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Prognostic Value of Thyroglobulin after
Thyroidectomy before Ablative Radioiodine
Therapy in Thyroid Cancer
Frank GrÃ¼nwald,Christian Menzel, Rolf Fimmers, Paul O. Zamora and Hans J. Biersack
Department of Nuclear Medicine, and Institute for Medical Statistics, University of Bonn, Bonn, Germany

Serum thyroglobulin (Tg) is a suitable marker for differentiated
thyroid carcinoma after total thyroid ablation by surgery and 131I
therapy. Before the first 131Itreatment, Tg is not a reliable tumor

marker since it can also originate from remnant tissue. It was
hypothesized that the ratio of serum Tg to 131Iuptake in the thyroid

bed could be used to correct Tg values for variations in remnant
tissue. Methods: The hypothesis was evaluated in 111 patients with
differentiated thyroid cancer (38 follicular/73 papillary). Tg and 131I
uptake in the thyroid bed were measured before the first 131I
therapy. The ratio of Tg to 131I uptake was determined in four
groups: Group A, tumor free (n = 81); Group B, lymph node
mÃ©tastases(n = 11); Group C, distant mÃ©tastases(n = 11); Group
D, later recurrence [during a mean follow-up of 56 mo; (n = 8)].
Wilcoxon two-sample test was performed to determine statistical
significance between Group A and Groups B-D. Results: Significant
differences in the Tg/131l uptake ratios (median) between Group A

(1.0 ng/ml/%) and Groups B (3.3 ng/ml/%), C (20.2 ng/ml/%) and D
(3.3 ng/ml/%) were observed (p < 0.01). In tumor-free patients
(Group A), there was no value higher than 5.7 ng/ml/%. Therefore, a
higher ratio, observed Â¡n14 of the 30 remaining patients, was
indicative of mÃ©tastasesor later recurrence. Conclusion: The ratio
of serum Tg to 131Iuptake in the thyroid bed might be used as a

prognostic marker for thyroid cancer before implementing ablation
with 131I.
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amounts of serum thyroglobulin (Tg) can be found in
the serum of most healthy people, but it can be elevated in
several benign thyroid diseases (1,2) and in thyroid cancer
(3-10). Since Tg is a normal tissue component, it can only be
reliably used as a "tumor marker" after total thyroid ablation,
such as after thyroidectomy and ablative 13II therapy. In these

cases, serum Tg is a very reliable marker for the local
recurrence of thyroid cancer, lymph node mÃ©tastases and
distant-site mÃ©tastases.Serum Tg has the advantage of high
sensitivity (>90%) in detecting recurrence and/or mÃ©tastases
and can be used under TSH-suppressive thyroxine therapy

(although the sensitivity of serum Tg also depends on TSH).
Scintigraphy with 131Iis used as a generalized "marker" for

thyroid tissue as a result of its uptake and subsequent incorpo
ration into tissue Tg, whether it be in the normal thyroid
remnant or in thyroid cancers. Whole-body scintigraphy with
1311 is commonly used to detect the recurrence of thyroid

carcinoma and/or metastatic lesions. The procedure requires
thyroid hormone withdrawal to induce hypothyroidism and
maximize uptake of 131Iand its subsequent incorporation into

Tg. In some cases, whole-body scintigraphy fails to detect
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TABLE 1
Tg/1311Uptake Ratios (ng/ml/%) in Patients with Differentiated

Thyroid Carcinomas

Groupno.MedianRange25th

percentile75th
prcentilep

valueA*1.00-5.70.31.7BÂ»3.3s0.3-61.31.510.10.0005c*20.2Â§0.1-78.54.150.30.0001DÂ«3.3110.3-19.91.59.60.0085

*No mÃ©tastasesand no recurrence.

fLymph node mÃ©tastases.
^Distant mÃ©tastases.
Â§Patientswith recurrence.
^Significantly different from Group A (p < 0.01).

recurrence and/or mÃ©tastases.This is particularly true in pa
tients contaminated with high amounts of "cold" iodine and in
oncocytomas. The therapeutic and diagnostic value of 131I

depends on the iodination of Tg. Several studies dealing with
the comparison of Tg and whole-body scintigraphy have been
published (4,11-18).

"Tumor-specific" Tg evaluation would improve the diagnos

tic assessment of patients after surgical ablation but before
initiating 131Itherapy. In patients in whom remaining tissue

may be malignant, further diagnostic evaluation can be initiated
early and higher 131Idoses can be considered for the first

treatment. Unfortunately, immediately after surgical ablation,
serum Tg can be of limited value and elevated serum Tg levels
are particularly evident after incomplete thyroidectomy (79).
Surgical ablation could be expected to increase serum Tg by
disruption of the thyroid structure.

The present studies were undertaken to evaluate the hypoth
esis that the ratio of serum Tg to 131Iuptake in the thyroid bed

could be used during postsurgery conditions and before initiat
ing 131Itherapy to detect thyroid cancer (residual or metastatic

lesions), even in the presence of remnant thyroid tissue. With
complete surgical ablation, I31I uptake would be essentially

background and any serum Tg would necessarily arise from the
mÃ©tastases.With remnant thyroid tissue, serum Tg could be
expected to originate from the normal remnant plus tumor
masses. In remnants with no tumor burden, serum Tg would be
low and directly correlated to the mass of the thyroid remnant.

METHODS

Patients
In this study of thyroid cancer patients post-thyroidectomy, we

evaluated serum Tg levels and compared those values to 131I

uptake in the thyroid bed (determined by upper thorax scintigra
phy) before initiating 131Itherapy. Tg levels were determined by

radioimmunoassay (RIA) or immunoradiometric assay (IRMA), as
described previously (8) using Tg RIA or Dynotest Tg, respec
tively, both provided by Henning, Berlin, Germany. Patients with
Tg-specific auto-antibodies or with inaccurate recovery-test results
(lower than 80% or higher than 120%) were excluded from the
study.

The 131Itreatment regimen of patients with highly differentiated
thyroid cancer has been described elsewhere (20,21). Iodine-131
therapy is performed 4-5 wk after thyroidectomy with no replace
ment therapy during this time. TSH has to be higher than 30
/Â¿U/ml.Since iodine supplementation is low in Germany, no low-
iodine diet is necessary before I31Itherapy. Mean iodine excretion

in urine was 64 Â±35 (mean Â±s.d.) /ng/g creatinine in a subgroup

Thyroglobulin/iodineâ€”131â€”uptake ratio
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FIGURE 1. Thyroglobulin/131!uptake ratios (ng/ml/%) in patients with differ

entiated thyroid carcinomas; Group A/1 no mÃ©tastasesand no recurrence;
Group B/2 lymph node mÃ©tastases;Group C/3 distant mÃ©tastases;Group
D/4: recurrence.

of these patients with thyroid cancer. In our department, mean
iodine excretion in the population without thyroid diseases is 83 Â±
41 /xg/g creatinine (unpublished results). Serum Tg levels were
measured immediately before the first I3II therapy (during the

same day). Iodine uptake in the thyroid bed was measured
scintigraphically 5 hr after oral administration of 74 MBq 131I.

One hundred eleven patients with highly differentiated carcino
mas were studied (38 follicular and 73 papillary). To achieve a
sufficient follow-up period (for determination of later recurrence),
patients included in this study were those who had undergone
thyroidectomy and thus Tg measurement before 1989 (by RIA).
Unfortunately, Tg could not be measured using the same technique
in all patients. On the other hand, it is essential in differentiated
thyroid cancer to allow a follow-up period of about 5 yr to
record > 80% of recurrence (22-24). In the present study, the
mean follow-up was 56 mo. For analytical purposes, the patients
were retrospectively evaluated in four groups: Group A (n = 81),
disease-freeâ€”no local recurrence or mÃ©tastases(regional or dis
tant); Group B (n = 11), lymph node mÃ©tastasesâ€”regionallymph
node mÃ©tastaseswithout distant mÃ©tastasesbefore the first I3'l
therapy; Group C (n = 11), distant mÃ©tastasesâ€”distantmÃ©tastases
without regional lymph node involvement before 131Itherapy; and
Group D (n = 8), recurrenceâ€”local recurrence during follow-up
with no known prestudy mÃ©tastases.In addition, one patient had
cervical lymph node mÃ©tastases.

Tg/1311uptake ratios were calculated for all patients. Initially,
Kruskal-Wallis testing (chi square approximation) was used to test
for the global hypothesis of no significant differences between the
four groups. Subsequently, Wilcoxon two-sample testing (normal
approximation, with continuity correction of 0.5) was performed to
determine statistical significance between Group A and Groups
B-D. The threshold for statistical significance was p < 0.01.

RESULTS
The results are shown in Table 1 and Figure 1. Tg/'31I uptake

ratios in Group A ranged between 0 and 5.7 ng/ml/%. The
values were significantly different (p < 0.01) compared to
Groups B-D (p < 0.01). Individual values of thyroglobulin/131!

uptake ratio values are presented in Figure 1. The use of a
threshold of 6 ng/ml/%, which seems to be optimal in this
specific situation (to exclude false-positive results) resulted in
sensitivity, specificity and positive and negative predictive
values of 27%, 100%, 100%, 91% for lymph node mÃ©tastases
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(Group B), 73%, 100%, 100%, 96% for distant mÃ©tastases
(Group C) and 38%, 100%, 100%, 94% for recurrence (Group
D), respectively.

DISCUSSION
Tg is a glycoprotein (660,000 Daltons) that is normally

sequestered in the follicles of the thyroid gland and plays a
central role in the synthesis and storage of thyroid hormones. In
several benign thyroid diseases, Tg levels are increased, but in
healthy subjects, Tg can also be found in the serum (1,2,21).
The mechanisms by which Tg can arise in the circulation
include transcellular transport from the lumen of the follicle
through the basal lamella, aberrant synthesis/secretion or leak
age through disruptions of the cell-to-cell junctions of the cells
forming the thyroid follicles.

Since cell-to-cell junctions are frequently disrupted in a
variety of disease states, including cancer, increases in Tg can
be used as a serum marker related to thyroid disease. In patients
with well-differentiated thyroid carcinoma, serum Tg is partic
ularly useful in follow-up after thyroidectomy for thyroid
cancer therapy and subsequent 13II therapy (3-10).

A study published by Baskin in 1994 (5) proved that Tg
levels are reliable in detecting recurrent thyroid cancer in
patients who have undergone subtotal thyroidectomy and have
been treated with only low doses of radioiodine (1.1 GBq).
Tourniaire et al. (79) reported that Tg is also useful as a
sensitive marker after unilateral thyroidectomy if a rise during
follow-up is evaluated as suggestive of recurrence.

Although there is an overlap between the tumor-free patients
and those with lymph node mÃ©tastases,distant mÃ©tastasesand
later recurrence, the results of the present study show that the
Tg/I3'l uptake ratio might serve as a prognostic marker also

immediately after thyroidectomy but before radioiodine ther
apy. In contrast to a "screening" application, the identification
of "high risk" patients (high probability of mÃ©tastases or

recurrence) is the main target of the prognostic evaluation
before the first I3II therapy. Since the Tg/13ll uptake ratio does
not have to fulfill all criteria of a "classical" tumor marker, a

threshold value, associated with a positive predictive value of
100% was chosen. Consequently, the sensitivity values are
relatively low (27%, 73%, 38% for lymph node mÃ©tastases,
distant mÃ©tastasesand recurrence, respectively).

Iodine-131 uptake in the thyroid bed can be influenced by
several factors, including TSH levels, the presence of remnant
tissue masses, malignancy grade and the (rare) co-existence of
distant mÃ©tastaseswith high I3II uptake, which significantly
decreases the amount of available I3II in the blood. One

possible explanation for enhanced detection capabilities of the
ratio could be that the serum Tg is proportional to the amount
of remnant tissues mass (benign and normal cells) in patients
without malignancy. In these patients, the iodination of Tg is
not affected. The integrity of the remnant follicles is intact.
Thus, the Tg is sequestered in the follicles and correlates with
I31I uptake. In patients with malignancy, iodination of Tg is

decreased (with wide variability) in most cases. It might be
expected that knowledge of additional information about Tg
iodination (e.g. immunostaining) would lead to a better evalu
ation of this variability. Thus, while there is some local 131I

uptake, it is not strictly correlated to the Tg. For logistical
reasons, we measured 1 uptake already in the thyroid bed
after 5 hr. Since, at this time, the amount of inorganic 131Iin the

blood is still relatively high, later measurements might allow
slightly clearer estimation of pure thyroid 131Iuptake.

CONCLUSION
Our results suggest that in differentiated thyroid carcinoma,

13'l uptake in the thyroid bed can be used to normalize Tg

values for variations in the amount of remnant thyroid tissue
after surgery and before ablative I31I therapy. Therefore, the
Tg/I31l uptake ratio might be considered a prognostic marker in

this situation.

REFERENCES
1. Hotze AL, Bockisch A, Ruhlmann J, GrÃ¼nwaldF, Horst M, Biersack HJ. Serum

thyroglobulin in nonloxic goiter. Eur J NucÃ­Med 1989; 15:520.
2. Hotze AL, Bockisch A, Briele B, Horst M, Ruhlmann J, Biersack HJ. Therapy of

nontoxic goiter with levothyroxine and a iodide-levothyroxine compound preparation.
Nuc Compaci 1989;20:166-170.

3. Van Herle AJ, Uller RP. Elevated serum thyroglobulin. A marker of mÃ©tastasesin
differentiated thyroid carcinoma. J Clin Invest 1975;56:272-277.

4. Ashcraft MW, Van Herle AJ. The comparative value of serum thyroglobulin
measurement and iodine-131 total-body scans in the foilow-up study of patients with
treated differentiated thyroid cancer. Am J Med 1981;71:806-814.

5. Baskin HJ. Effect of postoperative 13II treatment on thyroglobulin measurement in the

follow-up of patients with thyroid cancer. Thyroid 1994:4:239-242.

6. Blahd WH. Serum thyroglobulin in the management of thyroid cancer [Editorial].
J NucÃ­Med 1990;31:1771-1773.

7. Schlumberger M, Fragu P. Gardet P, Lumbroso J, Violot D, Parmentier C. A new
immunoradiometric assay (IRMA) system for thyroglobulin measurement in the
follow-up of thyroid cancer patients. Eur J NucÃ­Med 1991 ;18:153-157.

8. Hotze AL, Briele B, GrÃ¼nwaldF, et al. Determination of serum human thyroglobulin
(hTg) with a new IRMA-system in patients with differentiated thyroid carcinoma.
Radiology Diag 1991;32:383-386.

9. Roti E, Robuschi G, Emanuele R, et al. The value of serum thyroglobulin measurement
as a marker of cancer in the follow-up of patients previously treated for differentiated
thyroid tumor. J Endocrino! Invest 1982:5:43-46.

10. Girelli ME, Busnardo B, Amerio R, Casara D, Betterle C, Piccolo M. Clinical
evaluation of serum thyroglobulin (Tg) levels during thyroid hormone suppression
therapy versus Tg levels after hormone withdrawal and total-body scan: results in 291
patients with thyroid cancer. Eur J NucÃ­Med 1986; 11:333-335.

11. Ozata M, Suzuki S, Miyamoto T, Liu RT, Fierro-Renoy F, Degroot LJ. Serum
thyroglobulin in the follow-up of patients with treated differentiated thyroid cancer.
J Clin Endocrino! Metab 1994:79:98-105.

12. Aiello DP, Manni A. Thyroglobulin measurement versus iodine-131 total-body scan
for follow-up of well-differentiated thyroid cancer. Arch Intern Med 1990; 150:437-

439.
13. Ronga G, Fiorentino A, Paserio E, et al. Can iodine-131 whole-body scan be replaced

by thyroglobulin measurement in the postsurgical follow-up of differentiated thyroid
carcinoma? J NucÃ­Med 1990:31:1766-1771.

14. Lubin E, Mechlis-Frish S, Zatz S, et al. Serum thyroglobulin and iodine-131
whole-body scan in the diagnosis and assessment of treatment for metastatic differ
entiated thyroid carcinoma. J NucÃ­Med 1994:35:257-262.

15. Charles MA, Dodson LE. Waldeck N, et al. Serum thyroglobulin levels predict
total-body iodine scan findings in patients with treated well-differentiated thyroid
carcinoma. Am J Med 1980;69:401-407.

16. McDougall R, Bayer MF. Follow-up of patients with differentiated cancer using serum
thyroglobulin measured by immunoradiometric assay. Comparison with 1-131 total-
body scan. J NucÃ­Med 1980;21:741-744.

17. Pacini F, Finchera A, Giani C, Grasso L, Baschieri L. Serum thyroglobulin concen
trations and iodine-131 whole-body scans in the diagnosis of mÃ©tastases from
differentiated thyroid carcinoma (after thyroidectomy). Clin Endocrino! 1980;13:107-

18. Echenique RL, Rasi L, Haynie TP, Glenn HJ, Samaan NA, Hill CS. Clinical evaluation
of serum thyroglobulin levels and iodine-131 scans in post-therapy patients with
differentiated thyroid carcinoma: concise communication. J NucÃ­Med 1982;23:235-

240.
19. Tourniaire J, Bernard MH, Ayzac L, Nicolas MH, Bomet H. Serum thyroglobulin

assay after total unilateral thyroid lobectomy for differentiated thyroid carcinoma.
Presse Med 1990:19:1309-1312.

20. GrÃ¼nwaldF, Schomburg A, Menzel C, et al. Blood count changes after radioiodine
treatment in thyroid carcinoma. Med Klin 1994:89:522-528.

21. Biersack HJ, Hotze A. The clinician and the thyroid. Eur J NucÃ­Med 199I;18:761-

778.
22. GrÃ¼nwaldF. Ullmann P, Fimmers R, Hotze A, Biersack HJ. Influence of TNM stage

and other parameters on the prognosis of thyroid tumors. In: Reinwein D, Weinheimer
B, eds. SchilddrÃ¼se1993, Therapie der Hyperthvreose. Berlin-New York: Walter de
Gruyler; 1994:533-535.

23. DeGroot LJ, Kaplan EL, McCormick. M, Straus FH. Natural history, treatment and
course of papillary thyroid carcinoma. J Clin Endocrinol Metab 1990:71:414-424.

24. Samaan NA, Schultz PN, Hickey RC, et al. The results of various modalities of
treatment of well-differentiated thyroid carcinoma: a retrospective review of 1599
patients. J Clin Endocrinol Metab 1992;75:714-720.

1964 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 37 â€¢No. 12 â€¢December 1996




