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Abstract
The cell division cycle 73 gene is mutated in familial and sporadic forms of primary hyperparathyroidism, and the
corresponding protein product parafibromin has been proposed as an adjunct immunohistochemical marker for the
identification of cell division cycle 73 mutations and parathyroid carcinoma. Here, we present data from our experiences
using parafibromin immunohistochemistry in parathyroid tumors since the marker was implemented in clinical routine in
2010. A total of 2019 parathyroid adenomas, atypical adenomas, and carcinomas were diagnosed in our department, and
parafibromin staining was ordered for 297 cases with an initial suspicion of malignant potential to avoid excessive numbers
of false positives. The most common inclusion criteria for immunohistochemistry were marked tumor weight (146 cases)
and/or fibrosis (77 cases) and/or marked pleomorphism (58 cases). In total, 238 cases were informatively stained, and partial
or complete loss of nuclear parafibromin immunoreactivity was noted in 40 cases; 10 out of 182 adenomas (5%), 27 out of
46 atypical adenomas (59%), and 7 out of 10 carcinomas (70%), with positive and negative predictive values of 85 and 90%,
respectively for the detection of atypical adenomas/carcinomas versus adenomas, and 18 and 98%, respectively for
carcinomas versus atypical adenomas/adenomas. Male patients with high-proliferative tumors were overrepresented among
cases with aberrant parafibromin immunohistochemistry, and carcinomas more frequently harbored parafibromin aberrancies
than atypical adenomas and adenomas (p < 0.001). We conclude that parafibromin immunohistochemistry is a useful marker
in the clinical routine when applied on a pre-selected material of cases, with positive immunoreactivity as a confident rule
out marker of malignancy.

Introduction

Parathyroid carcinoma is a rare malignancy that provides an
indisputable diagnostic challenge for practicing endocrine
pathologists and clinicians alike [1]. The unequivocal his-
tological criteria includes lymphovascular and perineural
invasion, as well as local invasion of surrounding tissues
and the development of distant metastases [2, 3]. Many
parathyroid tumors, however, do not exhibit these clear-cut
microscopic features, but instead show various features that
are overrepresented in parathyroid carcinoma compared
with adenomas—such as the occurrence of increased
glandular weight, aberrant growth patterns, fibrosis, marked
nuclear pleomorphism, macronucleoli, mitoses, necrosis,
and capsular engagement. If several of these parameters are
in a single lesion, the diagnosis atypical adenoma should be
considered [2, 3].

In 2002, the cell division cycle 73 tumor suppressor gene
(originally entitled hyperparathyroidism 2) was coupled to
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the autosomal dominant hyperparathyroidism-jaw tumor
syndrome, in which the affected kindred develop primary
hyperparathyroidism and ossifying fibromas of the mand-
ible [4]. In addition, germline cell division cycle 73 muta-
tions were also found for subset of families with familial
isolated hyperparathyroidism, a condition in which primary
hyperparathyroidism is the sole manifestation. In following
studies, cell division cycle 73 was identified as recurrently
mutated in the majority of sporadic parathyroid carcinomas
[5], and the corresponding main protein product parafi-
bromin was subsequently shown to be downregulated, as
indicated by protein analyses [6–10]. In contrast, only few
sporadic adenomas were shown to exhibit cell division cycle
73 gene mutations and loss of parafibromin immunor-
eactivity. These results from expressional studies in clinical
material indicated that parafibromin immunohistochemistry
could be used as a clinical marker for the detection of
underlying cell division cycle 73 gene mutations, which in
turn would imply a malignant parathyroid tumor, not sel-
dom associated to an undetected hyperparathyroidism-jaw
tumor syndrome [11–15]. This conception was somewhat
complicated by the occurrence of cell division cycle 73
mutations and loss of parafibromin immunoreactivity in
subsets of atypical adenomas, possibly indicating that
parathyroid tumors acquire cell division cycle 73 mutations
and a malignant potential prior to the onset of full-blown
histological evidence of malignancy [6, 14, 15]. Indeed,
parafibromin has been acknowledged as a multifaceted
protein with various molecular functions in both the nuclear
and cytoplasmic compartments, including chromatin remo-
deling and regulation of apoptosis and the cell cycle
machinery [16–20]. As most studies agree that the main
roles of this protein are tumor-suppressive, this fits the
association between loss of protein expression and the
development of a malignant parathyroid tumor.

In addition to parafibromin, a number of protein products
have been implied as possible immunohistochemical
screening markers of parathyroid malignancy [21–25]. Of
these, the adenomatous polyposis coli tumor suppressor
protein is one of the few reproduced markers with a coupling
to Wnt, the main parafibromin-associated pathway, that also
exhibits a possible correlation to underlying genetics,
namely aberrant methylation of the adenomatous polyposis
coli gene promoter in parathyroid tumors [19, 26, 27].

In 2010, our institution introduced the parafibromin and
adenomatous polyposis coli markers as immunohisto-
chemical screening markers for parathyroid tumors with
uncertain malignant potential and parathyroid carcinomas.
The two responsible endocrine pathologists (CCJ and AH)
decided to only allow staining of cases with suspicion of
malignant potential. This approach was undertaken since a
general screening without coupling to clinical or histologi-
cal suspicion would yield a large number of false-positive

results, as indicated by the non-perfect specificity of the
method described in previous publications [6–9]. Therefore,
the inclusion criteria for ordering of the stainings were to be
specifically stated in the pathology report.

We gathered information regarding the inclusion criteria
used for each parathyroid tumor undergoing parafibromin
and adenomatous polyposis coli immunohistochemistry, as
well as the staining results, clinical follow-up data and
eventual genetic referrals for cell division cycle 73 gene
mutational screening. This allowed us to identify the sen-
sitivity and specificity for various clinical and histological
inclusion criteria for the detection of atypical adenomas and
carcinomas, as well as to analyze the clinical and histolo-
gical inclusion criteria in relation to immunohistochemical
outcomes.

Materials and methods

Cohort description and histological criteria

From January 2010 to September 2018, a total of 2019
parathyroid tumors (adenomas, atypical adenomas, and
carcinomas) were diagnosed at our institution. Secondary
hyperparathyroidism cases (if not developing into tertiary
hyperparathyroidism) and parathyroid biopsies were
excluded from the analysis. Diagnostic criteria were based
on the WHO classification of 2004 [2], and the vast
majority of cases (>99%) were diagnosed and scored by two
different endocrine pathologists (CCJ and AH), reducing
the possibility of interobserver errors. We retrieved a list of
all parafibromin stainings ordered at our pathology depart-
ment by an electronic search function in our patient data-
base. Inclusion criteria for the ordering of the stainings were
manually reviewed by reading each pathology report, and
the outcomes of the parafibromin and adenomatous poly-
posis coli immunohistochemistry as well as the clinical
implications (genetic screening and patient outcome) were
registered. In addition, Ki-67 staining results were reviewed
and counted in hot spot areas (at least 2000 cells). The study
was conducted with approval of the local ethical committee.

The equivocal inclusion criteria for subsequent parafi-
bromin staining were clinical suspicion of malignancy
(severe hypercalcemia, markedly elevated parathyroid hor-
mone levels), known hereditary syndrome in which primary
hyperparathyroidism is a feature, young patient age (<30),
tumor weight (>1000 mg), trabecular growth, other unusual
growth patterns (pseudo-rosettes, insular, micropapillary),
marked nuclear pleomorphism, macronucleoli, increased
cellular density, presence of mitoses, fibrosis or cysts,
and unclear relation between tumor and capsule. The
unequivocal (equaling malignancy) inclusion criteria
were lymphovascular invasion, capsular invasion, and
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periparathyroidal tissue invasion. No lesions with clear
history of manipulation (e.g., biopsy or ethanol injection)
were included in the study, to avoid iatrogenic instigation of
atypical histological changes such as fibrosis, hemorrhage,
and necrosis [28, 29]. Examples of histological criteria used
in this study are illustrated in Fig. 1.

In addition to the main cohort, tumors from five addi-
tional patients with established cell division cycle 73 gene
mutations (diagnosed ahead of the introduction of clinical
routine parafibromin immunohistochemical analyses) were
retrieved and analyzed as a control cohort for the sensitivity
of parafibromin immunohistochemistry to detect cases with
germline mutations.

Immunohistochemistry

The immunohistochemistry stainings were performed in an
accredited pathology laboratory setting using a Ventana
Benchmark Ultra system (Ventana Medical Systems, Tuc-
son, AZ, USA). Four micrometer sections from each tissue
sample were deparaffinized using xylene and ethanol.
Antigen retrieval was performed using citrate buffer (for
parafibromin) or EDTA (for adenomatous polyposis coli)

and standardized heating in a microwave oven. Staining was
performed using a monoclonal parafibromin antibody
(clone 2H1, Santa Cruz Biotechnology, TX, USA) and a
monoclonal adenomatous polyposis coli antibody (clone
EP701Y, Abcam, Cambridge, UK), and the methodology
and antibody clones were consistent throughout the eva-
luation period.

We defined aberrant parafibromin immunohistochemistry
as either total absence of nuclear immunoreactivity (staining
in ≤10% of tumor nuclei) or partial loss of nuclear immu-
noreactivity (staining in 11–89% of tumor nuclei)—the
latter a previously reported phenomenon in which a
reduction in the amount of positively stained nuclei is
observed [6]. The staining was defined as “positive” when
≥90% of tumor nuclei exhibited parafibromin immunor-
eactivity. Cases with loss of nucleolar immunoreactivity
were analyzed separately as there is no consensus as to how
this staining should be interpreted— although reports show
a correlation between this staining type and cell division
cycle 73 gene mutations disrupting the nucleolar localiza-
tion signal of parafibromin [30–33]. Loss of nucleolar
immunoreactivity was defined as the evident lack of par-
afibromin immunoreactivity in the tumor nuclei, otherwise

Fig. 1 Photomicrographs displaying commonly encountered histo-
morphological features in our cohort. All images are magnified x400
unless otherwise specified. a Hematoxylin-eosin staining of a para-
thyroid adenoma displaying fibrosis and a focal trabecular growth
pattern, two equivocal histological criteria that motivated

immunohistochemical analyses. Magnified x100. b Hematoxylin-eosin
staining of an atypical adenoma displaying nuclear pleomorphism and
macronucleoli. c Hematoxylin-eosin staining of a parathyroid carci-
noma displaying vascular invasion. d The intravascular focus was
verified by CD31 immunohistochemistry
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positive for the same marker. The phenomenon had to be
present in the majority of nucleoli observed.

The adenomatous polyposis coli immunoreactivity was
defined as positive (>90% of tumor cells displaying
cytoplasmic adenomatous polyposis coli expression),
reduced (weak staining of subsets of cells or patchy stain-
ings in certain areas), or negative (staining in ≤10% of
tumor cells).

Statistical analyses

Statistical analyses were made with IBM SPSS Statistics 24
(IBM, Armonk, NY, USA). Non-normal distribution was
assumed for all data, applying Mann–Whitney U test and
Fisher’s exact test for comparison between groups. P-values
<0.05 were considered as statistically significant. A multiple
logistic regression analysis was performed to analyze the
association between aberrant parafibromin immunohis-
tochemistry and parathyroid carcinoma. The diagnostic
performance ability of parafibromin for the distinction of
parathyroid carcinoma from atypical adenomas and adeno-
mas was analyzed with receiver-operating characteristics
and displayed as area under the curve.

DNA sequencing and multiplex ligation-dependent
probe amplification analyses

All coding exons of the cell division cycle 73 gene were
amplified using exon-specific primers (primers and PCR
conditions are available upon request). Direct Sanger
sequencing was performed on both strands using Big-Dye
terminator sequencing (v1.1, Applied Biosystems, CA,
USA), and run on an ABI3130XL Genetic Analyzer
(Applied Biosystems, CA, USA). The sequencing reactions
were carried out according to the manufacturer’s recom-
mendations. Chromatograms were analyzed using SeqScape
v3.7 (Applied Biosystems, CA, USA) with the NM_024529
used as a reference sequence.

Multiplex ligation-dependent probe amplification analy-
sis was performed using the available probe set for the cell
division cycle 73 gene (P466-A1, MRC-Holland, Amster-
dam, Netherlands). Multiplex ligation-dependent probe
amplification was carried out according to the provider’s
recommendations, with the exception that the PCR reac-
tions were performed in a 25-μl reaction volume.
Amplification products were quantified by capillary elec-
trophoresis on an ABI3130XL Genetic Analyzer (Applied
Biosystems, CA, USA) and the accompanying software.
The tracing data were analyzed in GeneMarker software
v1.7 (SoftGenetics LLC State College, PA, USA). The
normalized quotients for the different probes were con-
sidered as a deletion when below 0.75 and indicative of
duplication when above 1.3.

Results

Immunohistochemical outcomes

Out of 2019 parathyroid tumors, parafibromin immunos-
taining was ordered for a total of 297 parathyroid tumors
from 293 patients, representing 14.7% of the total number
of tumors at our institution (Table 1). Of these patients with
parafibromin-stained tumors, 179 (61%) were female and
114 (39%) were male, and the mean patient age was 58.5
years (median 59). The average tumor weight for cases with
mass information available from a single lesion (n= 275
patients) was 2562 mg. An increasing trend among the
pathologists for the ordering of parafibromin immunos-
tainings was noted, from 5% of cases in 2010 to 25% of
cases in 2018 (data not shown).

For 59 cases, the parafibromin staining was deemed
technically suboptimal due to negatively stained internal
controls (n= 56) or due to technical artefacts (intense
background staining or suspected poor fixation of tissues, n
= 3), and no interpretations regarding staining patterns were
made. The remaining 238 tumors (182 adenomas, 46 aty-
pical adenomas, and 10 carcinomas) displayed reliable
results from a control staining perspective and were there-
fore included in the subsequent analyses.

The main outcome of the parafibromin stainings is
summarized in Table 1, and examples of the staining results
are illustrated in Fig. 2. Fifty-one parathyroid tumors from
48 patients out of the 238 tumors with successful parafi-
bromin immunohistochemistry results (21%) displayed
aberrant parafibromin immunoreactivity. In total, 7 out of
10 carcinomas in our cohort (70%) displayed either partial
loss or total absence of nuclear parafibromin immunor-
eactivity, whereas the remaining three cases (30%) were
positive for this marker. Ten out of 182 informative ade-
nomas (5%) and 27 out of 46 informative atypical adeno-
mas (59%) demonstrated an aberrant nuclear staining. In
addition, four adenomas and three atypical adenomas dis-
played loss of nucleolar immunoreactivity.

Regarding each staining pattern, 38 tumors demonstrated
a “partial loss” phenomenon with a reduction in the number
of parafibromin-positive nuclei (8 adenomas, 25 atypical
adenomas, and 5 carcinomas), seven cases displayed a
specific loss of nucleolar parafibromin immunoreactivity (4
adenomas and 3 atypical adenomas), and six tumors stained
completely negative for nuclear and nucleolar parafibromin
(2 adenomas, 2 atypical adenomas, and 2 carcinomas). The
remaining 187 tumors stained positive for nuclear
parafibromin.

The adenomatous polyposis coli staining results are
summarized in Supplementary Table 1. In all, 283 cases
were informatively stained for this marker, including 215
adenomas, 58 atypical adenomas, and 10 carcinomas. A
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total of 252 tumors were positive, 30 displayed reduced
immunoreactivity (either very weak or patchy stainings) and
one case was negative. Of the 215 adenomas, 212 (99%)
exhibited positive adenomatous polyposis coli staining and
3 cases (1%) displayed reduced immunoreactivity— these
three cases also displayed partial loss of nuclear parafi-
bromin immunoreactivity. Of the 58 atypical adenomas, 37
(64%) stained positive for adenomatous polyposis coli, 20
(34%) displayed reduced immunoreactivity, and one case
(2%) was entirely negative, this case also displayed nega-
tive parafibromin immunohistochemistry. Among the car-
cinomas, seven out of ten (70%) displayed reduced
adenomatous polyposis coli immunoreactivity and corre-
lated perfectly to parafibromin staining outcomes, whereas
the remaining three cases (30%) were positive for both
adenomatous polyposis coli and parafibromin.

In addition, Ki-67 indexes were available in 295 out of
297 cases (99%) and ranged from 0.1 to 27% (Table 1).

Coupling to histological and clinical parameters

The most common equivocal inclusion criteria for ordering
parafibromin staining at our institution are reported in
Table 2, and were identified as tumor weight (n= 146
cases; 49%), fibrosis (n= 75; 25%), marked pleomorphism
(n= 58; 20%), uncertain relations to the tumor capsule (n
= 57; 19%), cysts (n= 49; 16%), and trabecular growth (n
= 49; 16%). Other equivocal signs included other unusual
growth patterns (n= 33), severe clinical symptoms (n=
30), presence of mitoses (n= 28), increased cellular density
(n= 23), macronucleoli (n= 18), suspicion of hereditary
syndromes (n= 6), and young patient age (n= 6). The
majority of these parameters are listed as equivocal signs of
malignancy, according to the 2004 WHO classification [2].
Unequivocal signs of malignancy (such as lymphovascular
or perineural invasion, periparathyroidal extension, and
distant metastases) were not included in the subsequent
analyses, as one or several of these variables per definition
are present in the carcinoma cohort, but absent among the
atypical adenomas and adenomas.

Patient follow-up and outcome

Clinical follow-up was performed for all parafibromin-
aberrant tumors in the cohort, as well as for the
remaining atypical adenomas and parathyroid carcino-
mas irrespectively of their parafibromin status. The
follow-up time of the patient cohort with aberrantly
stained parafibromin ranged from 0 to 122 months
(median 20). There is one persistent and two recurrent
hypercalcemic events recorded in the parafibromin-
aberrant cohort to this date. Two of these patients exhi-
bit unknown cell division cycle 73 mutational status; aTa
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60-year-old female displayed persistent disease and
uremia following surgery for an atypical adenoma, and a
65-year-old male with parathyroid carcinoma with
recurrent hypercalcemia was successfully treated for a
contralateral adenoma 2 years after surgery. In addition,
two siblings with an established cell division cycle 73
mutation are included in the study, the sister was diag-
nosed with parathyroid carcinoma at 37 years of age and
is followed by her local hospital, whereas her brother has
undergone three rounds of neck surgery (for three ade-
nomas and one atypical adenoma; the latter tumor
included in this study) at our institution followed by
debulking surgery of the parathyroid transplant in the left

forearm due to recurrent hypercalcemia. He is now well
with no biochemical signs of disease to this date.

No recurrences or metastatic disease events have been
recorded for any of the remaining parafibromin-aberrant
cases, including the ten adenomas. Similarly, no recurrences
were noted among the parafibromin-positive carcinomas
and atypical adenomas.

Statistical analyses

Parathyroid carcinomas more often displayed aberrant par-
afibromin immunoreactivity than the combined group of
atypical adenomas and adenomas (Fisher exact test, p <

Fig. 2 Examples of parafibromin and adenomatous polyposis coli
immunohistochemical staining outcomes. All images are magnified
x400 unless otherwise specified. a Positive nuclear parafibromin
immunoreactivity together with a weak cytoplasmatic staining. This
was the predominant staining pattern among the adenomas. b The

adenoma was also uniformly positive for cytoplasmic adenomatous
polyposis coli. c This parathyroid carcinoma displayed partial loss of
nuclear parafibromin immunoreactivity. d Loss of nucleolar parafi-
bromin immunoreactivity magnified x1000. e Total loss of nuclear
parafibromin expression in a separate parathyroid carcinoma specimen
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0.001), but there was no difference between the carcinomas
and atypical adenomas per se (Fisher exact test, p= 0.617).
Moreover, atypical adenomas more frequently harbored
parafibromin aberrancies than adenomas (Fisher exact test,
p < 0.00001).

Male patients displayed aberrant parafibromin immuno-
histochemistry as well as parathyroid carcinoma more often
than female patients (Fisher’s Exact Test, p= 0.034 and
p= 0.0044, respectively), and aberrant parafibromin
immunohistochemistry cases displayed higher Ki-67
indexes than parafibromin-positive cases (Mann–Whitney
U, p < 0.00001). There were no statistically significant dif-
ferences between the parafibromin-positive and aberrant
cohorts in terms of age (Mann–Whitney U; p= 0.569).

The sensitivity, specificity, positive predictive values,
and negative predictive values were calculated for various
staining outcomes to differ atypical adenoma/carcinoma
from adenoma (Table 3). The specificity for parafibromin
immunohistochemistry (complete or partial loss of immu-
noreactivity) to rule out atypical adenoma/carcinoma with a
positive nuclear staining was 97%. In contrast, the sensi-
tivity for aberrant immunohistochemistry to detect atypical
adenomas/carcinomas was 64%, and the corresponding
positive predictive value and negative predictive value were
85 and 90%, respectively. Similarly, the positive predictive
value and negative predictive value were 18 and 98%,
respectively for the detection of carcinomas versus atypical
adenomas/adenomas. There was no equivocal (non-definite)
histological parameter that outperformed parafibromin
immunohistochemistry in terms of positive predictive value
and negative predictive value (Tables 2, 3). The sensitivity
and specificity regarding adenomatous polyposis coli
immunohistochemistry for the detection of parathyroid
carcinoma versus atypical adenomas and adenomas were 70
and 91%, respectively, with a positive predictive value of
23% and a negative predictive value of 99% (Supplemen-
tary Table 1).

When performing a multiple logistic regression analysis
including gender, adenoma weight, and Ki-67 index, the
latter two divided into quartiles, aberrant parafibromin
immunohistochemistry remained the only independent
variable associated with parathyroid cancer (odds ratio:
8.256; p= 0.029; Table 4). To further analyze the diag-
nostic performance ability of parafibromin, a receiver-
operating characteristics curve was obtained, with an area
under curve of 0.755 for the distinction of parathyroid
carcinoma from atypical adenomas and adenomas (Fig. 3).

Parafibromin staining correlation to cell division
cycle 73 genotypes

Three patients in this cohort have been previously investi-
gated for cell division cycle 73 gene mutations, two siblings Ta
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part of a familial isolated hyperparathyroidism family, dis-
playing parathyroid carcinoma and atypical adenoma,
respectively. Both their tumors displayed partial loss of
parafibromin immunoreactivity in this study (Table 5). Of
the 46 remaining patients with aberrant parafibromin, one
patient was referred for genetic testing, and subsequently
found to be cell division cycle 73 wild-type. The remaining
patients were lost to follow-up and eventually tested in their
corresponding local hospitals, alternatively never referred to
the clinical genetics department. As of this, we sequenced
tumor DNA from parathyroid carcinomas with available
fresh-frozen tissue enlisted in the original cohort (n= 3); all
displaying reduced parafibromin immunoreactivity. All
three cases were cell division cycle 73 wild-type, and an
ensuing multiplex ligation-dependent probe amplification

analysis could not detect any gross deletions of the gene
(Table 5).

In order to document even more cases with established
cell division cycle 73 genotypes, an extensive follow-up of
cases diagnosed outside of the study period was performed.
By doing so, we identified five additional primary hyper-
parathyroidism patients with established cell division cycle
73 gene mutations (Table 5). Tumor tissues for these
patients were retrieved and stained for parafibromin in the
same clinical setting as the main cohort, and all tumors
displayed either reduced or completely negative parafi-
bromin stainings. Together with the two cases from our
main cohort, parafibromin immunohistochemistry analyses
for a total of seven tumors from patients with germline cell
division cycle 73 mutations are presented here—of which all
(7/7; 100%) displayed aberrant staining.

Discussion

The advent of parafibromin immunohistochemistry has
provided endocrine pathologists with a much-needed
adjunct tool to pinpoint cases with potential for future
malignant behavior, in addition to detect patients with
underlying constitutional cell division cycle 73 mutations
[6, 7, 11, 15]. From a screening perspective, the specificity
is generally more important than sensitivity when the dis-
ease (parathyroid carcinoma) is so uncommonly found
compared with adenomas in unselected materials. In this
aspect, parafibromin exhibits a stout sensitivity and speci-
ficity, but since the low prevalence of parathyroid carci-
noma demands almost near-perfect specificity, the marker
could probably not be employed as a general screening tool
for all parathyroid tumors. To potentially overcome this, we
have analyzed data from >2000 parathyroid tumors, in
which a clinical or histological suspicion of malignancy had
to be fulfilled a priori in order to proceed with the parafi-
bromin staining. By doing so, we hoped to improve the
specificity of the method even further. Indeed, the specifi-
city for parafibromin immunohistochemistry to rule out
atypical adenoma/carcinoma with a positive staining was
97% with a corresponding negative predictive value of
90%, suggesting that a pre-selection of cases eligible for
parafibromin immunohistochemistry would yield a low
number of false positive cases (adenomas with aberrant
staining).

In our material, parafibromin immunohistochemistry was
an independent predictor of parathyroid carcinoma irre-
spectively of tumor weight, proliferation counts, and patient
gender, indicating that the analysis is not biased by con-
founding factors regularly overrepresented in parathyroid
carcinomas. Moreover, our results indicate that the negative
predictive value of parafibromin is remarkably high (98%)

Table 4 Multiple regression analysis

Variable B SE Exp (B) p

Partial or total loss of nuclear
parafibromin

2.111 0.965 8.256 0.029

Adenoma weight (quartiles) 0.074 0.374 1.077 0.843

Ki-67 index (quartiles) 0.149 0.479 1.161 0.756

Female gender −0.482 0.827 0.618 0.561

In a multiple regression analysis including adenoma weight (quartiles),
Ki-67 index (quartiles) and gender (female), loss of or reduced
parafibromin expression remained the only independent variable
associated with parathyroid carcinoma

B unstandardized beta, SE standard error, Exp (B) odds ratio

p-values < 0.05 were considered significant and are highlighted in bold

Fig. 3 Receiver-operating characteristics curve displaying the diag-
nostic accuracy of parafibromin immunohistochemistry to separate
parathyroid carcinoma from a combined pool of atypical adenomas
and adenomas. The area under curve is 0.755. Dashed line as a
reference at an area under curve of 0.5
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in terms of ruling out parathyroid carcinoma in the presence
of a positive staining, and parafibromin in this context was
much more reliable than absence of any of the six most
common equivocal histological parameters (Table 2).

When focusing on the carcinomas, seven out of ten
cases (70%) displayed an aberrant parafibromin staining,
and these cases also displayed reduced adenomatous
polyposis coli immunoreactivity. The remaining three
cases displayed retained parafibromin and adenomatous
polyposis coli immunoreactivity and fairly low Ki-67
indexes (<1, 2.2, and 2.8%, respectively). From a histo-
logical standpoint, these three cases displayed lympho-
vascular and capsular invasion as well as a trabecular
growth pattern. Although based on few cases, our num-
bers in this aspect mirrors the one from previous pub-
lications, indication that approximately one-third of
parathyroid carcinomas arise without cell division cycle
73 gene and/or parafibromin immunohistochemical aber-
rancies [4–7, 9, 13, 34].

The notion that equivocal histological parameters can
indicate malignant parathyroid lesions has been long known,
and has recently been reinforced by recent advances in the
field indicating that there might be additional histological
features associated to parafibromin-negative parathyroid
tumors [2, 35]. Interestingly, several histological parameters
also showed high-negative predictive values for atypical
adenomas and carcinomas, specifically the presence of a
trabecular growth pattern (83%) and fibrosis (82%). Even so,
the parafibromin immunohistochemistry provided superior
positive and negative predictive values to all equivocal
histological parameters, suggesting that histology alone is
not optimal when assessing parathyroid tumors in the clinic.

In our study, a large proportion of atypical adenomas
displayed aberrant parafibromin stainings and rather high
Ki-67 indexes, nevertheless only a single case displayed
persistent disease postoperatively, and no cases with distant
metastases have been reported. This indicates that most
atypical adenomas are indolent and display low recurrence

Table 5 Analysis of the cell division cycle 73 gene and corresponding tumoral parafibromin status

Main cohort (clinical parafibromin screening)a

Case Gender Age at
diagnosis

Diagnosis Parafibromin
immunohistochemistry

Germline cell division
cycle 73 genotypeb

Comment

1 Male 19 Atypical
adenoma

Completely negative c.131+1G > C (splice site) Brother of Case 2

2 Female 37 Carcinoma Partial loss c.131+1G > C (splice site) Sister of Case 1

3 Female 71 Carcinoma Completely negative Wild-type

Retrospective parafibromin immunohistochemistry on patients with established cell division cycle 73 gene mutationsc

Case Gender Age at
diagnosis

Diagnosis Parafibromin (stained
in retrospect)

Germline cell division cycle 73
genotype

Comment

4 Male 52 Carcinoma Completely negative c.700C > T, p.(Arg234 STOP)

5 Female 24 Adenoma Completely negative c.1394C > G, p.(Ser465 STOP) Mother of Case 6

6 Female 23 Adenoma Completely negative c.1394C > G, p.(Ser465 STOP) Daugther of Case 5

7 Male 17 Carcinoma Completely negative c127dup, p.(Trp43Leu fs STOP 23)

8 Male 51 Adenoma Completely negative c.131+1G > C (splice site) Father to Case 1–2

Cell division cycle 73 gene sequencing of parathyroid carcinomas from the main cohort with aberrant parafibromin immunohistochemistry

Case Gender Age at
diagnosis

Diagnosis Parafibromin
immunohistochemistry

Cell division cycle 73
genotyped

Unequivocal histological signs

1 Male 56 Carcinoma Partial loss Wild-type Extraparathyroidal extension

2 Male 65 Carcinoma Partial loss Wild-type Extraparathyroidal extension and
vascular invasion

3 Male 69 Carcinoma Partial loss Wild-type Extraparathyroidal extension

aPatients included in the main cohort with parafibromin and cell division cycle 73 gene data available
bAll cell division cycle 73 gene mutations are according to the NCBI Reference Sequence NM_024529
cPatients with parathyroid tumors and germline cell division cycle 73 gene mutations diagnosed outside the study period

Cases were sequenced and diagnosed well ahead of the introduction of clincial routine parafibromin screening
dDetermined by direct cell division cycle 73 gene Sanger sequencing and multiplex ligation-dependent probe amplification of genomic DNA from
tumor tissue
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rates, which is in line with previous findings [2, 15].
Aberrant parafibromin staining in an atypical adenoma
seems to be a poor predictor for future recurrences for the
individual patient, which further validates that the true
strength of parafibromin staining in a clinical high-volume
setting is to rule out malignancy with positive staining.
Even so, a patient displaying a noninvasive tumor with
aberrant parafibromin immunohistochemistry should prob-
ably be subject to prolonged follow-up, as subsets of these
tumors might recur as malignant, alternatively they are
carriers of germline cell division cycle 73 gene mutations
with an increased risk of developing additional tumors [15,
35]. The lack of long-term follow-up for our cohort could
imply that several high-proliferative and parafibromin-
aberrant cases designated as atypical adenomas will recur
in the future, which is in line with the slow-growing
properties of parathyroid tumors. Indeed, a significant delay
in time from original diagnosis to the first biochemical or
radiological evidence of recurrence is not uncommonly
encountered in the clinical setting.

In this study, we chose to include loss of nucleolar
immunoreactivity as a parameter, as this staining pattern is
aberrant and has previously been coupled to mutations
disrupting the nucleolar localization signal of parafibromin
[30–33]. However, we have reported this staining pattern
separately across the paper, with nuclear scoring (“nega-
tive” and “partial loss”) as the main feature—since the latter
two staining patterns are the only two that are significantly
reproduced by independent groups. As only seven samples
in our cohort exhibited loss of nucleolar parafibromin (four
adenomas and three atypical adenomas), in addition to the
fact that none of the samples with negative nucleolar
staining have been cell division cycle 73 gene sequenced,
we are in no position to determine whether this staining
pattern is of relevance in the clinical setting or not.

The observed rate of failure for our parafibromin stain-
ings is also worth discussing. In this study, 59 cases were
deemed unsatisfactorily stained due to negative internal
controls (n= 56) or technical artifacts (intense background
staining or suspected poor fixation of tissues, n= 3).
Interestingly, all 59 cases have been previously stained for
Ki-67, in addition to adenomatous polyposis coli (56 of the
cases; 95%) and parathyroid hormone (25 of the cases;
42%). All cases investigated displayed adequate stainings
with interpretable internal controls for at least one of these
markers, suggesting that the immunoreactivity was retained
for the vast majority of samples that failed parafibromin
analysis. The reason for the rather high rate of technical
failure is therefore thought to stem from physical properties
of the parafibromin antibody rather than a generalized
phenomenon of poor fixation. Our data are also in line with
our previous reports on the subject, in which the parafi-
bromin staining could be interpreted differently for the same

cases when adjusting different immunohistochemistry
parameters slightly [6].

The notion that parafibromin correctly pinpoints cell
division cycle 73 mutated cases in the clinic is an additional
advantage of this staining in addition to the rule out ability
of malignancy. A limitation to the current study is the lack
of genetic data in terms of cell division cycle 73 genotypes,
which is partly due to the fact that large subsets of our
patient material are patients affiliated to local hospitals
outside of Karolinska. Once operated and diagnosed, the
local endocrinologist or general practitioner is often
responsible for follow-up and eventual genetic referrals.
Even so, there were surprisingly few patients with aberrant
parafibromin stainings who actually underwent clinical
screening even at our department. Given the fact that an
eventual aberrant parafibromin staining was specifically
mentioned in the pathology reports, often joined by a
recommendation of further genetic screening, our patient
cohort could in theory consist of several cases with unde-
termined constitutional cell division cycle 73 gene muta-
tions, alternatively; subset with verified mutations—but lost
to follow-up. Even so, by including a number of patients
diagnosed outside of the defined study period, we demon-
strate aberrant parafibromin immunostainings in all seven
patients with germline cell division cycle 73 mutations
investigated—thereby indicating that our staining method is
highly sensitive for the detection of constitutional cell
division cycle 73 gene mutations. In addition, we did not
detect somatic cell division cycle 73 gene mutations or gross
deletions in three parafibromin-aberrant parathyroid carci-
nomas from our cohort, which was fairly unexpected given
the stout coupling between mutations and reduction of
parafibromin immunoreactivity [8, 9, 35]. Although only
based on three samples, the results indicate that our paraf-
ibromin immunohistochemistry might display reduced
specificity in terms of detecting cell division cycle 73 gene
mutations. Indeed, aberrant parafibromin immunoreactivity
has been found also for cell division cycle 73 wild-type
tumors, which in theory could stem from additional, uni-
dentified somatic events regulating parafibromin expression
besides mutations and gene deletions [36].

For adenomatous polyposis coli immunohistochemistry,
the sensitivity and specificity for the recognition of para-
thyroid carcinoma versus atypical adenomas and adenomas
were 70 and 91%, respectively (with a positive predictive
value of 23% and a negative predictive value of 99%). This
indicates that adenomatous polyposis coli, in addition to
parafibromin, holds great value as a rule out marker of
malignancy, given the low prevalence of parathyroid car-
cinoma compared with atypical adenomas and adenomas.
Even so, as the power of parafibromin lies in its specificity,
a marker with superior sensitivity might be a more adequate
adjunct in the clinical setting. One example of a marker with
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superior sensitivity for the detection of parathyroid malig-
nancy is protein gene product 9.5, a protein that also
complements parafibromin by being a positive marker, as
compared to parafibromin and adenomatous polyposis coli,
in which negativity is counted as aberrant [25].

Our data collectively suggest that the main strength of
parafibromin immunohistochemistry is the ability to func-
tion as a rule out marker of malignancy, as positive
immunoreactivity very strongly argues against carcinoma,
which should be the most pressing clinical issue in our
opinion when assessing parathyroid tumors with equivocal
histological findings. We also acknowledge the rule-in
properties of an aberrant staining, as it indicates the pre-
sence of either an atypical adenoma or a carcinoma.
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