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Background: Parathyroid carcinoma (PC) is a rare but often lethal malignancy for which
staging system, prognostic indicators, and treatment guidelines are still not established.
We aimed to explore the prognostic parameters and construct a nomogram for cancer-
specific survival (CSS) of PC.

Methods: A retrospective analysis of 604 PC patients in the SEER database from 2001
through 2018 was performed. All the cases were randomly assigned to the training
cohort (n = 424) or the validation cohort (n = 180) at a ratio of 7:3. The Kaplan–Meier
method and Cox regression model were applied to estimate the CSS and risk factors,
and a nomogram was constructed. The predictive accuracy and discriminative ability of
the nomogram in CSS were assessed by concordance index (C-index), the area under
the curve (AUC) of receiver operating characteristics (ROC), and the calibration curve.

Results: Age at diagnosis > 70 years [hazard ratio (HR): 3.55, 95% CI: 1.07–11.78,
p = 0.039] and tumor size > 35 mm (HR 4.22, 95% CI: 1.67–10.68, p = 0.002) were
associated with worse CSS. Compared with distant metastasis, localized (HR 0.17, 95%
CI: 0.06–0.47, p = 0.001) and regional lesions (HR 0.22, 95% CI: 0.07–0.66, p = 0.007)
showed an improved CSS rate. Parathyroidectomy was the recommended treatment
(p = 0.02). The C-index of the nomogram was 0.826, and the AUC for 5-, 10-, and 15-
year CSS was 83.7%, 79.7%, and 80.7%, respectively. The calibration curve presented
good agreement between prediction by nomogram and actual observation.

Conclusion: Age at diagnosis > 70 years, tumor size > 35 mm, and distant metastasis
were independent risk factors for PC-specific mortality. Parathyroidectomy was currently
the most recommended treatment for PC. This nomogram provided individualized
assessment and reliable prognostic prediction for patients with PC.

Keywords: parathyroid carcinoma, prognostic factor, cancer-specific survival (CSS), nomogram, validation

BACKGROUND

Parathyroid carcinoma (PC) is a rare endocrine malignancy, accounting for 0.005% of all
malignancies (Salcuni et al., 2018) and 0.5–5% of all patients with primary hyperparathyroidism
(PHPT) (Rawat et al., 2005). Patients with PC are often characterized by markedly elevated
serum calcium and parathyroid hormone (PTH) (Cetani et al., 2016) who typically present with
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metabolic complications, including renal failure, bone disease,
pancreatitis, cardiac arrhythmia, and occasionally a neck mass
(Schulte and Talat, 2012). Most patients succumb to target organ
damage caused by uncontrollable hypercalcemia rather than
tumor burden. As PC is difficult to distinguish from parathyroid
adenoma (PA), its preoperative and even intraoperative diagnoses
are challenging. Preoperative ultrasound, although not suggestive
of malignancy, is usually helpful in locating the abnormal
parathyroid glands. As a supplement, CT may reveal an invasive
parathyroid tumor and suggest a possible malignancy (Harari
et al., 2011). However, it was reported that about 25% of
cases are not being recognized by the surgeon at the time
of initial parathyroidectomy (Kebebew, 2001). In terms of
molecular diagnostics, if the PHPT patients were found to have
the CDC73 (alternatively known as HRPT2) and/or MEN1
gene mutation, PC should be highly suspected (Schulte and
Talat, 2012). The histological characteristics of PC reported in
the literature include capsule infiltration, angioinvasion, tumor
necrosis, fibrosis, numerous mitotic figures, and nuclear atypia
(Schantz and Castleman, 1973; Bondeson et al., 1993). The
use of adjuvant therapy is currently controversial owing to
the lack of evidence-based clinical practice. Radical surgery
with sufficient margins has been recommended as the only
potential cure for PC (Schulte et al., 2014), although there is
no consensus on a systematic oncological surgical approach
or a dedicated terminology to describe it. Postoperatively, the
clinical course of PC patients varies greatly. Recurrence was
most common within the neck, with an r rate of 40–60% (Lee
et al., 2007; Talat and Schulte, 2010). Distant metastasis occurs
in about 30% of cases, usually to the lung and bone, and less
frequently to the liver and visceral organs (Schulte and Talat,
2012; Lenschow et al., 2020).

Nevertheless, due to the rarity of PC and the paucity of large
cohort studies or prospective research, it is still difficult to counsel
patients on their natural course and prognosis. A population-
based database allows us to have a large enough sample size
to answer this question. In this study, we sought to conclude
the clinicopathological features and explore the prognostic
factors associated with cancer-specific survival (CSS) utilizing
the national Surveillance, Epidemiology, and End Results (SEER)
database. Meanwhile, we developed and internally validated
a clinical nomogram incorporating independent prognostic
factors, which can predict the CSS in patients with PC. It
may provide individualized assessment and reliable prognostic
prediction for patients with PC, which may build a foundation
for a staging system.

MATERIALS AND METHODS

Data Source and Patient Selection
The data of patients with PC from 2001 through 2018 were
extracted from 18 population-based cancer registries of the
SEER database1 using the SEER∗Stat program (version 8.3.9),
which is a cancer incidence registry that includes about 30%

1https://seer.cancer.gov/

of the United States population. The extraction conditions
were as follows: “Primary Site = C75.0-Parathyroid gland”
and “Behavior code ICD-0-3 = Malignant.” The following
variables were extracted: patient ID, Age at diagnosis, Sex, Year
of diagnosis, Race/ethnicity, Laterality, Histology, Combined
Summary Stage (extent of disease), Chemotherapy recode,
Radiotherapy recode, Surgery of primary site, Tumor Size,
Regional nodes examined, Regional nodes positive, Survival
months, and SEER cause-specific death classification. The
exclusion criteria in the study were as follows: a) unknown
vital status (study cutoff used) and b) metastatic disease
originating from other organ sites. The demographic and
clinicopathological data of all eligible cases were collected and
retrospectively analyzed.

Cohort Definition and Variable Recode
The patients with PC were divided into the training and
validation cohorts with a ratio of 7:3 using the R studio (version
4.0.32) function “createDataPartition” to ensure that outcome
events were distributed randomly between the two cohorts. The
training cohort was used to screen variables and construct the
nomogram predictive model, while the validation cohort was
applied to validate the model based on the training cohort.

The variables from the selected cohorts included the following:
age at diagnosis (≤70 and > 70), gender (male and female),
race (white, black and other), extent of disease (distant, regional,
localized, and unknown), surgery of primary site, radiotherapy
(yes and no), lymph node (LN) metastasis (yes and no),
and tumor size (≤35 and > 35 mm). The cutoff point of
continuous variables such as age and tumor size for risk
stratifications was generated by the “surv_cutpoint” function
of the “Survminer” R package. Surgery of primary site was
divided into four subgroups: no surgery, en bloc radical resection,
parathyroidectomy (simple/partial surgical removal of primary
site, total surgical removal of primary site and local tumor
excision), and other.

The main endpoint was CSS according to data in the SEER
database. CSS was defined as the proportion of patients with a
type of cancer who did not die of cancer after a specific time
period. These patients may still be alive, or they may have died
of some other cause.

Construction of the Nomogram
Cancer-specific survival of patients in the different risk groups
was assessed using the Kaplan–Meier method. Univariate Cox
proportional hazards model was used to check each factor’s power
in predicting CSS. Subsequently, factors with a p-value < 0.05 in
univariate analysis were further analyzed in a multivariate Cox
proportional hazards model using a backward model selection
procedure (elimination criterion: p > 0.10). The hazard ratios
(HRs) and corresponding 95% CIs were calculated. Finally,
according to the regression coefficients of each independent risk
factor in the multivariate analysis, the nomogram was visualized
to predict the probability of 5-, 10-, and 15-year CSS rates in
patients with PC.

2http://www.r-project.org
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Discrimination and Calibration of the
Nomogram
The performance of the nomogram was evaluated by
discrimination and calibration. The C-index was calculated
to reflect the discrimination ability. The value of the C-index
varies from 0.5 to 1.0, where 0.5 represents random chance,
and 1.0 indicates a perfect ability to stratify patients into
different prognosis groups. Meanwhile, time-dependent
receiver operating characteristic (tROC) curves and the
corresponding area under the curve (AUC) values at 5, 10,
and 15 years were utilized to estimate the predictive accuracy.
Typically, C-index and AUC values greater than 0.7 suggest a
reasonable estimation.

Calibration curves with 1,000 bootstrap resamples were
generated to test the calibration of the nomogram, which
showed the correlation between the predicted probability and the
frequency of the observed outcome. The standard curve was a
straight line with slope 1 through the origin of the axes. The closer
the calibration curve was to the standard curve, the better the
prediction ability of the nomogram was.

Statistical Analysis
Continuous variables conforming to the normal distribution
were represented as the mean ± SD; otherwise, the median and
interquartile range (IQR) were used. Categorical variables were
shown as frequencies and their proportions. Statistical differences
of distribution in variables between the training cohort and the
validation cohort were analyzed by using the chi-square test.
Statistical significance was cohort at two-sided p < 0.05. All
statistical analyses and visualization are performed using the R
studio version 4.0.3 software (see text footnote 2).

Ethics Statement
This study was exempt from the approval processes of the
Institutional Review Boards because the SEER database patient
information was de-identified.

RESULTS

Demographics and Clinicopathological
Characteristics of Patients
A total of 604 patients with PC were extracted from the SEER
database from 2001 to 2018. The baseline clinicopathological
characteristics and treatment information of all patients were
summarized in Table 1. The median age of all patients was
59 years (IQR: 48–68). The incidence of PC was roughly
the same in men (51.5%) and women (48.5%). Among
all patients, 455 (75.3%) patients were white, 601 (99.5%)
patients had a unilateral lesion, 543 (89.9%) patients were
not recorded to have a specific pathological type, and 577
(95.5%) patients accepted the treatment. A minority of patients
who had distant metastasis (5.0%) and LN metastasis (6.1%)
experienced radiotherapy (10.6%) and chemotherapy (0.2%).
The median follow-up time was 76 months (IQR: 33–135),

TABLE 1 | Demographics and clinicopathological characteristics of all patients
with parathyroid carcinoma.

Characteristic Level Number/
Median

%/IQR

N 604 100%

Age (year) 59 [48.0, 68.0]

Age group

≤20 4 0.7%

>20, ≤40 77 12.7%

>40, ≤60 255 42.2%

>60, ≤80 232 38.4%

>80 36 6.0%

Gender

Male 311 51.5%

Female 293 48.5%

Race

White 455 75.3%

Black 98 16.2%

Other 51 8.4%

Follow-up time (months) 76 [33.0,135.0]

Laterality

Unilateral 601 99.5%

Bilateral 3 0.5%

Histology type

Carcinoma, NOS 543 89.9%

Papillary carcinoma 24 4.0%

Adenocarcinoma 20 3.3%

Other 17 2.8%

Extent of disease

regional 178 29.5

localized 347 57.5%

distant 30 5.0%

unknown 49 8.1%

Treatment

Yes 577 95.5%

No 27 4.5%

Surgery

Parathyroidectomy 488 80.8%

En bloc radical resection 51 8.4%

Other 38 6.3%

No surgery 27 4.5%

Radiotherapy

Yes 64 10.6%

No 540 89.4%

Chemotherapy

Yes 1 0.2%

No 603 99.8%

Lymph node metastasis

Yes 37 6.1%

No 135 22.4%

NA 432 71.5%

Tumor size (mm)

≤20 125 20.7%

>20, ≤40 189 31.3%

>40, ≤60 43 7.1%

>60 20 3.3%

NA 227 37.6%

Tumor-specific death

Yes 62 10.3%

No 542 89.7%

IQR, interquartile range; NOS, not otherwise specified; mm, millimeter.
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and the proportion of tumor-specific deaths was about 10.3%.
The number of cases diagnosed each year was visualized
as Figure 1, which showed that the incidence rate of PC
presented a steady trend over the past two decades. The patient
characteristics of the training (n = 424) and validation cohorts
(n = 180) were concluded in Table 2. Since all cases were
randomly assigned to the two cohorts, there was no statistical
difference in the distribution of variables between them (all the
p-values > 0.05).

Independent Prognostic Factors in the
Training Cohort
To evaluate the impact of different factor on CSS of PC
patients, the Kaplan–Meier survival analysis was performed in
the training cohort. As shown in Figure 2, there were significant
differences of CSS among age (p = 0.023), extent of disease
(p < 0.001), surgery (p < 0.001), and tumor size (p = 0.008).
Further, based on the univariate (Figure 3) and multivariate
Cox (Figure 4) proportional hazards regression analyses, four
independent prognostic factors were identified in the training
cohort: age (>70: HR 3.55, 95% CI: 1.07–11.78, p= 0.039), tumor
size (>35 mm: HR 4.22, 95% CI: 1.67–10.68, p= 0.002), extent of
disease (localized: HR 0.17, 95% CI: 0.06–0.47, p = 0.001; and
regional: HR 0.22, 95% CI: 0.07–0.66; p = 0.007), and surgery
(parathyroidectomy: HR 0.29, 95% CI: 0.10–0.83; p= 0.021) were
all significantly associated with CSS in patients with PC.

Prognostic Nomogram for
Cancer-Specific Survival
As shown in Figure 5, the nomogram based on the above four
independent prognostic factors was developed for the prediction
of the 5-, 10-, and 15-year CSS rates in patients with PC. It
demonstrated that the extent of disease contributed the most
to the prognosis. Each level of each variable was assigned a
score on the points scale. The total score was obtained by
adding the scores of each selected variable. Then, the prediction
corresponding to that total score helped to predict the CSS rate
for each patient.

Validation and Calibration of the
Nomogram
The C-index value was 0.826 in the training cohort and 0.872
in the validation cohort, which was greater than 0.7, reflecting
the good discrimination ability of the model. The AUC values
in the ROC curve were 83.7 (95% CI: 75.3–92.0), 79.7 (95% CI:
70.6–89.2), and 80.7 (95% CI: 71.0–90.3) in the training cohort
and 89.5 (95% CI: 79.9–99.1), 81.1 (95% CI: 67.6–94.6), and 79.8
(95% CI: 65.1–94.5) at 5, 10, and 15 years in the validation cohort,
respectively (Figure 6). The calibration curves also presented
a favorable consistency between the actual observation and the
nomogram prediction of the 5-, 10-, and 15-year CSS rates in both
the training and validation cohorts (Figure 7).

FIGURE 1 | Annual number of PC cases recorded in 18 registries of the United States from 2001 to 2018. PC, parathyroid carcinoma.
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TABLE 2 | Baseline clinicopathological characteristics and treatment experience of patients in the training and validation cohort (the subdivision of the continuous
variables age and diameter of the tumor generated by the “surv_cutpoint” function of the “Survminer” R package).

Characteristic Level Training cohort Validationcohort P value

N 604 424 180

Age (%) 0.853

≤70 335 (79.0) 141 (78.3)

>70 89 (21.0) 39 (21.7)

Gender (%) 0.903

Female 205 (48.3) 88 (48.9)

Male 219 (51.7) 92 (51.1)

Race (%) 0.242

White 314 (74.1) 141 (78.3)

Black 69 (16.3) 29 (16.1)

Other 41 (9.7) 10 (5.6)

Region (%) 0.807

unknown 36 (8.5) 13 (7.2)

regional 124 (29.2) 54 (30.0)

localized 245 (57.8) 102 (56.7)

distant 19 (4.5) 11 (6.1)

Surgery (%) 0.780

No surgery 21 (5.0) 6 (3.3)

En bloc radical resection 35 (8.3) 16 (8.9)

Other 28 (6.6) 10 (5.6)

Parathyroidectomy 340 (80.2) 148 (82.2)

Radiotherapy (%) 0.549

No 377 (88.9) 163 (90.6)

Yes 47 (11.1) 17 (9.4)

Tumor size (%) 0.473

≤35 192 (45.3) 89 (49.4)

>35 66 (15.6) 30 (16.7)

NA 166 (39.2) 61 (33.9)

Lymph node metastasis (%) 0.458

No 89 (21.0) 46 (5.6)

Yes 27 (6.4) 10 (5.6)

NA 308 (72.6) 124 (68.9)

Tumor-specific death (%)

No 383 (90.3) 159 (88.3) 0.460

Yes 41 (9.7) 21 (11.7)

DISCUSSION

The accurate and effective prognostic evaluation was of great
clinical significance for individualized treatment and follow-up.
However, due to the rarity of PC, there was little clinical evidence
about its prognosis, and no predictive model was available for
predicting the prognosis of patients with PC. In this population-
based study, we identified four independent prognostic factors
of the patients with PC based on the SEER database: age, extent
of disease, surgical approach, and tumor size. At the same
time, the nomogram prediction model was used to visualize the
overall impact of these factors on the CSS rate of each patient.
Validation of the nomogram showed it had good discriminative
and calibration ability.

The incidence of PC was reported differently in different
countries and regions. It was considered to account for

approximately 1% of all cases of PHPT (Wilhelm et al., 2016)
and 0.005% of all cancers in the United States (Ferraro et al.,
2019). However, in China, the proportion of PC in the PHPT
rose to 5–7% (Zhao et al., 2013), and its annual incidence
in the European Union was about 2 cases per 10 million
people in 2008 (van der Zwan et al., 2012). According to an
analysis from the SEER database, the incidence of PC increased
significantly from 3.58 to 5.73 per 10 million people from
1988 to 2003 (Lee et al., 2007). This may be due to the
change in the National Institutes of Health (NIH) guidelines
for parathyroidectomy for asymptomatic hyperparathyroidism
(2002) leading to more PC patients being diagnosed early via
increased serum calcium screening (Asare et al., 2015). Lo et al.
(2018) reported that the increasing incidence was primarily
due to smaller tumors (<3 cm) and regional disease (locally
invasive and LN-positive disease). They also demonstrated that
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FIGURE 2 | Kaplan–Meier curves of CSS for PC patients at different stages or with different risks. (A) All factors. (B) Age at diagnosis. (C) Gender. (D) Race.
(E) Extent of disease. (F) Surgery. (G) Radiotherapy. (H) Lymph node metastasis. (I) Tumor size. CSS, cancer-specific survival; PC, parathyroid carcinoma.

the incidence of PC has not increased since 2001 and instead
remained stable, which was consistent with our findings. As
shown in Figure 1, from 2001 to 2018, the number of cases
recorded in 18 registered areas in the United States had remained
at about 30 each year.

Regarding the effect of tumor size on the PC patient’s
prognosis, previous studies have drawn different conclusions.
Hundahl et al. (1999) analyzed 286 PC patients in the National
Cancer Database (NCDB) from 1985 to 1995 and found that
tumor size was not an important prognostic marker, which was

supported by the research of Lee et al. (2007) and Talat and
Schulte (2010). However, Hsu concluded that tumor size ≥ 3 cm
was associated with LN metastasis (Hsu et al., 2014), and Asare
et al. (2015) found that tumor size > 4 cm was correlated with
an increased risk of death from PC. Among 520 patients with
PC in the SEER database, tumor size > 3 cm was associated
with worse CSS in patients with PC (HR 5.60, 95% CI: 1.50–
21.20, p = 0.012) (Lo et al., 2018). A retrospective review
from a tertiary-referral cancer hospital suggested that tumor
size > 3.2 cm may increase the risk of distant metastasis by more
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FIGURE 3 | Univariate Cox regression analysis of the clinicopathological parameters for CSS using the training cohort. CSS, cancer-specific survival.

than three times (Asare et al., 2019). In this study, Kaplan–Meier
survival (Figure 2I) and Cox regression (Tables 1, 2) analysis
jointly confirmed that tumor size > 35 mm was an independent
adverse prognostic factor for PC patients. Patients with tumors
size > 35 mm had an increased risk of cancer-specific death as
compared to < 35 mm (HR 4.22, CI: 1.67–10.68, p= 0.002).

Distant metastasis was uniformly considered a poor
prognostic factor for PC patients. In the present study,
localized (HR 0.17, CI: 0.06–0.47, p = 0.001) or regional (HR
0.22, CI: 0.07–0.66, p = 0.007) PC showed significantly higher
CCS as compared with distant metastases (in terms of the
extent of disease, the SEER database defined “distant” as a
neoplasm that had spread to parts of the body remote from the
primary tumor either by direct extension or by discontinuous
metastasis to distant organs or tissues or via the lymphatic
system to distant LNs). Moreover, the nomogram exhibited that
the degree of disease contributed the most to the prognosis
(Figure 5). The primary data recorded for distant metastases in

this study included the lung (4 cases), brain (1 case), bone (1
case), and other organs (2 cases). Similarly, Asare et al. (2019)
found that distant metastasis reflected the highest risk factor
for survival in patients with PC by compiling 37 years’ worth
of patient management data from a single institution. At the
same time, they noted that the lung was the most common site
of metastasis and that patients with bone metastases may have a
shorter survival period. Lee et al. (2007) and Harari et al. (2011)
also clarified a definite association between metastatic disease
at diagnosis and poorer overall survival (OS). Lo et al. (2018)
confirmed that the presence of metastatic disease was prognostic
and associated with CSS of PC patients.

Unexpectedly, no clear relationship was found between
regional LN metastasis and prognosis of patients with PC
(Figures 2H, 3). This may be due to the absence of complete
information about LN status in the vast majority of patients
(71.5%); no strong conclusion could be drawn about the
prognostic value of LN status. The same phenomenon had
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FIGURE 4 | Multivariate Cox regression analysis of the select factors for CSS using the training cohort. CSS, cancer-specific survival.

been seen in similar studies of SEER databases (Hsu et al.,
2014; Lo et al., 2018). However, some studies suggested that
positive LNs were associated with poor prognosis. A study from
the NCDB database confirmed that positive LNs predict lower
OS and an increased risk of death (Sadler et al., 2014). The
researchers suggested to remove ipsilateral central compartment
LN dissection for patients with clinically suspicious LNs, but
not prophylactic ipsilateral central LN dissection for all patients.
And Schulte et al. (2012) proposed to place all PC patients with
positive LNs, distant metastases, and vascular or tissue invasion
into a high-risk category. Therefore, this study believed that the
effect of LN status on the prognosis of PC patients still needed
more prospective large-sample studies to confirm.

Age at diagnosis > 70 years proved to be an independent
risk prognostic factor for PC, associated with poorer CSS (HR
3.55, 95% CI: 1.07–11.78, p = 0.039). Some previous studies had
confirmed similar findings. Sadler et al. (2014) demonstrated that

age at diagnosis > 57 years increased the risk of death 5 years after
surgery and portended a poor OS. Lee et al. (2007) observed that
young age was associated with an improved OS rate. However,
since PC was a relatively indolent disease and the median age
at diagnosis was 59 years (Table 1), OS as the primary endpoint
may be confounded by lifespan and current comorbidity of the
patients. Lo et al. had analyzed age at diagnosis as categorical
variables, using thresholds of < 45, 45–59, 60–69, 70–79, and
80 + years, but did not find age at diagnosis to be associated
with an increased risk of cancer-specific death. This may be due
to the improper cutoff values concealing the difference between
the age group. Silva-Figueroa et al. (2017) took the recurrence-
free survival (RFS) as the endpoint of the study, confirming that
age at diagnosis older than 65 years was negatively correlated with
RFS rate (Zhou et al., 2021).

The only curative treatment of PC was surgery and
the best chance of cure could be achieved by complete
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FIGURE 5 | Nomogram for predicting probabilities of cancer-specific survival in patients with parathyroid carcinoma. NA, not availability.

FIGURE 6 | ROC curves of the nomogram. (A) ROC curves of the nomogram for predicting CSS probability at 5, 10, and 15 years in the training cohort. (B) ROC
curves of the nomogram for predicting CSS probability at 5, 10, and 15 years in the validation cohort. ROC, receiver operating characteristic curve; CSS,
cancer-specific survival.

excision, avoiding capsular disruption at the first operation
(Schulte and Talat, 2012; Wilhelm et al., 2016; Rodrigo et al.,
2020). Survival analysis (Figure 2F) showed that the CSS
rates of parathyroidectomy and en bloc radical resection

were significantly higher than those of non-surgical patients
(p < 0.001). Univariate Cox analysis showed that compared
with non-surgical patients, parathyroidectomy (HR 0.15, CI:
0.06–0.37, p < 0.001) and en bloc radical resection (HR
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FIGURE 7 | Calibration curves of the nomogram. (A–C) Calibration curves of the nomogram for predicting the 5-, 10-, and 15-year CSS of PC patients in the
training cohort. (D–F) Calibration curves of the nomogram for predicting the 5-, 10-, and 15-year CSS of PC patients in the internal validation cohort. The x-axis
indicates the predicted survival probability, and the y-axis indicates the actual survival probability. The diagonal 45◦ line (gray line) indicates that the prediction agreed
with actuality. CSS, cancer-specific survival; PC, parathyroid carcinoma.

0.19, CI: 0.05–0.76, p < 0.019) could improve the prognosis
of PC patients, which was consistent with previous literature
reports (Zhou et al., 2021). However, multivariate Cox analysis
presented that only parathyroidectomy (HR 0.29, CI: 0.10–
0.83, p = 0.021) was an independent prognostic factor for
higher CSS rates. This finding could be interpreted as that the
surgical treatment code in SEER was not specific enough to
describe the exact scope of resection, which led to the possibility
that the frequency of en bloc resection was underestimated.
Regarding the management of the LNs, clinically suspected
LNs should be removed, while prophylactic central or lateral
neck dissection was not recommended (Christakis et al., 2016;
Rodrigo et al., 2020).

For radiotherapy, neither survival analysis (p = 0.2) nor
Cox regression analysis (p = 0.239) suggested that it could
not improve the CSS rate in PC patients, which was consistent
with the mainstream viewpoint (Asare et al., 2015; Christakis
et al., 2016; Limberg et al., 2021). As PC was considered
to be a radio-resistant tumor (Salcuni et al., 2018), a study
by the Anderson Cancer Center confirmed that in high-
risk cases, postoperative adjuvant radiotherapy achieves long-
term disease control (Christakis et al., 2017). Therefore, the
American Association of Endocrine Surgeons considered that
adjuvant external radiation therapy should not be performed
routinely after surgery but as a palliative option (Wilhelm
et al., 2016). Chemotherapy was performed in only one patient
in the study, and further analysis could not be explored.
Nevertheless, literatures had certified that except for the partial

response in a few case reports, cytotoxic chemotherapy has not
shown effectiveness in the treatment of PC, and there were
no standardized protocols to use it (Cetani et al., 2016; Tsoli
et al., 2017). Additionally, this study also concluded that although
there were multiple parathyroid glands, PC was mostly unilateral
(99.5%), and the gender distribution for the 604 cases was nearly
equal: 51.5% were male and 48.5% were female. There was no
significant difference in the prognosis of PC among different
races (p= 0.575).

As far as we know, this may be the first nomogram model
to predict the CSS rate of patients with PC. Although the
nomogram presented a good performance of discrimination and
calibration, it has some limitations that should be acknowledged.
Firstly, this study was a retrospective analysis with inherent
biases. Secondly, the registry lacks preoperative calcium and PTH
levels to identify biochemical prognostic. And recurrence was
an important prognostic parameter for PC, but we were unable
to evaluate it due to the lack of relevant records in the SEER
database. Finally, although external validation was difficult to
achieve due to the limited number of cases in a single institution,
it was necessary.

CONCLUSION

In conclusion, this study demonstrated a relatively stable
incidence trend of PC over the past two decades. Age at
diagnosis > 70 years, tumor size > 35 mm, and distant metastasis
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were independent risk factors for CSS in patients with PC.
Gender, race, radiotherapy, and regional LN metastasis were not
associated with CSS. Parathyroidectomy was currently the most
recommended for PC. This nomogram provided individualized
assessment and reliable prognostic prediction for patients with
PC, which may build a foundation for a staging system.
More future prospective studies are needed to confirm and
improve this model.
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