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Background: Radioactive iodine lobe ablation (RAI-L-ABL) is a possible alternative to completion thyroidectomy
(C-Tx) for follicular thyroid carcinoma (FTC), but no long-term outcome data are available after lobe ablation.
We analyzed the long-term outcome of lobe ablation in a series of patients with FTC.
Methods: This was a retrospective study of patients who were treated with lobe ablation between 1983 and 2008.
Of 134 patients with FTC, 37 (27.6%) had lobe ablation with 131I (30–32 mCi) (RAI-L-ABL), 68 (50.7%) had C-Tx,
and 29 (21.6%) had initial total thyroidectomy (T-Tx). The main outcomes analyzed were 131I uptake after lobe
ablation, C-Tx or T-Tx, serum thyroglobulin (Tg), serum thyroid-stimulating hormone (TSH), long-term disease-
specific mortality, and disease-free survival.
Results: After lobe ablation, radioiodine uptake was significantly lower for the RAI-L-ABL group (0.6%) than for
the C-Tx group (2.0%, p < 0.005) or T-Tx group (1.3%, p = 0.054). Subsequent remnant ablation was performed in
12 of 37 (32%) patients in the RAI-L-ABL group, in 58 of 68 (85.3%) patients in the C-Tx group, and in 25 of 29
(86.2%) patients in the T-Tx group ( p < 0.01). With median follow-up of 95 months for the RAI-L-ABL group, 47
months for the C-Tx group, and 53 months for the T-Tx group, there was one death in the RAI-L-ABL group and
one death in the T-Tx group. No other RAI-L-ABL patients had detectable disease, whereas patients in the C-Tx
group and two patients in the T-Tx group had detectable disease ( p = 0.18). Long-term stimulated or suppressed
Tg of < 1 ng/mL were found in 87.5% of the RAI-L-ABL group (n = 28), 86.3% of the C-Tx group (n = 57), and
77.8% of the T-Tx group (n = 21). Tg was detectable in 40.6% of the RAI-L-ABL group compared to 13.8% of C-Tx
and 28.6% of T-Tx groups ( p < 0.05, between groups).
Conclusions: RAI-L-ABL, C-Tx, and T-Tx are equally effective in achieving serum TSH concentrations of > 25
mIU/L and preparing patients for conventional 131I treatment and whole body scanning with similar long-term
outcomes. However, persistent measurable Tg (range 0.2–2.2 ng/mL) is more common after RAI-L-ABL.

Introduction

As follicular thyroid carcinoma (FTC) can be sus-
pected but not diagnosed by fine needle aspiration

(FNA), the FNA diagnosis of ‘‘follicular neoplasm’’ or ‘‘sus-
picious for follicular neoplasm’’ of thyroid nodules is usually
followed by thyroid surgery to determine if the nodules are
benign (follicular adenomas) or malignant (FTC or follicular
variant of papillary thyroid carcinoma [FVPTC]). Therefore,

at surgery all follicular neoplasms are generally removed
along with the lobe containing the nodule and the isthmus. In
20% to 30% of such operations the histopathology will reveal
FTC or FVPTC (1). If these malignancies are present after
hemithyroidectomy, the next step may be completion thy-
roidectomy (C-Tx) followed by radioiodine (RAI) remnant
ablation and whole body scanning (WBS); the latter two
procedures cannot be optimally performed if the lobe that
remains after hemithyroidectomy is left intact.
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When FTC is diagnosed after hemithyroidectomy, the
indications for C-Tx are controversial. With larger tumors
and/or extensive vascular invasion, the risk of distant
hematogenous spread is high. Therefore, RAI remnant ab-
lation/treatment and WBS is generally recommended after
C-Tx.

The term ‘‘minimally invasive’’ FTC is variably applied to
FTC with capsular invasion alone, (2) or to FTC with capsular
invasion and/or vascular invasion of at most a few blood
vessels (3). The prognosis for minimally invasive FTC is
generally good, but distant spread and death have been re-
ported in patients with minimal vascular invasion or capsular
invasion alone (4). Hence, C-Tx followed by remnant ablation
and whole body RAI scanning is recommended by some, but
not all endocrinologists for minimally invasive FTC. Current
guidelines are ambiguous regarding this (5). C-Tx is costly
and contributes to additional physical and psychological
discomfort. C-Tx is particularly problematic in patients who
suffered injury to the recurrent laryngeal nerve during their
initial hemithyroidectomy. On the other hand, routine total
thyroidectomy (T-Tx) for patients with an FNA diagnosis of
follicular neoplasm is also not optimal. T-Tx results in per-
manent hypothyroidism in most patients and increases the
risk of permanent hypoparathyroidism and recurrent laryn-
geal nerve injury.

We have previously reported our experience with a
group of patients with well-differentiated thyroid carcinoma
who were treated with RAI lobe ablation (RAI-L-ABL) after
hemithyroidectomy as an alternative to C-Tx (6). We dem-
onstrated the efficacy of this procedure in rendering patients
markedly hypothyroid for subsequent conventional whole
body RAI scanning and treatment. Current guidelines of
American Thyroid Association (ATA) and National Com-
prehensive Cancer Network (NCCN) recommend against
RAI ablation after hemithyroidectomy for FTC and FVPTC
because it is not known if this approach is as effective as C-Tx
followed by radioactive iodine remnant ablation in the long
term (5,7).

In this study we performed a retrospective analysis of our
experience with lobe ablation in patients with FTC as an al-
ternative to C-Tx. We compared the long-term outcome of
a group of patients who had RAI-L-ABL after hemi-
thyroidectomy (RAI-L-ABL group) with that of a group of
patients who had C-Tx after hemithyroidectomy and with
that of a group of patients who had a T-Tx. As detailed later
some of the patients in some of these groups also had radio-
active iodine treatment after these initial treatments to ablate
residual thyroid tissue.

Patients and Methods

Patients

There were 37 patients with who underwent hemi-
thyroidectomy for FTC and were managed by physicians of
the Massachusetts General Hospital Thyroid Unit between
1983 and 2007. These patients were designated the RAI-L-
ABL group because they were treated with RAI to ablate the
remaining thyroid lobe. Ten (27.0%) of these patients were
included in our earlier study (6). In four of these patients the
reason for not performing C-Tx was recurrent laryngeal nerve
paralysis, and in one patient this was the case because of se-
vere laryngospasm, pulmonary embolism, and aspiration
pneumonia at the time of the initial hemithyroidectomy. In
the remaining 32 patients, the choice was dictated by patient
preference after discussion of the alternative options. The
RAI-L-ABL patients received 30–32 mCi of 131I to ablate the
remaining thyroid lobe. This dose of RAI was chosen because
it was the maximum permitted outpatient dosage of 131I at the
time lobe ablation was initiated. The median time between
hemithyroidectomy and lobe ablation was 2.5 months (range
1.5–17 months). While thyroid-stimulating hormone (TSH)
was not typically measured at the time of lobe ablation, a 24-
hour RAI neck uptake was performed before the procedure in
all cases. The mean 24-hour RAI neck uptake was 20% (range
7%–28%) in the 26 patients in which this information was
available. In the more recent years many of the RAI-L-ABL
group patients were instructed to follow a low-iodine diet for
2 weeks before lobe ablation. However, information con-
cerning iodine restriction was not recorded for the majority of
patients and, hence, was not analyzed.

There were 68 patients who underwent hemi-
thyroidectomy followed by C-Tx for FTC between 1993 and
2007. They were designated the C-Tx group. The medical
records did not indicate if these patients were offered RAI-
L-ABL instead of C-Tx.

There were 29 patients who underwent T-Tx as their initial
treatment for FTC between 1996 and 2007. They were desig-
nated the T-Tx group. The Thyroid Unit computer system
does not permit pathological searches before 1993. There were
12 patients (32.4%) in the RAI-L-ABL group who were found
to have FTC before 1993, while all patients in C-Tx and T-Tx
groups had surgery during or after 1993. For all groups, all
available patients with FTC were included if follow-up data
were available after initial surgery and WBS procedures.
Detailed demographic and clinical data in the three groups
are presented in Table 1. For the most important prognostic
variables (gender, age, tumor size, and tumor grade), no

Table 1. Demographic and Clinical Features in the Study Groups

Group n F/Ma
Age at diagnosis,

years (SD)a
Tumor size,
cm (SD)a

Percent with extensive
vascular or capsular invasiona,b

RAI-L-ABL 37 28/9 49.0 (16.9) 3.0 (1.5) 16.2
C-Tx 68 49/19 47.8 (15.9) 3.7 (1.9) 13.6
T-Tx 29 20/9 56.1 (18.0) 3.9 (1.0) 13.7

ap = 0.95 between groups.
bAll patients without extensive vascular invasion had minimal capsular or vascular invasion. This information was not available in one

patient in the RAI-L-ABL group and one patient in the T-Tx group.
RAI-L-ABL, radioactive iodine lobe ablation; C-Tx, completion thyroidectomy; T-Tx, total thyroidectomy.
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significant differences were observed among the study
groups. The MGH Institutional Review Board approved this
study.

WBS and remnant ablation

After RAI-L-ABL, T-Tx, or C-Tx, 131I WBS was performed
in some of the patients in the three groups after levothyroxine
withdrawal. The median interval between RAI-L-ABL or
C-Tx or T-Tx and the WBS was 4.9 months (range 2.8–27.5) in
the RAI-L-ABL patients, 3.4 months (range 1.6–22.1) in C-Tx
patients, and 2.6 months (range 1.4–11.0) in T-Tx patients.
Thirty-four out of 37 (91.9%) RAI-L-ABL patients, 58 out of 68
(74.3%) C-Tx patients, and 25 out of 29 (86.2%) T-Tx patients
underwent WBS after thyroid hormone withdrawal. WBS was
performed 48 hours after the oral administration of 2 mCi 131I.
Serum TSH and thyroglobulin (Tg) were generally measured
before the WBS. RAI neck uptake was measured on WBS
images. The geometric means of total counts in the region of
interest was calculated and normalized to a known 131I source
measured in the same camera system. The percent uptake of
the administered dose was calculated, after correcting for the
radioisotope decay factor.

In some patients, ablation with 30–150 mCi 131I of the
surgical remnant or residual thyroid tissue after the initial RAI
ablation was performed after 2 weeks on a low-iodine diet
according to the protocols and guidelines that were current at
the time. This procedure was performed in 12 of 37 (32%) RAI-
L-ABL patients, in 58 of 68 (85.3%) C-Tx patients, and in 25 of
29 (86.2%) T-Tx patients ( p < 0.01). For the 12 RAI-L-ABL
patients who received remnant ablation, the mean 131I dose
was 95.8 – 33.0 mCi (mean – SD). This does not include the
initial dose of 30 mCi 131I given for RAI-L-ABL. The
C-Tx group received 87.9 – 33.2 mCi for surgical remnant
ablation, and the T-Tx group received 92.5 – 50.9 mCi for
surgical remnant ablation. These average doses were not
statistically different. On average, patients in the RAI-L-ABL
group received a total of 61.1 – 49.2 mCi, which included 30–
32 mCi for the initial RAI-L-ABL.

There were 25 patients in the RAI-L-ABL group who had
WBS after their initial RAI-L-ABL. They were deemed not to
require additional ablation with RAI at the time of the WBS

obtained after thyroid hormone withdrawal. The RAI uptake
in their neck at this time was 0.4% – 0.7% (mean – SD).

Follow-up procedures

In this retrospective study, the follow-up protocols varied
over time and were therefore not uniform. Patients were fol-
lowed at variable time intervals and with variable re-staging
methods. TSH-stimulated Tg concentrations (either by with-
drawal or by administration of recombinant human TSH)
were available during follow-up in 11 of 37 (29.7%) of the RAI-
L-ABL group, 24 of 68 (35.3%) of the C-Tx group, and in 12 of
33 (36.4%) of the T-Tx group. Follow-up serum Tg concen-
trations (either stimulated or nonstimulated) were available in
33 (89.2%) RAI-L-ABL patients, 62 (91.2%) C-Tx patients, and
24 (72.7%) T-Tx patients. In each of the three groups, two
patients had anti- Tg antibodies preventing Tg measurement.
At the last available clinical observation, patients were clas-
sified into one of four stages: S0, no clinical evidence of disease
and either stimulated or suppressed Tg < 1.0 ng/mL; S1, no
clinical evidence of disease with detectable stimulated or
suppressed Tg ( ‡ 1.0 ng/mL); S2, clinically detectable disease;
S3, death from thyroid cancer. Patients with no clinical evi-
dence of residual disease with persistent positive Tg anti-
bodies were classified separately (stage Ab + ). Owing to the
retrospective nature of this study, the group of patients in S2
was heterogeneous with clinically detectable disease being
determined by a variety of tests according to the specific
clinical situation and clinical judgment at the time of the test.
Patient details are provided in the Results section. Table 2
summarizes the study design and procedures.

Statistical analysis

Continuously distributed numerical variables in the three
groups were compared with Student’s t-test. Noncontinuously
distributed numerical variables such as Tg and TSH were
compared with the Wilcoxon Sum Rank test. Categorical var-
iables were compared with Chi-square or Fisher’s exact test.

All the statistical analyses were performed using SAS ver-
sion 9.2 (SAS Institute, Inc., Cary, NC) and Microsoft Excel
2007 (Microsoft Corporation, Redmond, WA)

Table 2. Study Procedures

RAI-L-ABL group C-Tx group T-Tx group

Steps Procedure na Procedure na Procedure na

Step 1 Hemithyroidectomy 37/37 Hemithyroidectomy 68/68 T-Tx 29/29
Step 2 Thyroid lobe ablation

(30–32 mCi 131I)
37/37 C-Tx 68/73 —

Step 3 WBS (2 mCi 131I), Tg,
TSH in hypothyroidism

36/37 WBS (2 mCi 131I), Tg,
TSH in hypothyroidism

58/68 WBS (2 mCi 131I), Tg,
TSH in hypothyroidism

25/29

Step 4 Remnant ablation
(30–150 mCi 131I)

15/37 Remnant ablation
(30–150 mCi 131I)

58/68 Remnant ablation
(30–150 mCi 131I)

12/29

Step 5 Stimulated Tg 12/37 Stimulated Tg 26/68 Stimulated Tg 12/29
Step 6 Unstimulated Tg, clinical

restaging at the end of
follow-up

37/37 Unstimulated Tg, clinical
restaging at the end of
follow-up

68/68 Unstimulated Tg, clinical
restaging at the end of
follow-up

29/29

Study procedures are described in their temporal sequence. All patients in all the RAI-L-ABL and C-Tx groups underwent Steps 1, 2, and 6.
All patients in the T-Tx group underwent Steps 1 and 6.

aNumber of patients undergoing each step.
WBS, whole body scanning; Tg, thyroglobulin; TSH, thyroid-stimulating hormone.
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Tg assays

Over the years many different Tg assays with progressively
increased sensitivity were used at our institution. The Nichols
Advantage Tg assay had a lower limit of detection of 1 ng/mL
until July 2004, and a lower limit of detection of 0.3 ng/mL
from July 2004 to August 2005. Since August 2005 we have
used the Immulite assay (Diagnostic Products Corporation,
Los Angeles, CA) with a lower detection limit of 0.2 ng/mL.
To ensure homogeneity of analysis, Tg results < 1 ng/mL
were grouped together and considered undetectable regard-
less of the assay used. We also provide a separate analysis of
samples collected after 2003, where the detection limit was
considered 0.3 ng/mL.

Results

Efficacy and safety of lobe ablation

Seven patients in the RAI-L-ABL group reported mild to
moderate neck tenderness after RAI-L-ABL and one addi-
tional patient complained of a cough. The tenderness lasted a
few days to a week in most patients and did not require in-
tervention other than the use of over-the-counter pain medi-
cations. There were no recorded complications of C-Tx in the
C-Tx group.

The mean RAI neck uptake was significantly lower after
RAI-L-ABL (0.6% – 0.8%) than after C-Tx (2.0% – 3.3%) or T-
Tx (1.3% – 1.8%) ( p < 0.05 for RAI-L-ABL vs. C-Tx and RAI-L-
ABL vs. T-Tx; Fig. 1). The serum TSH after levothyroxine
withdrawal was similar in the three groups. The serum TSH
was 83.1 – 42.2, 79.0 – 36.8, and 66.9 – 43.3 mU/L in the
RAI-L-ABL, C-Tx, and T-Tx groups, respectively. All pa-
tients had serum TSH values of ‡ 25 mU/L at the time of
WBS (Fig. 1).

At the time of WBS, serum Tg was recorded in 15 of 37 RAI-
L-ABL patients (40.5%), 54 of 68 C-Tx patients (79.5%), and 22
of 29 (75.9%) T-Tx patients. Absent Tg measurements were
due either to the presence of anti-Tg antibodies or to incom-
pleteness of the medical records. Thirteen of the RAI-L-ABL
patients (35.1%) either had their lobe ablation before 1994
when Tg measurements were not routinely performed, or
their Tg was not reported due to anti-thyroglobulin anti-
bodies. Anti- Tg antibodies were present in 13 of 28 (46.5%)
RAI-L-ABL patients, 9 of 68 (13%) C-Tx patients, and 5 of 29
(17%) T-Tx patients ( p = 0.014, Chi-square). Two patients in
the T-Tx group were excluded from Tg calculations because of
pre-existing metastatic disease; Tg was markedly elevated in
both of these patients. At the time of thyroid hormone with-
drawal after lobe ablation, C-Tx, and T-Tx, serum Tg con-
centrations were not significantly different in the three groups
(Fig. 1). Tg concentrations < 1 ng/mL were found in 4 of 15
(26.7%) of RAI-L-ABL patients, 13 of 54 (24.1%) C-Tx patients,
and in 4 of 29 (14%) T-Tx patients ( p = 0.37).

Long-term outcome after RAI-L-ABL

The median follow-up was 95 months in the RAI-L-ABL
group, 47 months in the C-Tx group, and 53 months in the
T-Tx group ( p < 0.01, RAI-L-ABL vs. T-Tx and RAI-L-ABL vs.
C-Tx). The difference in follow-up duration is a reflection of
different sources from which the patients were drawn, as
explained in the Patients and Methods section. At the end of
the follow-up period, there were two disease-specific deaths,

FIG. 1. The neck 24 hours RAI uptake (upper panel), TSH
(mid panel), and Tg in the three study groups. All studies
were performed at the time of thyroid hormone withdrawal
after lobe ablation (RAI-L-ABL group) completion thyroid-
ectomy (C-Tx group) or total thyroidectomy (T-Tx group).
Numbers over bars in the two upper panels indicate mean
and SD. RAI, radioiodine; TSH, thyroid-stimulating hor-
mone; Tg, thyroglobulin.
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one in the RAI-L-ABL group and one in the T-Tx group. The
RAI-L-ABL patient who died had known distant metastatic
disease before surgery. He underwent RAI-L-ABL after hemi-
thyroidectomy and debulking of a large extrathyroidal inva-
sive FTC. The T-Tx patient died 10 years after her original
diagnosis from RAI refractory pulmonary metastases. Two
additional C-Tx patients and two T-Tx patients were alive with
distant metastatic disease at the end of follow-up. The distri-
bution of stages S0–S3 (see the Patients and Methods section) is
summarized in Figure 2. Chi-square analysis showed no sta-
tistically significant differences between the study groups.

Stimulated Tg

Follow-up stimulated Tg levels after levothyroxine with-
drawal or after human recombinant TSH administration were
available in a limited number of patients. Taking as a de-
nominator the number of patients with measured stimulated
Tg, the concentration was < 2 ng/mL in 92% (n = 12) of the
RAI-L-ABL group, 100% (n = 25) of the C-Tx group, and 100%
of the T-Tx group (n = 11). The four patients who died from
FTC during follow-up or who had clinical evidence of disease
at the last available follow-up point (see above) were excluded
from this calculation.

Sensitive Tg levels and Tg antibodies
at the end of follow-up

In 104 patients (RAI-L-ABL 26, C-Tx 58, and T-Tx 21)
without clinical evidence of disease (S0 or S1), the last avail-
able serum Tg measurement (stimulated or unstimulated)
was performed after the introduction of a highly sensitive Tg
assay in 2005. In this group the lower limit of detection of Tg
was 0.2 ng/mL (Table 3). Measurable Tg concentrations (0.2–
1.0 ng/mL) were more frequent in the RAI-L-ABL group
(34%) than in the C-Tx group (13.8%) or in the T-Tx group
(28.6%) ( p = 0.06). One possible explanation for the higher
prevalence of detectable serum Tg is the fact that fewer pa-
tients in the RAI-L-ABL group underwent remnant ablation
than in the other two groups. However, in the RAI-L-ABL
group, Tg was measurable in 4 of 9 (44%) of those who re-
ceived subsequent remnant ablation and in 5 of 17 (29.4%) of
those who did not (Table 3). Therefore, persistent low de-
tectable serum Tg concentrations did not correlate with a
history of prior remnant or post-RAI residual tissue ablation.
Across groups, persistent measurable Tg concentrations did
not correlate with initial tumor size. Of the patients who had
positive TgAb at the time of their initial withdrawal WBS,
only 1 in 13 in the RAI-L-ABL group and 2 of 9 in the T-Tx
group also had positive tests at the end of follow-up.

Discussion

The current management of solitary nonfunctioning thy-
roid nodules with the cytological diagnosis of follicular
neoplasm remains unsatisfactory. Approximately 20%–30%
of these nodules prove to be malignant, being either FTC or
FVPTC. The current ATA guidelines recommend lobectomy
and isthmusectomy as the initial surgical procedure (5),
since the majority (70%–80%) of these tumors are benign
adenomas on final pathological examination (1). The role of
radioactive iodine scanning and therapy after lobectomy
and isthmusectomy for FTC remains controversial. When
the FTC is large and/or when extensive vascular invasion
is present, adjuvant radioactive iodine is generally re-
commended (5). Smaller, minimally invasive follicular car-
cinomas with capsular invasion alone have an excellent
prognosis with no mortality in one series (8), but a mortality
as high as 11% in another (4). FTC with only a few involved
blood vessels is thought to have a prognosis between ex-
tensively angioinvasive FTC and FTC with capsular inva-
sion alone, but generally closer to the latter.

The role of C-Tx and radioactive iodine for minimally in-
vasive FTC remains uncertain (5). ATA guidelines suggest
that ‘‘C-Tx should be offered to those patients for whom a

FIG. 2. Distribution of four outcome stages in the study
groups, at the end of follow-up. S0 indicates no clinical evi-
dence of disease and either stimulated or suppressed Tg <
1.0 ng/mL; S1 indicates no clinical evidence of disease with
detectable Tg ( ‡ 1.0 ng/mL); S2 indicates clinically detectable
disease; S3 indicates death from thyroid cancer. Ab+ indi-
cates patients with no clinical evidence of residual disease,
but with persistent positive Tg antibody.

Table 3. Patients in the Three Study Groups with Detectable Thyroglobulin

at the End of Follow-Up

131I remnant ablation

RAI-L-ABL group C-Tx group T-Tx group

Yes No All Yes No All Yes No All

n 9 17 26 47 11 58 18 3 21
Tg detectable, n (%) 4 (44%) 5 (29%) 9 (34%) 8 (17%) 0 (0%) 8 (14%) 5 (28%) 1 (33%) 6 (28%)

Tg detectable at > 0.2 ng/mL. Groups are further subdivided according to whether 131I remnant ablation was performed or not.
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near-total or T-Tx would have been recommended had the
diagnosis been available before the initial surgery. This in-
cludes all patients with thyroid cancer except those with small
( < 1 cm), unifocal, intrathyroidal, node-negative, low-risk tu-
mors.’’ However, they do not distinguish between papillary
thyroid carcinoma (PTC), which is often bilateral, and FTC,
which is rarely bilateral. The 2010 NCCN guidelines note that
‘‘C-Tx is also recommended for tumors that, on final histo-
logical sections after lobectomy plus isthmusectomy, are
minimally invasive follicular carcinomas.’’ However, they
then go on to say that ‘‘These tumors may also be simply
followed carefully, because minimally invasive follicular
carcinomas have an excellent prognosis’’ (7).

Given the uncertainty of the data as well as the guidelines,
many clinicians in the United States and throughout the world
recommend C-Tx and radioactive iodine remnant ablation
and scanning for almost all patients with FTC. C-Tx is con-
sidered a necessary prelude to achieve a sufficiently high
serum TSH to permit whole body RAI scanning as well as
radioactive iodine remnant ablation and/or therapy of distant
metastases (9). Although RAI remnant ablation with recom-
binant human TSH (rhTSH) is a well-validated procedure
(10), the use of rhTSH in a patient with an intact thyroid lobe
would likely result in significant thyrotoxicosis and thyroid
swelling (11).

Unfortunately, C-Tx is expensive and may be a source of
additional physical and psychological discomfort and time
away from work. It also carries the additional risk of hy-
poparathyroidism, and vocal cord paralysis (12). While
there have been rare reports of vocal cord paralysis follow-
ing radioactive iodine treatment for hyperthyroidism (13)
and for remnant thyroid tissue ablation (14), this event is
extremely rare. For patients with permanent recurrent la-
ryngeal nerve injury after an initial lobectomy and isthmu-
sectomy, a contralateral operation should be avoided unless
absolutely necessary. Bilateral recurrent laryngeal nerve
injury is a devastating problem. It is estimated that 10,000
completion thyroidectomies are performed annually in the
United States (15). We have previously demonstrated that
RAI-L-ABL achieves comparably high serum TSH and
comparably low neck RAI uptake compared to C-Tx or T-Tx
(6). In contrast to our prior study that included patients with
both papillary and FTC (6), this study includes only patients
with FTC.

Other groups have also investigated RAI-L-ABL in prepa-
ration for later ablation of residual thyroid tissue. Arad
et al. (16) attempted lobe ablation with doses of 131I up to 150
mCi. They reported a very high failure rate, but the scanty
details reported do not permit analysis of their study. Bal et al.
used 131I (15–60 mCi; mean 31.8 – 11.7 mCi) to ablate the re-
maining thyroid lobe after thyroid lobectomy (17). They
achieved complete ablation in 57% of patients, whereas the
mean neck uptake was 3.1% – 2.4% in the remaining patients.
Complete ablation was achieved in 92% of cases after two
doses of 131I (17). Hoyes et al. (18) used higher doses of 131I (100
mCi) in a group of 60 patients after lobectomy. Ninety percent
of patients with an intact lobe achieved < 1% uptake in this
study. In both studies 131I lobe ablation resulted in a suffi-
ciently high serum TSH concentration to permit whole body
RAI scanning and was comparable to C-Tx. More recently,
Santra et al. reported follow-up data on a series of patients
with both FTC and PTC (19). In this large group of 360 pa-

tients, the relapse rate was the same in patients undergoing
lobe ablation or C-Tx. However, the protocol in this study
included repeated 131I doses until a neck uptake < 0.2% was
obtained. In contrast, our study analyzed whether single-dose
lobe ablation is comparable to C-Tx or T-Tx in preparing pa-
tients with FTC for WBS and in long-term outcome, without
specific neck uptake goals.

It is important to understand the goal of RAI-L-ABL in
FTC. FTC is almost invariably a unilateral tumor. Therefore,
C-Tx is performed to permit radioactive iodine scanning/
therapy, not to remove residual cancer. Similarly, our view of
the goal of lobe ablation is to permit subsequent RAI scan-
ning/therapy. The first question is whether lobe ablation
achieves the goal of an elevated serum TSH > 25 mU/L and
minimal residual radioactive iodine uptake. Based on the data
in this study and our prior study (6), the answer is clearly yes.
The mean serum TSH after lobe ablation was 83 lU/mL and
all patients had serum TSH > 25 mU/L. Furthermore, the
mean 24-hour RAI uptake after RAI-L-ABL was 0.6%, and
more patients in the RAI-L-ABL group had very low ( < 1%)
RAI neck uptake and serum Tg concentrations at the time of
thyroid hormone withdrawal compared to the C-Tx group
and the T-Tx group. As a consequence, the RAI-L-ABL group
was less likely to receive remnant ablation than the C-Tx and
T-Tx groups and therefore received a lower mean dose of 131I.
The significance of this observation is limited by the retro-
spective nature of this study, but does suggest a potential
additional benefit for lobe ablation.

The 2010 NCCN guidelines note that RAI-L-ABL ‘‘is not
recommended for patients who have undergone lobectomy or
lobectomy plus isthmusectomy as initial surgery’’ (7). The
recent ATA guidelines also specifically recommend against
lobe ablation (recommendation no. 29), but do not distinguish
lobe ablation for PTC from FTC (5). They comment: ‘‘It is
unknown whether this approach results in similar long-
term outcomes. Consequently, routine RAI ablation in lieu of
C-Tx is not recommended.’’ They do not mention that the
long-term benefits of C-Tx and remnant ablation, for mini-
mally invasive FTC compared with observation alone, are
also unknown.

The second question concerning RAI-L-ABL must be: What
is the long-term efficacy of lobe ablation after lobectomy and
isthmusectomy for FTC? Our study provides some prelimi-
nary data to address that question. Leblanc et al. reported
follow-up data on 98 patients, primarily with PTC who re-
ceived 100 mCi 131I after thyroid lobectomy (20). The 6-year
recurrence rate of 6% in the lobe ablation group was not sta-
tistically different from that of the control group who received
100 mCi 131I after T-Tx (20). Our current retrospective study
provides long-term follow-up on a large cohort of patients
with FTC. Survival and disease free survival were indistin-
guishable between the three groups (RAI-L-ABL, C-Tx, and
T-Tx). The number of patients with FTC studied (n = 141) and
the length of follow-up is comparable to that reported in other
series commenting on the prognosis of this relatively un-
common tumor (8, 21).

During long-term follow-up there were differences in serum
Tg concentrations between the three study groups. Low but
measurable serum Tg was more often found in the RAI-L-ABL
group than in the C-Tx and T-Tx groups. Detectable Tg
appeared to be independent of whether or not the patient
received subsequent remnant ablation after lobe ablation.
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These persistent detectable Tg concentrations did not cor-
relate with clinically relevant persistent or recurrent disease
after a median follow-up of 7.25 years. Persistent detectable
serum Tg concentrations also occur after T-Tx and remnant
ablation in patients with PTC (22). In PTC patients, low,
persistent, but stable serum Tg concentrations are not asso-
ciated with adverse outcomes (22–24). In PTC persistent low
Tg concentrations are often assumed to be due to undetectable
small lymph-node metastases. (25). Nodal disease is uncom-
mon in FTC with the exception of the Hurthle cell variant (26).
Therefore, we do not believe that lymph node metastases can
explain our findings. Rather, it seems likely that small per-
sistent remnants of normal thyroid tissue or benign micro-
scopic nodules are responsible for this observation. It has been
estimated that 100 mCi of 131I would be required to destroy a
3-mm functionally cold thyroid nodule, when relying on the
irradiation from the surrounding normal thyroid tissue (27). It
is possible that small, functionally cold area of thyroid tissue
survive RAI-L-ABL while they would be removed by
C-Tx. This is a speculative explanation for the persistent low
Tg concentrations, which occurred more frequently in the
RAI-L-ABL than in the control groups. It is also possible that
surgical removal achieves a more complete long-term re-
moval of thyroid tissue by virtue of changes in the vasculature
of the thyroid bed. Regardless of the explanation, based on
our clinical experience we suggest that low stable serum Tg
concentrations after lobe ablation for FTC have little clinical
significance.

Our data also suggest that RAI-L-ABL may be associated
with the transient appearance of anti-Tg antibodies, a phe-
nomenon that is reminiscent of the effect of RAI on TSH re-
ceptor antibodies in patients with Graves’ disease (28)
However, our understanding of this phenomenon is limited
by the lack of baseline Tg antibody levels.

The majority of patients with FTC reported in this study
had minimally invasive FTC characterized by capsular inva-
sion alone and or minimal vascular invasion. One could argue
that the excellent outcome in the three groups might have
been achieved without any additional therapy (29). However,
given the uncertainties in current guidelines, most patients
with FTC appear to be treated with C-Tx and radioactive io-
dine remnant ablation/therapy. In this article we do not ad-
dress the need for additional therapy in minimally invasive
FTC treated initially with lobectomy and isthmusectomy. We
merely point out that RAI-L-ABL appears to achieve a similar
outcome when compared to C-Tx and T-Tx.

We suggest, therefore, that lobe ablation with RAI is an
acceptable alternative to C-Tx in patients with minimally
invasive FTC, when radioactive iodine WBS and remnant
ablation are considered appropriate. For more aggressive
FTC with extensive vascular invasion, it is possible that the
timing of treatment with radioactive iodine is of importance.
Radioactive iodine remnant ablation/therapy is usually
delayed for *3 or more months after RAI-L-ABL; hence,
when rapid therapy is considered essential, C-Tx should be
considered. In such aggressive cases, RAI-L-ABL may be
limited to patients in whom C-Tx carries significant risk,
especially those with recurrent laryngeal nerve paralysis
(27). While some literature (19) suggests excellent outcomes
of lobe ablation in patients with PTC as well, we very rarely
use RAI-L-ABL in our PTC patients. The multifocality often
observed in PTC raises the concern that small tumor foci in

the remnant lobe may not be adequately treated with this
procedure. Another controversial entity not addressed here
is the encapsulated FVPTC. It is uncertain whether addi-
tional therapy is necessary after lobectomy and isthmu-
sectomy for these patients (30). However, if additional
therapy is contemplated, then RAI-L-ABL could be consid-
ered as an alternative to C-Tx if contralateral nodules are
absent.

There are some limitations to the present study. While all
patients were classified as having FTC, the criteria for this
diagnosis, and in particular its distinction from the follicular
variant of PTC, have changed over time. It is therefore pos-
sible that our series includes some patients with the latter
entity. Because of the long time period since surgery in most
cases, we were not able to independently re-review the
pathological specimen. This is a retrospective study and is
therefore susceptible to possible selection bias. It is possible
that, in our series, RAI-L-ABL was offered to patients thought
to have the best potential outcome. In recognition of this
limitation, we propose that RAI-L-ABL might be offered
precisely and primarily to this group of patients. Given the
long natural history of well-differentiated thyroid carcinoma,
most outcome studies in the field are retrospective. As a
consequence of the retrospective nature of this study, moni-
toring protocols were heterogeneous. Many of our patients
did not have stimulated Tg testing. However, Tg is a surro-
gate marker of thyroid cancer. Important hard end-points
such as death and metastatic disease did not differ between
our study groups.
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