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Abstract

Context: Recombinant human thyrotropin (rhTSH) is currently not Food and Drug Administration approved for the treatment of high-risk patients
with differentiated thyroid cancer (DTC).

Objective: The goal of our study was to compare the outcomes in higherrisk patients with metastatic DTC prepared for radioiodine (RAI)
therapy with rhTSH vs thyroid hormone withdrawal (THW).

Methods: A retrospective chart review was performed of patients with metastatic DTC in follow-up at MedStar Washington Hospital Center
and MedStar Georgetown University Hospital from 2009 to 2017 Patients were divided according to their preparation for RAI therapy, with as-
sessment of progression-free survival (PFS) and overall survival (OS).

Results: Fifty-five patients with distant metastases (16 men, 39 women) were prepared for RAI therapy exclusively either with rhTSH (n = 27)
or with THW (n = 28). There were no statistically significant differences between the groups regarding clinicopathological features and history
of RAI therapies. The median follow-up time for patients with rhTSH-aided therapies was 4.2 years (range, 3.3-5.5 years) and for patients with
THW-aided therapies was 6.8 years (range, 4.2-11.6 years) (P = .002). Multivariate analysis showed that the method of thyrotropin stimulation
was not associated with a difference in PFS or OS.

Conclusion: As has been shown previously for low-risk DTC, this study indicates that the mode of preparation for RAl therapy does not appear
to influence the outcomes of patients with metastatic DTC. PFS and OS were similar for patients with THW-aided or rhTSH-aided RAI therapies.

Key Words: differentiated thyroid cancer, metastatic DTC, recombinant TSH, thyroid hormone withdrawal, radioiodine therapy

Abbreviations: CR, complete response; DTC, differentiated thyroid cancer; FDA, Food and Drug Administration; OS, overall survival; PD, progressive disease;
PFS, progression-free survival; PR, partial response; RAI, radioiodine; rhTSH, recombinant human thyrotropin; StD, stable disease; TSH, thyrotropin; THW, thy-
roid hormone withdrawal.

The use of recombinant human thyrotropin (rhTSH) to fa-
cilitate radioiodine (RAI) uptake as a diagnostic tool in the
follow-up of differentiated thyroid cancer (DTC) dates to
November 1998 in the United States. rhTSH (Thyrogen) was
originally approved by the Food and Drug Administration
(FDA) for diagnostic purposes to identify residual tumor
via the stimulation of serum thyroglobulin secretion with or
without a concomitant diagnostic RAI scan. In February 20035,
rhTSH was approved by the European Medicines Agencies as
an alternative to thyroid hormone withdrawal for pretherapy
stimulation for remnant ablation of low-risk patients with
DTC. Regulatory approval soon followed in Australia,
selected Asian countries, and many South American countries

[1]. In December 2007, the FDA issued its approval for the use
of rhTSH in combination with RAI to perform postsurgical
ablation of thyroid tissue in patients with DTC [2]. The FDA
and the European Medicines Agencies do not currently ap-
prove the use of rhTSH (Thyrogen, Genzyme Corporation)
for facilitation of RAI therapy in higher-risk patients with
metastatic DTC.

In clinical practice, however, cumulative experience with
the use of rhTSH for thyroid remnant ablation in the last
decade has prompted many physicians to extend its use
(without specific FDA approval) as an aid to RAI therapy of
patients with metastatic disease. Data from prospective [3]
and retrospective studies [4] have suggested that rhTSH can
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be as effective as thyroid hormone withdrawal (THW) in the
preparation for RAI therapy in metastatic thyroid cancer. In
2012, we reported a retrospective study analyzing the rela-
tive efficacy and side effect profile of preparation by THW vs
rhTSH in RAI treatment of metastatic thyroid cancer [5]. That
study included patients treated and monitored at MedStar
Washington Hospital Center and MedStar Georgetown
University Hospital between 1996 and 2009, and similar effi-
cacy was found as preparation for the RAI treatment of meta-
static thyroid cancer whether THW or rhTSH was employed.

Nevertheless, the extant 2015 American Thyroid
Association thyroid cancer management guidelines state there
are currently insufficient outcome data to recommend rhTSH-
mediated preparation for patients with distant metastatic
disease being treated with "*'T (Recommendation 74—No rec-
ommendation, Insufficient evidence) [6]. Besides the studies
previously mentioned [3, 4], a recently published study has
compared 2 groups of metastatic DTC treated with I and
prepared either by THW or rhTSH at each treatment. The
authors found no difference in the outcome of either group
[7]. Therefore, the efficacy of rhTSH in assisting RAI therapy
in the setting of metastatic disease remains a relevant topic of
discussion, and our aim was to provide additional data that
might help lead to resolution of the controversy.

The goal of this study was to compare the progression-free
survival (PFS) and overall survival (OS) of patients with meta-
static DTC prepared for RAI therapy with rhTSH vs THW.

Materials and Methods

The present report updates our experience since the earlier
study [5]. We performed a retrospective analysis of medical
charts of RAI-avid patients with metastatic thyroid cancer
in follow-up at MedStar Washington Hospital Center and
MedStar Georgetown University Hospital from 1996 to 2017.
The study group was subdivided into those prepared for RAI
therapy by THW alone or with rhTSH alone. The former
group was off thyroid hormone for at least 4 weeks, while
the latter was given rhTSH 0.9 mg intramuscularly for 2 con-
secutive days, followed by a therapeutic activity of '3'I within
24 to 30 hours. The mode of preparation was chosen based
on the attending physician’s preference. A posttherapy scan
was performed after 7 to 10 days. TSH levels at the time of
therapy were documented for both groups. All patients were
instructed to follow a low-iodine diet for at least 2 weeks
before RAI therapy, and urine iodine levels were checked for
compliance prior to therapy. A subset of patients that had
a prior RAI therapy prepared with THW and subsequently
with rhTSH is described separately. The study was approved
by the MedStar Health Research Institutional Review Board.

Response to therapy was assessed according to the revised
RECIST 1.1 criteria [8]. Complete response (CR) is defined by
the disappearance of all target lesions, while partial response
(PR) corresponds to at least a 30% reduction in the sum of
their diameters. Progressive disease (PD) represents at least a
20% increase in the sum of diameters of target lesions, taking
the smallest sum documented as a reference. Stable disease
(SD) represents neither sufficient shrinkage to qualify for PR
nor sufficient increase to qualify for PD [8]. PFS was assessed
from the date of last RAI therapy to the date of a computed
tomography or magnetic resonance imaging scan confirming
progression of target lesions. OS was considered the interval
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between the last follow-up and the first radioiodine therapy.
The primary end point of this study was difference in PFS be-
tween the groups. The secondary end point was OS.

Statistical Analysis

All data extracted from electronic medical records were sum-
marized using descriptive statistics such as mean with SDs or
medians and range for continuous variables, and frequencies
and percentages for categorical variables. Continuous vari-
ables were compared by 2-sample ¢ test and Wilcoxon rank
sum test as appropriate, while categorical variables were
compared by chi-square and Fisher exact tests as appropriate.
Kaplan-Meier curves were provided for OS and PFS, and
log rank test was used to compare the curves. Multivariate
Cox proportional hazards models were conducted control-
ling for the independent variables that were significant in the
bivariate analysis to examine the risk of progression and risk
of death. Statistical significance was defined as P less than
or equal to .05. Analyses were performed with SAS 9.4 (SAS
Institute Inc).

Results

From 1996 to 2017 we identified 124 patients with metastatic
DTC that were treated with RAL We excluded 21 patients
for lack of relevant follow-up data, 25 patients because of
non-RAI avid metastases, 6 patients younger than 18 years
at first RAI therapy, and 4 patients for incomplete data from
the beginning of their disease. In 13 patients, THW was used
as a method of preparation in initial treatments and rhTSH
in subsequent ones throughout the follow-up; this group is
described separately.

Our final cohort consisted of 55 patients (39 women)
who were prepared for RAI therapy exclusively either with
rhTSH or with THW. The baseline characteristics of patients
are summarized in Table 1. Twenty-seven patients (49%)
were prepared exclusively with rhTSH, whereas 28 patients
(51%) were prepared exclusively with THW. The median age
was 59 years (range, 47.5-65.5 years) for the rhTSH group
and 41 years (range, 30.0-63.5 years) for the THW group
(P <.05). In the entire cohort, 42 patients (76 %) had papil-
lary thyroid cancer, either classic or follicular variant, 6 pa-
tients (22%) had follicular thyroid cancer, 1 patient (4%) had
Hirthle cell thyroid cancer, and 1 patient (4%) had poorly
differentiated thyroid cancer. There was no statistically sig-
nificant difference in pathologic features between the groups,
regarding tumor size, histologic type, and extrathyroidal ex-
tension. All patients had distant metastases. The groups were
balanced as to metastatic sites, except for macronodular
lung metastasis, for which there were 14 patients (52%) in
the rhTSH group and 6 patients (21%) in the THW group
(P <.05). Metastases to the liver, pleura, skin, or mediastinal
lymph nodes were considered atypical.

Thyrotropin levels at the time of therapy were adequately
elevated in both groups, with higher levels in the rhTSH
group (median of 112.7 mIU/L the day after rhTSH stimu-
lation vs 68.9 mIU/L after THW, P = .01). Mean urine iodine
levels were similar between the groups. There was no statis-
tical difference in RAI activity used in the first therapy in both
groups, but in the thTSH group 24 out of 27 patients (89%)
received a dosimetry-based therapy, while in the THW group
14 out of 28 patients (50%) were dosimetrically treated
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Table 1. Baseline characteristics
thTSH (n = 27) THW (n = 28) P
Age,y .02
Median 59 41
Range 47.5-65.5 30-63.5
Sex .09
Male 5 (19%) 11 (39%)
Female 22 (81%) 17 (61%)
Tumor size, cm 3.6+2.7 3.9+2.3 44
Histology .70
PTC 12 (44%) 15 (54%)
PTCEV 7 (26%) 6 (21%)
FTC 6 (22%) 4 (14%)
HTC 1(4%) 3 (11%)
PD 1 (4%) 0
Extrathyroidal extension 12 (60%) 0 (40%) 18
Distribution of metastasis
Lung—micronodular 19 (70%) 19 (68%) .84
Lung—macronodular 14 (52%) 6(21%) .02
Bone 13 (48%) 9 (32%) 22
Brain 2 (7%) 1(7%) 53
Atypical 5(19%) 2(7%) 21
sTg before first therapy, ng/mL .96
Median (range) 602 (132.5-6962.5) 900 (66.2-1944.0)
TSH at time of RAI therapy 112.4 =+ 54.3 71.8 = 32.6 .01
Activity at first therapy, mCi 48
Mean = SD 223.3 = 113.8 196.2 = 89.7
Median (range) 197.7 (143.7-314) 192.1 (148.8-255)
Dosimetry-based therapy 24 (89%) 14 (50%) .002
Empiric-based therapy 3(11%) 14 (50%) .004
Mean urine iodine, pg/L 88.8 = 44.7 114.2 = 113.0 .88
No. of RAI therapies 22
Median (range) 1(1-2) 2(1-2)
Mean total cumulative activity, mCi 329 197 418 =228 12
Follow-up time, y
Median (range) 4.2 (3.3-5.5) 6.8 (4.2-11.6) 002

Abbreviations: FTC, follicular thyroid cancer; HTC, Hiirthle cell thyroid cancer; PD, poorly differentiated thyroid cancer; PTC, papillary thyroid cancer;

PTCEFYV, papillary thyroid cancer follicular variant; RAI, radioiodine; sTg, stimulated thyroglobulin; TSH, thyrotropin.

(P =.002). There was no statistically significant difference in
the mean number of RAI therapies and in the mean cumula-
tive activity between the groups. The median follow-up time
for patients prepared with rhTSH was 4.2 years (range, 3.3-
5.5 years) and for patients prepared with THW was 6.8 years
(range, 4.2-11.6 years) (P =.002).

There was no statistically significant difference in the PFS
between the groups of patients prepared with rhTSH or
THW (Fig. 1). Multivariate analysis adjusting for age, sex,
macronodular lung metastases, number of RAI therapies,
and cumulative activity of RAI revealed that older age at the
time of diagnosis was the only variable significantly associ-
ated with a greater risk of progression. The method of thyro-
tropin stimulation, either thTSH or THW, was not associated
with a difference in PFS (Table 2). Similarly, no statistically
significant difference was observed in the OS between the
groups (Fig. 2). Multivariate analysis adjusting for the same

variables demonstrated that both older age at diagnosis and
higher total cumulative activity of RAI were associated with
a greater risk of death. The method of thyrotropin stimula-
tion was not associated with a difference in the OS of these
patients (Table 3).

In the rhTSH group, structural incomplete response was
observed in 23 patients (85%), followed by indeterminate re-
sponse in 2 patients (7%), and biochemical incomplete re-
sponse and excellent response (1 patient each—4% each). In
the THW group, structural incomplete response was seen in
16 patients (57%), excellent response in 6 patients (21%),
biochemical incomplete response in 5 patients (18%) and in-
determinate response in 1 patient (4%) (Fig. 3). The differ-
ence between the types of response was statistically significant
(P =.039).

Regarding target lesion evaluation, no patient achieved CR.
PR was observed in 17 out of 27 patients (63%) in the rhTSH
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Figure 1. Progression-free survival in recombinant human thyrotropin (rhTSH) and thyroid hormone withdrawal (THW) groups.

Table 2. Multivariate analysis for progression-free survival

Odds ratio 95% CI P
Arm THW 0.481 0.184-1.258 13
Age at diagnosis, y 1.047 1.016-1.080 .003
Female sex 1.017 0.395-2.616 .97
Total cumulative activity of ' 1.000 0.997-1.003 95
Multiple macronodular lung metastases 0.537 0.213-1.355 .19
No. of repeated therapies 1.751 0.736-4.165 .20

Abbreviation: THW, thyroid hormone withdrawal.
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Figure 2. Overall survival in recombinant human thyrotropin (rhTSH) and thyroid hormone withdrawal (THW) groups.
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group, compared to 3 out of 28 patients (11%) in the THW
group (P <.001). PD was found in 15 patients (56%) in the
rhTSH group, and in 11 patients (39%) in the THW group
(P =.227). SD was more often observed in the THW group
(36% vs 11%, P = .032) (Fig. 4).

A third group of patients was composed of patients who
had initial RAI therapy with THW but had subsequent ther-
apies prepared with rhTSH. The baseline characteristics of
this group are described in Table 4. This group is character-
ized by more therapies (2.8 + 1.0) and higher mean cumula-
tive activity of radioiodine (584.6 + 161.1 mCi). Responses to
therapy in this group were biochemical incomplete response
in 3 patients (23%) and structural incomplete response in 10
patients (77%).

Discussion

In this retrospective study, PFS and OS of patients with meta-
static DTC were statistically comparable, regardless of the
mode of preparation for RAI therapy, either with rhTSH or
with THW.

Ideally, a prospective noninferiority study to compare pa-
tients with metastatic DTC prepared for RAI therapy with
exogenous or endogenous thyrotropin would be based on the
best-quality evidence. Yet in a systematic literature review that
included both residual disease and metastatic DTC, no ran-
domized controlled clinical trials were identified comparing
rhTSH vs THW-mediated therapy for metastatic DTC [9].

Table 3. Multivariate analysis for overall survival

Parameter Odds ratio 95% CI P

Arm THW 0.850 0.153-4.715 .85
Age at diagnosis, y 1.087 1.017-1.162 .01
Female sex 6.207 0.923-41.761 .06
Total cumulative activity of **'I 1.007 1.001-1.013 .03
Multiple macronodular lung metastases 0.362 0.063-2.072 .25
No. of repeated therapies 0.226 0.032-1.596 .13

Abbreviation: THW, thyroid hormone withdrawal.

The first evidence of the efficacy of rhTSH-aided RAI
therapy came from several case reports [10-13]. Patients were
selected for their inability to produce endogenous thyrotropin,
for example, in patients with hypopituitarism, those with large
tumor burden producing sufficient thyroid hormone to sup-
press thyrotropin, or because of a medical contraindication to
hypothyroidism after THW, such as in patients with unstable
angina. Despite the limitations of drawing definitive conclu-
sions from case reports, the studies indicated that rhTSH re-
liably elevated thyrotropin to levels considerably higher than
30 mUI/L, that most metastatic lesions demonstrated RAI up-
take on posttherapy scans, and that patients benefited from
the avoidance of symptoms of hypothyroidism [14].

Larger studies have addressed the use of rhTSH prep-
aration for RAI therapy in patients with DTC and distant
metastases. Jarzab et al [3] prospectively evaluated 54 pa-
tients who received rhTSH to aid RAI therapy for advanced
DTC including 49 patients with distant metastases, of
whom 31 were RAI avid. There was no control group with
THW-aided therapy, and patients served as their own con-
trols comparing the outcome of rhTSH-aided treatment vs
the outcome of previous THW-aided therapies. The authors
concluded that rhTSH-aided RAI therapy could be equally
effective as THW-aided RAI therapy [3]. Tala et al [4] pub-
lished a retrospective study that included 175 patients with
metastatic DTC of whom 35 patients were prepared with
THW only, 58 patients with rhTSH only, and 82 patients
had THW followed by rhTSH in subsequent therapies. No
difference was noted in OS among the groups independent
of how patients were prepared for RAI therapy [4]. In a
retrospective study from our group, the outcomes in 15 pa-
tients prepared for RAI therapy with rhTSH were compared
to that for 41 patients prepared after THW. Similar efficacy
and safety profiles of either method of preparation for RAI
treatment of RAI-avid metastases were observed [5]. In an-
other retrospective study, Campopiano et al [7] compared 2
groups of patients with metastatic DTC treated with '3'I and
prepared either by THW (n = 34) or thTSH (n = 43) at each
treatment. After 4 years of follow-up, although 93% of the
patients had structural disease, 91% of them obtained clin-
ical benefit from RAI therapy in terms of SD, CR, or PR. The

Best overall response
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Figure 3. Best overall response.
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Figure 4. Target lesion evaluation according to RECIST 1.1.

authors concluded that the preparation with either recom-
binant or endogenous thyrotropin had no effect on the effi-
cacy of RAI therapy and on the outcome of the 2 groups [7].
The findings of the present study extend and corroborate
earlier results indicating that the method of thyrotropin
stimulation was not associated with a difference in OS, and
we also demonstrated that PFS is similarly not affected.
Consistent with the literature [15, 16], age at diagnosis was
the only independent variable that affected both the risk of
progression and the risk of death in our population. In fact,
age is such an important prognostic factor in thyroid cancer
that it is incorporated into relevant thyroid cancer staging
systems [17, 18]. Another finding is that the total cumulative
activity of RAI is associated with an increased risk of death.
We hypothesize that this is related to metastatic lesions less
responsive to RAIL leading to persistent disease, repeated
therapies, and poorer outcomes, rather than to an adverse
effect of higher RAI activities per se.

As observed by Campopiano et al [7], we also found a sig-
nificant number of patients with structural disease in our co-
hort (Fig. 3). This finding may be related to factors intrinsic
to the tumor, such as molecular abnormalities associated with
more aggressiveness, or to the fact that our hospital is a re-
ferral center for patients with advanced cases, who are more
likely to have persistent disease. Although we have not per-
formed a subanalysis for different metastatic sites, we also
found that our patients benefited from RAI therapy, as shown
by the number of patients with PR and with SD (Fig. 4).
For patients with PD, there was no statistical difference be-
tween the groups, suggesting that factors other than the mode
of preparation for RAI therapy may play a role in disease
progression.

Several studies have evaluated the negative effects of
levothyroxine withdrawal on patients’ quality of life [19,
20]. On the other hand, the cumulative experience with
rhTSH has shown that it is well tolerated, with mild ad-
verse effects [21]. Moreover, the use of rhTSH is associated
with better quality of life during the interval of RAI therapy,
with minimal economic effect on the work productivity

56%

39%
36%

11%

Progressive disease (PD)
P=.227

Stable disease (SD)
P=.032

®THW (n =28)

of patients, compared to levothyroxine withdrawal [21].
Previous studies have examined the cost-effectiveness of
rhTSH in Europe and in the United States [22, 23]. Renal
RAI clearance in rhTSH-aided therapies is higher than when
THW-aided because of preserved renal function during
euthyroidism. As a result, lower levels of radiation exposure
in extrathyroidal tissues, such as blood and bone marrow,
are expected. Yet the accelerated clearance of RAI could be
considered a disadvantage for the use of rhTSH because it
could result in reduced residence time of RAI in the meta-
static lesions. In fact, iodine biokinetics are affected by the
use of rhTSH for remnant ablation with significantly lower
residence times of the RAI in the whole body and blood
[24]. We recommend a dosimetric approach to therapy to
determine the optimal safe RAI activity to be administered
to each individual, especially for high-risk patients. In our
study population, dosimetry was performed in 89% of pa-
tients in the rhTSH-aided RAI therapy group and in 50% of
THW-aided RAI therapy group. Among the disadvantages
of employing rhTSH for therapies is its high cost and lack of
availability in some countries.

This study is limited by its retrospective design and pos-
sible selection bias. However, the groups were statistically
comparable regarding the clinicopathological features be-
tween patients prepared with THW and rhTSH, as well as
for the RAI therapies administered. Another possible limi-
tation is the number of patients in the final analysis, with
patients returning to their referring institutions and lost to
long-term follow-up. However, a strength of this study lies
in the inclusion of patients prepared exclusively with THW
or with rhTSH throughout their management. An additional
cohort of 13 patients was analyzed who had THW-aided RAI
therapy for initial therapy and were subsequently prepared
with thTSH. A direct comparison of the OS and PFS of these
patients to those with exclusive preparations is statistically
challenging because of the confounding effect of previous
therapies. The mean number of RAI therapies and the mean
total cumulative activity is higher for this latter group of pa-
tients, who also had a longer follow-up time. We include a
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Table 4. Baseline characteristics of the mixed group (thyroid hormone
withdrawal-aided followed by recombinant human thyrotropin-aided
therapies)

THW — thTSH (n = 13)

Age,y
Median 54
Range 23-73

Sex
Male 6
Female 7

Tumor size, cm 26 +1.7

Histology
PTC
PTCFV
FTC
PTCTC

Extrathyroidal extension

“L o= NN A

Distribution of metastasis
Lung—micronodular
Lung—macronodular
Bone

Brain

(= e N Y

Atypical
sTg before first therapy, ng/mL

Median (range) 255 (31.6-22 997.5)

TSH at time of RAI therapy 73.8 +70.5
Activity at first therapy, mCi

Mean = SD 185.1 = 112

Median (range) 152.2 (26.4-370)
Dosimetry-based therapy 8 (61.5%)
Median No. of RAI therapies (range) 2 (2-5)
Mean total cumulative activity, mCi 584.6 + 161.1
Follow-up time, y

Median 5.7

Range 1.7-41.5
Best overall response

BIR 3 (23%)

SIR 10 (77%)

Abbreviations: BIR, biochemical incomplete response; FTC, follicular
thyroid cancer; HTC, Hiirthle cell thyroid cancer; PD, poorly differentiated
thyroid cancer; PTC, papillary thyroid cancer; PTCFV, papillary thyroid
cancer follicular variant; RAI, radioiodine; rhTSH, recombinant human
thyrotropin; SIR, structural incomplete response; sTg, stimulated
thyroglobuliny; THW, thyroid hormone withdrawal.

description of the outcomes in this group because patients
with this history are frequently seen at other institutions.

We conclude that the mode of preparation for RAI therapy
does not decisively affect the outcome of RAI therapy of
patients with metastatic DTC. While PFS and the OS were
similar for patients with THW-aided or rhTSH-aided RAI
therapies, future controlled studies are warranted to further
confirm these observations.
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