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Abstract

Background—Radioiodine (RAI) lobe ablation in lieu of completion thyroidectomy is not 

recommended. This study describes RAI utilization patterns and outcomes in patients with well-

differentiated thyroid cancer (DTC) after thyroid lobectomy (TL).

Methods—A total of 170,330 patients diagnosed with DTC between 1998 and 2011 were 

identified using the National Cancer Database. Demographic, tumor and treatment variables were 

analyzed using both univariate and multivariate regression.

Results—A total of 32,119 (20%) patients underwent TL as the definitive procedure. Mean age 

at diagnosis was 48 years; median tumor size was 1cm, 4% had extrathyroidal extension, 4% had 

positive lymph nodes and <1% distant metastases. RAI was administered to 24% of patients in the 

TL cohort and represented 10% of the overall RAI use. In multivariate analysis, RAI use was 

associated with age<45 (OR 1.51), community facilities (OR 1.26), >1cm tumors (OR 5.67), Stage 

II or III (OR 1.54 and 2.05), positive lymph nodes (OR 1.78) and extrathyroidal extension (OR 

1.36). On both univariate and multivariate analysis, RAI after TL was associated with improved 

survival at both 5 and 10 years follow up (97% vs. 95% and 91% vs. 89% respectively, HR 0.53, 

CI: 0.38–0.72, p<0.001)

Conclusions—Nearly a quarter of TL patients received RAI. The strongest predictors of RAI 

utilization were larger cancers and advanced stage. The use of RAI in these patients was 

associated with improved overall survival. Future studies and guidelines will need to more clearly 

address this practice and educate providers about the appropriate use of RAI in TL patients.

Introduction

Radioiodine (RAI) has been used in the post surgical treatment of well-differentiated thyroid 

cancer (DTC) for over 50 years.1 While the indications and recommendations for its 

utilization have changed over time, current American Thyroid Association (ATA) and 

National Comprehensive Cancer Network (NCCN) guidelines recommend RAI ablation in 
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select patients after total thyroidectomy (TT).2, 3 The role of RAI ablation after lobectomy 

(TL), however, is unclear. The 2009 ATA guidelines for the management of DTC state: 

“Ablation of the remaining lobe has been used as an alternative to completion 

thyroidectomy. It is unknown whether this approach results in similar long-term outcomes. 

Consequently, routine RAI ablation in lieu of completion thyroidectomy is not 

recommended.”2

Several small retrospective studies have described the use of RAI lobe ablation after TL as a 

safe and effective alternative to completion thyroidectomy in DTC.4–8 Santra and colleagues 

studied the long-term outcomes of RAI lobe ablation in a cohort of 364 TL patients with 

DTC and compared them to a group of 372 patients who underwent completion 

thyroidectomy and RAI remnant ablation. After a median follow-up of 5 years, recurrence-

free, disease-free survival and cause-specific mortality were similar between the groups.8 

The authors concluded that RAI lobar ablation is a safe, simple, effective and less expensive 

alternative to completion thyroidectomy in patients with DTC. To our knowledge, there are 

no randomized studies or large retrospective studies that compare the outcomes of patients 

who undergo TL with or without postoperative RAI.

Using the National Cancer Database (NCDB), this study describes RAI utilization rates and 

factors associated with its use after TL in DTC. It also compares the overall survival of 

patients who underwent TL alone with that of patients who underwent TL followed by RAI.

Methods

Data source and patient acquisition

After obtaining institutional review board approval, patients ≥18 years of age diagnosed 

with DTC between 1998–2011 were identified in the National Cancer Database (NCDB) 

utilizing the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) 

as the reference for histology coding (papillary thyroid cancer [PTC], codes 8050, 8340–

8344, and 8350; follicular thyroid cancer [FTC], codes 8330–8332, 8335 and 8337; Hurthle 

cell thyroid cancer [HCTC], code 8290). The NCDB is a joint program of the American 

College of Surgeons and the Commission on Cancer (CoC) that captures newly diagnosed 

malignancies from CoC approved hospitals, which account for >75% of all cancers and 

close to 85% of all thyroid cancers in the United States.9, 10 Data are abstracted, coded and 

reported according to nationally established protocols coordinated by the National American 

Association of Central Cancer Registries by CoC trained and certified cancer registrars.

Demographic, clinical characteristics and definitions

Patient age at diagnosis, sex, race, urban or rural residence, insurance status, facility type 

and location as well as survival status were obtained. Age at diagnosis was classified into 

two groups (18–44, ≥45 years). Race was grouped into white, white Hispanic, black and 

other. A residence was defined as urban if it was located in a metro area or the population 

was greater than 2,500 and was designated rural if it was not located in a metropolitan area 

and the population was less than 2,500. Insurance status was divided into private insurance, 

Medicaid, Medicare, military or uninsured. Facility type included academic/research 
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facilities and community based health centers. Facility location was grouped by region: East, 

South, Mid-West, and Mountain/Pacific.

Clinical variables of interest included number of primary cancers per patient, Charlson/Deyo 

comorbidity score11, extent of thyroid surgery, utilization of RAI and overall survival. Only 

patients with one primary cancer who underwent lobectomy were included. TL was defined 

as removal of a lobe with or without isthmusectomy and also included removal of a lobe 

with partial removal of contralateral lobe (Surgery of primary site codes 20–23, 30). RAI 

was documented if patients received RAI or combination external beam radiation therapy 

and RAI. Overall survival was analyzed at 5 and 10 years.

Pathologic characteristics included histology, stage, tumor size, regional lymph node status, 

extrathyroidal extension and distant metastases. Histologic type included PTC, FTC, and 

HCC based on the ICD-O-3 codes. Tumor stage was coded according to the NCDB analytic 

stage group, which is assigned the value of the reported pathologic stage group but utilizes 

clinical stage group if pathologic stage is not available. Tumor size was classified as greater 

than or less than 1 cm. Lymph nodes status was grouped into negative or positive and was 

only documented in patients who had lymph nodes examined. Extrathyroidal extension was 

defined as extension of tumor beyond the pericapsular soft tissue/connective tissue.

Statistical analysis

Summary statistics were used to compare the demographic, clinical and pathologic 

characteristics of patients who received RAI to those who did not. Chi-square, student’s t-

test and analysis of variance (ANOVA) were used to compare categorical and continuous 

variables. Logistic regression was utilized to identify independent factors associated with 

utilization of RAI.

Kaplan-Meier analysis was used to determine overall survival, and to perform univariate 

analysis of the impact of RAI on overall survival; the log rank test was used to calculate 

statistical significance of the comparison. For multivariate analysis, Cox proportional 

hazards regression modeling was performed to identify apriori chosen factors that were 

independently associated with overall survival. Hazard ratios and 95% confidence intervals 

were calculated to evaluate the strength of association between each variable and survival. A 

proportional-hazards assumption test based on Schoenfled residuals was used to check the 

proportional hazards assumption of the variables included in the model. Only patients 

diagnosed between 1998–2006 were included in the survival analysis to ensure at least five-

year follow-up. Statistical significance was defined as a p-value of <0.05. Missing data were 

excluded from the analysis after a sensitivity analysis limited to patients with no missing 

variables was shown to be equivalent.

Results

A total of 170,330 patients aged ≥ 18 years with a single primary cancer diagnosis of DTC 

were identified in the NCDB between 1998 and 2011. Of these patients, 32,119 (20%) 

underwent TL as the definitive procedure. Demographics, clinical characteristics and 

pathologic features of TL patients are shown in Table 1. The median age at diagnosis was 48 
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years, 79% were women, and 66% were treated in community health care facilities. The 

predominant tumor histology was PTC (83%) and the median tumor size was 1cm. At the 

time of TL, 4% of patients had extrathyroidal extension, 4% had positive lymph nodes and 

<1% of patients had distant metastases.

Postoperative RAI was administered to 24% of patients. Demographics, clinical 

characteristics and pathologic features of patients who received RAI are compared to 

patients who did not receive RAI and displayed in Table 2. Patients treated with RAI were 

younger (47 vs. 49 years, p<0.001) more likely male (23% vs. 20%, p <0.001) and more 

likely to receive care in a community health care facility (67% vs. 65%, p=0.028). There 

was a greater proportion of FTC (18% vs. 9%, p<0.001) and HCC (8% vs. 5%, p<0.001) and 

a lower percentage of PTC (74% vs. 86%, p<0.001) in the RAI cohort. Patients treated with 

RAI after TL presented at later stages (p<0.001), had larger cancers (2.2 vs. 0.7cm, 

p<0.001), and were more likely to have extrathyroidal extension (9% vs. 3%, p<0.001) and 

positive lymph nodes (25% vs. 10%, p<0.001).

A multivariate analysis of factors associated with greater utilization of RAI after TL is 

presented in Table 3. RAI use was associated with age <45 (OR 1.51, 95% CI 1.24–1.83), 

receipt of care in community health care facilities (OR 1.26, 95% CI 1.06–1.48), in a mid-

west facility (OR 1.47, 95% CI 1.18–1.83), Stage II or III disease (OR 1.54, 95% CI 1.17–

2.03 and OR 2.05, 95% CI 1.51–2.80), >1cm tumors (OR 5.67, 95% CI 4.68–6.88), 

extrathyroidal extension (OR 1.36, 95% CI 1.01–1.93) and lymph node positive disease (OR 

1.78, 95% CI 1.38–2.31). Sex, race, urban or rural residence, insurance status, comorbidity 

score, histology, or presence of distant metastases did not affect utilization patterns of RAI.

A total of 20,751 patients who underwent TL from 1998–2006 were included in the survival 

analysis. Median follow up was 81 months in the TL group and 86 months in the TL with 

RAI group. There were 1136 (4.8%) deaths in the TL group compared to 290 (3.8%) in the 

TL with RAI group. A Kaplan-Meier estimate of overall survival of patients who underwent 

lobectomy by RAI status is shown in Figure 1. By log-rank analysis, overall survival was 

slightly greater in the RAI group at five (97% vs. 95%, p<0.001) and ten years (91% vs. 

89%, p<0.001). On multivariate cox proportional hazards regression (Table IV) adjusting for 

multiple patient, tumor and hospital factors, there was a statistically significant survival 

benefit in the RAI group (HR 0.53, 95% CI 0.38–0.72). Factors associated with decreased 

overall survival included age ≥45 (HR 4.53, 95% CI 2.66–7.70), male gender (HR 1.69, 

95% CI 1.31–2.17), black race (HR 1.62, 95% CI 1.14–2.32), Medicaid insurance (HR 2.83, 

95% CI 1.53–5.23), Medicare insurance (5.98, 95% CI 4.55–7.86), tumor size ≥ 1cm (HR 

1.49, 95% CI 1.12–1.99), extrathyroidal extension (HR 2.41, 95% CI 1.71–3.40), distant 

metastases (HR 10.38, 95% CI 5.23–20.53).

Discussion

The results of this study provide insight into the utilization patterns of RAI for management 

of DTC after TL. Despite lack of guideline recommendations for the utilization of RAI after 

TL, this practice is prevalent in approximately one-quarter of patients undergoing TL in the 

current series and is consistent with the literature.12 In fact, 10% of all RAI administered 

Kiernan et al. Page 4

J Am Coll Surg. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



from 1998 to 2011, recorded in the NCDB, was given to patients who underwent TL. This 

study found that patients who are younger, those receiving care in community health 

facilities and those with larger tumors or advanced disease stage at presentation were more 

likely to receive RAI after TL. Despite the lack of recommendations however, we also found 

a significant overall survival advantage of postoperative RAI after TL when compared to TL 

alone.

The current study demonstrates that more advanced disease is associated with increased 

utilization of RAI after TL. Tumors >1cm, Stage II and III disease, extrathyroidal extension 

and lymph node positive disease were all independently associated with RAI use. While it is 

expected that patients with more advanced disease receive additional care after TL, the 

current standard of care recommends completion thyroidectomy prior to RAI ablation or 

treatment.2, 3 It is possible that practitioners are utilizing RAI lobe ablation to avoid a 

second thyroid procedure with its associated anesthetic and technical complications. On the 

other hand, RAI ablation in the setting of an intact lobe has been associated with delays in 

treatment and slightly higher elevation of thyroglobulin as well as increased risk of radiation 

thyroiditis, chronic sialoadenitis, odynophagia, and facial edema when compared to remnant 

ablation after total thyroidectomy secondary to the use of higher or multiple doses.13–15 

Complication data are not reported in the NCDB, however, and therefore cannot be analyzed 

using this dataset.

Age <45 years was also associated with increased utilization of RAI after TL. This finding is 

surprising since such patients tend to have low-risk disease and prolonged survival, even 

with advanced locoregional disease or large tumors.16, 17 Neither the NCCN nor ATA 

guidelines have age-specific recommendations regarding the use of RAI. Several groups 

have reported a lack of survival advantage when RAI is utilized in patients <45 years of age 

in the presence of lymph node positive disease or large tumors.3, 16, 18–20 In our series, 

subgroup analysis of patients <45 years of age also failed to show a significant difference in 

the overall survival of patients who underwent TL and RAI vs. those who underwent TL 

without RAI (data not shown).

Increased utilization of RAI after TL was also higher in community health facilities and in 

the mid-west region. Previous studies have shown that TL is performed at higher rates when 

compared to total thyroidectomy in community health facilities and by low volume 

surgeons.12, 21 TL is also associated with lower complication rates when compared to total 

thyroidectomy and therefore, RAI is possibly being utilized in lieu of completion 

thyroidectomy.21 In an analysis of RAI utilization, Haymart and colleagues demonstrated 

that the wide variation in RAI use in the United States could be explained by hospital type, 

case volume and other hospital characteristics.9 The lack of strong evidence to support or 

refute the use of RAI after TL likely further contributes to its continued utilization and 

decreases guideline concordance.

On unadjusted analysis, RAI after TL conferred a small survival advantage compared to TL 

alone at 5 and 10 years of follow up. After controlling for a variety of covariates, however 

RAI was independently associated with a significantly improved survival. Consistent with 

previous studies, age >45, male gender, black race, larger tumor size, extrathyroidal 
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extension and distant metastases were all associated with decreased overall survival.2, 22, 23 

Additionally, insurance status seems to greatly impact survival outcomes. While this is not 

the focus of this study, similar findings have been shown in other cancer types24, 25 and 

warrant further investigation as an important disparity in health care delivery and outcomes.

This study is unique because it compares TL to TL and RAI. The finding of improved 

overall survival in the TL and RAI group may indicate that not all thyroid cancers should be 

treated with lobectomy alone or without RAI, and proper patient selection for treatment is 

paramount. Recent data have shown that RAI has little or no impact on disease specific 

survival in low or intermediate risk thyroid cancer patients (<4cm tumors, without 

extrathyroidal extension and clinically node negative disease).19, 20, 26, 27 Furthermore, 

adjusted analysis of the NCDB and SEER databases comparing TL to total thyroidectomy 

have demonstrated that the extent of surgery fails to provide a survival advantage when 

based solely on cancer size28 or in patients <45 years of age, with <4cm tumors and without 

distant metastases.29 Due to these findings experts are advocating for a more selective 

approach to RAI utilization and the practice of always performing a total thyroidectomy to 

allow for RAI ablation is being reassessed.26–29 This study was underpowered to perform 

survival analysis by risk group to determine which patients benefitted the most from RAI 

after TL. Although the findings in this study do not definitively support the routine use of 

RAI after TL as an alternative to completion thyroidectomy and remnant ablation, a subset 

of patients undergoing TL may benefit from RAI. Studies comparing morbidity and 

oncologic outcomes of TL followed by RAI vs. total thyroidectomy with or without RAI in 

properly selected patients are needed to ultimately answer this question.

This study has several limitations. First, large administrative database analysis is limited by 

the number of variables collected. Specific comorbid conditions, previous thyroid surgery, 

complications, surgeon volume or patient preference may have all impacted utilization 

patterns of RAI, however, none of these factors are captured in the NCDB. Second, studies 

have shown that quality of coding for certain data points varies.30 In this study, it is possible 

that diagnostic I131 scans are coded as RAI treatment therefore over estimating the number 

of patients truly treated with RAI and that primary site procedures may be coded incorrectly 

as TL for patients who underwent subsequent completion thyroidectomy; however, many 

studies have demonstrated that procedure coding in cancer registries and administrative 

databases is highly accurate.31 Third, there is a paucity of recurrence and disease specific 

survival data in the NCDB; therefore overall survival is the only outcome measure available. 

Survival data stops at 2006 to insure 5-year follow up on all patients and comorbidity score 

was not reported until 2003, both may affect overall survival.

In conclusion, nearly a quarter of patients undergoing thyroid lobectomy for definitive 

treatment of DTC will receive RAI. There appears to be a survival advantage of RAI after 

TL when compared to TL alone. Future studies comparing TL alone, RAI after TL, and RAI 

after total thyroidectomy are needed to further elucidate the role of RAI after TL and to 

identify the risks and benefits of this treatment approach.
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Figure 1. 
Overall Survival of Patients who Underwent Thyroid Lobectomy
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Table 1

Demographics, Clinical Characteristics and Pathologic Features of Patients who Underwent Thyroid 

Lobectomy

Lobectomy
n=32,119

Median Age, years (IQR) 48 (38–59)

Female 25,438 (79)

Race

White 23,620 (74)

White Hispanic 3,578 (11)

Black 2,646 (8)

Other 2,275 (7)

Urban/Rural

Metro 25,336 (84)

Urban 4,213 (14)

Rural 510 (2)

Facility Type

Community 20,495 (66)

Academic 10,639 (34)

Region

East 9,045 (28)

South 10,811 (34)

Mid-West 7,536 (23)

Mountain/Pacific 4,727 (15)

Insurance status

Private 23,054 (73)

Uninsured 840 (3)

Medicaid 1,629 (5)

Medicare 5,546 (18)

Military 297 (1)

Charlson-Deyo Comorbidity Score

0 17,735 (86)

1 2,440 (12)

2 486 (2)

Histology

Papillary Carcinoma 26,759 (83)

Follicular Carcinoma 3,550 (11)

Hürthle Cell Carcinoma 1,810 (6)
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Lobectomy
n=32,119

Stage

I 18,087 (78)

II 3,297 (14)

III 1,575 (7)

IV 328 (1)

Median Tumor Size, cm (IQR) 1 (0.4–2.5)

Extrathyroidal Extension

No 20,584 (96)

Yes 927 (4)

Lymph Node Status

Not examined 23,699 (75)

No 6,628 (21)

Yes 1,123 (4)

Distant Metastases

No 18,019 (99.6)

Yes 74 (0.41)

Radioiodine Utilization

No 23,815 (76)

Yes 7,585 (24)

Values are presented as n (%) or median with interquartile range (IQR) as indicated

J Am Coll Surg. Author manuscript; available in PMC 2016 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kiernan et al. Page 12

Table 2

Demographics, Clinical Characteristics and Pathologic Features of Patients who Underwent Thyroid 

Lobectomy by Radioiodine Status

Lobectomy without RAI
n=23,815

Lobectomy with RAI
n=7,585

p-value

Median Age, years (IQR) 49 (39–60) 47 (36–57) <0.001

Female 19,023 (80) 5,830 (77) <0.001

Race 0.001

White 17,491 (74) 5,600 (74)

White Hispanic 2,601 (11) 897 (12)

Black 1,973 (8) 622 (8)

Other 1,750 (7) 466 (6)

Urban/Rural <0.001

Metro 18,916 (85) 5,865 (83)

Urban 3,023 (13) 1,093 (15)

Rural 350 (2) 137 (2)

Facility Type 0.028

Community 15,044 (65) 4,927 (67)

Academic 7,992 (35) 2,460 (33)

Region <0.001

East 7,099 (30) 1,704 (22)

South 7,806 (33) 2,711 (37)

Mid-West 5,418 (23) 1,967 (25)

Mountain/Pacific 3,492 (14) 1,203 (16)

Insurance status <0.001

Private 16,881 (73) 5,657 (76)

Uninsured 623 (3) 201 (3)

Medicaid 1,211 (5) 358 (5)

Medicare 4,306 (18) 1,108 (15)

Military 202 (1) 88 (1)

Charlson-Deyo Comorbidity Score <0.001

0 12,891 (85) 4,479 (88)

1 1,850 (12) 531 (10)

2 394 (3) 85 (2)

Histology <0.001

Papillary Carcinoma 20,546 (86) 5,612 (74)

Follicular Carcinoma 2,128 (9) 1,349 (18)

Hürthle Cell Carcinoma 1,141 (5) 624 (8)
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Lobectomy without RAI
n=23,815

Lobectomy with RAI
n=7,585

p-value

Stage <0.001

I 17,924 (82) 4,302 (62)

II 2,640 (12) 1,619 (23)

III 1,022 (5) 862 (12)

IV 231 (1) 161 (2)

Median Tumor Size, cm (IQR) 0.7 (0.3–2.0) 2.2 (1.3–3.5) <0.001

Extrathyroidal Extension <0.001

No 15,506 (97) 4,664 (91)

Yes 469 (3) 448 (9)

Positive Lymph nodes <0.001

No 4,856 (90) 1,636 (75)

Yes 563 (10) 536 (25)

Distant Metastases <0.001

No 13,201 (99.71) 4,458 (99.22)

Yes 39 (0.29) 35 (0.78)

Values are presented as n (%) or median with interquartile range (IQR) as indicated
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Table 3

Factors Associated with Utilization of Radioiodineafter Thyroid Lobectomy

Factor OR 95% CI p-value

Age (ref = 45–64)

<45 1.51 1.24–1.83 <0.001

≥65 0.79 0.52–1.19 0.273

Sex (ref=female)

Male 1.03 0.85–1.25 0.727

Race (ref=white)

White/Hispanic 1.03 0.80–1.32 0.811

Black 0.77 0.55–1.08 0.138

Other 0.85 0.62–1.15 0.313

Urban/Rural (ref=urban)

Rural 1.12 0.57–2.19 0.738

Facility Type (ref=academic/research)

Community 1.26 1.06–1.48 0.007

Facility Location (ref = East)

South 1.24 1.00–1.53 0.043

Mid-West 1.47 1.18–1.83 <0.001

Mountain/Pacific 1.15 0.89–1.49 0.278

Insurance status (ref=private)

Uninsured 0.89 0.87–1.39 0.616

Medicaid 0.84 0.59–1.18 0.327

Medicare 0.86 0.58–1.28 0.474

Military 1.47 0.66–3.25 0.338

Charlson-Deyo Comorbidity Score (ref=0)

1 0.83 0.64–1.09 0.208

2 0.60 0.32–1.11 0.107

Histology (ref = Papillary Carcinoma)

Follicular Carcinoma 1.15 0.88–1.51 0.283

Hurthle Cell Carcinoma 1.12 0.80–1.54 0.500

Stage (ref=stage I)

Stage II 1.54 1.17–2.03 0.002

Stage III 2.05 1.51–2.80 <0.001

Stage IV 1.17 0.69–1.97 0.556

Tumor Size, cm (ref <1cm)

≥1cm 5.67 4.68–6.88 <0.001
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Factor OR 95% CI p-value

Extrathyroidal extension (ref = no)

Yes 1.36 1.01–1.93 0.042

Lymph node status (ref = negative)

Positive 1.78 1.38–2.31 <0.001

Distant Metastases (ref = no)

Yes 0.36 0.12–1.02 0.056

OR, odds ratio; CI, confidence interval; ref, reference value;
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Table 4

Cox Proportional Hazards Regression: Factors that Affected Overall Survival in Patients who Underwent 

Thyroid Lobectomy

Factor HR 95% CI p-value

Age (ref <45 years)

≥ 45 years 4.53 2.66–7.70 <0.001

Sex (ref=female)

Male 1.69 1.31–2.17 <0.001

Race (ref=white)

White/Hispanic 1.08 0.74–1.57 0.685

Black 1.62 1.14–2.32 0.007

Other 0.63 0.30–1.29 0.211

Insurance status (ref=private)

Uninsured 1.35 0.48–3.75 0.559

Medicaid 2.83 1.53–5.23 0.001

Medicare 5.98 4.55–7.86 <0.001

Military 1.80 0.43–7.41 0.416

Tumor Size, cm (ref <1cm)

≥1cm 1.49 1.12–1.99 0.006

Extrathyroidal extension (ref = no)

Yes 2.41 1.71–3.40 <0.001

Distant Metastases (ref = no)

Yes 10.38 5.23–20.53 <0.001

Radioiodine Utilization (ref=no)

Yes 0.53 0.38–0.72 <0.001

HR, hazard ratio; CI, confidence interval; ref, reference value

**
also included in the model urban/rural, facility type and location, histology
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