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Neuroendocrine neoplasms of head and neck, genitourinary and 

gynaecological systems, unknown primaries, parathyroid carcinomas and 

intrathyroid thymic neoplasms: ESMO Clinical Practice Guideline for diagnosis, 

treatment and follow-up 

SUPPLEMENTARY MATERIAL 

 

SECTION 1. INCIDENCE AND EPIDEMIOLOGY OF GENITOURINARY, 

GYNAECOLOGICAL AND HEAD AND NECK NEUROENDOCRINE NEOPLASMS  

Genitourinary and gynaecological (GUGy) neuroendocrine neoplasms (NENs) can 

arise from any location in the genitourinary1 or gynaecological systems.2 

Neuroendocrine carcinoma (NEC) is the most common histology in the bladder, 

cervix, endometrium and prostate. NECs account for up to 5% of all malignancies in 

the prostate gland and therefore represent a significant entity.1,3,4 Although very rare, 

low-grade neuroendocrine tumours (NETs) are most common in the kidney,5-12 

ovary,3 presacral space, testis13-16 and penis.17   

Grade (G) 1 or G2 NETs with a primary origin in the bladder are extremely infrequent 

and are diagnosed incidentally.18 Mean age at diagnosis is ~56 years and prevalence 

is higher in men than in women. There is no association with carcinoid syndrome. 

The most frequent presentation is small nodules or polyps located at the trigone and 

at the neck of the bladder.19 In the few cases where long-term outcomes have been 

documented, no recurrence or disease progression have been reported.19 Bladder 

NEC is more frequent, accounting for ~3% of bladder neoplasms. It is more common 

in men (80% of cases) and smokers.4,20 

Primary G1 or G2 NETs of the kidney are frequently associated with congenital 

abnormalities (e.g. horseshoe kidneys) or arise from mature renal teratomas.21 

Between 25% and 30% of tumours are detected incidentally in asymptomatic 

patients. Tumours >4 cm in patients aged >40 years are more likely to metastasise.22 

Distant metastases are present in ~50% of primary renal NETs, with hilar and para-

aortic lymph node involvement in ~47% of patients.23  
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The largest reported series of NETs with a primary origin in the testis shows a benign 

clinical course even if associated with epidermoid or dermoid cysts or histologically 

mature teratoma. Lesions with the morphology of atypical carcinoids can, however, 

occasionally exhibit metastatic spread.16  

In the genitourinary system, tumours of the prostate gland have the highest 

prevalence of neuroendocrine features. Almost all prostate carcinomas have focal 

neuroendocrine differentiation that needs to be distinguished from properly defined, 

well-differentiated NETs.18 Compared with small-cell NECs of the prostate, which 

account for up to 5% of all prostate tumours, G1 and G2 NETs of the prostate are 

extremely rare.24-26 These tumours are characterised by the expression of 

neuroendocrine markers and negativity for prostate-specific antigen and prostatic 

acid phosphatase. Most of the cases reported are in individuals aged >60 years. 

In the ovary, NETs are the most common form of NENs and represent 0.1% of all 

ovarian primaries. In the cervix, NENs develop from neuroendocrine cells within the 

glandular and squamous epithelium. Compared with the ovary, cervical NETs are 

rare. Of the few cases that have been reported in the literature, most were diagnosed 

post-operatively at a median age of 50 years. Carcinoid syndrome seems to be very 

rare.27 NECs, particularly small-cell NECs, are more frequent and represent 1.5% of 

all cervical carcinomas. Compared with squamous-cell carcinoma, cervical NECs are 

more often diagnosed at a younger age and with metastatic disease.28 In the 

endometrium, NECs, although very rare, also represent the most common NEN.  

Head and neck (HN)-NENs occur more frequently in males (50%-70% of cases) 

irrespective of the HN primary. The median age at diagnosis is ~60 years for 

laryngeal NENs and ~50 years for middle-ear and sinonasal NENs.29-33 NETs are 

less common than NECs at most HN sites32,34 except for the middle ear.35-37 Smoking 

is a recognised risk factor for laryngeal NENs whereas no risk factors have been 

identified for tumours of other origins.38,39  

 

SECTION 2. PATHOLOGICAL DIAGNOSIS AND CLASSIFICATION OF 

UNKNOWN PRIMARY SITE-, GUGy- AND HN-NENS 
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NENs are defined by the expression of the neuroendocrine markers chromogranin A 

(CgA), insulinoma-associated protein 1 (INSM1) and synaptophysin, as well as 

cytokeratin expression. Expression of these markers may vary according to 

anatomical site and degree of differentiation.40 

Typically, well-differentiated tumours exhibit an organoid structure (solid, trabecular, 

glandular, mixed) consisting of medium-sized round- or oval-shaped monomorph 

cells with abundant eosinophilic cytoplasm, low nuclear-to-cytoplasm ratio, rare or 

few mitotic figures and salt-and-pepper chromatin. The stroma is delicate and highly 

vascular and the tumour cells express CgA, INSM1, synaptophysin and cytokeratins. 

In contrast, poorly-differentiated carcinomas exhibit a solid, organoid structure made 

up of round, irregularly shaped polymorph cells with either scant cytoplasm (in small-

cell NEC) or abundant cytoplasm (in large-cell NEC), frequent and atypical mitoses 

and abundant necrosis. The stroma is abundant and fibrous. The cells express 

synaptophysin and INSM1, whereas CgA and cytokeratin expression are 

inconsistent. Retinoblastoma protein expression is often lost and there is global loss 

or diffuse positive expression of p53 (reflective of mutation); these are useful for 

distinguishing G3 NETs from NECs. 

NETs are graded using the Ki-67 index, a proliferative marker calculated as the 

number of positive tumour cells in hotspots of 500-2000 cells, or the number of 

mitoses in 2 mm2. Accordingly, NETs are graded as G1 (Ki-67 <3% and <2 mitoses/2 

mm2), G2 (Ki-67 3%-20% and 2-20 mitoses/2 mm2) or G3 (Ki-67 >20% and >20 

mitoses/2 mm2). NECs are classified as small cell or large cell (see Table 1). As with 

G3 NETs, the proliferative index of NECs is high (Ki-67 >20% and >20 mitoses/2 

mm2).41 Differentiating G3 NETs from NECs can be difficult, especially in locations 

where they are not yet formally recognised by the World Health Organization (WHO) 

classification (e.g. GUGy, HN). In these challenging cases, expert pathologist groups 

and networks have a very important role. 

For NENs of unknown primary site (UKP), classification follows the 2022 WHO 

classification and the 2018 International Agency for Research on Cancer (IARC)–

WHO common classification framework for NENs41,42 (see Table 1). Molecular 
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markers, including genetic alterations, transcriptional profiling and methylation 

arrays,43,44 remain investigational. 

GUGy-NENs are classified according to the 2022 WHO Classification of Urinary and 

Male Genital Tumours45 and the 2020 WHO Classification of Female Genital 

Tumours46 as NETs or NECs (see Table 1). There are few data regarding the 

molecular biology of GUGy-NENs. Ovarian NETs can occur either as a pure form of 

carcinoid tumour or as part of an ovarian teratoma.47 Clinicians and pathologists must 

also be aware that ovarian metastasis from other NET primaries may be at least as 

frequent as true ovarian primaries. Paraganglioma is also a differential diagnosis for 

GUGy-NETs, particularly in the bladder where, although rare, this tumour is more 

common than NETs.48 Ovarian NECs are rare and are mostly large-cell NECs. Small-

cell carcinomas of the ovary hypercalcaemic type are, despite the name, unrelated to 

small-cell carcinoma and are not neuroendocrine. NENs from other parts of the 

female genital tract are extremely rare. Merkel-cell carcinoma is a differential 

diagnosis that must be ruled out in suspected cases of vulvar NENs.  

HN-NEN classification is evolving. The 2017 WHO classification retained the grading 

criteria for lung NENs used in the 2005 WHO classification, based on mitotic index 

(<2, 2-10 or >10 mitoses in 2 mm2) rather than the Ki-67 index. It also, however, 

introduced the the term ‘well-differentiated neuroendocrine carcinoma’, which is 

inconsistent with classifications used for other sites, where the term NET is used.49,50 

The nomenclature in the new WHO 2022 classification is more consistent with the 

commonly used nomenclature for NENs (see Table 1).51 In the middle ear, the term 

adenoma was used previously but has now changed to middle-ear NET because the 

Ki-67 index is 1%-6% in most cases.52  

Differential pathological diagnoses for NETs are medullary thyroid cancer (MTC) and 

paraganglioma. In terms of differentiating from paraganglioma, the clinical 

presentation or tumour localisation may be useful, as well as staining for cytokeratin, 

S100 and angiotensin-converting enzyme using immunohistochemistry (IHC). For 

differential diagnosis with MTC, it must be noted that genuine HN-NETs may secrete 

calcitonin while germline or somatic RET mutations would help orientate the final 

diagnosis towards MTC. Differential diagnoses for HN-NECs53 can be difficult and 

often require expert opinion; they include neuroblastoma and embryonal 
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rhabdomyosarcoma (which are cytokeratin negative), sinonasal undifferentiated and 

nuclear protein in testis midline carcinoma (which do not express neuroendocrine 

markers), mucosal melanoma and primitive neuroectodermal tumours [which are 

positive for cluster of differentiation (CD)99 and FLI-1]. In the case of metastatic neck 

lymph nodes with occult or unknown primary, cytokeratin 20 staining may be useful to 

distinguish NEC from Merkel-cell carcinoma.41,54 

 

SECTION 3. CLINICAL DIAGNOSIS OF UKP-, GUGy- AND HN-NENS 

For UKP-NETs, minimal hormonal investigation can lead to primary identification. 

First, the presence of metanephrins can help to identify paraganglioma or 

pheochromocytoma, with further confirmation by the lack of cytokeratin expression on 

IHC. Second, measurement of 5-hydoxyindoleacetic acid can lead to the 

identification of ileal NETs, the most common occult primary when investigating UKP-

NETs. In addition, carcinoid syndrome can be indicative of a lung, ovarian or HN 

primary. Third, calcitonin may help to identify an MTC, although it is not a specific 

marker as 12% of patients with NETs can have blood calcitonin levels >100 ng/l, 

especially when the tumour originates in the pancreas or lung.55 

During the clinical work-up of UKP-NENs, in addition to pathological and biological 

markers, the use of radiological, nuclear medicine and other imaging techniques may 

help to identify the occult primary in up to 87% of cases.44,56 Bhosale et al. studied 

radiological findings in 250 patients with histopathologically confirmed NETs.57 Lung 

and liver metastases were not associated with any specific primary site,57 but the 

pattern of lymph node metastases was a predictive factor for oesophageal, gastric, 

duodenal, small intestinal and appendiceal primaries. In addition, bone and 

peritoneal metastases were significant predictors of lung and small bowel or 

appendiceal primaries, respectively. Among patients for whom no primary site was 

identified, the most frequent site of metastases was the liver, followed by the lymph 

nodes and peritoneum, whereas bone and lung metastases were rare.57,58 The 

enhancement of liver metastases on multiphasic computed tomography (CT) may 

also allow indirect identification of the primary tumour. Indeed, lesions with a 

pancreatic origin are more frequently atypical, appearing as isointense lesions on 
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portal venous phase images, while small intestinal tumours are more frequently 

typical, hypoattenuating on portal venous phase images.59 Although it may not be 

apparent on cross-sectional imaging, a small-sized (occult) small bowel primary 

tumour should be suspected in the presence of mesenteric lymphadenopathy.57,60 In 

a series of 28 patients with UKP-NENs, 64% had lymphadenopathy on imaging and 

the primary was located in the small bowel in 89% of cases.61 In addition to their use 

for staging, nuclear imaging tracers have a role in the diagnosis of UKP-NENs and 

can guide the clinician towards primary identification because of a high tracer 

sensitivity and/or specificity for selected primaries (see Supplementary Table S1). 

Somatostatin receptor imaging is recommended for the detection of well-

differentiated UKP-NENs with negative morphological imaging.62-66 Gallium-68-

1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid-labelled somatostatin 

analogue ([68Ga]Ga-DOTA-SSA)-based positron emission tomography (PET) with CT 

is the most sensitive and specific technique, but in case of uninformative results, 

[18F]F-dihydroxyphenylalanine (DOPA)–PET–CT is the most sensitive technique for 

detecting small bowel primaries, the most frequent tumour site when investigating 

UKP-NETs.67 For poorly-differentiated NENs and G3 NETs with a high Ki-67 index, 

imaging with [18F]2-fluoro-2-deoxy-D-glucose (FDG)–PET–CT is indicated.68 The 

detection rate of primary tumour site in UKP-NENs using these nuclear medicine 

imaging techniques ranges from 59% to 75%.69-72 A recent meta-analysis of 12 

studies using [68Ga]Ga-DOTA-SSA–PET–CT in patients with UKP-NETs reported a 

primary tumour detection rate of 55% [95% confidence interval (CI) 48% to 63%], 

resulting in a change in management for 20% of patients. The most common primary 

tumour sites were the bowel and pancreas.73 The use of other tracers such as [11C]5-

hyroxytryptophan,67 as well as dual imaging using [68Ga]Ga-DOTA-SSA–PET–CT 

and FDG–PET–CT, is supported by some researchers.74 A CT enterography 

(preferably using negative oral contrast) with arterial and portal phase is the 

recommended imaging method for identification of primary small bowel NETs.75 

Capsule endoscopy may also be useful.76 In addition, endoscopic ultrasound (US) 

can be used to detect small pancreatic lesions, peripancreatic enlarged lymph nodes 

and gastric NENs.77 Endoscopic examination of the HN and GUGy systems is also 

used in the diagnostic work-up of GUGy- and HN-NENs. 
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SECTION 4. MANAGEMENT OF LOCAL AND LOCOREGIONAL GUGY-NENS 

The gold standard treatment for renal NETs is partial nephrectomy for T1 tumours or 

cryoablation for tumours of <3 cm to spare nephrons, depending on the location and 

size of these tumours. Radical nephrectomy is recommended for T2, T3 and T4 

tumours, with regional node excision if the tumour is too large. No studies have been 

carried out to determine the efficacy of nephrectomy versus cryoablation. Nephron-

sparing surgery has the benefit of preserving renal function when the renal mass is 

small or when the mass is near the ureter or another adjacent structure.23 Due to the 

indolent behaviour of primary NETs of the bladder, transurethral resection is the most 

frequently used approach with only a few patients requiring radical cystectomy. 

Orchidectomy is the most commonly recommended approach for patients with NETs 

of the testis as these tumours are usually associated with teratomas. There is no 

standard approach for localised NENs of the prostate and radical prostatectomy 

remains the most frequently used option.78,79 The recommended surgical approach in 

early-stage ovarian cancer is based on removal of both ovaries with a staging 

procedure.80 For stage IA low-grade ovarian NETs, unilateral salpingo-oophorectomy 

with surgical staging may be sufficient, particularly in young patients who wish to 

preserve their fertility.47 The recommended surgical procedure for endometrial, 

cervical and vaginal cancer should follow the ESMO guideline for each primary site 

as there are no data on which to base less or more aggressive approaches. For 

presacral NETs, the surgical procedure will depend on the staging work-up: location 

of the tumour above S3 level will necessitate an anterior approach while a posterior 

approach is possible for lesions below S3 level. Involvement of contiguous organs 

and the sacrum or coccyx may be frequent,81 so the surgical procedure could also 

necessitate involved-organ resection and/or a coccygectomy.81,82  

There are no data to support the use of adjuvant treatment in GUGy-NETs. In GUGy-

NECs, multimodal therapy including chemotherapy (ChT) ± radiotherapy (RT) ± 

surgery should always be discussed by the multidisciplinary team (MDT). The use of 

multimodal therapy with ChT, RT and surgery has been shown to provide long-term 

control, particularly in patients with NECs of the cervix83-85 or bladder,4,86 although no 

prospective data are available. Neoadjuvant or adjuvant therapy with four cycles of 

either cisplatin–etoposide or carboplatin–etoposide should be considered whenever 

surgery is feasible. Local RT can be considered in an MDT discussion if there is 
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suspicion of margin invasion in patients with NECs or G3 NETs (see Figure 2). No 

data are available on the management of G3 NETs of a GUGy primary. Although rare 

(1%-2% of GUGy pathological subtypes), the most common GUGy-NECs are found 

in the bladder, prostate and cervix. In the bladder, retrospective data suggest that 

neoadjuvant ChT followed by surgery may be the best option for a localised NEC; the 

decision to add adjuvant ChT and/or adjuvant RT can be made on a case-by-case 

basis depending on prognostic factors. In the prostate, NECs are more likely to occur 

following resistance under androgen-deprivation therapy (12%-17% of cases) rather 

than de novo (2% of cases).87,88 Consequently, there are no data to guide the best 

treatment combination for localised prostate NECs. In women, NECs are also rare 

but are more commonly found in the cervix, in which case the therapeutic strategy 

may vary according to staging, as outlined in the ESMO Clinical Practice Guideline 

on cervical cancer.89 Treatment guidelines are based on retrospective data only. 

Multimodal treatment is used for limited-stage [International Federation of 

Gynecology and Obstetrics (FIGO) I-II] disease and combines surgery,90 adjuvant 

ChT (which reduces the risk of both local and metastatic recurrences with increased 

survival)91 and RT [which limits pelvic recurrence but with no proven effect on overall 

survival (OS)];84 again, this is based on retrospective data. For locally advanced, 

non-metastatic disease, definitive chemoradiotherapy is usually recommended, with 

some retrospective data suggesting prolonged OS with more intensive multimodal 

treatments.83  

 

SECTION 5. MANAGEMENT OF ADVANCED AND METASTATIC UKP-NETS 

Everolimus 

RADIANT-2 was a placebo-controlled, phase III study in patients with advanced 

NETs with carcinoid syndrome.92 A total of 429 patients (including an unknown 

number with UKP-NETs) were randomised to receive everolimus or placebo, both in 

conjunction with octreotide long-acting release (LAR) every 28 days. The addition of 

everolimus resulted in a 5.1-month delay in disease progression [hazard ratio (HR) 

0.77, 95% CI 0.59-1.00, P = 0.026], although the difference marginally missed the 

prespecified threshold for statistical significance (P = 0.024). 
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The RADIANT-4 study, in which patients with advanced, progressive, non-functional 

NETs were randomised to receive everolimus or placebo, reported a progression-free 

survival (PFS) benefit with everolimus (HR 0.48, 95% CI 0.35-0.67, P < 0.00001).93 A 

cohort of 36 patients with UKP-NETs were included in RADIANT-4, of which 23 

received everolimus and 13 received placebo.94 Those treated with everolimus 

showed a meaningful improvement in PFS compared with placebo; median (95% CI) 

PFS was 13.6 months (4.1 months-not evaluable) versus 7.5 (1.9-18.5) months, 

respectively (HR 0.60, 95% CI 0.24-1.51). Thus, everolimus is recommended for non-

functional UKP-NETs, whereas its role in functional UKP-NETs remains debatable. 

Antiangiogenic agents 

Patients with UKP-NETs were excluded from clinical trials exploring the role of 

sunitinib95 and lenvatinib96 as treatments for gastroenteropancreatic NETs; however, 

phase III studies of surufatinib,97 axitinib98 and cabozantinib99 did include patients 

with UKP-NETs. 

In the phase III SANET-ep study, Chinese patients with extrapancreatic NETs were 

randomised (2:1) to receive surufatinib (n = 129) or placebo (n = 69).97 Among these 

patients, 29 (23%) and 17 (25%), respectively, had a NET of either unknown primary 

or ‘other’ not otherwise specified primary. The study met its primary endpoint, 

showing a benefit in favour of surufatinib in terms of investigator-assessed PFS [9.2 

months (95% CI 7.1-11.1) versus 3.8 months (95% CI 3.7-5.7); HR 0.33, 95% CI 

0.22-0.50, P < 0.0001].  

In the phase II/III AXINET study, patients with extrapancreatic G1-2 NETs were 

randomised (1:1) to receive axitinib–octreotide LAR or placebo–octreotide LAR. Of 

the 126 and 130 patients in the axitinib and placebo arms, respectively, 14 (9.5%) 

and 22 (16.9%) patients had a NET of either unknown primary or ‘other’ not 

otherwise specified primary.98 The study failed to meet its primary endpoint of 

investigator-assessed PFS [median 17.2 months (axitinib) versus 12.3 months 

(placebo); HR 0.816, P = 0.169]. PFS per blinded independent central review (BICR) 

did, however, reach statistical significance (median 16.6 months versus 9.9 months, 

respectively; HR 0.687, P = 0.01).  
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In the phase III CABINET study, patients with extrapancreatic G1-3 NETs were 

randomised (2:1) to receive cabozantinib or placebo.99 Of the 129 and 68 patients in 

the cabozantinib and placebo arms, respectively, 38 (30%) and 11 (16%) patients 

had a NET of either unknown primary or ‘other’ not otherwise specified primary. 

Seven of 129 patients in the cabozantinib arm had G3 NETs. The study met its 

primary endpoint of BICR PFS (median PFS 8.3 months with cabozantinib versus 3.2 

months with placebo; HR 0.45, P < 0.0001).  

Currently, axitinib and cabozantinib are not approved for the management of NETs or 

UKP-NETs. Surufatinib is approved in China for extrapancreatic NETs but is not 

approved by the European Medicines Agency or the Food and Drug Administration.  

ChT 

The most robust evidence supporting the use of temozolomide and capecitabine in 

NETs is from a prospective phase II randomised study comparing temozolomide–

capecitabine with temozolomide alone in patients with pancreatic NETs.100 

Retrospective studies in UKP-NETs have reported clinical activity.101   

O-6-methylguanine-DNA methyltransferase (MGMT) status is assessed by either IHC 

(MGMT-deficient NETs are defined by an H score ≤50) or by pyrosequencing 

evaluation (MGMT-deficient NETs are defined by >7-8% methylated promoter).102-104 

The clinical value of MGMT status as a predictive biomarker of higher response rate 

and/or PFS with alkylating agent-based ChT in UKP-NETs remains unclear;102 

however, two prospective trials have suggested a role as a putative predictive 

biomarker. In the randomised phase II ECOG-ACRIN E2211 study in which 144 

patients with pancreatic NETs received either temozolomide (n = 72) or 

temozolomide–capecitabine (n = 72), lower MGMT expression by IHC was 

associated with a higher response rate (52% versus 15% in patients with higher 

expression; odds ratio 6.38, 95% CI 2.19-18.60, P = 0.0004).103 The authors of this 

trial noted that the absence of a control arm without temozolomide therapy precluded 

a definitive conclusion regarding the predictive role of MGMT deficiency. In the 

randomised phase II MGMT-NET study, 105 patients with pancreatic (n = 55), 

thoracic (n = 38) or unknown primary (n = 12) NETs received either alkylating agent-

based ChT (n = 62) or oxaliplatin-based ChT (n = 43).104 The primary endpoint of a 
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higher 3-month response rate under alkylating agent-based ChT for patients with 

MGMT-deficient NETs (defined as >9% promoter methylation by pyrosequencing) 

was not met; however, a higher best overall response rate (secondary endpoint) of 

38.9% versus 11.5% and a higher median PFS (secondary endpoint) of 14.6 months 

versus 11.2 months were observed in patients with deficient MGMT versus those with 

proficient MGMT, respectively, under alkylating agent-based ChT, while the efficacy 

of oxaliplatin-based ChT did not differ according to this biomarker.  

 

SECTION 6. LONG-TERM FOLLOW-UP DATA ON UKP-NENS 

According to the latest Surveillance, Epidemiology, and End Results registry data, 

OS in patients with UKP-NENs depends on both stage and grade.105 The estimated 

median OS for patients diagnosed with UKP-NETs and local, regional and distant 

metastases is ~20 years, 4 years and 2 years, respectively.105 Data from other 

registries indicate that the median OS in patients with metastatic UKP-NENs is ~4 

years (5-year OS rate 45.3%), with lower OS in G3 compared with G1-2 UKP-

NETs.106 Compared with outcomes for other NENs, such as those of the small 

intestine or pancreas, UKP-NENs have a poor prognosis, especially for regional and 

metastatic disease stages; this likely reflects the challenge of selecting appropriate 

evidence-based treatment strategies.44 

 

SECTION 7. PARATHYROID CARCINOMA  

Diagnosis using US 

Parathyroid carcinoma (PC) is mainly represented by a solid nodular formation (in 

some cases with liquid areas or cystic aspect), 3-4 cm in diameter and globus-

shaped, with a hypoechoic and non-homogeneous structure and irregular margins. A 

thick pseudocapsule or signs of infiltration of the thyroid parenchyma can be 

observed. On colour Doppler US, PC is generally characterised by an evident 

intranodal and irregular vascularisation. At the time of diagnosis, evaluation of 

possible metastatic locoregional lymph nodes in the central compartment and at 

lateral levels should be carried out. Elastography can highlight some suspicious 
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findings such as increased rigidity but its role in differential diagnosis remains 

limited.107 

Atypical parathyroid tumours 

Atypical parathyroid tumours (APTs) are lesions of the parathyroid gland which 

exhibit some histological features found in PC but without evidence of invasive 

growth. These features are adherence to contiguous structures in the absence of 

clear invasion, presence of neoplastic cells within the fibrous capsule, a solid and/or 

trabecular growth pattern, banding fibrosis, mitotic activity without a clear Ki-67 cut-

off and coagulative necrosis.108,109 Based on retrospective series, the clinicobiological 

presentation and prognosis of APT are more severe than in benign adenoma but less 

severe than in PC.108 According to the literature, the estimated risk of relapse of APT 

is 3% with a median delay from initial diagnosis of 120 months (range 12-204 

months).108 It may be slightly longer, however, as the median follow-up of the 

retrospective series was only 47 months.108 The risk of relapse may be higher in case 

of CDC73 mutation and/or parafibromin loss identified by IHC109-111 and in familial 

cases.108 Thus, although the outcome for patients with APT is benign in most cases, 

management should be discussed in a multidisciplinary tumour board, taking into 

account the pathological parameters, CDC73 mutational status and/or fibromin loss, 

hereditary context and the firm or adherent nature of the lesion during the initial 

surgical procedure. The presence of several of these risk factors may prompt a 

discussion about using a similar management approach to that of PC. Clinical 

presentation of water clear cell parathyroid adenoma can overlap with that of PC, but 

there are usually no atypical features at pathological evaluation.112,113 

Management of local and locoregional disease 

Management of hypercalcaemia. The cornerstones of treatment for severe or 

symptomatic hypercalcaemia are intravenous saline hydration and bisphosphonate 

administration. Saline hydration is administered at a rate of 200-500 ml/hour, 

depending on the baseline level of dehydration and renal function, the patient's 

cardiovascular status, the degree of mental impairment and the severity of 

hypercalcaemia.114 The bisphosphonate of choice is zoledronic acid, with a dose 

adapted to glomerular filtration rate.115 In the absence of response, denosumab (120 
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mg on days 1, 8, 15 and 29 and then every 4 weeks) can decrease calcium levels 

within 10 days in 64% of patients with calcium levels >3.1 mmol/l despite the use of 

bisphosphonate, as demonstrated in a prospective clinical trial.116 Corticosteroids and 

calcitonin may be used but have a transient effect at best. Diuretics are not 

recommended.117 If these treatments are not effective, dialysis may be used to 

control hypercalcaemia but it has a large impact on quality of life. Although these 

therapeutics are useful and effective for initial management, there is a high risk of 

resistance during the clinical course of PC progression and uncontrolled 

hypercalcaemia may lead to death. 

 

SECTION 8. INTRATHYROID THYMIC CARCINOMA  

Pathological diagnosis  

Intrathyroid thymic carcinoma (ITC) may be suspected in case of a cold nodule on 

thyroid scintigraphy located at the lower thyroid pole with a cytological diagnosis of 

poorly-differentiated thyroid tumour. Specific characteristics of ITC that are useful for 

the differential diagnosis, are118:  

(i) Expansive growth pattern (sharp tumour border and pushing margin) 

(ii) Lymphoid stroma 

(iii) Squamous-cell differentiation with keratinisation and basaloid-cell 

appearance 

(iv) Positive IHC for CD5, CD117 and p63 

(v) Negative IHC for thyroglobulin, thyroid transcription factor 1 and calcitonin 

(vi) Low-grade histology (infrequent mitoses and rare necrosis) 

(vii) Low Ki-67 index (usually <20%).  

In partial analogy to primary thymic carcinoma, three histological subtypes of ITC are 

recognised:  
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(i) Squamous-cell carcinoma type 

(ii) Lymphoepithelioma or basaloid type 

(iii) NEC type.
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SUPPLEMENTARY TABLES 

Supplementary Table S1. Diagnostic work-up of UKP-NENs for identification of 

occult primary 

Exploration Suspected primary tumour 

Clinical history 

Presence of functioning 

syndrome 

Carcinoid syndrome: ileum, lung, HN, ovary NET 

Cushing syndrome: pancreas, lung, thymus, HN, 

MTC NET or NEC 

WDHA syndrome, hypoglycaemia, necrolytic 

erythema, diarrhoea, gallstones, diabetes: pancreas 

NET 

Zollinger–Ellison syndrome: pancreas, duodenum 

NET 

Hypercalcaemia with PTH increase: PC 

Hypercalcaemia with PTH suppression and elevated 

PTHrp: pancreas 

Acromegaly: pancreas, lung NET 

Hypertension, tachycardia, headaches, constipation: 

PCC–PGL 

Family or personal history 

of endocrine tumours 

History of multiple PCC–PGL, bilateral PCC or 

metastatic PGL: SDHx, von Hippel–Lindau, MEN2, 

etc. 

History of MTC and/or PCC (unilateral or bilateral): 

MEN2 

Hyperparathyroidism and pancreas or pituitary NET, 

more rarely lung, thymus NET: MEN1 

Jaw tumour, uterine tumours, renal cyst, PC: HPT-JT 

Pathological examination and diagnosis 
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According to the IARC–WHO 2018 classification consensus: 

• G1 NET (Ki-67 <3%, mitotic index <2/2 mm2) 

• G2 NET (Ki-67 3%-20%, mitotic index 2-20/2 mm2) 

• G3 NET (Ki-67 >20%, mitotic index >20/2 mm2) 

• NEC: 

o Large-cell NEC 

o Small-cell NEC 

•  MiNEN 

IHC markers44,119,120 a 

Cytokeratins  Negative result: PCC–PGL 

CDX-2 Intestinal (small intestine, colon) 

TTF-1 Lung, thymus, thyroid 

Serotonin Small intestine, appendix  

Calcitonin Intense positivity: MTC but also HN, pancreas and 

lung NETs 

PDX-1 Pancreas 

Islet-1 Pancreas, rectum, duodenum 

Poorly differentiated NEC 

CK20, MCPyV (IHC or 

PCR) 

Merkel-cell carcinoma 

Loss of ATRX and DAXX Pancreas 

CK7 Lung, thymus, breast, thyroid, endometrium, cervix, 

ovary, salivary gland, upper gastrointestinal tract, 

urothelium 

SATB-2 Rectum, colon 

Gastrin Duodenum, pancreas 

NESP-55 Pancreas 

PAX-6, PAX-8 Pancreas, duodenum (rectum, small intestine) 
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Progesterone receptor Pancreas, rectum, breast, lung 

OTP Bronchus 

Biochemistry 

All cases Calcitonin: MTC but also pancreas, lung, HN 

primaries 

Blood or urine metanephrines: PCC–PGL 

Plasma or 24-hour urine 5-HIAA: larynx UKP-NET, 

low-grade ovary NET 

According to functional 

syndromes 

Plasma or 24-hour urine 5-HIAA for carcinoid 

syndrome  

Serum or 24-hour urine cortisol, ACTH for Cushing 

syndrome (including appropriate tests) 

PTH and/or PTHrp in case of hypercalcaemia 

VIP, somatostatin, glucagon, insulin, proinsulin and 

C-peptide (including appropriate tests), and gastrin in 

case of VIPoma, somatostatinoma, glucagonoma, 

insulinoma and Zollinger–Ellison syndrome, 

respectively 

Imaging 

Evocative pattern Mesenteric mass: ileum 

Mediastinal or cervical lymph nodes: HN, lung NET or 

MTC 

Isolated para-aortic lymph mass: PGL 

Isolated superficial NEC lymph node: Merkel-cell 

carcinoma, UKP-NEC 

Cutaneous metastasis: HN or lung 

Isolated bone metastasis: non-digestive primary 
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Endoscopy or echo-

endoscopy 

Digestive and pancreatic NET 

Postivity for evocative 

PET–CT tracers  

[68Ga]Ga-DOTA-SSA–PET–CT: occult primary 

identification, PGL 

FDG–PET–CT: G2-3 NET and NEC or non-mid-gut 

NET 

[18F]F-DOPA–PET–CT: ileum, PCC–PGL, MTC 

MIBG: PCC 

5-HIAA, 5-hydroxyindoleacetic acid; ACTH, adrenocorticotrophic hormone; ATRX, 

alpha thalassaemia X; CDX-2, caudal type homeobox 2; CK, cytokeratin; CT, 

computed tomography; DAXX, death domain-associated protein; DOPA, 

fluorodihydroxyphenylalanine; DOTA, 1,4,7,10-tetraazacyclododecane-1,4,7,10-

tetraacetic acid; FDG, [18F]2-fluoro-2-deoxy-D-glucose; G, grade; HN, head and 

neck; HPT-JT, hyperparathyroidism-jaw tumour syndrome; IARC, International 

Agency for Research on Cancer; IHC, immunohistochemistry; MCPyV, Merkel-cell 

polyomavirus; MEN1, multiple endocrine neoplasia type 1; MEN2, multiple endocrine 

neoplasia type 2; MIBG, metaiodobenzylguanidine; MiNEN, mixed neuroendocrine–

non-neuroendocrine neoplasm; MTC, medullary thyroid carcinoma; NEC, 

neuroendocrine carcinoma; NEN, neuroendocrine neoplasm; NESP-55, 

neuroendocrine secretory protein 55; NET, neuroendocrine tumour; OTP, orthopedia 

homeobox; PAX, paired box protein; PC, parathyroid carcinoma; PCC, 

pheochromocytoma; PDX-1, pancreatic and duodenal homeobox 1; PET, positron 

emission tomography; PGL, paraganglioma; PTH, parathyroid hormone; PTHrp, 

parathyroid hormone-related peptide; SATB-2, special AT-rich binding protein 2; 

SDHx, succinate dehydrogenase A, B, C, D or AF2; SSA, somatostatin analogue; 

TTF-1, thyroid transcription factor 1; UKP, unknown primary; VIP, vasointestinal 

peptide; WDHA, watery diarrhoea, hypokalaemia, achlorhydria; WHO, World Health 

Organization. 

aNot specific for NEC; can be present regardless of primary site.  
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Supplementary Table S2. Staging of middle-ear NETs based on the proposal by 

Marinelli et al.29 

T1 Tumour confined to the middle-ear cavity that does not envelope or 

strongly adhere to the ossicular chain 

T2a Tumour fills the middle-ear cleft and encases the ossicles with or without 

ossicular bone erosion 

T2b A T2a tumour that also extends into the mastoid 

T2c A T2a or T2b tumour that also extends through the tympanic membrane 

into the external auditory canal 

T3 Tumour adheres to important neurovascular structures such as the 

petrous ICA, facial nerve, sigmoid sinus or dura 

T4 Intradural tumour extension 

N0 No regional lymph node metastases 

N1 Lymph node metastases present (commonly to the parotid and cervical 

lymph nodes) 

M0 No distant metastasis 

M1 Distant metastatic disease present (commonly to the bone, liver and 

lung) 

ICA, internal carotid artery; NET, neuroendocrine tumour.
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Supplementary Table S3. Clinical classification of RCC according to the UICC 

TNM eighth edition121 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

T1 Tumour ≤7 cm in greatest dimension, limited to the kidney 

T1a Tumour ≤4 cm 

T1b Tumour >4 cm but ≤7 cm 

T2 Tumour >7 cm in greatest dimension, limited to the kidney 

T2a Tumour >7 cm but ≤10 cm 

T2b Tumour >10 cm, limited to the kidney 

T3 Tumour extends into major veins or perinephric tissues but not into 

the ipsilateral adrenal gland and not beyond the Gerota fascia 

T3a Tumour grossly extends into the renal vein or its segmental (muscle 

containing) branches, or tumour invades the perirenal and/or renal 

sinus fat (peripelvic) fat but not beyond the Gerota fascia 

T3b Tumour extends into the vena cava below the diaphragm 

T3c Tumour extends into the vena cava above the diaphragm or invades 

the wall of the vena cava 

T4 Tumour invades beyond the Gerota fascia (including contiguous 

extension into the ipsilateral adrenal gland) 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 
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N0 No regional lymph node metastasis 

N1 Metastasis in regional lymph node(s) 

M (distant metastasis) 

M0 No distant metastasis 

M1 Distant metastasis 

RCC, renal-cell carcinoma; TNM, tumour–node–metastasis; UICC, Union for 

International Cancer Control. 

Reprinted with permission.121  
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Supplementary Table S4. Staging and stage grouping of RCC according to the 

UICC TNM eighth edition121 

Stage T N M 

I 1 0 0 

II 2 0 0 

III 3 0 0 

III 1, 2, 3 1 0 

IV 4 Any 0 

IV Any Any 1 

RCC, renal-cell carcinoma; TNM, tumour–node–metastasis; UICC, Union for 

International Cancer Control. 

Reprinted with permission.121 
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Supplementary Table S5. Clinical classification of prostate adenocarcinomas 

according to the UICC TNM eighth edition121 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

T1 Clinically inapparent tumour that is not palpable 

T1a Tumour incidental histological finding in ≤5% of tissue resected 

T1b Tumour incidental histological finding in >5% of tissue resected 

T1c Tumour identified by needle biopsy (e.g. because of elevated PSA) 

T2 Tumour that is palpable and confined within the prostate 

T2a Tumour involves one half of one lobe or less 

T2b Tumour involves more than half of one lobe, but not both lobes 

T2c Tumour involves both lobes 

T3 Tumour extends through the prostatic capsulea 

T3a Extraprostatic extension (unilateral or bilateral) including microscopic 

bladder neck involvement 

T3b Tumour invades seminal vesicle(s) 

T4 Tumour is fixed or invades adjacent structures other than seminal 

vesicles: external sphincter, rectum, levator muscles and/or pelvic 

wall 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 
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N0 No regional lymph node metastasisb 

N1 Regional lymph node metastasisb 

M (distant metastasis)c 

M0 No distant metastasis 

M1 Distant metastasis 

M1a Non‐regional lymph node(s) 

M1b Bone(s) 

M1c Other site(s) 

PSA, prostate-specific antigen; TNM, tumour–node–metastasis; UICC, Union for 

International Cancer Control. 

aInvasion into the prostatic apex or into (but not beyond) the prostatic capsule is not 

classified as T3, but as T2. 

bMetastasis ≤0.2 cm can be designated pNmi. 

cWhen more than one site of metastasis is present, the most advanced category 

[(p)M1c] is used.  

Reprinted with permission.121 
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Supplementary Table S6. Clinical classification of bladder carcinomas 

according to the UICC TNM eighth edition121 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Ta Non‐invasive papillary carcinoma 

Tis Carcinoma in situ: ‘flat tumour’ 

T1 Tumour invades subepithelial connective tissue 

T2 Tumour invades muscle 

T2a Tumour invades superficial muscle (inner half) 

T2b Tumour invades deep muscle (outer half) 

T3 Tumour invades perivesical tissue: 

T3a Microscopically 

T3b Macroscopically (extravesical mass) 

T4 Tumour invades any of the following: prostate stroma, seminal 

vesicles, uterus, vagina, pelvic wall, abdominal wall 

T4a Tumour invades prostate stroma, seminal vesicles, uterus or vagina 

T4b Tumour invades pelvic wall or abdominal wall 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 
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N1 Regional lymph node metastasis 

N2 Metastasis in multiple regional lymph nodes in the true pelvis 

(hypogastric, obturator, external iliac or presacral) 

N3 Metastasis in a common iliac lymph node(s) 

M (distant metastasis) 

M0 No distant metastasis 

M1a Non‐regional lymph nodes 

M1b Other distant metastasis 

TNM, tumour–node–metastasis; UICC, Union for International Cancer Control. 

Reprinted with permission.121  
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Supplementary Table S7. Clinical classification of uterus cancer (endometrial 

carcinomas and carcinosarcomas) according to the UICC TNM eighth edition121 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

T1 

FIGO stage Ia 

Tumour confined to the corpus uteria 

T1a 

FIGO stage IAa 

Tumour limited to endometrium or invading less than half of 

myometrium 

T1b 

FIGO stage IB 

Tumour invades one half or more of myometrium 

T2 

FIGO stage II 

Tumour invades cervical stroma, but does not extend beyond 

the uterus 

T3 

FIGO stage III 

Local and/or regional spread as specified here: 

T3a 

FIGO stage IIIA 

Tumour invades the serosa of the corpus uteri or adnexae 

(direct extension or metastasis) 

T3b 

FIGO stage IIIB 

Vaginal or parametrial involvement (direct extension or 

metastasis) 

N1, N2 

FIGO stage IIIC 

Metastasis to pelvic or para‐aortic lymph nodesb 

N1 

FIGO stage IIIC1 

Metastasis to pelvic lymph nodes 

N2 

FIGO stage IIIC1 

Metastasis to para‐aortic lymph nodes with or without 

metastasis to pelvic lymph nodes 
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T4c 

FIGO stage IV 

Tumour invades bladder mucosa or bowel mucosa 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Regional lymph node metastasis to pelvic lymph nodes 

N2 Regional lymph node metastasis to para‐aortic lymph nodes 

with or without metastasis to pelvic lymph nodes 

M (distant metastasis) 

M0 No distant metastasis 

M1 Distant metastasis (excluding metastasis to vagina, pelvic 

serosa or adnexa; including metastasis to inguinal lymph 

nodes, intra‐abdominal lymph nodes other than para‐aortic or 

pelvic nodes) 

FIGO, International Federation of Gynecology and Obstetrics; TNM, tumour–node–

metastasis; UICC, Union for International Cancer Control. 

aEndocervical glandular involvement only should be considered as stage I. 

bPositive cytology has to be reported separately without changing the stage. 

cThe presence of bullous oedema is not sufficient evidence to classify as T4. 

Reprinted with permission.121  
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Supplementary Table S8. Clinical classification of ovarian, fallopian tube and 

primary peritoneal carcinoma according to the UICC TNM eighth edition121 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

T1 

FIGO stage I 

Tumour limited to the ovaries (one or both) or fallopian 

tube(s) 

T1a 

FIGO stage IA 

Tumour limited to one ovary or fallopian tube; capsule intact, 

no tumour on ovarian surface or fallopian tube surface; no 

malignant cells in ascites or peritoneal washings 

T1b 

FIGO stage IB 

Tumour limited to both ovaries or fallopian tubes; capsule 

intact, no tumour on ovarian or fallopian tube surface; no 

malignant cells in ascites or peritoneal washings 

T1c 

FIGO stage IC 

Tumour limited to one or both ovaries or fallopian tubes with 

any of the following: 

T1c1 Surgical spill 

T1c2 Capsule ruptured before surgery or tumour on ovarian or 

fallopian tube surface 

T1c3 Malignant cells in ascites or peritoneal washings 

T2 

FIGO stage II 

Tumour involves one or both ovaries or fallopian tubes with 

pelvic extension (below the pelvic brim) or primary peritoneal 

cancer 

T2a 

FIGO stage IIA 

Extension and/or implants on uterus and/or fallopian tube(s) 

and/or one or both ovaries 
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T2b 

FIGO stage IIB 

Extension to other pelvic tissues, including bowel within the 

pelvis 

T3 and/or N1 

FIGO stage IIIa 

Tumour involves one or both ovaries or fallopian tubes or 

primary peritoneal carcinoma with cytologically or 

histologically confirmed spread to the peritoneum outside the 

pelvis and/or metastasis to the retroperitoneal lymph nodes 

N1 Retroperitoneal lymph node metastasis only 

N1a 

FIGO stage IIIA1i 

Lymph node metastasis ≤10 mm in greatest dimension 

N1b 

FIGO stage IIIA1ii 

Lymph node metastasis >10 mm in greatest dimension 

T3a any N 

FIGO stage IIIA2 

Microscopic extrapelvic (above the pelvic brim) peritoneal 

involvement with or without retroperitoneal lymph node, 

including bowel involvement 

T3b any N 

FIGO stage IIIB 

Macroscopic peritoneal metastasis beyond the pelvic brim 

≤2 cm in greatest dimension, including bowel involvement 

outside the pelvis with or without retroperitoneal nodes 

T3c any N 

FIGO stage IIIC 

Peritoneal metastasis beyond the pelvic brim >2 cm in 

greatest dimension and/or retroperitoneal lymph node 

metastasis (includes extension of tumour to capsule of liver 

and spleen without parenchymal involvement of either organ) 

M1 

FIGO stage IV 

Distant metastasis (excludes peritoneal metastasis) 

M1a 

FIGO stage IVA 

Pleural effusion with positive cytology 
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M1bb 

FIGO stage IVB 

Parenchymal metastasis and metastasis to extra‐abdominal 

organs (including inguinal lymph nodes and lymph nodes 

outside the abdominal cavity) 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Regional lymph node metastasis 

N1 IIIA1 Retroperitoneal lymph node metastasis only 

N1a IIIA1i Lymph node metastasis ≤10 mm in greatest dimension 

N1b IIIA1ii Lymph node metastasis >10 mm in greatest dimension 

M (distant metastasis) 

M0 No distant metastasis 

M1 Distant metastasis 

FIGO, International Federation of Gynecology and Obstetrics; TNM, tumour–node–

metastasis; UICC, Union for International Cancer Control. 

aLiver capsule metastasis is T3/stage III. 

bLiver parenchymal metastasis M1/stage IV. 

Reprinted with permission.121  
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Supplementary Table S9. Clinical classification of cervix uteri carcinomas 

according to the UICC TNM eighth edition121 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis Carcinoma in situ (pre-invasive carcinoma) 

T1 

FIGO stage I 

Tumour confined to the cervixa 

T1ab,c 

FIGO stage IA 

Invasive carcinoma diagnosed only by microscopy. Stromal 

invasion with a maximal depth of 5.0 mm measured from the 

base of the epithelium and a horizontal spread of ≤7.0 mmd 

T1a1 

FIGO stage IA1 

Measured stromal invasion ≤3.0 mm in depth and ≤7.0 mm in 

horizontal spread 

T1a2 

FIGO stage IA2 

Measured stromal invasion >3.0 mm and ≤5.0 mm with a 

horizontal spread ≤7.0 mm 

T1b 

FIGO stage IB 

Clinically visible lesion confined to the cervix or microscopic 

lesion greater than T1a/IA2 

T1b1 

FIGO stage IB1 

Clinically visible lesion ≤4.0 cm in greatest dimension 

T1b2 

FIGO stage IB2 

Clinically visible lesion >4.0 cm in greatest dimension 

T2 

FIGO stage II 

Tumour invades beyond uterus but not to pelvic wall or to lower 

third of vagina 

T2a 

FIGO stage IIA 

Tumour without parametrial invasion 
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T2a1 

FIGO stage IIA1 

Clinically visible lesion ≤4.0 cm in greatest dimension 

T2a2 

FIGO stage IIA2 

Clinically visible lesion >4.0 cm in greatest dimension 

T2b 

FIGO stage IIB 

Tumour with parametrial invasion 

T3 

FIGO stage III 

Tumour involves lower third of vagina or extends to pelvic wall 

or causes hydronephrosis or non‐functioning kidney 

T3a 

FIGO stage IIIA 

Tumour involves lower third of vagina 

T3b 

FIGO stage IIIB 

Tumour extends to pelvic wall or causes hydronephrosis or non‐

functioning kidney 

T4e 

FIGO stage IVA 

Tumour invades mucosa of the bladder or rectum or extends 

beyond true pelvis 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Regional lymph node metastasis 

M (distant metastasis) 

M0 No distant metastasis 

M1 Distant metastasis (includes inguinal lymph nodes and 

intraperitoneal disease). Excludes metastasis to the vagina, 

pelvic serosa and adnexa 

FIGO, International Federation of Gynecology and Obstetrics; TNM, tumour–node–

metastasis; UICC, Union for International Cancer Control. 
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aExtension to corpus uteri should be disregarded. 

bThe depth of invasion should be taken from the base of the epithelium, either 

surface or glandular, from which it originates. The depth of invasion is defined as the 

measurement of the tumour from the epithelial–stromal junction of the adjacent most 

superficial papillae to the deepest point of invasion. Vascular space involvement, 

venous or lymphatic, does not affect classification. 

cAll macroscopically visible lesions, even with superficial invasion, are T1b/IB. 

dVascular space involvement, venous or lymphatic, does not affect classification. 

eBullous oedema is not sufficient to classify a tumour as T4. 

Reprinted with permission.121  
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Supplementary Table S10. Staging and stage grouping of cervix uteri 

carcinoma according to the UICC TNM eighth edition121 

Stage T N M 

0 Tis N0 M0 

I T1 N0 M0 

IA T1a N0 M0 

IA1 T1a1 N0 M0 

IA2 T1a2 N0 M0 

IB T1b N0 M0 

IB1 T1b1 N0 M0 

IB2 T1b2 N0 M0 

II T2 N0 M0 

IIA T2a N0 M0 

IIA1 T2a1 N0 M0 

IIA2 T2a2 N0 M0 

IIB T2b N0 M0 

III T3 N0 M0 

IIIA T3a N0 M0 

IIIB T3b Any N M0 

IIIB T1, T2, T3 N1 M0 

IVA T4 Any N M0 
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IVB Any T Any N M1 

TNM, tumour–node–metastasis; UICC, Union for International Cancer Control. 

Reprinted with permission.121 
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Supplementary Table S11. Staging of PC according to the AJCC TNM eighth 

edition122 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis Atypical parathyroid neoplasm (neoplasm of uncertain malignant 

potential)a 

T1 Localised to the parathyroid gland with extension limited to soft tissue 

T2 Direct invasion into the thyroid gland 

T3 Direct invasion into recurrent laryngeal nerve, oesophagus, trachea, 

skeletal muscle, adjacent lymph nodes or thymus 

T4 Direct invasion into major blood vessel or spine 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Regional lymph node metastasis 

N1a Metastasis to level VI (pretracheal, paratracheal and 

prelaryngeal/Delphian lymph nodes) or superior mediastinal lymph 

nodes (level VII) 

N1b Metastasis to unilateral, bilateral or contralateral cervical (level I, II, III, 

IV or V) retropharyngeal nodes 

M (distant metastasis) 

M0 No distant metastasis 
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M1 Distant metastasis  

AJCC, American Joint Committee on Cancer; PC, parathyroid carcinoma; TNM, 

tumour–node–metastasis. 

aDefined as tumours that are histologically or clinically worrisome but do not fulfil the 

more robust criteria (i.e. invasion, metastasis) for carcinoma. They generally include 

tumours that have two or more concerning features such as fibrous bands, mitotic 

features, necrosis, trabecular growth or adherence to surrounding tissues 

intraoperatively. Atypical parathyroid neoplasms usually have a smaller dimension, 

weight and volume than carcinomas and are less likely to have coagulative tumour 

necrosis. 

Used with permission of the American College of Surgeons, Chicago, Illinois. The 

original source for this information is the AJCC Cancer Staging System (2023).122  
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Supplementary Table S12. Staging of thyroid gland carcinomas according to 

the UICC TNM eighth edition121 

T (primary tumour) 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

T1 Tumour ≤2 cm in greatest dimension, limited to the thyroid 

T1a Tumour ≤1 cm in greatest dimension, limited to the thyroid 

T1b Tumour >1 cm but ≤2 cm in greatest dimension, limited to the thyroid 

T2 Tumour >2 cm but ≤4 cm in greatest dimension, limited to the thyroid 

T3 Tumour >4 cm in greatest dimension, limited to the thyroid or with 

gross extrathyroidal extension invading only strap muscles 

(sternohyoid, sternothyroid or omohyoid muscles) 

T3a Tumour >4 cm in greatest dimension, limited to the thyroid 

T3b Tumour of any size with gross extrathyroidal extension invading strap 

muscles (sternohyoid, sternothyroid or omohyoid muscles) 

T4a Tumour extends beyond the thyroid capsule and invades any of the 

following: subcutaneous soft tissues, larynx, trachea, oesophagus, 

recurrent laryngeal nerve 

T4b Tumour invades prevertebral fascia or mediastinal vessels, or 

encases carotid artery 

N (regional lymph nodes) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 
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N1 Regional lymph node metastasis 

N1a Metastasis in level VI (pretracheal, paratracheal and 

prelaryngeal/Delphian lymph nodes) or upper/superior mediastinum 

N1b Metastasis in other unilateral, bilateral or contralateral cervical (levels 

I, II III, IV or V) or retropharyngeal nodes 

M (distant metastasis) 

M0 No distant metastasis 

M1 Distant metastasis  

TNM, tumour–node–metastasis; UICC, Union for International Cancer Control. 

Reprinted with permission.121  
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Supplementary Table S13. Levels of evidence and grades of recommendation 

(adapted from the Infectious Diseases Society of America-United States Public 

Health Service Grading Systema) 

Levels of evidence 

I Evidence from at least one large randomised, controlled trial of good 

methodological quality (low potential for bias) or meta-analyses of well-

conducted randomised trials without heterogeneity 

II Small randomised trials or large randomised trials with a suspicion of bias 

(lower methodological quality) or meta-analyses of such trials or of trials 

with demonstrated heterogeneity 

III Prospective cohort studies 

IV Retrospective cohort studies or case-control studies 

V Studies without control group, case reports, expert opinions 

 

Grades of recommendation 

A Strong evidence for efficacy with a substantial clinical benefit, strongly 

recommended 

B Strong or moderate evidence for efficacy but with a limited clinical benefit, 

generally recommended 

C Insufficient evidence for efficacy or benefit does not outweigh the risk or the 

disadvantages (adverse events, costs, etc.), optional 

D Moderate evidence against efficacy or for adverse outcome, generally not 

recommended 

E Strong evidence against efficacy or for adverse outcome, never 

recommended 
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aBy permission of Oxford University Press on behalf of the Infectious Diseases 

Society of America.123  
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