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Background: Diffuse sclerosing variant papillary thyroid carcinoma (DSVPTC) is a rare subtype of papillary thyroid carcinoma
characterized by diffuse intrathyroidal involvement and frequent cervical lymph node metastasis. This study aims to delineate the
clinicopathologic features, treatment outcomes, and recurrence patterns of DSVPTC.

Methods: We retrospectively reviewed five patients with histopathologically confirmed DSVPTC treated at Zibo Central Hospital
between 2009 and 2025. Follow-up data were collected until December 30, 2025.

Results: Patients were aged 22-54 years (median: 41 years) and 60% (3/5) were female. Hashimoto’s thyroiditis was present in 80%
(4/5). All patients presented with diffuse microcalcifications on ultrasound (100%, 5/5). Thyroid FNA was performed in 80% (4/5) and
all aspirates were Bethesda category VI. Cervical lymph node metastasis was observed in all patients: central compartment in 100% (5/
5) and lateral neck in 60% (3/5). TNM staging (8th edition) included: pT1aN1aMO0 (n=1), pT1aN1bMO0 (n=1), pT3bN1aMO0 (n=1),
pT3bN1bMO (n=2). According to ATA risk stratification, 3 patients were classified as high risk and 2 as intermediate risk. All patients
underwent total thyroidectomy with bilateral central neck dissection. Lateral neck dissection was performed in 3 patients with
radiologic evidence of lateral nodal disease. All patients received TSH suppression therapy (TSH <0.1 mIU/L) and two courses of
I-131 therapy (100 mCi per course) at 3 and 6 months postoperatively. With a median follow-up of 2 years (range: 1-16 years),
structural recurrence occurred in 2 patients (40%, 2/5) in the ipsilateral lateral neck at 1 and 4 years, respectively. No distant metastasis
or disease-specific death occurred.

Conclusion: In this small series of five patients, DSVPTC commonly presented as a nodule-negative “snowstorm” microcalcification
phenotype with high nodal burden. Despite aggressive multimodal therapy including total thyroidectomy, TSH suppression, and
scheduled radioiodine, lateral neck recurrence occurred in 40% of patients. Meticulous preoperative lateral neck assessment and long-
term imaging-based surveillance remain essential.

Keywords: diffuse sclerosing variant, papillary thyroid carcinoma, microcalcification, lymph node metastasis, recurrence, radioiodine,
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Introduction

Papillary thyroid carcinoma (PTC) is the most common endocrine malignancy with an excellent prognosis overall;
however, significant heterogeneity exists among its histologic variants. Diffuse sclerosing variant papillary thyroid
carcinoma (DSVPTC) is an uncommon subtype characterized histologically by diffuse thyroid involvement, prominent
stromal sclerosis, abundant psammoma bodies, marked lymphocytic infiltration, and frequent squamous metaplasia.'
Lacking a discrete space-occupying lesion, DSVPTC often evades detection during screening, potentially compromising

preoperative staging and surgical planning.”
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The pathogenesis of DSVPTC remains incompletely understood. While high-dose radiation exposure has been
proposed as a potential risk factor, DSVPTC also occurs in patients without radiation history. Notably, autoimmune
thyroid disease—particularly Hashimoto’s thyroiditis—frequently coexists with DSVPTC, suggesting that the immune-
activated microenvironment may contribute to its distinctive phenotype.’> However, the relationships among inflamma-
tion, molecular events, and clinical outcomes require further investigation.

Ultrasonographically, DSVPTC typically presents with diffuse parenchymal heterogeneity and widespread micro-
calcifications, frequently described as a “snowstorm” appearance, often accompanied by suspicious cervical lymphade-
nopathy. In contrast to conventional PTC presenting as a solitary hypoechoic nodule, DSVPTC lacks a definitive mass
effect, which may lead to diagnostic delay.*>

Fine-needle aspiration cytology (FNAC) diagnostic yield in DSVPTC depends heavily on target selection, as tumors
present as diffuse microcalcifications rather than discrete nodules. Sampling from densely calcified regions and
concurrent lymph node aspiration may improve diagnostic accuracy.’

Therapeutically, DSVPTC demonstrates higher propensity for cervical lymph node metastasis than conventional PTC,
making preoperative mapping and surgical planning critical. Despite TSH-suppressive therapy and radioiodine adjuvant
treatment, locoregional recurrence may still occur, necessitating imaging-led follow-up with cytologic confirmation of
suspicious nodes.’

Given the rarity of DSVPTC, evidence remains limited to small cohorts. Herein, we retrospectively analyzed five
patients with pathologically confirmed DSVPTC to delineate clinicopathologic and imaging features, summarize
compartment-oriented surgical management and outcomes, and describe recurrence patterns to inform preoperative
staging and long-term surveillance.

Methods

This study was a single-center, retrospective case series of patients with diffuse sclerosing variant papillary thyroid
carcinoma (DSVPTC) treated at Zibo Central Hospital between January 1, 2009 and December 1, 2025. The study was
conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. All patient data were
anonymized, and patient confidentiality was strictly maintained. The study protocol was approved by the Institutional
Review Board (IRB) of Zibo Central Hospital. Given the retrospective nature of the study, the requirement for informed
consent was waived.

Participants

Patients were eligible if they (1) underwent primary thyroid surgery at our institution, (2) had a postoperative histo-
pathologic diagnosis of DSVPTC, and (3) had available perioperative imaging (Figures 1-3)/cytology and follow-up data
sufficient for outcome assessment. Patients with incomplete key clinicopathologic information were excluded. Five
patients met the inclusion criteria and were included in this analysis.

Data Collection

Clinical data were extracted from electronic medical records, including demographics, clinical presentation, comorbid
thyroid disease (Hashimoto’s thyroiditis and hyperthyroidism), preoperative imaging, cytology, operative and pathology
reports, immunohistochemistry (IHC), molecular testing results, postoperative management, and oncologic outcomes.
Pathological specimens were processed as follows: surgical specimens were fixed in 4.0% neutral buffered formalin,
sectioned at 5-mm intervals, and embedded routinely. H&E staining was performed on 4-um sections. IHC was
conducted using the EnVision two-step method with antibodies against CK19, TG, and TTF-1 (Dako). All slides were
independently evaluated by two associate chief pathologists in a double-blind manner for diagnostic confirmation.

Molecular Testing

Multigene testing was performed in 3 of 5 patients using a thyroid cancer 12-gene detection kit (fluorescence PCR
method). The remaining 2 patients did not undergo molecular testing because this test was not available at our
institution’s pathology department during their treatment period.
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Figure | Representative preoperative ultrasonography demonstrating a “nodule-negative” diffuse thyroid involvement pattern with extensive sand-like microcalcifications in
DSVPTC. (Patient |, Patient 3, Patient 5).

Figure 2 Representative preoperative ultrasonography demonstrating a “nodule-negative” diffuse thyroid involvement pattern with topical type sand-like microcalcifications
in DSVPTC. (Patient 2 and Patient 4).

Figure 3 Contrast-enhanced neck CT demonstrated heterogeneous or decreased thyroid attenuation in all cases (100%).

OncoTargets and Therapy 2026:19 htps: 3



Sun et al

For the testing procedure, tumor tissue obtained from surgery was placed into centrifuge tubes containing 10 volumes
of RNAstore preservation solution (Hangzhou Scieasy Diagnostics Co., Ltd.) to ensure the sample was completely
immersed in the preservation solution, then stored at —20°C or —80°C. RNA extraction was performed weekly in batches
using a commercial RNA extraction kit.

The following gene alterations were detected: BRAF V600E point mutation; TERT promoter region (TERTp) C228T/
C250T mutations; KRAS gene G12C/G12V/Q61R mutations; NRAS gene Q61R mutation; HRAS gene Q61R mutation;
CCDC6 (exons 1 or 8)-RET (exon 12) gene fusion (RET/PTC1); PAXS8 (exon 10)-PPARG (exon 2) gene fusion; and
ETV6 (exon 4)-NTRK3 (exon 14) gene fusion.

Kit performance validation: (1) Stability: the kit maintained satisfactory performance after 6 months of storage under
specified conditions; (2) Reference sample detection: all variant sites showed positive results for positive reference
samples and negative results for negative reference samples, with positive results for precision reference samples; (3)
Detection limit: at least 1% mutation could be detected in a background of 5 ng/uL wild-type genomic DNA for BRAF,
RAS (KRAS/NRAS/HRAS), and TERT gene mutations; at least 500 copies of fusion mutations could be detected at the
RNA level.

Surgical Procedures

All five patients underwent surgical treatment: (1) Management of the primary tumor: Because preoperative fine-needle
aspiration indicated metastatic disease in the level VI (central compartment) lymph nodes, total thyroidectomy was
performed in all patients after detailed discussion with the patients and their families. (2) Central compartment lymph
node management: Bilateral central neck dissection was routinely performed for all patients. (3) Lateral neck lymph node
management: Therapeutic lateral neck dissection was performed in patients with suspected lateral cervical lymph node
metastasis on preoperative ultrasonography or CT, including lymph node levels II, III, IV, and V. Prophylactic lateral
neck dissection was not performed in patients without radiologic evidence of lateral nodal disease.

Postoperative Management

All patients received suppressive levothyroxine therapy with serum TSH maintained at <0.1 mIU/L. Thyroid function
tests (TSH, Free T4, Free T3) were monitored monthly after surgery until TSH suppression was stably achieved, after
which testing was performed every 3—6 months.

Radioiodine (I-131) therapy was administered according to a standardized protocol: the first course was given at 3
months postoperatively, and the second course at 6 months. All patients received a fixed dose of 100 mCi (3.7 GBq) per
course. Preparation for I-131 therapy included thyroid hormone withdrawal for 4 weeks to achieve TSH >30 mIU/L
before each treatment. A post-therapy whole-body scan was performed 5-7 days after each administration. No significant
adverse reactions were observed in any patient during or after I-131 therapy. Adverse events were monitored and
recorded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.

Serum thyroglobulin (Tg) was assessed during follow-up using the Roche Cobas 601 immunoassay analyzer. Anti-
thyroglobulin antibodies (TgAb) were measured concurrently to interpret Tg values when applicable. In patients with
Hashimoto’s thyroiditis (n=4), Tg monitoring was not routinely performed due to potential interpretative limitations from
interfering antibodies.

Follow-up

Patients were followed up with neck ultrasound every 6 months. Suspicious lymph nodes were evaluated with
ultrasound-guided FNA for cytology. The last follow-up date was December 30, 2025. Patient-level follow-up times
were: Patient 1: 1 year; Patient 2: 2 years (with recurrence at 1 year); Patient 3: 16 years; Patient 4: 1 year; Patient 5: 9
years (with recurrence at 4 years). Median follow-up was 2 years (range: 1-16 years).

Statistical Analysis
Due to the small sample size (n=5), descriptive statistics were used to summarize the data. Categorical variables were
presented as n (%). Continuous variables were presented as median (range).
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Results

Oncologic Summary

Of five DSVPTC patients, all (100%) presented with cervical lymph node metastasis at diagnosis, including central (n=5,
100%) and lateral compartment involvement (n=3, 60%). With a median follow-up of 2 years (range: 1-16 years),
structural recurrence occurred in 2 patients (40%), both in the lateral neck. No distant metastasis or disease-specific death
was observed.

Clinicopathologic Characteristics

Among the five patients with DSVPTC, four (80%) had coexisting Hashimoto’s thyroiditis and one (20%) had
hyperthyroidism. Diffuse thyroid calcification involved a single lobe in two cases (40%) and both lobes in three cases
(60%). All patients were asymptomatic, with thyroid abnormalities detected during routine health screening. Cervical
lymphadenopathy was present in all cases (100%): level VI in all five patients and lateral neck in three patients (60%).

Ultrasound-guided fine-needle aspiration cytology (FNAC) of calcified thyroid areas and suspicious lymph nodes was
performed in four patients (80%). Thyroid aspirates were classified as Bethesda category VI, and lymph node cytology
suggested metastatic carcinoma. Contrast-enhanced neck CT demonstrated heterogeneous or decreased thyroid attenua-
tion in all cases (100%). No distant metastasis was identified at initial staging.

Postoperative pathology confirmed cervical lymph node metastasis in all patients (100%), including central compart-
ment metastasis in five (100%) and lateral neck metastasis in three (60%). Extrathyroidal extension was observed in three
patients (60%). Immunohistochemistry showed tumor cell positivity for thyroglobulin (TG, Figure 4), CK19 (Figure 5),
and TTF-1 (Figure 6) in all cases, with squamous metaplasia (Figure 7) identified in four patients (80%). Multigene
testing in three patients revealed RET mutation in one case and BRAF V600E mutation in two cases (Table 1 and
Table 2).

Postoperative Management and Oncologic Outcomes

All patients received strict TSH suppression (TSH <0.1 mIU/L) and standardized radioiodine therapy (I-131 at 3 months
postoperatively, with a second course at 6 months). No significant adverse reactions were observed during or after I-131
therapy.

During follow-up (median: 2 years; range: 1-16 years), two patients (40%) developed structural recurrence in the
lateral neck. Specifically, Patient 2 experienced lateral neck lymph node recurrence at 1 year postoperatively, and Patient
5 developed lateral neck recurrence at 4 years postoperatively. Both recurrences were confirmed by ultrasound-guided
fine-needle aspiration cytology showing metastatic carcinoma. These patients subsequently underwent therapeutic lateral
neck dissection (levels 1I-V) followed by a third course of I-131 radioiodine therapy. No disease-specific death occurred
during the observation period.

Figure 4 Immunohistochemistry for thyroglobulin (TG) showing diffuse tumor cell positivity in DSVPTC in all cases.
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Figure 6 Immunohistochemistry for TTF-1 showing nuclear positivity consistent with thyroid origin in all cases.

Figure 7 Histopathology demonstrating squamous metaplasia (arroe) within DSVPTC in four patients (Patient 4 was excluded).

Discussion

In this single-center case series of five patients with diffuse sclerosing variant papillary thyroid carcinoma (DSVPTC),
several clinically meaningful patterns were observed. First, DSVPTC frequently manifested as a diffuse, “nodule-
negative” thyroid phenotype on ultrasonography, dominated by widespread microcalcifications rather than a discrete
mass. Second, the cohort exhibited a high regional nodal disease burden, with universal central compartment metastasis
and a substantial prevalence of lateral neck involvement. Third, despite an intensive postoperative strategy—stringent
TSH suppression (TSH <0.1 mIU/L) combined with scheduled radioiodine therapy—ipsilateral lateral neck nodal
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Table | Clinicopathologic Characteristics and Treatment Outcomes of Patients with DSVPTC (n = 5)

Patient | Sex | Age (y) HT | USs: us: FNA ETE | VI Central LNs Lateral Lateral LNs TNM (8th) | Risk Follow- Recurrence
Nodule | Microcalcifications | (Bethesda) (Pos/Total) Dissection (Pos/Total) Stratification | Up (y)

| F 22 Yes | No Bilateral \4 Yes Yes | 4/4 Yes 2/6 pT3bNIbMO | High | No

2 F 33 Yes | No Bilateral Vi No No | 4/9 No - pTlaNIaM0 | Intermediate 2 Yes (ly)

3 M 45 Yes | No Bilateral N/A No Yes | /1 Yes 9/33 pT3bNIbMO | High 16 No

4 M 54 N/ No Unilateral Vi No No | 1/20 Yes 1/4 pT1aNIbMO | Intermediate | No

A
5 F 51 Yes | No Unilateral Vi Yes Yes | 4/4 No - pT3bNIaM0O | High 9 Yes (4y)

Notes: All patients underwent total thyroidectomy with TSH suppression therapy (TSH < 0.1 mIU/L) and received two courses of I-131 therapy (100 mCi per course) at 3 and 6 months postoperatively. Recurrence was defined as
pathologically confirmed lymph node metastasis via ultrasound-guided FNA. Patients with recurrence underwent therapeutic lateral neck dissection (levels |I-V) followed by a third course of I-131. TNM staging was performed according
to the 8th edition AJCC staging system. T3b indicates tumor with extension beyond the thyroid capsule to involve the strap muscles only. ATA risk stratification: high risk includes patients with gross ETE, vascular invasion, or >5

metastatic central LNs; intermediate risk includes patients with minimal ETE, vascular invasion, or |-5 metastatic central LNs.

Abbreviations: DSVPTC, diffuse sclerosing variant of papillary thyroid carcinoma; HT, Hashimotos thyroiditis; US, ultrasound; FNA, fine-needle aspiration; ETE, extrathyroidal extension; VI, vascular invasion; LNs, lymph nodes; pos,

positive; TNM, Tumor-Node-Metastasis (8th edition); ATA, American Thyroid Association; y, year.
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Table 2 Summary of Key Features and Outcomes (n = 5)

Characteristic Value n/N (%)

Demographics

Age, years (range) 22-54

Female sex - 3/5 (60%)

Comorbidities

Hashimotos thyroiditis - 4/5 (80%)

Preoperative US

Diffuse microcalcifications - 5/5 (100%)

Bilateral involvement - 3/5 (60%)
Pathology

Central LN metastasis - 5/5 (100%)

Lateral LN metastasis - 3/5 (60%)

Extrathyroidal extension - 3/5 (60%)

Vascular invasion - 2/5 (40%)

TNM Distribution

pTlaN1aMO - 1/5
pTI1aNI1bMO - 1/5
pT3bNI1aM0 - 1/5
pT3bNI1bMO - 2/5

Risk Stratification

High risk - 3/5

Intermediate risk - 2/5
Outcomes

Recurrence - 2/5 (40%)

Distant metastasis - 0/5

Disease-specific death - 0/5

Note: Follow-up cutoff: December 30, 2025.

recurrence occurred in 40% of patients, underscoring the need for meticulous lateral neck assessment and sustained
imaging-based surveillance in DSVPTC.

Clinical Phenotype, Putative Risk Factors, and Inflammatory Background

DSVPTC is an uncommon histologic subtype of papillary thyroid carcinoma (PTC), and its pathogenesis remains
incompletely defined. Prior studies have suggested an association with high-dose radiation exposure,® yet none of our
patients reported a clear history of radiation exposure, indicating that radiation is not a prerequisite for disease
occurrence. DSVPTC has been described as occurring more commonly in younger females and frequently coexisting
with autoimmune thyroid disease and elevated thyroid autoantibodies. In our cohort, Hashimoto’s thyroiditis was present
in 80% (4/5), which is notably higher than the rates reported in previous studies (typically 20-40%).”'" This finding
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supports the concept that DSVPTC frequently develops within an immune-activated thyroid microenvironment. The
persistent lymphoid infiltration and chronic inflammation in Hashimoto’s thyroiditis may contribute to epithelial-
mesenchymal transition and tumor development through various cytokine pathways. This high coexistence rate also
has important clinical implications: (1) diffuse echotexture changes may delay DSVPTC diagnosis; (2) Tg monitoring
may be unreliable in these patients due to interfering antibodies; and (3) imaging-based surveillance becomes particularly
important.

Imaging Hallmarks and the Diagnostic Challenge

A key diagnostic challenge of DSVPTC is its frequent departure from the classic nodule-forming presentation of
conventional PTC. In our series, no patient had a discrete dominant thyroid nodule on ultrasonography, whereas diffuse
microcalcifications were present in 100%, consistent with the classic “snowstorm” appearance.®> These findings have
direct clinical implications: diffuse echotexture alteration and microcalcifications may be misattributed to benign
inflammatory disease, especially when Hashimoto’s thyroiditis is present, resulting in under-recognition or delayed
diagnosis. Therefore, when diffuse microcalcifications coexist with abnormal cervical lymph nodes, DSVPTC should be
strongly considered.

Cytology and Molecular Testing

Fine-needle aspiration cytology (FNAC) is widely used for thyroid malignancy assessment; however, DSVPTC poses
unique challenges because the lesion is often diffuse and non-mass-forming. Target selection is therefore crucial. In our
cohort, thyroid FNAC was performed in 80% (4/5) and uniformly resulted in Bethesda VI, supporting the value of
targeted sampling in clinically suspected cases. Given the high nodal metastatic propensity of DSVPTC, concurrent
FNAC of suspicious lymph nodes can further improve staging accuracy and inform surgical planning.

Molecular findings in our series (RET alteration in one tested case and BRAF V600E in two) highlight potential
molecular heterogeneity in DSVPTC. While BRAF V600E testing is widely applied in PTC, its diagnostic specificity for
DSVPTC may be limited compared with alterations such as RET rearrangements reported in this subtype.'' Clinically,
a negative BRAF result should not lower suspicion when the imaging phenotype is highly suggestive; broader multigene
testing may be considered to support diagnosis and future risk stratification. However, it should be emphasized that
DSVPTC remains a histopathologic diagnosis, and molecular testing does not establish the diagnosis.

Nodal Disease Burden and Surgical Management

DSVPTC is recognized for a high frequency of cervical lymph node metastasis.'? Consistent with this, all patients in our
cohort had nodal metastasis, with central compartment involvement in 100% and lateral neck metastasis in 60%. Among
those who underwent lateral neck dissection at the index operation, the lateral positivity rate was 100%, supporting the
appropriateness of therapeutic lateral dissection when radiologic suspicion is present. Our management strategy followed
compartment-oriented principles: routine central neck dissection and selective therapeutic lateral neck dissection,
avoiding prophylactic lateral dissection in patients without radiologic evidence of lateral disease to limit surgical
morbidity.

Nevertheless, our outcomes emphasize that the lateral compartment remains a critical site for disease control. The
observation that recurrence occurred exclusively in the lateral neck (40%, 2/5) suggests that preoperative lateral neck
mapping must be particularly rigorous in DSVPTC. High-quality ultrasound with systematic evaluation of lateral levels,
selective CT, and cytologic confirmation of suspicious nodes may reduce occult disease and subsequent recurrence.

Comparison with Published Literature

Previous studies have reported that DSVPTC is associated with more aggressive behavior and poorer outcomes compared
with conventional PTC."*"'* However, in our small series, no distant metastasis or disease-specific death occurred during
follow-up. This favorable outcome may be attributed to several factors: (1) early detection through routine health
screening allowed for timely intervention before distant spread occurred; (2) all patients underwent total thyroidectomy
with comprehensive central and therapeutic lateral neck dissection; (3) stringent TSH suppression was maintained in all
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patients; (4) standardized radioiodine therapy was administered to all patients; and (5) close imaging-based surveillance
(every 6 months) enabled early detection and timely salvage treatment of recurrence. These factors may explain the
discrepancy between our findings and reports of worse prognosis in DSVPTC.

Limitations

This study is limited by its small sample size and single-center retrospective design, precluding inferential statistics and
limiting generalizability. Molecular testing was performed in only 3 of 5 patients because this test was not available at
our institution’s pathology department during the treatment period for the other 2 patients. Biochemical monitoring (Tg)
was constrained in those with autoimmune thyroiditis due to interfering antibodies. Larger multicenter cohorts with
standardized imaging, surgical, molecular, and follow-up protocols are warranted to refine risk stratification and optimize
lateral neck management in DSVPTC.

Conclusions

In this small series of five patients, DSVPTC commonly presented with a diffuse, nodule-negative ultrasonographic
phenotype characterized by widespread microcalcifications and was commonly associated with autoimmune thyroiditis.
The subtype carried a high burden of cervical nodal disease, particularly in the central compartment, with frequent lateral
neck involvement. Even with stringent TSH suppression and scheduled radioiodine therapy, ipsilateral lateral neck nodal
recurrence occurred in 40% of patients. Meticulous preoperative lateral neck evaluation, compartment-oriented surgery,
and long-term imaging-based surveillance with cytologic confirmation of suspicious nodes remain essential.

Abbreviations

AHNS, American Head and Neck Society; CK19, Cytokeratin 19; DSVPTC, Diffuse sclerosing variant papillary thyroid
carcinoma; FNA, Fine-needle aspiration; FNAC, Fine-needle aspiration cytology; I-131, Iodine-131 (radioiodine); IHC,
Immunohistochemistry; MAPK, Mitogen-activated protein kinase; PTC, Papillary thyroid carcinoma; RET, Rearranged
during transfection; Tg/TG, Thyroglobulin (Tg typically for serum marker; TG for IHC staining); TSH, Thyroid-
stimulating hormone; TTF-1, Thyroid transcription factor-1; US, Ultrasonography.
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