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Abstract

Background—->Predictive role of undetectable thyroglobulin (Tg) in patients with poorly
differentiated thyroid carcinoma (PDTC) is unclear. Our goal was to report on Tg levels following
total thyroidectomy and adjuvant RAI in PDTC patients and to correlate Tg levels with recurrence.

Methods—Forty patients with PDTC with no distant metastases at presentation (MO) and
managed by total thyroidectomy and adjuvant RAI were identified from a database of 91 PDTC
patients. Of these, 31 patients had Tg values recorded and formed the basis of our analysis. A
nonstimulated Tg level <1 ng/ml was used as a cutoff point for undetectable Tg levels. Association
of patient and tumor characteristics with Tg levels was examined by x?2 test. Recurrence-free
survival (RFS) stratified by postop Tg level was calculated by Kaplan—Meier method and
compared by log-rank test.

Results—Twenty patients had undetectable Tg (<1 ng/ml) and 11 had detectable Tg (=1 ng/ml;
range 2-129 ng/ml) following surgery. After adjuvant RAI, 24 patients had undetectable Tg (<1
ng/ml) and 7 had detectable Tg (=1 ng/ml; range 1-57 ng/ml). Patients with undetectable Tg were
less likely to have pathologically positive margins compared to those with detectable Tg (33 vs.
72 % respectively; p=0.03). Patients with undetectable Tg levels had better 5-year regional
control and distant control than patients with detectable Tg level (5-year regional recurrence- free
survival 96 vs. 69 %; p = 0.03; 5-year distant recurrence-free survival 96 vs. 46 %, p = 0.11).

Conclusion—Postoperative thyroglobulin levels in subset of patients with PDTC appear to have
predictive value for recurrence. Patients with undetectable Tg have a low rate of recurrence.

Thyroglobulin (Tg) is a specific product of thyroid follicular cells. Serum Tg levels have
been widely used as a postoperative marker for residual or recurrent tumor in differentiated
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thyroid carcinoma (DTC). Patients with low-risk DTC with undetectable postoperative Tg
values have very low risk of recurrence.1=3 On the other hand, studies on Tg values in poorly
differentiated thyroid carcinoma (PDTC) have been limited and the predictive role of an
undetectable Tg in PDTC is unknown.*® Therefore, the purposes of our study were to report
on Tg values in PDTC following total thyroidectomy and adjuvant RAI, correlate Tg values
with outcome and determine if undetectable Tg predicts for low risk of recurrence in PDTC.

MATERIALS AND METHODS

Following Institutional Review Board approval, we performed a retrospective review of our
thyroid cancer database for patients with PDTC, treated with primary surgery, with or
without adjuvant RAI at MSKCC from 1986 to 2009. 91 patients with primary PDTC were
identified. Diagnosis was confirmed by two independent pathologists (R.A.G. and D.L.C.)
and was based on histological and/or immunchistochemical evidence of follicular cell
differentiation with presence of tumor necrosis and/or =5 mitoses per 10 high-power fields
(400%).8 Of 91 PDTC patients, 67 were MO0 (had no distant metastasis at presentation). Of
67 MO patients, 56 had total thyroidectomy, of whom 43 also received adjuvant RAI. After
exclusion of 12 patients (3 due to external radiotherapy and 9 due to unknown Tg values),
data on Tg values were available in 31 patients. These 31 PDTC patients formed the basis of
our analysis. All cases were considered to express thyroglobulin based upon the histologic
identification of colloid on hematoxylin and eosin section and/or the presence of positive
thyroglobulin on immunohistochemistry (12 of the cases were stained for thyroglobulin and
all were positive for this protein by immunostaining).

Undetectable serum Tg was defined as an unstimulated Tg <1 ng/ml measured at least 5
weeks after total thyroidectomy and at least 3 months (3—-11 months; median 6 months) after
adjuvant RAI. 26 PDTC patients in our cohort were treated from 2000 to 2009, whereas five
patients were treated from 1992 to 1998. Sensitivity of Tg assay ranged from <0.4 to 0.6
ng/ml for the period 2000-2009 and <0.9-1 ng/ml during 1992-1998. Therefore a cutoff
point of <1 ng/ml was used to define an undetectable Tg levels. By choosing this level, we
are able to encompass all patients from both time periods into our definition. Tg antibodies
were routinely performed in conjunction with the Tg assay and samples with Tg antibody
interference were excluded from our analysis. In the patient follow-up, TSH levels were
maintained at <0.1-0.5 mIU/L. Patient charts were reviewed for patient characteristics,
clinical presentation, tumor pathological features, treatment, recurrences, and survival.
Staging was classified according to the 7th edition of AJCC Cancer Staging Manual.” All 31
patients had total thyroidectomy with complete gross tumor removal (29 had total
thyroidectomy and 2 had extended total thyroidectomy with removal of all tissues involved
by extrathyroidal spread). Select patients also underwent neck dissection for clinically
suspicious disease at the time of total thyroidectomy (determined by neck palpation, cross
sectional imaging or ultrasound). In our institution, we do not routinely perform elective
dissection of either the central compartment or lateral compartment lymph nodes. If
clinically suspicious lymph nodes are present in the lateral compartment, dissection of neck
levels 11-V is performed. For clinically suspicious nodes in the central compartment,
bilateral paratracheal lymph node dissections are performed. If small, 1-2 lymph nodes are
present in the central compartment, lymph node sampling is performed. In addition to
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surgical removal of all gross tumor, patients received adjuvant RAI (30-391 mCi; median
dose 150 mCi). Only three patients received doses under 100 mCi, i.e., 29.5, 78.4, and 97.7
mCi. Therefore, the overwhelming majority of our patients received therapeutic RAI dose
>100 mCi. All patients had diagnostic scan before adjuvant RAI and adjuvant RAI dose was
determined based on the diagnostic scan and stage of PDTC.

The association of patient and tumor characteristics with Tg levels (obtained postadjuvant
RAI) was examined by using the Pearson y2 test. Overall survival (OS), disease-specific
survival (DSS), recurrence-free survival (RFS), regional recurrence-free survival (RRFS),
and distant recurrence-free survival (DRFS) were calculated by the Kaplan—-Meier method,
stratified by Tg levels (obtained post adjuvant RAI) and compared using the log-rank test.
Recurrence was defined as a new local, regional, or distant finding, in a patient clinically
free of disease for at least 6 months following initial therapy, that was proven by biopsy or
identified on computed tomography (CT), magnetic resonance imaging (MRI), positron
emission tomography (PET), or RAI scanning. Death from disease was defined if it was
confirmed by death certificate or hospital summary. A level of significance alpha value p <
0.05 was used to determine significance. Statistical analysis was performed by SPSS (IBM
Company Headquarters, 233 S. Wacker Drive, 11th Floor, Chicago, IL 60606).

Tg Values in PDTC Patients and Phenotype of PDTC

Association

Following surgery, 20 patients had undetectable Tg (<1 ng/ml) and 11 had detectable Tg (=1
ng/ml; range 2-129 ng/ml). After adjuvant RAI, 24 patients had undetectable Tg (<1 ng/ml)
and 7 had detectable Tg (=1 ng/ml; range 1-57 ng/ml). The phenotypes of the 24 patients
with undetectable Tg following adjuvant RAI were papillary (7= 15), tall cell variant (n=
5), and mixed phenotype (/7= 4). The phenotypes of the seven PDTC patients with
detectable Tg were papillary (7= 3), tall cell variant (n = 1), follicular (n= 1), and mixed
phenotype (n7= 2). Four patients that converted from detectable Tg levels to undetectable Tg
levels following adjuvant RAI had papillary phenotype (three patients) and mixed phenotype
(papillary, follicular, and Hirthle cell carcinoma; one patient). Three of four patients were
older males (=45 years), whereas one patient was a young female (29 years old). Three of
four patients had smaller tumors (<4 cm), whereas one patient had a larger tumor (>4 cm).
Only one patient had extrathyroidal extension (microscopic). Respective staging of the
PDTC that converted from detectable Tg levels to undetectable Tg levels were: T{N,MO,

T,N,MO, T3N,MO, TsN1,MO.

of Tg Levels with Patient and Tumor Characteristics of PDTC

Patients with undetectable Tg (<1 ng/ml) and detectable Tg levels (=1 ng/ml) post adjuvant
RAI showed no significant age or gender differences (Table 1). Patients in both groups were
predominantly older (=45 years): 62 % of patients with undetectable Tg and 71 % of patients
with detectable Tg (p= 0.664). Patients who achieved an undetectable Tg postadjuvant RAI
were predominantly females (71 %) compared with patients with detectable Tg (43 %; p=
0.173).
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When pathological tumor characteristics were examined, only pathologically positive
margins were significantly associated with detectable Tg compared with undetectable Tg (72
vs. 33 % respectively; p= 0.03). Patients with undetectable Tg had less advanced
pathological tumor characteristics compared with patients with detectable Tg. Patients with
undetectable Tg were less likely to have large primary tumors (>4 cm; 29 vs. 43 %; p=
0.495), higher pT stage (pT3/T4; 67 vs. 100 %; p = 0.076), extrathyroid extension (50 vs.

86 %; p=0.092), and pathologically positive neck nodes (33 vs. 71 %; p=0.072),
respectively.

Outcome in PDTC Stratified by Tg Levels

Of 31 PDTC patients in our cohort, 6 patients (19 %) died of whom 4 died of the disease.
There were 6 recurrences: 1 regional and 5 distant and regional. With a median follow-up of
49 months (17-143 months), there was no significant difference in 5-year OS or DSS
between patients with detectable and undetectable Tg (5-year OS: 85.7 vs. 86.3 %; p=0.38;
5-year DSS: 100 vs. 95.8 %,; p = 0.45). Patients with an undetectable Tg had significantly
better 5-year recurrence control (RFS) compared with patients with detectable Tg (96 vs.

26 %; p=0.001; Fig. 1). Patients with undetectable Tg levels had significantly better 5-year
regional control (RRFS: 96 vs. 69 %; p= 0.03; Fig. 2); of 6 patients with regional recurrence
during 5-year follow-up, 2 (33 %) had undetectable Tg. Patients with undetectable Tg levels
also had better 5-year distant control (DRFS: 96 vs. 46 % vs. p=0.11; Fig. 3). Of 5 patients
with distant recurrence during 5 year follow-up, 2 (40 %) had undetectable Tg. Two of 24
patients with undetectable Tg had distant recurrences: 1 to lung and 1 to lung and bone.
Three of seven patients with detectable Tg had distant recurrences: 1 to lung, 1 to lung and
bones, and 1 to lung, bones, and liver. Two patients with undetectable Tg that developed
both distant and regional recurrence received EBRT (external beam radiation therapy) and
EBRT + RAI, respectively. Three patients with detectable Tg that developed both regional
and distant recurrences received: (1) neck dissection and RAI; (2) neck dissection and
EBRT/experimental systemic therapy; and (3) RAI plus an operation of solitary lung
metastasis, respectively. One patient with detectable Tg levels that developed regional
recurrence received a neck dissection.

DISCUSSION

Poorly differentiated thyroid carcinoma (PDTC) is a rare type of thyroid cancer with
biologically and histologically intermediate characteristics on a progression scale from DTC
to undifferentiated or anaplastic thyroid carcinoma (AC).8° Despite loss of some of the
well-differentiated features, PDTC still contains colloid and produces Tg.10.11 This is due to
tumor heterogeneity within the primary tumor mass. However, due to the rarity of PDTC,
data on Tg production and the possible predictive role in PDTC are unclear.*® The objective
of our study was to report on Tg values in PDTC following total thyroidectomy and adjuvant
RALI, correlate Tg values with outcome in PDTC, and determine if an undetectable Tg level
predicted low-risk for recurrence.

Based on the observations from our study, thyroglobulin appears to have a prognostic role in
the prediction of recurrence in patients with PDTC. In our study, we found that PDTC
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patients who were free of macroscopic disease after initial treatment and had undetectable
Tg showed significantly better 5-year RFS compared with patients with detectable Tg (96
vs. 26 %; p=0.001). In particular, 5-year regional control and distant control was better for
our patients with undetectable Tg levels (5-year RRFS 96 vs. 69 %; p = 0.03; 5-year DRFS
96 vs. 46 % vs. p=0.11). Similar to our study of PDTC, the study by van Dijk et al. of DTC
found that after initial surgery and adjuvant RAI therapy, patients with detectable Tg and
negative posttherapeutic WBS had significant earlier and more recurrences than patients
without detectable Tg.12 Survival in both DTC groups with detectable and undetectable Tg
was comparable as we found in our PDTC cohort.

As in DTC, we also report that patients who had detectable Tg were more likely to have
larger tumors, ETE, positive neck disease, and also positive margins following
thyroidectomy. These observations mirror those found in differentiated thyroid cancer.

Our data suggest that measurement of serum Tg is valuable in the follow-up of both DTC
and PDTC. If an undetectable Tg level is obtained after initial surgery and adjuvant RAI,
then the risk of recurrence is low. However, this is not absolute, because two of our patients
with undetectable Tg levels had recurrence (2/24). This is most likely due to tumor
heterogeneity and the presence of a less differentiated tumor component. Therefore, if
undetectable Tg level is obtained after initial treatment, the physician must still be aware that
a small subset of PDTC patients might recur due to the presence of a less differentiated
tumor component.

Our study is not without its limitations however. The study is retrospective and therefore
susceptible to the deficiencies associated with retrospective data collection. In addition, our
sample size was small (31 patients). However, PDTC is a rare type of thyroid cancer and our
cohort was created from one of the largest available series of PDTC patients (91 patients)
who have been treated at a single tertiary care center. It is unlikely that other centers will
have any more detailed information on the role of Tg in PDTC. Another strength of the
cohort was that all had pathology review and that a single diagnostic criteria based on high
grade features (mitosis and necrosis) was used to classify the patients. These diagnostic
criteria have been shown to define a biologically more homogenous group of tumors.®
Selection bias is another clear limitation to the data. The 5-year OS for our cohort (86 %)
was better than most reports on 5-year OS in PDTC, which range from 62 to 85 %.13-16 This
reflects the fact that our 31 PDTC patients represent a cohort that was free of distant
metastases at presentation (MO) and free of macroscopic disease after initial treatment with
surgery and adjuvant RA. In addition, it is possible that the selected cohort of tumors has
heterogeneity with areas of differentiated carcinoma coexisting with PDTC that still secrete
Tg. Lastly, although we stated that there was no difference in OS and DSS between patients
with detectable and undetectable Tg levels, the follow-up of our cohort was limited to 49
months. Even with PDTC, recurrences and deaths can occur after our median follow-up time
of 49 months.

Despite these limitations, we conclude that many PDTC, who are MO at presentation, retain
the ability to produce Tg after initial treatment with surgery and adjuvant RAI. Those PDTC
patients with undetectable Tg levels show lower rates of distant recurrence and significantly
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lower rates of regional recurrence. Tg therefore may serve as a predictor for recurrence in
PDTC. However, in a small subset of PDTC patients with undetectable Tg after initial
treatment, undetectable levels may not be a reliable indicator for recurrence due to presence
of a more aggressive and less differentiated component in a heterogenous tumor. We
emphasize the need for future studies with a larger sample size to reach a definitive
conclusion. Further studies, most likely with multi-institutional collaboration due to the
rarity of these tumors, may help to confirm our observations.
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FIG. 1.
Five-year, recurrence-free survival (RFS) stratified by Tg level
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FIG. 2.
Five-year, regional, recurrence-free survival (RRFS) stratified by Tg level
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FIG. 3.

Five-year, distant, recurrence-free survival (DRFS) stratified by Tg level
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TABLE 1

Association of Tg levels with patient and tumor characteristics
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Variable Tg<lng/ml Tgz1ng/ml 2 pvalue
No. (%) No. (%)
Age (years)
<45 9(38%) 2 (29 %) 0.664
245 15 (62 %) 5 (71 %)
Sex
M 7(29%) 4(57 %) 0.173
F 17 (71 %) 3 (43 %)
pT size (cm)
<4 17 (71%)  4(57 %) 0.495
>4 7(29%) 3 (43 %)
pT stage
TUT2 8(33%) 0(0%) 0.076
T3/T4 16 (67 %) 7 (100 %)
ETE
No 12 (50 %) 1 (14 %) 0.092
Yes 12 (50 %) 6 (86 %)
Minimal 7(54%) 0(0%)
Gross 6 (46 %) 7 (100 %)
Margins
Negative 15(63%) 1 (14 %) 0.033
Positive/close 8(33%) 5(72%)
Unknown 1(4%) 1(14%)
pN stage
pNx/pNO 16 (67 %) 2 (29 %) 0.072
Nx 10 (63 %) 0 (0 %)
NO 6(37%) 2 (100 %)
pN+ 8(33%) 5(71%)
Nia 5(63%) 1(20%)
N1b 3(37%) 3 (60 %)
N1x 0(0%) 1(20%)

Bold value indicates statistically significant

ETE extrathyroid extension, p/Nx clinically negative neck
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