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ABSTRACT Exciting advances in melanoma systemic
therapies have presented the opportunity for surgical
oncologists and their multidisciplinary colleagues to test
the neoadjuvant systemic treatment approach in high-risk,
resectable metastatic melanomas. Here we describe the
state of the science of neoadjuvant systemic therapy
(NAST) for melanoma, focusing on the surgical aspects
and the key role of the surgical oncologist in this treatment
paradigm. This paper summarizes the past decade of
developments in melanoma treatment and the current evi-
dence for NAST in stage III melanoma specifically. Issues
of surgical relevance are discussed, including the risk of
progression on NAST prior to surgery. Technical aspects,
such as the definition of resectability for melanoma and the
extent and scope of routine surgery are presented. Other
important issues, such as the utility of radiographic
response evaluation and method of pathologic response
evaluation, are addressed. Surgical complications and
perioperative management of NAST related adverse events
are considered. The International Neoadjuvant Melanoma
Consortium has the goal of harmonizing NAST trials in
melanoma to facilitate rapid advances with new approa-
ches, and facilitating the comparison of results across trials
evaluating different treatment regimens. Our ultimate goals
are to provide definitive proof of the safety and efficacy of
NAST in melanoma, sufficient for NAST to become an
acceptable standard of care, and to leverage this platform to
allow more personalized, biomarker-driven, tailored
approaches to subsequent treatment and surveillance.

With the rapid evolution of effective, available therapies
for advanced melanoma and their subsequent approval in
the adjuvant setting, the field of neoadjuvant systemic
therapy (NAST) is an area of intense interest and ongoing
research—following success in other cancers where NAST
is now standard practice. The International Neoadjuvant
Melanoma Consortium (INMC) goal is to harmonize
NAST research to accelerate discoveries and new thera-
peutic approaches for patients with resectable metastatic
melanomas. Here, the INMC describes the current state of
NAST from a surgical oncology perspective, highlighting
the important role of the surgical oncologist in the clinical
research team, and we also describe research strategies that
may lead to better insights into tailored surgical manage-
ment and improved patient outcomes, particularly for
patients with stage III melanoma.

BACKGROUND

Patients with clinically detected (= macroscopic, pal-
pable, or imaging-detected) nodal stage III melanoma
represent approximately 10-20% of all melanoma cases
diagnosed yearly."> Historically, therapeutic lymph node
dissection (TLND) has been the cornerstone of treatment
for these patients. TLND is associated with significant
morbidity and frequently does not result in cure, as
20-80% of patients progress to stage IV melanoma.'~

During the past decade, there have been enormous
improvements in systemic therapies, with safety and effi-
cacy first demonstrated for patients with stage IV
melanoma. Currently, widely available effective systemic
therapy can be categorized into two groups: immune
checkpoint blockade (ICB) and targeted therapy (TT). ICB
consists of anti-CTLA-4 antibodies (e.g., ipilimumab) and
anti-PD-(L)1 antibodies (e.g., nivolumab, pembrolizumab,
spartalizumab, atezolizumab) or combinations of these.’™'
TT consists of combined BRAF & MEK inhibitors (dab-
rafenib & trametinib, encorafenib & binimetinib, or
vemurafenib & cobimetinib) of BRAF mutated melanoma
directed at the MAP kinase pathway.'*~>° Finally, combi-
nations of TT and ICB or sequential approaches are also
being studied, but the optimal sequence or combination is
not yet clear.?' >

These agents have also demonstrated efficacy in the
adjuvant setting by improving relapse-free survival (RFS).
In patients with resected stage III melanoma (including in-
transit metastases as well as regional lymph node disease),
single agent ICB and dabrafenib & trametinib for patients
with BRAF-mutated disease are approved options.>*2°
Ipilimumab is the only agent with a demonstrated overall
survival (OS) benefit, which has not yet been reported for
newer adjuvant therapies.”’ > Thus, the current standard of
care treatment paradigm for patients with clinically
detected stage III melanoma has become surgery followed
by adjuvant systemic therapy.’*> While these new options
are effective overall, approximately one third of patients
still recur within 2 years, demonstrating the need for a
more aggressive and personalized approach in the neoad-
juvant setting.?*%—®

In the slipstream of these developments, neoadjuvant
systemic therapy (NAST) is being increasingly investi-
gated, as it is for other cancers, e.g., breast, rectal,
pancreas. Importantly, all NAST studies to date have been
investigator-initiated phase II trials and there have not (yet)
been phase III registration trials to gain regulatory
approvals by FDA/EMA.
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The benefits of NAST may include:

1. Improving relapse-free and distant metastasis-free
survival, with the ultimate goal of improving overall/
disease-specific survival compared with the adjuvant
setting.

2. Identifying a cohort of patients who have drug-re-
sponsive disease and might be treated with less
extensive surgery, and possibly without surgery.

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

4. NAST response might give important prognostic/pre-
dictive 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
potentially lessening the morbidity of resection.

7. 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.

The INMC is a multidisciplinary group consisting of
medical, surgical, and radiation oncologists, pathologists,
imaging experts, translational research scientists, and
patient advocates, as well as representatives of regulatory
and pharmaceutical bodies. The mission of the INMC is to
bring together the appropriate stakeholders to maximize
collaboration, with the goal of achieving an aligned and
consistent approach to demonstrating the place of NAST,
including pooled analyses, in the management of patients
with melanoma. The members have conducted a number of
phase II trials of NAST and there is an ongoing coordinated
schedule of trials investigating the neoadjuvant paradigm
for patients with stage III melanoma.

The INMC seeks to harmonize considerations related to
key aspects of NAST research in the context of clinical
trials. For example, a state-of-science paper by Amaria
et al. outlined important areas for alignment and made
recommendations for trial design, target patient popula-
tions, clinical endpoints, and biospecimen collection.®
Another INMC manuscript by Tetzlaff et al. described the
detailed standardized pathologic criteria for accurately
assessing response to NAST—essential to ultimately
establishing pathologic response as a potential surrogate
for clinical endpoints.*® This can be best exemplified in the
pooled analysis of INMC trials reported by Menzies et al.

where RFS and OS outcomes following NAST were based
on pathologic response.*' Here, we focus on the role of the
surgical oncologist in NAST for patients with melanoma.

CURRENT EVIDENCE FOR NAST IN STAGE 1II
MELANOMA

NAST phase II studies of ICB and TT have been com-
pleted or are in progress.**™’ To date there have been no
phase III trials. The landmark early studies of NAST were
reviewed recently in this journal.*® Novel to the studies
reported in the landmark series are some updates of these
previous trials as well as the recent first report of NAST
using the combination of the anti-LAG3 antibody relatli-
mab with nivolumab. This study showed again a high rate
of pathological complete response (pCR) of 59%.*

In summary, to date, nearly all patients evaluated after
treatment with neoadjuvant dabrafenib plus trametinib
have some clinical and pathologic response. Patients who
achieve pCR have an improved prognosis, but pCR is not
as reliable a predictor of improved long-term outcome as it
is after neoadjuvant ICB. pCR or near-pCR (< 10% viable
tumor cells) have been defined as major pathologic
response (MPR). Patients with any response to ICB, but
particularly those with an MPR, have a seemingly vastly
improved prognosis compared with historical expectations.
In the OpACIN-neo study after 17.6 months median fol-
low-up, only 1/64 patients (2%) with pathologic response
(< 50% viable tumor cells) had recurred, vs 13/21 of the
non-responders (62%).*>>* MPR on ICB might therefore
be a valid surrogate endpoint for the FDA/EMA.

At present, ASCO guidelines for systemic therapy for
patients with melanoma indicate that no recommendation
can be made for or against the routine use of NAST.
Patients should be offered or referred for enrollment in
clinical trials where possible (Type: No recommendation;
Evidence quality: Low; Strength of recommendation: Not
applicable).** The INMC supports this ASCO recommen-
dation and aims to investigate NAST further to
demonstrate its potential benefits in melanoma.

ISSUES RELEVANT TO THE SURGEON
REGARDING NAST FOR STAGE III MELANOMA

Concerns from surgeons and oncologists have been
raised that during evaluation and treatment with NAST,
patients with resectable disease might progress to become
unresectable. To date there is little evidence that this is an
issue. The Amaria et al. neoadjuvant ICB study was ter-
minated early, in part because of disease progression in 2
patients on single agent nivolumab.*’ However, within the
short neoadjuvant time frame, these patients progressed
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systemically as well as loco-regionally, which indicates
aggressive biology and that it is likely that these patients
were spared from potentially morbid and futile surgery.
Similar low trends of progression to stage IV disease and of
loco-regional progression beyond regional salvage were
seen in the OpACIN-neo and PRADO trials.”*”' The
proportion of patients who progressed prior to surgery was
even higher in the neoadjuvant study of talimogene laher-
parepvec (T-VEC) + surgery versus surgery
(NCT02211131), in which 11/76 (14%) patients did not
undergo surgery due to progression prior to surgery, and
again most cases involved distant sites of disease pro-
gression.”® However, one might argue that T-VEC is not a
systemic therapy, but rather a locoregional one.

It is important to note that similar patients with
aggressive tumor biology manifesting early distant metas-
tases were not enrolled on the adjuvant therapy trials if they
developed distant relapses prior to randomization. A recent
report by Bloemendal et al. from a prospective phase III
randomized, controlled trial of adjuvant dendritic cell
therapy vs placebo (NCT02993315) demonstrated that 18%
of patients showed progression on restaging imaging within
12 weeks after surgery, despite negative imaging for distant
disease prior to surgery. These patients were considered
screen failures and not included in the EORTC 18071,
1325/Keynote 054, Combi-AD and Checkmate 238 studies.
It has to be remembered that NAST trials do not include
sentinel node (SN) patients, but do include patients with
aggressive tumors with early distant metastases.

Nearly all patients with BRAF mutated melanoma trea-
ted with NAST BRAF/MEK inhibition will respond,
lowering the likelihood of progression to unresectable dis-
ease in the interval between treatment initiation and
surgery. Conversely, patients treated with combined NAST
of ipilimumab & nivolumab demonstrated discordance
between clinical and pathological response (patients may
not seem to be responding clinically and radiographically
to NAST, but still demonstrate a similarly high rate of
pathological responses). The pooled analysis by Menzies
et al. showed a 4% rate of progression of disease prior to
surgery, all in patients on immunotherapy (7/140, 5%).*'

CLINICAL AND OPERATIVE CONSIDERATIONS
FOR PATIENTS ENROLLED ON NAST CLINICAL
TRIALS

The current standard of care approach to macroscopic
(palpable/imaging detected) melanoma lymph node
metastases is a TLND, followed by adjuvant systemic
therapy. There has been debate for decades on what con-
stitutes a TLND. For example, in the groin: is a femoral-
inguinal dissection sufficient, or should it always include

an iliac-obturator dissection too? Similar discussions are
ongoing for the axilla and neck. High level evidence has
been lacking to support either a more limited or a more
extensive approach. The prospective EAGLE FM trial
(NCTO02166788) was designed to answer the pelvic TLND
question, but the trial was terminated prematurely due to a
lack of accrual.

While the standard of care is still TLND followed by
systemic adjuvant therapies, the challenge is how to cor-
rectly select patients for whom radical surgery might shift
from the primary treatment modality to consolidation and
confirmation of pathologic treatment response after NAST.
If the future of melanoma surgery evolves to be the latter in
responders to NAST, the next step is to define the extent of
surgery required to confirm pathological response.

Potential benefits of NAST that resonate with surgical
oncologists are that it may be possible to offer the majority
of patients surgery that is less morbid than upfront surgery,
and secondly that the pathologic response to NAST might
inform the decision for, and/or duration of, adjuvant ther-
apy resulting in a significantly shorter duration of systemic
therapy than the current adjuvant standard of 1 year. A
reduction in surgical morbidity could stem from a number
of potential surgical modifications in technique and lower
overall costs by adopting a shorter duration of systemic
therapy.

The most obvious surgical modification for a bulky yet
resectable tumor which responds favorably to NAST is that
the subsequent TLND could be a more straightforward
procedure and potentially less morbid because of the
decrease in the volume of tumor in the operative field, even
if the same surgical and anatomical principles of the TLND
are adhered to. Surgeons have reported that decreased
tumor volume by NAST appeared to increase the ease of
resection, although the data on surgical complication rates
are insufficient to confirm that this translated into less
surgical morbidity.*°

An alternative future strategy that could be evaluated is
the potential reduction of the extent of the TLND that is
undertaken. For example, in patients with axillary lym-
phadenopathy, a dissection could be limited to the
level(s) involved, or for patients with cervical lym-
phadenopathy, a more selective neck dissection could be
considered. For patients with clinical inguinal lym-
phadenopathy, controversy still exists about the role of
elective iliac and obturator nodal clearance.’”*>* Many
patients without radiographical evidence of iliac/obturator
involvement will have micro-metastatic disease identified;
however, the prognostic impact of elective dissection of
these nodes remains uncertain. In the future, the response
to neo-adjuvant therapy may aid in this decision-making.
For patients with evidence of response to therapy in
inguinal nodes, the iliac/obturator dissection might be
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avoided, whereas in those patients without evidence of
response, more thorough regional therapy may be impor-
tant to compensate and assist with regional disease control.

Developing these approaches may reduce the short-term
and long-term morbidity of surgery; however, previous
studies have not necessarily demonstrated a correlation
between reduced anatomical extent of dissection within a
regional lymph node area and a reduction in morbidity. An
example of this is the MSLT-I study where patients who had
macroscopic disease had similar morbidity with inguinal or
ilio-inguinal dissection.”® These MSLT-I data suggest that
less morbidity might be from less burden of disease rather
than less extent of surgery. However, in the NAST situation,
this is complex as pCR after immune checkpoint blockade
can be associated with residual bulky nodal mass. More data
are required before making firm conclusions regarding
impact of NAST on surgical morbidity.

Another theoretical route by which surgical morbidity of
TLND could be minimized is by altering the surgical
approach and intent entirely. In this approach, the role of
surgery would not be clearance of all potentially affected
lymph nodes within a defined lymph node basin, but the
assessment of the extent of response to NAST. As a sub-
study of the OpACIN-neo trial, placement of a magnetic
seed to identify the index biopsy-proven lymph node was
studied.*’~° This index node was then selectively removed
during TLND and examined separately by the pathologist
and compared with the remaining nodal basin response.
This showed excellent concordance in this pilot study. The
principle of identifying an index node using a fiducial
(magnetic seed marker, clip, iodine seed or other form of
localization) placed in the tumor prior to NAST that can be
readily localized by surgeon and pathologist was utilized in
the PRADO study to determine response and further tailor
treatment.

Using a localization marker is particularly helpful in
those patients who have achieved a significant clinical
response to ensure that surgery has included the area of
original disease. The adoption of such a strategy will be
critical moving forward as we continue to assess NAST in
less extensive, but very targeted, surgical resections.

This approach of ‘personalized response-driven surgery’
was adopted in the recently presented PRADO study
(NCT02977052) where, following NAST, patients under-
went excision of the index node and, if this demonstrated
an MPR, no further surgery was recommended.”’ Of 99
patients, 60 achieved an MPR. In patients with a less robust
response, TLND was recommended, resulting in only
30/99 who underwent a TLND. Currently, follow-up is too
short to report the relapse rate for the nodal basin.
Regardless of the limited follow-up, the PRADO study was
a proof of concept study and too small to be able to rec-
ommend a departure from the current standard of care

TLND. At least one large prospective phase III trial with
sufficient follow-up will be required to justify changing
this treatment paradigm.

RESECTABILITY IN METASTATIC MELANOMA

Although “resectability” is an eligibility issue not only
in NAST clinical trials, but also in most other trials of
systemic therapy in metastatic disease, “resectable” does
not have a universally agreed definition among melanoma
surgeons. In other malignancies, where this issue has been
more formally addressed (e.g., pancreatic adenocarcinoma,
oral cancer, hepatic colorectal cancer metastases) the def-
inition is primarily based on the technical ability to remove
all evident disease and have the patient survive the oper-
ation.””™° In melanoma, the issue is often more
complicated. Whilst there are clearly cases in which all
evident tumor cannot technically be removed, in a large
number of other situations technical removal of all disease
would be possible, but considered either futile or overly
morbid. For example, extensive in-transit metastases might
be able to be removed as numerous individual excisions,
but early recurrence would be a predictable result. Simi-
larly, disease clearance could be achieved by a forequarter
amputation, but the morbidity of such an approach might
be considered unreasonable, especially when such radical
surgery would still be unlikely to be associated with cure.
Noting this, three overall categories become apparent: (1)
resectable, (2) technically unresectable, and (3) unre-
sectable due to likely futility or unacceptable morbidity.

The availability of more effective systemic therapies
obviously influences these somewhat subjective consider-
ations. Where no medical option exists, the acceptability of
a more aggressive or morbid surgical approach increases.
By definition, NAST can only be considered in “re-
sectable” cases. Until more analyses of resectability in
metastatic melanoma are available, trial protocols should
clearly state how the issue is adjudicated in subject
screening. For example, eligibility determination in the
context of a multi-disciplinary setting. In addition, the
reasons for unresectability in any patients who progress in
the preoperative period (e.g., loco-regional versus distant
progression) should be reported. Surgical oncologists
should consider this issue and define resectable, borderline
resectable, and unresectable states.

RESPONSE ASSESSMENT TO NAST
Preoperative Imaging

Assessment of the response to NAST requires both
radiographic and pathologic evaluation. Data from early
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NAST studies show discordance between radiographic and
pathologic assessments of response, with imaging often
underestimating responses.**~*>>* While the limitations of
current imaging with either contrast-enhanced CT or fluo-
rodeoxyglucose (FDG)—positron emission tomography
(PET)/CT are well-documented in assessments of early
response to systemic therapies, particularly immunother-
apy, imaging remains crucial for evaluating disease
progression. As stated in the previous INMC White Paper,
contrast-enhanced CT is recommended at baseline and
prior to surgical intervention at the completion of the
neoadjuvant course.”* While PET/CT has advantages, such
as whole-body evaluation and better detection of distant
disease, it is limited by thicker CT slices, poor liver eval-
uation, and lower specificity for melanoma; and is even
more prone to picking up pseudo-progression. Contrast-
enhanced CT provides the additional advantage of greater
anatomic detail, which may be useful for the surgeon’s
assessment of resectability and extent of surgery necessary
to increase the likelihood of RO resection. Additional
imaging techniques, such as fluorothymidine (FLT) PET
(NCT04221438) or CD8 T cell-specific isotopes, are being
evaluated in an attempt to increase radiographic-pathologic
concordance of response to NAST.

Pathological Response Assessment

The INMC has developed standardized criteria to assess
the pathological response to NAST in melanoma.®® This
was a key step in harmonizing and quantifying response
assessment across different NAST trials and towards the
ultimate goal of establishing surrogate endpoints for clin-
ical outcomes. Different patterns of histological responses
were identified and categorized. Interestingly, response to
NAST can be quite heterogeneous within the same lymph
node, with areas of complete response adjacent to viable
tumor cells. Therefore, TLND or, in principle pending
further data on safety, resection of the previously involved
(index) lymph node(s), rather than percutaneous needle
biopsy, is required for accurate assessment of pathological
response to NAST.

CONSIDERATION OF ADJUVANT
RADIOTHERAPY

Adjuvant radiotherapy (RT) following TLND is used
less frequently than previously following the publication of
the ANZMTG/TROG randomized trial. However, it is still
considered for patients at high risk of regional relapse to
improve regional control.®’ There is limited prospective
data from adjuvant or neoadjuvant studies to guide this
decision. Patients with a good pathological response to

NAST have a lower risk of recurrence overall and therefore
may safely avoid adjuvant RT. In those patients with per-
sistent bulky lymphadenopathy following NAST (without
an MPR), especially when extranodal extension and/or
adjacent soft tissue disease is present, adjuvant RT should
be discussed. Particular consideration should be given to
options available for salvage in the setting of regional
recurrence. If RO resection is performed and adjuvant
systemic therapy is planned, it may be reasonable to omit
radiation and reserve it as a component of salvage therapy
in the event of later regional relapse. We recommend
neoadjuvant trial protocols include specific language
regarding whether or not adjuvant nodal radiation is
permitted.

SPECIFIC SURGICAL AND ANESTHETIC
CONSIDERATIONS

The overwhelming majority of patients entered into
NAST trials will have resectable disease with standard
TLND at the time of entry into the study. The definitions of
resectable or unresectable disease have been previously
discussed above. The single arm phase II Reductor study
showed that cytoreductive neoadjuvant or induction ther-
apy with dabrafenib & trametinib was safe and highly
potent, allowing radical dissection in 17/21 (81%) patients
previously judged to have unresectable loco-regionally
advanced melanoma.®” For the remainder of this paper, we
will focus on resectable disease.

TLND is usually well tolerated and major life-threat-
ening complications are extremely rare, although wound
related surgical morbidity is common, particularly with
inguinal dissections.®> The most common long-term sur-
gical complications are chronic lymphedema and sensory
changes.®*

NAST itself or the disease response to NAST may cause
necrosis and inflammation. Currently, it is still unclear if a
dense fibrotic inflammatory response to NAST might cause
a higher rate of surgery-related complications. As it is
unclear when the surgeon is operating whether this is
residual tumor or a fibrotic treatment response, this finding
sometimes results in en-bloc removal of adjacent structures
including muscle and nerves to encompass the fibrotic area,
even in cases of a pCR.*” The frequency of such extensive
resection due to fibrosis from NAST is not well charac-
terized at present. It seems to be seen more frequently in
patients with isolated resistant disease who are offered
surgery for oligo-metastatic disease after long-term
immunotherapy treatment. It is important that surgeons
work together to register such surgery-related complica-
tions in a uniform manner to determine whether there
might be an increase in such complications after NAST.



3700

A. C. J. van Akkooi et al.

FIG. 1 Kinetics and frequency
of immune-related adverse

events from anti-PD-1 agents Grade >3 Adverse Event

Kinetics of Immune-Related Adverse Events

(adapted from Weber J.S. et al., (Percentage Affected)
J Clin Oncol 2017 Skin (33%) I % Without Resolution at
Mar;35(7):785-792. https://doi. One Year
org/10.1200/JC0O.2015.66.1389 GI (14%) [ ] Skin 18
). GI gastrointestinal Gl 2
Endocrine (8%) ]
Endocrine 5
Hepatic (4%) ] Hepatic >
Pulmonary (2%) ] Pulmonary 1
Renal <1
Renal (2%) — e
0 5 10 15 20 25 30 35 40

Median time of onset and resolution, weeks

GI = Gastrointestinal

As mentioned above, a potential future benefit of NAST
is de-escalating the extent of the surgery, because smaller
tumor residua can be removed after an MPR, hopefully
with less morbidity. Some studies are attempting such
surgical de-escalation, but until there is robust evidence of
the safety of this novel approach, we recommend formal
TLND according to the definitions used by, for example,
MSLT and EORTC.>7>%%*

However, it is not clear at this time whether the decrease
in tumor volume at the time of surgery influences the rate
of surgical complications, for example reported as occur-
ring in 63% of patients, despite surgeons reporting
improved resectability in approximately half the patients
after undergoing NAST with TT.*

Another way NAST might influence surgical decision
making is through the potential side effects and/or the
treatment(s) given to counter adverse events (AEs) asso-
ciated with NAST, particularly with ICB, which may
adversely influence the patient’s tolerance of general
anesthesia and surgery. For example, high-dose steroids are
often given to patients who develop immune related AEs
(irAEs), which are well known to impair wound healing
and are associated with a higher rate of anastomotic leaks
in colorectal surgery.®®

For TT, constitutional symptoms are extremely common
including fever, chills, and fatigue, mostly grade 1-2. None
of these AEs are likely to have an impact on the patient’s
progression though surgery. However, they may raise
concerns during preoperative assessment, suggesting a
potential secondary site of infection that will need to be
excluded, and they may cause the patient to be debilitated
at the time of surgery. Rashes associated with TT remain a
common AE that could theoretically negatively impact
upon surgery if co-localized with a surgical wound,
although they are much less common with combined
BRAF/MEK inhibition than with BRAF therapy alone.

Hypertension is an AE that may potentially delay surgery if
requiring treatment. However, in general TT is well toler-
ated and most medical oncologists would encourage
therapy up to or even through surgery to avoid any
potential flare reactions on discontinuing treatment. Other
less common AEs that should be excluded preoperatively
include elevation of liver enzymes, serous retinopathy, and
left ventricular dysfunction.®®

In contrast, for ICB there is potential for significant
irAEs which may increase perioperative complications.
The typical time frames for development of irAEs are
shown in Fig. 1. Hepatic complications are common and
grade 3 and above hepatotoxicity is seen in 10-20% of
cases. Severe colitis is infrequent, but may be a con-
traindication to surgery until resolution occurs.
Autoimmune endocrinopathies, particularly hypothy-
roidism, are frequent, but rarely pose major surgical or
anesthetic risk. This can be different in rare cases of
adrenal insufficiency or pan-hypopituitarism. Pneumonitis
is a known irAE and could have a significant effect on
anesthetic tolerance. It is critical that surgeons and anes-
thesiologists are aware of these potential immune-related
toxicities so that appropriate preoperative evaluation is
undertaken including clinical and laboratory assessment of
endocrine and hepatic function. This should allow easy
identification and the instigation of treatment prior to sur-
gery. Furthermore, some irAEs develop at later time points
and may occur after surgical treatment has been completed.
Close multidisciplinary collaboration between the surgeon,
medical oncologist, and other clinicians is warranted.

Treatment of irAEs with steroids is not a contraindica-
tion to proceeding with surgery. The immunosuppressive
effect of steroids is manifested principally on T cells
because of their expression of the glucocorticoid receptor,
while neutrophil and B cell function is preserved. Hence, in
contrast to cytotoxic chemotherapy, which may globally
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decrease all immune function, most surgeons agree that
proceeding with an operation is reasonable for patients who
are clinically asymptomatic once steroids are being
tapered. However, patients should be warned of an
increased rate of infectious complications and asked to
report any symptoms promptly so that evaluation can be
undertaken and antibiotics commenced promptly.

There are a few rare irAEs that might preclude pro-
ceeding to an immediate operation, for instance a severe
case of pneumonitis, peri- or myocarditis, or myositis
might render general anesthesia unsafe. Interestingly, most
patients with severe irAEs have significant pathologic
responses.®’

There is no consensus on a specific time frame between
surgery and the resumption of any potential adjuvant
therapy, beyond what the phase II clinical trials have
mandated in their protocols. In most of the pivotal adjuvant
trials, treatment was initiated within 12 weeks of surgery,
after recovering from surgery and AEs. Obviously, there is
less urgency to start adjuvant therapy in patients with MPR.

TRANSLATIONAL RESEARCH OPPORTUNITIES
WITH NAST

One of the greatest benefits and opportunities of NAST
is being able to do serial biopsies of the tumor whilst it is
in situ and during treatment. This enables assessment of
biomarkers that may predict response and long-term out-
comes. As has been shown in other diseases, like breast
cancer, endpoints such as clinical, radiographical, and
pathological response are valuable ways of assessing
effectiveness of NAST and can correlate with long-term
survival outcomes. In breast cancer the FDA recognizes
improvement of pCR rate as a biomarker for registration of
new drugs or combinations.®® To date, phase II trials of
NAST in patients with stage III melanoma have confirmed
that pCR is a reliable biomarker of improved response and
progression-free survival.*' In addition, patients on IT who
have a near-pCR or even any pathological response seem to
have improved outcomes compared with either historical
controls or those without an MPR.

Additional biomarkers that have been evaluated include
tumor mutational burden (TMB),** interferon gamma
(IFN-y) gene expression signature,*”" patterns of lym-
phoid immune infiltrates,’® and clonal T cell repertoire.****
There is no doubt that a huge range of potential biomarkers
or combinations of biomarkers need evaluation and this is a
key priority in designing NAST trials. An example of this
is the DOMINI study (NCT04133948), currently open for
accrual. In this study, patients are randomized, based on
their IFN- y gene expression signature to either receive
nivolumab  or  nivolumab + domatinostat (HDAC

inhibitor) for (IFN-y)-high or nivolumab 4 domatinostat
or ipilimumab + nivolumab + domatinostat for (IFN-vy)-
low tumors.

DATA COLLECTION RECOMMENDATIONS

Currently, the INMC recommends use of NAST for
resectable stage III melanoma only in the context of clin-
ical trials. At the same time, we recommend that responses
to NAST in those trials are reported as described by Tet-
zlaff et al.*® With respect to surgical morbidity, it is
important that the reporting methods are uniform.

Therefore, we have developed a number of relevant data
items to be recorded in the case record forms (CRFs),
which are pivotal to allow adjustments for case-mix when
assessing surgical outcomes/morbidity. For example,
weight and height (BMI), smoking habits, and diabetes
need to be recorded. Moreover, lymphedema is considered
one of the most important surgical AEs, and to adjust for
the many different ways this is historically assessed, we
recommend measuring the circumference of arms and legs
according to the methodology used in the MSLT-II trial.**

Finally, we have developed 2 simple surgical question-
naires (1 preoperative, 1 postoperative) to record surgical
experience (ease or difficulty of surgery) after NAST
(“Appendices A and B”). The phase II DONIMI study
(NCT04133948) is the first worldwide study from the
INMC network using these questionnaires, which are also
being tested in the smaller phase II NeoACTIVATE trial
(NCTO03554083) testing combinatorial NAST for both
BRAFm and BRAFwt melanoma.”® We envision that these
data collection recommendations will provide useful
information for surgical oncologists and will need to
evolve over time.

FUTURE DIRECTIONS

Melanoma has become the prototype tumor for
immunotherapy development and the NAST model has
been instrumental in achieving this. In the slipstream, ICB
has also been shown to be safe and effective in the treat-
ment of non-melanoma skin cancers, such as Merkel cell
carcinoma (MCC), locally advanced/metastatic cutaneous
squamous cell carcinoma (SCC), and basal cell carcinoma
(BCC).”'~7° This led to the first NAST trials for non-me-
lanoma cutaneous malignancies, for instance the
Checkmate 358 trial for MCC.”” This showed disease
progression in 3 patients (7.7%) prior to surgery, but also
demonstrated a significant response rate with 18 patients
(54.5%) having a pathological response to single-agent
nivolumab x 2 doses at week 0 and week 2 (surgery at
week 4).”7 As in many centers the same multidisciplinary
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team cares for patients both with melanoma and non-me-
lanoma cutaneous tumors, we strongly recommend also
applying the INMC principles to NAST trials for non-
melanoma skin cancer.

SUMMARY AND CONCLUSIONS

NAST has shown tremendous promise in phase II
studies. NAST might have huge benefits compared with the
current standard of care: TLND followed by a year of
adjuvant systemic therapy. These benefits might include:
tailoring the extent of surgery, reducing morbidity, per-
sonalizing or avoiding adjuvant therapy based on

INMC criteria for pathological assessments), collection of
morbidity data (INMC questionnaires), and tissue and
blood biomarker analyses to allow comparison of results
across trials to facilitate rapid testing of new agents to
ensure a comprehensive and complete understanding of the
biological impacts of these modern therapies on various
aspects of clinical outcomes. The perspective and role of
the surgical oncologist is pivotal in the determination of
appropriate patients for each of these trials and harmo-
nization across disciplines to ensure a cohesive evaluation
and assessment of the response to treatment and outcomes
related to surgery.

pathologic response, and improving survival (relapse-free, =~ APPENDIX A
distant metastasis-free, and melanoma-specific overall
survival). The phase III NADINA trial (NCT04949113)
might be the first trial that leads to NAST becoming a
standard of care approach. Further support for NAST might COVL Neoy,
come from the enrolling phase II SWOG 1801 trial f‘ o‘i,‘
(NCT03698019) testing neoadjuvant pembrolizumab, fol- .
lowed by TLND and adjuvant pembrolizumab vs TLND INMC
followed by adjuvant pembrolizumab. Until then, a % /S
TLND + adjuvant systemic therapy is still recommended omx s
(Table 1).
The INMC recommends the use of NAST in clinical
trials and for those trials to align with INMC principles to
allow for structured outcome reporting (according to the
TABLE 1 Overview of NAST study results
Trial Regimen N pCR % Med RFS (mo) 2-year RFS Med FU (mo)
Targeted therapy (TT)
Amaria et al.*? Dabrafenib & Trametinib 21 58 19.7 18.6
Long et al.*® Dabrafenib & Trametinib 35 49 23.0 43.4% 27.0
Immunotherapy (IT)
Blank et al.***° Ipi + Nivo 10 33 NR 80% 48
Amaria et al.*? Nivo 12 25 NR 20
Ipi + Nivo 11 45 NR
Huang et al.*’ Pembrolizumab 30 19 NR 18
Rozeman et al.*>>° Ipi + Nivo 86 57 NR 83.6% 24.6
Amaria et al.*’ Rela + Nivo 30 59 NR 16.2

Ipi ipilimumab, Nivo nivolumab, Rela relatlimab, N number, pCR pathologic complete response, Med median, RFS relapse-free survival, mo

months, FU follow-up
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Questionnaire 1 (Baseline)

Questionnaire 1 (baseline)

S SUMBEON NAME. ettt st sttt e ettt et e et e e sre et she sas sae e sesesenbes enbes et et essaneareeneanees
- Patient identifier (first 3 digits site code, last 3 digits is patient code) Y

- Date of questionnaire : /__/__ (YY/MM/DD)

- Suspected fixation or narrow margin to adjacent anatomic structure? (can be more than one)
o No
o Yes,
[ If Yes, please specify:
o Skin

o Muscle/fascia

o Artery
o Vein
o Nerve

- On ascale of 1-5 how difficult do you anticipate the surgery will be if done now?
I 1 (much easier)
[] 2 (easier)
[1 3 (average)
[J 4 (more difficult)
[J 5 (much more difficult)
- Anyremarks?

APPENDIX B
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Questionnaire 2, Directly After Surgery (< 24 h)
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Questionnaire 2 Directly after surgery (< 24 hours)

- Surgeon name:

- Patient identifier (first 3 digits site code, last 3 digits is patient code)

- Date of questionnaire : __/__/__ (YY/mMm/DD)

- Date of surgery :

/__/__ (YY/MM/DD)

- Which basin(s) did you resect? (can be more than 1)

[1  Femoral/Inguinal (below the level of the inguinal ligament)

lliac/obturator (above the level of the inguinal ligament)

0
I Axilla
0

Cervical

o

(¢]

(¢]

Parotid
Level 1
Level 2
Level 3
Level 4
Level 5

Occipital

[] Popliteal

[l Epitrochlear

[J  Other, specify :

- Did you need to resect other structures?

[l No
[l Yes

If yes, please specify:

o

Skin



Neoadjuvant Systemic Therapy (NAST) in Patients with Melanoma

3705

o Muscle/fascia

o Artery
o Vein
o Nerve
- What was the (incision to close) surgical time? ___ minutes

- Estimated blood loss:
[] lessthen
[] asexpected

[1  more than expected

- Was this quicker or longer than normal?

| Quicker
[ Same
[l Longer

- Onascale of 1-5 how difficult was the surgery for you now?
[1 1 (much easier)
| 2 (easier)
[] 3 (average)
[] 4 (more difficult)
7 5 (much more difficult)
- Do you think the resection was easier or more difficult compared to patients not undergoing
neoadjuvant therapy?
L] Easier
o Why?
| Harder
o  Why?
[J No difference
- Did you notice more bleeding than normally?
] No
L] Yes
- Did you notice more fibrosis than normally?
] No
I Yes

- Did you notice any other changes than normally?
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[1 No

[1 Yes, specify

- Did you have to make alterations in the surgery or perioperative management as a consequence

of the neoadjuvant treatment?
- If so, please describe

- Anyremarks?
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