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Plasma 3,3’,5-Triiodo-L-thyronine [T3] level
mirrors changes in tumor markers in two
cases of metastatic cancer of the breast and
pancreas treated with exogenous L-T3
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Abstract. Preclinical studies have attributed 3,3’,5-triiodo-L-thyronine (T3) a direct negative effect on tumor progression, as
well as chemosensitizing, differentiating and immunomodulatory properties. On the other hand, L-thyroxine (T4), via a thyroid
hormone receptor on plasma membrane integrin αvβ3, promotes solid tumor growth and neoangiogenesis, therefore lowering
endogenous T4 reduces tumor growth rate. We present the case of two patients with metastatic triple negative breast cancer and
metastatic pancreatic cancer respectively, who benefit of the sole treatment with antithyroid drugs and exogenous administration
of T3 (liothyronine). In these cases tumor growth was accompanied by T3 depletion in plasma, which may represent a novel
marker for progression.

Keywords: Neoplasm metastasis, pancreatic neoplasms, thyroid hormones, triiodothyronine, triple negative breast neoplasms

1. Introduction

Thyroid function has long been linked to the growth
of tumors. Some preclinical studies have attributed T3
a direct negative effect on tumor progression [8,14,
15,17] as well as chemosensitizing, differentiating and
immunomodulatory properties [1,4]. Moreover, type 3
deiodinase, which inactivates T3, has been identified
as an oncofetal protein that is expressed in a number of
tumors and has been associated with the development,
progression and recurrence of cancer [5,6].

On the other hand, evidence has accumulated that
L-thyroxine (T4), via a thyroid hormone receptor on
plasma membrane integrin αvβ3, promotes solid tu-
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mor growth and neoangiogenesis, and there is evi-
dence that lowering T4 reduces tumor growth rate and
enhances radiation and chemotherapy [2,12]. Recent
experimental evidence suggests that 3,3’,5-triiodo-L-
thyronine (T3) in physiological concentrations is sig-
nificantly less (10–100 fold) potent as an inducer of
the proliferative action initiated at the plasma mem-
brane integrin αvβ3 [13]. Thus, depletion of blood free
thyroxine (FT4), along with exogenous T3 supplemen-
tation, may therefore be a clinically acceptable and
achievable therapeutic goal as a recent experience sug-
gests [10].

In this paper, we present the case of two patients
with breast and pancreatic cancers, who were ex-
perimentally treated with methimazole induced hy-
pothyroxinemia and exogenous suppressive T3 doses.
A temporal stabilization of their neoplasms was ob-
served, and a novel an interesting relation between
free-T3 hormone level and the tumor serum markers
levels was documented. The latter observation suggests
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Fig. 1. Initial biochemical responses noted in patient number one, after administration o high doses of liothyronine (L-T3) and methimazolee.
Arrows indicate Ca-125 depressions which followed the intermittent treatment administration of liothyronine.

that decreasing free T3 levels may serve as a marker of
progression in some cancers.

2. Case description 1

A female 67 years old patient with a background of
high blood pressure and uterine curettage due to en-
dometrial polyp, presented in September 2012 with an
invasive ductal carcinoma of 1.7 cm maximum diame-
ter in the upper outer quadrant of the right breast (Not-
tingham Histological Score III/III, negative hormonal
receptors ER/PR and HER2, Ki67 50%) and involve-
ment of 8 out of 10 axillary ganglia. She underwent tu-
morectomy and three-level axillary lymphadenectomy,
being a second lymphadenectomy performed in De-
cember 2012 since staging revealed a new lymph node
affected in the right armpit. Immediately afterwards,
she started docetaxel and carboplatin chemotherapy,
with substitution of carboplatin for cyclophosphamide
due to hematologic toxicity, and completed the treat-
ment in May 2013. Subsequently, she received radio-
therapy on the breast and armpit until August 2013.

In April 2014 she suffered relapse with multiple bi-
lateral lung metastasis (being the larger 0.8 cm) de-
tected on a computerized tomography scan (CT) and
confirmed by F-FDG TC/PET. She started chemother-
apy with paclitaxel (subsequently, nab-paclitaxel be-
cause of allergic reaction) plus bevacizumab, which

was changed to capecitabine-bevacizumab in Novem-
ber 2014 due to grade III neuropathy. The treatment
continued up to March 31st 2015, when progression
was observed as new left axillary and retropectoral
adenopathies.

One month before the mentioned progression (in
February 2015) and outside the usual oncologic pro-
tocol, the patient accepted to undergo a I-131 scan to
investigate whether her neoplasm had functional Na/I
pump and could be treated with radioactive iodine [16].
Prior to the test, it was confirmed that the patient was
euthyroid: TSH 1.29 uUI/mL (normal range: 0.27–
4.20), total T4 7.33 ug/dL (normal range: 5.10–14.10)
and total T3 1.11 ng/mL (normal range: 0.8–2.0). The
preparation for this study involved inhibiting thyroid
production with methimazole 15 mg/day and liothyro-
nine 25 mcg/8 h for 3 days. This test ruled out tumor
uptake, however, a marked reduction in Ca125 level
was observed 12 days later. After repeating the prepa-
ration for the test – this time without administering
I131 – an equivalent reduction was observed 7 days
later (Fig. 1). In a bibliographic review in search of an
explanation for this finding, hypothyroxinemia – de-
scribed by Hercbergs et al. [10] – was found to be a
probable cause. The mentioned authors were contacted
with the aim of continuing this type of experimental
treatment.

The patient was administered methimazole 45 mg
per day and increasing doses of liothyronine (L-T3)
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Fig. 2. Tumor progression in axillary lymph nodes.

Fig. 3. Evolution of tumor marker (Ca-125), serum free-T3 and serum free-T4 levels in patient number one. It has been consistently shown that a
fall in free-T3 lead to an immediate tumor marker rise, irrespective of free-T4 status. Rectangles highlight the graphic sections where this effect
can be observed.

until a lower limit TSH was reached (achieved with
6,25 mcg/8 h). Consequently, the disease was stable
for 3 months. In July 2015 increases in Ca 125 were
observed, concomitantly with increased left axillary
adenopathy found on CT scan (Fig. 2). It was found
that each Ca-125 increase was associated with a serum
free-T3 fall (Fig. 3) but an increase in oral liothyronine

dose and plasma free-T3 level again stabilized Ca-125
levels. Thus, the treatment was continued with progres-
sive liothyronine dose increases (which became pro-
gressively insufficient to maintain plasma level of free-
T3) until September 2015, when hepatic, mediastinal
and pulmonary progression was detected on CT scan.
At that point, doxorubicin chemotherapy was added,
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Fig. 4. Evolution of tumour marker (Ca-19.9), serum free-T3 and serum free-T4 levels in patient number two. The rectangle highlights the
moment when the tumor marker Ca19.9 rises and serum free-T3 decreases. Serum free-T4 levels, in continuous fall, are apparently unrelated
with Ca 19.9 movement.

although it was discontinued on October 2015 (second
cycle) because of a reaction to infusion, without any
observed tumoral response. On the same date, liothy-
ronine was discontinued (it was 150 mcg/day) because
of complex trembling symptoms, which disappeared
upon treatment discontinuation. The patient went on
with chemotherapy and new experimental drugs until
April 2016, when she died probably due to hospital-
acquired infection, while staying in hospital with overt
hepatic progression. The patient was taking antihyper-
tensive drugs and vitamin D supplementation during
the whole course of the disease, while bisoprolol was
added during the thyroid treatment to prevent cardiac
adverse effects.

3. Case description 2

Female 89 years old patient, with past medical his-
tory of high blood pressure, depressive syndrome and
adenocarcinoma of the anterior surface of the stomach
body, treated with subtotal gastrectomy on November
2010 without relapse. In June 2015, she was examined
with CT scan because of asthenia and depression. CT
findings were compatible with pancreatic cancer with
involvement of the splenic vein and lung metastasis.
The serum level of Ca19.9 was 1255 UI/Ml (normal

< 37 UI/mL). The case was studied by the interdis-
ciplinary commission for tumors, where specific on-
cologic treatment was dismissed; thus she was offered
an experimental treatment with induced hypothyrox-
inemia [10]. On July 29th 2015 she started on methima-
zole 45 mg/day and increasing doses of liothyronine,
distributed in 2–3 daily doses. From the second week
on, with 37.5 mcg/day liothyronine dose, Ca 19.9 lev-
els were observed to stabilize. Eight weeks afterwards,
with 43.75 mcg/day liothyronine dose, a marked re-
duction in Ca 19.9 was observed and a skin metasta-
sis that had appeared during the previous weeks was
found to disappear. By that time, methimazole had to
be discontinued because of neutropenia. Ten days later,
a marked Ca 19.9 increase was observed, concomi-
tantly with a fall in the serum free-T3 levels, while T4
levels remained low (Fig. 4). The treatment with L-T3
was discontinued due to inefficacy on December 2015
and the patient died in January 2016 without undergo-
ing new imaging studies. The patient was taking vita-
min D supplementation and betablocking drug bisoprol
during the treatment with liothyronine.

4. Discussion

In the two cases presented, an inverse relationship
was observed between serum free-T3 levels and those
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of the respective tumor markers. In both cases there
was a biochemical response to exogenous L-T3, which
is not explained by another treatment, since none of the
patients received chemotherapy. In addition, in both
cases, tumor progression and the increase of serologi-
cal markers coincided in time with a decline in plasma
free-T3, despite the maintenance of or increase of ex-
ogenous L-T3 administration.

As T3 was administered exogenously, its plasma
clearance can only correspond to an excess of con-
sumption or inactivation of it. This finding could be ac-
counted for by the expression of deiodinase III (DIO3)
in tumor cells, which could simultaneously produce a
fall in serum free-T3 levels and resistance to treatment.
In the first case, this resistance was temporarily over-
come by increasing the dose of exogenous L-T3. How-
ever it should be noted that the in-vitro data suggests
that a 6-fold supranormal concentration of T3 is neces-
sary to reverse DIO3 expression, thus, while it is plau-
sible that the mechanism of resistance was the deiod-
inase III, this possibility of requires more rigorous in-
vestigation. Since DIO3 expression is difficult to mea-
sure in clinical practice, in similar cases, to use blood
reverse T3 [rT3] might serve as a a non-invasive proxy
for tumoral type 3 deiodenase expression.

The consumption of thyroid hormones by tumors
has previously been described in the case of hepatic
hemangiomas, where it has been confirmed that the
phenomena is caused by the expression of tumoral
DIO3 [2,9,11]. However, as far as we know, this is
the first time that the relationship between plasma
clearence of T3 and growth of non-vascular tumors has
been documented. In the reported cases, the variations
in thyroid hormones were discovered by serendipity
since patients were receiving an experimental treat-
ment impacting on thyroid function, however, it is
plausible that this may also occur in other euthyroid
patients with cancer, in whom the thyroid function is
not normally monitored and perhaps should become
standard protocol.

It is also important to mention that both patients
presented a biochemical tumor response to the treat-
ment, and the regression of a cutaneous metastasis was
also observed in the case of the second patient. Her-
cbergs et al. have previously reported survival advan-
tage in 23 patients under chemotherapy, who under-
went treatment with induced hypothyroxinemia and re-
ceived maintenance doses of liothyronine (TSH in the
lower normal limit). In contrast, in our two patients,
the tumor response did not seem to be correlated with
serum free-T4 levels and was better accounted for by

free-T3 serum changes. The only previous experience
we know about cancer treatment with high T3 doses in
humans, dates back to 1962, when it was observed that,
in combination with steroids, it was beneficial for a
group of patients with breast cancer [7], also in 1976 it
was successfully used as radiosensitizing substance in
newly diagnosed high grade glioma/glioblastoma [18].
In these cases the patients did not receive chemother-
apy, but the L-T3 can be chemosensitizing and can also
improve the response to the chemotherapy indirectly,
due to a secondary decrease of T4 [4]. It is to be in-
vestigated in future experiences if combination of L-
T3 and chemotherapy can lengthen the tumor response
observed here.

In summary, in the case of our two patients under
exogenous L-T3 administration, plasma free-T3 lev-
els were inversely correlated with plasma levels of tu-
mor markers. Exogenous suppressive doses of L-T3
seemed to have direct tumor growth inhibition effect,
although it also produced early resistance. Tumor resis-
tance and progression were coincident with increased
plasma free-T3 clearance.
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