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Highlights

First focused synthesis of distant cutaneous chordoma metastasis: 52 cases from 40
reports, pooled in a one-stage individual-participant-data meta-analysis (PRISMA
2020).

A consistent signature emerges — an older adult (median 59 years) with a sacrococ-
cygeal primary (74%, 95% CI 59-85), male predominance 2.3:1, and a median latency
of four years.

Age sharply stratifies dissemination: patients under 40 reach cutaneous spread far
earlier (HR 17.2, 95% CI 4.7-62.9), with enrichment for poorly differentiated/INI1-
deficient tumours and multifocal deposits.

The rarity of confirmatory testing is a diagnostic-era artefact: brachyury use rose sig-
nificantly over time (0 =0.43, p = 0.008) while SMARCB1/INI1 remained almost never
applied, so the historical literature under-counts poorly differentiated chordoma.
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e  Nuclear brachyury is the decisive discriminator from mimics and SMARCB1/INI1
resolves the poorly differentiated subtype; we provide explicit exclusion criteria and
a stepwise diagnostic algorithm.

Abstract

Chordoma is a rare notochordal malignancy of the axial skeleton, and distant cutaneous
metastasis is among its rarest manifestations —an under-recognised mimic of benign and
malignant skin tumours that often presents with an incomplete clinical history. Methods:
We performed a systematic review and one-stage individual-participant-data (IPD) meta-
analysis of all reported cases of distant cutaneous chordoma metastasis, following
PRISMA 2020, and complemented it with an illustrative index case of cutaneous poorly
differentiated chordoma in a young adult. Missing case-level data were handled by avail-
able-case analysis without imputation, with denominators reported throughout. Pooled
prevalences were estimated by logistic-normal random-effects models (heterogeneity by
I?); latency to cutaneous metastasis was modelled as a time-to-event outcome, and brach-
yury uptake over time by meta-regression. Results: Forty reports (52 cases) were included;
individual data were analysable in 43. Median age was 59 years (range, 2 months-88),
male-to-female ratio 2.3:1, sacrococcygeal primary 74% (31/42) and median latency 4.0
years (synchronous to 15). Physaliphorous cells, myxoid stroma and vacuolated cyto-
plasm dominated, yet brachyury and SMARCB1/INI1 were documented in only 6/52 and
1/52 cases. Pooled prevalences were 74% (95% CI 59-85) for a sacrococcygeal primary,
70% (55-82) for male sex and 77% (62-87) for physaliphorous morphology, with no be-
tween-report heterogeneity (I = 0%) —expected when almost every report contributes one
patient, so these values consolidate rather than extend the descriptive data. Patients
younger than 40 years reached cutaneous metastasis far earlier (hazard ratio 17.2, 95% CI
4.7-62.9; p < 0.001), and brachyury use rose across eras (o = 0.43, p = 0.008). Conclusions:
Distant cutaneous chordoma metastasis is a late event that usually signals disseminated
disease and a limited life expectancy, commonly months to a few years. Its recognition
rests on integrating morphology with nuclear brachyury and, in epithelioid or young
presentations, SMARCB1/INI1. We provide a differential-diagnostic framework and algo-
rithm, distinguishing cohort-supported findings from expert interpretation.

Keywords: chordoma; cutaneous metastasis; poorly differentiated chordoma; brachyury;
TBXT; SMARCB1/INI1; physaliphorous cells; differential diagnosis; systematic review;
individual-participant-data meta-analysis

1. Introduction

Chordoma is a rare, locally aggressive malignant bone tumour showing notochordal
differentiation, accounting for approximately 1-4% of primary bone malignancies and
arising along the axial skeleton —most often the sacrococcygeum and the skull base [1,2].
Its annual incidence is below one per million [2,3]. Although chordomas grow slowly and
are dominated clinically by local recurrence, they metastasize in a substantial minority of
patients, with reported distant-metastasis rates ranging widely across series (3-50%) and
a predilection for lung, bone, liver and lymph nodes [4,5].

Cutaneous and subcutaneous metastases are exceedingly rare and, when they occur,
are easily misattributed to benign nodules or to other malignancies [6]. Cutaneous metas-
tasis is itself an uncommon and deceptive event across tumour types —from visceral car-
cinomas [7] to bone and soft-tissue sarcomas [8] —so that histopathological examination,
rather than clinical impression, is decisive in establishing the correct diagnosis [9], partic-
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ularly for tumours presenting in unexpected anatomical locations [10]. Such deposits may
arise by direct extension or local recurrence, by iatrogenic seeding along surgical tracts,
or—for lesions distant from the primary —by haematogenous dissemination, frequently
years after the original diagnosis [11,12]. Because this presentation is both uncommon and
deceptive, the literature is confined to scattered case reports and small series, and no syn-
thesis has placed the distant cutaneous pattern specifically in focus. Here we keep that
focus throughout: we first outline the pathology of chordoma, then systematically review
and pool, in a one-stage individual-participant-data meta-analysis, all reported cases of
distant cutaneous metastasis; we use an illustrative index case to anchor the synthesis and
build an explicit differential-diagnostic framework — with exclusion criteria—culminating
in a practical diagnostic algorithm. Throughout, we anchor the diagnosis in the molecular
pathogenesis of chordoma—the brachyury (TBXT) notochordal programme and
SMARCB1/INII loss in the poorly differentiated subtype —and connect these drivers to
the emerging, molecularly targeted therapeutic strategies that make their recognition in
the skin clinically consequential, so that the cutaneous presentation is read not as a curi-
osity but as an entry point into the biology and treatment of the disease.

2. The Pathology of Chordoma
2.1. Origin, Epidemiology and Clinico-Radiological Features

Chordoma recapitulates the embryonic notochord and arises from notochordal rem-
nants retained within the axial skeleton [1,13]. The great majority are sporadic, although
rare familial cases and an association with tuberous sclerosis in children are recognised
[14]. Tumours present most commonly between the fourth and sixth decades, with a male
predominance of roughly 2:1 in sacral and vertebral tumours [1,2]. On magnetic resonance
imaging, chordomas are lobulated, lytic, destructive midline lesions that enhance after
contrast; grossly they are lobulated, gelatinous masses that destroy bone and extend into
adjacent soft tissue [1,15]. High-resolution cross-sectional imaging further aids character-
isation and localisation of both primary and metastatic deposits [16].

2.2. Histopathology and the Notochordal Phenotype

At low power, conventional chordoma shows a lobular architecture with fibrous
bands separating lobules. Tumour cells are arranged in cords or ribbons within a myxoid
matrix; they are large, with clear-to-eosinophilic, characteristically vacuolated or “bub-
bly” cytoplasm —the physaliphorous cell that defines the tumour. Prominent nucleoli, an-
isokaryosis and nuclear pseudoinclusions may be seen, but mitoses and apoptotic bodies
are scarce or absent in conventional tumours [1,17].

The immunophenotype reflects a dual epithelial-mesenchymal differentiation: chor-
domas co-express cytokeratins (CK8/18/19), EMA, 5100 protein and vimentin, while being
negative for CK7 and CK20 [17,18]. The diagnostic hallmark is nuclear expression of
brachyury (the T-box transcription factor encoded by TBXT), a highly sensitive and spe-
cific marker of notochordal differentiation that is essentially absent from the principal his-
tological mimics [13,19,20]. Brachyury is not merely a marker but a driver: germline tan-
dem duplication of TBXT underlies familial chordoma, the common rs2305089 single-nu-
cleotide polymorphism is carried by the overwhelming majority of patients, and somatic
copy-number gains of TBXT occur in sporadic tumours; silencing brachyury arrests chor-
doma cell growth [14,21]. No recurrent diagnostic molecular alteration defines conven-
tional chordoma beyond this notochordal programme, although PI3K-pathway mutations
have been described [21]. Whole-genome and targeted analyses nonetheless portray chor-
doma as a comparatively quiet genome punctuated by recurrent, therapeutically relevant
lesions: activation of the PI3BK-AKT-mTOR axis (frequently through PTEN loss), homo-
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zygous deletion of CDKN2A/2B as one of the commonest and prognostically adverse
copy-number events, and inactivating alterations of the SWI/SNF chromatin-remodelling
complex (PBRM1, SETD2, ARID1A) together with the LYST alterations identified by se-
quencing [21-24]. Receptor tyrosine kinases—PDGFRB, KIT and EGFR—are commonly
expressed and phosphorylated, providing the rationale for the clinical activity of imatinib
and EGFR-directed agents [25,26]. The poorly differentiated subtype is set apart molecu-
larly by biallelic SMARCB1 (INI1) inactivation, and DNA-methylation profiling now of-
fers an orthogonal means of confirming notochordal identity and of resolving immune-
defined subgroups of relevance to emerging immunotherapy [27-30]. This reliance on nu-
clear brachyury and, in the poorly differentiated subtype, SMARCB1/INI1 is consonant
with the broader dependence of diagnostic and screening pathology on targeted immuno-
histochemical panels [31].

2.3. Histological Subtypes and Their Diagnostic Work-Up

The current WHO classification recognizes conventional chordoma (including the
chondroid variant), poorly differentiated chordoma and dedifferentiated chordoma [1].
Their features and ancillary work-up are summarized in Table 1.

Table 1. Histological subtypes of chordoma and their diagnostic work-up.

Subtype Histopathology Ancillary Work-Up
Lobules separated by fibrous septa;
cords/ribbons of physaliphorous cellsina CK8/18/19, EMA, S100, vimentin, brachy-
Conventional (incl. chondroid variant) myxoid matrix; minimal atypia; mitoses ury positive; CK7/CK20 negative. No recur-

Poorly differentiated

Dedifferentiated

scarce. Chondroid variant has hyaline-carti-  rent diagnostic molecular alteration.
lage-like matrix.

Solid sheets/nests of epithelioid cells, eosin-
ophilic cytoplasm with intracytoplasmic
vacuoles; focal rhabdoid change; vesicular
nuclei; brisk mitoses. Physaliphorous cells
often absent.

Biphasic: conventional chordoma juxta-
posed with high-grade sarcoma (often
UPS/osteosarcoma-like). <1% of chor-
domas.

Cytokeratin, EMA, brachyury positive;
LOSS of SMARCB1/INI1 (FISH: homozy-
gous SMARCB1 deletion). Younger pa-
tients; aggressive.

Brachyury/cytokeratin retained in conven-
tional component but lost in the sarcoma-
tous component. Worst prognosis.

2.3.1. Conventional and Chondroid Chordoma

Conventional chordoma is the prototype described above. The chondroid variant
contains an extracellular matrix mimicking hyaline cartilage and is the principal source of
confusion with chondrosarcoma; co-expression of cytokeratin/EMA and brachyury re-
solves the distinction, since chondrosarcoma is negative for both [1,18].

2.3.2. Poorly Differentiated Chordoma

Poorly differentiated chordoma is very rare and occurs disproportionately in chil-
dren and young adults. It is composed of sheets or nests of epithelioid cells with eosino-
philic cytoplasm and scattered intracytoplasmic vacuoles; nuclei are round-to-ovoid and
vesicular with mild-to-moderate pleomorphism, mitoses are numerous, and focal
rhabdoid morphology is common, while classic physaliphorous cells are often absent
[27,28]. The defining feature is loss of SMARCB1 (INI1) expression by immunohistochem-
istry, with homozygous SMARCB1 deletion demonstrable by FISH; brachyury and cy-
tokeratin remain positive [27,28]. This subtype behaves aggressively and is the histologi-
cal pattern of the present index case.
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2.3.3. Dedifferentiated Chordoma

Dedifferentiated chordoma comprises under 1% of cases and is biphasic, juxtaposing
conventional chordoma with a high-grade sarcoma. Brachyury and cytokeratin are pre-
served in the conventional component but lost in the dedifferentiated sarcomatous com-
ponent, which may also lose EMA and S100. Together with poorly differentiated chor-
doma, it carries the worst prognosis [1,32].

2.4. WHO Diagnostic Criteria

In practice, a confident diagnosis rests on four pillars [1]: (i) a midline axial bone tu-
mour; (ii) lobules of cohesive, physaliphorous cells in a myxoid or chondroid matrix; (iii)
brachyury immunopositivity; and (iv)—for epithelioid/solid forms—Iloss of SMARCB1
(INI1) to confirm poorly differentiated chordoma. The diagnostic challenge addressed in
this review arises when a lesion is encountered outside its expected axial location —in the
skin—so that pillar (i) is absent and the history is often unavailable.

3. Materials and Methods
3.1. Search Strategy and Selection

The systematic review was conducted and reported in full compliance with the
PRISMA 2020 statement [33], and the completed PRISMA 2020 checklist is provided as
Supplementary Material (Table S3); a protocol was not prospectively registered. Pub-
Med/MEDLINE was searched from inception to June 2025, combining controlled vocabu-
lary (MeSH) and free-text terms for chordoma with metastasis and cutaneous/skin/subcu-
taneous/soft-tissue qualifiers (e.g., “chordoma” AND (“cutaneous” OR “skin” OR “sub-
cutaneous” OR “soft tissue”) AND (“metastasis” OR “metastatic”)); the reference lists of
all eligible articles and relevant reviews were additionally hand-screened to capture older
reports not indexed under these terms, an approach commonly used to consolidate sparse
case-based literature [34]. Eligibility criteria were defined a priori. We included any peer-
reviewed report—case report or case series—of histologically confirmed chordoma with
distant cutaneous or subcutaneous metastasis, defined as a dermal/subcutaneous deposit
anatomically remote from the primary axial tumour and not explicable by contiguous lo-
cal extension. We excluded (i) purely local extension, satellite lesions or recurrence within
the operative bed contiguous with the primary; (ii) non-cutaneous metastases; (iii) reports
lacking histological confirmation of chordoma; and (iv) reports from which case-level data
could not be reliably extracted. Two reviewers independently screened titles/abstracts and
then full texts, with disagreements resolved by consensus. Because the same patients can
appear in more than one publication, potential duplicate and overlapping reports were
identified by cross-checking author, institution, sex, age, primary site, treatment dates and
lesion description; where overlap was found the most complete or original report was
retained and the duplicate removed, so that each patient contributed only once (for exam-
ple, patients of the Su and Gagne-Su institutional experience were reconciled to avoid
double counting). Reports were retained principally in English to permit reliable full-text
verification and accurate case-level extraction without translation; where a non-English
report carried an English-language abstract or translation sufficient for unambiguous ex-
traction it was included (as for one French-language report [35]), and the five records ex-
cluded for language provided no extractable case-level data. This predominantly English-
language restriction is acknowledged as a source of language bias in the limitations.

3.2. Data Extraction and Individual-Participant-Data Synthesis

Because the evidence comprises case reports and small series, the individual pa-
tient—rather than the study —was the natural unit of synthesis; we therefore extracted,
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harmonised and combined case-level data in a one-stage individual-participant-data
(IPD) meta-analysis rather than pooling study-level effect estimates, which are undefined
when most “studies” contribute a single patient [36,37]. As individual data were obtained
from published reports rather than supplied by the original investigators, the work fol-
lows the PRISMA 2020 statement [33], with the PRISMA-IPD extension used as additional
guidance where applicable [36]. Two reviewers independently extracted age, sex, primary
site, subtype, latency, cutaneous site, lesion pattern, associated metastases, morphology,
immunohistochemistry and molecular results into a piloted, standardised form, resolving
discrepancies against the source text. Missing data were frequent and were handled by
available-case (complete-case, per-variable) analysis: no values were imputed, and for
every variable the denominator was the number of cases in which that item was explicitly
reported, which is stated alongside each estimate (n/N). A feature recorded as “not per-
formed” (e.g., an immunostain that was not done) was distinguished from one “not re-
ported”, and an unstated marker was never assumed to be negative; consequently, de-
nominators differ across variables and the low absolute counts for brachyury and
SMARCB1/INII reflect how often these tests were applied, not negativity. Continuous
variables are summarised as medians with ranges and categorical variables as frequencies
with explicit denominators.

3.3. Statistical Analysis

Beyond description, we tested pre-specified, clinically motivated hypotheses. Con-
tinuous variables were compared with the Mann-Whitney U test and associations be-
tween continuous variables assessed by Spearman’s rank correlation; categorical associa-
tions used Fisher’s exact test. The interval from primary diagnosis to cutaneous metastasis
(“latency”) was additionally treated as a time-to-event variable and displayed by the
Kaplan—-Meier method, with groups compared by the log-rank test; because every patient
by definition experienced the event, these curves describe the cumulative timing of cuta-
neous spread rather than survival. For the meta-analytic synthesis, the pooled prevalence
of each cardinal clinico-pathological feature was estimated across reports by random-ef-
fects models. Because most reports contributed a single patient, a logistic-normal (ran-
dom-intercept) model was adopted as the primary estimator, with the Freeman-Tukey
double-arcsine transformation applied as a sensitivity analysis while acknowledging its
recognised instability for sparse data [38]. Between-report heterogeneity was quantified
by Cochran’s Q, the I? statistic and the between-study variance T2, and every pooled pro-
portion is reported with a 95% confidence interval [39,40]. The latency to cutaneous me-
tastasis was analysed within a one-stage IPD framework using a Cox proportional-haz-
ards model with age group (<40 versus 240 years) as covariate, yielding a hazard ratio for
earlier cutaneous spread with robust (sandwich) standard errors [37]. The temporal evo-
lution of confirmatory immunohistochemistry was examined by meta-regression of
brachyury use on publication year (Spearman correlation and logistic regression). All tests
were two-sided with a = 0.05; given the modest sample and exploratory intent, no correc-
tion for multiplicity was applied and results are interpreted as hypothesis-generating.
Analyses used Python (version 3.14.0, SciPy, statsmodels and lifelines). The choice of a
one-stage IPD framework, rather than a two-stage study-level meta-analysis, was dictated
by the data structure: study-specific proportions and hazard ratios are not estimable when
the majority of reports contribute a single patient, so case-level modelling is the only co-
herent option. For the same reason the pooled prevalences are best understood as a for-
mal, variance-weighted consolidation of the case-level proportions rather than as evi-
dence of consistency across independent studies: with predominantly single-patient re-
ports the between-report variance 2 is not estimable, I? is structurally 0%, and the confi-
dence intervals reflect sampling uncertainty in the aggregate cohort rather than heteroge-
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neity between studies. The logistic-normal (random-intercept) model was preferred as the
primary estimator because it accommodates single-event reports and small denominators
without the boundary instability that the Freeman-Tukey double-arcsine transformation
exhibits in sparse data [38], and robust (sandwich) standard errors were used in the Cox
model to acknowledge clustering within the few multi-patient series. These estimates are
accordingly interpreted as hypothesis-generating.

3.4. Risk-of-Bias Assessment

Because the eligible studies comprised both single-patient case reports and a minor-
ity of multi-patient case series, methodological quality was appraised with two design-
appropriate Joanna Briggs Institute (JBI) instruments, the JBI Critical Appraisal Checklist
for Case Reports (eight items) for the single-patient reports, and the JBI Critical Appraisal
Checklist for Case Series (ten items) for the multi-patient series, with the Murad tool as a
complementary framework [41,42]. Two reviewers independently appraised every in-
cluded report, with disagreements resolved by discussion. All 40 reports were assessed:
the 35 single-patient reports with the case-report checklist, the five series—Su 1993, Cham-
bers 1979, Vogin 2016, Kishimoto 2012 and Dimopoulos 2023 —with the case-series check-
list (Supplementary Table S2), and three reference-screened reports lacking retrievable
full text rated unclear throughout. Because the ratings were initially anchored in the har-
monised case-level dataset, items relating to treatment, post-intervention course and ad-
verse events were frequently scored “unclear,” reflecting the diagnostic rather than ther-
apeutic focus of the source literature; the appraisal was cross-checked against the primary
full texts where these were retrievable, and unresolved items are reported transparently.

4. Results
4.1. Study Selection

From 127 records, 83 were excluded at screening (78 unrelated; 5 non-English); 44
underwent full-text review and 18 were excluded. Twenty-six articles (37 cases) were in-
cluded, with a further 14 articles (15 cases) added by reference screening, yielding 40 re-
ports and 52 cases (Figure 1) [35,43-81]. Individual patient data were analysable in 43 of
the 52 cases (43/52).
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Figure 1. PRISMA flow diagram of study selection.

4.2. Demographics and Primary Tumour

Median age at cutaneous metastasis was 59 years (range, 2-88 months; n = 40), with
a single paediatric case (a congenital, tuberous sclerosis-associated tumour). A male pre-
dominance was evident (28 males, 12 females; 2.3:1). The primary was sacrococcygeal in
74% (31/42), with skull base/clival and multiple-site primaries in 4/42 each (Figure 2). Sub-
type was unspecified in most historical reports (33), with conventional/chondroid in eight
and dedifferentiated in two.
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Multiple

Skull base/clivus

Cervical

Lumbar

Mobile spine

Not reported

Primary chordoma site (n=43 with data)

5 10 15 20 25 30 35

Number of cases

Figure 2. Primary chordoma site among cases with reported data (n =42).

4.3. Distribution of Cutaneous Metastases and Evidence for Haematogenous Spread

Involvement of multiple cutaneous sites was most frequent (17), followed by the face
(8), scalp (5), trunk (3), neck (2) and extremities (Figure 3). The routes of cutaneous spread
are heterogeneous. A subset arose within scars or surgical fields, consistent with iatro-
genic seeding along instrumented tracts, and a further subset—large sacral tumours ul-
cerating through the overlying skin—reflected direct local extension rather than true me-
tastasis. Beyond these, however, cross-tabulating primary against cutaneous site was in-
formative: of sacrococcygeal primaries with a localisable skin deposit, nine metastasised
to the head and neck and several more to the upper trunk —locations that cannot be
reached by contiguous or track-related extension from the pelvis. The most parsimonious
explanation for this anatomical mismatch is haematogenous dissemination, and we there-
fore infer that distant (as distinct from local or iatrogenic) cutaneous chordoma metastasis
is predominantly blood-borne. This remains an inference from anatomical distribution ra-
ther than from direct vascular or molecular evidence, and iatrogenic seeding and local
extension undoubtedly account for a proportion of cutaneous deposits—particularly
those adjacent to the primary or to surgical scars —so the three mechanisms are best re-
garded as coexisting, with haematogenous spread predominating among anatomically re-
mote lesions. Concurrent visceral disease was frequent (lung 14, bone 9, liver 9, lymph
node 5) [82], and multiple cutaneous lesions tended to accompany visceral spread more
often than solitary lesions (58% vs. 33%; Fisher p = 0.20), consistent with a disseminated,
blood-borne phenotype.
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Number of cases

Figure 3. Distribution of cutaneous/subcutaneous metastatic sites (categories not mutually exclu-

sive).

4.4. Latency and Its Determinants: A Distinct Young, Rapidly Disseminating Subgroup

Overall, the latency from primary diagnosis to cutaneous metastasis was long and
right-skewed (median 4.0 years; IQR 1.5-6.0; range synchronous to 15; n =41). This aggre-
gate, however, conceals a strong age effect. Patients younger than 40 developed cutaneous
metastasis far sooner than older patients —median 1.0 versus 5.0 years once the single
congenital, tuberous-sclerosis-associated case—whose disease was synchronous at
birth—was set aside (Mann—-Whitney p = 0.002); the difference remained significant when
that case was included (p = 0.001), and it was reflected in a one-stage IPD Cox hazard ratio
for earlier cutaneous spread of 17.2 (95% CI 4.7-62.9; Figure 4) and a continuous age-—
latency gradient (Spearman o = 0.30, p = 0.06). The young subgroup was also enriched for
aggressive biology: poorly differentiated, dedifferentiated or SMARCB1/INI1-deficient
tumours occurred in 2/6 patients under 40 versus 0/34 older patients (Fisher p = 0.019),
and four of six presented with multiple rather than solitary deposits. Lesion multiplicity
itself tracked with shorter latency (median 3.0 vs. 5.0 years for solitary; p = 0.054). Taken
together, these data delineate a clinically coherent subgroup —young patients with poorly
differentiated tumours that disseminate to skin early and multifocally —of which the pre-
sent index case is a prototypical example.
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Figure 4. Cumulative time from primary diagnosis to cutaneous metastasis, stratified by age group
(Kaplan-Meier). Patients < 40 years reached cutaneous metastasis substantially earlier than those >

40 years.

4.5. Evolution of the Diagnostic Work-Up over Time

The apparent rarity of confirmatory testing in the literature is largely an artefact of
diagnostic era rather than of clinical neglect. Among reports with a recorded publication
year, brachyury was performed in none of the reports published up to 2009 (0/19), in two
of eight reports during 2010-2017 and in three of 10 during 2018-2025; this upward trend
was significant (Spearman g = 0.43 between publication year and brachyury use, p =0.008;
Figure 5). SMARCB1/INII, by contrast, was assessed in essentially no cases in any period
(£1/decade), despite its decisive role in the very poorly differentiated tumours that domi-
nate the young subgroup above. The reporting of histological subtype shows the same
generational gap, with “unspecified” accounting for most pre-2010 cases. The corollary is
important: the historical record systematically under-ascertains poorly differentiated
chordoma, and contemporary practice has corrected this only for brachyury, not yet for
INI1.

40
Spearman p = 0.43, p = 0.008 (n = 37)

35
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Multiple cutaneous sites

Physaliphorous cells
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Figure 5. Brachyury immunohistochemistry use across publication periods. Brachyury uptake rose
significantly over time (Spearman o = 0.43, p = 0.008); SMARCB1/INI1 remained almost never ap-
plied (<1 per decade) and is therefore not plotted.

4.6. Histology and Immunophenotype Across the Cohort

Metastatic deposits recapitulated the primary: physaliphorous cells (33), myxoid
stroma (31), vacuolated cytoplasm (29), cords/nests (25) and lobular architecture (24) pre-
dominated. Among reported immunostains, EMA (24), cytokeratin (20), S100 (19) and vi-
mentin (11) led, reflecting the dual epithelial-mesenchymal phenotype. The low absolute
counts for brachyury (6/52) and SMARCB1/INI1 (1/52) should be read in light of the tem-
poral trend in Section 4.5 —that is, as a function of how often the markers were applied —
rather than as evidence that they are unhelpful (Tables 2 and 3). Pooling the cardinal fea-
tures across reports in a random-effects model confirmed their consistency: the pooled
prevalence was 74% (95% CI 59-85) for a sacrococcygeal primary, 70% (55-82) for male
sex, 77% (62-87) for physaliphorous morphology, 72% (57-83) for myxoid stroma and 41%
(28-57) for multiple-site cutaneous involvement, with no detectable between-report het-
erogeneity (I2 = 0% for every outcome; Figure 6). The uniformly null heterogeneity is ex-
pected given that almost every report contributed a single patient, so these pooled esti-
mates coincide with the aggregate proportions and are best read as a quantified consoli-
dation of the descriptive findings rather than as evidence of variation between studies.

B 74% (59-85) 31/42 12=0%
O 70% (55-82) 28/40 12=0%
B 419%(28-57) 17/41 1P=0%

_._ 77% (62-87) 33/43 12=0%

B 72% (57-83) 31/43 12=0%

0.0

0.2 0.4 0.6 0.8 1.0
Pooled proportion (random-effects; 95% CI)

Figure 6. Random-effects pooled prevalence (with 95% confidence intervals) of cardinal clinico-
pathological features across the included reports. Between-report heterogeneity was undetectable

(I =0%) for every outcome, reflecting the predominance of single-patient reports.

Table 2. Pooled summary of 52 reported cases of distant cutaneous chordoma metastasis.

Variable Category n (Denominator)
Cases identified Total 52 (40 reports)
With individual patient data 43
Age, years Median (range) 59 (2 mo-88)
Paediatric (<18 y) 1/40
Sex Male:Female 28:12 (2.3:1)
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Primary site Sacrococcygeal 31/42 (74%)
Skull base/clivus/multiple 4/4/others
Subtype (when stated) Conventional/chondroid/dediff. 6/2/2
Not specified 33
Latency Median (IQR), years 4.0 (1.5-6.0)
Range synchronous-15y
Pattern Solitary:multiple 21:19
Cutaneous site t Multiple/face/scalp 17/8/5
Associated spread 1 Lung/bone/liver/LN 14/9/9/5
Histology t Physaliphorous/myxoid/vacuolated 33/31/29
Immunohistochemistry EMA/cytokeratin/S100 24/20/19
Brachyury performed 6
SMARCB1/INI1 assessed 1
t Categories are not mutually exclusive. Denominators vary owing to incomplete historical report-
meg.

Table 3. Condensed evidence table of analysable cases (latency in years unless stated; +, positive;

NP, not performed; NR, not reported).

Study [Ref] Age/Sex Primary Latency (y) Skin Site Brachyury
Vaz Cunha et al.,
2023 [43] 85/M Sacrum 4 Face NR
Jung et al., 2023 [44] NR Multiple 0.67 Scalp +
Beﬂu“h[tg] al, 2020 55/M Cervical 5 Neck NP
Ren et al., 2019 [46] 63/F Skull base 3.5 Face NR
Smith et al., 2018 [47] 59/M Sacrum 10 Acral NR
Delteil et al., 2018 [48] 84/M Sacrum 4 Adjacent * +
Gleghorn et al., 2017 61/M Sacrum 3 Scalp N
[49]
b Am“r[l;:] al, 2017 68/F Sacrum 10 Trunk NR
Dahl et al., 2017 [51] 2 mo/M Skull base 0 (synchr.) Multiple +

Riesco-Martinez et

al,, 2016 [52] 45/F Sacrum 6 Multiple NR
Coums[‘;g?l" 2012 44/M Sacrum 12 Trunk NR
Svobodz}5e4t]al., 2012 78/F Sacrum 2 Multiple NR
Agrawa;5e5t]al., 2006 34/M Sacrum 1.5 Scalp NR
Rubin et al., 2005 [56] 70/F Sacrum 7 Trunk NR
Ruiz et al., 2000 [58] 62/M Sacrum 6 Multiple NR
Cesmarc[’;gt]al" 1995 40/M Sacrum 1.33 Face NR
Ogi et al., 1995 [60] 22/F Skull base 1 Leg NR
Jones et al., 1994 [61] 67/M Sacrum NR Scalp NR
Su et al., 1993 [62] 62/F Sacrum 5 Scalp NR
Malone[zg]a L, 1987 65/M Lumbar 1 Face NR
Elliott et al., 1983 [64] 48/M Sacrum 15 Face (orbit) NR
Dimopoulos et al., . .
2023 [65] 60/M Mobile spine 9 Face +
Dimopoulos et al.,
M F
2023 [65] 66/ Sacrum 6 ace +
Vogin et al., 2016 [66] 25/F Multiple 1.42 Multiple NR
Vogin et al., 2016 [66] 50/M Multiple 3.6-4.0 Multiple NR
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Vogin et al., 2016 [66] 53/M Multiple 6.5 Arm NR
Chamber[s6;t al, 1979 52/M Sacrum 3 Multiple NR
Chamber[z;z]t al,, 1979 28/M Sacrum 0 (synchr.) Multiple NR
Chamb t al., 1979 .
am er[z ;3] a 28/M Sacrum 0 (synchr.) Multiple NR
KlShlmOt[(; g]t al., 2012 NR NR 3.75 (avg) NR NR
Chalmer[sgg’g al, 1960 49/F Sacrum 5 Multiple NR
Kamrm[;; ]al., 1964 NR Sacrum NR NR NR
Wang et al., 1968 [71] 59/M Sacrum 3.3 Multiple NR
Persichetti et al., 2007 61/F Sacrum 5 Scar NR
[72]
P I, 1
eramezz[e713e]t al,, 1993 61/M Sacrum 0.5 Multiple NR
Gattom[:e)’t5 ;:11., 2005 56/M Skull base 6 Face NR
Benahmed et al., 2022 88/F Sacrum 8 Leg NR
[75]
Sudrez Conde et al., .
2019 [76] 60/M Sacrum 1 Multiple NP
1,2
Vergara[;;]a , 2008 57/M Sacrum 8.3 Multiple NR
1,2
Vergara[;;]a , 2008 63/M Sacrum 2.2 Multiple NR
1., 201
Narang{;’; ]a ,2018 61/M Sacrum 5 Multiple NR
Willis et al., 1930 [79] 41/F Sacrum 4.2 Neck NR
Y 1., 197
arom et al., 1970 57/M Sacrum 3 Multiple NR

[80]

The complete case-level dataset for all 52 cases is provided as Supplementary Table S1. Study labels
and layout were regularised against Supplementary Table S1 (one row per patient). Latency in
years; 0 (synchr.), synchronous presentation; avg, cohort average; +, brachyury positive; NP, not

performed; NR, not reported; * lesion adjacent to the primary (local extension).

4.7. Pooled Estimates and Risk of Bias Across Reports

The random-effects pooled prevalences of the cardinal clinico-pathological features
are shown in Figure 6; with single-patient reports dominating the evidence, between-re-
port heterogeneity was nil (I = 0%) and the pooled values reproduce the aggregate pro-
portions. Methodological quality, appraised with the design-appropriate JBI checklists
(the Case Reports checklist for the 35 single-patient reports, Figure 7; the Case Series
checklist for the five multi-patient series, Supplementary Table S2), was generally satis-
factory for the items that the diagnostic literature reliably documents—patient de-
mographics, clinical history and timeline, condition at presentation, and the diagnostic
work-up—whereas items addressing treatment, post-intervention course and adverse
events were frequently rated unclear, mirroring the diagnostic rather than therapeutic ori-
entation of the source material. No report was excluded on quality grounds, and the pro-
visional appraisal is offered for verification against the primary full texts.
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Items: Q1 demographics; Q2 history/timeline; Q3 clinical condition; Q4 diagnostic methods; Q5 treatment;
Q6 post-intervention course; Q7 adverse events; Q8 transferable lessons.
Scores are provisional, pending independent two-reviewer confirmation against the primary full texts.

Figure 7. JBI Critical Appraisal Checklist for Case Reports applied to the 35 single-patient case
reports. The five multi-patient series were appraised separately with the JBI Critical Appraisal
Checklist for Case Series (Supplementary Table S2); three reference-screened reports lacked re-
trievable full text and were rated unclear throughout [35,43-81]. Items: Q1 demographics; Q2 his-
tory/timeline; Q3 clinical condition; Q4 diagnostic methods; Q5 treatment; Q6 post-intervention
course; Q7 adverse events; Q8 transferable lessons. Scores are provisional, pending independent

two-reviewer confirmation against the primary full texts.

5. Differential Diagnosis of Distant Cutaneous Metastasis of Chordoma

When a notochordal tumour is encountered in the skin, the absence of an obvious
axial mass and the small biopsy sample widen the differential considerably. The unifying
principle is that nuclear brachyury is retained in chordoma —including its poorly differ-
entiated and metastatic forms—but is absent in essentially all the mimics [13,19,20];
SMARCB1/INI1 then separates poorly differentiated chordoma from the other INI1-defi-
cient tumours. The entities below, with explicit exclusion criteria, are summarised in Table
4. Throughout this framework we distinguish inferences supported by the pooled cohort
from recommendations that rest on expert interpretation and external evidence. The
pooled cohort constrains the morphological and demographic profile of cutaneous chor-
doma, but it can say little about the discriminatory value of individual immunomarkers
in the skin: brachyury was recorded in only 6/52 cases and SMARCB1/INI1 in a single
case, so their role in the algorithm below is grounded in the primary-tumour and reference
literature [13,19,20,27,28], not in these metastatic data. The exclusion criteria are accord-
ingly best read as an evidence-informed expert synthesis rather than as cohort-derived
thresholds. The index case (Figure 8) exemplifies this diagnostic challenge.
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CK7 (focal)

Brachyury (TBXT) SMARCB1/INI1 (loss)

Figure 8. Illustrative index case of distant cutaneous metastasis of poorly differentiated chordoma
(right-temporal deposit). A 21-year-old woman presented with a 6-week history of a rapidly grow-
ing, occasionally painful, skin-coloured nodule (=1 cm) in the right temporal region; she reported a
separate benign facial skin lesion and a cervical-spine tumour diagnosed at age 14 and reportedly
in remission for five years, although the original slides and pathology report were unavailable for
review. Computed tomography showed an ovoid soft-tissue density in the right periorbital/tem-
poral subcutis without bone involvement, raising suspicion of recurrence or metastasis; excisional
biopsy yielded friable tan-to-white fragments (up to 0.9 cm). (A-D) Haematoxylin—eosin: sheets and
nests of epithelioid cells with eosinophilic, vacuolated cytoplasm (A,B), vesicular nuclei with nu-
merous mitoses (C) and focal rhabdoid morphology (D). (E-G) Dual epithelial-mesenchymal im-
munophenotype: vimentin (E), AE1/AE3 (F) and focal CK7 (G), with negativity for p40, CK20,
SOX10, S100, SMA, CD45 and ERG and no rearrangement on a sarcoma fusion panel. On morphol-
ogy alone the differential included epithelioid sarcoma, metastatic carcinoma with rhabdoid fea-
tures, melanoma and other SMARCB1-deficient tumours; re-examination of the limited history (a
prior cervical “tumour”) prompted notochordal markers. (H,I) Strong nuclear brachyury/TBXT (H)
with loss of SMARCB1/INI1 (I) confirmed metastatic poorly differentiated chordoma [1,28]. Inte-
grating morphology, immunophenotype and history yielded the diagnosis. Original magnifications
vary by panel.
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Table 4. Differential diagnosis of distant cutaneous metastasis of chordoma, with exclusion criteria

and decisive markers.

] . Exclusion Criterion (Rules . .
Entity Overlapping Feature Chordoma OUT/Mimic IN) Decisive Markers
Intraosseous only, NO lobular
architecture, myxoid matrix, fi-
brous septa, mitoses, or ex-
traosseous mass; sclerotic &
non-enhancing on imaging
IDH1/IDH2 mutation present;
Chondrosarcoma (vs chondroid Myxoid/chondroid matrix; skull epithelial markers and brachy- S100+, CK/EMA-, brachyury-,

Vacuolated/physaliphorous
cells; same axial sites

Brachyury+ (both); morphol-

Benign notochordal cell tumour ; . .
ogy/imaging decide

chordoma) base ury ABSENT; tends to be off- IDH1/2 mutant
midline
. . . Epithelioid/rhabdoid cells; Brachyury NEGATIVE; INI1 loss + brachyury- indicating
A 1 h -
typical teratoid/rhabdoid tu SMARCB1/INI1 loss; young pa- CNS/midline infant tumour; cy- AT/RT; brachyury+ indicating
mour . . .
tients tokeratin variable PD chordoma
Brachyury NEGATIVE;
Myoepithelial tumour/mixed tu-Myxoid stroma, epithelioid cells, EWSR1/FUS/PLAG1 rearrange- Brachyury-,
mour keratin/S100/EMA+ ment; ductal areas in mixed tu- EWSR1/FUS/PLAG1+
mour

Organ-specific markers+; brach-
yury & (usually) 5100 NEGA-
TIVE; not lobulated/myxoid
Melanocytic markers+; keratin & SOX10, HMB45, Melan-A+;

brachyury NEGATIVE brachyury-
Epithelioid cells, keratin+, Brachyury NEGATIVE; CD34
SMARCB1/INI1 loss oftent; distal-extremity adult
Brachyury, cytokeratin, S100
Chordoid meningioma Cords in myxoid matrix, EMA+ NEGATIVE; SSTR2A/PR+; du-
ral-based
GFAP+; brachyury NEGATIVE;
filum terminale

Metastatic carcinoma (incl. mu- Cytokeratin+, epithelioid, mu-
cinous, RCC) cinous stroma

TTF1/napsin, PAX8/CAIX,
GATAS3, CDX2; brachyury-

Melanoma (amelanotic/balloon-

cell) Vacuolated cytoplasm, S100+

Epithelioid sarcoma INI1 loss + brachyury—

EMA+ only; brachyury-,
SSTR2A+

Myxopapillary ependymoma Myxoid matrix, vacuoles GFAP+, brachyury-

5.1. Benign Notochordal Cell Tumour (BNCT)

BNCT is a benign notochordal lesion occupying the same axial sites and sharing vac-
uolated/physaliphorous cytology and is therefore the closest morphological relative. It is
excluded as a diagnosis for a skin lesion on principle —BNCT is strictly intraosseous and
lacks lobular architecture, a myxoid matrix, fibrous septa, conspicuous mitoses and any
extraosseous soft-tissue component; radiologically it is sclerotic and non-enhancing,
whereas chordoma is lytic, enhancing and destructive [83-85]. Both are brachyury-posi-
tive, so the distinction is architectural and radiological rather than immunohistochemical.

5.2. Chondrosarcoma (And the Chondroid—Chordoma Overlap)

Chondrosarcoma is a malignant cartilage-matrix-producing tumour that overlaps
with the chondroid variant of chordoma, especially at the skull base. The decisive exclu-
sion criteria are immunophenotypic and molecular: chondrosarcoma is positive for S100
but negative for cytokeratin/EMA and brachyury, and harbours IDH1 or IDH2 mutations,
which are not found in chordoma [18,86,87]. Demonstrating epithelial markers and brach-
yury—or, conversely, an IDH mutation —reliably separates the two.

5.3. Atypical Teratoid/Rhabdoid Tumour (AT/RT)

AT/RT is a highly malignant tumour of infants and young children that can mimic
poorly differentiated, skull-base chordoma, sharing epithelioid/rhabdoid cytology and —
critically —loss of SMARCBI1 (INI1). Rhabdoid cells express EMA, SMA and vimentin, of-
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ten with GFAP, cytokeratins and synaptophysin. The single exclusion criterion that re-
solves this potentially dangerous overlap is brachyury, which is negative in AT/RT and
positive in chordoma; DNA-methylation profiling provides orthogonal separation when
needed [1,28].

5.4. Myoepithelial Tumours

Myoepithelioma, myoepithelial carcinoma and mixed tumour of soft tissue or bone
show trabecular, reticular, nested or solid growth of spindled-to-epithelioid cells in a fre-
quently myxoid stroma, and may co-express S100, EMA, cytokeratin and GFAP, closely
imitating chordoma. They are excluded by a negative brachyury and by the presence of
EWSR1, FUS or PLAGI rearrangements (with ductal differentiation in mixed tumours)
[1,17].

5.5. Metastatic Carcinoma

Metastatic carcinoma—particularly mucinous adenocarcinoma and renal cell carci-
noma—enters the differential through epithelioid, vacuolated or mucinous morphology
and cytokeratin positivity. Carcinomas are excluded by organ-specific markers (TTE-
1/napsin-A for lung; PAXS8/carbonic anhydrase IX for renal; GATA3/GCDFP-
15/mammaglobin for breast; PSA/NKX3.1 for prostate) together with negative S100 and
brachyury, and by the absence of a lobulated, myxoid notochordal architecture; cross-sec-
tional imaging of chest, abdomen and pelvis supports the search for a primary [17,20].

5.6. Melanoma, Epithelioid Sarcoma and Other Cutaneous Mimics

In the skin specifically, amelanotic or balloon-cell melanoma (S100-positive, vacuo-
lated) is excluded by melanocytic markers (SOX10, HMB45, Melan-A) with negative ker-
atin and brachyury, while epithelioid sarcoma—keratin-positive with SMARCB1/INI1
loss—is separated, like AT/RT, by its negative brachyury [88,89]. Chordoid meningioma
and myxopapillary ependymoma are distinguished by EMA-only and GFAP positivity
respectively, both brachyury-negative (Table 4).

5.7. A Practical Diagnostic Algorithm

Integrating the cohort and the index case, we propose the stepwise algorithm in Fig-
ure 9. A new dermal/subcutaneous nodule with epithelioid and/or physaliphorous cells
in a myxoid—chondroid matrix—especially with any history of an axial bone tumour —
should trigger morphological assessment, a first-line panel (pancytokeratin, EMA, 5100,
vimentin) and then nuclear brachyury. Positive brachyury confirms notochordal differen-
tiation; in epithelioid/solid tumours, in young patients, or when mitoses and rhabdoid
features are present, SMARCB1/INI1 (with FISH) identifies poorly differentiated chor-
doma. Negative brachyury redirects the work-up along the exclusion criteria of Section 5
toward carcinoma, melanoma, chondrosarcoma, myoepithelial tumours and the INI1-de-
ficient sarcomas. It should be emphasised that, although the morphological entry point
and the demographic priors (older adult, sacrococcygeal primary, long latency) are sup-
ported by the pooled cohort, the immunohistochemical steps —above all nuclear brachy-
ury and, in epithelioid or young presentations, SMARCB1/INI1 —derive from the pri-
mary-tumour and reference literature rather than from the metastatic cases assembled
here, in which these markers were applied in only 6/52 and 1/52 cases, respectively. The
algorithm is therefore offered as an evidence-informed expert proposal whose molecular
steps warrant prospective validation, not as a threshold derived from the cutaneous co-
hort.
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Figure 9. Proposed diagnostic algorithm for distant cutaneous metastasis of chordoma.

6. Discussion

This review keeps distant cutaneous metastasis of chordoma in focus and shows a
consistent signature across 52 pooled cases: an older adult (median 59 years) with a usu-
ally sacrococcygeal primary develops one or more firm dermal/subcutaneous nodules a
median of four years later, frequently amid visceral disease. The index case is deliberately
the exception that proves the rule—a 21-year-old with minimal history and an epithelioid,
INI1-deficient tumour (Figure 8)—precisely the scenario in which the diagnosis is most
often missed [27,28].

6.1. A Young, Rapidly Disseminating Subgroup and the INI1/Brachyury Imperative

The most clinically actionable result of our pooled analysis is that age sharply strati-
fies the timing and biology of cutaneous spread. Patients under 40 reached cutaneous me-
tastasis a median of one year after diagnosis versus five years in older patients (p = 0.002
with the single congenital case excluded; p = 0.001 including it), were enriched for poorly
differentiated, dedifferentiated or INI1-deficient tumours (p = 0.019), and more often pre-
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sented with multiple deposits. Although the subgroup is small and these findings are hy-
pothesis-generating, they are internally consistent and biologically coherent, and they re-
frame the index case not as a curiosity but as the archetype of an aggressive young-patient
phenotype. Such an epithelioid, rhabdoid, INI1-deficient tumour in a young patient is far
more readily labelled epithelioid sarcoma or AT/RT than chordoma, with major therapeu-
tic consequences. Because brachyury is retained in poorly differentiated and metastatic
chordoma but is absent in those mimics, early brachyury —and SMARCB1/INI1 wherever
epithelioid morphology arises in a young patient or the history is incomplete —is the sin-
gle most protective step [19,28]. This aligns with the recommendation to test for INI1 loss
in patients under 35 years or with rapidly growing tumours [90].

6.2. Under-Ascertainment of Poorly Differentiated Chordoma as a Diagnostic-Era Artefact

The scarcity of confirmatory testing in the literature is not evidence that the markers
are unhelpful but a function of when cases were reported: brachyury use rose from none
before 2010 to roughly a third of reports after 2018 (Spearman o = 0.43, p = 0.008), while
SMARCB1/INI1 has remained almost entirely unused throughout. Because poorly differ-
entiated chordoma is defined by INI1 loss, the pre-marker literature must under-count it,
which in turn biases historical subtype distributions toward “conventional/unspecified.”
The practical message is that the field has corrected its brachyury habit but not yet its INI1
habit—precisely the gap that the young, epithelioid subgroup most needs closed [27,28].

6.3. Molecular Underpinnings and Their Diagnostic and Therapeutic Relevance

The diagnostic primacy of brachyury in this setting rests on a molecular foundation
that also explains its persistence in metastatic and dedifferentiated deposits. Brachyury is
not merely a lineage marker but the central driver of chordoma: germline tandem dupli-
cation of TBXT underlies familial disease, the common rs2305089 variant is carried by the
great majority of patients, and somatic TBXT copy-number gain recurs in sporadic tu-
mours, while silencing brachyury arrests chordoma cell growth [13,14,21,91]. Whole-ge-
nome studies have layered onto this otherwise genomically quiet notochordal programme
recurrent alterations of the PI3K-mTOR axis, of SWI/SNF chromatin-remodelling genes
and of LYST, without displacing brachyury as the unifying dependency [22]. This biology
accounts for the retention of nuclear brachyury even in poorly differentiated and cutane-
ous deposits, and it underpins emerging brachyury-directed therapeutics —immunother-
apeutic vaccines and, more recently, small-molecule transcriptional degraders—now en-
tering clinical evaluation [92-94]. The poorly differentiated subtype, exemplified by the
present index case and over-represented in the young, rapidly disseminating subgroup,
is defined molecularly by biallelic SMARCBI1 (INI1) inactivation —most often homozy-
gous deletion—which abolishes INI1 expression and produces the epithelioid, rhabdoid
phenotype that so readily mimics epithelioid sarcoma and atypical teratoid/rhabdoid tu-
mour [27,28]. DNA-methylation profiling offers an orthogonal and increasingly accessible
means of confirming notochordal identity and resolving INI1-deficient mimics when im-
munohistochemistry is equivocal [29]. Embedding these molecular tests in sequence —nu-
clear brachyury first, then SMARCB1/INI1 with confirmatory FISH and, where available,
methylation class—into the work-up of any unexplained cutaneous epithelioid tumour is
the single most reliable safeguard against the misdiagnoses catalogued in Section 5.

Read as a whole, these alterations frame chordoma as a brachyury-addicted but path-
way-pleiotropic disease, and they organize an otherwise disparate therapeutic landscape
(Figure 10). Because brachyury is the apex dependency, it is the most actively pursued
target: yeast-based and poxvirus-vectored brachyury vaccines have reached clinical test-
ing, and the recognition that chordoma cells are transcriptionally addicted to brachyury
through a super-enhancer has motivated degrader and CDK7/9-directed strategies
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[91,92,95]. Downstream, PI3K-mTOR activation rationalizes mTOR inhibition (frequently
combined with imatinib), recurrent CDKN2A/2B loss nominates CDK4/6 inhibition, the
expressed receptor tyrosine kinases support PDGFR- and EGFR-directed agents, and a
methylation-defined immune compartment underlies ongoing trials of checkpoint block-
ade [23,25,26,30,93,94]. Distant cutaneous dissemination, usually a marker of advanced
disease, is precisely the setting in which this molecularly informed systemic menu be-
comes clinically relevant.

oon Notochordal remnants
ooob physaliphorous / vacuolated cells

retained in the axial skeleton

v

Brachyury (TBXT) — master notochordal driver
germline tandem duplication (familial)
rs2305089 risk allele in most patients

somatic TBXT copy-number gain;
super-enhancer transcriptional addiction
|

1
Conventional / chordoid (o) Poorly differentiated Dedifferentiated
:;%: PPiK-AKT-mTOR activation (PTEN loss) o biallelic SMARCB1/INI1 inactivation @ biphasic: conventional + high-grade sarcoma
CDKN2A/2B homozygous deletion o (usually homozygous deletion) brachyury / conventional retained in
USP7/MDM2-p53 axis; SDH loss loss of INI1; epithelial/epithelioid conventional component, LOST in the
TSC/mTOR pathway; PDGFR, AKT, EGFR or young patients; mitoses sarcomatous component
Brachyury / conventional: POSITIVE Brachyury: POSITIVE; INI1: LOST worst prognosis
J
e I N
Brachyury-directed & pathway therapeutics Receptor-tyrosine-kinase & immune therapy
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Transcriptional disruptors (BETi, CBP/B inhibitors) t B @ ERK inhibition (trametinib); + CDK4/6
mTOR inhibitors (everolimus) Immune checkpoint (PD-1/PD-L1) inhibitor study
CDK4/6 inhibitors (CDKN2A-deleted tumours) Methylation-defined immune subgroups

J

\.

Diagnostic anchor: nuclear brachyury confirms notochordal identity in primary AND metastatic deposits;

SMARCB1/INI1 (FISH) and DNA methylation class resolve poorly differentiated tumours
and mimics.

Figure 10. Molecular pathogenesis of chordoma and its therapeutic targets. Brachyury (TBXT) is the
apex notochordal driver from which the conventional, poorly differentiated (SMARCB1/INI1-defi-
cient) and dedifferentiated subtypes diverge; the principal co-alterations and the corresponding
brachyury-directed, pathway-directed, receptor-tyrosine-kinase and immune therapies are indi-

cated.

Three of the present findings map directly onto this biology. First, the young, rapidly
and multifocally disseminating subgroup is enriched for poorly differentiated,
SMARCB1/INI1-deficient tumours, tying an aggressive clinical trajectory to a defined mo-
lecular lesion and explaining why such cases are so readily mislabelled epithelioid sar-
coma or atypical teratoid/rhabdoid tumour. Second, the retention of nuclear brachyury
across primary and cutaneous deposits —despite extensive morphological drift—reflects
the constitutive, copy-number-reinforced TBXT programme and is precisely what makes
brachyury so dependable a discriminator in the skin. Third, the diagnostic-era under-as-
certainment of brachyury and, especially, of SMARCB1/INI1 means that the molecular
characterization of cutaneous chordoma remains incomplete; closing that gap through a
tiered molecular work-up (Figure 11) —nuclear brachyury first, then SMARCB1/INI1 with
confirmatory FISH and, where equivocal, DNA-methylation classification —is now both a
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diagnostic and a therapeutic imperative, since the same molecular axes nominate the sys-
temic options summarized above.
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Figure 11. Tiered molecular work-up of a cutaneous notochordal tumour, correlated with the dif-
ferential diagnosis. Nuclear brachyury separates chordoma from its mimics (each resolved by a spe-
cific molecular discriminator); SMARCB1/INI1 with FISH then identifies the poorly differentiated
subtype, and DNA-methylation classification provides orthogonal confirmation when the immuno-

phenotype is equivocal.

6.4. Mechanisms, Latency and Surveillance

Cutaneous involvement arises by local extension/recurrence, surgical-track and cica-
tricial seeding, and haematogenous dissemination [11,12]. The long, variable latency we
observed (median 4 years, up to 15) reflects the tumour’s capacity for dormancy and ar-
gues that any new cutaneous nodule in a chordoma patient—within a scar or at a distant
site—warrants biopsy and a low threshold for notochordal markers, with surveillance ex-
tended well beyond conventional windows [4,5]. Because clinical and radiological sur-
veillance may miss small dermal deposits, and because patient-related delays in seeking
assessment of new skin lesions can further postpone diagnosis [96], there is growing in-
terest in minimally invasive monitoring of skeletal and visceral malignancy —including
circulating nucleic-acid and inflammatory biomarkers —that could in principle flag early
dissemination, although none is yet validated in chordoma [97,98].

6.5. Prognosis and Management Context

Chordoma is generally chemoresistant; standard care for localised disease is en bloc
resection with high-dose (proton/carbon-ion) radiotherapy, yet long-term survival is lim-
ited [32,99]. Systemic options for advanced disease are evolving and include tyrosine-ki-
nase inhibitors and investigational brachyury-directed and immune therapies [93,94]. Re-
liable survival data specific to cutaneous metastasis are lacking because the evidence is
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confined to case reports, but distant cutaneous deposits almost always arise in the setting
of disseminated disease and portend a poor outcome. For metastatic chordoma overall,
disease-specific survival is on the order of 45% at five years and 25% at ten years and is
strongly modified by age and subtype —dedifferentiated and poorly differentiated tu-
mours behave far more aggressively, with dedifferentiated disease frequently fatal within
a year [3-5]. In the pooled cohort, cutaneous metastasis typically accompanied visceral
dissemination, and several historical cases recorded skin deposits only months before
death; life expectancy once distant cutaneous metastasis is established is therefore best
counselled as limited —commonly months to a few years—rather than the decade-scale
survival occasionally seen with indolent, oligometastatic bone or lung disease [4,5].
Recognition nonetheless matters for staging, for access to the molecularly informed sys-
temic options above, and for multidisciplinary supportive care —including management
of the functional morbidity of axial and skull-base disease and attention to patient-re-
ported quality of life—which increasingly shapes outcomes in advanced skeletal and vis-
ceral malignancy [100-103].

6.6. Strengths, Limitations and the Related Literature

To our knowledge this is the most focused synthesis of distant cutaneous chordoma
metastasis to date, complementing the older immunohistochemical series of skin-involv-
ing chordoma [6] and the recent broader review of cutaneous involvement in metastatic
bone sarcomas [8]. Its limitations are intrinsic to the source material: heterogeneous case-
level reporting spanning decades, variable denominators, unavailability of brachy-
ury/INI1 for much of the period (biasing subtype assignment), and language/publication
bias. These features also bound the meta-analysis itself. Because the included reports are
overwhelmingly single-patient, the random-effects models show no estimable between-
report heterogeneity (I2 = 0%) and the pooled proportions necessarily coincide with the
aggregate values; the Freeman-Tukey double-arcsine transformation is known to be un-
stable in this sparse-data setting, so logistic-normal estimates were preferred. The individ-
ual-participant data were extracted from published reports rather than supplied by the
original investigators, so the synthesis does not meet the full PRISMA-IPD standard, and
the pooled estimates and the hazard ratio for early cutaneous spread should be inter-
preted as a quantified consolidation of a descriptive evidence base rather than as confirm-
atory effect sizes. The risk-of-bias appraisal, anchored in the harmonised dataset, likewise
warrants confirmation against the primary full texts. As detailed in the Methods, case-
level data were frequently incomplete and were analysed on an available-case basis with-
out imputation; denominators therefore vary across variables, and features that were
merely untested —most notably brachyury and SMARCB1/INI1 in older reports —cannot
be distinguished with certainty from true absence, which may bias the descriptive fre-
quencies.

7. Conclusions

Distant cutaneous metastasis of chordoma is rare, late and easily misdiagnosed. It
typically affects older adults with sacrococcygeal primaries after a median latency of four
years but may, as here, present in a young adult as an epithelioid, INI1-deficient poorly
differentiated chordoma with minimal history. Nuclear brachyury is the decisive discrim-
inator from the full range of mimics, and SMARCB1/INI1 resolves the poorly differenti-
ated subtype. We recommend a low threshold for these markers whenever an unusual
cutaneous tumour arises in a patient with any history of an axial neoplasm [1,19,28].

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/cells15151348/s1: Table S1: Complete case-level dataset of
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the 52 included cases of distant cutaneous chordoma metastasis; Table S2: JBI Critical Appraisal
Checklist for Case Series applied to the five multi-patient series; Table S3: Completed PRISMA 2020
checklist for this systematic review.
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