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ABSTRACT

Background: Prostate cancer treatment is determined based on several factors, namely tumor grading, staging, co-morbidi-
ty, patient preferences, life expectancy at diagnosis. Today, taxanes are commonly prescribed to treat several types of cancer
and have been shown to have antitumor effects in many cancers. This research has never been done in prostate cancer pa-
tients but similar studies have been done before in breast cancer patients.

Materials and methods: The research design was observational analytic where this type of research was a prospective co-
hort where data was collected to record prostate cancer patients who received docetaxel chemotherapy which were then
examined for thyroid function in cancer patients at the Adam Malik Hospital, Medan, Indonesia.

Result: In this study, data were collected regarding the thyroid function of the study sample in the form of free thyroxine
(fT4) and thyroid-stimulating hormone (TSH) levels before chemotherapy with the docetaxel regimen. The mean of fT4 in all
research subjects was 1.05 with a standard deviation of 0.26. The mean TSH in all study subjects was 1.52 with a standard de-
viation of 1.21. Thyroid function was examined after 3 cycles of docetaxel chemotherapy. The mean of fT4 in all research sub-
jects was 0.91 with a standard deviation of 0.23. The mean TSH in all study subjects was 1.69 with a standard deviation of 1.09.
Conclusion: There are traces of the use of docetaxel chemotherapy in prostate cancer patients on decreased thyroid function
at the Adam Malik Hospital in the form of decreased T4 levels and increased TSH.
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Introduction

Prostate cancer is the most common malignan-
cy and leading cause of death in men in Western
countries, causing 94,000 deaths in Europe in
2008 and more than 28,000 deaths in the United
States in 2012. Data in the United States shows
that more than 90% of prostate cancer is found
at an early stage and regional, with a 5-year sur-
vival rate close to 100%. This figure is much bet-
ter compared to 25 years ago which only reached
69%. The main key to the success of cancer treat-
ment is the discovery of cancer at an early stage.
But unfortunately, in Indonesia, most patients are
already in an advanced stage when they come for
treatment. According to data from the 2011 In-
donesian Society of Urologic Oncology (ISUO)
during the 2006-2010 period, there were 971
prostate cancer patients in Indonesia, with most
of them being stage 4 (50.5%) [1, 2].

Prostate cancer treatment is determined based
on several factors, namely tumor grading, staging,
co-morbidity, patient preferences, life expectan-
cy at diagnosis. Determination of prostate cancer
treatment should be done through a multidisci-
plinary team discussion and after discussing with
the patient in considering the benefits and side ef-
fects that can occur with each treatment [1].

There have been only a few cancer treatment
options for patients for decades which include
surgery, radiation, and chemotherapy as a sin-
gle treatment or in combination [3, 4]. Recent-
ly, however, many of the pathways involved in
the development of cancer therapy and targeted
therapy have been enhanced dramatically, with
combinatorial strategies, involving several target-
ed therapies or “traditional” chemotherapy, such
as taxanes and platinum, which were found to have
synergistic effects [5]. Chemotherapy is consid-
ered the most effective and widely used modality
in treating cancer, either alone or in combination
with radiotherapy [6].

Chemotherapy is a well-known and effective
treatment for many types of cancer, but chemother-
apy has not been as efficient at eradicating all can-
cer cells as one might hope. The mechanism of this
failure has not yet been fully clarified. Chemother-
apy drugs can activate several signaling pathways
and increase the secretion of inflammatory medi-
ators. Inflammation can serve two opposing roles

in the microtumor environment. On the one hand,
inflammation, as an innate immune response tries
to suppress tumor growth but on the other hand,
it is not strong enough to eradicate cancer cells
and can even provide suitable conditions for cancer
growth and recurrence. Therefore, administration
of mild anti-inflammatory drugs during chemo-
therapy may result in more successful clinical out-
comes [7].

Taxanes, a class of chemotherapy drugs includ-
ing paclitaxel and docetaxel, have been widely
used in various systemic chemotherapy regimens
for advanced gastric cancer. This was initially
shown to have an effect on microtubule proteins
that interfere with cell division and proliferation.
After being isolated from the needle leaves of Eu-
ropean Taxus baccata, docetaxel is characterized
by a tricyclic taxane framework and antineoplas-
tic activity similar to that of paclitaxel. Today,
taxanes are commonly prescribed to treat sever-
al types of cancer and have been shown to have
antitumor effects in lung cancer, gastric cancer,
breast cancer, and ovarian cancer. Additionally,
taxane has been consistently used in combination
with other systemic chemotherapeutic agents in-
cluding 5-fluorouracil, cisplatin, bevacizumab,
and S-1 [8].

Treatment of cancer with chemotherapy and ra-
diation can damage healthy tissue and cause sec-
ondary tumors. Thyroid tissue is very sensitive to
radiation. External beam radiotherapy to the neck
area can cause thyroid dysfunction, reducing tu-
mor size and thyroid gland, and increase the risk
of thyroid nodules and thyroid cancer. Several
studies have described how radiation and chemo-
therapy for the treatment of malignancies locat-
ed outside the head and neck area affect the size
and function of the thyroid gland [9].

This research has never been done in prostate
cancer patients but similar studies have been
done before in breast cancer patients. Groot et al.
study in 2015 showed a decrease in free thyrox-
ine (fT4) levels and an increase in thyroid-stim-
ulation hormone (TSH) levels with a significance
p < 0.05. The decreased fT4 concentration and in-
creased TSH concentration during chemotherapy
observed in our study may reflect chemothera-
py-induced thyroid gland damage. Alternatively,
the observed increase in TSH could also be ex-
plained in the context of recovery from “non-thy-
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roidal disease” (NTI), an adaptive response to
(chemotherapy-induced) cell damage. In critically
ill patients, the hypothalamic-pituitary-thyroid
axis decreases as an adaptation to adverse physical
conditions [10].

Because this has never been done before, the re-
searchers are interested in conducting a study to de-
termine changes in thyroid function after docetaxel
administration in patients with prostate cancer.

Materials and methods

The research design was observational analytic,
prospective cohort study where data was collect-
ed to record prostate cancer patients who received
docetaxel chemotherapy and were then examined
for thyroid function at Adam Malik Hospital, Med-
an, Indonesia.

The population in this study were patients diag-
nosed with prostate cancer who received docetaxel
chemotherapy. The patients who made up the sam-
ple in this study were diagnosed with prostate can-
cer, received docetaxel chemotherapy from August
2022 to January 2023 and were treated at the Adam
Malik Hajj Center General Hospital in Medan.
The research sample was taken using the consecu-
tive sampling method where the determination of
the sample was carried out with certain consider-
ations, namely inclusion and exclusion criteria.

Results

Characteristics of the research sample

This study was conducted on 24 patients di-
agnosed with prostate cancer who received
docetaxel chemotherapy for 3 cycles from De-
cember 2021 to December 2022. The mean age of
the patients was 62.7 years with a standard devia-
tion of 8.51 years. The median age of the patients
was 60 years with the youngest being 50 years
and the oldest being 78 years. In this study, data
were collected regarding the thyroid function of
the study sample in the form of T4 and TSH lev-
els before chemotherapy with the docetaxel regi-
men. The mean of fT4 in all research subjects was
1.05 with a standard deviation of 0.26. The mean
TSH in all study subjects was 1.52 with a standard
deviation of 1.21. In this study, data were collect-
ed regarding the thyroid function of the study
sample in the form of fT4 and TSH levels after

Table 1. Characteristics of the research sample

Parameter Value

Usia

Mean + SD 62.7 +8.51
Median (Min-Max) 60 (50-78)
Parameter before chemotherapy

fT4

Mean = SD 1.05+0.26
TSH*

Mean + SD* 1.52+1.21
Median (Min-Max)* 1.14 (0.03-4.33)
Parameters after chemotherapy

fT4

Mean + SD 0.91+0.23
TSH*

Mean + SD* 1.69 + 1.09
Median (Min-Max)* 1.65(0.01 - 3.6)

SD — standard deviation; fT4 — free thyroxine; TSH — thyroid-stimulating
hormone

docetaxel chemotherapy for 3 cycles. The mean of
fT4 in all research subjects was 0.91 with a stan-
dard deviation of 0.23. The mean TSH in all study
subjects was 1.69 with a standard deviation of
1.09. This is shown in Table 1.

Comparison of thyroid function
pre and post chemotherapy

After all the data was obtained, an analysis was
carried out to compare thyroid function before
and after chemotherapy with the docetaxel reg-
imen. Because the sample was < 50, the Shapiro
Wilk test was carried out to test the normality of
the data. The results showed that the fT4 param-
eters before and after chemotherapy and the TSH
parameters after chemotherapy to be tested were
normally distributed with p > 0.05. TSH parame-
ters before chemotherapy were found to be abnor-
mally distributed. Then a paired t-test was chosen
to determine the difference between the two pre-
and post-intervention groups. The results showed
that there was a significant difference between fT'4
levels before and after chemotherapy with a p val-
ue of 0.001. There also appears to be a significant
difference between TSH levels before and after che-
motherapy with a p value of 0.001. From the visu-
alization of graph 4.1 and the calculations, it was
found that fT4 levels decreased by 13.3% while
TSH levels increased by 10.05%. This can be seen
in Table 2 and Figure 1.
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Table 2. Comparison of thyroid function pre and post chemotherapy

Pre-chemotherapy Post-chemotherapy p-value
Mean fT4 1.05+0.26 0.91+0.23 0.001°
Mean TSH 1.52+£1.2 1.69 £ 1.09 0.001°

*paired t-test; fT4 — free thyroxine; TSH — thyroid-stimulating hormone

0.8

0.6

0.4

0.2

T4
[ Pre-chemotherapy

TSH

[ Post-chemotherapy

Figure 1. Comparison of thyroid function pre and post chemotherapy. fT4 — free thyroxine; TSH — thyroid-stimulating

hormone

Discussion

This study was conducted on 24 patients diag-
nosed with prostate cancer who received docetaxel
chemotherapy during the study period. This re-
search was conducted at the Adam Malik Hajj Cen-
ter General Hospital in Medan with the approval
of the USU FK Research Ethics Commission. Re-
search and data collection were carried out from
August 2022 to January 2023, followed by process-
ing and analysis of the data that had been collect-
ed. The patients in this study were diagnosed with
prostate cancer, received docetaxel chemotherapy
from August 2022 to January 2023 and were treated
at the Adam Malik Hajj Center General Hospital in
Medan.

The mean age of the patients was 62.7 years with
a standard deviation of 8.51 years. The median val-
ue of the patients’ age was 60 years with the young-
est being 50 years and the oldest being 78 years.
These results are in accordance with the study of
Godtman et al where it was found that the median

of prostate cancer patients at the University of Go-
thenburg was 65 years." There has been an increase
in the incidence of prostate cancer since prostate
cancer screening with the introduction of pros-
tate-specific serum antigen (PSA) [12].

In this study, data were collected regard-
ing the thyroid function of the study subjects in
the form of T4 and TSH levels before chemother-
apy with the docetaxel regimen. The mean of fT4
in all research subjects was 1.05 with a standard
deviation of 0.26. The mean TSH in all study sub-
jects was 1.52 with a standard deviation of 1.21.
These results are consistent with the study of Lee
et al. at the Seoul National Police Hospital. Their
research results found that the fT4 level of the study
sample was 1.05 with a standard deviation of 0.14
and the study TSH was 1.44. The median analysis
found a figure of 1.97 which indicates that this re-
sult is consistent with Lee’s research [13].

In this study, thyroid function was examined
after 3 cycles of docetaxel chemotherapy. This is
something new and has never been studied before.
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The mean of fT4 in all research subjects was 0.91
with a standard deviation of 0.23. The mean TSH
in all study subjects was 1.69 with a standard de-
viation of 1.09. Although it has not been studied
in prostate cancer, similar studies on the use of
docetaxel in breast cancer can be used as a com-
parison. In Groot’s 2015 study of breast cancer
patients, it was found that the fT4 level was 1.06
ug/dL after being converted from pmol/L. TSH
level was 1.47 ug/dL [10].

In this study, a paired t-test was conducted to
assess whether there was a difference between thy-
roid levels before and after docetaxel chemothera-
py. The results showed that there was a significant
difference between fT4 levels before and after che-
motherapy with a p value of 0.001. There also ap-
pears to be a significant difference between TSH
levels before and after chemotherapy with a p value
of 0.001. This is consistent with a study by Groot
etal. in 2015 which showed a decrease in fT4 levels
and an increase in TSH levels with a significance
p < 0.05. However, it should be underlined that
Groot’s research was conducted on breast cancer
and no studies have examined this effect on pros-
tate cancer [10].

The decreased fT'4 concentration and increased
TSH concentration during chemotherapy ob-
served in our study may reflect chemothera-
py-induced thyroid gland damage. Alternatively,
the observed increase in TSH could also be ex-
plained in the context of recovery from “non-thy-
roidal disease” (NTI), an adaptive response to
(chemotherapy-induced) cell damage. In critically
ill patients, the hypothalamic-pituitary-thyroid
axis decreases as an adaptation to adverse physical
conditions [10].

In the study conducted by Rivas in 2020, a to-
tal of 318 patients were reviewed, and 281 patients
were excluded from the study after initial screen-
ing. Most patients received alkylating agents (n 33,
89%), about half received docetaxel (n 19, 51%),
and nearly half received a topoisomerase II inhib-
itor (n = 16, 43%). The most common treatment
combinations are alkylating agents and taxanes,
and alkylating agents and topoisomerase II inhib-
itors, with or without radiation. Of the 37 patients,
29 had a clinical appointment record 3 months
after the second CT scan; Death at 3 months or
loss-to-follow up occurred in 13 patients (45%).

After treatment, there was a statistically signifi-
cant reduction in thyroid gland size by all mea-
surements. Rivas’ results demonstrated that in
patients treated with external radiotherapy and/or
chemotherapy for malignancies located outside
the head and neck area, and living in West Texas,
thyroid gland volume decreased by 14% to 17% at
6 months. Decreased thyroid gland volume after
cancer treatment has been associated with the de-
velopment of hypothyroidism. Additionally, stud-
ies have suggested that the development of thyroid
dysfunction may be a marker of an increased likeli-
hood of response to therapy. In addition, decreased
thyroid hormone can cause proliferative arrest of
GO0-Gl in cancer cells, with a possible influence on
their sensitivity to chemotherapeutic agents [9].

Retrospective study by Kiyomatsu et al. in 2022
studied thyroid function in 61 patients undergoing
conventional chemotherapy for breast cancer. Of
the 61 patients, 17 (28%) had thyroid dysfunction,
including subclinical hypothyroidism and hypo-
thyroidism after chemotherapy, and 9 (15%) had
clinical hypothyroidism. Eight of the nine patients
required thyroid hormone replacement therapy
with levothyroxine (L-T4). Taxane-based regimens
tended to reduce free T4 levels and increase TSH
levels more markedly than non-taxane-based reg-
imens. This study suggests that conventional che-
motherapy may cause hypothyroidism and may
require evaluation of thyroid function during che-
motherapy. Thyroid hormone replacement therapy
should be considered if the patient shows clinical
features of hypothyroidism [14].

The important role of docetaxel in cancer man-
agement must nevertheless be emphasized. Study
by Balcazar in 2020 revealed that the initiation
of treatment within the first 45 days of diagnosis
of breast cancer in women portends better sur-
vival compared with those who began treatment
longer than 45 days from diagnosis [15]. Thus,
mayhaps follow up would be a much more ap-
propriate solution in handling this problem as
specified by Zaluska-Kusz in which they con-
cluded that there is a need to educate both physi-
cians and patients on the principles of follow up
check-ups [16]. This result was also reflected in
study regarding prostate cancer similar to ours in
which in several cases, docetaxel administration
remained imperative [17].
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Study limitation

The limitation of this study is that it is a sin-
gle-center study, which makes the sample size not
so large. Even though the sample size is statistical-
ly appropriate, multi-center research will be able
to help better capture the phenomena that oc-
cur. This study also did not look at the symptoms
and side effects that might arise due to hypothy-
roidism. In fact, regardless of the cause of the che-
motherapy-related decrease in fT4 observed in
the Groot and Hamnvik study a large reduction in
fT4 concentrations over 6 cycles of docetaxel was
associated with fewer (cumulative) side effects in
terms of neuropathy, vomiting, and nausea of CTC
grade IT or higher. This is thought to be due to lower
T4 levels during chemotherapy, which is an adap-
tive response, protecting the body from tissue dam-
age by regulating cell metabolism. The weakness of
this study is that thyroid function tests were not
carried out after 6 cycles of docetaxel, which can
only be declared complete. However, considering
that the effect has been seen in 3 cycles, it is likely
that this effect will also be seen in 6 cycles [10, 18].

Conclusion

This study was conducted on 24 patients diag-
nosed with prostate cancer who received docetaxel
chemotherapy during the study period with an av-
erage age of 62.7 years with a standard deviation
of 8.51 years. In this study, data were collected re-
garding the thyroid function of the study sample in
the form of fT'4 and TSH levels before chemothera-
py with the docetaxel regimen. The mean of fT4 in
all research subjects was 1.05 with a standard devi-
ation of 0.26. The mean TSH in all study subjects
was 1.52 with a standard deviation of 1.21.

Thyroid function was examined after 3 cycles
of docetaxel chemotherapy. This is something new
and has never been studied before. The mean of fT'4
in all research subjects was 0.91 with a standard de-
viation of 0.23. The mean TSH in all study subjects
was 1.69 with a standard deviation of 1.09.

There are traces of the use of docetaxel chemo-
therapy in prostate cancer patients on decreased
thyroid function at the Adam Malik Hospital in
the form of decreased fT4 levels and increased
TSH levels.
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