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Abstract
Background: Preoperative diagnosis of parathyroid cancer
(PC) where possible allows for en-bloc resection of the tu-
mour, which is associated with excellent prognosis. The rule
of >3 (size of tumour larger than 3 cm; corrected calcium
more than 3 mmol/L) as proposed by Schulte and Talat has a
specificity of 95% in predicting malignancy in parathyroid
neoplasms. We looked at the impact of rule of 3 in predicting
malignancy and outcomes on intervention in a South Asian
cohort. Methods: Patients who underwent parathyroid
surgery between 2010 and 2023 at two tertiary referral
centres were assessed. Patients with PC were selected and
their clinicopathological parameters, treatment modalities,
and outcomes were analysed. Results: Thirteen of 336 (3.8%)
patients with a mean age of 61.8 (±17.5) years were diag-
nosed with PC during the study period. The highest mean
preoperative values were PTH (92.4 ± 66.27 pmol/L), highest

corrected calcium (3.21 ± 0.28 mmol/L), and alkaline
phosphatase (419 IU/mL). Nine patients underwent en-bloc
excision while the other had focussed parathyroidectomy.
Recurrences were recorded in 2 (28.5%) patients over a
mean follow-up period of 69 (±48.6) months. One patient
with lung metastasis underwent video-assisted thoracic
surgery. There was no disease specific mortality in this co-
hort during the study period. Conclusions: In our experi-
ence, the predictive rule of 3 has low sensitivity to suspect
PC preoperatively, resulting in limited usefulness in clinical
practice. Outcomes appear to be less favourable with higher
recurrence rates in cases where less than en-bloc resection is
performed. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Parathyroid carcinoma (PC) is a rare malignant tu-
mour, was first described by Quervain [1], is an un-
common cause of primary hyperparathyroidism [2]. The
condition has an estimated prevalence of 0.005% of all
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malignancies, with early over 1,000 cases reported in the
literature [3, 4]. Preoperative distinction between an
adenoma and carcinoma based on the symptoms alone
may be difficult, but a malignant parathyroid lesion may
be considered in the presence of a palpable neck mass,
demonstration of metastasis, significantly elevated serum
calcium (>3 mmol/L; >12 mg/dL) and PTH (>3 times the
upper limit of normal; usually 10 times the upper limit of
normal), specific ultrasonographic features, and a ratio >1
for the results of 3rd:2nd generation parathyroid hor-
mone assays [5, 6]. There remains a challenge to identify
parathyroid cancer early to enable cure before metastasis
develops.

Given the lack of prospective data, the preferred
surgical approach for the treatment of PC is not clear at
index surgery or where second stage surgery may be
required [7]. The current consensus is for an en-bloc
excision (affected parathyroid + ipsilateral hemi-
thyroidectomy +/− ipsilateral central neck dissection) and
has shown to result in improved local control. This
strategy is associated with better long-term outcomes in
terms of cure as adjuvant therapy has not proven suc-
cessful [8, 9]. As the rate of recurrence is about 50% in
most cases, life-long follow-up is mandatory following
initial surgical excision [5, 10].

The aim of the study was to look at the predictive
impact of rule of 3 in parathyroid cancers and evaluate the
outcomes of surgical intervention. We also compared the
outcomes from other published series from Asia.

Methodology

The study is a retrospective cohort evaluation of pa-
tients with a diagnosis of parathyroid cancer treated at
two tertiary referral centres in Singapore and India. All
patients who underwent some form of parathyroidec-
tomy between the period from 2010 to 1st quarter of 2023
were included in the study. Clinical suspicion of para-
thyroid cancer was entertained in patients with rule of 3
(severe hypercalcaemia, very elevated serum parathyroid
hormone, tumour with a size of more than 3 cm), with or
without the presence of a palpable neck mass [5]. A
suspicion of parathyroid cancer was also considered
intraoperatively, where the adenomatous lesion was
found to be have dense fibrosis or infiltration into the
thyroid gland or surrounding structures.

The histological diagnosis was based on one of the
following criteria as proposed by the 2022 WHO clas-
sification of parathyroid tumours: features of vascular,
lymphatic, or neural (perineural or intraneural) invasion,

angioinvasion (vascular invasion), invasion into contig-
uous anatomic structures, and or histologically/
cytologically documented metastatic disease [11]. Pa-
tients with a diagnosis of atypical adenomas were ex-
cluded from the study.

Clinical data on symptomatology, biochemistry, im-
aging, surgical interventions, histology, adjuvant therapies,
and follow-up were collected on patients with PC. PTH
was detected by 3rd generation assays and serum calcium
corrected against the serum albumin levels. The laboratory
reference values for the biochemical parameters collected
included serum total calcium (2.10–2.60 mmol/L), serum
phosphorus (1.12–1.45 mmol/L), serum alkaline phos-
phatase (35–129 U/L), and serum PTH (1.6–6.9 pmol/L).
The details pertaining to medications such as calcimi-
metics, bisphosphonates, calcitonin, and diuretics were
also collected.

The follow-up was analysed to detect the remission
and recurrence of the disease in all patients until death or
last documented follow-up. Biochemical remission after
the surgery was defined as a drop of serum calcium and
intact PTH below the upper level of the reference range.
Persistent disease was defined as presence of disease
before 6 months of follow-up and recurrence as hyper-
parathyroidism present after 6 months of follow-up.

Statistical data analysis was performed by using SPSS
version 27 (IBM Corporation, New York, USA) and the
clinicopathological variables compared by rates and
proportions with χ2 (χ2 test). The variables with normal
distribution are presented as mean with standard devi-
ation (SD). Kaplan-Meier survival curves were generated
for the cohort and compared using the log-rank (Mantel-
Cox) test. Multivariate analysis was performed using Cox
regression analysis to calculate predictors affecting overall
survival (OS) with calculation of hazard ratio. The sen-
sitivity and specificity of the rule of 3 in predicting
malignancy was evaluated with receiver operating char-
acteristic curve analysis. p values less than 0.05 were
considered to be statistically significant. The study was
approved by the Institutional Review Board (IRB
2020/00524).

Results

The flow chart of the patients included in the review is
shown in Figure 1. A total of 13 of 336 (3.8%) patients
with primary hyperparathyroidism were diagnosed to
have parathyroid cancer. The mean age of the cohort was
61.8 (±17.5) years with a female ratio of 1.2:1 as shown in
Table 1. All patients were symptomatic with nausea,
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vomiting, abdominal pain, and confusion being the main
symptoms. All patients had hypercalcaemia on presen-
tation and over 60% of them presented with complica-
tions like renal stones or pathological fractures.

Palpable neck mass was only detected in 6 patients
(46%) with the largest being 3.7 cm and the mean 2.95 cm
(range 2.1–4.8 cm). All the tumours were classically
demonstrated on ultrasound scans of the neck and
99mTc-MIBI parathyroid scintigraphy. The mean serum
PTH level was 92.44 (SD ± 66.27) pmol/L and the mean
albumin-corrected serum calcium 3.21 (SD ± 0.28)
mmol/L. The correlation coefficient for tumour size and
PTH value demonstrated a weak relationship as shown in
Figure 1. The preoperative diagnosis of PC based on the

rule of 3 was only possible in 6 (46%) of cases and showed
no correlation with any parameters as shown in Table 2.
The sensitivity and specificity to predict malignancy
based on the rule of 3 in our cohort was low as shown by
the receiver operating characteristic curve (Fig. 2).

More than 70% of these patients required 3 types of
drugs to control their hypercalcaemia prior to surgery
(diuretics/bisphosphonates and cinacalcet). All had to use
the calcimimetic cinacalcet and 2 patients had to use
calcitonin as a 4th drug. Nine patients (69%) underwent
the ideal surgical management of PC: parathyroidectomy +
ipsilateral hemithyroidectomy with/without central node
dissection. Four patients (31%) underwent simple para-
thyroidectomy (Table 3). The preoperative understanding

Fig. 1. Correlation between size of para-
thyroid tumour and serum levels of PTH
and calcium.
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of these patients was that they harboured an adenoma than
a carcinoma.

In this cohort, recurrences were noted in 2 patients
who had focussed parathyroidectomy and the specimen
was fractured during the surgery. In both patients, there
was no preoperative suspicion of parathyroid cancer. One
patient developed a local recurrence of PC at 11 months
post-op, with neck parathyromatosis, indicating R1 re-
section. During the next 3 years, this patient had to
undergomultiple neck surgeries and radiotherapy to clear
away the local disease burden. She is currently disease
free. The other patient developed lung metastases at
18 months post-op and had to undergo video-assisted
thoracic surgical excision twice. Despite the 2 surgeries,

she continued to remain hypercalcaemic and started on
cinacalcet again as palliative therapy.

Unilateral recurrent laryngeal nerve palsy was noted in
2 patients. One was temporary and the other permanent.
Only 1 patient developed hungry bone syndrome fol-
lowing excision and had a prolonged hospital stay of over
a month. The mean follow-up for these patients was
69 months (months with a mean of 69.9 [±48.6] months).
Only 1 patient died in this cohort due to an unrelated
cardiovascular event, with all the other patients alive and
with continuing follow-up. The Kaplan-Meier survival
for the cohort is shown in Figure 3. The results from this
study report of lower mortality and lower incidence as a
cause of PHPT when compared with other published
series from South and South East Asia (Table 4). The
difference in the outcomes is possibly due to early in-
tervention with en-bloc surgery for most patients, with no
disease-specific mortality in the cohort.

Discussion

The rule of 3 in predicting parathyroid cancer
preoperatively is less than that as proposed in the
literature. The other significant findings from the study
were as follows: 3% incidence of parathyroid cancer as a
cause of PHPT, higher mean age of onset of disease
(61.8 vs. 46.6), lower mortality rate (0% vs. 22%), and
recurrence (15% vs. 34%) when compared to other
published series from Asia. The incidence of para-
thyroid cancer reported here as a cause of PHPT is
similar to the large published series from around the
world, in contrast to the cumulative rate of 12%
published series from China [12, 15, 16], Japan [13, 14]
and Korea [17]. PC commonly affects a single gland,
but multiglandular PC and PC in renal hyperpara-
thyroidism are very rare [18].

Most parathyroid cancers are functional and symp-
tomatic but rarely can be asymptomatic as shown in a few
case reports published recently [19–21]. All the patients
reported in this cohort were symptomatic and 46% had a
palpable neck mass. The rare (2%) non-functioning PC,
which would present late with local invasion, mass effects,
and distal metastasis, was not detected in this cohort [22].
It is not uncommon for parathyroid cancer patients to
present with acute hypercalcaemic crisis, which is a
medical emergency as was the case in 31% of our patients.
However, to make a diagnosis of parathyroid cancer
based on symptoms and hypercalcaemia alone is im-
possible as patients with benign parathyroid adenomas
can also have profound symptoms.

Table 1. Demographics of the study population (n = 13)

Parameter N (%)

Age, mean (range), years 61.8 (36–89)

Gender (F:M) 7F:6M

Site of surgery (cancer/% of PHPT)
India 4 (3.8%)
Singapore 9 (3.8%)

Symptoms
Abdominal pain 7 (54%)
Renal stones 9 (69%)
Confusion 8 (62%)
Fractures and osteoporosis 7 (54%)
Lethargy and weakness 6 (46%)
Palpable mass 7 (54%)

Imaging
US 13 (100%)
MIBI 13 (100%)
CT 2 (15%)
PET-FDG 1 (8%)

Size of tumour, mean (range), cm 2.95 (1.7–4.8)

Invasion
Capsular 11 (85%)
Vascular 11 (85%)
Soft tissue 9 (69%)
Lymph nodes 0 (0%)

Surgery
Parathyroidectomy alone 4 (31%)
En-bloc resection 9 (69%)

Recurrence
Parathyroidectomy alone 2 (15%)
En-bloc resection 0 (0%)

Metastasis 1 (8%)

Disease-specific mortality 0 (0%)

Follow-up time, months 69
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One thing to note though is the changing trend in the
presentation of benign parathyroid disease from symptomatic
to asymptomatic disease detected on incidental biochemical
screening, even in developing countries [23, 24]. Due to the
nonspecific nature of the symptoms and examination, only a
high degree of suspicion is required to entertain the possibility
of the diagnosis of PC. Schulte et al. describe a useful clinical
tool to raise the suspicion of PC based on “the rule of
3” – when a parathyroid of more than 3 cm is present and
albumin-corrected calcium is >3 mmol/L, the index of sus-
picion of PC is higher [5]. With the limited numbers in this
cohort, the correlation of size with PTH and calciumwas only
weakly positive and seen in only 46% of cases.

All the patients in the cohort underwent dual imaging
studies (ultrasound thyroid and 99mTc-MIBI parathyroid
scintigraphy) to localize the lesion. Some pointers that should
raise the suspicion of PC on ultrasound scan include irregular
shape and margins with heterogenous echotexture, depth-
width ratio >1, cystic change, intra-lesional calcifications, and
local invasion [25]. A study by Christakis et al. [26] showed
that the specificity of PC localization can go up to 95% when

all ultrasound, MIBI, and 4D-CT are utilized. The utility of
cytology in making a diagnosis of PC is unproven. Biopsy is
contraindicated as rupture and seedling of the tract allow
parathyromatosis and in the case of PC, the patient will have
no chance of cure even after standard clearance [25, 27].
Besides, interpretation of cancer in parathyroid lesions using
a cytological evaluation is inadequate and most often the
cytology usually mimics a follicular neoplasm [28, 29].

The mainstay of treatment for PC is en-bloc resec-
tion, although the ideal treatment strategy is a subject of
controversy [30–33]. Minimally, en-bloc resection en-
tails the excision of the parathyroid lesion with ipsi-
lateral hemithyroidectomy to avoid spillage of the
tumour contents and central node dissection. Longer
relapse-free survival and OS has been shown in patients
having en-bloc resection compared to parathyroidec-
tomy alone [12, 14, 30, 34]. In this series, 69% of pa-
tients underwent en-bloc resection, which is much
higher than the other reported series from Asia [10,
12–17] and probably accounts for the better survival in
this cohort. The extent of lymph node dissection has

Table 2. Univariate and multivariate analysis of rule of 3 with the various clinicopathological parameters in
the cohort

Parameter Univariate analysis
(p < 0.05)

Multivariate analysis
(log-rank test) (p < 0.05)

Age 0.56 NS

Gender 0.43 NS

Tumour size 0.09 NS

Preoperative corrected serum calcium 0.57 NS

Preoperative serum PTH 0.32 NS

Preoperative alkaline phosphatase 0.08 NS

Palpable tumour 0.43 NS

Vomiting 0.19 NS

Abdominal pain 0.19 NS

Renal stones 0.19 NS

Fractures 0.81 NS

Confusion 0.05 0.74

Lethargy 0.006 0.62

Surgery 0.78 NS

Adjuvant therapy 0.37 NS

Recurrence 0.18 NS

Mortality 0.91 NS

NS, not significant.
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Fig. 2. ROC curve showing the poor sen-
sitivity and specificity of rule of 3 in pre-
dicting malignancy in the cohort.

Table 3. Clinicopathological profiles of the cohort (n = 13)

Patient No. Year of diagnosis Nature of surgery performed Pathology Revision surgery Follow-up

1 2014 Left inf. PTx with HT Chief cell type; clear margins No Alive

2 2017 Right sup. PTx with HT + CND Chief cell type; clear margins No Dead

3 2018 Left inf. PTx with HT + CND Chief cell type; clear margins No Dead

4 2010 Left inf. PTx with HT + CND Chief cell type; clear margins No Alive

5 2018 Left sup. PTx Chief cell type; margins positive Yes Alive

6 2015 Left inf. PTx Chief cell type; margins positive Yes Alive

7 2016 Left inf. PTx with HT Chief cell type; clear margins No Alive

8 2023 Right inf. PTx with HT Chief cell type; clear margins No Alive

9 2023 Right inf. PTx with HT Chief cell type; clear margins No Alive

10 2019 Right inf. PTx with HT + CND Chief cell type; clear margins No Alive

11 2010 Focussed PTx Chief cell type; clear margins No Alive

12 2012 Right inf. PTx with HT + CND Chief cell type; clear margins No Alive

13 2022 Focussed PTx Chief cell type; clear margins No Alive
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not proven consistently to be of benefit as the incidence
of lymph node involvement varies between 3 and 32%
[35, 36]. Lymph node involvement was not seen in any
of the patients who underwent nodal dissection con-
currently with en-bloc excision.

A common clinical situation is post-operative di-
agnosis of PC in a patient who was suspected to have a
benign pathology. Previously, a repeat neck explo-
ration with ipsilateral hemithyroidectomy was almost
always performed, but this approach has not been
clearly shown to reduce local recurrence or improve
OS. The clinical management in the above-mentioned
scenario is controversial: some authors deem neces-
sary a re-exploration in case of gross characteristics
typical of a carcinoma and pathological features of
aggressive tumour as extensive vascular or capsular
invasion, or persistent post-operative hypercalcaemia,
while others consider a re-exploration only in case of
clear involvement of thyroid lobe or other structures.
We had 3 cases of previously unsuspected PC; we did
not go for re-exploration in any case. However, we

want to stress the importance of involving the patients
in the decision citing the lack of conclusive data in
literature.

Disease progression is generally very slow, with a few
patients developing local recurrence or distant me-
tastasis following treatment. Recurrences and distant
metastasis are seen in 50% of patients who only un-
dergo a parathyroidectomy alone [37]. On review of the
Asian cohort, recurrences reported range from 5 to 39%
over a mean follow-up period of 53 months [12–15, 17].
Only 2 patients in our cohort developed recurrences
that required further intervention in the form of sur-
gery, and both of them continue to be disease free. Once
distant metastasis develops, treatment options are
limited and cure is unlikely. Mortality has been re-
ported be between 8 and 50% in parathyroid cancers,
but there was no disease-specific mortality in our co-
hort. The difference in mortality could be explained by
the en-bloc clearance and early intervention adopted in
most of our patients and delayed presentation in other
reported cohorts from Asia.

Fig. 3.Kaplan-Meier survival curve of the cohort based on the rule of 3 showed no significant impact onmortality.
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Conclusions

Parathyroid cancer is rare cancer and early recognition is
important for good outcomes. The predictive rule of 3 has
low sensitivity to suspect parathyroid cancer, resulting in
limited usefulness in clinical practice. Outcomes appear to
be less favourable with higher recurrence rates in cases
where less than en-bloc resection is performed.
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