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ABSTRACT

Background. Development of distant metastases (DM) is

associated with markedly decreased survival in parathyroid

carcinoma (PC). We sought to identify factors associated

with development of DM and to quantify the effect that

development of DM had on overall survival (OS).

Methods. Patients with surgically resected local/regional

PC treated or surveilled at a tertiary-referral cancer hospital

from 1980 to 2017 were included. We assessed the asso-

ciation between biochemical and clinicopathologic factors

(preoperative parathyroid hormone (PTH) levels, sex, race,

age, preoperative serum calcium levels, serum calcium

levels at 6 months postop, tumor size, and extent of

resection) with the development of DM. We also assessed

the effect of development of DM on OS.

Results. Seventy-five patients with PC were assessed; 17

(22.7%) developed DM at a median follow-up of

77 months. The cumulative incidence of DM in the cohort

was 20, 30, and 38% at 5, 10, and 20 years respectively.

Tumor size[ 3.2 cm based on recursive partitioning

analysis was the only significant predictor for development

of DM (hazard ratio (HR) = 3.51; 95% confidence interval

[CI] 1.04–11.91; p = 0.04). Median OS for the entire

cohort was 17 years compared with 40 months for the

cohort who developed DM. The HR for death after distant

metastasis was 9.6 (95% CI 4.2–22.3; p\ 0.0001).

Conclusions. Development of distant metastasis during

surveillance is associated with decreased OS, including late

recurrences. Primary tumor size should be considered in

future interval surveillance and development of treatment

algorithms.

Parathyroid carcinoma (PC) accounts for less than 1% of

primary hyperparathyroidism cases in the United States.1

The preoperative diagnosis remains elusive, and definitive

confirmation of disease is based on intraoperative assess-

ment and postoperative histopathologic review of the

resected specimen. The 5- and 10-year overall survivals

(OS) for patients with PC have been estimated at between

78–85% and 49–70% respectively.1–3

Patients who develop distant metastasis (DM) have

decreased survival and quality of life. Debilitating symp-

toms, including cardiac arrhythmias, renal failure,

neuropsychiatric disturbances, and pathologic fractures,

eventually result in death. Data regarding risk factors for

DM after initial surgical resection are lacking. The

National Cancer Data Base (NCDB) and Surveillance

Epidemiology, and End Results (SEER) Program lack

critical variables that would help to assess patterns of DM

and determine factors predictive of DM.4,5

Delineating risk factors associated with DM will help

clinicians tailor a surveillance strategy after initial curative

resection. Patients at high risk for DM might be candidates

for early systemic therapy. Also, aggressive treatment of
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early metastasis may reduce the incidence and mitigate the

implications of hypercalcemia-associated sequelae. Perti-

nent variables needed to enhance understanding of

metastasis in patients with PC may be found in single or

multi-institutional databases. Our institution is one of the

highest volume centers in treating and surveilling patients

with PC. The objectives of this study were to determine:

(1) the cumulative incidence of DM in our cohort during

surveillance, (2) factors predictive of DM during surveil-

lance after curative resection, and (3) the effect of DM on

OS.

METHODS

After approval by the Institutional Review Board (IRB)

of the University of Texas MD Anderson Cancer Center

(MDACC), the tumor registry database of MDACC was

queried for patients with a diagnosis of PC. All

histopathologic slides have been independently re-re-

viewed by a head and neck pathologist at our institution

and the diagnosis of PC confirmed according to the World

Health Organization (WHO) diagnostic criteria described

previously.6 Patients treated or surveilled at MDACC

between January 1, 1980 to December 31, 2017 were eli-

gible for inclusion.

Data on demographic factors, preoperative biochemical

factors, extent of resection, and postoperative serum cal-

cium level at 6 months were captured for each patient.

Postoperative surveillance data, including vital status,

development of metastasis during surveillance, location of

metastasis if present, and cause of death if deceased were

recorded. Patients with serum calcium levels greater than

10.2 mg/dL during the initial 6 months following

parathyroidectomy were considered to have persistent

disease, and those who developed serum calcium levels

greater than 10.2 mg/dL after a period of eucalcemia for at

least 6 months were considered to have disease recurrence.

Statistical Analysis

Data on continuous variables are reported as

mean ± standard deviation (SD). Discrete variables are

reported as frequency with corresponding relative fre-

quency (percentage). Hazard ratios (HR) are presented as

point estimates with 95% confidence intervals (CI). The

primary objective was assessment of the factors predictive

of development of DM. The effect of DM on OS was the

secondary objective. Missing values [preoperative PTH (4),

preoperative calcium levels (8), tumor size (8), serum

calcium levels at 6 months post-surgery (1)] were excluded

from analysis. The cumulative incidence of DM was esti-

mated using the Aalen–Johansen method while treating

death without DM as a competing risk; calculations were

from date of surgery. Gray’s test was used to test for dif-

ferences between stratified cumulative incidence functions.

A multivariable Fine-Gray proportional hazard regression

model to predict risk of DM using the following variables

was done: age, sex, race, preoperative serum calcium and

PTH levels, tumor size, type of resection, and 6-month

postoperative serum calcium. For purposes of analysis, the

following continuous variables were dichotomized as:

PTH B 1200 pg/mL or[ 1200 pg/mL; age B 65 years

or[ 65 years; calcium B 15 mg/dL or[ 15 mg/dL; and

tumor size B 3.2 cm or[ 3.2 cm. The cutoff points for

analysis for age, PTH, and calcium levels were chosen to

be consistent with our previous publication, whereas tumor

size was based on the recursive partitioning analysis (RPA)

from this study.7 RPA also was employed to identify

subgroups with different risks of DM (Fig. 1).8

Overall survival from date of initial surgery was esti-

mated using the Kaplan–Meier method. The effect of DM

on OS was assessed by treating the survival data for

patients who developed DM as left truncated for the

Kaplan–Meier estimate and by treating the development of

DM as a time-dependent indicator variable in a Cox pro-

portional hazards regression model.

Statistical analysis was performed using S?Version 8.0

for Windows (TIBCO Software Inc) and R version 3.1.1 (R

Foundation for Statistical Computing). Statistical signifi-

cance was assumed for p values\ 0.05.

RESULTS

Of the 75 patients with PC, 17 (22.7%) developed DM

during the surveillance period with a median follow-up of

77 months. Nineteen (25.3%) patients had their initial

surgery at MDACC, whereas 56 (74.7%) had their index

surgery before referral. There were 38 males (50.1%). The

median age at the time of first surgery was 51 years (range

43–61). Median tumor size was 2.7 cm (range 2.0–3.5),

whereas median preoperative calcium levels and preoper-

ative PTH levels were 13.4 mg/dL (range 11.85–14.6) and

620 pg/mL (range 256–1407) respectively. The cumulative

incidence of DM for the entire cohort was 20.1, 25.8, and

37.6% at 5, 10, and 20 years, respectively (Fig. 2a).

Stratification of preoperative serum PTH levels into terciles

to predict the cumulative incidence of DM on univariate

analysis did not show statistical significance (Table 1). Age

was dichotomized into B 65 or[ 65 years, but the

cumulative incidence of DM was not statistically signifi-

cant between the two groups. Neither sex, preoperative

serum calcium levels, race, elevated serum calcium levels

at 6 months after surgery, nor the extent of resection was

associated with increased cumulative incidence of DM on
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univariate analysis (Table 1). Only tumor size stratified

into terciles was associated with statistically significant

increased cumulative incidence of DM at 5 and 10 years

(Table 1). Patients with tumor size in the lowest tercile had

the lowest cumulative incidence of DM of 6% at 5 years

compared with 44% for patients in the third tercile.

Distant metastasis occurred in the lung, mediastinum,

bone, and liver (Table 2). Among the cohort who devel-

oped DM, the median time to first DM was 23 months. The

lung as a single site was the most common site of DM

followed by bone (Table 2). All four patients with bone

metastasis have since expired with an average time to death

< 3.15cm

< 13.65 > 13.65

N = 24, 5yr = 0%

Group 1

size < 3.2 cm,
serum Ca <
13.7 mg/dL
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N = 15, 5yr = 16% N = 10, 5yr = 61% N = 13, 5yr = 34%
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at highest risk for distant

metastasis
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FIG. 2 a Cumulative incidence of distant metastasis for all patients
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for patients with PC treated or surveilled at MDACC from 1980 to

2017 (n = 62)
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of 27.6 months, whereas 8 of 12 patients with metastasis to

the lungs are deceased with average time to death of

38.4 months (Table 2). The median follow-up time for

patients with DM was 59 months. The average age at death

for patients with bone metastasis and lung metastasis was

similar 60 (range 49–71) compared with 59.8 (range

38–81) years, respectively. Of the 17 patients who devel-

oped DM, 13 (76.5%) occurred within 5 years from date of

diagnosis. Four patients had recurrences at 10, 15, 17, and

18 years after initial diagnosis whose preoperative PTH

levels were 1256 pg/mL, 7200 pg/mL, 620 pg/mL, and

1707 pg/mL respectively. These late recurrences had pre-

operative calcium levels that ranged from 15.3 to 18 mg/

dL.

A multivariable, Fine-Gray proportional hazard regres-

sion analysis found tumor size greater than 3.2 cm to be

predictive of increased risk of DM (HR = 3.51; 95% CI

1.04–11.91; p = 0.044). RPA identified four groups that

differed with respect to risk of DM (Fig. 2b). The cohort

with the lowest cumulative incidence of DM had a tumor

size less than 3.2 cm and serum calcium levels less than

13.7 mg/dL, whereas the group with a tumor size greater

than 3.2 cm and age less than 47.5 years had the highest

cumulative incidence of DM (p = 0.0005; Fig. 2b).

The 5-, 10-, and 20-year OS for the entire cohort was 78,

61, and 39% respectively with a median OS of 17 years

(95% CI 10 years to maximum not reached; Fig. 3a). The

median OS for patients who developed DM was 40 months

(95% CI 16 months to maximum not reached; Fig. 3b).

Among the 12 patients with DM who are since deceased,

the median time to death after DM was 25 (range 7.4–99.2)

months. At 5 years, the OS for patients who developed DM

within the first 5 years was 16% (95% CI 3–91%) com-

pared with 87% (95% CI 77–97%) for those without DM

(Fig. 3b).

There were 50 patients with documented capsular

invasion and 24 patients in which capsular invasion was

not reported. Lymphovascular invasion was present in 25

patients, absent in 26 patients, and not reported in 24

patients. Nineteen patients had C 1 mitosis, 33 had\ 1

mitosis, and mitotic count was unknown in 23 patients. The

Ki-67 index was known in only 15 patients.

TABLE 1 Univariate results of cumulative incidence for the development of distant metastasis for 75 patients with PC treated or surveilled at

MDACC from 1980 to 2017

Variable Minimum and

maximum

values

Group N 5-year cumulative

incidence for developing

distant metastases [%, (95% CI)]

10-year cumulative

incidence

[%, (95% CI)]

p value

Preop-PTH (pg/ml) 72, 7200 All 75 20 (10, 30) 26 (13, 38) –

1st Tercile (72–351.2) 20 17 (4, 38) 17 (4, 38) 0.49

2nd Tercile (351.2–1200) 22 19 (4, 42) 19 (4, 42)

3rd Tercile (1200–7200) 19 19 (4, 42) 30 (7, 56)

Sex – Male 38 23 (10, 40) 30 (13, 50) 0.4

Female 37 17 (6, 32) 21 (8, 38)

Age (year) 13, 82 B 65 65 19 (10, 31) 23 (12, 36) 0.38

[ 65 10 26 (3, 60) –

Highest Ca 9.7, 24.0 B 15 50 22 (11, 37) 22 (11, 37) 0.22

Preop (mg/dL) [ 5 13 8 (0, 30) 24 (2, 59) 0.34

Type of resection – Parathyroidectomy 35 15 (4, 32) 28 (10, 49) –

En bloc (Parathyroidectomy ?

lobectomy or thyroidectomy)

21 10 (2, 29) 10 (2, 29)

En bloc ? level VI dissectionb 15 48 (15, 76) 48 (15, 76)

Modified lateral neck dissection 4 25 (0, 71) –

Tumor size (cm) 1.1, 8.0 1st Tercile (1.1–2.3) 24 6 (0, 23) 15 (2, 40) 0.01

2nd Tercile (2.3–3.2) 23 10 (2, 28) 10 (2, 28)

3rd Tercile (3.2–8) 21 44 (21, 66) 54 (25, 76)

Elevated Ca at

6 monthsa
– Yes 12 18 (2, 44) 18 (2, 44) 0.47

No 62 21 (11, 34) 25 (13, 40)

Race – Other 25 15 (2, 40) 15 (2, 40) 0.85

White 50 22 (1, 34) 28 (15, 42)

p value is from Gray’s test for differences in cumulative incidence
aElevated calcium at 6 months refers to serum calcium levels C 10.2 mg/dL
bEn bloc level VI dissection includes thyroid lobectomy or total thyroidectomy
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Twenty patients with metastatic disease and/or refrac-

tory hypercalcemia received systemic therapy, which

included one or a combination of the following agents:

Taxol, Ifosfamide, Carboplatin, Sensipar, Zometa, Sando-

statin, Sirolimus, Cetuximab, Xgeva, Sorafenib,

Pamidronate, Lenvatinib, Pembrolizumab, Everolimus,

Vandentanib, Docetaxel, Gemcitabine, Erlotinib, Adri-

amycin, Lenalidomide. There were 18 patients treated with

adjuvant XRT to the neck. The hazard ratio for the effect of

systemic therapy and XRT on overall survival are 1.5 (95%

CI 0.7–3.2, p = 0.34) and 1.4 (95% CI 0.6–3.1, p = 0.42)

respectively.

DISCUSSION

Refractory hypercalcemia and its associated toxicities

decrease the quality of life and survival among patients

with metastatic PC. To our knowledge, this is the largest

TABLE 2 Clinicopathologic course of patients with parathyroid carcinoma who developed distant metastases (n = 17)

Patient ID Site of metastasis Time from diagnosis to first

distant metastasis (months)

Time from first metastasis

to death (months)

Cause of death

1 Bone 38.8 40.4 Died of disease

2 Bone 1.1 48.5 Died-Unknown

3 Bone and lung 12.1 7.4 Died-Unknown

4 Bone 17.3 14.1 Died of disease

5 Mediastinum 210.3 33.0 Died of disease

6 Lung 5.5 7.8 Died of disease

7 Lung 86.3 16.4 Died of disease

8 Lung 27.2 NA Alive

9 Lung 23.1 NA Alive

10 Lung 27.1 NA Alive

11 Lung 210.9 NA Alive

12 Lung and liver 10.8 72.1 Died of disease

13 Lung 20.0 17.0 Died of disease

14 Lung 1.2 9.0 Died-Unknown

15 Lung 114.2 99.2 Died of disease

16 Lung 173.5 78.1 Died of disease

17 Liver 23.4 NA Alive
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single institutional study to report on the risk of DM and its

impact on OS for patients with PC. We found a 5-year OS

of 16% for patients who developed DM compared with a

5-year OS of 87% for patients without DM and a HR for

death of 9.6 (95% CI 4.2–22.3; p\ 0.0001) associated

with DM. RPA showed that patients with tumor size

greater than 3.2 cm and age less than 47.5 years had the

highest cumulative incidence of DM. Patients with late DM

were in the highest category for preoperative PTH and

calcium levels.

Few studies on PC have reported on the incidence of

DM. In a retrospective review of 224 patients in the SEER

database from 1988 to 2003, only 10 patients had DM.5 An

updated review of SEER database from 1988 to 2010

reported 7 cases of DM among a cohort of 405 patients.9

Xue et al. found 3 cases of DM among a cohort of 40

patients from 2000 to 2015, while the Spanish Parathyroid

Carcinoma Study Group (SPCSG) observed 3 cases of DM

among 62 patients from 1980 to 2013.10,11 In contrast,

there were 17 patients who developed DM in our cohort of

75 patients between 1980 to 2017. The cumulative inci-

dence of DM continued to increase with time with an

observed rate of 37.8% at 20 years. The smaller number of

cases (n = 10) in the SEER database compared with 17 in

our study may be secondary to limited follow-up infor-

mation of recurrences in cancer registries and possible

challenges in the diagnosis of PC with possible inclusion of

patients with atypical parathyroid neoplasms.12,13

There have been several conflicting reports on the role

of tumor size as a prognostic factor in patients with

PC.4,5,9,14,15 Asare et al. found a 2% increase in the risk of

death on multivariable analysis of patients with PC.4

Among 405 patients with PC in the SEER database, tumor

size C 3 cm was associated with increased risk of death

from PC, HR 5.35 (95% CI 1.47–19.5), p = 0.01.9 Lee

et al. categorized size into 0–1.9, 2–3.9, and C 4 and found

no differences in prognosis.1 Talat et al. found size[ 3 cm

to increase the risk of recurrence but was not prognostic for

death.14 This study found the cumulative incidence of DM

to be higher in patients in the upper tercile for tumor size

(3.2–8 cm). Additionally, tumor size[ 3.2 cm was asso-

ciated with a greater than threefold increase in the risk of

DM. The predictive effect of tumor size on DM was further

supported by results of our RPA where patients with tumor

size[ 3.2 cm and age younger than 47.5 years had a 61%

cumulative incidence of DM.

The study from SPCSG found margin status, tumor

rupture, and degree of intraoperative PTH drop to be pre-

dictive of recurrence.11 In a previous report, vascular

invasion, age[ 65 years, and calcium[ 15 mg/dL were

found to be predictive of any recurrence (distant or

locoregional).7 In contrast to this current study, which

looked at DM only, the SPCSG study had three patients

with DM, whereas the study by Silva-Figueroa et al. had

any recurrence as the outcome of interest. Distinguishing

between the risk for locoregional versus DM is important

as re-resection of locoregional recurrence is usually an

option but not readily feasible for DM. Additionally, the

relatively poor survival of patients with DM compared with

locoregional recurrence calls for a tailored surveillance

strategy based on risks for distant recurrence.1,2

Most studies have had a very small number of patients

with DM and thus did not distinguish between locoregional

recurrence and DM during analyses. Some investigators

have found that recurrence is associated with an increased

risk of death. One study reported an OR for death of 7.76

(95% CI 1.5–40.1; p = 0.014) for patients with any recur-

rence, whereas another found a HR for death of 11.6 (no CI

reported, p\ 0.0001) for DM.5,10 Similarly, a review of 37

patients from the UCSF from 1966 to 2009 found an

increased risk of death for patients with DM, HR 3.5 (95%

CI 1.6–7.64).2 In an analysis of 405 patients with PC, the

HR for disease-specific death for 7 patients with DM was

45.1 (range 2.7–77.6; p\ 0.01).9 Our results confirm that

patients who develop DM have markedly decreased sur-

vival compared with those without DM. The median time

to death among the cohort with bone metastasis was shorter

than those with metastasis to other sites suggesting that

bony metastasis may portend worse survival.

Limitations include the retrospective nature of this study

and the limited number of events for correlation. There was

not enough data on microscopic features to be able to

assess their effect on distant metastases in this cohort.

Subgroup analysis could not be performed for disease

specific analysis, such as survival for cohorts based on site

of DM. Additionally, only 19 patients had their index

surgery at our institution and therefore limits our ability to

draw conclusions on the impact of intraoperative suspicion

for parathyroid carcinoma on the extent of surgical

resection.

CONCLUSIONS

Compiling 37 years of patient management from a sin-

gle institution, we found that patients with metastatic PC

have significantly decreased survival compared with those

without DM and that the lung is the most common site of

DM. Patients with bony metastasis may have shorter sur-

vival compared with other sites of metastases. Our results

support the use of Tumor, Node, Metastasis (TNM) as

meaningful in PC as incorporated in the American Joint

Committee on Cancer (AJCC) 8th Edition Cancer Staging

System, with DM reflecting the highest risk factor

impacting survival. Close surveillance of patients with PC

is warranted in the long-term. While acknowledging
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sample size limitations, our current results identify patients

younger than 47.5 years old with tumors larger than 3.2 cm

as having the highest cumulative incidence of DM. Closer

surveillance should be considered in this cohort. The three

cases of late metastasis ([ 10 years after diagnosis) that

were identified highlight the need for life-long follow-up in

these patients. Future work will seek to assess the muta-

tional profiles of patients with PC to look for molecular

predictors of metastasis, with focus on potential targets for

salvage therapies.
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