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Abstract

Background: Head and neck cancers are among the most common cancers worldwide and particularly prevalent
in India. These malignancies often necessitate a multimodal treatment approach, with radiotherapy being a cornerstone
of management. This study aims to investigate the incidence and nature of thyroid dysfunction in patients undergoing
external beam radiotherapy (EBRT) for head and neck cancer, highlighting the critical need for routine thyroid function
assessments in this population. Methods: A prospective observational study was conducted over two years, from April
2022 to April 2024, at the Department of Radiation Oncology, Government Medical College, Srinagar. The study enrolled
63 newly diagnosed head and neck cancer patients who met specific inclusion criteria. Comprehensive pre-treatment
evaluations, including thyroid function tests (TFTs), were performed prior to initiating treatment. Patients received
conformal radiotherapy, with careful planning to minimize thyroid exposure, and TFTs were monitored immediately
post-treatment and at three-month intervals for six months. Results: The cohort comprised predominantly male patients
(79.4%) with a median age of 60 years. The most common histological type was squamous cell carcinoma (87.3%), and
advanced stages (III and IV) were prevalent at diagnosis, accounting for 63.5% of cases. A total of 29 patients (46%)
developed hypothyroidism during follow-up, with 22 patients (75.9%) diagnosed with subclinical hypothyroidism
and 7 patients (24.1%) with overt hypothyroidism. At three months post-radiation, 9 patients exhibited subclinical
hypothyroidism, while no cases of overt hypothyroidism were observed. By six months, the numbers increased to 11
for subclinical and 5 for overt hypothyroidism, and by nine months, an additional 2 patients developed both forms.
Analysis showed a significant increase in TSH levels over time (p < 0.05), indicating thyroid dysfunction. Although
the mean free T4 levels exhibited a non-significant decrease, a notable trend was observed regarding thyroid volume
and radiation dose. Patients who developed hypothyroidism had a lower mean thyroid volume (11.83 cm?®) compared
to the euthyroid group (13.80 cm?). Furthermore, while the mean radiation dose to the thyroid gland was higher in the
hypothyroid group (48.40 Gy vs. 45.30 Gy), this difference did not reach statistical significance. However, a higher
radiation dose (>60 Gy) correlated with an increased incidence of hypothyroidism, suggesting a potential dose-response
relationship. Conclusion: This study highlights a significant incidence of hypothyroidism (46%) in patients treated for
head and neck cancer with radiotherapy. The findings suggest that radiotherapy can impair thyroid function through
direct tissue damage and vascular injury, necessitating regular thyroid function monitoring in affected patients. Future
research should focus on larger, multi-institutional studies with extended follow-up to better understand the long-term
impacts of radiotherapy on thyroid health and to develop comprehensive management strategies for this treatment-
related side effect.
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Introduction

The term “head and neck cancer” (HNC) encompasses
cancers affecting the upper aerodigestive tract, including
the lips, oral cavity, oropharynx, sinonasal cavities,
larynx, hypopharynx, and salivary glands, collectively
representing 6% of all cancers [1]. Head and neck cancer
is predominantly a loco-regional disease with less than
5% of patients having distant metastases at diagnosis.
Around 60% of patients have locally advanced disease

(i.e. stage IIT and VI) at diagnosis [2]. The main treatment
options are surgery and radiotherapy (RT), either alone
or in combination, and in recent years with addition of
chemotherapy, RT is the primary treatment for head and
neck cancers [3], thus 70% of patients receive primary RT
and 30% receive surgery with or without post-operative RT
[4]. For the majority of patients with early stage HNSCC,
single modality treatment may be sufficient for cure.
Over the past three decades there has been a significant
technological development in the delivery of radiation,
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from two-dimensional (2D)-RT based on X-ray images
to CT-based three-dimensional conformal treatment
(3D-CRT). 3D-CRT uses multiple treatment fields to
deliver a homogeneous dose to the target area, and
subsequent implementation of multi-leaf collimators and
more advanced computer algorithms, has enabled intensity
modulated RT (IMRT) and later volumetric modulated arc
therapy (VMAT). With these novel treatment techniques
there is potential for sparing the normal tissues while
increasing radiation dose to the tumor and other target
areas [5-7].

Patients who receive radiotherapy to the neck are at
increased risk of developing thyroid dysfunction, which
is usually seen in the form of biochemical hypothyroidism
but may also present as overt hypothyroidism. These
patients are also more likely to develop both benign
and malignant nodules of the thyroid gland [8]. Thyroid
dysfunction after radiation is most often manifested by
elevated serum concentration of Thyroid stimulating
hormone (TSH). Damage to the thyroid gland by ionizing
radiation is due to a variety of pathological mechanisms.
These include vascular effects in the epithelium of small
vessels and the development of fibrosis of capsular
structures, while the damage to the follicular epithelial
cells is considered less important [9, 10]. The mechanisms
for radiation-induced hypothyroidism are largely unknown
but are assumed to be related to vascular damage [10].

Aims and Objectives

The primary objective of this study was to estimate
the incidence of thyroid dysfunctions in head and neck
cancer patients receiving radiation therapy. Secondary
objectives included exploring the association between
radiation dose and thyroid dysfunction and emphasizing
the necessity of including thyroid function tests (TFTs)
in early follow-up for patients undergoing external beam
radiation therapy (EBRT).

Materials and Methods

This prospective observational study was conducted
over two years (April 2022—April 2024) in the Department
of Radiation Oncology at Government Medical College,
Srinagar. The study included newly diagnosed head and
neck cancer patients with normal thyroid function and
intact thyroid glands. Patients with a history of thyroid
surgery, pre-existing thyroid disorders, previous head and
neck radiotherapy, or recurrent cancers were excluded.

Patients underwent detailed ENT examinations,

Table 1. Patient Profile and Disease Characteristics

histopathological confirmation, imaging (CEMRI, CECT,
or PET-CT), and baseline assessments, including TFTs,
thyroid ultrasound, and other preparatory tests. EBRT
was delivered using VMAT/IMRT with a dose constraint
of <45 Gy to the thyroid gland which had less priority
over PTV. Thyroid function was monitored immediately
post-treatment and at three-month intervals for minimum
of six months.

Results

The study analyzed 63 patients with head and neck
cancer treated using definitive conformal radiotherapy.
The median age was 60 years, ranging from 26 to 80
years, with most patients falling into the 61-70 age group
(33.3%), followed by the 51-60 age group (25.4%),
collectively accounting for 58.7% of the population. Male
patients formed the majority (79.4%), and 73% were
smokers. The most common diagnosis was carcinoma
glottis (49.2%), followed by oral cavity malignancies
(19.1%). The predominant histology was squamous
cell carcinoma (87.3%), with a smaller proportion of
mucoepidermoid and adenoid cystic carcinoma cases
(6.3% each). Most patients presented with advanced-stage
disease, with 33.3% at Stage IV and 30.2% at Stage III.
The mean thyroid volume was 12.19 cm?, ranging from
5.5t0 18.2 cm®.

All patients received radiotherapy to the head and
neck, with 41.3% undergoing exclusive radiotherapy and
58.7% receiving concurrent chemoradiotherapy (CCRT).
Cisplatin was the most commonly used concurrent
chemotherapy (97.3%), with carboplatin administered
in patients with reduced creatinine clearance (2.7%).
Radiation was delivered using VMAT in 92.1% of
patients and IMRT in 7.9%, with a mean dose of 66.46
Gy delivered over 30-35 fractions. The radiation dose to
the thyroid gland ranged from 0.24 Gy to 68.94 Gy, with
a mean dose of 46.72 Gy.

The median follow-up period was nine months, with
58.7% completing nine months and 28.6% completing
12 months of follow-up. Eight patients (12.7%) expired
after six months of follow-up. Radiation-induced
hypothyroidism (either subclinical or overt) was observed
in 46% of patients, with 29 developing hypothyroidism
and 34 remaining euthyroid. Among hypothyroid patients,
22 (75.9%) had subclinical hypothyroidism, and 7 (24.1%)
developed overt hypothyroidism. At three months post-
radiation, nine patients had subclinical hypothyroidism,
with no cases of overt hypothyroidism. By six months,

Patient Profile (n= 63)

Age Median age= 60 years Range=26-80
Gender Male= 50 (79.4%) Female = 13 (20.6 %)
Diagnosis Glottis = 31 (49.2 %) Oral Cavity = 12 (19.1 %)
Salivary Gland=8 (12.7 %) Supra Glottis= 6 (9.5%)
Hypopharynx= 4 (6.3%) Nasopharynx=2 (3.2 %)
Stage I=19% 1= 17.5% 111=30.2% 1IV=133.3%
Thyroid volume (cm?) Mean=12.19 Range=5.5-18.2
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Table 2. Treatment Details of Patients and Follow-up. RT- Radiation, CCRT- Concurrent chemoradiotherapy, IMRT-
intensity modulated radiotherapy, VMAT- volumetric modulated arc therapy.

Treatment Details (n=63)

Treatment Modality CCRT=37 (58.7%) RT- Alone= 26 (41.3%)
Radiation Technique VMAT=58 (92.1%) IMRT= 5 (7.9%)
Radiation Dose to Neck Mean=66.46 Gy Range = 60-70 Gy
Concurrent Chemotherapy Cisplatin=36 (97.3%) Carboplatin=1 (2.7%)
Radiation Dose to Thyroid Gland Mean=46.72 Gy Range=0.24 — 68.9 Gy
Median Follow-up 6 months= 100% 9 months= 58.7% 12 months=28.6%

11 patients developed subclinical hypothyroidism, and  exhibited no significant decline (p > 0.05). There was
5 developed overt hypothyroidism. At nine months, 2 no significant correlation between hypothyroidism and
patients were newly diagnosed with subclinical and 2 with ~ patient age, sex, smoking history, cancer stage, histology,
overt hypothyroidism. treatment modality, or radiation technique (p > 0.05).

TSH levels showed a statistically significant increaseat ~ Hypothyroidism was slightly more prevalent among
three, six, and nine months (p <0.05), while free T4 levels ~ females (53.8%), patients receiving CCRT (51.3%), and

Table 3. Association with Hypothyroidism. (P<0.05 is statistically significant)
Association With Hypothyroidism With Patient, Disease And Treatment Profile

Variables No Yes ChiTest Pvalue df Table value Result
Age Up to 30 Years 2 0 3214 0.667 5 11.07 Not Significant
31-40 Years 3
41-50 Years 4 4
51-60 Years 8 8
61-70 Years 13 8
>70 Years 4 6
Sex Male 28 22 0.403 0.526 1 3.841 Not Significant
Female 6 7
Smoker Yes 25 21 0.01 0.921 1 3.841 Not Significant
No 9 8
Disease(Diagnosis)  CA Glottis 16 15 4.535 0.716 7 14.067 Not Significant
CA Hypopharynx 2 2
CA Oral Cavity 7 5
CA Salivary Gland 5 3
CA Supraglottis 4 2
CA Nasopharynx 1 1
Disease (Hostology) Adenoid Cystic Carcinoma 3 1 0.772 0.68 2 5.991 Not Significant
Squamous Cell Carcinoma 29 26
Mucoepidermoid Carcinoma 2 2
Stage 1 8 4 1.559 0.669 3 7.815 Not Significant
2 5 6
3 11 8
4 0 11
Treatment CCRT 18 19 1.021 0.312 1 3.841 Not Significant
RT ALONE 16 10
Radiation IMRT 3 2 0.08 0.778 1 3.841 Not Significant
(Technique) VMAT 31 27
Total Dose 60GY/30# 4 3 3.076 0.545 4 9.488 Not Significant
66GY/33# 13 8
65.25GY/29# 2 2
70GY/35# 15 16

RT, Radiation;CCRT, Concurrent chemoradiotherapy; IMRT, intensity modulated radiotherapy; VMAT, volumetric modulated arc therapy
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Table 4. Association with Thyroid Volume (cm?). (P<0.05 is statistically significant)

Association of Hypothyroidism With Thyroid Volume (Cm?)

Variables Mean SD N DF T-test P value Result
Hypothyroidism No 13.8 6 34 61 0.807 0.423 Not Significant
Yes 11.83 7.15 29

Table 5. Association with Mean Radiation Dose to Thyroid Gland. (P<0.05 is statistically significant)

Association Of Hypothyroidism With Radiation Dose To Thyroid (Mean)

Variables Mean SD N DF T-test P Value Result
Hypothyroidism No 45.3 14.25 34 61 1.187 0.24 Not Significant
Yes 48.4 16.27 29

those treated with VMAT (46.6%). Patients receiving
>60 Gy to the thyroid gland had a slightly higher
incidence of hypothyroidism (46.42%) than those
receiving <60 Gy (42.86%), though the difference was
not statistically significant. The mean thyroid volume
was higher in euthyroid patients (13.80 cm® vs. 11.83
cm?®), and the mean thyroid dose was slightly higher
in the hypothyroid group (48.40 Gy vs. 45.30 Gy), but
neither finding was statistically significant. Patients with
thyroid dysfunction were managed under the care of
an endocrinologist. No patients showed overt clinical
symptoms of hypothyroidism, and all were monitored
closely during follow-up.

Discussion

The thyroid gland was previously considered to
be relatively radio resistant. However, it was seen that
patients exposed to radiation such as those receiving
radiation to the head and neck for treatment of cancers,
those exposed to radiation as a result of nuclear accidents
and the nuclear explosions in Hiroshima and Nagasaki,
showed an increased incidence of thyroid dysfunction
and thyroid cancers. The possible mechanism for thyroid
dysfunction could be because of direct damage to
parenchymal cells and indirectly through vascular injury
[11]. Direct parenchymal injury becomes evident at around
12 months, however, vascular injury usually presents late.

Radiation may inhibit specific functions of the follicular
epithelium, reduce the number of functional follicles, alter
vascular permeability and induce immunological damage.
However, the exact mechanism is unknown [9].

The purpose of this study was to determine the
incidence of thyroid dysfunctions in patients with head
and neck cancer treated with conformal radiation and
to explore the association of radiation dose to thyroid
gland and thyroid dysfunction. The incidence of 46%
at a median follow-up of 9 months clearly indicates that
hypothyroidism is a significant effect after radiation to
the neck. Radiation-induced hypothyroidism can either
be primary hypothyroidism because of direct irradiation
of the thyroid, and less often, central hypothyroidism
because of irradiation of the hypothalamo-pituitary axis.
The tolerance dose (TD) defined as TD 5/5 is the dose
of radiation that could cause not more than 5% severe
complication rates within 5 years after treatment. For
the thyroid, it is considered 20 Gy when all or part of the
gland is irradiated with conventional fractionation. Emami
et al. [12] reported values of TD 8/5, TD 13/5, and TD
35/5 for whole thyroid irradiation as 45, 60, and 70 Gy,
respectively, for the endpoint of clinical hypothyroidism.
Kehwar [13] confirmed the calculated TD 5/5 for the
thyroid as 45 Gy for clinical thyroiditis.

In our study, all patients had a minimum follow-up
of 6 months. Follow-up ranged from 6 months to 12
months with a median follow-up of 9 months. Kim et al.

Comparison between the Groups
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Figure 1. Mean TSH Levels during Follow-up
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[14] had a median follow up of 25 months. The study by
Einhorn et al. [15] had the longest follow-up of 10 years.
The studies by Tell et al. [16] and Mercado et al. [17]
each suggested that post radiation thyroid dysfunction
presents between 14-18 months and hence, 1-2 years of
follow up is required to adequately diagnose post radiation
thyroid dysfunction. In our study, 58.7% were treated with
chemoradiation, while 41.3% were treated with radiation
alone. In the study conducted by Murthy et al. [18]
84.29% patients were treated with chemoradiation and
15.71% were treated with radiation alone. In our study,
35 (94.6%) patients received weekly Inj. Cisplatin (40
mg/m?2) and | patients received Inj. Carboplatin (AUC-2)
on weekly basis in our study. In the study by Banipal et
al. [19] 41.5% received Inj. Cisplatin and 5-Fluorouracil
and 5.6% received Inj. Cisplatin.

In our study, we observed no significant relationship
between the changes in mean T3 levels and factors such as
treatment method, radiation dosage, or age group. Banipal
etal. [19], found that 60.3% of their subjects experienced
a decrease in mean T3 levels, with variations across
different age groups. However, there was no disparity
in mean T3 levels concerning the treatment method.
Similarly, Chougule and Kochar [17] noted a decline in
mean T3 levels midway through external beam radiation
therapy (EBRT), although this change lacked statistical
significance. Nonetheless, a significant drop in mean T3
levels occurred at the 6-month post-radiotherapy mark.

In another study by Nishiyama et al. [20], a reduction
in mean T3 levels was observed among the hypothyroid
group 12 months post-irradiation, although this change
was not statistically significant.

Regarding T4 levels, our study demonstrated a
decreasing trend until the 12-month follow-up, although
this trend did not reach statistical significance. There
was also no correlation between T4 level variations and
factors like age, treatment method, or radiation dosage.
In contrast, Vrabec et al. [21], found a decrease in mean
T4 levels in 30.8% of their patients, with lower levels
noted in the radiotherapy-only group compared to the
chemoradiation group. Additionally, males exhibited
higher mean T4 levels than females, and higher levels
were associated with radiation doses exceeding 60Gy.
However, Chogule and Kochar’s study showed a non-
significant decrease in mean T4 levels midway through
EBRT, with significance observed only at the 6-month
post-radiation point.

The incidence of radiation induced hypothyroidism in
our study was 46%, with a notable increase in mean TSH
levels at 3, 6, 9, and 12 months from the baseline, which
was statistically significant (Table 1-5 and Figure 1).
Conversely, TSH levels decreased between 9 and 12
months, likely due to levo-thyroxine administration in
patients with hypothyroidism. Nishiyama et al. [20]
found a significant increase in TSH levels between
3 and 6 months post-irradiation. Koc and Capoglu
[22] observed a median time of 15 months for clinical
hypothyroidism development and 3 months for subclinical
hypothyroidism. In our study, no statistically significant
correlation was found between age and mean TSH levels,
nor was there a positive correlation between mean TSH
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levels and primary site or chemotherapy use alongside
radiation therapy.

In our study, increasing age was associated with
a greater risk of hypothyroidism. Around 55.2% of
hypothyroid patients were in the age group 51-70 years.
According to the most researchers, age does not seem to
be an important factor in hypothyroidism development
[23-25]. Only Tell et al. [ 16] found that increasing age was
correlated with an increased risk of hypothyroidism. In a
study by Srikantia et al. [26], 52.9% of the patients who
developed clinical hypothyroidism were between the age
groups of 51 to 60 years which was in line with our study.

Dose of radiation required to produce hypothyroidism
is not clearly defined in literature. DeGroot [27] and
Hancock et al. [9] suggested that radiation doses in
the range of 3000 to 8000 rads are required to produce
hypothyroidism. In the study by Grande et al. [25] the
incidence of hypothyroidism was 22.4% in patients
receiving <60 Gy and 56% in those receiving >60 Gy.
However, other studies like Alterio et al. [23] and Tell
et al. [16] did not find any correlation between treatment
dose and thyroid dysfunction. In our study, it was seen
that patients receiving less or equal to 60Gy, only 42.86%
patients developed hypothyroidism and in the group
receiving >60Gy, 46.82% developed hypothyroidism.
However, this difference was not found to be statistically
significant.

The incidence of hypothyroidism in the RT alone group
was 38.5% and in the chemoradiation group it was 51.4%.
However, this difference was not found to be statistically
significant. The effect of chemotherapy on the thyroid
gland, especially in conjunction with radiation is not clear.
It is expected that chemotherapy, particularly concurrent
chemotherapy will sensitize the thyroid gland to radiation
and will increase the incidence of hypothyroidism.
Hancock et al. [9], reported that chemotherapy was a
significant risk factor for hypothyroidism in patients
receiving radiation. On the other hand, Weissler and
Berry [28], Sinard et al. [29] and Mercado et al. [17]
observed no increase in the incidence of hypothyroidism
in patients with head and neck carcinoma who received
chemotherapy as part of the treatment.

In our study, it was seen that the mean dose to the
thyroid was higher in the hypothyroid group vs the
euthyroid group (48.40+£16.27 vs 45.30+14.25), which
was not statistically significant (p-value >0.05). In the
study by Ling et al. [30] the lowest mean dose at which
thyroid abnormality occurred was noted to be at 29.8
Gy. In the study by Kim et al. [14] there was a positive
correlation between higher mean dose to the thyroid
and thyroid dysfunction. Bhandare et al. [31], found a
significant difference in the incidence of hypothyroidism
between two different dose levels. When the mean thyroid
gland dose was 45 Gy or more, the incidence of clinical
hypothyroidism was 27% after 5 years and 39% after 10
years as compared to 21% and 21%, respectively, in case
of a mean thyroid gland dose less than 45 Gy.

In our study, we found that patients with stage I, II,
IIT and IV developed hypothyroidism with incidence
of 33.33%, 54.54%, 42.10% and 52.38% respectively
which was not statistically significant (p>0.05). Majority

Asian Pacific Journal of Cancer Prevention, Vol 26 3845



Asim Ahmad Dar et al

of patients with T3 and T4 developed radiation-induced
hypothyroidism, with incidence rates of 45% and 60%
respectively.

The radiation field of head and neck cancer is related
to the tumor-node-metastasis (TNM) stage. Studies
have reported that early T stage is a risk factor for
radiation-induced hypothyroidism , which seemed to be
controversial. Wu et al. [32] reported that radiotherapy-
induced damage to the pituitary gland prohibited the
response of the pituitary gland to low levels of serum
thyroid hormones in patients with advanced stage (T3-4)
nasopharyngeal carcinoma. Theoretically, the radiation
field in patients with T3-4 nasopharyngeal carcinoma
includes the skull base, resulting in a high pituitary dose
and a tendency to develop central hypothyroidism. This
discrepancy might have been caused by the research
endpoints not including central hypothyroidism. Other
studies have found no correlation between T stage and
the incidence of hypothyroidism [33].

Fujiwara et al. [34] analyzed 116 patients with head
and neck cancer who received 3D-CRT, and univariate
analysis showed that the incidence of hypothyroidism was
significantly higher in the positive cervical lymph node
group. Positive lymph nodes increase the exposure volume
of primary tumors and the risk of thyroid irradiation;
therefore, positive lymph node status is an important
factor for hypothyroidism [18]. However, Koc et al. [22]
believed that there is no correlation between clinical stage
and hypothyroidism, which might have been affected by
some confounding factors. Attention should be paid to
patients with advanced N stage during individualized
follow up of thyroid function test.

In our study, the mean thyroid volume in the
hypothyroid group was 11.83+7.15 c¢cm?® compared to
13.80+6.00 cm?® in the euthyroid group and hypothyroidism
was more common in patients with smaller thyroid
volumes. This difference was not statistically significant.
The study by Murthy et al showed no correlation between
thyroid volume and thyroid dysfunction. Jerezeck et al.
[10], showed that smaller thyroid volume was associated
with a higher incidence of thyroid toxicity.

The symptoms of thyroid dysfunction may go
unnoticed under the cover of other associated co-
morbidities and side effects of the treatment modalities.
Regular testing of thyroid function in patients undergoing
radiation or chemo-radiation can help in diagnosing
thyroid dysfunction at the subclinical stage, before
it progresses to clinical hypothyroidism. The thyroid
function tests (FT4 and TSH) should be done 3 monthly for
at least 2 years and then annually lifelong to accommodate
for late presentation of radiation induced hypothyroidism.
Larger multi-institutional studies with longer follow-up
are needed to study the morbidity associated with post
radiation thyroid dysfunction further.

In conclusion, this study underscores the significant
incidence of hypothyroidism in patients with head and
neck cancer treated with conformal radiotherapy (RT),
revealing a 46% occurrence rate at a median follow-up of
9 months. This highlights the importance of recognizing
RT-induced thyroid dysfunction as a substantial side
effect. The data suggest that radiation can impair thyroid
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function through direct parenchymal damage and vascular
injury, with the extent of dysfunction influenced by
radiation dose and potentially augmented by concurrent
chemotherapy.

Our findings demonstrate that thyroid hormone levels
(fT4) tend to decrease post-radiotherapy, though these
changes often lack statistical significance. Conversely,
thyroid-stimulating hormone (TSH) levels significantly
increase, indicating the onset of hypothyroidism. Notably,
there is no clear correlation between age, treatment
method, or radiation dose and the variation in thyroid
hormone levels.

Moreover, the study reveals that a higher radiation
dose (>60 Gy) correlates with an increased incidence
of hypothyroidism, though the specific dose threshold
remains undefined. While concurrent chemotherapy might
sensitize the thyroid to radiation, its precise impact on
thyroid dysfunction needs further clarification.

The results emphasize the need for regular
thyroid function testing in patients undergoing RT or
chemoradiation to identify subclinical thyroid dysfunction
early. Future research should focus on larger, multi-
institutional studies with extended follow-up periods
to better understand the long-term morbidity associated
with post-radiation thyroid dysfunction. This would aid
in developing more precise guidelines for managing and
mitigating this significant treatment-related side effect.
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