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Abstract: The treatment plan is composed of radiation therapy for stage Il to IV disease and different types of
chemotherapy according to the disease stage Hodgkin lymphoma (HL) is a curable cancer with an excellent
prognosis; 90% long-term only eight eligible articles were identified and retrieved for full-text reading. Few articles
addressed the endocrine side effects for HL treatment combined with other types of cancer; the articles were
included in the review only if the data were presented according to the specific cancer type rather than total
results. In this case, the number of HL patients was reported in addition to results for the HL in specific.
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1. Introduction

Hodgkin lymphoma (HL) is a curable cancer withan excellent prognosis; 90% long-term survival rate
(Mauz-Koérholz et al., 2015).The treatment plan is composed of radiation therapy for stage Il to IV
disease and different types of chemotherapy according to the disease stage (Macdonald, 2010). Of
course, the treatment is not without side effects; several reports addressed the long-term effects on
adult survivals of childhood HL (Mauz-Kérholz et al., 2015; Mostoufi-Moab et al., 2016; Patterson et al.,
2012; Shimazaki et al., 2020). The effects on endocrine function have gained special attention from
researchers as they may affect the patients’ quality of life and performance. According to Mostoufi-
Moab et al. (2016), HL patients have the highest frequency of endocrine side effects (60.1%) than other
cancer patients. This review aimed to identify endocrine side effects among patients who were treated
for HL during childhood.

2. Methodology

Search to identify possible studies that investigated endocrine side effects among patients treated
for HL during childhood was conducted using Scholar Google and two databases (Pubmed and Sage).
The search identified a similar review conducted in 2012 (van Dorp et al., 2012); therefore, we set the
search for publication date as 2012-2021. Inclusion criteria included: a research study that investigated
endocrine side effects of HL treatment; the patients were treated during childhood, the publication was
written in English and published from 2012-2021. The search terms were: childhood Hodgkin lymphoma,
childhood cancer, endocrine complications, endocrine effects, and treatment side effects.
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3. Results

The narrow search period limited the results; only eighteligible articles were identified and retrieved
for full-text reading. Few articles addressed the endocrine side effects for HL treatment combined with
other types of cancer; the articles were included in the review only if the data were presented according
to the specific cancer type rather than total results. In this case, the number of HL patients was reported
in addition to results for the HL in specific. A summary of the retrieved studies’ characteristics is
provided in Table (1).

Table 1. Review Studies Characteristics

Ageat
. . . Follow-up Outcome
Study Design N diagnosis Treatment .
(years) Variables
(years)
(Caglar et al., 2014) Cohort N=120 8.5 (5-12) 8 Group 1: CT Thyroid
Turkey study HL: n=43 only, n=2 function
(36%) Group 2:
combination
therapy of CT
with RT, n=41
(Fernandez-Pineda et Cohort N=127 16 (4-22) 10 CcT Ovarian
al., 2018) study RT function
USA
(Inskip et al., 2019) Cohort N=12,183 8 (0-20) 20 RT Thyroid
USA and Canada study HL: n=1,580 function
(13%)
(Keegan et al., 2018) Cross- N=5,085 Not 10 CT Endocribne
USA sectiona  HL: n=not specified RT function
I specified
(Patterson et al., 2012) cross- N=519 5.3(1.3- 7.2 CcT Endocrine
USA sectiona HL: n=33 9.3) RT function
I (6.4%)
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(Servitzoglou et al., N=171 10.8 (2-17) 9.3 CcT Testicular
2015) HL: RT function
France n=50
(29.2%)
(Swerdlow et al., 2014)  Cohort N= 2127 Not 12.2 CT Ovarian
England study HL: n=558 specified RT function
(26.2%)
(van Dorp et al., 2013) cross- N=201 6.0 (0.0- 15.7 CcT Testicular
Netherlands sectiona HL: n=24 17.5) RT function
I (11.9%)

CT: chemotherapy, HL: Hodgkin lymphoma, RT: radiotherapy,

Generally, the retrieved studies examined several side effects of HL treatment. According to
Patterson et al. (2012), the hazard ratio for developing endocrine side effects of treatment among HL
survivorswas 1.52 (95% Cl 0.62—-3.76). These endocrine side effects include gonadal dysfunction (36.4%),
weight problems (21.2%), thyroid dysfunction (18.2%), and bone minerals problem (6.1%).

3.1 Determinants of endocrine side effects

According to Keegan et al.(2018), the risk for developing endocrine side effects differs according to
sociodemographic characteristics. For instance, they found that the risk varies according to ethnicity;
the hazard ratio forendocrine side effects mong Blacks was (HR=1.37, Cl: 1.05-1.78) and Hispanics
(HR=1.24, Cl: 1.04-1.48), both higher than White patients’ risk. Survivals living in a low socioeconomic
status have a higher risk (HR=1.30, 95% Cl: 1.10— 1.53). Further, the patients who were treated with
chemotherapy alone had a higher cumulative risk for developing endocrine side effects (17.42%, 95%
Cl=15.65-19.27, p<.01) than those who received a combination of chemotherapy and radiotherapy
(13.63%, 95% Cl=12.03-15.34, p<0.01).

4. Discussion

According to Caglar et al.(2014), 51% of children diagnosed with HL developed primary
hypothyroidism within 0.5-12.5 years of treatment (Median= 5 years). Regression analysis showed that
children diagnosed with HL have a seven times higher risk of developing this disorder(95% Cl 2.8-17.1, p
<0.01). They also found that hypothyroidism occurred in patients who received combination therapy
especially treated with RT doses of 2000-2999 cGy, while those who only received chemotherapy had
zero incidences.

Further, 42% of patients with HLdeveloped thyroid nodules within nine years (1-17 years) after
completing the therapy’ a strong association was reported(OR=5.4, 95% Cl=2.1-13.6, p <0.01). Other
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thyroid disorders found among patients diagnosed with HL include parenchymal heterogeneity (n=13,
30%) and autoimmune thyroiditis (n=9, 21%).

Another study examined the incidence of hyperthyroidism among patients treated for HL. They
reported the average dose to the thyroid gland among irradiated HL survivors as 36.4 Gy, which is
considered one of the highest doses among cancer patients (Inskip et al., 2019). Further, the findings
revealed that HL survivors had the highest risk among other cancer survivors (RR= 3.1, 95% Cl: 1.6-5.9,
P<0.01).

4.1 Testicular Function

The luteinizing hormone and follicle-stimulating hormone (FSH) are central hormones for
spermatogenesis with an inverse relationship. A study by Servitzoglou et al. (2015) revealed that almost
14% of HL patients had elevated luteinizing hormone levels. Further, among those with elevated
luteinizing hormone, 85% had received abdominal radiotherapy (P=.03). The same study found that 95%
of the patients received Procarbazine chemotherapy and that almost half of them (44%) had high serum
FSH levels, which had a significant correlation with the procarbazine dose. This supports the relationship
between the cumulative procarbazine dose and fertility impairment.

Another important marker is the Inhibin B level, which is associated with sperm quantity and
infertility risk (van Dorp et al., 2013). It was reported that after a median follow-up time of 15.7 years,
the levels are significantly low among survivors of HL (median 46 ng/L, R=10— 274). Further, after 3.3
years post the first follow-up, the levels decreased to 41 ng/L (10-269), suggesting that recovery of
gonadal function among survivors of childhood HL is less likely.

5. Conclussion

Several women treated during childhood for HL reported having ovarian insufficiency; therefore, an
ovarian transposition is frequently performed before radiotherapy treatment (Moawad et al., 2017).
According to Fernandez-Pineda et al. (2018), exposure to alkylating agents (HR=11.2, 95% CI=3.4 to 36.8;
p<0.0001) and radiotherapy doses > 1,500 cGy (HR=25.2, 95% Cl=3.1 to 207.3; p=0.002) during the
treatment for HL increase the risk of developing premature ovarian insufficiency during early adulthood.

Swerdlow et al.(2014) studied the incidence of premature menopause (before age 45 years) among
women treated for HL. The incidence was almost 28.5% for women who started the treatment during
childhood. Further, those who received the treatment during childhood (age<19 years) had a lower risk
than other women who were treated during adulthood (20-35 years). Nevertheless, among patients
who received a childhood treatment for HL, the future cumulative risk increases with age. For instance,
at the age of 30, the risk ratio is 10.6 (95% Cl= 8.2 to 13.4), which increased to 13.1 (95% Cl= 10.4 to
16.2) at the age of 35 years.

Recommendations

Several clinical practice guidelines address the surveillance for late effects among childhood cancer
survivors (Kremer et al.,, 2013). Such guidelines improve the identification of patient risk groups,
specifies screening intervals and diagnostic tests, and then provide recommendations. Therefore, the
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results of this review, which provide specific data about the thyroid and gonadal dysfunction, in addition
to previous reviews, provide a base for developing such guidelines.
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