in the OpACIN or OpACIN-
neo studies [44, 45, 47]. An excessively lengthy interval 
between starting NAST and performing surgery might create 
the opportunity for resistance to occur. Thus, empirically, 
it seems that the optimal duration of NAST is somewhere 
between 3 and 12 weeks, with most studies currently moving 
forward with a 6-week interval.

5  Future

5.1  INMC Principles

The INMC mission is to bring together key stakeholders 
across multiple disciplines including medical oncology, 
surgical oncology, pathology, radiology and translational 
research from institutions around the world with the goal 
of creating an organized approach into the investigation of 
neoadjuvant treatment in melanoma. Through this mecha-
nism and with a comprehensive approach to maximizing 
collaborative opportunities amongst investigators and insti-
tutions, the INMC seeks to advance treatment for patients 
with melanoma.

Potential benefits of NAST according to the INMC 
include:

1. Improving RFS and distant metastasis-free survival, 
with the ultimate goal to improve OS compared to SoC 
adjuvant therapy.

2. Identifying a cohort of patients who have drug-respon-
sive disease and might be treated with less extensive 
surgery, and possible without surgery at all.

3. Identifying a cohort of patients with a favorable prog-
nosis who may not require adjuvant radiotherapy and/or 
systemic therapy, and a tailored follow-up.

4. The NAST response might provide important prognos-
tic/predictive and toxicity information, and help direct 
the choice of adjuvant therapy.

5. Identifying patients with resistant disease to direct 
towards clinical trials of novel therapies or new drug 
combinations.

6. Reducing tumor burden to facilitate resection and poten-
tially lessening the morbidity of resection.

7. A model for drug development.
8. Exploring biomarkers of response and resistance with 

the provision of unique high-value specimens collected 
routinely in the NAST paradigm, including sequential 
tissue and blood specimens before, during and after 
NAST.

9. No delay in initiating effective systemic therapy.

5.2  Phase II Trials

There is currently a large volume of different phase II NAST 
trials ongoing, examining a wide range of different systemic 
agents, intralesional therapies and combinations. Examples 
include the DONIMI study (NCT04133948), which is exam-
ining the added value of the histone deacetylase inhibitor 
domatinostat together with ICIs. This trial demonstrates the 
use of the NAST platform as a model for drug development 
(Table 1).

5.3  Intralesional

Another area of interest within NAST is the use of locore-
gional therapies, specifically intralesional therapies. Mela-
noma is known to be able to present with a unique type 
of metastases that are satellite or in-transit metastases, 
which usually present as cutaneous or subcutaneous lesions 
between the scar of the original melanoma and the regional 
nodal basin. Approximately 4–8% of patients with mela-
noma develop such lesions [52]. The fact that these lesions 
are easily accessible for locoregional therapies makes them 
attractive for application. A number of locoregional thera-
pies have shown their efficacy for patients with multiple, 
bulky and/or quickly recurrent in-transit metastases, such 
as isolated limb perfusion, isolated limb infusion, electro-
chemotherapy,  CO2 laser, and more recently, the oncolytic 
virus talimogene laherparepvec (T-VEC) [53–59].

A randomized NAST trial with T-VEC vs SoC surgery 
demonstrated both an improved RFS (29.5% vs 16.5%) and 
OS (88.9% vs 77.4%), which was sustained after 3 years of 
follow-up [60]. The pCR rate was 17.1% for patients tak-
ing T-VEC [60]. Although this study was positive, it cannot 
compete with the results achieved above with NAST with 
the use of ICIs. Therefore, for example, the combination of 
T-VEC and nivolumab is currently being studied as NAST 
in the NIVEC study (NCT04330430).
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5.4  NADINA

A phase III randomized trial to answer the question if 
NAST is superior to TLND followed by SoC adjuvant 
systemic therapy has commenced. This NADINA trial 
(NCT04949113) is randomizing patients with clinically 
detected, resectable nodal stage III melanoma (with up to a 
maximum of three satellite/in-transit metastases) to upfront 
TLND (plus resection of all satellite/in-transit metastases) 
followed by a maximum of a year of adjuvant nivolumab 
480 mg every 4 weeks) or NAST with two courses of IPI/
NIVO (ipilimumab 80 mg, nivolumab 240 mg Q3W). 
After NAST, patients will proceed to undergo surgery and 
based on the response, it will be determined how patients 
will continue their disease management. In the case of a 
non-response, patients will be eligible to receive either 11 
courses of adjuvant nivolumab (480 mg every 4 weeks) or 
46 weeks of adjuvant dabrafenib and trametinib (only for 
those patients whose melanomas harbor a BRAF V600E/K 
mutation). Patients with a pCR, near pCR and  pathologic 
partial response (pPR) will not receive any further adjuvant 

therapy, but continue in the follow-up. The trial has started 
its accrual in 2021.

6  Conclusions

Treatment of clinically detected, resectable nodal stage III 
melanoma with NAST with the use of ICIs is safe and effec-
tive. It might even be superior to the current SoC TLND and 
adjuvant systemic therapy. Neoadjuvant systemic therapy 
also offers other potential benefits, such as the ability to tai-
lor surgery with decreasing morbidity and adjuvant therapy 
based on the response to NAST.
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