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Abstract

Objective: To identify novel prognostic risk factors and compare them with other known 
prognostic risk factors in follicular-cell-derived thyroid carcinoma (FDTC) with distant 
metastases.
Methods: A retrospective review was conducted of adult patients with metastatic FDTC 
seen at a tertiary care center between January 1990 and December 2010. A 15-year 
Kaplan–Meier survival estimate was created for overall survival (OS) and cancer-specific 
survival (CSS). Hazard ratios (HR) and P values from Cox proportional hazard models 
were used with a 95% CI.
Results: There were 143 patients (60.1% male, 39.9% female), of whom 104 (72.7%) 
patients had papillary, 30 (21.0%) had follicular, 5 (3.5%) had poorly differentiated, and 
4 (2.8%) had Hürthle cell cancers. Median length of follow-up was 80.0 months (range 
1.0–564.0). The 15-year mortality rate was 32.2% and cancer-specific mortality was 
25.2%, with OS and CSS having the same risk factors. Lung was the most common site of 
metastases in 53 patients (37.1%), and patients with pleural effusions had significantly 
lower CSS (HR = 5.21, CI = 1.79–15.12). Additional risk factors for a decreased CSS 
included: older age upon diagnosis (>45 years, HR = 4.15, CI = 1.43–12.02), multiple 
metastatic locations (HR = 3.75, CI = 1.32–10.67), and incomplete/unknown tumor 
resection (HR = 2.35, CI = 1.18–4.67).
Conclusion: This study is the first to demonstrate that pleural effusion is a poor prognostic 
sign in patients with FDTC with distant metastases and compare this risk with other 
accepted prognostic variables.

Introduction

Thyroid cancer is currently the third fastest rising cancer 
diagnosis in the United States. The National Cancer 
Institute indicates that there were 52,070 new cases 
of thyroid cancer diagnosed in 2019 and an estimated 
52,890 newly diagnosed cases in 2020, representing 2.9% 
of all new cancer diagnoses in the United States (1). The 
incidence of thyroid carcinoma is 15.7 per 100,000 men 
and women per year and represents 0.4% of all cancer 
deaths currently. The incidence has increased significantly 

since 1975 going from 4.5 per 100,000 in 1975 to 15.7 
per 100,000 in 2020, representing a 3.4-fold increase (1). 
The rise in incidence is mainly attributed to an increase in 
thyroid cancer detection secondary to increased imaging, 
increased detection of incidental thyroid tumors, 
and introduction of high-sensitivity ultrasonography 
detecting small subcentimeter lesions. Malignant pleural 
effusion currently has an estimated annual incidence 
of 150,000 in the USA, and it is expected that with the 
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increase in new cancer diagnoses, this incidence would 
also increase (2, 3, 4).

Survival for low-risk thyroid cancer remains above 
90% (1), and prognosis for patients with metastasis on 
presentation falls between 23.1 and 31% for 10-year 
survival (5, 6, 7). The majority of cases are low grade/
stage upon diagnosis and seldom do patients present with 
distant metastasis, which have since made it difficult to 
assess which clinical characteristics have the largest effect 
on overall survival (OS) and cancer-specific survival (CSS). 
Significant risk factors that were identified for a decrease in 
survival included follicular thyroid cancer, age >45 years 
(8), cancer with metastasis to bone (5), increased tumor 
size (8) and tumor size >3 cm (5), and incomplete tumor 
resection (5, 8). In addition to extra-thyroid tumor spread, 
lymph node metastases, distant metastases and tall cell 
variants for PTC (8), other risk factors associated with a 
decrease in CSS were distant metastasis diagnosed before 
whole body scan, non-radioactive iodine (RAI) avidity, 
external beam radiation to distant metastases (6, 7), and a 
higher MACIS score (9). Treatment with RAI was previously 
found to be the single most powerful prognostic indicator 
for increased disease-free interval and significantly 
increased survival, while patients derived no benefit from 
treatment with external radiation (6). It is important 
to note that pleural effusion has not been studied with 
respect to these variables and its relative importance has 
never been quantified with respect to known prognostic 
variables in metastatic thyroid carcinoma.

The aim of this study was to identify the effect of 
novel prognostic variables (such as pleural effusion) on 
OS and CSS in comparison to known prognostic variables 
in patients with follicular-cell-derived thyroid carcinoma 
(FDTC) with distant metastases.

Methods

Patients

This study was approved by the Cleveland Clinic 
Foundation Institutional Review Board/Independent 
Ethics Committee (IRB/IEC) and was a retrospective review 
of patients (18 years and older) who presented to a tertiary 
referral center with FDTC between January 1, 1990 and 
December 31, 2010. Consent was determined to not be 
necessary and was waived given the minimal risk posed 
to patients for this study. Patients were identified with a 
diagnosis of thyroid cancer utilizing ICD-9 codes, then 
individual chart review was performed to ensure inclusion 

and exclusion criteria were met. Inclusion criteria 
included thyroid carcinoma with distant metastases and 
age greater than 18 years or older on presentation to the 
tertiary referral center. Patients excluded from analysis 
were those not followed at the tertiary referral center, 
those with insufficient data, and patients who had other 
types of concomitant cancer (e.g. breast, colon cancer). 
Additionally, medullary thyroid carcinoma patients were 
excluded. After manual chart review for exclusion criteria, 
143 patients were included in the analysis (Supplementary 
Fig. 1, see section on supplementary materials given at the 
end of this article).

Data collection process

Data were confirmed/refuted from the electronic research 
informatics with manual chart review for inclusion/
exclusion criteria. Disputed results were discussed and 
agreed upon by all data collectors (D T B and G B G) and 
investigators (C N). The following demographic factors 
were collected: age, age ≥45 years, last recorded age, 
gender, race, history of neck radiation exposure, history 
of preexisting thyroid disease, last vital status, length 
of follow-up (months), and death due to disease. Death 
due to disease was defined as dying from the primary 
thyroid cancer or a direct complication of thyroid cancer, 
including expiring in hospice (if was transitioned to 
hospice for management of thyroid cancer), hypoxia from 
malignant pleural effusion, hypoxia from respiratory 
failure if determined to be from disease burden.

Statistical analysis

Categorical variables were summarized using frequencies 
and percentages, while continuous measures were 
reported with medians and ranges. Two separate univariate 
analyses were performed with primary outcomes of 
overall survival and cause-specific survival. The number 
of deaths and deaths due to cancer were summarized with 
frequencies and percentages, while 15-year Kaplan–Meier 
survival estimates were created for overall and cause-
specific survival. Hazard ratios (HR) and P values from 
Cox proportional hazard models were used with 95% CI. 
A P value less than 0.05 was set as statistically significant. 
Multivariable models were fit using stepwise selection, 
with significance criteria of 0.05 to enter and remain in 
the model. Analysis was performed with SAS software 
(version 9.4; Cary, NC, USA).
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Results

Patient demographics

There were 143 patients who met study inclusion criteria 
after applying exclusion criteria (Supplementary Fig. 1). 
The median age at diagnosis was 59.0 years (9.0, 89.0), 
with patients who developed lung metastases and a pleural 
effusion being older at a median age of 75.0 (28.0, 89.0). 
The majority were male (60.1%) patients and the most 
common races represented were White (83.9%, n = 120) 
and Black or African American (10.5%, n = 15). The mean 
length of follow-up was 80.0 months (1.00, 564.0), with 
32.2% being dead after 15 years of follow-up (n = 46), with 
thyroid cancer being the most common cause of death 
(n = 36). Patients who developed a pleural effusion had a 

median length of follow-up of 15.0 months (1.00, 432.00) 
(Table 1). Comparisons between the total cohort, patients 
with lung metastases with and without pleural effusion 
were compared and included in Tables 1 and 2.

Disease characteristics

The most common cancer type was papillary thyroid 
cancer (72.7%, n = 104), with the most common histologic 
subtypes listed in Table 2. The median size of the tumor 
was 3.6 cm (0.2, 14.0), and 78.3% had complete resection 
of their tumor (n = 112). The majority of patients did not 
have visible lung metastases on diagnosis (62.9%, n = 90), 
but 37.1% of patients had developed lung metastases 
(n = 53) during follow-up (Table 2). In the patients with lung 

Table 1 Demographics summaries.

Factor
Total

Lung metastasis

P-value

Lung metastasis with  
pleural effusion

P-value
No Yes No Yes

(n = 143) (n = 90) (n = 53) (n = 43) (n = 10)

Age at diagnosis 59.0  
(9.0, 89.0)

58.0  
(9.0, 81.0)

60.0  
(13.0, 89.0)

0.11b 58.0  
(13.0, 85.0)

75.0  
(28.0, 89.0)

0.020b

Age > or = 45 107 (74.8) 67 (74.4) 40 (75.5) 0.89c 31 (72.1) 9 (90.0) 0.24c

Last Age 64.0  
(24.0, 91.0)

65.0  
(24.0, 91.0)

62.0  
(26.0, 89.0)

0.76b 60.0  
(26.0, 87.0)

78.0  
(58.0, 89.0)

0.010b

Gender    0.96c   0.49c

 Female 57 (39.9) 36 (40.0) 21 (39.6)  18 (41.9) 3 (30.0)  
 Male 86 (60.1) 54 (60.0) 32 (60.4)  25 (58.1) 7 (70.0)  
Race    0.25d   0.58d

 Pacific Islander 1 (0.70) 1 (1.1) 0 (0.0)  0 (0.0) 0 (0.0)  
 Black or African American 15 (10.5) 6 (6.7) 9 (17.0)  6 (14.0) 3 (30.0)  
 White 120 (83.9) 78 (86.7) 42 (79.2)  35 (81.4) 7 (70.0)  
 More than one race 2 (1.4) 2 (2.2) 0 (0.0)  0 (0.0) 0 (0.0)  
 Unknown/not reported 5 (3.5) 3 (3.3) 2 (3.8)  2 (4.7) 0 (0.0)  
History of neck radiation 

exposure
   0.84c   0.99d

 No 133 (93.0) 84 (93.3) 49 (92.5)  40 (93.0) 9 (90.0)  
 Yes 10 (7.0) 6 (6.7) 4 (7.5)  3 (7.0) 1 (10.0)  
History of preexisting 

thyroid disease
   0.10d   0.42c

 None 121 (84.6) 79 (87.8) 42 (79.2)  42 (79.2) 35 (81.4)  
 Graves’ disease 2 (1.4) 2 (2.2) 0 (0.0)  0 (0.0) 0 (0.0)  
 Hashimoto’s thyroiditis 1 (0.70) 1 (1.1) 0 (0.0)  0 (0.0) 0 (0.0)  
 Others 19 (13.3) 8 (8.9) 11 (20.8)  11 (20.8) 8 (18.6)  
Last vital status    0.70c   0.002c

 Alive 97 (67.8) 60 (66.7) 37 (69.8)  34 (79.1) 3 (30.0)  
 Dead 46 (32.2) 30 (33.3) 16 (30.2)  9 (20.9) 7 (70.0)  
Length of follow-up 

(months)
80.0  

(1.00, 564.0)
99.5  

(3.0, 564.0)
56.0  

(1.00, 432.0)
<0.001b 64.0  

(3.0, 210.0)
15.0  

(1.00, 432.0)
0.015b

Death due to disease    0.11d   0.44d

 Yes 36 (78.3) 21 (70.0) 15 (93.8)  9 (100.0) 6 (85.7)  
 No 4 (8.7) 3 (10.0) 1 (6.3)  0 (0.0) 1 (14.3)  
 Unknown 6 (13.0) 6 (20.0) 0 (0.0)  0 (0.0) 0 (0.0)  

Statistics presented as Median (min, max) or n (column %).
P-values: bKruskal–Wallis test; cPearson’s chi-square test; dFisher’s Exact test.
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Table 2 Thyroid summaries.

Factor
Total

Lung metastasis

P-value

Lung metastasis with pleural 
effusion

P-value
No Yes No Yes

(n = 143) (n = 90) (n = 53) (n = 43) (n = 10)

Cancer type    0.21d   0.089d

 Papillary thyroid cancer 104 (72.7) 62 (68.9) 42 (79.2)  36 (83.7) 6 (60.0)  
 Follicular thyroid cancer 30 (21.0) 23 (25.6) 7 (13.2)  5 (11.6) 2 (20.0)  
 Hürthle cell cancer 4 (2.8) 3 (3.3) 1 (1.9)  1 (2.3) 0 (0.0)  
 Poorly differentiated 

cancer
5 (3.5) 2 (2.2) 3 (5.7)  1 (2.3) 2 (20.0)  

Histologic subtype: tall cell 
variant

20 (14.0) 7 (7.8) 13 (24.5) 0.005c 12 (27.9) 1 (10.0) 0.24c

Histologic subtype: follicular 
variant

32 (22.4) 15 (16.7) 17 (32.1) 0.033c 14 (32.6) 3 (30.0) 0.88c

Histologic subtype: diffuse 
sclerosing variant

4 (2.8) 3 (3.3) 1 (1.9) 0.99d 1 (2.3) 0 (0.0) 0.99d

Histologic subtype: oncocytic 6 (4.2) 4 (4.4) 2 (3.8) 0.99d 1 (2.3) 1 (10.0) 0.34d

Histologic subtype:  
cribriform morular

0 (0.0) 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)  

Histologic subtype: solid 
variant

3 (2.1) 1 (1.1) 2 (3.8) 0.56d 1 (2.3) 1 (10.0) 0.34d

Histologic subtype: 
micropapillary (Hobnail)

2 (1.4) 0 (0.0) 2 (3.8) 0.14d 2 (4.7) 0 (0.0) 0.99d

Histologic subtype: 
encapsulated papillary

0 (0.0) 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)  

Histologic subtype: insular 8 (5.6) 4 (4.4) 4 (7.5) 0.44c 2 (4.7) 2 (20.0) 0.16d

Histologic subtype: Warthin 
like

0 (0.0) 0 (0.0) 0 (0.0)  0 (0.0) 0 (0.0)  

Histologic subtype: Not 
stated

76 (53.1) 55 (61.1) 21 (39.6) 0.013c 15 (34.9) 6 (60.0) 0.14c

Largest tumor size known 97 (67.8) 56 (62.2) 41 (77.4) 0.061c 36 (83.7) 5 (50.0) 0.022c

 Tumor size 3.6  
(0.20, 14.0)

4.0  
(0.20, 12.0)

3.0  
(1.00, 14.0)

0.74b 3.0  
(1.5, 14.0)

7.0  
(1.00, 9.0)

0.60b

Completeness of surgery    0.53c   0.21c

 Completely resected 112 (78.3) 72 (80.0) 40 (75.5)  34 (79.1) 6 (60.0)  
 Incompletely resected 31 (21.7) 18 (20.0) 13 (24.5)  9 (20.9) 4 (40.0)  
Lung metastases: 

micronodules (up to 9 mm)
45 (31.5) ---- 45 (84.9)  37 (86.0) 8 (80.0) 0.63c

Lung metastases: 
macronodules (>1cm)

19 (13.3) ---- 19 (35.8)  13 (30.2) 6 (60.0) 0.077c

Lung metastases: diffuse 
miliary

2 (1.4) ---- 2 (3.8)  2 (4.7) 0 (0.0) 0.99d

Number of micronodules       0.10d

 0 3 (6.7) ---- 3 (6.7)  1 (2.7) 2 (25.0)  
 1–5 nodules 16 (35.6) ---- 16 (35.6)  15 (40.5) 1 (12.5)  
 6–10 nodules 6 (13.3) ---- 6 (13.3)  5 (13.5) 1 (12.5)  
 >10 nodules 20 (44.4) ---- 20 (44.4)  16 (43.2) 4 (50.0)  
Number of macronodules       0.74d

 0 1 (5.3) ---- 1 (5.3)  0 (0.0) 1 (16.7)  
 1–5 nodules 11 (57.9) ---- 11 (57.9)  8 (61.5) 3 (50.0)  
 6–10 nodules 4 (21.1) ---- 4 (21.1)  3 (23.1) 1 (16.7)  
 >10 nodules 3 (15.8) ---- 3 (15.8)  2 (15.4) 1 (16.7)  
Laterality in lungs       0.29c

 Unilateral 12 (22.6) ---- 12 (22.6)  11 (25.6) 1 (10.0)  
 Bilateral 41 (77.4) ---- 41 (77.4)  32 (74.4) 9 (90.0)  
Mostly central lung 

metastases
5 (3.5) ---- 5 (9.4)  5 (11.6) 0 (0.0) 0.57d

Mostly peripheral lung 
metastases

44 (30.8) ---- 44 (83.0)  36 (83.7) 8 (80.0) 0.78c

(Continued)
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metastases, a pleural effusion developed in ten patients, 
with eight being bilateral and two being unilateral (Table 
2). The median MACIS score (9) upon diagnosis was 8.7 
(4.5, 12.1), and all patients had AJCC seventh edition stage 
IVc disease (10) and were ATA high risk (11) (Table 3).

Risk factors for overall and cancer-specific survival

Significant risk factors were the same for OS and CSS with 
similar hazard ratios. Significant risk factors for decreased 
CSS included age ≥45 years (HR 4.15, CI = 1.43–12.02, 

P = 0.009), multisite metastases (HR 3.75, CI = 1.32–10.67,  
P = 0.013), incomplete tumor resection (HR 2.35, 
CI = 1.18–4.67, P = 0.014), visible metastases in bone (HR 
3.20, CI = 1.49–6.88, P = 0.003), visible metastases in other 
organs (HR 2.27, CI = 1.12–4.60, P = 0.022), higher age at 
diagnosis (HR 1.06, CI = 1.03–1.08, P < 0.001), and higher 
MACIS score (HR 1.98, CI = 1.49–2.63, P < 0.001) (Tables 
4, 5 and 6). The presence of visible lung metastases at 
diagnosis was found to have a decreased risk of mortality 
when compared to other sites of metastases (HR 0.49, 
CI = 0.25–0.97, P = 0.042) (Tables 4, 5 and 6). However, 
in patients who developed lung metastases and a pleural 
effusion, there was a significant decrease in OS (HR 
5.74, CI = 1.97–16.73, P = 0.001) and CSS (HR 4.93, CI =  
1.59–15.26, P = 0.006) (Tables 4, 5 and 6). Kaplan–Meier 
curves for 15-year OS and CSS, for OS and CSS by site of 
metastases, and the presence of pleural effusion are shown 
in Figs 1, 2 and 3.

Multivariable analysis

Significant risk factors identified for decreased CSS 
included lung metastases with pleural effusion (HR 5.21, 
CI = 1.79–15.12, P = 0.001) and an increased MACIS score 
(HR 1.86, CI = 1.38–2.49, P < 0.001). A significant risk 
factor that was associated with an increase in CSS was 
radioactive iodine treatment (HR 0.23, CI = 0.09–0.65, 
P = 0.005) (Table 7). The median RAI treatment dose was 
248 mCi (IQ1 112, IQ3 356.9, IQR of 244.9). Although, 
this association was not further explored, it is thought 
that patients with RAI-avid disease are more likely to have 
a better prognosis than those with RAI refractory disease 
as previously supported in the literature (7).

Factor
Total

Lung metastasis

P-value

Lung metastasis with pleural 
effusion

P-value
No Yes No Yes

(n = 143) (n = 90) (n = 53) (n = 43) (n = 10)

Centrality of lung metastases 
unknown

4 (2.8) ---- 4 (7.5)  2 (4.7) 2 (20.0) 0.16d

Visible metastases in bone    0.37c   0.060c

 Yes 32 (22.4) 18 (20.0) 14 (26.4)  9 (20.9) 5 (50.0)  
 No 111 (77.6) 72 (80.0) 39 (73.6)  34 (79.1) 5 (50.0)  
Visible metastases in brain 5 (3.5) 1 (1.1) 4 (7.5) 0.063d 3 (7.0) 1 (10.0) 0.99d

Visible metastases in liver 3 (2.1) 1 (1.1) 2 (3.8) 0.56d 1 (2.3) 1 (10.0) 0.34d

Visible metastases in kidney 1 (0.70) 0 (0.0) 1 (1.9) 0.37d 1 (2.3) 0 (0.0) 0.99d

Visible to other organs 11 (7.7) 4 (4.4) 7 (13.2) 0.058c 3 (7.0) 4 (40.0) 0.005c

Suppressed thyroglobulin 
post-RAI treatment done

28 (19.6) 14 (15.6) 14 (26.4) 0.11c 13 (30.2) 1 (10.0) 0.19c

Statistics presented as Median (min, max) or n (column %).
P-values: bKruskal–Wallis test; cPearson’s chi-square test; dFisher’s Exact test.

Table 3 Staging summaries.

Factor
Total
(n = 143)

MACIS score 8.7 (4.5, 12.1)
T  
 x 33 (23.1%)
 1a 2 (1.4%)
 1b 2 (1.4%)
 2 12 (8.4%)
 3 44 (30.8%)
 4a 45 (31.5%)
 4b 5 (3.5%)
n  
 0 28 (19.6%)
 1a 10 (7.0%)
 1b 78 (54.5%)
 x 27 (18.9%)
M  
 M1 143 (100.0%)
TNM stage  
 IVc 143 (100.0%)
ATA risk stratification  
 High 143 (100.0%)

Statistics presented as Median (min, max) or n (column %).

Table 2 Continued.
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Pleural effusion characteristics

Patients who developed a pleural effusion were further 
examined in which 70% died during this 15-year study 
period. Half of the patients had exudative pleural 
effusions, and within this group, four out of the five had 
pleural fluid cytology that was positive for malignant cells 
(40% were cytology positive). In the two patients who 
did not have an exudative pleural effusion or positive 
cytology, one died from the acute onset of a pleural 
effusion attributed to metastatic disease (Table 8). Patients 
with a pleural effusion survived a duration of 0.1–82.8 
months, and the patients who survived longer had RAI-
avid disease (Table 8).

Discussion

This study aimed to evaluate the impact of pleural 
effusion on OS and CSS in patients with FDTC and distant 
metastases and compare this novel risk factor to other 

well-known prognostic variables. This is the first study 
to investigate pleural effusion as a prognostic variable in 
metastatic follicular-cell-derived thyroid carcinoma, and 
with this information, providers can inform patients about 
their prognosis more effectively. Outside of lymph nodes, 
the lung is the most common site of distant metastases 
(12), and it is important for providers to be aware that 
if a patient develops a pleural effusion in the setting of 
lung metastases, this portends a worse prognosis than any 
other prognostic variable.

Prior studies have demonstrated that increased age (and 
age ≥45 years), multisite metastases, osseous metastasis, 
incomplete tumor resection, and a higher MACIS score 
were associated with poor prognosis in patients with 
thyroid carcinoma (2, 3, 4, 8). In addition to these 
prognostic variables, distant metastases and increasing 
tumor size were identified as independent poor prognostic 
risk factors for follicular thyroid cancer (5, 8). Our data are 
consistent with these previous findings with similar OS 
and CSS hazard ratios compared to what was previously 
reported. Malignant pleural effusion has previously been 

Table 4 Univariate overall survival summary.

Variable n Events
15-year survival  

% (95% CI)
Cox univariate hazard  

ratio (95% CI)
Cox univariate  
wald P-value

Cox univariate  
overall P-value

Age > or = 45     0.003
 No 36  7 (19%) 89.6 (78.2, 100.0) 1.00 (REF)   
 Yes 107  39 (36%) 47.5 (33.0, 62.0) 4.15 (1.61, 10.70) 0.003  
Papillary cancer     0.14
 Papillary thyroid cancer 104  30 (29%) 65.9 (54.0, 77.8) 1.00 (REF)   
 Other thyroid cancer 39  16 (41%) 44.8 (22.1, 67.5) 1.59 (0.86, 2.95) 0.14  
Metastasis location     0.015
 Lung only 45  6 (13%) 82.2 (67.3, 97.0) 1.00 (REF)   
 Bone only 12  1 (8%) 90.9 (73.9, 100.0) 0.65 (0.08, 5.42) 0.69  
 Other/multisite 86  39 (45%) 49.4 (36.3, 62.6) 3.08 (1.30, 7.30) 0.011  
Multiple locations     0.003
 No 58  7 (12%) 83.2 (70.1, 96.3) 1.00 (REF)   
 Yes 85  39 (46%) 49.1 (36.0, 62.2) 3.42 (1.52, 7.67) 0.003  
Completeness of surgery     0.005
 Tumor completely resected 112  27 (24%) 67.0 (54.9, 79.2) 1.00 (REF)   
 Tumor incompletely resected 31  19 (61%) 39.4 (19.2, 59.7) 2.40 (1.31, 4.39) 0.005  
Visible metastasis to lung     0.84
 No 22  6 (27%) 74.6 (55.2, 94.1) 1.00 (REF)   
 Yes 121  40 (33%) 58.1 (46.1, 70.1) 1.09 (0.46, 2.60) 0.84  
Visible metastasis to bone     0.007
 No 74  14 (19%) 76.1 (64.0, 88.2) 1.00 (REF)   
 Yes 69  32 (46%) 45.1 (29.5, 60.6) 2.42 (1.28, 4.57) 0.007  
Visible metastasis in other 

organs
    0.019

 No 80  16 (20%) 74.7 (63.1, 86.2) 1.00 (REF)   
 Yes 63  30 (48%) 46.5 (30.6, 62.4) 2.08 (1.13, 3.85) 0.019  
Age at diagnosis 143  46 (32%) 59.8 (48.9, 70.8) 1.06 (1.03, 1.08) <0.001  
Last known age 143  46 (32%) 59.8 (48.9, 70.8) 1.031 (1.009, 1.054) 0.006  
MACIS score 143  46 (32%) 59.8 (48.9, 70.8) 2.03 (1.58, 2.62) <0.001 <0.001

Key: ‘REF’ stands for reference value (set at 1.00) in Cox univariate hazard ratio analysis.
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Table 5 Univariate cancer-specific survival summary.

Variable n Events
15-year survival  

% (95% CI)
Cox univariate  

hazard ratio (95% CI)
Cox univariate  
wald P-value

Cox univariate  
overall P-value

Age > or = 45     0.009
 No 36 6 (17%) 89.6 (78.2, 100.0) 1.00 (REF)   
 Yes 101 30 (30%) 56.5 (41.8, 71.2) 4.15 (1.43, 12.02) 0.009  
Papillary cancer     0.089
 Papillary thyroid cancer 101 23 (23%) 73.6 (63.3, 84.0) 1.00 (REF)   
 Other thyroid cancer 36 13 (36%) 49.6 (25.2, 74.0) 1.83 (0.91, 3.65) 0.089  
Metastasis location     0.023
 Lung only 44 4 (9%) 85.1 (70.9, 99.3) 1.00 (REF)   
 Bone only 12 1 (8%) 90.9 (73.9, 100.0) 0.94 (0.10, 8.54) 0.96  
 Other/multisite 81 31 (38%) 57.4 (44.0, 70.8) 3.75 (1.32, 10.67) 0.013  
Multiple metastatic locations     0.005
 No 57 5 (9%) 85.7 (73.1, 98.2) 1.00 (REF)   
 Yes 80 31 (39%) 57.1 (43.7, 70.5) 3.90 (1.51, 10.08) 0.005  
Completeness of surgery     0.014
 Tumor completely resected 107 21 (20%) 74.6 (64.2, 85.0) 1.00 (REF)   
 Tumor incompletely resected 30 15 (50%) 45.4 (23.4, 67.5) 2.35 (1.18, 4.67) 0.014  
Visible metastasis on lung     0.98
 No 21 5 (24%) 79.3 (61.1, 97.6) 1.00 (REF)   
 Yes 116 31 (27%) 65.4 (53.8, 77.1) 1.01 (0.39, 2.65) 0.98  
Visible metastasis on bone     0.003
 No 71 9 (13%) 81.8 (70.2, 93.4) 1.00 (REF)   
 Yes 66 27 (41%) 51.9 (36.0, 67.9) 3.20 (1.49, 6.88) 0.003  
Visible metastasis on other organs     0.022
 No 78 12 (15%) 78.3 (66.9, 89.6) 1.00 (REF)   
 Yes 59 24 (41%) 54.9 (38.4, 71.4) 2.27 (1.12, 4.60) 0.022  
Age at diagnosis 137 36 (26%) 66.9 (56.2, 77.5) 1.06 (1.03, 1.08) <0.001 <0.001
Last known age 137 36 (26%) 66.9 (56.2, 77.5) 1.030 (1.005, 1.055)  0.018  0.018
MACIS score 137 36 (26%) 66.9 (56.2, 77.5) 1.98 (1.49, 2.63) <0.001 <0.001

Key: ‘REF’ stands for reference value (set at 1.00) in Cox univariate hazard ratio analysis.

Table 6 Univariate analyses of overall survival and cancer-specific survival in patients with lung metastases.

Variable n Events
15-year survival  

% (95% CI)
Cox univariate  

hazard ratio (95% CI)
Cox univariate  
wald P-value

Cox univariate  
overall P-value

Overall survival:
 Lung micronodules (≤9 mm)     0.42
  No 8 3 (38%) 68.6 (32.1, 100.0) 1.00 (REF)   
  Yes 45 13 (29%) 0.0 (0.0, 0.0) 1.86 (0.41, 8.30) 0.42  
 Lung macronodules (≥1 cm)     0.056
  No 34 6 (18%) 0.0 (0.0, 0.0) 1.00 (REF)   
  Yes 19 10 (53%) 39.9 (13.2, 66.6) 2.74 (0.97, 7.70) 0.056  
 Pleural effusion     0.001
  No 43 9 (21%) 68.8 (50.7, 86.8) 1.00 (REF)   
  Yes 10 7 (70%) 20.0 (0.0, 53.6) 5.74 (1.97, 16.73) 0.001  
Cancer-specific survival:
 Lung micronodules (≤9 mm)     0.47
  No 8 3 (38%) 68.6 (32.1, 100.0) 1.00 (REF)   
  Yes 45 12 (27%) 0.0 (0.0, 0.0) 1.75 (0.39, 7.89) 0.47  
 Lung macronodules (≥1 cm)     0.10
  No 34 6 (18%) 0.0 (0.0, 0.0) 1.00 (REF)   
  Yes 19 9 (47%) 42.4 (14.5, 70.3) 2.43 (0.84, 7.02) 0.10  
 Pleural effusion     0.006
  No 43 9 (21%) 68.8 (50.7, 86.8) 1.00 (REF)   
  Yes 10 6 (60%) 22.9 (0.0, 60.8) 4.93 (1.59, 15.26) 0.006  

Key: ‘REF’ stands for reference value (set at 1.00) in Cox univariate hazard ratio analysis.
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demonstrated to be associated with poor outcomes in 
other types of malignancy (12, 13, 14, 15, 16). It is noted 
that malignant pleural effusion complicates the clinical 
course in 0.6% of adult patients with papillary thyroid 
cancer and greatly shortens survival time in all cases (17, 
18, 19, 20, 21, 22, 23, 24, 25, 26). Our data support these 
studies, and we further demonstrated that the hazard 
ratio was highest for patients with lung metastases who 
developed a pleural effusion, when compared to other 
prognostic variables. In our study, lung metastases with 
development of pleural effusion had a hazard ratio higher 
than the second worst prognostic variable’s hazard ratio 
(age ≥45 years). With the significance of pleural effusion 
having a higher hazard ratio than other variables, details 
of these patients were further sought.

When examining our data closely, 70% of all cases 
that developed a pleural effusion died within 15 years, 
and the survival after development of pleural effusion 
was from 0.1 to 82.8 months with a median survival of 15 
months. This is similar to prior studies that found pleural 
effusion preceded death by a median of 10–11 months 
(17, 18). Specifically, most patients were dying from 
respiratory failure or a complication of fluid accumulation 
(e.g. pneumonia). What is surprising is that two-thirds 
of the patients who survived had cytology-proven 
malignant pleural effusions (with the remaining case not 
having their fluid sampled). This may be that, in these 
scenarios, the patients underwent multiple interventions 
(thoracentesis, pleurX drains, thoracotomy) or more 
aggressive therapeutic interventions (tyrosine kinase 
inhibitors, multikinase inhibitors).

In 2014 and 2015, it was reported that the tyrosine 
kinase inhibitor sorafenib and the multikinase inhibitor 
lenvatinib increase progression-free survival in patients 
with RAI-refractory metastatic thyroid carcinoma (27, 28). 
Since that time, there has been a case report demonstrating 
a notable decrease in a malignant pleural effusion after 
treatment with sorafenib in RAI-refractory follicular 
thyroid carcinoma (29) and a subsequent report of rapid 
pleural effusion accumulation after discontinuation of 
lenvatinib (30). This is important to note, as it seems that 
currently available therapeutic options have the potential 
to improve the prognostic outcomes of patients who 
have metastatic thyroid carcinoma, that is, radioiodine 

Figure 1
Kaplan–Meier curve for 15-year overall- and cause-specific survival is 
shown among all patients.

Figure 2
Kaplan–Meier curve for 15-year cause-specific survival by site is shown 
among all patients.

Figure 3
Kaplan–Meier curve for 15-year cause-specific survival in patients with 
lung metastases with and without pleural effusion.
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refractory, in addition to help resolve and prevent the 
re-accumulation of pleural effusion in these patients. This, 
in addition to addressing limitations from this study, may 
be an important future area of study.

One limitation of this study is that it is a retrospective 
study and there are inherent limitations in data that are 
available to be collected. Specifically, some patients did not 
have complete data, such as underlying thyroid disease 
upon presentation, and also the pathological subtype was 
not always present or obtainable for our pathologists to 
review. This latter concern is a considerable limitation in 
our study, as in these circumstances, we had to rely on 
interpretation from the referring outside institution for 
their pathological interpretation and did not have access 
to the histologic subtype. A second limitation of this study 
was that this study did not utilize socioeconomic status, 
access to care, or the Eastern Cooperative Oncology Group 
(ECOG) performance status as variables. This may have 
affected our results as patients with low socioeconomic 
status, limited access to care, and a low ECOG performance 
status would likely contribute to a decreased OS and CSS. 
A third limitation of this study is that the IRB was written 

prior to the publication of the AJCC eighth edition for 
staging of malignancy, and therefore, the AJCC seventh 
edition staging system was used. This is unlikely to have 
an effect on our results, as our database included patients 
who were diagnosed or had presented between the years 
1990 and 2010, and it is recommended that all newly 
diagnosed cases through December 31, 2017 continue 
to be staged by tumor registries according to the seventh 
edition staging system (31). A fourth limitation is that 
comparisons involving patients with pleural effusion 
had limited power and may be subject to influence by 
individual patient response. Therefore, these findings 
may be further validated with external corroboration and 
future studies with a larger cohort to ensure these findings 
are reliable.

Conclusion

Utilizing a 15-year retrospective chart review of patients 
presenting with FDTC and distant metastases, our study 
sought to identify and quantify the importance of novel 

Table 7 Multivariable overall survival and cancer-specific survival analyses.

Variable n Events
15-year survival  

% (95% CI)
Cox multivariable  

hazard ratio (95% CI)

Cox univariate  
wald P-value 

(n=143)

Cox univariate 
overall P-value 

(n=143)

Overall survival analysis:
 Lung metastasis  

at presentation
    0.002

  No 90 30 (33%) 62.3 (49.7, 74.8) 1.00 (REF)   
  Yes, without pleural 

effusion
43 9 (21%) 68.8 (50.7, 86.8) 0.60 (0.26, 1.41) 0.24  

  Yes, with pleural effusion 10 7 (70%) 20.0 (0.0, 53.6) 4.42 (1.68, 11.62) 0.003  
 Undetectable thyroglobulin  

post RAI treatment 
    0.049

  No 115 36 (31%) 62.7 (51.1, 74.4) 1.00 (REF)   
  Yes 28 10 (36%) 45.8 (15.6, 76.0) 2.168 (1.003, 4.686) 0.049  
 RAI treatment     < 0.001
  No 12 7 (58%) 0.0 (0.0, 0.0) 1.00 (REF)   
  Yes 131 39 (30%) 62.7 (51.4, 74.1) 0.18 (0.07, 0.47) < 0.001  
 MACIS score 143 46 (32%) 59.8 (48.9, 70.8) 1.96 (1.51, 2.55) < 0.001 < 0.001
Cancer-specific survival 

analysis:
 RAI treatment     0.005
  No 12 6 (50%) 0.0 (0.0, 0.0) 1.00 (REF)   
  Yes 125 30 (24%) 69.9 (59.1, 80.7) 0.23 (0.09, 0.65) 0.005  
 Lung metastasis at 

presentation
    0.008

  No 84 21 (25%) 71.2 (59.0, 83.4) 1.00 (REF)   
  Yes, without pleural 

effusion
43 9 (21%) 68.8 (50.7, 86.8) 1.05 (0.44, 2.50) 0.92  

  Yes, with pleural effusion 10 6 (60%) 22.9 (0.0, 60.8) 5.21 (1.79, 15.12) 0.002  
 MACIS score 137 36 (26%) 66.9 (56.2, 77.5) 1.86 (1.38, 2.49) < 0.001 < 0.001

Key: ‘REF’ stands for reference value (set at 1.00) in Cox multivariable hazard ratio analysis.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-20-0193

https://ec.bioscientifica.com © 2020 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-20-0193
https://ec.bioscientifica.com


D T Broome et al. Pleural effusion in thyroid 
carcinoma

821

PB–XX

9:8

Ta
bl

e 
8 

Ch
ar

ac
te

ri
st

ic
s 

of
 p

at
ie

nt
s 

w
ith

 m
al

ig
na

nt
 p

le
ur

al
 e

ff
us

io
n.

Pa
th

ol
og

ic
al

 v
ar

ia
nt

 
M

on
th

s 
w

it
h  

eff
us

io
n

RA
I A

vi
d?

Eff
us

io
n 

 
la

te
ra

lit
y

Ty
pe

 o
f  

eff
us

io
n

Cy
to

lo
gy

Sa
m

pl
ed

? 
(V

A
TS

/ 
th

or
ac

ot
om

y/
 

th
or

ac
os

co
py

)
Vi

ta
l  

st
at

us
Ca

us
e 

of
 d

ea
th

Pa
pi

lla
ry

 th
yr

oi
d 

ca
rc

in
om

a 
0.

1
N

o
U

ni
la

te
ra

l
Ex

ud
at

iv
e

Po
si

tiv
e

Au
to

ps
y/

cy
to

lo
gy

D
ea

d
 H

em
ot

ho
ra

x

Pa
pi

lla
ry

 th
yr

oi
d 

ca
rc

in
om

a 
– 

fo
lli

cu
la

r 
va

ri
an

t

1.
5

N
o

Bi
la

te
ra

l
Ex

ud
at

iv
e

N
eg

at
iv

e
Th

or
ac

en
te

si
s

D
ea

d
Re

sp
ir

at
or

y 
fa

ilu
re

 d
ue

 to
 a

cu
te

 
eff

us
io

n 
de

ve
lo

pm
en

t

Fo
lli

cu
la

r 
th

yr
oi

d 
ca

rc
in

om
a

5.
5

Ye
s

Bi
la

te
ra

l
N

/A
N

/A
N

o
D

ea
d

Br
ai

n 
m

et
as

ta
se

s 
le

ad
in

g 
to

 
se

iz
ur

es
 a

nd
 n

eu
ro

lo
gi

c 
de

cl
in

e
Pa

pi
lla

ry
 th

yr
oi

d 
ca

rc
in

om
a

82
.8

Ye
s

Bi
la

te
ra

l
Ex

ud
at

iv
e

Po
si

tiv
e

Th
or

ac
en

te
si

s
Al

iv
e

N
/A

Pa
pi

lla
ry

 th
yr

oi
d 

ca
rc

in
om

a 
– 

ta
ll 

ce
ll 

va
ri

an
t

5.
7

Ye
s

Bi
la

te
ra

l
N

/A
N

/A
N

o
D

ea
d

Sh
or

tn
es

s 
of

 b
re

at
h 

du
e 

to
 

m
et

as
ta

tic
 lu

ng
 le

si
on

s 
an

d 
de

ve
lo

pm
en

t o
f a

cu
te

 
de

ve
lo

pm
en

t o
f e

ff
us

io
n

Pa
pi

lla
ry

 th
yr

oi
d 

ca
rc

in
om

a
9.

4
U

nk
no

w
n

Bi
la

te
ra

l
Ex

ud
at

iv
e

Po
si

tiv
e

Th
or

ac
en

te
si

s
D

ea
d

Ve
nt

ri
cu

la
r 

ta
ch

yc
ar

di
a 

le
ad

in
g 

to
 c

ar
di

ac
 a

rr
es

t
Pa

pi
lla

ry
 th

yr
oi

d 
ca

rc
in

om
a

1.
2

U
nk

no
w

n
Bi

la
te

ra
l

Ex
ud

at
iv

e
Po

si
tiv

e
Th

or
ac

en
te

si
s

Al
iv

e
N

/A

Po
or

ly
 d

iff
er

en
tia

te
d 

th
yr

oi
d 

ca
rc

in
om

a 
– 

on
co

cy
tic

, i
ns

ul
ar

 
an

d 
fo

lli
cu

la
r 

va
ri

an
ts

13
.4

Ye
s

Bi
la

te
ra

l
N

/A
N

/A
N

o
Al

iv
e

N
/A

Po
or

ly
 d

iff
er

en
tia

te
d 

th
yr

oi
d 

ca
rc

in
om

a 
– 

fo
lli

cu
la

r 
va

ri
an

t, 
so

lid
 v

ar
ia

nt
 a

nd
 

in
su

la
r 

va
ri

an
t

6.
7

Ye
s

U
ni

la
te

ra
l

Tr
an

su
da

tiv
e

N
eg

at
iv

e
Th

or
ac

en
te

si
s

D
ea

d
Se

ps
is

 in
iti

al
ly

 fr
om

 p
ne

um
on

ia
, 

th
en

 d
ev

el
op

ed
 a

tr
ia

l fi
br

ill
at

io
n 

w
ith

 r
ap

id
 v

en
tr

ic
ul

ar
 r

es
po

ns
e 

w
ith

 v
ol

um
e 

ov
er

lo
ad

. T
hi

s 
le

d 
to

 h
yp

ox
ia

, s
ho

rt
ne

ss
 o

f b
re

at
h 

an
d 

pu
rs

ui
t o

f h
os

pi
ce

Fo
lli

cu
la

r 
th

yr
oi

d 
ca

rc
in

om
a

0.
2

N
o

Bi
la

te
ra

l
N

/A
N

/A
N

o
D

ea
d

M
as

s 
eff

ec
t f

ro
m

 tu
m

or
 

co
m

pr
es

si
ng

 th
e 

tr
ac

he
a

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-20-0193

https://ec.bioscientifica.com © 2020 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-20-0193
https://ec.bioscientifica.com


D T Broome et al. Pleural effusion in thyroid 
carcinoma

8229:8

prognostic variables on OS and CSS. In this study, pleural 
effusion, in addition to age ≥45 years, multisite metastases, 
incomplete tumor resection, visible metastases in bone, 
age at diagnosis, and a higher MACIS score were identified 
as significant risk factors for decreased overall- and cancer-
specific survival. Pleural effusion is a novel prognostic 
finding and is associated with a more significant decrease 
in OS and CSS compared to other known prognostic 
variables in patients with FDTC with distant metastases.
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