
ABSTRACT
Background: Psammomatous calcifications are commonly observed in papillary thyroid carcinoma as well as in the non-tumoral thyroid parenchyma. A 
leading hypothesis suggests that psammoma bodies are remnants of papillae that have thrombosed, necrosed, and calcified. However, their prognostic 
value has not been clearly delineated. 
Objective: To determine whether non-tumoral psammoma bodies are associated with adverse histologic findings.
Methods: The pathology archives were searched between 2015-2021 for cases of classic type papillary thyroid carcinoma. Cases with unknown lymph 
node status were excluded from the analyses. Patient demographics and histologic information were extracted from the reports. Chi square tests and 
logistic regression analyses were utilized to determine statistical significance (P <0.05).
Results: Our study included 584 cases and found that patients with lymph node metastases had significantly higher rates of non-tumoral psammoma 
bodies (71.0% vs. 24.7%, P <0.00001), viable tumor within lymphatics (32.4% vs. 6.1%, P <0.00001), and extrathyroidal extension (43.4% vs. 15.1%, P 
<0.0001) than those without nodal disease. Moreover, the percentage of patients with nodal disease with non-tumoral psammoma bodies was higher 
than those without (71.5% vs. 25.2%, P <0.00001). Additionally, patients with nodal involvement and non-tumoral psammoma bodies had significantly 
higher rates of viable tumor emboli within lymphatic channels than patients with nodal disease and without non-tumoral psammoma bodies (39.4% vs 
15.2%, P <0.0001).
Conclusion: These findings suggest that non-tumoral psammoma bodies may signify extensive lymphatic spread and more aggressive tumor growth in 
classic type papillary thyroid carcinoma. It is therefore important to note their presence in the final pathology report.
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INTRODUCTION

Though papillary thyroid carcinoma (PTC), the most common endocrine ma-
lignancy [1], has a mostly favorable clinical course, certain factors, including 
older age, male sex, larger size, and extrathyroidal extension (ETE), foretell a 
worse prognosis [2]. A common histologic finding in PTC is that of laminated 
calcified spheres known as psammoma bodies (PB). These calcifications are 
often seen within the tumor proper and can range from highly abundant 
and easily observable to rare and scattered. PB can also be identified within 
the non-tumoral thyroid parenchyma both in the affected as well as the 
unaffected thyroid lobe. To attempt to explain the origin of PB, a study in 
1980 hypothesized that these calcifications represent thrombosis and sub-
sequent tumor necrosis and calcification of neoplastic papillae within the 
tumor proper and in intralymphatic spaces [3], the latter of which would 
explain their presence within thyroid parenchyma remote from the primary 
neoplasm. Other propositions for PB formation include the secretion of fac-
tors by the tumor cells [4] as well as an intracellular mechanism whereby PB 
are released upon tumor cell death [5,6]. In terms of prognostic value, some 
evidence is available that PB are associated with ETE, lymph node metasta-
ses, occult microcarcinomas, and overall portend a higher risk for tumor 
recurrence [7-9]. Specifically, in one study, extra-tumoral PB were associat-
ed with a higher incidence of tumor multifocality, extrathyroidal extension, 
and nodal metastasis when compared to tumors with only intratumoral PB 
[8]. Additionally, the presence of non-tumoral PB was associated with an ip-
silateral or contralateral tumor, including microcarcinomas, suggesting the 
identification of PB within non-neoplastic thyroid parenchyma may warrant 
entire thyroid submission even if thyroidectomy was performed for benign 
etiologies [9]. However, other work is contradictory and has not shown a 

significant association between the presence of PB and histologic evidence 
of poor prognosis or tumor recurrence [10]. 

As molecular techniques became more sophisticated, activating genet-
ic mutations along the mitogen-activated protein kinase (MAPK) pathway 
were identified in PTC [11-13]. Mutations in BRAF are most commonly re-
ported (40%) [14] followed by RET rearrangements (20-30%) [15], and then 
mutations in RAS (10-15%) [16]. Of these molecular categories, tumors with 
RET rearrangements demonstrate higher rates of PB as well as lymph node 
metastases. This suggests that there may be complex interplay among al-
terations in this signaling pathway, the presence of PB, and nodal disease 
[17].

Given this information and the somewhat contradictory evidence re-
garding the prognostic value of PB, we sought to more clearly identify 
whether PB, specifically in non-tumoral thyroid tissue, correlates with ad-
verse histologic findings and nodal metastases in the classic variant of PTC.

METHODS

Following approval by our Institutional Review Board, the pathology archives 
were searched between the years of 2015-2021 for cases of classic type PTC 
with and without non-tumoral PB. Classic type PTC was chosen as the pure-
ly follicular variant of PTC does not produce PB and other variants, such as 
tall cell, are inherently more aggressive regardless of the presence of PB. 
Lymph node status was determined based on both clinical and pathologic 
findings. Multiple board-certified pathologists analyzed the slides (8-micron 
thickness, hematoxylin and eosin stained). Psammoma bodies were de-
fined as lamellated concentric calcifications identified histologically. Cases 
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with unknown lymph node status were excluded from the analyses. Patient 
demographics and pertinent histologic information were extracted from 
the pathology reports. Hematoxylin and eosin stains were used to analyze 
all slides and a Podoplanin (D2-40) immunohistochemical stain was used to 
analyze select slides. Chi square tests were utilized to determine statistical 
significance (P <0.05). Multivariable logistic regression analysis was also per-
formed using STATA software (P <0.05 is significant).

RESULTS

In total, 710 cases of classic type PTC were identified in our pathology ar-
chives between the years of 2015-2021. Of these cases, 126 did not have 
available corresponding lymph node data and were excluded from our 
analyses. Of the remaining cases, 272 had evidence of lymph node metas-
tases, in both central and lateral compartments, while 312 had no evidence 
of nodal disease determined either by imaging or following histologic lymph 
node examination. Those with lymph node metastases had a significantly 
higher percentage of male patients (33.8% vs. 24.0%, P = 0.009), patients 
less than or equal to 50 years (65.8% vs. 55.4%, P = 0.01), non-tumoral psam-
moma bodies (71.0% vs. 24.7%, P <0.00001), viable tumor within lymphatics 
(32.4% vs. 6.1%, P <0.00001), and ETE (43.4% vs. 15.1%, P <0.00001). ETE was 
defined as microscopic or gross extension of disease outside of the thyroid 
capsule. These cases with lymph node metastases also demonstrated a 
lower incidence of chronic lymphocytic thyroiditis (34.9% vs. 45.2%, P = 0.01) 
and tumor encapsulation (40.8% vs. 50.0%, P = 0.03) when compared with 
cases without nodal disease. Table 1 provides a comprehensive overview of 
patient demographics and histological findings.

PB were present in non-tumoral thyroidal tissue in 270 of the cases. 
Of these specimens, 193 had associated lymph node metastases (PB+LN+ 
71.5%) whereas 77 did not (PB+LN- 28.5%, P <0.00001). PB+LN+ cases 
demonstrated a significantly higher percentage of patients aged less than 
or equal to 50 years (69.4% vs. 55.8%, P = 0.03), tumors measuring >1.0 
cm (72.0% vs. 53.2%, P = 0.003), viable tumor within lymphatics (39.4% vs. 
13.0%, P <0.0001), and ETE (41.9% vs. 18.2%, P = 0.0002) than PB+LN- cases. 
Additionally, PB+LN+ cases showed lower rates of chronic thyroiditis (35.8% 
vs. 54.5%, P = 0.0046) and tumor encapsulation (39.4% vs. 55.8%, P = 0.014) 
than PB+LN- cases. Further details are provided in Table 2.

Three hundred and fourteen cases did not have identifiable PB in 
non-tumoral thyroidal tissue. Of these specimens, 79 had associated lymph 
node metastases (PB-LN+ 25.2%) whereas 235 did not (PB-LN- 74.8%). Of 
all parameters assessed, the only statistically significant findings were in-
creased rates of viable tumor within lymphatics (15.2% vs. 3.8%, P = 0.0005) 
and ETE (46.8% vs. 14.0%, P <0.0001) in PB-LN+ cases vis-à-vis PB-LN- cases. 
Further details are provided in Table 3.

When comparing tumors with nodal disease, those with non-tumoral 
PB (PB+LN+) had significantly increased rates of lymph node metastases 
compared to those without non-tumoral PB (PB-LN+) (71.5% vs. 25.3% P 
<0.00001). No significant differences in extranodal extension were identi-
fied between groups (10/79, 12.7% vs. 34/193, 17.6%, P = 0.39). Correspond-
ingly, PB+LN+ tumors had significantly higher rates of viable tumor within 
lymphatic spaces than PB-LN+ tumors (39.4% vs. 15.2%, P = 0.0001). No sig-
nificant differences were noted between PB+LN+ and PB-LN+ in terms of 
male:female ratio (52.0% vs. 49.1%, P = 0.84), multifocality (72.5% vs. 68.4%, 
P = 0.49), presence of chronic thyroiditis (35.8% vs. 32.9%, P = 0.66), tumor 
encapsulation (39.4% vs. 44.3%, P = 0.45), tumor capsular invasion (89.5% 
vs. 85.7%, P = 0.57), and ETE (42.0% vs. 46.8%, P = 0.46). Further details are 
provided in Table 4.

Additionally, we performed a logistic regression analysis to determine 
the effects of multiple variables on lymph node metastasis (Table 5). We 
found that multiple factors were significantly associated with nodal disease 
including male sex (P = 0.002), lack of chronic thyroiditis (P = 0.04), lympho-
vascular invasion (P <0.0001), extrathyroidal extension (P = 0.002), and the 

presence of non-tumoral psammoma bodies (P <0.001). Furthermore, we 
assessed the location of non-tumoral PB and found that they were located 
within lymphatic channels (Figure 1).

DISCUSSION

In our study, patients with classic variant PTC with lymph node metastases 
were significantly more likely to be male, of younger age (≤50 years), have 
lower rates of background chronic thyroiditis, have infiltrative rather than 
encapsulated tumors, and demonstrate higher rates of viable tumor within 
lymphatics as well as ETE. These patients with nodal disease were also sig-
nificantly more likely to have non-tumoral PB than patients without lymph 
node metastases. When further stratified into groups with and without 
non-tumoral PB and with and without lymph node metastases, our study 
revealed that nodal disease is more frequently found in tumors with higher 
rates of viable tumor within lymphatics and ETE independent of the pres-
ence of non-tumoral PB. However, when comparing only patients with nod-
al disease, we found that the overwhelming majority of tumors with nodal 
involvement demonstrated non-tumoral psammoma bodies. Additionally, 
though viable tumor within lymphatics and ETE are independent histologic 
factors associated with lymph node metastases, we also illustrated that the 
majority of tumors with non-tumoral PB had significantly higher rates of 
intralymphatic tumor emboli and a higher percentage of lymph node me-
tastases than those without non-tumoral PB. Moreover, our multivariate 
analysis also suggests an important link among lymphovascular invasion, 
extrathyroidal extension, and the presence of psammoma bodies with 
nodal disease. Even though our study shows the likelihood that a papillary 
thyroid carcinoma will spread to lymph nodes is multifactorial, the presence 
of non-tumoral psammoma bodies is strongly associated with these other 
poor prognostic factors. Therefore, we emphasize its importance with re-
gard to severity of disease.

A question that often arises in the discussion of non-tumoral PB is 
whether non-tumoral PB are truly remnants of viable tumor within lym-
phatics and not simply multifocal regions of tumor that have calcified. In our 
extensive literature search to identify a correlation between PB and tumor 
multifocality, we found that most studies include information regarding tu-
mor multifocality and PB status as it pertains to lymph node metastases 
and very few actually compare tumors with non-tumoral PB to those with-
out. Our extensive literature search yielded only one paper which made this 
direct comparison and did show that PB were significantly associated with 
tumor multifocality [8]. However, we did not find any association between 
non-tumoral PB and tumor multifocality in our large study. One possible 
explanation may be the definition of “multifocality” and the inter-observer 
variability in calling small tumor deposits as true multifocal lesions versus 
a pocket of lymphatic invasion by tumor. Thus, we support the hypothesis 
that PB may be “ghosts” of papillae past, including tumor that has invaded 
into lymphatic spaces, that have thrombosed, necrosed, and consequently 
calcified rather than discrete multifocal tumor deposits [3] as after careful 
histologic and immunohistochemical analysis, we confirmed that non-tu-
moral PB are located within lymphatic spaces in the non-tumoral thyroid 
parenchyma rather than deposited either within viable tumorlets or within 
non-neoplastic thyroid follicles. Additionally, we must note that in this study 
we did not specifically evaluate PB within the primary tumor (the majority 
of cases of classic PTC have them) nor did we correlate their presence or 
absence with those present within the lymphatics of non-tumoral thyroid 
parenchyma. The intra-tumoral PB are usually encountered in the stroma, 
within the papillae, or within the foci of cystic change and not within the 
lymphatics. Our study specifically focused on the intralymphatic spaces 
containing PB within the non-tumoral thyroid parenchyma to support the 
hypothesis that tumors with this feature tend to have more aggressive fea-
tures i.e., nodal metastases. Moreover, we cannot identify an alternative 
mechanism besides calcification of tumor papillae for the presence of PB 
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Table 1. Clinical and Histological Comparison of Two Groups (LN- versus LN+)

Variable LN- (n = 312) LN+ (n = 272) P value

Sex 0.009

Male, n 75 92

Female, n 237 180

Mean age, years (range) 48.9 (17-87) 45.2 (19-85) 0.01

≤50 years, n (%) 173 (55.4) 179 (65.8)

>50 years, n (%) 139 (44.6) 93 (34.2)

Mean size, cm (range) 1.6 (0.1-7.0) 2.0 (0.1-10.1) 0.16

≤1.0 cm, n (%) 116 (37.2) 86 (31.6)

>1.0 cm, n (%) 196 (62.8) 186 (68.4)

Non-tumoral psammoma bodies <0.00001

Yes, n (%) 77 (24.7) 193 (71.0)

No, n (%) 235 (75.3) 79 (29.0)

Focality 0.08

Unifocal, n (%) 111 (35.6) 78 (28.7)

Multifocal, n (%) 201 (64.4) 194 (71.3)

Chronic thyroiditis 0.01

Yes, n (%) 141 (45.2) 95 (34.9)

No, n (%) 171 (54.8) 177 (65.1)

Tumor encapsulation 0.03

Yes, n (%) 156 (50.0) 111 (40.8)

No, n (%) 156 (50.0) 161 (59.2)

Tumor capsular invasion* 0.08

Yes, n (%) 125 (80.1) 98 (88.3)

No, n (%) 31 (19.9) 13 (11.7)

Viable tumor within lymphatics <0.00001

Yes, n (%) 19 (6.1) 88 (32.4)

No, n (%) 293 (93.9) 184 (67.6)

Extrathyroidal extension <0.00001

Yes, n (%) 47 (15.1) 118 (43.4)

No, n (%) 265 (84.9) 154 (56.6)

*As not all tumors were encapsulated, the number of tumors in the section labeled "tumor capsular invasion" only represent those with an identified capsule. 
LN-, without nodal metastasis; LN+, with nodal metastasis.
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Table 2. Clinical and Histological Comparison of Two Groups (PB+LN- versus PB+LN+)

Variable PB+LN- (n = 77) PB+LN+ (n = 193) P value

Sex 0.08

Male, n 18 66

Female, n 59 127

Mean age, years (range) 48.1 (17-85) 42.2 (19-74) 0.03

≤50 years, n (%) 43 (55.8) 134 (69.4)

>50 years, n (%) 34 (44.2) 59 (30.6)

Mean size, cm (range) 1.4 (0.3-5.9) 2.1 (0.1-7.5) 0.003

≤1.0 cm, n (%) 36 (46.8) 54 (28.0)

>1.0 cm, n (%) 41 (53.2) 139 (72.0)

Focality 0.64

Unifocal, n (%) 19 (24.7) 53 (27.5)

Multifocal, n (%) 58 (75.3) 140 (72.5)

Chronic thyroiditis 0.0046

Yes, n (%) 42 (54.5) 69 (35.8)

No, n (%) 35 (45.5) 124 (64.2)

Tumor encapsulation 0.014

Yes, n (%) 43 (55.8) 76 (39.4)

No, n (%) 34 (44.2) 117 (60.6)

Tumor capsular invasion* 0.52

Yes, n (%) 40 (93.0) 68 (89.4)

No, n (%) 3 (7.0) 8 (10.6)

Viable tumor within lymphatics <0.0001

Yes, n (%) 10 (13.0) 76 (39.4)

No, n (%) 67 (87.0) 117 (60.6)

Extrathyroidal extension 0.0002

Yes, n (%) 14 (18.2) 81 (41.9)

No, n (%) 63 (81.8) 112 (58.1)

*As not all tumors were encapsulated, the number of tumors in the section labeled "tumor capsular invasion" only represent those with an identified capsule. 
PB+LN-, non-tumoral psammoma bodies present, without nodal metastasis; PB+LN+, non-tumoral psammoma bodies present, with nodal metastasis.



Archives of Otorhinolaryngology-Head & Neck Surgery. 2022;6(1):3 DOI: 10.24983/scitemed.aohns.2022.00156 5 of 8

ORIGINAL

Table 3. Clinical and Histological Comparison of Two Groups (PB-LN- versus PB-LN+)

Variable PB-LN- (n = 235) PB-LN+ (n = 79) P value

Sex 0.13

Male, n 57 26

Female, n 178 53

Mean age, years (range) 49.8 (21-87) 48.1 (23-85) 0.80

≤50 years, n (%) 130 (55.3) 45 (57.0)

>50 years, n (%) 105 (44.7) 34 (43.0)

Mean size, cm (range) 1.7 (0.1-7.0) 1.9 (0.3-10.1) 0.30

≤1.0 cm, n (%) 80 (34.0) 32 (40.5)

>1.0 cm, n (%) 155 (66.0) 47 (59.5)

Focality 0.28

Unifocal, n (%) 92 (39.1) 45 (31.6)

Multifocal, n (%) 143 (60.9) 54 (68.4)

Chronic thyroiditis 0.15

Yes, n (%) 99 (42.1) 26 (32.9)

No, n (%) 136 (57.9) 53 (67.1)

Tumor encapsulation 0.56

Yes, n (%) 113 (48.1) 35 (44.3)

No, n (%) 122 (51.9) 44 (55.7)

Tumor capsular invasion* 0.06

Yes, n (%) 85 (75.2) 30 (85.7)

No, n (%) 37 (24.8) 5 (14.3)

Viable tumor within lymphatics 0.0005

Yes, n (%) 9 (3.8) 12 (15.2)

No, n (%) 226 (96.2) 67 (84.8)

Extrathyroidal extension <0.0001

Yes, n (%) 33 (14.0) 37 (46.8)

No, n (%) 202 (86.0) 42 (53.2)

*As not all tumors were encapsulated, the number of tumors in the section labeled "tumor capsular invasion" only represent those with an identified capsule. 
PB-LN-, non-tumoral psammoma bodies not present, without nodal metastasis; PB-LN+, non-tumoral psammoma bodies not present, with nodal metastasis.
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Table 4. Clinical and Histological Comparison of Two Groups (PB-LN+ versus PB+LN+)

Variable PB-LN+ (n = 79) PB+LN+ (n = 193) P value

Incidence of nodal disease 25.2% (79/314)1 71.5% (193/270)2 <0.00001

Sex 0.84

Male, n 26 66

Female, n 53 127

Mean age, years (range) 48.1 (23-85) 42.2 (19-74) 0.05

≤50 years, n (%) 45 (57.0) 134 (69.4)

>50 years, n (%) 34 (43.0) 59 (30.6)

Mean size, cm (range) 1.9 (0.3-10.1) 2.1 (0.1-7.5) 0.04

≤1.0 cm, n (%) 32 (40.5) 54 (28.0)

>1.0 cm, n (%) 47 (59.5) 139 (72.0)

Focality 0.49

Unifocal, n (%) 25 (31.6) 53 (27.5)

Multifocal, n (%) 54 (68.4) 140 (72.5)

Chronic thyroiditis 0.66

Yes, n (%) 26 (32.9) 69 (35.8)

No, n (%) 53 (67.1) 124 (64.2)

Tumor encapsulation 0.45

Yes, n (%) 35 (44.3) 76 (39.4)

No, n (%) 44 (55.7) 117 (60.6)

Tumor capsular invasion3 0.57

Yes, n (%) 30 (85.7) 68 (89.5)

No, n (%) 5 (14.3%) 8 (10.5)

Viable tumor within lymphatics 0.0001

Yes, n (%) 12 (15.2) 76 (39.4)

No, n (%) 67 (84.8) 117 (60.6)

Extrathyroidal extension 0.46

Yes, n (%) 37 (46.8) 81 (42.0)

No, n (%) 42 (53.2) 112 (58.0)

1 Number of PB- patients with nodal diseases/Number of PB- patients. 
2 Number of PB+ patients with nodal diseases/Number of PB+ patients. 
3  As not all tumors were encapsulated, the number of tumors in the section labeled "tumor capsular invasion" only represent those with an identified capsule. 
PB-LN+: non-tumoral psammoma bodies not present, with nodal metastasis; PB+LN+: non-tumoral psammoma bodies present, with nodal metastasis.
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in non-tumoral thyroid as the thyroid parenchyma surrounding these struc-
tures is histologically unremarkable and thus should not be a source for 
their formation. Taken together, these findings suggest non-tumoral PB act 
as a surrogate marker for invasive behavior.

While PB are commonly associated with PTC, these calcifications can 
also be observed in a variety of other tumor types including but not limited 
to serous ovarian carcinoma [18], lung adenocarcinoma [19], and meningio-
mas [20]. As in the thyroid, the mechanism by which they form is still poorly 
understood. However, the chemical composition of PB is fairly conserved 
across these tumor types and is typically calcium phosphate [21]. PB have 
also been found to be associated with cellular debris and tumor necrosis 
[3,21], and ultrastructural studies have corroborated this dystrophic mech-
anism for PB formation, supporting the hypothesis that the involution of 
papillae is the most likely source [22,23].

Despite their common occurrence in many papillary tumor types and 
detailed studies regarding their composition, no conclusive verdict has 
been reached as of yet regarding the utility of PB in terms of patient prog-
nosis. For example, in serous ovarian carcinoma, the identification of PB 
was associated with increased tumor apoptosis and longer survival times 
[18]. In a similar vein, lung adenocarcinomas with PB tend to have EGFR 
mutations, which are more susceptible to targeted therapies [19]. In PTC, 

there is some evidence suggesting PB are associated with more aggressive 

disease [7-9]. These findings taken together with our large comprehensive 

study add further support for the idea that the presence of PB, particularly 

in non-tumoral parenchyma, may signify a more aggressive and infiltrative 

tumor with a higher propensity to involve lymphatic spaces and metastasize 

to lymph nodes.

CONCLUSIONS

Taken together, we have shown that classic variant PTC with non-tumoral 

PB have significantly higher rates of viable tumor within lymphatic spaces 

than tumors without non-tumoral PB and are more closely associated with 

nodal metastases than tumors without non-tumoral PB. We do acknowl-

edge that one limitation of this study is its retrospective nature. Given this 

information, we believe it is vital to document the presence of PB in non-tu-

moral thyroid parenchyma as such tumors may behave in a more aggres-

sive fashion and the ultimate prognostic implications of these findings will 

require additional studies with long term follow-up.

Table 5. Multivariate Analysis of Risk Factors for Lymph Node Metastases

Variable OR 95% CI P value

Male sex 3.66 1.63-8.2 0.002

Age >50 years 0.69 0.33-1.44 0.322

Size >1 cm 1.28 0.48-3.38 0.62

Multifocality 0.76 0.35-1.63 0.48

Chronic thyroiditis 0.44 0.21-0.96 0.04

Lymphovascular invasion 10.7 4.33-26.3 <0.0001

Extrathyroidal extension 5.09 1.83-14.2 0.002

Presence of non-tumoral PB 4.21 1.96-9.05 <0.001

CI, confidence interval; OR, odds ratio; PB, psammoma bodies.

Figure 1. (A) Hematoxylin and eosin stain depicting a non-tumoral psammoma body. (B) Podoplanin (D2-D40) immunostain highlighting a lymphatic channel encasing a psammoma 
body. (C) Lymph node with psammoma bodies in the subcapsular lymphatic space.
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