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Simple Summary: The cardiovascular effects of radioiodine (*'T) therapy on people with differ-
entiated thyroid cancer (DTC) and concomitant type 2 diabetes mellitus (T2DM) are unknown. To
the best of our knowledge, this study is the first of its kind. Our aim was to assess the relationship
between the left ventricular ejection fraction (LVEF) and high cumulative '3'T doses in DTC/—T2DM
and DTC/+T2DM female patients. In the DTC/—T2DM group, LVEF was negatively associated with
high cumulative doses of 13!1. This association did not exist in patients with DTC/+T2DM.

Abstract: Radioiodine (13'1) therapy for differentiated thyroid cancer (DTC) involves exposure
of the whole body, including the heart, to ionizing radiation. This exposure to the subsequent
risk of heart disease is uncertain, especially in patients with DTC associated with type 2 diabetes
mellitus (DTC/+T2DM). The current study aimed to assess the relationship between left ventricular
ejection fraction (LVEF), high cumulative '3'T dose, and peripheral blood parameters in patients
with DTC/—T2DM and DTC/+T2DM. The study enrolled 72 female patients with DTC/—-T2DM
and 24 with DTC/+T2DM who received cumulative 31T doses above 150 mCi (5.55 GBq). LVEF
was lower in patients with concomitant T2DM than those without (p < 0.001). The cumulative 3'T
dosage was inversely correlated with LVEF only in DTC/—T2DM patients (r = —0.57, p < 0.001). In
the DTC/+T2DM group, LVEF was negatively associated with absolute platelet count (r = —0.67,
p <0.001) and platelet-to-lymphocyte ratio (r = —0.76, p <0.001). Our results demonstrate that
exposure to high cumulative 31T doses has different cardiovascular effects in DTC/—T2DM and
DTC/+T2DM.

Keywords: differentiated thyroid cancer; type 2 diabetes mellitus; '3'T; LVEF; platelet counts

1. Introduction

According to the International Diabetes Association, 1 out of 10 adults live with
diabetes worldwide (537 million) [1,2]. The number of people diagnosed with diabetes will
rise to 643 million by 2030 and 783 million by 2045 [1,2]. A causal association between type
2 diabetes mellitus (T2DM) and various cancers (liver, pancreatic, breast, and endometrial
cancer) was confirmed in a meta-analysis comprising 32 million people [2]. Moreover, this
association has increased for prostate, colon, and gallbladder cancer in the last decade [3].

Recent data have shown that patients with well-differentiated thyroid cancer (DTC)
treated with total thyroidectomy have an increased risk of up to 40% of developing T2DM,
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regardless of age [4]. This risk is also increased with low as well as high doses of post-
operative levothyroxine [5]. Basically, total post-thyroidectomy suppression of thyroid-
stimulating hormone (TSH) may have detrimental effects on glucose homeostasis in patients
with DTC [4]. According to the guidelines developed by the European and American Thy-
roid Associations (ETA and ATA) [6,7], the treatment of DTC consists of thyroidectomy
followed by TSH suppression therapy and radioactive iodine (}3'I) targeted intracellular
therapy [6,7]. Strong uptake of 3T into the thyroid bed is a prerequisite for postsurgical
thyroid remnant ablation. '3!I therapy for DTC involves exposure of the whole body,
including the heart, to ionizing radiation. Many previous studies have focused on stroke
and cerebrovascular diseases in patients with benign thyroid disease or thyroid cancer
who received a relatively low cumulative 13! dosage [8,9]. The effect of exposure to high
cumulative doses of '*'T on the subsequent risk of heart disease is uncertain.

Blood cell interactions are essential in the pathophysiology of inflammation and im-
mune responses in DTC patients [10]. These interactions have many facets, and it is often
difficult to distinguish the specific roles of each cell type in response to high cumulative
doses of 13'1. It is even more difficult when DTC is associated with an inflammatory con-
dition, such as T2DM. The most common circulating white blood cells are neutrophils,
which play important roles in tumor cell proliferation or the development of atherosclerosis,
leading to cardiovascular and obesity-related diseases, such as T2DM [11]. Chronic inflam-
mation in T2DM is characterized by a prothrombotic state caused by the mutual activation
of neutrophils and platelets. Platelet-neutrophil complexes enhance platelet activation
and thrombus formation [12]. The role of neutrophils and platelets in mediating radiation
response remains controversial because tumor-associated neutrophils or platelets can have
both pro-tumor and anti-tumor effects. Wisdom et al. [13] showed that neutrophils promote
resistance to radiation therapy, suggesting therapies designed to lower neutrophils during
radiotherapy. The number of inflammatory cells (such as platelets, neutrophils, lympho-
cytes) and the ratios between them, such as the neutrophils-to-lymphocytes ratio (NLR)
and platelets-to-lymphocytes ratio (PLR), can reflect the systemic inflammatory status and
predict clinical outcomes in cancer patients [14,15]. NLR and PLR have been associated
with clinical outcomes in patients receiving selective internal radiation therapy [15].

Although people with T2DM are known to have a 2 to 4 times higher risk of car-
diovascular morbidity and mortality than people without diabetes, the risk of patients
diagnosed with DTC coexisting with T2DM (DTC/+T2DM) is unknown. Epidemiological
studies have shown that the relative risk of vascular events is more significant in women in
long-standing diabetes mellitus [16]. Patients with DTC/+T2DM fall into this profile. The
cardiovascular effects of 13!I therapy on people with DTC/+T2DM are unknown. To the
best of our knowledge, this study is the first of its kind. Our aim was to assess the relation-
ship between high cumulative doses of 3], echocardiographic indices of left ventricular
function, and peripheral blood parameters in DTC/—T2DM vs. DTC/+T2DM patients.

2. Materials and Methods
2.1. Patients and Study Protocol

This retrospective study from a single institution included 72 female patients with
DTC/—~T2DM (mean age, 57.9 + 8.7 years) and 24 female patients with DTC/+T2DM
(mean age, 61.1 &+ 7.2 years) undergoing total thyroidectomy with dissection of central
lymph nodes and lymph node of the affected side and '3!I therapy. The enrolled patients
were treated between 2015 and 2020 in the Department of Radionuclide Therapy of the
Institute of Oncology Bucharest with a cumulative oral dose of 131 sodium iodide ThyroTop
higher than 150 mCi (5.55 GBq). This cumulative dose was administered over a mean
period of 53 months in 4 cycles of 3 therapy. ThyroTop!®! is a radiopharmaceutical
purchased from the Institute of Isotopes Co., Ltd. (IZOTOP), Budapest, Hungary. The
administered activity (“dosage”) of *'T in this cohort of patients was based on clinical and
diagnostic imaging following the recommendation from the ETA and ATA guidelines [6,7]
in compliance with safety measures [17].
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The patients were included in the study based on the following criteria: (i) age between
40 and 70 years; (ii) non-smokers; (iii) access to the patient’s medical and drug history;
(iv) none of the patients had an acute or chronic infection, pulmonary, hepatic, or renal
impairment; (v) none of the patients had a history of cardiovascular disease (heart failure,
acute coronary syndrome, symptomatic valvular dysfunction, or cardiomyopathy); (vi) no
patient had poorly controlled diabetes; (vii) none of the patients had ongoing treatment
with steroidal or non-steroidal anti-inflammatory drugs (known to affect the NLR and PLR
value) [18]. Only women were enrolled to avoid intersex variations.

Demographic information (age, smoking status, hypertension, body mass index (BMI)),
cumulative T dosage/patient, the daily dose of levothyroxine/patient, echocardiographic
indices of left ventricular function, blood count, and serum biochemical parameters (total
cholesterol, triglycerides, total lipids, alkaline phosphatase (ALP), ionized calcium (CaZ))
were collected from medical records and correspond with the most recent hospitalization
(6 months after the last therapeutic dose of '>!1). All the patients diagnosed with hyperten-
sion included in the study were treated with blood-pressure-lowering medication, and their
blood pressure was within the normal range. Left ventricular ejection fraction (LVEF) was
measured in the apical two- and four-chamber views using Simpson’s biplane method. For
clinical interpretation of the data, myocardial dysfunction was defined as an LVEF < 54%,
according to the range of normal LVEF in the general female population [19]. The NLR
and PLR were calculated by dividing the absolute neutrophil or platelet count by the
lymphocyte count.

The study was carried out respecting the principles outlined in the Declaration of
Helsinki and was approved by the Institute of Oncology Bucharest ethics committee
(No. 15140/10.09.2019). Informed consent was obtained from all patients.

2.2. Statistics

Microsoft Office Excel 2007 SP2 (including Data Analysis) was used for patients” data
processing. Statistical analysis was conducted with Statistica software (version 8.0; StatSoft,
Inc., Tulsa, OK, USA). Continuous variables were expressed as median values with an
interquartile range (IQR: 25-75%). The Shapiro-Wilk and Kolmogorov-Smirnov tests
were used to verify the data obtained after preliminary analysis and check the consistency
of the group [20]. The Mann-Whitney U-test compared the distribution of continuous
variables between different categories for independent samples (DTC/—-T2DM group
vs. DTC/+T2DM group). Pearson’s correlation coefficient (r) was used to assess the
relationships between the measured variables. Significance was set at a p-value < 0.05.

3. Results
3.1. Characteristics of the Study Population

Clinical, hematological, and biochemical data are summarized in Table 1. There was
no significant difference between the two groups (DTC/—~T2DM and DTC/+T2DM) in
terms of age. The median BMI of 29 kg/m? shows that patients with DTC/—T2DM are
overweight, while patients with DTC/+T2DM are obese (obesity class I) with a median
BMI of 33.8 kg/m? (p = 0.006) [21]. LVEF was lower in the patients with concomitant
T2DM than in the group without T2DM (p < 0.001). Overt signs of heart failure, such as
pulmonary congestion and peripheral edema, were absent at physical examination in all
patients. Unexpectedly, the median cumulative dose of 13!I given over 53 months average
period was higher in female patients with DTC/+T2DM than in those without T2DM
(p = 0.041). Levothyroxine treatment was prescribed to all patients enrolled in the study.
There was no significant difference between the two groups regarding the median daily
dose of levothyroxine. Highly significant differences in the absolute lymphocytes and
platelets counts were observed among DTC/—T2DM and DTC/+T2DM patients (p = 0.015
and p = 0.002). Increased platelet count was reported in the DTC/+T2DM group [11]. Total
cholesterol and lipids were comparable, with no statistical significance between the two
groups. Hypercholesterolemia was the most prevalent cardiovascular risk factor, and its
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frequency did not differ between the two groups. Moreover, the absolute triglycerides count
was higher in female patients with concomitant T2DM as a sign of diabetes (p = 0.049),
and the serum ALP level was lower (p = 0.070). In summary, DTC female patients with
concomitant T2DM received a cumulative dose of 13! higher than that received by female
patients without T2DM and had a lower LVEF.

Table 1. Clinical, hematological, and biochemical data in the study groups.

DTC/—T2DM DTC/+T2DM
Variables p-Value
n="72 n=24
Age (years) 57.9 + 8.7 61.1+72 0.147
BMI (kg/m?) b 29.0 (26.2-33.4) 33.8 (28.4-38.7) 0.006
LVEF (%) b 60.0 (56.5-63.5) 52.5 (47.5-55.5) <0.001
Cumulative 31 dose (mCi) P 208.5 (152.8-577.0) 494.0 (176.0-817.0) 0.041
Levothyroxine dose (mcg/day) 107.4 (86.2-149.5) 107.2 (83.4-143.8) 0.231
Lymphocytes (x10%/L)b 1.4 (1.1-1.8) 1.9 (1.4-2.1) 0.015
Neutrophils (x10° /L) ® 3.7 (3.0-4.4) 3.6 (3.1-4.5) 0.731
Platelets (x10° /L) P 230.0 (193.0-279.5) 331.0 (196.0-385.0) 0.002
NLR b 2.5 (1.8-3.4) 1.9 (1.6-2.9) 0.150
PLRP 152.9 (119.3-199.1) 155.6 (135.4-210.8) 0.629
Total Cholesterol (mg/dL) P 277.0 (215.5-350.0) 272.0 (149.5-332.5) 0.265
Lipids (mg/dL)? 851.5 (688.0-1057.0) 852.0 (682.0-1045.5) 0.479
Triglycerides (mg/dL) ® 111.0 (94.0-170.0) 154.5 (102.5-272.0) 0.049
Ca%* (mg/dL) P 3.8 (3.6-3.9) 3.8(3.2-3.9) 0.087
ALP (IU/L) P 66.5 (54.0-82.0) 54.0 (36.0-77.5) 0.070

1800

ALDP, alkaline phosphatase; BMI, body mass index; Ca?*, ionized calcium; DTC/—T2DM, differentiated thyroid
cancer without type 2 diabetes mellitus; DTC/+T2DM, differentiated thyroid cancer associated with type 2
diabetes mellitus; LVEF, left ventricular ejection fraction; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-

lymphocyte ratio; 1317 radioiodine; ® mean =+ standard deviation; ® Data are expressed as median and interquartile
ranges (25-75%).

3.2. Correlations in DTC/—T2DM Group

In DTC/—T2DM patients, scatter plots shown in Figure 1 indicate an inverse relation-
ship between cumulative 1317 dose and LVEF (r = —0.57, p < 0.001) (Figure 1A) and serum
Ca’* (r = —0.53, p < 0.001) (Figure 1B).

1600

A Cumulative I-131 dose [mCi] = 3361.2- 49.16 * LVEF [%] B Cumulative I-131 dose [mCi] = 3234.6 - 738.2 * Ca2+ [mg/dL]
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Figure 1. Correlations between the cumulative dose of 13'T and LVEF (A), serum concentrations of
Ca’* (B) in differentiated thyroid cancer patients without type 2 diabetes mellitus.

Moreover, the cumulative dose of 13! was negatively correlated with absolute lym-
phocyte count (r = —0.58, p < 0.001) (Figure 2A) and positively with NLR and PLR (r = 0.57
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and r = 0.46, p < 0.001) (Figure 2B,C). No correlation between the cumulative 1311 dose and
the serum concentrations of total cholesterol, lipids, triglycerides, and ALP was noticed.

A Cumulative 131 dose [mCi] = 1245.9- 5349 *LYM [x10°%1) B Cumulative 131 dose [mCi] =-243.4 + 253.82° NLR C Cumulative 1-131 dose [mCi] =-151.8 + 35128 PLR
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Figure 2. Correlations between the cumulative dose of 13! and absolute lymphocyte count (A), NLR
(B), and PLR (C) in differentiated thyroid cancer patients without type 2 diabetes mellitus.

However, the LVEF was positively correlated with absolute lymphocyte count (r = 0.44,
p < 0.001) (Figure 3A) and serum Ca?* (r=0.29, p = 0.012) and negatively with NLR and
PLR (r = —0.56 and r = —0.42, p < 0.001) (Figure 3B,C).

LVEF [%] = 65.886-00372 *PLR
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Figure 3. Correlations between LVEF and absolute lymphocyte count (A), NLR (B), and PLR (C) in
differentiated thyroid cancer patients without type 2 diabetes mellitus.

3.3. Correlations in DTC/+T2DM Group

In contrast to DTC/—T2DM patients, in the group with DTC associated with T2DM,
no correlation between the cumulative dose of 3T and LVEF was observed. The cumula-
tive dose of 13'T was negatively correlated with serum concentrations of total cholesterol
(r=—0.50, p = 0.012), lipids (r = —0.51, p = 0.011), triglycerides (r = —0.46, p = 0.022), ALP
(r=—0.41, p = 0.047), absolute lymphocyte count (r = —0.55, p = 0.005), absolute neutrophil
count (r = —0.45, p = 0.025), but it was not correlated with NLR and PLR. However, there
was a negative correlation between LVEF and BMI (r = —0.64, p = 0.001) (Figure 4A), abso-
lute neutrophil count (r = —0.54, p = 0.005), absolute platelet count (r = —0.67, p < 0.001)
(Figure 5A), NLR (r = —0.77, p < 0.001) (Figure 5B), PLR (r = —0.76, p < 0.001) (Figure 5C) and
positively with Ca?* (r=0.48, p =0.016) (Figure 4B), ALP (r = 0.47, p = 0.018) (Figure 4C).
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A LVEF (%) = 65.237 - 0.3909 * BMI [kg/m?]
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Figure 4. Correlations between LVEF and BMI (A), Ca?* (B), and ALP (C) in differentiated thyroid
cancer patients with type 2 diabetes mellitus.
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Figure 5. Correlations between LVEF and absolute platelet count (A), NLR (B), PLR (C) in differenti-
ated thyroid cancer patients with type 2 diabetes mellitus.

4. Discussion

The main findings of the present study are: (i) LVEF was lower in DTC/+T2DM than in
DTC/—T2DM patients; (i) LVEF was inversely correlated with cumulative *'T dose in the
DTC/—T2DM group; (iii) platelet count was higher in DTC/+T2DM than in DTC/—-T2DM
patients; (iv) LVEF was inversely correlated with platelet count in the DTC/+T2DM group.

Ionizing radiation causes a significant reduction in blood cell counts in a dose-
dependent manner [22-24]. Consequently, the targeted therapy with 13!T can lead to long-
term or temporary adverse effects, such as myelosuppression [22]. Hematological toxicity
is a common adverse effect of 13'1 therapy [23,24]. Absolute blood lymphocyte and platelet
counts measured in DTC/—T2DM patients were lower than in the DTC/+T2DM group
(p =0.015 and p = 0.002). The NLR value was higher and the PLR lower in DTC/—-T2DM
patients but without statistical significance, reflecting the immune status after cumulative
radiotherapy. Because the peripheral blood samples were collected 6 months after the last
1311 dose, the results do not reflect the transient 3T influence on bone marrow. However,
high cumulative doses of > can cause significant long-term damage to hematopoietic sys-
tem components, reducing blood counts. We believe that this is the first study to correlate
NLR and PLR with cumulative '3'T dosage in DTC/—T2DM vs. DTC/+T2DM patients. The
cumulative '¥'T dose was negatively correlated with absolute lymphocyte count (Figure 2A)
and positively with NLR and PLR (Figure 2B,C) in DTC/—T2DM patients. Rui et al. [24],
comparing pre-'3'T therapy with 4-6 months post-'3'1 therapy, showed that the number of
treatment cycles and cumulative doses of 3! were associated with significant decline in
lymphocyte and platelet counts. Radiation-induced lymphopenia and thrombocytopenia
elucidate the positive correlation between high NLR and low PLR, and the cumulative
dose administered to patients with DTC/—T2DM. The association of DTC with T2DM
has led to a change in the tumor microenvironment [25]. The tumor microenvironment
confers ionizing radiation with either immunosuppressive or immune-stimulating proper-
ties [10,26]. There is still a lack of information on the role and functionality of immune cells
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after irradiation. Chronic inflammation in T2DM is characterized by a prothrombotic state
caused by the mutual activation of neutrophils and platelets [11]. Neutrophils may play
a pro-tumor or anti-tumor role depending on the tumor microenvironment [11,13]. The
inverse correlation between cumulative 131 dose and absolute neutrophil count (r = —0.45,
p = 0.0025) confirms the results obtained by Wisdom et al. [13]. 13'T affects early neutrophil
infiltration, which is the first-line immune response, only in the DTC/+T2DM due to the
altered tumor microenvironment resulting from the coexistence with T2DM. Moreover,
as a confirmation of the altered tumor microenvironment in the presence of T2DM, no
correlation between cumulative dose of 31 and absolute platelet count, NLR, and PLR
was noticed.

The median LVEF measured in women with DTC/—T2DM was 60%. Even if the LVEF
was within the reference range, the inverse correlation calculated between the cumulative
dose of 13T and LVEF (Figure 1A) demonstrates an association between myocardial damage
and the total radiation dose. The cardiac injury sustained from high cumulative doses
will likely have a delayed onset, longer than our median monitoring period of 53 months.
Kim et al. [27] showed no cumulative dose-dependent risk for cardiovascular disease in
women with DTC with a median follow-up of 66 months. However, Kao et al. [28] con-
cluded that even if 3] therapy was not associated with an increased risk of cardiovascular
disease in DTC, cardiovascular surveillance is indicated in the patients receiving the cu-
mulative dose of 13!T above 100 mCi (3.7 GBq). The positive correlations between LVEF
and absolute lymphocyte count (Figure 3A) and the negative correlations between LVEF
and NLR and PLR (Figure 3B,C) confirm that radiation-related myocardial cell damage
may result in the first phase in the activation of acute inflammatory cascades. NLR re-
flects the systemic change caused by radiotherapy [29]. At the same time, PLR reveals
shifts in platelet and lymphocyte counts due to acute inflammatory and prothrombotic
states [30]. It is well known that the history of heart failure is not linear because changes in
the heart structure and function start long before the disease becomes clinically evident [31].
Radiation-induced cardiovascular disease is also described as a late effect in cancer patients
treated with radiation therapy [32].

In the group of women with DTC coexisting with T2DM, there was no correlation
between the cumulative dose of 13T and LVEF. LVEF was lower than in the group without
T2DM (p < 0.001). It is well known that people with T2DM have a higher cardiovascular risk
than those without [16]. The recent universal definition and classification of heart failure
recognized T2DM as a prime risk factor for incident heart failure, suggesting individuals
with T2DM as being in the first stage of heart failure (stage A) [33]. This study found that
the absolute platelet and lymphocyte counts were higher in the DTC/+T2DM group than
in DTC/—T2DM. Platelets are tiny blood cells with diverse vascular functions. Platelets
in patients with T2DM are reported to exhibit hyper-reactivity due to external stimuli
and undergo rapid consumption, leading to accelerated thrombopoiesis of more reactive
platelets [34]. On the other hand, targeted !3'I therapy can be considered an external stimu-
lus that could significantly activate platelets in patients with DTC/+T2DM. However, the
cumulative dose of 13T was not correlated with absolute platelet count in the DTC/+T2DM
group. Still, it was slightly negatively correlated with the absolute neutrophil count. As
mentioned before, chronic inflammation in T2DM is characterized by a prothrombotic state
caused by the mutual activation of neutrophils and platelets [11]. We hypothesized that
1317 therapy affects early neutrophil infiltration in the first phase. Neutrophils are essential
mediators of radiation resistance [13]. Their infiltration could be the first-line immune
response to 13'1. Next, platelet number is increased by neutrophil secretion. Further, platelet—
neutrophil complexes enhance platelet activation and thrombus formation. Inflammatory
mediators released by activated platelets recruit more platelets and white blood cells to the
site of inflammation in response to 31, as evidenced by the increased level of platelets and
lymphocytes in patients with DTC/+T2DM. Other factors that may contribute to increased
platelet counts are dyslipidemia and obesity [34,35]. Patients with DTC/+T2DM have a
higher triglycerides concentration than those with DTC/—~T2DM (154.5 vs. 111.0 mg/dL).
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DTC/+T2DM female patients are obese, unlike those with DTC/—T2DM who are over-
weight (33.8 vs. 29 kg/m?). Platelets play a crucial role in the initiation and progression
of diabetes-induced cardiovascular complications [34]. In T2DM, chronic and systemic
inflammation is associated with abnormal clot formation (dysregulated coagulation) [35]
and dysregulated inflammatory biomarkers, such as NLR and PLR. PLR has been closely
related to T2DM and its chronic complications, cardiovascular disease, peripheral arterial
disease, and tumors [36]. As a confirmation, our results showed a significantly higher
median platelet count in the DTC/+T2DM group than in DTC/—T2DM (331 x 10°/L vs.
230 x 10°/L, p = 0.002) and a negative correlation between the platelet count and LVEF
(Figure 5A). The negative correlation between LVEF and absolute platelet count (Figure 5A)
and PLR (Figure 5C) demonstrates that cardiovascular risk in this group is due to a complex
combination of various factors that seem to have a common history of both diabetes and
cardiovascular disease rather than to the higher cumulative dose of 13'1.

In plasma, calcium exists in three different forms: free or ionized calcium (Ca?*) ac-
counting for 50% of total calcium; 45% plasma proteins-bound calcium; and 5% calcium
complexed to bicarbonate, lactate, phosphate, and citrate [37]. The biological effect of
calcium is determined by the amount of Ca?*, which is the only physiologically active form
of calcium. A Ca®* level lower than 3.8 mg/dL is considered an alarm signal in monitoring
patients with DTC. In both study groups, the median level of Ca?* was 3.8 mg/dL (Table 1).
It is well known that Ca®* is a major element in the electrical and contractile function of
cardiomyocytes. Excitation—contraction coupling (ECC) is the process by which electrical
stimulation results in the contraction of cardiac myofilaments, which involves sarcolem-
mal ion currents and various intracellular pathways. There was a positive correlation
between Ca?* and LVEF in both groups of patients (DTC/—T2DM: r = 0.29, p = 0.012 and
DTC/+T2DM: r = 0.48, p = 0.016). The correlation was stronger in the DTC/+T2DM group
than in the DTC/—T2DM, probably because of the T2DM features. Our results are in
accordance with those obtained by Wang et al. [38], who noted that low serum calcium was
associated with left ventricular systolic dysfunction in a Chinese population represented
by 5938 patients with coronary artery disease. On the other hand, our finding showed that
a decrease in Ca?* level, not an increase, was associated with decreased LVEF in patients
with T2DM, as published by Li et al. [39]. The explanation is that the DTC/+T2DM patients
enrolled in our study have hypocalcemia. Even though they are on the calcium replacement
therapy, the Ca?* concentration did not exceed 3.8 mg/dL. Considering the roles of Ca®*
in coupling myocardial excitation—contraction and cardiac electrophysiological effect, we
believe that low Ca®* may make sense in the prognosis among patients with DTC/+T2DM
with a median LVEF of 52.5%. It is possible that low Ca?* levels may affect myocardial
contractility in patients with DTC/+T2DM. However, the causal relationship between low
Ca?* and LVEF remains to be elucidated and requires further study.

ALP is a circulating enzyme primarily derived from bone and liver. Previous studies
have shown an association between ALP as an inflammatory mediator and cardiovascular
events [40]. The results of the studies on the serum level of ALP in patients with T2DM are
contradictory (higher, lower, or similar to that of the control group) and do not exist in those
with T2DM coexisting with DTC. Dutta et al. [41] showed that the serum concentration
of ALP was lower in patients with T2DM than in those without T2DM (88.5 & 33.3 IU/L
vs. 214.7 £ 59.7 IU/L, p < 0.001). In our study, the ALP serum level was lower in the
DTC/+T2DM group than in the DTC/—T2DM group but without statistical significance
(54.0 IU/L vs. 66.5 IU/L). ALP is less known for its ability to reduce inflammation by
dephosphorylating triggering moieties, such as bacterial lipopolysaccharides and extracel-
lular nucleotides [42]. A prominent feature of T2DM is chronic and systemic inflammation.
Low ALP levels in the DTC/+T2DM group could be due to the T2DM specific inflamma-
tion. The linear association between LVEF and ALP (Figure 4C), which has a key role in
maintaining and restoring physiological barriers that may become hyperpermeable and/or
dysfunctional during systemic ischemia and inflammation [43], proves once again that
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cardiovascular risk in the DTC/+T2DM group is due to the mechanisms underlying the
pathophysiology of T2DM and not to the higher cumulative dose of 3'I.

This study has certain limitations. The most apparent weakness is related to the small
number of patients enrolled. However, despite the small sample size, the population was
homogenous and included only women. Moreover, the two study groups matched in
terms of age. Second, the present results were from a monitoring period of only 53 months.
Future studies should focus on long-term outcomes. Other weaknesses and limitations of
this study are the lack of longitudinal or comparative data in enrolled patients to conclude
the “cumulative effect” or “progressive effect” of 13'1. Longitudinal data after each 13T
cycle in individual patients are the most accurate and valid measure of cumulative effect.
However, despite this weakness, a large-dose effect of 13!I on echocardiographic indices of
left ventricular function and peripheral blood parameters was investigated. The comparison
of pre-13!1 therapy and post-!3!1 therapy data for the same subject may demonstrate the
progressive effect of radiation-associated cardiovascular toxicity. A future study will focus
on this subject.

In summary, the present study results demonstrated an inverse relationship between
LVEF and high cumulative doses of 13! in patients with DTC/—T2DM. This association
does not exist in the DTC/+T2DM group. LVEF was lower in DTC/+T2DM than in
DTC/—T2DM patients. LVEF was inversely correlated with increased platelet count in the
DTC/+T2DM group. Further investigation is required to confirm these findings.
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