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Abstract

Cervical lymph node metastases are major prognostic determinants in head and neck squa-
mous cell carcinoma (HNSCC), and neck dissection (ND) has long been central to regional
control. As ND has evolved from radical to selective procedures, immune checkpoint in-
hibitors (ICIs) have emerged as a fourth treatment pillar, reframing tumor-draining lymph
nodes (TDLNSs) as active immune organs rather than passive conduits of metastatic spread.
This narrative review synthesizes surgical, immunologic, and translational evidence on
how ND and cervical irradiation interact with immunotherapy. It also examines the histori-
cal development of ND, the immunologic structure and function of cervical TDLNs, and
the use of neoadjuvant, perioperative, and recurrent/metastatic immunotherapy in HN-
SCC. Preclinical and early clinical observations suggest that ablating or heavily irradiating
non-involved nodal basins may attenuate ICI efficacy by disrupting antigen presentation,
progenitor exhausted CD8" T (Tpex) cell pools, and effector recirculation, supporting the
conceptual model of an “immune desert neck.” The review critically appraises timing (pre-
versus post-immunotherapy ND), response-adapted or de-escalated surgery, and imaging,
tissue-based, and circulating biomarkers to guide individualized management. Current
evidence does not support abandoning elective or therapeutic ND, but does highlight
the need for biomarker-driven, lymphatic-sparing trials to redefine when ND is essential,
modifiable, or potentially avoidable in immunotherapy-treated HNSCC.

Keywords: head and neck squamous cell carcinoma; head and neck cancer; neck dissection;
immune checkpoint inhibitors; tumor-draining lymph nodes; immunotherapy; radiotherapy

1. Introduction

Regional lymph node metastases—present at diagnosis in up to 40% of patients—remain
among the strongest prognostic factors in head and neck squamous cell carcinoma
(HNSCC) [1]. In oral cavity cancer, cervical nodal metastasis is associated with a 5-year
overall survival (OS) below 50%, underscoring the central role of the neck lymphatic basin
in disease progression and treatment planning [2—4].
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Traditionally, neck management has relied on surgery, radiotherapy, and chemother-
apy. Since Crile’s original radical neck dissection (RND) and subsequent refinements,
surgical clearance of cervical nodes has been integral to curative treatment [5-7]. Elective
neck dissection (END) became standard for clinically node-negative (cNO) disease because
20-30% of patients harbor occult metastases [8,9]. Randomized trials and meta-analyses,
particularly in early oral cavity cancer, showed improved disease-free survival (DFS) and
reduced nodal recurrence with END compared with observation [10]. However, END also
subjects many ultimately node-negative patients to avoidable surgery, functional morbidity,
and removal of immunologically active lymph nodes [11].

Over the past decade, immunotherapy has emerged as a fourth therapeutic pillar in
HNSCC. Immune checkpoint inhibitors (ICls) targeting PD-1/PD-L1 and CTLA-4 have
improved outcomes in recurrent and metastatic disease and are now being evaluated in
curative-intent settings [12]. At the same time, translational work has reframed cervical
lymph nodes as active immune organs: tumor-draining, non-metastatic nodes retain
potent antigen-presenting capacity and harbor progenitor exhausted CD8* T (Tpex) cells
that appear critical for effective ICI responses. Experimental and clinical observations
suggest that removing these nodes—surgically or with elective irradiation—can attenuate
immunotherapy efficacy, whereas preserving uninvolved basins may sustain antitumor
immunity [13,14].

As ICIs move into neoadjuvant and perioperative use, the traditional rationale for
routine END in anatomically or biologically favorable cNO disease may need to be revisited.
A modern approach to neck dissection (ND) must account not only for oncologic control,
but also for the impact of lymphatic disruption on systemic immune responses.

2. Evolution of Neck Dissection
2.1. The Radical Era

Modern cervical lymphadenectomy traces back to George Crile, who in 1906 intro-
duced RND based on Halsted’s principle of en bloc removal of the primary tumor and its
draining lymphatic basin (Table 1). RND mandated sacrifice of the sternocleidomastoid
muscle (SCM), internal jugular vein (IJV), and spinal accessory nerve (SAN), along with
surrounding soft tissue, to remove all cervical lymphatics in continuity [15-17].

Table 1. Historical evolution and standardization of ND terminology and extent.

Timeframe Milestone Defining Operative Concept Standardized Description/ Relevance to Current Practice
Nomenclature Output
1906 Early systematic en bloc Enbloc clearance of the cervical Establishes the “en bloc package” Conceptual foundation for

cervical lymphadenectomy

(Crile)

lymphatic-bearing tissue, emphasizing
minimal manipulation and
acknowledging the close
lymphatic-venous relationship (with
venous resection when required).

principle that later informs
radical templates.

comprehensive nodal
clearance as an
oncologic operation.

1951 (mid-20th

RND becomes the reference

Comprehensive lymphadenectomy with  Canonical definition of “radical” Benchmark procedure;

century) standard (Martin) routine resection of SAN, IJV, and SCM ND as the historical benchmark. morbidity associated with
advocated for metastatic neck disease. non-lymphatic sacrifice drives
subsequent de-escalation.
1956-1960s Formalization of elective Emergence of elective ND terminology Distinction between therapeutic Frames the persistent
treatment of the clinically for prophylactic management of and elective ND enters risk-benefit debate in cNO
NO neck occult metastases. common usage. disease (overtreatment
vs. prevention).
1963-1980s Functional /conservation Preservation of key non-lymphatic Consolidates the principle that Conceptual and technical

ND (Sudrez; Bocca)

structures (SAN/IJV/SCM) while
removing the lymphatic—fibrofatty
compartments along fascial planes;
subsequent large series support
oncologic acceptability in

selected settings.

lymphadenectomy and functional
preservation can be compatible.

precursor of modified radical
and selective approaches.
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Table 1. Cont.

Timeframe Milestone Defining Operative Concept Standardized Description/ Relevance to Current Practice
Nomenclature Output
Late 1970s-1990s MRND validated Comprehensive ND with preservation MRND defined as levels I-V with Establishes “comprehensive

of >1 of SAN/IJV/SCM; comparative
experiences reinforce reduced morbidity
with maintained control in appropriate
patients.

preservation of one or more
non-lymphatic structures.

yet structure-preserving”
surgery as mainstream for
many N+ scenarios.

1980s—present

SND (pattern-based,
subsite-driven)

ND limited to nodal levels at highest risk
for a given primary site; intentional
omission of low-risk levels.

SND variants increasingly reported
by levels removed (e.g., SND I-III;
SND II-1V).

Current default in many ¢cNO
and limited N+ settings to
reduce morbidity while
maintaining regional control.

1991 AAO-HNS classification Four-category taxonomy: RND, MRND,  Standard reporting framework: Enables inter-study
codifies ND categories SND, END. procedure name + preserved comparability and consistent
structures (MRND) or levels multidisciplinary
removed (SND). communication.
2002-2011 Modern emphasis on Addition of sublevels (A/B) to levels Contemporary best practice: ND Minimizes ambiguity

anatomic granularity and
descriptive nomenclature

1/11/V; removal of “named” SND
subtypes; recognition of level VII;
recommendation to designate ND by
levels + non-lymphatic structures
removed.

(levels = structures), e.g., ND (I-V,
SCM, IJV) or ND (I-III).

around “selective” vs
“comprehensive” and
harmonizes operative,
imaging, and radiotherapy
planning language.

Hayes Martin later standardized and popularized RND as the reference procedure

for cervical metastases [18]. Although RND achieved reliable regional control, it carried

substantial morbidity—including classic “shoulder syndrome”—and was poorly suited to

bilateral dissections or clinically node-negative patients.

2.2. Modified Radical Neck Dissection

By the mid-20th century, it became clear that non-lymphatic structures did not always

need to be sacrificed to achieve oncologic control. In the late 1970s, Richard H. Jesse, Alando
J. Ballantyne, and colleagues began preserving one or more key structures (SAN, IJV, and
SCM) while maintaining an en bloc dissection of lymph node levels I-V. This approach
defined modified radical neck dissection (MRND), designed to reduce functional morbidity
while keeping the oncologic footprint of RND [19].

MRND emerged as an alternative for clinically NO necks and low-volume N+ disease,
signaling a shift from maximally ablative to more function-preserving surgery [20].

2.3. Functional and Selective Neck Dissection

In the 1960s, Osvaldo Sudrez introduced functional ND as a conceptual break from
RND. He emphasized preservation of all non-lymphatic structures by following natural
fascial planes, removing the neck lymphatic system only when tumor remained confined
to lymphatic compartments [15]. The technique was disseminated in Europe by César
Gavilan and Ettore Bocca and later adapted in the United States [20].

In parallel, centers such as Memorial Sloan Kettering and MD Anderson formalized
selective neck dissection (SND) based on predictable patterns of cervical metastasis. SND
intentionally preserves lymph node levels at low risk for occult spread while resecting
high-risk levels according to tumor subsite (e.g., I-1II for oral cavity, II-IV for oropharynx).
The 1991 American Academy of Otolaryngology—Head and Neck Surgery (AAO-HNS)
classification, later refined by Medina, codified SND variants—supraomohyoid, lateral,
posterolateral, anterior—based on the levels removed [17,21].

SND is now standard for cNO and early-stage disease in many head and neck subsites,
balancing oncologic safety with lower morbidity.
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2.4. Extended and Salvage Neck Dissection

Extended radical neck dissections (ERNDs) were defined for disease involving struc-
tures beyond those removed in standard RND—such as the carotid artery, parapharyngeal
space, or paratracheal /mediastinal lymphatics—and are reserved for bulky or anatomically
invasive disease [22].

Salvage ND remains critical after failed chemoradiation or persistent nodal disease. It
can achieve regional control but is associated with higher complication rates and worse
function, particularly in previously dissected or heavily irradiated necks [23].

2.5. Contemporary Neck Surgery

Current neck management integrates these historical approaches with modern imag-
ing and technology [24]. Advances in CT, MRI, ultrasound, PET/CT, radiomics, and
image-based risk models have refined indications for each dissection type and improved
cNO staging [25-27]. Minimally invasive techniques—including endoscopic and robotic
ND—aim to decrease scarring and morbidity while respecting oncologic principles [28-30].

For decades, more extensive clearance was assumed to provide better regional con-
trol. Increasing evidence on the immunologic role of cervical lymph nodes—and the
consequences of removing or irradiating them in immunotherapy-treated patients—now
challenges this assumption and forces a re-examination of both extent and timing.

3. The Immunological Landscape of the Neck
3.1. Cervical Nodes as Immune Organs

Cervical lymph nodes lie along the lymphatic drainage of the upper aerodigestive tract
and act as secondary lymphoid organs. Within specialized microenvironments—including
fibroblastic reticular cell-conduit networks and high endothelial venules—antigen-bearing
dendritic cells, naive T cells, and B cells are brought together, allowing efficient priming,
expansion, and differentiation of effector and memory lymphocytes [31,32].

In HNSCC, first-echelon (“sentinel”) cervical nodes are often the earliest metastatic
sites and key locations for antigen presentation. Immunologic activation or suppression in
these nodes can strongly influence downstream systemic antitumor responses [33,34].

3.2. Lymphatic Drainage and the Tumor Microenvironment

Afferent lymphatics from oral, pharyngeal, thyroid, and cutaneous territories transport
interstitial fluid, soluble tumor antigens, and migratory dendritic cells to draining cervical
nodes, creating a continuous immunologic link between the tumor and regional lymphoid
tissue [35]. Conventional dendritic cells acquire tumor antigens in peripheral tissues and
deliver them to tumor-draining nodes for cross-presentation to naive CD8* T cells, a process
essential for initiating and sustaining cytotoxic responses [36].

Tumor colonization remodels tumor-draining nodes, often expanding regulatory T
cells and other suppressive populations. Nonetheless, intact nodal architecture remains
crucial for effective checkpoint blockade and vaccine-based strategies, which depend on
ongoing nodal priming to maintain antitumor immunity [34].

4. The Rise of Immunotherapy in HNSCC
4.1. Checkpoint Inhibitors

Immune checkpoint blockade has transformed management of recurrent and metastatic
HNSCC. The phase IIl KEYNOTE-048 trial established pembrolizumab, alone or with plat-
inum and 5-fluorouracil, as a first-line standard by improving OS versus cetuximab-based
EXTREME, particularly in patients with PD-L1 combined positive scores (CPS) > 1 and
>20 [37]. In platinum-refractory disease, CheckMate 141 demonstrated that nivolumab
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significantly improved OS and maintained long-term benefit versus investigator’s choice
single-agent therapy, supporting its role in recurrent/metastatic HNSCC progressing after
platinum-containing therapy [38,39].

4.2. Neoadjuvant Immunotherapy

To exploit the intact tumor-lymph node axis, neoadjuvant PD-1 blockade has been
evaluated in resectable HNSCC. In HPV-independent locally advanced disease, single-
agent pembrolizumab before surgery was safe and produced pathologic tumor regression
in roughly 40-45% of patients, with early signs of reduced relapse in high-risk groups [40].
Phase II trials of neoadjuvant nivolumab, alone or with ipilimumab, have reported major
pathologic responses (<10% viable tumor) and occasional complete responses in primary
and nodal specimens, indicating robust immune activation before resection [41].

4.3. Perioperative and Adjuvant Approaches

Perioperative strategies now combine neoadjuvant and adjuvant immunotherapy
around surgery. In phase III KEYNOTE-689, perioperative pembrolizumab added to
standard surgery and risk-adapted adjuvant therapy improved DFS and achieved higher
rates of major pathologic response and pathologic complete response (pCR) at resection,
without reducing the likelihood of surgical completion [42]. Other peri- or adjuvant
PD-L1-directed approaches (e.g., atezolizumab, durvalumab) have produced mixed or
negative DFS results, underscoring that the optimal agent, timing, and integration with
(chemo)radiotherapy remain unsettled [43].

5. The Paradox: How Neck Dissection and Radiation May
Impair Inmunotherapy

5.1. Immunotherapy Relies on Lymphatic Integrity

Immune checkpoint blockade relies on an intact lymphatic network linking the pri-
mary tumor to regional tumor-draining lymph nodes (TDLNSs). Within these nodes, tumor
antigens delivered via afferent lymphatics are processed by dendritic cells, which prime
and expand tumor-specific CD8" T cells, including stem-like progenitor subsets that pref-
erentially respond to PD-1/PD-L1 blockade and give rise to effector cells that return to
the tumor [44,45]. Preclinical and translational work across tumor types, including HN-
SCC, shows that disrupting this nodal axis—through surgery, broad-field irradiation, or
blocking lymphocyte egress—can markedly reduce ICI efficacy [46,47]. In HNSCC, cervical
TDLNSs are enriched with tumor-specific T and B cells and are dynamically remodeled by
immunotherapy [48,49].

5.2. Potential Immunologic Consequences of Surgery

Conventional ND, rooted in Halstedian en bloc principles, removes metastatic and non-
metastatic nodes along with the intervening lymphatics. In early oral cavity squamous cell
carcinoma (OSCC), many nodes removed in END for ¢T1-T2NO disease are pathologically
negative yet immunologically competent. Bu et al. proposed that such nodes can act as
“pivotal responders” to ICIs [10].

In murine models, surgical ablation of TDLNs can abolish responses to PD-1/PD-
Ll-directed immunotherapy and combined radioimmunotherapy, emphasizing that these
nodes are required for durable systemic control [46]. Human studies indicate that non-
metastatic cervical nodes may harbor HPV16 E6/E7-specific CD8" T cells, consistent with
ongoing antitumor priming even in basins without overt metastasis [13]. In OSCC, B-cell
and regulatory T-cell dysfunction within TDLNs correlates with relapse risk, reinforcing
their role as immune “control centers” [50].
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Removing this network eliminates major antigen-presenting hubs, interrupts dendritic-
cell migration and T-cell recirculation, and is followed by fibrosis and scarring that may
further impair immune-cell trafficking into the treated neck [10,13].

5.3. Cervical Radiation and Immunosuppression

Cervical radiation adds a second layer of immune disruption. Standard fields often
include bilateral elective nodal regions, exposing non-involved nodes and collecting lym-
phatics to high doses. In HNSCC and other models, elective nodal irradiation reduces
tumor-specific T-cell pools in both TDLNs and the tumor microenvironment and signifi-
cantly blunts the synergy between stereotactic radiotherapy and PD-1/PD-L1 blockade [51].
Broader radioimmunotherapy studies similarly suggest that large-volume nodal irradiation
or early irradiation of TDLNs can dampen local and abscopal ICI responses, whereas
lymphatic-preserving sequencing—delivering ICIs while nodal basins remain intact and
deferring nodal radiation—may better preserve antitumor immunity [48,49,52].

Clinically, high-dose bilateral neck irradiation is associated with persistent lymphope-
nia, disruption of nodal architecture, and radiation-induced fibrosis, contributing to a
chronic “T-cell exclusion zone” in the treated neck [48,53].

5.4. Clinical Evidence Suggesting Reduced Immunotherapy Efficacy

These mechanistic concerns are mirrored by clinical observations. While PD-1 in-
hibitors have become standard in recurrent/metastatic HNSCC, several large trials adding
ICIs concurrently to definitive chemoradiotherapy in treatment-naive, locally advanced
disease have failed to improve survival [54-57]. Commentaries on these trials have sug-
gested that extensive elective nodal irradiation and treatment-induced lymphopenia may
attenuate ICI activity by ablating or functionally silencing cervical TDLNSs [48,49].

Retrospective and modeling studies in OSCC increasingly question routine END in all
cNO patients in the immunotherapy era, proposing that de-escalating ND—when oncologi-
cally safe—could preserve nodal immune function in ICI candidates [10,49]. Neoadjuvant
trials, in which PD-1 blockade is given before surgery and adjuvant radiotherapy, show sub-
stantial pathologic responses in primary tumors and regional nodes while the tumor-TDLN
axis is intact, further supporting the importance of lymphatic preservation at the time of
immunotherapy exposure [48,49,58].

5.5. The “Immune Desert Neck” Concept

Taken together, these observations support a conceptual model of the “immune desert
neck”: a cervical basin rendered biologically inert by lymphatic-targeting therapies (e.g.,
ND and nodal irradiation). In such a landscape, the structural substrates required for
antigen presentation, T-cell priming, and effector recirculation are either surgically removed
or chronically damaged, leaving systemic immunotherapy to act in the absence of its most
relevant regional immune organ (Figure 1).

Preclinical data showing loss of ICI efficacy after TDLN ablation, coupled with negative
concurrent chemoradiotherapy—ICI trials and early neoadjuvant experiences, collectively
suggest that future multimodal strategies should deliberately sequence and tailor ND and
radiation in ways that maximize oncologic control while preserving, rather than eradicating,
cervical immune infrastructure [10,13,48,49,58].
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Figure 1. Conceptual framework for managing TDLNs in the immunotherapy era [14]. Effective
immune checkpoint blockade depends on an intact tumor-lymph node axis, in which TDLNSs function
as active immune organs that coordinate antigen presentation, expansion of Tpex cells, and effector
recirculation. Traditional strategies—elective ND and broad-field elective nodal irradiation—achieve
regional control but may simultaneously ablate or chronically damage non-involved nodal basins,
creating an “immune desert neck” that attenuates immunotherapy efficacy. HNC, head and neck
cancer; ICI, immune checkpoint inhibitor; IO, immunotherapy; LN, lymph node.

6. Optimal Timing of Neck Dissection in the Immunotherapy Era
6.1. Pre-Immunotherapy vs. Post-Immunotherapy Neck Dissection

Because cervical TDLNSs are both the first echelon of metastatic spread and hubs for
antigen presentation and Tpex cells, their removal raises a timing dilemma in patients
receiving IClIs.

Conceptually, delivering immunotherapy while the lymphatic network is intact has
advantages [59-61]. Neoadjuvant PD-1/PD-L1 blockade with an undisturbed primary
tumor-TDLN axis may maximize antigen exposure, expand tumor-specific T cells in re-
gional nodes, and improve systemic immune surveillance. Immunotherapy-induced
nodal regression may also downstage the neck, allowing less extensive surgery in
responders [13,47].

Conversely, long-standing oncologic principles caution against delaying surgery in
patients with bulky, symptomatic, or unstable nodal disease, where progression can lead
to loss of resectability or acute complications. Even in neoadjuvant immunotherapy trials,
surgery and ND have remained mandatory and generally feasible after a short preoperative
course [62,63].

In practice, sequencing is likely to be risk-adapted. In resectable, locally advanced dis-
ease without immediately threatening nodal features, a brief neoadjuvant immunotherapy
course followed by timely resection of primary and neck may balance immune priming
and safety. In rapidly progressive or high-risk neck disease, upfront or early ND remains
the safer default, with immunotherapy integrated peri- or postoperatively rather than used
to justify delaying definitive surgery.

6.2. Should Neck Dissection Be Less Aggressive in Immunotherapy-Responders?

Neoadjuvant and perioperative immunotherapy trials have reported major and com-
plete pathologic responses in primary tumors and cervical nodes. This naturally raises the
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question of whether ND can be de-intensified in strong responders, instead of defaulting to
the baseline surgical plan [41,64-66].

In early OSCC, END often yields pNO necks, meaning that many immunologically
competent nodes are removed to treat a minority with occult disease [10,11,67,68]. Im-
munotherapy amplifies this tension: in responders, the very nodes that may have con-
tributed most to systemic immune activation are often targeted for removal.

However, current evidence is not sufficient for routine de-escalation. Nodal responses
can be heterogeneous, and small foci of viable carcinoma can still carry significant risk. Ro-
bust correlations between nodal pCR and long-term regional control in HNSCC remain lim-
ited, and most neoadjuvant trials have required standard ND regardless of response [63,65].

At present, less aggressive ND in immunotherapy responders should be tested within
clinical trials. These studies will need clear response-based criteria—combining clinical
exam, imaging, and pathology—for safely converting from more extensive to more selective
dissections, or for omitting END in selected early-stage cNO patients.

6.3. Radiologic and Pathologic Response Assessment

Checkpoint blockade often produces nodal “immune flares,” with edema, reactive
changes, and tertiary lymphoid structures that can mimic residual disease. PET/CT may
remain FDG-avid in nodes without viable tumor, and size criteria may fail to detect scattered
residual carcinoma within fibrotic or inflamed nodes. Similarly, pathology must distinguish
true residual tumor from regression bed and immune infiltrates. These challenges are
discussed in more detail in Section 7.4, where imaging and biomarker-based strategies
are integrated.

6.4. “Watch-And-Wait” Strategies

“Watch-and-wait” (W&W) strategies—omitting or delaying major surgery in patients
who achieve a robust response after neoadjuvant therapy—are established in rectal can-
cer and under investigation in esophageal, lung, and other malignancies treated with
chemo(radio)therapy or chemo-immunotherapy [69,70]. In carefully selected complete
responders, strict surveillance with prompt salvage can preserve organ function without
clear survival compromise [71].

Applying W&W to the neck in HNSCC is conceptually attractive. Avoiding unnec-
essary ablation of cervical TDLNs may preserve immune infrastructure and reduce the
risk of an “immune desert neck.” One can envision immunotherapy-based regimens in
which patients with compelling nodal responses are monitored rather than undergoing
immediate END, reserving early salvage ND for radiologic or clinical recurrence.

However, true W&W for the neck after immunotherapy remains experimental. Current
data are limited to small series, retrospective analyses, and extrapolation from other tumor
types. Uncontrolled regional failure in HNSCC carries high morbidity and mortality, and
the window for effective salvage ND may be narrow, particularly in previously irradiated
or heavily pretreated necks.

If W&W is to be adopted, it will require strict eligibility criteria (e.g., early-stage,
low initial nodal burden, strong immunotherapy response), multimodal confirmation of
response (clinical, imaging, and possibly biopsy), intensive surveillance, and predefined
triggers for salvage surgery. Until such protocols are validated and shown to maintain
regional control and survival, W&W in the neck should be confined to prospective trials,
with conventional ND remaining the benchmark.
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7. Management of the Neck in the Immunotherapy Era
7.1. Neck Dissection as an Immunologic and Surgical Intervention

In the immunotherapy era, ND is not simply a mechanical procedure for debulking
and staging; it is also an intervention that directly alters TDLN structure and function.
Randomized trials and meta-analyses in early OSCC established that END improves DFS
and, in many series, OS for cTINO and cT2NO disease, supporting its adoption as standard
of care. D'Cruz et al. showed a clear OS advantage for upfront END versus therapeutic
ND, while the SEND trial and pooled data confirmed reduced recurrence and improved
regional control at the cost of increased morbidity [6,11].

When low-risk stage I (TINO) tumors are analyzed separately, the benefit of routine
END is less clear. Pooled analyses suggest no obvious OS advantage and only a modest
reduction in nodal recurrence in carefully selected patients, prompting concern about
indiscriminate END in low-risk OSCC, especially when ICIs are planned [72].

Concurrently, modern immunology has reframed cervical TDLNs as dynamic immune
organs where antigen-presenting cells, Tpex cells, B cells, and regulatory populations
interact under PD-1/PD-L1 blockade. Experimental and translational data indicate that
removing uninvolved lymphatic basins or heavily irradiating them can blunt systemic ICI
responses by eliminating key sites of antigen presentation and T-cell priming [10,65]. ND
should therefore be understood as a modifier of host immunity whose indication, timing,
and extent must be reconsidered rather than assumed to be immunologically neutral.

7.2. Neck Dissection After Neoadjuvant Immunotherapy

The integration of neoadjuvant PD-(L)1 blockade into resectable HNSCC has reshaped
how ND is used and performed. In modern phase I trials of pembrolizumab and nivolumab
(alone or in combination), a substantial share of patients achieve major or complete patho-
logic response at the primary site, while residual viable disease may persist in cervical
nodes, highlighting frequent discordance between primary and nodal responses [40,73].

After neoadjuvant immunotherapy, response-adapted ND is indicated for radiograph-
ically residual or progressive nodal disease (on CT, MRI, PET/CT, or diffusion-weighted
imaging), biopsy-proven viable metastasis, or high clinical suspicion of persistent nodal
involvement despite apparent primary regression. Outside trials, indications remain con-
servative, given the morbidity and consequences of uncontrolled regional failure.

Technically, post-immunotherapy ND can be more challenging than in treatment-naive
necks. Across tumor types, preoperative PD-(L)1 blockade is associated with dense fibrosis,
desmoplastic reaction, and altered tissue planes in both tumor bed and regional lymphatics,
which can obscure landmarks and tether vessels and nerves [74]. Early head and neck series
suggest overall complication rates comparable to historical controls, but surgeons frequently
report tougher tissue and less predictable planes, especially around the carotid sheath,
lower cranial nerves, and thoracic duct [66]. Concentrating post-immunotherapy ND in
high-volume centers with ready vascular and reconstructive support appears prudent.

Pathologic assessment also changes. Instead of simply measuring residual vi-
able tumor, immune-related pathologic response frameworks emphasize the “regression
bed”—proliferative fibrosis, neovascularization, foamy macrophages, cholesterol clefts,
and dense lymphoid infiltrates often organized into tertiary lymphoid structures (TLS) [75].
In immunotherapy-treated HNSCC necks, these regression beds can be rich in CD8* T
cells and B-cell follicles, features associated with favorable immunologic profiles [76]. Stan-
dardized protocols for grossing, sampling, and grading treatment effect in cervical nodes
are needed to avoid overcalling residual carcinoma when much of the mass represents
immune-mediated regression.
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Oncologic outcomes in this setting come mainly from single-arm studies, but a few
themes are consistent. Neoadjuvant pembrolizumab and nivolumab trials report high rates
of pathologic response at the primary site and meaningful nodal regression, with low iso-
lated regional failure rates when ND follows standard oncologic principles [40]. Correlative
studies document frequent primary-nodal response discordance, sometimes with deeper
effects in nodes, suggesting that in the future, some patients with radiographically and
pathologically “sterilized” nodal basins might be candidates for de-escalated or omitted
completion ND. For now, completion or salvage ND remains the standard when objective
disease persists, and omitting ND solely based on imaging or limited pathology should be
restricted to controlled trials.

7.3. Response-Adapted and De-Escalation Strategies

Recognizing ND as an immunologic intervention has spurred interest in response-
adapted and de-escalation approaches. Early phase neoadjuvant immunotherapy trials
show that a meaningful subset of patients achieve major or complete pathologic response
with acceptable toxicity, demonstrating that systemic immune control can be established
before surgery [10,65].

This is particularly relevant in early OSCC, where END often removes pathologically
negative but immunologically competent nodes (Section 7.1). In an immunotherapy context,
this trade-off becomes more problematic: responders may derive part of their systemic
control from the same nodal basins targeted for extensive dissection [11,67,68]. Bu et al.
proposed that in ¢cT1-T2N0 OSCC, neoadjuvant immunotherapy with intact TDLNs might
eradicate occult micrometastases and allow de-escalation or omission of END in selected
responders, while patients with residual nodal disease would still undergo comprehensive
ND [10]. Yang et al. similarly suggest that in stage I OSCC, where the absolute risk of
occult nodal spread is relatively low, immune-based strategies may ultimately offer a better
balance of control and morbidity than systematic prophylactic lymphadenectomy [72].

Less invasive surgical strategies align naturally with this paradigm. Sentinel lymph
node biopsy (SLNB) has shown oncologic non-inferiority to END in early OSCC, with lower
morbidity and better functional outcomes, and provides a template for nodal sampling
rather than wholesale clearance [77]. In immunotherapy-integrated algorithms, SLNB,
limited basin dissection, or image-guided minimally invasive nodal sampling could doc-
ument eradication of occult disease or detect small residual deposits needing clearance,
maximizing regional control while preserving immune-competent nodes.

More radical de-escalation, such as W&W in immunotherapy responders, remains
investigational and should follow the principles outlined in Section 6.4. Population-based
analyses from large registries suggest that among patients undergoing surgery plus ad-
juvant immunotherapy, ND itself is not independently associated with worse OS after
adjusting for stage and treatment. This implies that nodal surgery and immunotherapy
can coexist without obvious detriment in high-burden disease, but also that aggressive
ND is not uniformly required in all immunotherapy-treated patients [78]. Implementing
response-adapted strategies will require tight multidisciplinary coordination, with sur-
geons and medical oncologists jointly deciding when ND is indispensable and when it
can be limited or deferred, and radiation oncologists using lymphatic-sparing planning
where feasible.

7.4. Biomarkers and Imaging to Guide Neck Management

Personalizing neck management in immunotherapy-treated patients ultimately re-
quires accurate characterization of nodal biology before and after treatment. As noted
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in Section 6.3, immunotherapy-induced immune flares limit the reliability of size and
metabolic criteria as surrogates for nodal pCR.

Advanced imaging and quantitative methods offer potential solutions. Early changes
in PET/CT standardized uptake value, metabolic tumor volume, and total lesion glycolysis,
as well as diffusion-weighted MRI parameters and radiomic signatures, correlate with
pathologic response to neoadjuvant chemo-immunotherapy in HNSCC and other cancers
and could be incorporated into models predicting nodal pCR non-invasively [79-82].

At the tissue level, PD-L1 CPS, tumor mutational burden, and immune gene-
expression signatures have been associated with higher major and complete pathologic re-
sponse rates to neoadjuvant PD-1 blockade in HNSCC and related squamous malignancies;
PD-L1 CPS > 1 has been linked to improved DFS in a phase Il neoadjuvant pembrolizumab
study [40,42,62]. TLS density, spatial patterns of tumor-infiltrating lymphocytes, and quan-
titative immune-histopathologic scores are emerging prognostic markers that may help
distinguish immunologically “cured” nodes from those harboring residual disease despite
regression [83,84]. Standardized pathologic response criteria for immunotherapy-treated
neck specimens are still evolving and will be essential for consistent reporting.

Circulating tumor DNA (ctDNA) assays show promise for detecting minimal residual
disease (MRD) and monitoring response to checkpoint blockade in HNSCC; dynamic
ctDNA clearance or deep reductions during neoadjuvant therapy may eventually function
as systemic surrogates of nodal pCR [85-87]. Combining ctDNA kinetics with imaging
and tissue-based biomarkers could generate composite algorithms stratifying patients into
groups for whom ND is mandatory, optional, or potentially avoidable [85,87].

From a clinical implementation perspective, the clearest pathway for avoiding rou-
tine END in cNO disease relies on a standardized decision tool rather than on any single
biomarker. SLNB with ultrastaging, interpreted alongside high-quality anatomic imag-
ing (ultrasound =+ fine-needle aspiration cytology [FNAC] and CT/MRI), provides an
actionable de-escalation rule in appropriately selected early oral cavity cancers and can
preserve regional control in experienced centers [77,88]. In perioperative immunotherapy
pathways, a plausible near-term extension is to combine quantitative imaging features
with ¢tDNA MRD dynamics (e.g., ctDNA negativity or clearance together with concor-
dant radiological response) to support omission strategies under intensified surveillance
and predefined salvage triggers; however, decision thresholds and sampling timepoints
remain under prospective validation [89,90]. Multi-parameter models that integrate ctDNA
kinetics, radiomics/deep learning estimates of nodal risk, and tissue immune profiling
(including TLS-related metrics and spatial immune signatures) are conceptually aligned
with response-adapted neck management after neoadjuvant immunotherapy, but should
currently be confined to clinical trials [91].

Ultimately, the evolution of neck management in the immunotherapy era will depend
on validating such biomarker-driven, response-adapted strategies in prospective trials.
Until robust tools are widely available, ND should continue to follow established oncologic
principles in patients at meaningful risk of nodal failure, while de-escalation and omission
strategies are tested in carefully controlled research settings [92].

8. Conclusions

Neck dissection has evolved from a uniformly ablative operation into a risk-adapted
set of procedures designed to balance oncologic safety with functional preservation. In
the era of immune checkpoint inhibition, this surgical evolution intersects with a parallel
conceptual shift: cervical TDLNs are increasingly recognized not as passive conduits
of metastatic spread, but as active immune organs that support antigen presentation, T-
cell priming, and the maintenance of stem-like effector precursors that may be critical for
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durable responses to PD-1/PD-L1 blockade. Accordingly, ND and elective nodal irradiation
should be considered not only as locoregional control measures, but also as interventions
capable of reshaping systemic antitumor immunity—potentially contributing, in selected
contexts, to an “immune desert neck” if non-involved basins are routinely ablated or
heavily irradiated.

Based on currently available evidence, the routine omission of elective or therapeutic
ND is not supported in patients at meaningful risk of regional failure, and established
oncologic principles remain the benchmark against which any de-escalation strategy must
be tested. However, converging mechanistic insights and early perioperative immunother-
apy experience define a clear research roadmap aimed at preserving immune-relevant
lymphatic infrastructure while maintaining oncologic safety. Future work should pri-
oritize: (a) biomarker-driven, individualized treatment strategies for ND patients, inte-
grating tissue-based immune profiling, circulating markers such as ctDNA kinetics, and
response-adapted imaging to determine when ND is essential, when it can be limited
to targeted or sentinel-based approaches, and when omission might be studied under
rigorous surveillance protocols; (b) the development of immunoprotective radiotherapy
techniques, including nodal-volume sparing, refined elective field design, and sequencing
approaches that minimize unnecessary injury to non-involved nodal basins during periods
when immune priming is most consequential; and (c) Al-based fusion models combining
radiomics and histopathomics to predict lymph node immune status, enabling scalable,
response-adapted neck management by noninvasively estimating both residual disease
risk and nodal immune competence.

Ultimately, the goal is not to discard ND, but to embed it within a multidisciplinary,
immunologically informed paradigm in which the timing, extent, and adjunctive radia-
tion strategy are tailored to tumor biology and host immunity—maximizing cure while
preserving the regional immune architecture that may be required for sustained benefit
from immunotherapy.
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Abbreviations

The following abbreviations are used in this manuscript:

AAO-HNS American Academy of Otolaryngology—-Head and Neck Surgery
Al Artificial intelligence

CPS Combined positive score

CT Computed tomography

ctDNA Circulating tumor DNA

CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
DFS Disease-free survival

END Elective neck dissection

ERND Extended radical neck dissection

FDG Fluorodeoxyglucose

FNAC Fine-needle aspiration cytology
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HNSCC Head and neck squamous cell carcinoma
HPV Human papillomavirus

ICI Immune checkpoint inhibitor

v Internal jugular vein

MRD Minimal residual disease

MRI Magnetic resonance imaging

MRND Modified radical neck dissection

ND Neck dissection

oS Overall survival

osccC Oral cavity squamous cell carcinoma
pCR Pathologic complete response

PD-1 Programmed death-1

PD-L1 Programmed death-ligand 1
PET/CT Positron emission tomography/computed tomography
RND Radical neck dissection

SAN Spinal accessory nerve

SCM Sternocleidomastoid muscle

SLNB Sentinel lymph node biopsy

SND Selective neck dissection

TDLN Tumor-draining lymph node

Tpex Progenitor exhausted CD8* T

TLS Tertiary lymphoid structure

W& W Watch-and-wait
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