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/ABSTRACT

Background. Clinical studies have shown that interventional
lowering of serum free thyroxine (FT4) may be associated with
extended survival in patients with some terminal cancers. The
report of success with this approach in glioblastoma multiforme
caused involvement of the author (A.H.) in the prospective
consultative management of 23 end-stage solid tumor patients
in whom hypothyroxinemia was induced to prolong life.

Patients and Methods. Patients were self-referred or recom-
mended by attending physicians to the author (A.H.) and had
advanced cancers of the brain, ovary, lung, pancreas, salivary
gland, and breast or had mesothelioma or soft-tissue sarcoma.
Hypothyroxinemia was achieved in euthyroid patients by using
methimazole, with the addition of 3,3’,5-triiodo-L-thyronine
(.-T3) to prevent hypothyroidism and suppress endogenous
thyrotropin (TSH). In patients with pre-existent primary hy-
pothyroidism, T3 administration was substituted for T4

replacement. Serum FT4 and TSH concentrations were serially
monitored to enable adjustments to drug therapy and prevent
clinical hypothyroidism. Survival was measured from the date
of hypothyroxinemia induction with T3 or methimazole plus
T3. Outcomes were compared with the odds of death based on
the Surveillance Epidemiology and End Results and American
Joint Committee on Cancer databases and literature reports.
Results. The survival time of 83% (19 of 23) of patients
exceeded the 20% expected 1-year survival for this hypo-
thyroxinemic, end-stage cancer group.The difference between
actual and expected survival was significant.

Conclusion. Although this is an uncontrolled observational
experience with frank limitations, compassionate medical
induction of hypothyroxinemia should be considered for
patients with advanced cancers to whom other avenues of
treatment are closed. The Oncologist 2015;20:1-5

Implications for Practice: There is increasing documentation, but still limited general appreciation, of the proliferative effect of
circulating L-thyroxine (.-T4) on solid tumors.The novelty of the current set of case histories is that endogenous T4 may be safelyand
effectively reduced or depleted in end-stage solid tumor patients and replaced with exogenous triiodothyronine (T3). This change
served to stabilize or improve the clinical status of patients with advanced cancers. In the 23 patient cases collected in this report,
therapeutic induction of euthyroid hypothyroxinemia was safe and appeared to be compatible with conventional end-stage
anticancer measures or used as sole therapy. This novel treatment paradigm, which features generic T3, usually with generic
methimazole, is immediately available to medical practitioners involved in palliative cancer care.

INTRODUCTION

Thyroid hormone plays a major role in physiologic processes
crucial to growth, maturation, and metabolism [1]. It has
been hypothesized that thyroid hormone is an endogenous
modulator of malignant tumors that may affect disease
prognosis [2, 3], and supportive clinical literature has recently
been reviewed by Moeller and Fuhrer [4]. In a phase Il clinical
trial of recurrent glioblastoma multiforme (GBM) conducted
by the author (A.H.), medically induced hypothyroidism was

associated with significantly longer progression-free survival
and overall survival rates [5, 6]. In that study, it was found that
prolongation of survival correlated significantly and indepen-
dently with circulating free thyroxine (FT4) levels that had
declinedtovalues below the lower limit of the reference range.
The drawbacks in this GBM study were delay in depletion of
blood FT4—50% of patients died prior to reaching that FT4
target—and clinical morbidity, principally fatigue, inthose who
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became hypothyroid. A result of the publication of this GBM
study was informal consultation of the author (A.H.) by a panel
of patients with terminal cancers and by caregivers for such
patients. This panel of cancer patients forms the basis for the
current report.

The association between thyroid hormone and cancer has
become mechanistically better understood with the descrip-
tion of receptors for i-thyroxine (.-T4) and 3,3’,5-triiodo-L-
thyronine (.-T3) on plasma membrane integrin avB3 [7]. The
integrin is amply expressed by cancer cells and rapidly dividing
endothelial cells and is not well expressed by or activated in
quiescent, nonmalignant cells [3]. Among the nongenomic
actions of T4 and T3 initiated at avfB3 are stimulation of
angiogenesis by multiple mechanisms [8], of tumor cell
proliferation, and of antiapoptotic tumor defenses [9, 10].
These actions are inhibited by the deaminated analog of T4,
tetraiodothyroacetic acid (tetrac), which inhibits binding of
iodothyronines to av33 [3, 10].

Within the cell, T4 serves as a prohormone for T3, and T3 is
the metabolically and genomically important form of thyroid
hormone [1]. At the integrin, in contrast, the thyroid hormone
receptor affinity for T4 is higher than that for T3 [7], and T4
is a more potent inducer of tumor cell proliferation than is
T3 [9]. On the basis of these data [3, 9], exogenous L-T3 was
administered as compassionate care to a patient with rapidly
progressive GBM whose daily propylthiouracil had failed to
induce hypothyroidism. Addition of T3 rapidly reduced serum
thyrotropin (TSH) and FT4 levels and was associated with
rapid clinical and radiologic improvement [11]. The current
report is a retrospective analysis of a group of 23 patients with
advanced, incurable solid tumors in whom T3 was substituted
for T4 for coexistent hypothyroidism or was added to me-
thimazole to securely reduce serum FT4 via suppression of
pituitary TSH secretion but to maintain eumetabolism.
This approach was taken in response to patient or caregiver
requests from widely dispersed geographic sites to treat poor-
prognosis patients on a compassionate-need basis. Some
patients were on conventional treatments under oncologic
care, and others were on nononcologic, palliative support and
managed or supervised by a personal physician, internist, or
endocrinologist.

PATIENTS AND METHODS

Patients

Patients with stage IV or recurrent, progressive malignancy
deemed incurable by conventional means were identified to
the author (A.H.) by their primary care physicians or
oncologists. Several patients contacted the author directly.
T3-substitution treatment was offered by the author (A.H.) as
compassionate care to patients without interrupting any
ongoing conventional oncologic treatment. Patients were
presented with detailed evidence to support the rationale for
the use of thyroid-related medications to modulate blood
thyroid hormone levelsin an effort to prolong survival and with
the risks of the proposed treatment. Adjustments in thyroid
medications were made as needed through the professional
caregivers. No formal research protocol was submitted to
aninstitutional review board, and no consent form was signed
by the investigator and each patient. Patients were at
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geographically dispersed sites within and outside the U.S.
Communication was by e-mail, telephone, and fax. Imaging
study (computed tomography, positron emission tomography,
and magnetic resonance imaging) reports and, in some cases,
the CD-ROM discs were made available for central radiologic
review by one of the authors (R.E.J.).

Blood Thyroid Function Tests

Serum TSHand FT4 levels and, asfeasible, FT3 were obtained at
regular intervals, usually every 3—6 weeks. The pretreatment
and maximally suppressed (nadir) serum FT4 levels are
reported in Table 1. TSH levels are also reported at these
points but are insufficient in number to describe mean time to
nadir.

Adjustment of Patients’ FT4 Levels

Passive T4 Depletion Following Discontinuation of 1-T4
Replacement for Pre-Existing Hypothyroidism in Cancer
Patients

Patients were converted to T3 abruptly from .-T4 (50-88 ug
daily). After a 1-week washout period, exogenous -T3 15-37.5
ug/day was begun in 2 or 3 daily divided doses. In all patients,
serum FT4 levels decreased to below the lower limit of the
reference range and to a nadir by 7 weeks after the start of T3
(range: 3—7 weeks; n = 9) (Table 1). Patient comfort level and
functional status, not the serum TSH values, determined the
dose of L-T3.

Active Depletion of T4 With Methimazole and 1-T3

The antithyroid thionamide methimazole was used to in-
terrupt production of T4 by the thyroid gland. T3 suppressed
endogenous TSH and maintained the clinical euthyroid state.
Methimazole has been in clinical use for >50 years and has
a well-documented clinical safety record and lower toxicity
compared with propylthiouracil [12]. This -T3/methimazole
regimen was usually initiated within 3 months of patients’
receipt of the clinical state of terminal or incurable disease or
following failure of first- or second-line conventional therapy
(n=12) (Table 1). Methimazole 40-50 mg/day (single dose or
divided doses) and -T3 5-6.25 ug 3 times per day were used
initially while adjusting doses at 2- to 4-week intervals until
serum TSH concentration was reduced to the lower limit of the
reference range and FT4 had fallen below reference range and
stabilized.Thefinal doses of methimazole ranged from 20to 50
mg/day in single or divided doses and -T3 ranged from 5 to
12.5 ug 2 or 3 times per day up to a maximum of 37.5 ug/day.

Patients on -T3 at presentation
There was nochangein -T3 supplementation in these patients
(n=2).

Patient exclusion

Three patients with whom communication was inadequate
voluntarily left the program. Patients who had begun treat-
ment but did not achieve FT4 depletion for a period of at least 3
months—apparently because of noncompliance—or who
discontinued treatment were excluded from this analysis.
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Table 1. Patientsurvivalinrelationtothyroxine depletion: overall survival, statistical survival comparisons, FT4/TSH response, and
tumor response

TSH
FT4 (9.3-17 (2.7-4.2
Survival (months)® ng/dL) pu/mL) Treatment
Expected Odds Cor CRor
Patient® Sex, age; tumor type  Actual (median) (%) Pre Nadir Pre Nadir Priororal 1-T4°  XRT PR
1 F, 68; GBM, KPS 40, 8 2 0 9.9 7.4 6.0 9.2 Yes C,XRT PR
partial resection
2 M, 67; GBM, KPS 70, 36 10 <1 16.0 0.34 3.9 2.86 Yes C,XRT PR
partial resection
3 M, 64; GBM, KPS 60, 48 10 <1 15.6 0.34 4.4 40.84 No C,XRT PR
biopsy only
4 M, 25; GBM, intra-axial, 16 + 10 <10 12.0 2.97 4.0 19.32 No C,XRT PR
biopsy only
5 M, 27; glioma, brain 33+ 12 <15 14.0 1.67 3.4 81.95 No C,XRT PR
stem, no biopsy
6 F, 35; mediastinal 15+ 6 10 13.8 8.8 4.8 43 No C,XRT PR
sarcoma,
undifferentiated
7 F, 34; synovial 28+ 7 0 16.2 0 0.34 92 Yes C,XRT PR
sarcoma, grade 2 After thyroidectomy
8 F, 47; sarcoma, 12 6 10 9.0 4.0 3.7 15.23 No C,XRT PR
lung, high grade
9 F, 50; lacrimal duct, 18 4 0 10.8 0.2 0.22 52.3 Yes C,XRT CR
third recurrence After thyroidectomy
10 M, 74; pleural 19+ 10 15 8.8 2.4 5.0 29 No C PR
mesothelioma, biopsy
11 F, 65; ovary 37+ 10 10 16.9 3.0 1.3 23.7 Yes C CR
12 F, 62; ovary 42+ 10 10 10.6 3.0 0.33 7.39 Yes XRT CR
13 F, 50; ovary 8 10 25 13.0 0.25 4.3 8.60 No C PR
14 F, 65; breast 28+ 18 <50 12.23 2.28 7.7 0.95 No C PR
15 M, 58; small cell, 18 6 <5 144 0.19 4.4 18.57 No C,XRT PR
brain METS
16 F, 82; NSC lung 36 10 <10 11.0 3.63 0.7 1.9 Yes C CR
17 M, 64; pancreas, 12 6 <7 18.0 1.67 6.18 89 No C,XRT PR
skeletal METS,
intra-abdominal
adenopathy
18 F, 63; adenoid cystic 18+ 6 0 10.8 1.32 0.75 38.5 No XRT PR
carcinoma, brain METS
19 M, 64; parotid 284+ 5 0 10.0 2.78 0.6 0.40 No C,XRT PR
adenocarcinoma high
grade, to lungs, bones,
leptomeninges
20 F, 74; pancreas, liver 16 6 <5 NA 3.2 NA 46 Yes C PR
METS
21 F, 73; pancreas (head), 33 8 <5 FT4 (6.4-10.7) Not On L-T3 prior C,XRT PR
inoperable index 1.6 available to diagnosis
(hypothyroidism)
22 F, 48; breast 120 24 <5 109 0.56 0.79 1.43 On(-T3 prior C,XRT PR
to diagnosis
(depression)
23 F, 62; NSC lung, brain 44+ 18 <2 14 6.7 0.23 32 Yes C,XRT CR
METS surgery

2All patients were stage IV, recurrent, incurable, or progressive disease.

PThe survival in months of patients who were still alive at the time of completion (and submission) of this study is designated by bold type and + symbol
after the number of actual months.

“Yes = response to L-T4 termination as only treatment (i.e., no concurrent or additional treatment), supplemental triiodothyronine added.
Abbreviations: C, chemotherapy; CR, complete response; F, female; FT4, free thyroxine; GBM, glioblastoma multiforme; KPS, Karnofsky performance status; .-T4,
L-thyroxine; M, male; METS, metastases; NA, not available; NSC, non-small cell; PR, partial response; Pre, pretreatment; TSH, thyrotropin; XRT, radiotherapy.
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Data Analysis

Survival was calculated from the day of initiation of the FT4-
depletion regimen after diagnosis of recurrence or progression
compared with each individual disease type using Surveillance,
Epidemiology, and End Results (SEER) and American Joint
Committee on Cancer data [12, 13] for tumor-specific overall
survival. Although overall survival may be the more significant
outcome, it was not feasible to assess in our study. Survival, for
example, was 48 months in patient 3 with a GBM versus 10
months in the SEER database. The Kolmogorov-Smirnoff [14]
nonparametric test was used to analyze whether the differ-
ences between the actual and the (median) database-
expected survival shown in Table 1 were statistically
significant. Given that there were 14 separate categories of
solid tumor types for analysis, another risk factor quantified
was odds of survival, defined as the likelihood of death for each
patient at 1 year or at last follow-up, expressed as percentage
of patients from large databases who were alive at the same
time point. Tumor response was evaluated according to
Response Evaluation Criteria in Solid Tumors imaging criteria
[15].

RESULTS

Results are shown in Table 1. The difference between actual
and expected survival was significant at the p < .01 level in
comparisons ofthe total population (menand women, n = 23),
men only (n = 8), and women only (n = 15). The odds of
surviving at least 12 months for 19 of 23 individual patients
were estimated to be lower than 15%—-20%, whereas 19 of 23
from the managed group (83%) survived more than 12 months
and 12 of 23 (52%) survived more than 24 months versus an
estimated 1 of 23 (4.4%). Patients 21 and 22, who had been on
exogenous L-T3 at diagnosis for hypothyroidism and de-
pression, respectively, survived significantly beyond expecta-
tion. Patient 21 died from a pulmonary embolus and not from
disease progression.

The extent of T4 depletion was variable. In the longer
surviving patients, the decline became more significant with
time. In all patients, serum FT4 levels declined below the
reference range, or by at least 50% of baseline by 9 weeks
(range: 4-9 weeks), until reaching a nadir. In some, blood
thyroid-function tests were carried out at less-than-regular
intervals, as long as there was adherence to the medication
protocol; these patients maintained low serum FT4 levels long
term and reached a nadir point.

All patients reported in this panel had been managed with
conventional chemotherapy and radiation.

Radiologically documented tumor regression was ob-
served following exogenous 1-T4 withdrawal alone (n = 3).
These were unusually rapid and durable responses in as-
sociation with chemotherapy and/or radiotherapy. Overall
response rate (complete and partial [15]) was 100%, that is,
there was complete response (CR) in 5 and partial response
(PR) in 18. Some patients (10 of 23) had multiple types of
chemotherapy and experienced both CR and/or PR after
a change in treatment.

Side effects were reported infrequently, and generally the
patient responded rapidly to an increase in L.-T3 dosage. There
were no clear instances of methimazole-related toxicity, such
as hepatotoxicity or hematologic (e.g., thrombocytopenia)
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toxicity, that could be differentiated from concurrent
chemotherapy.

DISCUSSION

In this compassionate-need study of terminal patients with
a variety of incurable solid tumors, extended survival was
observed in a majority of patients using exogenous T3 to
induce and maintain hypothyroxinemia. T3 administration
prevented symptomatic hypothyroidism. Low odds of survival
were surmounted in 19 of 23 patients (83%) who exceeded the
expected median survival of literature-reported series used as
controls. Conventional modalities of cancer treatment had
been exhausted for these patients.

The present observational data are consistent with earlier
epidemiologic and clinical evidence suggesting that survival is
improved in patients with hypothyroidism harboring various
solid tumors, as reviewed by Hercbergs et al. [16] and others
[4]. In preclinical studies, T4 enhances cancer cell proliferation,
migration, invasion, and angiogenesis [3, 10, 17], apparently
actingviathe thyroid hormone receptoron cell surface integrin
avB3 [3, 4]. Supraphysiologic amounts of T3 are required at
this receptor to stimulate tumor cell proliferation [3, 9]. The
highly unusual instances of rapid tumor regression observed
following exogenous L-T4 discontinuation in the case histories
provided in this paperin avariety of solid tumors are unusual in
non-sex-hormone-dependent tumors (cf., prostate or breast
carcinoma). Occlusion of the thyroxine receptors on integrin
avB3 in a human breast cancer (MDA-MB-231) cell line [18]
and medullary thyroid carcinoma cells [19] induces significant
modification of cell-survival-pathway gene expression that
may be reproduced by acute thyroid hormone depletion. The
association of thyroid hormone and cancer has been studied
experimentally in additional tumor cell lines and xenografts
[20-23].

Other studies have identified and differentiated between
the significant pro-oncogenic mitogenicity of physiologic T4
levels and the significantly lower mitogenicity of physiologic T3
levels in human and rodent tumor models, such as glioma [17]
and non-small cell lung carcinoma cells [24, 25]. Taken
together, these studies show the divergence between the
predominantly metabolic actions (with reduced oncogenic
potential) of T3 and the pro-oncogenic actions of T4. The
divergence constitutes the basis for replacing circulating T4
with exogenous L-T3 in cancer patients.

The current observations are the outcome of a series of
consultations and are not from a prospective controlled study.
However, we extended the observations and strategy we made
prospectively in end-stage glioma patients to terminally ill
patients with other cancers. We recommended to treating
physicians the use of a clinical agent, T3, or of T3 and me-
thimazole, which are widely appreciated to be safe at the
dosages used. The novel paradigm is off-label drug use in
a right-to-try environment in a palliative care patient pop-
ulation. The strategy deserves prospective evaluation.

CONCLUSION

In this small, compassionate-need, observational study of
unselected terminal patients with incurable solid tumors,
extended survival was observed in a majority of patients using
exogenous L-T3 to simultaneously induce hypothyroxinemia
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and obviate clinically symptomatic hypothyroidism. Overall,
83% of subjects exceeded the expected (median) survival of
reported series. Statistical analysis was limited by the small
numbers of patientsin each disease category. In afew patients,
radiologically documented tumor responses were associated
with clinical improvement shortly after discontinuation of
exogenous T4 supplementation. These survival outcomes are
inline with theinvitro evidence [9, 17] differentiating between
the much-reduced pro-oncogenic effects of physiologic T3
from those of T4 on cancer cell growth. An additional
shortcoming of the current study is that we do not have
estimates of functional status of the treated patients. We
suggest that these preliminary results represent a clinically
measurable validation of the significant divergence of action of
T4 from T3 on tumor cells and may represent a novel,
inexpensive, nontoxic approach for improving outcomes in
solid tumor patients. The paradigm should be tested in
prospective controlled trials in a wider variety of tumor types.
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