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Editorial on the Research Topic

Direct or indirect endocrine andmetabolic consequences ofmalignancies
Malignancies of endocrine organs, such as the pituitary, thyroid, parathyroid, and

adrenal glands, significantly affect the metabolism of patients, leading to poor prognosis

and high mortality; In addition, malignancies of other organs (such as the pancreas and

lung) also cause endocrine or metabolic syndromes, such as Cushing’s syndrome,

hypoglycemia, hypercalcemia, male mammogenesis, which are called para-neoplastic

syndrome. The above mentioned situations are named direct endocrine consequences of

malignancies (Figure 1). Moreover, the commonly used chemo-, targeted- and immune

therapeutic agents (especially immunocheckpoint inhibitors) also have non-negligible

impacts on endocrine homeostasis, sometimes life-threatening, through various potential

mechanisms, which is named indirect endocrine consequences of malignancies.

Among the 9 publications on this Research Topic, one article is a case report, one is a

mini-review, one is a systematic review, and six are original research articles. Among them,

two describe the direct impact of malignant tumors on endocrine and metabolism, and four

describe the impact of immunotherapy for malignant tumors on endocrine and metabolism.

Regarding the direct impact of malignant tumors on endocrine function, Li et al. summarized

the pathogenesis and differential diagnosis of paraneoplastic Cushing’s syndrome(PCS)

caused by small cell lung cancer (SCLC) and proposed a differential method for identifying

PCS through immunohistochemical (IHC) staining. SCLC can directly secrete

adrenocorticotropic hormone (ACTH) and corticotropin-releasing hormone (CRH).

Abnormal secretion of ACTH and CRH can lead to PCS, which is reported to account

for 1.6%-6% of all SCLC cases but has a worse prognosis among all SCLC patients.

Regarding the direct impact of malignant tumors on metabolism, Xie et al. proposed that

serum lipoprotein A-I levels are associated with the prognosis of patients with colorectal

cancer(CRC).The article discusses that serum apolipoprotein A-I levels decrease in CRC

patients, and patients with lower serum apolipoprotein A-I levels have lower progression-

free survival and overall survival than those with higher levels. In addition, treatment of

malignant tumors also affects patient metabolism, Zhu et al. mentioned that the incidence
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FIGURE 1

Direct or indirect endocrine and metabolic consequences of malignancies.
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of metabolic dysfunction-related fatty liver disease(MAFLD) and

non-alcoholic fatty liver disease (NAFLD) increases in patients with

hepatocellular carcinoma(HCC) after liver transplantation surgery.

The diagnosis of MAFLD is more strongly associated with

metabolic abnormalities than the diagnosis of NAFLD. Regarding

the impact of immunotherapy for malignant tumors on

metabolism, Tremblay et al. elucidated that weight gain in

patients with myelofibrosis treated with the JAK1/2 inhibitor

ruxolitinib may be related to changes in systemic energy

expenditure. The JAK1/2 inhibitor ruxolitinib has been found to

affect patient metabolism during the treatment of myelofibrosis,

resulting in weight gain. This weight gain is not only related to

changes in appetite due to impaired hypothalamic JAK/STAT

signaling but also to changes in overall energy expenditure. As for

the impact of immunotherapy for malignant tumors on endocrine

function, Daetwyler et al. reported a case of diabetes induced by

nivolumab monotherapy and suggested the use of insulin therapy as

early as possible in the treatment of diabetes induced by immune

checkpoint inhibitors, because treatment with infliximab failed to

improve b-cell function, but insulin treatment was effective.

Additionally, immune checkpoint inhibitors can produce various

endocrine toxicities during treatment, Zhao et al. summarized the

research hotspots and trends of endocrine-related adverse

events caused by immune checkpoint inhibitors in recent years,

identify the current research hotspots include the management

of endocrine-related adverse events, hypophysitis, thyroid

dysfunction, type I diabetes mellitus, and the impact of endocrine

adverse events on survival of patients in this field. In addition, Dong

et al. described the relationship between thyroid dysfunction and

the risk of cutaneous malignant melanoma(CMM), and indicated

that hypothyroidism might be a protective factor for CMM. Lai

et al. described a causal relationship between hypothyroidism and

rheumatoid arthritis(RA), while no causal relationship was found
Frontiers in Endocrinology 025
between hyperthyroidism and RA. Wang et al. described the

relationship between hypothyroidism and endometrial cancer(EC)

and indicated through MR analysis that there is a lack of causal

relationship between hypothyroidism and EC.

From these nine articles, we can gain insight into the impact of

malignant tumors on the body’s metabolism and endocrine function,

which can predict patient prognosis. For instance, the article mentions

that serum apolipoprotein A-I in CRC patients can be used as an

effective biomarker for patient prognosis. In SCLC, PCS can be used as

one of the prognostic indicators for patients. Similarly, MAFLD in

HCC liver transplant patients can be used as an independent predictor

of a high risk of HCC recurrence. For early identification of endocrine

disorders in malignant tumors, IHC staining can be used as an

effective diagnostic tool for distinguishing between PCS and

Cushing’s disease. It is recommended that in the future, the

application of IHC staining for unique hormones (ACTH or CRH)

should be strengthened in clinical practice for early differential

diagnosis of PCS. In addition, the treatment of diabetes caused by

immune checkpoint inhibitors may differ from other immune-related

adverse events. While other immune adverse events are typically

treated with immunosuppressants, this approach is often ineffective in

diabetes, and early use of insulin is the key to treatment. Furthermore,

it should be noted that most endocrine adverse reactions caused by

immunotherapy are due to the involvement of a single gland.

However, with the gradual increase in the clinical use of immune

checkpoint inhibitors, reports of involvement of two or more glands

are becoming more common. According to studies, the combination

of thyroid and pancreatic injury is the most common multi-gland

injury. Patients receiving immunocheckpoint inhibitor therapy must

continue tomonitor these endocrine-related events. It is also crucial to

actively seek effective biomarkers in clinical practice to predict the risk

of endocrine adverse reactions, which will help early detection and

management of patients’ immune adverse reactions.
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Energy expenditure in
myelofibrosis patients treated
with a JAK1/2 inhibitor

Douglas Tremblay1*, Mikaela Dougherty1, John Mascarenhas1

and Emily Jane Gallagher2

1Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai, New York, NY, United States,
2Division of Endocrinology, Diabetes, and Bone Diseases, Department of Medicine, Icahn School of
Medicine at Mount Sinai, New York, NY, United States
Weight gain is a known adverse effect of ruxolitinib, a JAK1/2 inhibitor that is the

mainstay of treatment for many patients with myelofibrosis. The mechanisms

behind weight increase with ruxolitinib is incompletely understood, although

decreased adipose tissue lipolysis and increased appetite due to blocking the

effects of leptin in the hypothalamus have been proposed. In order to explore the

metabolic changes in ruxolitinib-treated patients with myelofibrosis, we

performed a pilot study to assess the feasibility of using a portable indirect

calorimeter to quantify energy expenditure before and during ruxolitinib

treatment and report the results of two patients. Waist circumference

increased during ruxolitinib treatment in both patients. Energy expenditure

initially increased followed by a decrease and then increase again, but to levels

below baseline. These results suggest that weight gain secondary to ruxolitinib

may be related to changes in whole body energy expenditure.

KEYWORDS

ruxolitinib, energy expenditure, weight gain, intolerance, leptin
Introduction

Myelofibrosis (MF) is a hematologic malignancy clinically characterized by abnormal

cytokine production, splenomegaly, and constitutional symptoms that include weight loss

(1). Ruxolitinib (Jakafi, Incyte) is a JAK1/2 inhibitor and was the first Food and Drug

Administration approved therapy for MF, based on the results of the COMFORT-I and -II

studies that demonstrated efficacy in terms of spleen reduction and symptoms

improvement (2, 3). Interestingly, ruxolitinib is associated with statistically and clinically

significant weight gain. In the pivotal, phase 3 COMFORT-I and COMFORT-II trials,

patients treated with ruxolitinib gained an average of 3.9 kg after 24 weeks (COMFORT-I)

and 4.4 kg after 48 weeks (COMFORT-II) of ruxolitinib therapy (2–4). Weight gain occurs

regardless of pretreatment body mass index (BMI), suggesting weight gain is not solely
frontiersin.org017
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attributable to resolution of MF symptoms (e.g., early satiety,

abdominal discomfort) in cachectic patients (5).

We have previously shown in a retrospective analysis of 179

patients with MPNs treated with ruxolitinib that 69% of patients

experienced weight gain during treatment and the average gain for

those patients was 12% of pretreatment body weight, with over 50%

of patients gaining > 5% of their pretreatment body weight (5).

There is uncertainty as to the pathogenesis of ruxolitinib-mediated

weight gain. In a murine model, ruxolitinib reduced the normal

JAK2/STAT3 phosphorylation in neuronal cells in mouse

hypothalamus that occurs in response to feeding or to

administration of exogenous leptin, which typically signals satiety,

suggesting that increased appetite may be responsible (5). However,

we have also demonstrated that ruxolitinib inhibits JAK/STAT

signaling in the adipose tissue, which is an important regulator of

adipose tissue lipolysis (6, 7).

To gain further insight into the metabolic changes that occur

during ruxolitinib therapy, we performed a pilot and feasibility

study of patients with MF using a portable indirect calorimeter to

determine energy expenditure before and during treatment with

ruxolitinib. Here, we describe two MF patients that highlight

metabolic changes with this JAK1/2 inhibitor.
Methods

MF patients without prior JAK inhibitor exposure who were

intending to start ruxolitinib as standard of care therapy were

prospectively enrolled. Patients with chronic obstructive

pulmonary disease, untreated endocrinopathy aside from diabetes,

heart failure, or additional malignancies were excluded. Enrolled

patients had resting energy expenditure measured by indirect

calorimetry at screening and an additional baseline visit. Patients

then had repeat measurements performed 2, 4, 8, 16, and 24 weeks

after starting ruxolitinib. Weight, height, and waist circumference

were recorded at each study visit, in addition to standard of care

laboratory evaluation. A portable indirect calorimeter was kindly

provided by PNOE (Palo Alto, California) (8). This device includes

a wearable facemask, where the subject breathes through the Micro-

Electro-Mechanical Systems based hot film anemometer flow

sensor that operates on a breath-by-breath mode that

continuously measures volume and determines expired gas

concentrations simultaneously. Heart rate was measured using a

heart rate monitor (Polar Electro, Lake Success, NY). Respiratory

and cardiac measurements were transmitted via telemetry. Patients

were required to fast for at least 8 hours prior to the testing, and not

to exercise or use nicotine containing products for at least 4 hours

prior to testing. They were seated at rest for at least 10 minutes

before measurements were taken.

The Myeloproliferative Neoplasms Symptom Assessment Form

Total Symptom Score (MPN-SAF-TSS) was calculated at each visit

(9). The MPN-SAF-TSS includes ten symptoms: fatigue; early

satiety; abdominal discomfort; inactivity; impaired concentration;

night sweats; pruritis; bone pain; fever; unintentional weight loss

over preceding 6 months. Each symptom is rated on a scale of 0-10,

with 0 being absence of symptoms, and 10 being the worst
Frontiers in Endocrinology 028
imaginable symptoms. The MPN-SAF-TSS has a range from 0-

100, with 100 being the most severe symptom severity.

All subjects signed a written informed consent prior to their

participation in the study. The study was approved by the Program

for the Protection of Human Subjects Institutional Review Board at

the Icahn School of Medicine at Mount Sinai. All procedures were

in accordance with the Declaration of Helsinki.
Results

Baseline characteristics

We report observations from two patients enrolled in this study.

Additional patient enrollment was ceased because of the COVID-19

pandemic. Baseline metabolic characteristics are shown in Table 1.

While Patient 1 was normal weight with a BMI of 20.5 kg/m2,

Patient 2 had Class III obesity (BMI 40.6 kg/m2) and a waist

circumference of 122 cm. Both patients were newly diagnosed

and treatment naive. Patient 1 had baseline leukocytosis with a

white blood cell (WBC) count of 94.1 x 109/L, hemoglobin of 8.9 g/

dL and platelet count of 172 x 109/L while Patient 2 had a WBC of

9.8 g/dL, hemoglobin of 7.3 g/dL and a platelet count of 389 x 109/L.

The Dynamic International Prognosis Scoring System (DIPSS) risk

category was high and intermediate-2 for Patient 1 and Patient 2,

respectively. Both patients were symptomatic with an MPN-SAF-

TSS) of 31 and 49, respectively. Patient 1 had a baseline palpable

spleen length of 15cm below the left costal margin while Patient 2

did not have palpable splenomegaly. Both patients were initiated

ruxolitinib at 5mg twice daily, a dose selected considering baseline

disease-related anemia.
Changes in metabolic parameters
during treatment

The body weight of Patient 1 increased from 75.6kg to 83.9kg

at 24 weeks, a gain of 8.3kg. Patient 2 experienced mild weight

loss, with a change from110.8kg to 109.3kg at 24 weeks, a loss of

1.5kg. However, waist circumference increased in both patients:

Patient 1 increased from 99.5cm at baseline to 104cm at 24

weeks, and Patient 2 increased from 122cm to 128cm at

24 weeks.

Indirect calorimetry readings displayed interesting dynamics in

both patients. The resting energy expenditure for Patient 1 initially

increased from a baseline of 3158 kcal/day to 3355 kcal/day at week

2 and then dropped to 2303 kcal/day at week 4 before rebounding to

2686 kcal/day at week 8 and then plateaued. Patient 2 had a baseline

resting energy expenditure of 1870 kcal/day which increased to

2530 kcal/day on week 4 before decreasing to 1420 kcal/day on week

8 before ending at 1983 kcal/day at week 24.

Figures 1A, B show the energy expenditure over time plotted

with changes in waist circumference. In both cases, there was an

initial increase in resting energy expenditure followed by a

decrease followed by an increase before returning to levels

below baseline.
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Changes in hemoglobin levels over time somewhat mirrored

energy expenditure with initial decrease followed by an increase

(Supplemental Figure 1).

Consistent with prior reports, albumin increased in both

patients, with Patient 1 increasing from 3.3 g/dL to 3.9 g/dL at

week 24 and increasing from 3.6 g/dL to 3.7 g/dL at week 24.

Triglyceride levels also increased from a baseline of 85 mg/dL to 143

mg/dL and 171 mg/dL to 259 mg/dL for Patient 1 and 2,

respectively. Patient reported outcome measure of early satiety

during the treatment course steadily decreased from 8 out of 10

at baseline to 5 at week 24 in Patient 1, and from 8 to 7 in Patient 2.
Discussion

Our results suggest that weight gain due to ruxolitinib may not

only be mediated by changes in appetite due to impaired JAK/STAT

signaling in the hypothalamus, but may also related to changes in

whole body energy expenditure.

In this pilot study, we used a portable indirect calorimeter,

which allowed us to bring the device to the patients, facilitating

point of care testing in the oncology rather than requiring

separate visits to a metabolic testing location. Having the

ability to perform indirect calorimetry in the oncology center

could allow us to perform larger future studies to develop a

greater understanding of the links between systemic metabolism

and cancer.

Leptin receptors are found not only in the hypothalamus, but

are expressed in other parts of the brain, and also in other tissues

including the liver, spleen, kidneys, and adipose tissue. Leptin

signaling in the brain and in adipose tissue has been found to
Frontiers in Endocrinology 039
increase energy expenditure in pre-clinical models (10).

Interestingly, in pre-clinical models with intact leptin signaling in

the hypothalamus, but adipose tissue leptin receptor deficiency,

mice gained weight despite normal food intake, and developed

insulin resistance and hypertriglyceridemia (11). Growth hormone

binding to the growth hormone receptor also activates the JAK/

STAT pathway. Interestingly, both chronic growth hormone excess

and deficiency have been associated with increased energy

expenditure (12). People with growth hormone receptor

deficiency have higher percent body fat; however, in contrast to

the leptin deficient models, do not develop insulin resistance or

hypertriglyceridemia. Therefore, the effects of ruxolitinib on energy

expenditure and triglycerides may be mediated through the leptin

receptor. Interestingly, none of the previous studies have found

biologically significant hyperglycemia with ruxolitinib despite the

weight gain. This lack of hyperglycemia could be related to

inhibition of the antagonistic effects of growth hormone on

insulin signaling.

Ruxolitinib treatment has also been shown to increase muscle

mass in MF patients (13). It is possible that this increase in muscle

mass may be responsible for return of energy expenditure to near

baseline as skeletal muscle is a significant driver of resting energy

expenditure (14). Unfortunately, abdominal imaging was not

obtained in our study and thus we are unable to explore

this possibility.

Our study has several limitations that limit generalizability,

including the fact that both patients were negative for MPN driver

mutations, a rare subset of MF patients. In addition, the limited

sample size and observational nature of our study did not allow us

to evaluate the impact of ruxolitinib dosing on metabolic

parameters. Overall, this pilot study shows the potential value of
TABLE 1 Baseline patient characteristics.

Patient 1 Patient 2

Age/sex 67 male 40 female

Race/Ethnicity Black Hispanic

Comorbidities Chronic photosensitive dermatitis Coronary artery disease, hypothyroidism (controlled)

Diagnosis Primary myelofibrosis Post-essential thrombocythemia myelofibrosis

DIPSS risk category High risk Intermediate-2

Driver mutational status Triple negative Triple negative

Palpable spleen length below left costal margin (cm) 15 0

Weight (kg) 75.4 110.6

BMI (kg/m2) 20.5 40.6

Waist circumference (cm) 99.5 122

Albumin (g/dL) 3.3 3.5

LDL (mg/dL) 50 70

HDL (mg/dL) 11 22

Triglycerides (mg/dL) 85 171

LDH (units/dL) 810 473
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portable indirect calorimeters for measuring energy expenditure in

individuals with malignancies, and suggests that the changes in

energy expenditure may contribute in part to the weight gain

associated with ruxolitinib.
Author contributions

DT, JM and EG designed the study, enrolled the patients,

performed the indirect calorimetry and wrote the manuscript.

MD performed regulatory functions and assisted with enrollment

and design of the study. All authors contributed to the article and

approved the submitted version.
Frontiers in Endocrinology 0410
Funding

E.G received research support from the National Institutes of

Health/National Cancer Institute R37CA266853. The rest of the

authors have no funding to disclose.
Acknowledgments

The authors would like to acknowledge PNOĒ for graciously

providing the portable indirect calorimetry. We would also like to

thank Panos Papadiamantis and Apostolos Atsalakis for their

technical support.
B

A

FIGURE 1

Changes in energy expenditure and waist circumferences over time. For patient 1 (A) and 2 (B), energy expenditure initially increased after initiation
of ruxolitinib then decreased which was followed by an increase in waist circumference.
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Paraneoplastic Cushing’s syndrome (PCS) is a rare, but clinically important

feature of small cell lung cancer (SCLC) that is associated with even worse

prognosis. To identify key considerations in comprehensive management of

SCLC patients complicated with PCS, we conducted a systematic review of

relevant reports on PubMed and Web of Science, focusing on SCLC with PCS

cases. The systematic review analyzed 61 reports published between 1985 and

2022 with a total of 157 SCLC patients included. Out of the 157 patients, 132

(84.1%) patients across 58 (95.1%) reports were diagnosed with ectopic Cushing’s

syndrome. The immunohistochemical (IHC) staining for adrenocorticotropic

hormone (ACTH) was performed on 30 (19.1%) patients across 22 (36.1%)

reports and demonstrated encouraging performance. For treatment,

chemotherapy and ketoconazole were utilized in 50 (81.97%) and 24 (39.34%)

reports, respectively. Regarding cause of death, infection and cancer were

equally frequent, each being recorded in 17 (27.87%) reports. To conclude, the

majority of PCS cases in SCLC patients were caused by ectopic hormone

secretion. In order to make a differential diagnosis, it is recommended to

utilize IHC staining for a specific hormone such as ACTH or corticotropin-

releasing hormone. In the comprehensive treatment of SCLC with PCS patients,

effective management of hypercortisolism and potent safeguarding against

infection play two crucial roles. Ultimately, further confirmations are required

regarding the specificity and accuracy of IHC staining technique as well as the

efficacy and safety of immunotherapy in the treatment of SCLC with

PCS patients.

KEYWORDS

small cell lung cancer, paraneoplastic Cushing’s syndrome, neuroendocrine tumor,
management, immunohistochemistry, infection
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1 Introduction

Small cell lung cancer (SCLC), a highly aggressive subtype of

lung cancer, is characterized by rapid proliferation, high growth

fraction, and early development of metastases. It accounts for

approximately 14% of all lung cancer cases and possesses a

particularly poor prognosis (1, 2). Likewise, ectopic Cushing’s

syndrome (ECS), hypercortisolism due to ectopic hormone

secretion, is estimated to account for 5%–10% of all Cushing’s

syndrome (CS) cases (3–5). Furthermore, the SCLC patients

complicated with paraneoplastic Cushing’s syndrome (PCS),

mostly caused by ectopic hormone secretion from tumor tissues,

comprise a smaller proportion [reported as 1.6%–6% of all SCLC

cases (6–9)] but possess an even poorer prognosis among all SCLC

patients (6, 8). Retrospective studies have shown that median

survivals of SCLC patients with PCS were less than 7 months

(6–11).

Regarding the management of SCLC with PCS patients,

although some effective hypercortisolism controlling methods

exist (3, 12, 13), there was little advancement in treating SCLC

for over three decades before the advent of immune checkpoint

inhibitors (ICIs) modestly improved its overall survival (14–16).

However, several reports have emerged on immunotherapy-

induced CS, drawing much attention to the adverse effect (17–

20). Considering PCS being a poor prognosis marker for SCLC

patients, early and further differential diagnosis of CS is relevant for

evaluating prognosis of SCLC patients.

Although there have been case reports, case series, and

retrospective studies on SCLC complicated with PCS, no

systematic review has been carried out on this topic before.

Accordingly, we conducted one, incorporating relevant reports of

SCLC with PCS available on PubMed and Web of Science. Through

this review, we aimed to illustrate the treatment status of this disease

previously and to identify key considerations for comprehensive

treatment of these patients.
2 Methods

The systematic review has been conducted and reported

following the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) 2020 statement (21).
2.1 Literature search and selection

We performed a systematic review of relevant reports of SCLC

complicated with PCS on PubMed and Web of Science. The search

queries are “(cushing[Title/Abstract]) AND ((sclc[Title/Abstract])

OR (small cell lung cancer[Title/Abstract]) OR (small cell lung

carcinoma[Title/Abstract])) NOT ((nsclc[Title/Abstract]) OR (non

small cell lung cancer[Title/Abstract]) OR (non small cell lung

carcinoma[Title/Abstract]))” on PubMed and “(TS=cushing) AND

((TS=sclc) OR (TS=small cell lung cancer) OR (TS=small cell lung

carcinoma)) NOT ((TS=nsclc) OR (TS=non small cell lung cancer)
Frontiers in Endocrinology 0213
OR (TS=non small cell lung carcinoma))” on Web of Science,

respectively. The literature retrieval was performed on 19

November 2022, without restriction on publication date

or language.

Selection criteria were as follows: (1) clinical case or case series,

prospective or retrospective study, systematic review, or meta-

analysis; (2) special reports on this topic or relevant articles

involving management of SCLC with PCS patients; (3) critical

data available, at least the information on clinical presentation,

therapeutic strategy, or causes of death; and (4) no preference for

publication date or language. The study was supplemented by

screening references of selected articles.

Selection procedures are presented in Figure 1. The evidence

quality of included reports has been evaluated using the critical

appraisal tools provided by the Joanna Briggs Institute (JBI).
2.2 Data extraction and analysis

The following information were collected from eligible articles:

age, gender, clinical presentation, the immunohistochemical (IHC)

staining for adrenocorticotropic hormone (ACTH), therapeutic

strategy, survival time/follow-up time, and cause of death. For

retrospective and prospective studies included, the quantitative

data on age, survival time, and follow-up time were represented

as median (minimum–maximum), while the descriptive

information on clinical presentation, therapeutic strategy, and

cause of death were recorded as percentages wherever possible.

As for clinical presentation, therapeutic strategy, and cause of death,

we focused on specific details of critical significance for diagnosis

and management of the disease. These specific details were

categorized and their frequencies were presented.
3 Results

Throughout the entire selection process, 61 articles were

retrieved, comprising 44 case reports (22–65), 7 case series (66–

72), 9 retrospective studies (6–11, 73–75), and 1 prospective study

(76) published between 1985 and 2022 in English, Japanese, French,

German, Spanish, and Korean. A total of 157 SCLC with PCS

patients were involved in these 61 articles. Table 1 presents details of

included reports and patients while Table 2 displays frequencies of

specific details on clinical presentation, therapeutic strategies, and

cause of death. The evidence quality of all 61 included reports was

evaluated using JBI critical appraisal checklists for case reports, case

series, and cohort studies, and results are presented in

Supplementary Materials.

All 157 patients were diagnosed with SCLC through histological

methods. The one reported by Bodvarsson et al. was a patient with

donor-derived SCLC (31). One patient (1/10) reported by Winquist

et al. was mixed SCLC with non-small cell lung cancer (NSCLC)

(10). The one reported by Qiang et al. was mixed SCLC with large

cell neuroendocrine carcinoma (65). The one reported by

Vadlamudi et al. had combined SCLC, lung adenocarcinoma, and

giant cell carcinoma of the lung (40).
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For differential diagnosis of CS, 132 SCLC patients (84.1% of all

157 patients) in 58 reports (95.1% of all 61 reports) were diagnosed

with ECS. In 9 (15.5%) reports, 40 (30.3%) patients were diagnosed

without strict evidence from combining imaging examinations with

laboratory tests or reported with no mention of specific procedures

for the diagnosis of ectopic hormone secretion (8, 10, 22, 40, 45, 49,

57, 58, 72). The patient reported by Cabral et al. (63) and the 23

patients in the report by Nagy-Mignotte et al. (6) were merely

diagnosed as PCS without further investigating the hormone origin.

The patient reported by Tabata et al. (24) was diagnosed as PCS and

his IHC result was negative for ACTH, while some laboratory tests

revealed the opposite. In addition, the patient reported by Kosuda

et al. was complicated not only by ECS but also by the syndrome of

inappropriate antidiuretic hormone secretion (61). Moreover, IHC

staining for ACTH was performed in 30 (19.1%) patients, 29 had

ECS and 1 had PCS, across 22 (36.1%) reports. Out of these reports,

four ECS patients (25, 35, 39, 57) and one PCS patient (24) showed

negative results. It is noteworthy that the case reported by Auchus

et al. stained negative for ACTH, but positive for corticotropin-

releasing hormone (CRH), which confirmed that the patient’s ECS

was caused by ectopic CRH secretion rather than ACTH (25).

Regarding clinical presentation, hypokalemia was mentioned in

59 (96.72%) reports as the most frequently recorded clinical feature

in PCS patients, followed by hypertension in 42 (68.85%) reports.

For treatment, chemotherapy and ketoconazole were the first-line

option used for SCLC patients with PCS, in 50 (81.97%) and 24

(39.34%) reports, respectively. As for cause of death, infection was

recorded in 17 (27.87%) reports, equally to cancer. The remaining

causes included respiratory complications in 16 (26.23%) reports,

cardiovascular complications in 8 (13.11%), hormone issues in 7

(11.48%), and other causes (including general condition

deterioration) in 15 (24.59%).
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Regarding the survival of SCLC with PCS patients, five

retrospective studies (6–9, 75) and one prospective study (76)

indicated unfavorable results, with median survivals of less than 7

months. However, eight case reports with superior outcomes also

existed, all showing a survival of 1 year or more (28, 31, 50, 57, 61,

68–70), with four patients having lived for over 2 years (28, 61, 68,

70). The longest survival was 117 months, reported by Sakuraba

et al. (61).

General descriptions of specific cases exhibiting long-term survival,

mixed pathological types of lung cancer, or negative results in IHC

staining for ACTH, as well as a brief introduction to the latest

retrospective study, are presented in Supplementary Materials.
4 Discussion

In this systematic review, we have incorporated relevant reports

of SCLC with PCS available on PubMed and Web of Science and

presented a comprehensive analysis. Through the review and

analysis, we have not only reflected on opportunities to refine the

differential diagnostic strategy for PCS, but also discovered key

considerations to underpin the comprehensive treatment of SCLC

with PCS patients.
4.1 Differential diagnosis of ECS from
Cushing’s disease

Since PCS is a marker of poor prognosis for SCLC patients, it is

crucial to perform early differential diagnosis of CS to evaluate the

prognosis of SCLC patients. Once the CS has been identified and the

ACTH non-dependent type has been ruled out, the most
FIGURE 1

Flow diagram for publication selection procedures performed according to the PRISMA 2020 Statement.
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TABLE 1 The 61 reports of SCLC complicated with PCS from PubMed and Web of Science.
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1. hypokalemia
(100%)
2. hypertension
(14%)
3. hyperglycemia
(71%)
4. metabolic
alkalosis
5. peripheral
edema (36%)
6. proximal
myopathy (29%)

1. chemoth
2. radiothe

6
(67)

Rieu 1993 Horm Res case series 2
ECS 55 M

2. hypertension
3. hyperglycemia

1. chemoth
2. radiothe
6. octrotide

ECS 34 F
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TABLE 1 Continued

eatment
Survival
(median)

Cause of
Death

Follow-
up

erapy
apy
omy
zole
ne
e, octreotide

1. metastatic
disease

erapy 5 months
1. cancer
5. pneumonia

erapy
ne

/ /

zole 13 days

1.progression of
lung lesion
2. Nocardia
infection

erapy
zole

/

1. progressive
cancer
3. hormonal
disorder

erapy 11 months
1. progressive
disease

erapy
apy 26 months

5. respiratory
failure

(Continued)

Lie
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
3
.117712

5

Fro
n
tie
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in

E
n
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o
crin

o
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y
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n
tie

rsin
.o
rg
ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

Tr

5. edema
7. dyspnea

1. chemoth
2. radiothe
3. thoracot
4. ketocon
5. metyrap
6. lanreoti

7
(24)

Tabata 1993

Nihon
Kyobu
Shikkan
Gakkai
Zasshi

case report 1 CS 62 M

1. hypokalemia
2. hypertension
3. hyperglycemia
4. alkalosis
9. polyuria

(-) 1. chemoth

8
(25)

Auchus 1994
J Endocrinol
Invest

case report 1 ECS★ 75 F

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
7. dyspnea

(-)
1. chemoth
5. metyrap

9
(26)

Huang 1994
Changgeng
yi xue za zhi

case report 1 ECS 25 M

1. hypokalemic
3. hyperglycemia
4. alkalosis
7. dyspnea

(+) 4. ketocon

10
(10)

Winquist 1995 J Clin Oncol retrospective
9
+1♦

ECS▴ 58.5 (44-71) 8/2

1. hypokalemia
2. hypertension
3. diabetes
mellitus
4. metabolic
alkalosis
5. edema
6. muscle
weakness

1. chemoth
4. ketocon

11
(27)

Takano 1996

Nihon
Kyobu
Shikkan
Gakkai
Zasshi

case report 1 ECS 70 F

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis

(+) 1. chemoth

12
(28)

Sato 1997

Nihon
Ronen
Igakkai
Zasshi

case report 1 ECS 72 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
5. edema

(+)
1. chemoth
2. radiothe
5. mitotan
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TABLE 1 Continued

eatment
Survival
(median)

Cause of
Death

Follow-
up

erapy
de

9 months
1. meningitis
carcinomatosa

erapy
tomy of the
ed kidney

/ / 18 months

1 week
5. respiratory
deterioration

(anterior lobe of
drenal gland, right
ectomy)

117 months /

erapy
azole

9 months /

erapy
adrenalectomy (2/3)
hout endocrine

/ /
1–48
months

erapy
azole

7 weeks

1. intracranial
tumor spread
2. septic
complications
3. endocrine and
electrolyte
disturbances
5. pneumonia

erapy
rapy

10 days
5. neutropenic
pneumonia

(Continued)

Lie
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
3
.117712

5

Fro
n
tie

rs
in

E
n
d
o
crin

o
lo
g
y

fro
n
tie

rsin
.o
rg
ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

T

13
(29)

Cabezas 1998 Neth J Med case report 1 ECS 56 M

1. hypokalemia
4. metabolic
alkalosis
9. polyuria

(+)
1. chemot
6. octreot

14
(31)

Bodvarsson 2001 Cancer case report 1✖ ECS 25 F
5. edema
6. weakness

1. chemot
3. nephre
transplant

15
(30)

Dubé 2001
Ann Fr
Anesth
Reanim

case report 1 ECS 58 M

1. hypokalemia
4. metabolic
alkalosis
5. edema
7. dyspnea

/

16
(68)

Sakuraba 2003
Jpn J Thorac
Cardiovasc
Surg

case series 1 ECS 44 F
1. hypokalemia
6. fatigue

(+)
3. surgery
pituitary,
middle lo

17
(32)

Agha 2005 Pituitary case report 1 ECS 49 M

1. hypokalemia
2. hypertension
5. edema
6. weakness
7. dyspnea
9. polyuria

(+)
1. chemot
4. ketocon

18
(73)

Ilias 2005
J Clin
Endocrinol
Metab

retrospective 3 ECS / 2/1

1. hypokalemia
2. hypertension
3. diabetes
5. edema
6. muscle
weakness

1. chemot
3. bilatera
7. with/wi
therapy

19
(34)

Hadem 2007
Z
Gastroenterol

case report 1 ECS 68 F

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis
6. muscle
weakness
7. dyspnea

1. chemot
4. ketocon

20
(35)

Lee 2007
Endocrinol
Metab

case report 1 ECS 73 F
1. hypokalemia
2. hypertension
3. hyperglycemia

(-)
1. chemot
2. radioth
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TABLE 1 Continued

eatment
Survival
(median)

Cause of
Death

Follow-
up

erapy / /
3 courses
therapy

erapy
ne

/ /

erapy
apy

3 months

2. multiple
intracystic
infections of
bilateral upper
lobe
6. general
deterioration

erapy
zole

<1 month 2. septic shock

erapy 1 month

2. blood infection,
septic shock
3.
hypercortisolism
6. nephrosis

several days

2. hyperinfection
3.
hypercortisolism
4. cardiac arrest

(Continued)

Lie
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
3
.117712

5

Fro
n
tie

rs
in
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n
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crin
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lo
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y
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.o
rg
ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

Tr

4. metabolic
alkalosis
5. edema
6. weakness

21
(36)

Muessig 2007 Internist case report 1 ECS 68 F

1. hypokalemia
2. hypertension
3. hyperglycemia
6. weakness
7. dyspnea

(+) 1. chemoth

22
(37)

Servonnet 2007
Ann Biol
Clin

case report 1 ECS 41 F

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis
5. edema
7. dyspnea

1. chemoth
5. metopir

23
(33)

Tanaka 2007

Nihon
Kokyuki
Gakkai
Zasshi,

case report 1 ECS 54 F 9. polyuria
1. chemoth
2. radiothe

24
(39)

Fernández-
Rodrıǵuez

2008
Arq Bras
Endocrinol
Metabol

case report 1 ECS 59 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
5. edema

(-)
1. chemoth
4. ketocon

25
(38)

Guabello 2008
Am J Clin
Oncol

case report 1 ECS 71 M

1. hypokalemia
2. hypertension
3. hyperglycemia
5. edema

1. chemoth

26
(40)

Vadlamudi 2008 South Med J case report 1• ECS▴ 76 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
6. weakness
7. dyspnea

/
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TABLE 1 Continued

Treatment
Survival
(median)

Cause of
Death

Follow-
up

hemotherapy / /

etoconazole a few days

2. sepsis due to a
right leg cellulitis
5. respiratory
failure
6. bilateral pleural
effusions

hemotherapy
etoconazole

11 days
2. infection
5. pneumonia

hemotherapy
adiotherapy

7 months 1. cancer

hemotherapy
adiotherapy
itotane, metyrapone

6 months 1. cancer

urgery (bilateral
nalectomy, resection of
ary tumors, combined

teral adrenalectomy along
primary tumor resection)

etoconazole
etyrapone

/

2. infections
3. hyperglycemia
4. venous
thromboembolism

hemotherapy
itotane

5 months 1. cancer progress

etyrapone 1 week

4. lateral
ischaemia
5. respiratory
failure

(Continued)

Lie
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
3
.117712

5

Fro
n
tie

rs
in

E
n
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o
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o
lo
g
y

fro
n
tie

rsin
.o
rg
ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

27
(41)

Bindi 2009
Recenti Prog
med

case report 1 ECS 64 M
1. hypokalemia
8. hypothyroidism

1. c

28
(42)

Martıńez-
Valles

2009 Cases J case report 1 ECS 54 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
5. edema
6. fatigue
9. polyuria

4. k

29
(43)

Cicin 2010
Trak Univ
Tip Fak Derg

case report 1 ECS 37 M

1. hypokalemia
4. alkalosis
5. edema
6. weakness

1. c
4. k

30
(74)

Doi 2010 Endocr J retrospective 2

ECS 58 M /
1. c
2. r

ECS 69 M

1. hypokalemia
2. hypertension
3. diabetes
6. weakness

1. c
2. r
5. m

31
(11)

Ejaz 2011 Cancer retrospective 9 ECS / /

1. hypokalemia
2. hypertension
3. hyperglycemia
4. alkalosis

(+)

3. s
adr
pri
bila
wit
4. k
5. m

32
(44)

Suyama 2011 Intern Med case report 1 ECS 53 M

1. hypokalemia
2. hypertension
3. hyperglycemia
7. dyspnea

1. c
5. m

33
(45)

Stempel 2013
BMJ Case
Rep

case report 1 ECS▴ 79 F

2. hypertension
4. metabolic
alkalosis
5. edema
6.lethargy
7. dyspnea

5. m
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TABLE 1 Continued

reatment
Survival
(median)

Cause of
Death

Follow-
up

therapy
nazole

/ /

therapy
herapy
y

6.6 months
(95%
confidence
interval,
3.2–11.4)

1. cancer (81.8%)
2. infection
(45.5%)
4. cardiac (9.1%)

therapy
herapy

/ /

therapy
nazole

1 month

2. escherichia coli
septicemia
secondary to acute
perforated
diverticulitis

2 weeks
4. heart failure
5. respiratory
failture

o-lateral thoracotomy

azole

1.5 months
(1-3)

2. sepsis
4. intractable
tachyarrhythmias,
heart failure
(only one patient
mentioned)

(Continued)

Lie
t
al.

10
.3
3
8
9
/fe

n
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o
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0
2
3
.117712

5
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n
tie
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in
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n
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lo
g
y

fro
n
tie

rsin
.o
rg
ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

34
(46)

Akinosoglou 2014
Ann Clin
Biochem

case report 1 ECS 59 M
1. hypokalemia
5. edema

1. chem
4. ketoc

35
(6)

Nagy-
Mignotte

2014
J Thorac
Oncol

retrospective 23 CS 62 (29-84) 16/7

1. hypokalemia
(95.6%)
2. hypertension
(56.5%)
3. hyperglycemia
(95.6%)
4. metabolic
alkalosis (69.6%)
5. edema (52.4%)
6. myopathy
(55%)

1. chem
2. radio
3. surge

36
(48)

Nandagopal 2014 Am J Ther case report 1 ECS 57 F

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
5. edema
6. weakness,
fatigue

1. chem
2. radio

37
(47)

Vega 2014
Rev Clin Esp
(Barc)

case report 1 ECS 66 M

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis
5. edema
7. dyspnea

1. chem
4. ketoc

38
(49)

Cekerevac 2015
Acta Clin
Croat

case report 1 ECS▴ 63 M

1. hypokalemia
3. hyperglycemia
6. exhaustion
7. shortness of
breath

/

39
(76)

Ghazi 2015
Endokrynol
Pol

prospective 4 ECS 61.5 (40-65) 2/2

1. hypokalemia
(50%)
3. hyperglycemia
(50%)
4. metabolic
alkalosis (25%)
6. muscle

3. poste
(2/4)
4.ketoco
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TABLE 1 Continued

eatment
Survival
(median)

Cause of
Death

Follow-
up

erapy
azole

15 months /

erapy
4 courses
therapy

6. suffocation due
to a
retropharyngeal
abscess

for intestinal

azole
12 days

6. general
deterioration

one 1 month

5. idiopathic
pulmonary
fibrosis,
respiratory failure

erapy
rapy

/ /

erapy
rapy
azole
one

/ /
4 courses
therapy

erapy 3 months 6. liver failure

(Continued)

Lie
t
al.

10
.3
3
8
9
/fe

n
d
o
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0
2
3
.117712

5
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rg
ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

T

weakness (100%)
9. polyuria (25%)

40
(50)

Jeong 2015
Tuberc
Respir Dis
(Seoul)

case report 1 ECS 69 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
6. weakness

(+)
1. chemot
4. ketocon

41
(52)

Aoki 2016 Intern Med case report 1 ECS 35 M

1. hypokalemia
2. hypertension
6. muscle
weakness
9. polyuria

(+) 1. chemot

42
(51)

Kaya 2016
J Clin Diagn
Res

case report 1 ECS 70 M

1. hypokalaemia
2. hypertension
4. metabolic
alkalosis
6. weakness

(+)
3. surgery
perforatio
4. ketocon

43
(53)

Ohara 2016 Intern Med case report 1 ECS 64 M

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis
5. edema
6. weakness
7. dyspnea

(+) 5. metyra

44
(54)

Hine 2017 J Emerg Med case report 1 ECS 62 M

1. hypokalemia
2. hypertension
3. diabetes
5. edema
6. weakness

(+)
1. chemot
2. radioth

45
(56)

Wilkins 2017

Clin
Schizophr
Relat
Psychoses

case report 1 ECS 56 M
2. hypertension
3. hyperglycemia

1. chemot
2. radioth
4. ketocon
5. metyra

46
(55)

Zhang 2017
Thorac
Cancer

case report 1 ECS 74 M

1. hypokalemia
3. hyperglycemia
4. metabolic
alkalosis

1. chemot
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TABLE 1 Continued

atment
Survival
(median)

Cause of
Death

Follow-
up

rapy
tin analogue

/ /

rapy
apy
ne

12 months

4.5.
cardiopulmonary
arrest
6. clinical
deterioration
persisted with
hypotension and
prostration

12 days 6. comorbid

rapy
apy
ole

12 months /

rapy
ole

several
months

/

(Continued)

Lie
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
3
.117712

5
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.o
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ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

Tr

5. edema
6. muscle
weakness

47
(66)

Deldycke 2018
Acta Clin
Belg

case series 1 ECS 71 F

1. hypokalemia
3. hyperglycemia,
diabetes
5. peripheral
edema
6. muscle
weakness

1. chemoth
6. somatost

48
(57)

Ferreira 2018
BMJ Case
Rep

case report 1 ECS▴ 42 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis

(-)
1. chemoth
2. radiother
5. metyrapo

49
(58)

Foray 2018
Respir Med
Case Rep.

case report 1 ECS▴ 66 F

1. hypokalemia
3. diabetes
mellitus
4. metabolic
alkalosis
5. edema
6. weakness
8. hypothyroidism

/

50
(69)

Richa 2018

Endocrinol
Diabetes
Metab Case
Rep

case series 2

ECS 46 F

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
6. lethargy, fatigue
8.
hyperthyroidism

1. chemoth
2. radiother
4. ketocona

ECS 51 M

1. hypokalemia
2. hypertension
3. diabetes
mellitus
4. metabolic
alkalosis
5. edema

1. chemoth
4. ketocona
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TABLE 1 Continued

eatment
Survival
(median)

Cause of
Death

Follow-
up

11 days
6. liver failure,
hepatic and renal
dysfunction

erapy / / 2 years

erapy
rapy

/ /
4 courses
therapy

erapy
azole

/ /

erapy
rapy

40 months
1. cancer
progression

te, metyrapone 50 days
2. infection
5. pneumonia,
respiratory failure

erapy
one

/ /
5 courses
therapy

(Continued)
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Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

T

6. lethargy, fatigue
7. dyspnea

51
(59)

Kamijo 2019 Intern Med case report 1 ECS 72 M
1. hypokalemia
3. hyperglycemia
6. fatigue

(+) /

52
(70)

Zhou 2019
World J Clin
Cases

case series 2

ECS 54 F

1. hypokalemia
2. hypertension
3. hyperglycemia
6. weakness
8. hypothyroidism

1. chemot

ECS 50 M

1. hypokalemia
2. hypertension
3. diabetes
mellitus
5. edema
8. hypothyroidism
9. diuresis

1. chemot
2. radioth

53
(63)

Gerhardt 2020
Dtsch Med
Wochenschr

case report 1 ECS 58 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
5. edema

(+)
1. chemot
4. ketocon

54
(61)

Kosuda 2020 Intern Med case report 1 ECS✦ 70 F
1. hypokalemia
5. edema
6. fatigue

1. chemot
2. radioth

55
(63)

Cabral 2020
Eur J Case
Rep Intern
Med

case report 1 CS 49 M

1. hypokalemia
2. hypertension
4. metabolic
alkalosis
5. edema
6. asthenia
7. dyspnea
9. polyuria

5. etomid

56
(60)

Pingle 2020
ESC Heart
Fail

case report 1 ECS 64 M

1. hypokalemia
2. hypertension
3. hyperglycemia,
diabetes mellitus
5. edema

1. chemot
5. metyra
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TABLE 1 Continued

eatment
Survival
(median)

Cause of
Death

Follow-
up

erapy (2/3)
rapy (1/3)
adrenalectomy (1/3)
azole (2/3)

2 months
(22 days-3
months)

1. disease
progression
2. febrile
neutropenia,
septic shock,
sepsis
5. respiratory
failure

erapy
tone

<1 month 6. dyscrasia

erapy
azole

3 weeks
5. neutropenic
pneumonia

1 week
6. condition
deteriorated

erapy
1 courses
therapy

6. massive
hematemesis

azole 2 months
3. metabolic
alterations

nocarcinoma and giant cell carcinoma of the lung.
H, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; SIADH,

Lie
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
3
.117712

5

Fro
n
tie

rs
in

E
n
d
o
crin

o
lo
g
y

fro
n
tie

rsin
.o
rg
ID
First

Author
Year Journal

Study
Design

N PCS
Age

(median)
Gender
(M/F)

Clinical Pre-
sentation

IHC
staining

for
ACTH

T

57
(75)

Lopez-
Montoya

2021
Arch
Endocrinol
Metab

retrospective 3 ECS 68(50-72) 2/1

1. hypokalemia
2. hypertension
3. diabetes
mellitus
6. proximal
myopathy

1. chemot
2. radioth
3. bilatera
4. ketocon

58
(65)

Qiang 2021
BMC Endocr
Disord

case report 1▪ ECS 64 M

1. hypokalemia
3. hyperglycemia
4. metabolic
alkalosis
5. edema
6. weakness

(+)
1. chemot
7. mifepri

59
(64)

Senarathne 2021
BMJ Case
Rep

case report 1 ECS 56 M

1. hypokalemia
3. hyperglycemia
5. edema
6. weakness
7. dyspnea

(+)
1. chemot
4. ketocon

60
(72)

Piasecka 2022
Front Med
(Lausanne)

case series 1 ECS▴ 81 M

1. hypokalemia
2. hypertension
5. edema
6. muscle
weakness
7. dyspnea

/

61
(71)

Rosales-
Castillo

2022
Hipertens
Riesgo Vasc

case series 2

ECS 59 M

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis
9. polyuria

1. chemot

ECS 47 M

1. hypokalemia
2. hypertension
3. hyperglycemia
4. metabolic
alkalosis
5. edema
6. weakness

4. ketocon

1.▴suspected; 2.★CRH induced; 3.✦combined with SIADH; 4.✖donor-derived SCLC; 5.♦;mixed with NSCLC; 6▪mixed with large cell neuroendocrine carcinoma; 7.•mixed with ad
N, number of patients; M, male; F, female; CS, Cushing’s syndrome; PCS, paraneoplastic Cushing’s syndrome; ECS, ectopic Cushing’s syndrome; IHC, immunohistochemical; AC
syndrome of inappropriate antidiuretic hormone secretion; SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer.
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TABLE 2 The frequency of specific details recorded in all 61 reports.

Category Specific Detail No. of Articles Rank

Clinical Presentation

1 hypokalemia 59(96.72%) 1

2 hypertension 42(68.85%) 2

3 hyperglycemia or diabetes mellitus 37(60.66%) 4

4 metabolic alkalosis 37(60.66%) 4

5 edema 36(59.02%) 5

6 myopathy, weakness, fatigue, or lethargy 41(67.21%) 3

7 dyspnea 19(31.15%) 6

8 hypothyroidism or hyperthyroidism 5(8.20%) 8

9 diuresis, polyuria, polyuresis or diabetes insipidus 11(18.03%) 7

Treatment

1 chemotherapy 50(81.97%) 1

2 radiotherapy 17(27.87%) 3

3 surgery (lung, adrenal gland or elsewhere) 9(14.75%) 5

4 ketoconazole 24(39.34%) 2

5 metyrapone, mitotane, etomidate or other steroidogenesis inhibitors 15(24.59%) 4

6 octreotide, lanreotide or other somatostatin analogues 4(6.56%) 6

7 mifepristone or other treatments for hypercortisolism 2(3.28%) 7

Cause of Death

1 cancer 17(27.87%) 1

2 infection 17(27.87%) 1

3 hormone issues 7(11.48%) 5

4 cardiovascular complications 8(13.11%) 4

5 respiratory complications 16(26.23%) 2

6 other causes (included general condition deteriorated) 15(24.59%) 3

The percentage was calculated as the proportion of the articles with records of corresponding details out of the all 61 articles.
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challenging part is distinguishing ECS from Cushing’s disease (CD),

where the pituitary gland releases ACTH (12, 57, 66). In this

context, IHC staining for ACTH in the tumor tissue could be an

efficient diagnostic tool.

No individual imaging examination or laboratory test has been

explicitly recommended to definitively differentiate between

pituitary and ectopic CS (3, 66, 77). Despite the fact that high-

dose dexamethasone suppression test and CRH stimulation test

may individually yield inaccurate outcomes, their combination has

shown a better diagnostic performance (3, 12, 77–80). Following the

Pituitary Society’s guideline, in the event of negative outcomes for

both tests, consideration should be given to diagnosing ECS.

Conversely, if both tests yield positive results, CD should be

acknowledged. If the results are mismatched, a bilateral inferior

petrosal sinus sampling is necessary for a definite diagnosis (77).

Furthermore, a conclusion drawn in collaboration with imaging

techniques must be more convincing. The guideline recommended

magnetic resonance imaging (MRI) as the preferred modality for
Frontiers in Endocrinology 1425
imaging ACTH-secreting pituitary adenomas (77) despite its high

rate of false negative or false positive (12, 66, 81). Moreover,

emerging data have suggested that the CRH/desmopressin

stimulation test in collaboration with pituitary MRI, subsequently

followed by a whole-body computed tomography scan, could be a

reliable alternative (77, 82, 83). However, some investigators

suggested that a conclusive diagnosis of an ACTH-secreting

tumor should only be made post-surgery. After surgical removal

of the tumor, the resolution of hypercortisolism symptoms and the

positive IHC staining for ACTH or its precursor in excised tissues

could indicate an ECS diagnosis (66, 81).

IHC staining for ACTH has demonstrated a high degree of

reliability for its consistency with outcomes from the combination

of laboratory tests and imaging examinations within our reviewed

reports. However, none of the three guidelines from the American

Endocrine Society, European Society of Endocrinology, or the

Pituitary Society contained any histological diagnosis-relevant

contents on ECS diagnosis in SCLC patients (13, 77, 78, 84). We
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look forward to this technique being evaluated by a proficient

multidisciplinary team in the future and the latest guidelines

shedding some light on this diagnostic method. The IHC staining

of a distinctive hormone (either ACTH or CRH) allows us to make an

early diagnosis of ECS in conjunction with the pathological diagnosis

of SCLC and to take prophylactic measures against hypercortisolism,
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which can exacerbate cancer-induced immunosuppression and cause

severe infectious complications afterwards (6, 8, 9, 11, 64, 85).

Based on the literatures reviewed and the charts appreciated (3,

11–13, 66, 78, 82, 86, 87), we improved and perfected the specific

flowchart for the multistep diagnostic procedures of ECS from

Deldycke et al. (66). The flowchart is displayed in Figure 2.
FIGURE 2

Flow diagram for multistep diagnostic procedures of ECS. Based on the figure in the review of Deldycke et al. ECS, ectopic Cushing’s syndrome;
ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; DDAVP, desmopressin or 1-deamino-8-D-arginine-vasopressin;
ONDST, overnight dexamethasone suppression test; LDDST, low-dose dexamethasone suppression test; HDDST, high-dose dexamethasone
suppression test; Dex-CRH, combined LDDST-CRH test; BIPSS, bilateral inferior petrosal sinus sampling; US, ultrasound; CT, computed tomography;
MRI, magnetic resonance imaging; TSE, T1-weighted turbo spin echo; CISS, constructive interference in the steady state; SPGR, spoiled gradient
recalled; FLAIR, fluid attenuation inversion recovery; PET, positron emission tomography; SPECT, single-photon emission computed tomography;
PET/MRCR, PET coregistration with volumetric MRI; 18F-FDG, 18F-fluoro-deoxy-glucose; SSTR-PET/CT, somatostatin receptor-based positron
emission tomography/computed tomography (with 68Ga⁃DOTATATE/DOTATOC/DOTANOC); SSTR-SPECT/CT, somatostatin receptor-based single-
photon emission computed tomography/computed tomography; SRS (octreoscan), somatostatin receptor scintigraphy (with Octreotide).
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4.2 Therapeutic strategy for
SCLC with PCS

The treatment of SCLC with PCS patients demands two

primary factors. On one hand, it is vital to manage

hypercortisolism and take prophylactic measures against

infections. On the other hand, some therapeutic strategies have

advanced in the treatment of SCLC.

On one hand, both infection and cancer ranked highest among

all causes of death, with each being mentioned in 17 (27.87%)

reports. Furthermore, a significant number of patients had

infections recorded before respiratory complications (indicated in

16 reports). Infection facilitated by glucocorticoid-induced

immunosuppression and chemotherapy-induced agranulocytosis

is a significant poor prognostic factor for SCLC with PCS patients

(6, 8, 9, 11, 64, 85). Therefore, management of hypercortisolism and

prophylaxis against infection is particularly important throughout

the entire treatment process. Many authors emphasized the

importance of controlling hypercortisolism by a specific treatment

before or concurrently with chemotherapy to prevent infectious

complications (6, 43, 52, 64, 75, 76). Apart from radiotherapy and

surgical removal, the main pharmacological treatments for PCS

include steroidogenesis inhibitors (e.g., ketoconazole, metyrapone,

mitotane, etomidate, and osilodrostat), glucocorticoid receptor

antagonists (e.g., mifepristone), somatostatin analogs (e.g.,

octreotide, lanreotide, and pasireotide), and dopamine agonists

(e.g., cabergoline) (3, 4, 12, 13). According to guidelines and

high-quality reviews, steroidogenesis inhibitors have been the

principal treatment to control hypercortisolism while

somatostatin analogs and dopamine agonists are recommended to

inhibit ectopic ACTH production with limited intensity (3, 4, 12,

13). Within our included reports, steroidogenesis inhibitors were

used most frequent as in 39 (63.93%) reports, especially

ketoconazole recorded in 24 (39.34%) reports, while somatostatin

analogs and mifepristone were used little and no dopamine agonists

were recorded.

On the other hand, the ultimate cause of hypercortisolism is

ectopic hormone secretion by tumor tissues, meaning that the

treatment for cancer is fundamental to the management of

hypercortisolism and effective anti-cancer treatment could

alleviate PCS symptoms. All 61 reports we examined recorded

chemotherapy and radiotherapy as anti-tumor therapeutic

strategies apart from surgery. In fact, there had been no

substantial progress in treatment of SCLC for over 30 years until

ICIs updated the treatment pattern and modestly improved its

overall survival (1, 2, 14, 15). Formerly, platinum plus etoposide

combination chemotherapy was the preferred regimen for both

limited and extensive SCLC. Nowadays, the new standard of care in

first-line setting for SCLC is immuno-chemotherapy that combines

atezolizumab or durvalumab with platinum-etoposide (14, 15, 88,

89). Considering significant improvement in medical care over

recent years and the introduction of immunotherapy into

therapeutic strategy for SCLC, we look forward to seeing some

reports, especially high-quality large-sample studies conducted by
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proficient teams, evaluating the efficacy and safety of some novel

medical approaches, particularly the immunotherapy, for the

treatment of SCLC with PCS in the future.

We retrieved all drug approval notifications for SCLC in the

Oncology (Cancer)/Hematologic Malignancies Approval

Notifications) section on the official website of USA Food and

Drug Administration, which revealed a slow progression in

treatment of SCLC compared to NSCLC, as summarized in

Supplementary Materials.
4.3 Limitations

This systematic review has some limitations that need to be

acknowledged in order to contextualize the conclusions that have

been drawn or will be drawn from it. Firstly, the literature available

on the subject is relatively limited, and there exists a significant

degree of heterogeneity among the reports included in this review.

This review includes several types of studies, and there are

significant differences in outlines, focuses, and details of reported

management of the disease, even within the same study type.

Secondly, the evidence grade of case reports or case series is low.

Among the 61 included reports, a significant proportion is

composed of 44 case reports and 7 case series. As a result, the

complete data in Table 2 were derived from the number of reports

that had records of corresponding details, rather than from the

number of patients, which makes the statistical analysis sketchy and

generalized. Thirdly, the included reports stretch over a period from

1985 to 2022, during which medical care rapidly evolved, which

could be the inherent limitation for systematic reviews with too

wide a temporal scope. Ultimately, it is essential to acknowledge

that this systematic review serves only as a preliminary exploration

for the management of SCLC with PCS patients, and further

validation is eagerly awaited from future high-quality studies

covering significant sample sizes.
5 Conclusions

This systematic review indicated that the majority of PCS

complications in SCLC patients were caused by ectopic hormone

secretion. Furthermore, it is recommended to enhance the

employment of IHC staining for distinctive hormones (ACTH or

CRH) in clinical practice for early differential diagnosis of PCS.

Moreover, effective management of hypercortisolism and potent

safeguarding against infections could form the foundation of

comprehensive treatment of SCLC with PCS patients.
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Glossary

18F-FDG 18F-fluoro-deoxy-glucose

ACTH Corticotropin, adrenocorticotropic hormone

BIPSS Bilateral inferior petrosal sinus sampling

CD Cushing’s disease (from pituitary)

CISS Constructive interference in the steady state

CRH Corticotropin-releasing hormone

CS Cushing’s syndrome

CT Computed tomography

DDVAP Desmopressin, 1-deamino-8-D-arginine-vasopressin

Dex-CRH Combined LDDST-CRH test

EC Etoposide plus carboplatin

ECS Ectopic Cushing’s syndrome

EP Etoposide plus cisplatin

FLAIR Fluid attenuation inversion recovery

HDDST High-dose dexamethasone suppression test

ICI Immune checkpoint inhibitor

IHC
staining

Immunohistochemical staining

JBI Joanna Briggs Institute

LDDST Low-dose dexamethasone suppression test

MRI Magnetic resonance imaging

NSCLC Non-small cell lung cancer

ONDST Overnight dexamethasone suppression test

PCS Paraneoplastic Cushing’s syndrome

PET Positron emission tomography

PET/MRCR PET coregistration with volumetric MRI

SCLC Small cell lung cancer

SIADH Syndrome of inappropriate antidiuretic hormone secretion

SPECT Single-photon emission computed tomography

SPGR Spoiled gradient recalled

SRS
(octreoscan)

Somatostatin receptor scintigraphy (with Octreotide)

SSTR-PET/
CT

Somatostain receptor-based positron emission tomography/
computed tomography (with 68Ga⁃DOTATATE/DOTATOC/
DOTANOC)

SSTR-
SPECT/CT

Somatostain receptor-based single-photon emission computed
tomography/computed tomography

TSE T1-weighted turbo spin echo

US Ultrasound
F
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Nivolumab-induced diabetes
mellitus—a case report with
literature review of the
treatment options
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Marc Y. Donath2,4 and Lara Gut 4,5

1Department of Medical Oncology, University Hospital Basel, Basel, Switzerland, 2Department of
Biomedicine, University of Basel, Basel, Switzerland, 3Clinic for Endocrinology, Diabetes &
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Background: Immune checkpoint inhibitor (ICI) treatment has become

important for treating various cancer types, including metastatic renal cell

carcinoma. However, ICI treatment can lead to endocrine immune-related

adverse events (irAEs) by overstimulating the patient’s immune system. Here,

we report a rare case of a new onset of diabetes mellitus (DM), caused by

nivolumab, and we discuss the feasible treatment options with a focus on TNF

antagonism.

Case presentation: A 50-year-old man was diagnosed with metastatic renal cell

carcinoma. Due to systemic progression, a combined immunotherapy with

ipilimumab and nivolumab was initiated, according to the current study

protocol (SAKK 07/17). The administration of ipilimumab was stopped after 10

months, due to partial response as seen in the computer tomography (CT), and

nivolumab was continued as monotherapy. Fourteen months after the start of

the treatment, the patient was admitted to the emergency department with

lethargy, vomiting, blurred vision, polydipsia, and polyuria. The diagnosis of DM

with diabetic ketoacidosis was established, although autoantibodies to b-cells
were not detectable. Intravenous fluids and insulin infusion treatment were

immediately initiated with switching to a subcutaneous administration after 1

day. In addition, the patient received an infusion of the TNF inhibitor infliximab 4

days and 2 weeks after the initial diagnosis of DM. However, the C-peptide values

remained low, indicating a sustained insulin deficiency, and the patient remained

on basal bolus insulin treatment. Two months later, nivolumab treatment was

restarted without destabilization of the diabetic situation.

Conclusions: In contrast to the treatment of other irAEs, the administration of

corticosteroids is not recommended in ICI-induced DM. The options for further

treatment are mainly based on the low numbers of case series and case reports.

In our case, the administration of infliximab—in an attempt to salvage the

function of b-cells—was not successful, and this is in contrast to some
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previous reports. This apparent discrepancy may be explained by the absence of

insulin resistance in our case. There is so far no evidence for immunosuppressive

treatment in this situation. Prompt recognition and immediate start of insulin

treatment are most important in its management.
KEYWORDS

immune checkpoint inhibitor (ICI), immune-related adverse event (irAE), diabetes
mellitus, TNF blockade, case report
Introduction

Immune checkpoint inhibitor (ICI) treatment has become an

important therapeutic option in the first-line treatment of

metastatic renal cell carcinoma (1–4). While being effective, ICI

treatment is associated with a broad spectrum of autoimmune

complications, known as immune-related adverse events (irAEs)

(5–7). Thus, ICI-induced diabetes mellitus (DM) is a rare side effect

but develops with a rapid loss of insulin production (5–7).

Accordingly, it often presents clinically with an acute onset with

severe and persistent insulin deficiency (8, 9). In this report, we

present a case of nivolumab-induced DM, presenting with diabetic

ketoacidosis (DKA).
Case presentation

A 50-year-old man was diagnosed with metastatic renal cell

carcinoma in 2016 which was initially treated by local pulmonary

surgery (2016, 2017) and 3 years later with local excision of a

metastatic lesion of the right thigh (2019). Four years after the initial

diagnosis, the disease progressed at multiple sites (2020). Therefore,

the patient was enrolled in the study SAKK 07/17 (10), including a

combined immunotherapy with ipilimumab, a CTLA-4 inhibitor,

and nivolumab, a PD-1 inhibitor. Ipilimumab was administered

every 6 weeks with a dosage of 1 mg/kg body weight intravenously,

beginning 2 weeks after the start of nivolumab. Nivolumab was

administered every 4 weeks with a dosage of 480 mg intravenously.

The administration of ipilimumab could be stopped 10 months

after the beginning of the treatment according to the study protocol,

as a result of partial response in the CT, and nivolumab was

continued. The treatment was well tolerated, and no

abnormalities of blood glucose were noted so far in a normal-

weight patient (BMI 24.9 kg/m2).
anti-IA2, anti-tyrosine

linical Oncology; CT,

ellitus; DKA, diabetic

gy; ESMO, European

inhibitor; ICI-induced

tus; ICU, intensive care

atent autoimmune DM
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However, 17 days after the last cycle of nivolumab and 14

months after the start of the whole treatment, the patient presented

to the emergency department with lethargy, vomiting, blurred

vision, polydipsia, and polyuria.
Diagnostic assessment

Laboratory testing revealed DKA with a venous blood gas pH of

7.058 and serum glucose of 29.0 mmol/L (Table 1). The urine

analysis was positive for glucose, ketones, and proteins. The level of

HbA1c was elevated to a value of 8.7% and C-peptide was low (<50

pmol/L), indicating an insulinopenic DM. The serum titers of anti-

glutamic acid decarboxylase (anti-GAD) and anti-tyrosine

phosphatase (anti-IA2) antibodies were not detectable. The values

of amylase and lipase were remarkedly elevated without clinical

signs of pancreatitis. The patient had no symptoms of exocrine

pancreas insufficiency; therefore, the pancreatic elastase in the feces
TABLE 1 Laboratory results on day 1 of admission (in blue = values
below the threshold value, in red = values above the threshold value, in
black = values in the normal range).

Analysis Value Reference range

Venous blood gas Ph 7.058 7.38–7.42

Serum glucose (mmol/L) 29.0 4.3–6.4

Sodium (mmol/L) 131 135–145

Potassium (mmol/L) 5.3 3.6–4.8

Bicarbonate (mmol/L) 8.3 21–26

Anion gap (mmol/L) 29 8–16

Pancreatic amylase (U/L) 318 13–53

Lipase (U/L) 402 21–67

CRP (mg/L) <5 <5

Interleukin 6 (ng/L) 15.2 <7.0

HbA1c (%) 8.7 4.8–5.9

Anti-GAD IgG (IU/ml) <10 <10

Anti-IA-2 IgG (U/ml) <15 <15

C-peptide (pmol/L) <50 370–1,470
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was not measured. Interleukin 6 was elevated in the context of a

normal CRP. There were no signs of hypophysitis or other irAEs. In

magnetic resonance imaging of the pancreas, there were no signs of

pancreatitis or tumor progression in the pancreas. The findings

were interpreted in the context of a new ICI-induced DM with the

main symptom of a DKA.
Therapeutic intervention

The patient was referred to the intensive care unit (ICU), and

intravenous fluids and continuous insulin infusion treatment were

immediately initiated. After 1 day, ketoacidosis was resolved and

glucose levels were improved; thus, insulin therapy was switched to

a subcutaneous administration of insulin glargine (Lantus) and

insulin lispro (Humalog). In an attempt to preserve the remaining

b-cell function, infliximab (5 mg/kg body weight) was additionally

administered on the fourth day of hospitalization with a repetition

in the same dosage after 2 weeks. These applications were well

tolerated by the patient. The C-peptide values remained low after

the second infliximab infusion. Accordingly, the treatment with

infliximab was not continued. The patient could be discharged with

satisfactory glucose levels with insulin glargine (28 units per day)

and insulin lispro (sliding scale). Over the following year, the

patient remained on multiple daily insulin injections with

unchanged insulin requirement. He received a flash glucose

monitoring system and instructions from the local diabetes

department resulting in an improvement of HbA1c and fasting

glucose levels (Figure 1). Nevertheless, the patient still showed

significant glucose fluctuations similar to type 1 DM.

Additionally, the C-peptide values remained low (Figure 1).
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Follow-up and outcome

Two months after the diagnosis of an ICI-induced DM,

nivolumab was restarted without destabilizing the diabetic

situation. In the recent CT scan, the patient showed persistent

partial response. The treatment with nivolumab could be stopped

after 2 years of treatment according to the study protocol within a

still ongoing partial response in the CT.
Discussion

DM is a rare irAE after ICI treatment. It occurs in

approximately 0.1%–1.0% of patients treated with ICI (8, 9). In a

large case series, most cases occurred after the application of

monotherapy with a PD-1 inhibitor (76%), followed by a

combination therapy of CTLA-4 with either PD-1 or PD-L1

(17%) (11). ICI-induced DM is diagnosed at a median of 7–25

weeks after initiation of ICI treatment. Risk factors for an early

manifestation of this irAE are described in patients with DKA (9,

12), documentation of positive islet cell antibodies (9, 12), and with

a combined PD-1 and CTLA-4 inhibitor treatment.

To date, only limited data are available regarding

pathophysiology and disease definition. In general, ICI-induced

DM is defined as severe and persistent insulin deficiency presenting

as i) DKA or with decreased to absent C-peptide and ii) persistent

insulin dependence for at least weeks to months after acute illness

(8, 13). However, its differentiation from an initial presentation of

type 1 DM can be particularly difficult.

ICI-induced DM presents acutely in 50%–75% of cases in the

setting of DKA (8, 9, 13, 14) as also shown in our case report.
FIGURE 1

Clinical course of ICI-induced diabetes mellitus. Shown are values over the time course after starting ICI treatment (time point 0). The Y-axis (left
side) shows the laboratory values of HbA1c (in blue color, %), fasting glucose (in orange color, mmol/L), and C-peptide (in violet color, pmol/L). On
the right Y-axis, the insulin dosages (in yellow color) are displayed. The X-axis shows the time interval since the start of the ICI treatment in days.
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However, a decreased incidence of DKA over the last years could be

observed mainly due to increased awareness leading to an early

detection and initiation of treatment (14). As the HbA1c is often

elevated to 7.6%–9.7% at diagnosis, subacute severe hyperglycemia

must be assumed (9, 13, 14). However, due to the commonly rapid

onset of hyperglycemia in ICI-induced DM, HbA1c is not a reliable

screening parameter in this patient population (15). In the case

series of Stamatouli et al. (9), in 85% of patients, it was shown that

acute progressive hyperglycemia is due to rapid b-cell loss, evident
from low or even absent C-peptide values at diagnosis. This

hypothesis is supported by the case series of Tsang et al. (14), in

which 6 out of 10 patients who developed ICI-induced DM had

detectable C-peptide levels shortly before diagnosis, with a marked

decrease or complete absence of detectability shortly after diagnosis.

These results contrast with the observations in the Type 1 Diabetes

TrialNet, where 93% of patients with type 1 DM still showed

detectable C-peptide levels 2 years after initial diagnosis (16).

Additional markers in DM are DM-specific antibodies. A

relevant proportion (40%–70%) of patients with ICI-induced DM

have at least one positive DM-specific antibody (most anti-GAD) (9,

13, 17). However, their clinical and diagnostic relevance has not yet

been fully clarified. In comparison, the autoantibody positivity in type

1 DM is 70% for anti-GAD (18), 58% for anti-IA2 (12), and 60%–

80% for anti-zinc transporters, respectively. As in spontaneous type 1

DM, ICI-induced DMmay be based on a genetic predisposition, with

HLA genes being of particular importance as they are significantly

associated with the occurrence of many autoimmune diseases. In

several case series (8, 9), a predominance of DR4 and DR3 alleles

could be shown in patients with ICI-induced DM, known also as

susceptible alleles for the development of type 1 DM. On the other

hand, the presence of protective HLA genes did not prevent the

occurrence of ICI-induced DM (14).

Interestingly, elevated pancreatic enzymes can be additionally

detected in 32%–57% at diagnosis, with imaging demonstrating

pancreatic lesions in some cases (9, 11, 13). This suggests that the

diagnosis may be preceded by exocrine pancreas inflammation.

Case series support this hypothesis and show the presence of acute

pancreatitis in 20% of cases at diagnosis.

Even though ICI-induced DM seems to be pathophysiological

based on an insulin deficiency and thus has similarities with type 1

DM, the median age of disease manifestation (62 to 68 years) is

significantly higher than in patients with type 1 DM or even LADA

(latent autoimmune diabetes in adult) (9, 13, 14). This can be seen

in the context of ICI exposure at older ages. As the median BMI (26

to 32.2 kg/m2) is higher than would be expected in type 1 DM (9,

13), the differentiation from exacerbation of underlying type 2 DM

may also be difficult unless there was a documented, well-controlled

type 2 DM without insulin administration before the initiation of

ICI treatment.

Due to the frequently acute manifestation of the disease with

associated high morbidity for this already at-risk population and the

rising incidence with increasingly widespread use of ICIs, thus, early

detection of ICI-induced DM is of particular importance. Therefore,

the ASCO Guidelines (7) recommend regular monitoring of plasma

glucose before and at the beginning of each therapy cycle as well as
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during follow-up for at least 6 months. If an ICI-induced DM is

suspected, the international guidelines (ASCO, ESMO, SITC)

recommend a diagnostic workup including the examination of

plasma glucose, HbA1c, diabetes-specific antibodies, C-peptide,

anions gap in the metabolic panel, and urinary ketones (5–7, 11).

After diagnostics, therapeutic measures should be initiated

promptly and not be delayed pending the results.

For the management of ICI-induced DM, the current

international guidelines (ASCO, ESMO, SITC, ESE) recommend

treatment with insulin. If DKA is present, hydration, the use of

insulin perfusion, correction of the electrolyte abnormalities, and

ICU monitoring are mandatory (5–7, 15, 19).

In almost all reported cases, insulin dependency in ICI-induced

DM was permanent. To our knowledge, only in three cases with

ICI-induced DM could insulin treatment be stopped in the further

course of the disease. Trinh et al. reported a case of ICI-induced DM

with positive autoantibodies against islet cells, impaired insulin

secretion, and insulin resistance where insulin treatment could be

stopped after infliximab and intra-articular corticosteroid injections

administered due to an oligoarthritis (20). In the second case, b-cell
function could be regained after stopping pembrolizumab therapy,

resulting in an improvement of glycemic control and detectable C-

peptide values. Unfortunately, no baseline C-peptide was measured

at the time of diagnosis, and therefore, it is not clear whether this

patient was insulinopenic and fulfilled the diagnostic criteria of ICI-

induced DM (21). The third case is a patient with BMI 26 kg/m2 (2),

pre-existing hypertension, and dyslipidemia, with a detectable C-

peptide at the time of diagnosis (1.0 nmol/L, normal value >0.37), a

high HbA1c of 11.4%, and without DKA at the time of presentation

(22). In all three cases, an insulin resistance was identified or may be

suspected which might explain the different course of these cases

compared with our case. Additionally, the lack of islet

autoantibodies in our case may point to a difference in etiology.

In addition, there have been various attempts to treat ICI-

induced DM with glucocorticoids since this treatment is well

established for other irAEs. None of these attempts resulted in the

resolution of the DM or reduction of insulin dosage (9, 13, 19, 23–

27). Therefore, ESMO (5), ASCO (7), and ESE Guidelines (15) do

not recommend the use of glucocorticoids in ICI-induced

DM (Table 2).

Other immunosuppressive agents such as infliximab have been

considered for the treatment of ICI-induced DM. This is based on

the fact that TNF-a plays an important role in insulin resistance in

rodents and that TNF-a blockers had a beneficial effect in limited

cases of type 1 DM (28–31). Motivated by this and the case report

by Trinh et al. (20), we opted for an early infliximab therapy in our

case which unfortunately did not result in the preservation of the

remaining b-cells. A possible explanation for the treatment failure

of infliximab may be the absence of insulin resistance in our case,

which was present in the case of Trinh et al. (20)

Additionally, other immunosuppressive treatments have been

tested in ICI-induced DM. Hereby, some immunosuppressive agents

(e.g., abatacept, CTLA-4-Ig) that are tested in type 1 DM are not

suitable for ICI-induced DM as they interfere with the T-cell reaction

necessary for the antitumor reaction. Other agents, such as
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tocilizumab (anti-IL-6) or rituximab (anti-CD20), have been

described as prolonging C-peptide production without interference

in antitumor immunity and therefore might influence b-cell
dysfunction in early ICI-induced DM (8, 32, 33). To our

knowledge, there are no data regarding these immunosuppressants

in ICI-induced DM (Table 2).

Moreover, it needs to be considered that—by the time of a

manifest hyperglycemia in type 1 DM—already 40%–95% of the

pancreatic b-cells are irreversibly lost with possibly an even greater

loss in ICI-induced DM due to its rapid occurrence (34–36).

Therefore, it is questionable whether any immunosuppressive

treatment may preserve b-cell function, even if administered

early. Due to this fact, the current international guidelines do not

indicate the use of any immunosuppressive treatment (7).

Regarding the ICI treatment itself, international guidelines

recommend pausing it until glucose levels are controlled or at

least until DKA is resolved (5–7). After stabilization of DM, current

literature advocates the resumption of therapy, particularly in

patients with clinical response (11, 19).

Ultimately, the treatment of ICI-induced DM consists of

prolonged insulin treatment and patient education about DM

management (7, 15). Assisting measures such as flash glucose

monitoring may contribute to a better glucose control and HbA1c

(37) as was also demonstrated by our case.

In a few studies, oral antidiabetic agents were added to the

insulin regime with an improvement of glucose control despite the

insulinopenic character of the DM (38, 39). Administration of a

GLP-1 agonist (glucagon-like peptide-1 receptor agonist) had no
Frontiers in Immunology 0536
influence on the endogenous insulin secretion or the insulin dosage

in one case report (27) (Table 2).
Conclusion

We report a case with the new onset of DM due to PD-1

blockade. The administration of infliximab did not lead to an

improvement of b-cell function, which was shown in persistent

low C-peptide values and the necessity of insulin injections. There is

little evidence for the administration of an immunosuppressive

treatment in this situation. Therefore, the mainstay of treatment

remains the administration of insulin. We emphasize the need for

prompt recognition, the involvement of endocrinologists, and the

necessity of urgent treatment as a fatal outcome could be possible.
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TABLE 2 Evaluated systemic therapeutic options for ICI-induced DM in addition to insulin treatment.

Case series and case reports

Treatment Glucocorticoids Glucocorticoids + GLP-
1 agonist

Infliximab + intra-articular corticoste-
roid infiltration

Author (number of
patients)reference

1. Aleksova et al. (n = 1) (23)
2. Stamatouli et al. (n = 4) (9)
3. Kapke et al. (n = 1) (24)
4. Chae et al. (n = 1) (25)
5. Porntharukchareon et al. (n = 1) (26)

Fukui et al. (n = 1) (27) Trinh et al. (n = 1) (20)

Dosage 1. Prednisone 2 mg/kg body weight
2. Prednisone 50 mg daily (n = 1) 10
mg daily (n = 3)
3. Prednisone 60 mg daily
4. Prednisone 10 mg daily
5. Prednisone 7.5 mg daily

Prednisone 1 g daily
Exenatide 10 mg daily

No information

Insulin treatment Persistent insulin treatment Persistent insulin treatment Insulin stop

Effect on b-cell function All studies: no effect No effect Reversal of b-cell dysfunction
Remark: partial insulin resistance

International guidelines

ASCO Guidelines 2021
(7)

(X) Not indicated (Not applicable) No statement (X) Not indicated

ESMO Guidelines 2022
(5)

(X) Not recommended (Not applicable) No statement (Not applicable) No statement

SITC Guidelines 2021 (6) (Not applicable) No statement (Not applicable) No statement (Not applicable) No statement

ESE Guidelines 2022 (15) (X) Not recommended (Not applicable) No statement (Not applicable) No statement
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Causal relationship between
rheumatoid arthritis and
hypothyroidism or
hyperthyroidism: a bidirectional
two-sample univariable and
multivariable Mendelian
randomization study

Rui Lai1†, Xinmin Deng2†, Xiaofeng Lv1†, Qian Liu2, Kun Zhou3

and Dezhong Peng1*

1School of Acupuncture and Tuina, Chengdu University of Traditional Chinese Medicine,
Chengdu, China, 2School of Clinical Medicine, Chengdu University of Traditional Chinese Medicine,
Chengdu, China, 3The Third Clinical School of Zhejiang Chinese Medicine University,
Hangzhou, China
Objective: The causal relationship between Rheumatoid arthritis (RA) and

hypothyroidism/hyperthyroidism remains controversial due to the limitations of

conventional observational research, such as confounding variables and reverse

causality. We aimed to examine the potential causal relationship between RA and

hypothyroidism/hyperthyroidism using Mendelian randomization (MR).

Method: We conducted a bidirectional two-sample univariable analysis to

investigate the potential causal relationship between hypothyroidism/

hyperthyroidism and RA. Furthermore, we performed a multivariate analysis to

account for the impact of body mass index (BMI), smoking quantity, and alcohol

intake frequency.

Results: The univariable analysis indicated that RA has a causative influence on

hypothyroidism (odds ratio [OR]=1.07, 95% confidence interval [CI]=1.01–1.14,

P=0.02) and hyperthyroidism (OR=1.32, 95% CI=1.15–1.52, P<0.001). When

hypothyroidism/hyperthyroidism was considered as an exposure variable, we

only observed a causal relationship between hypothyroidism (OR=1.21, 95%

CI=1.05–1.40, P=0.01) and RA, whereas no such connection was found

between hyperthyroidism (OR=0.91, 95% CI=0.83–1.01, P=0.07) and RA. In the

multivariate MR analyses, after separately and jointly adjusting for the effects of

daily smoking quantity, alcohol intake frequency, and BMI, the causal impact of

RA on hypothyroidism/hyperthyroidism and hypothyroidism on RA remained

robust. However, there is no evidence to suggest a causal effect of

hyperthyroidism on the risk of RA (P >0.05).
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Conclusion: Univariate and multivariate MR analyses have validated the causal

association between RA and hypothyroidism/hyperthyroidism. Hypothyroidism

confirmed a causal relationship with RA when employed as an exposure variable,

whereas no such relationship was found between hyperthyroidism and RA.
KEYWORDS

Mendelian randomization, rheumatoid arthritis, hypothyroidism, hyperthyroidism,
causal relationship
1 Introduction

Rheumatoid arthritis (RA) is a common autoimmune disease

characterized by persistent joint pain and the degradation of joint

cartilage and bone. Moreover, it causes varying degrees of harm to

various extra-articular systems. In the general population, the

prevalence of RA ranges from 0.5% to 1%, with a higher

incidence in women than in men (1). RA leads to functional

impairment, reduced work capacity, and a lower quality of life,

substantially burdening individuals and society (2, 3). Furthermore,

RA is associated with a significantly higher mortality rate than the

general population, with approximately 40% of patients with RA

succumbing to cardiovascular disease (4, 5). Thyroid dysfunction,

encompassing hyperthyroidism, hypothyroidism, subclinical

hyperthyroidism, and subclinical hypothyroidism, is a common

endocrine disorder diagnosed primarily through biochemical

indicators such as thyroid stimulating hormone (TSH),

triiodothyronine (T3), thyroxine (T4), free triiodothyronine (FT3),

and free thyroxine (FT4). The prevalence of hyperthyroidism ranges

from 0.2% to 1.3% (6, 7), while that of hypothyroidism varies from

0.2 to 5.3% (6, 8). Hyperthyroidism and hypothyroidism could

impact various bodily systems, including the integumentary,

muscular, skeletal, cardiovascular, nervous, digestive, endocrine,

and circulatory systems. While most studies have suggested a link

between RA and thyroid dysfunction (9), one study found no

significant difference in the incidence and prevalence of

hypothyroidism between patients with and without RA (10).

Therefore, the potential causal relationship between RA and

hypothyroidism/hyperthyroidism requires further investigation.

Most of our insights into the relationship between hypothyroidism/

hyperthyroidism and RA are derived from observational studies,

which are susceptible to reverse causality, selective bias, and

confounding variables. Therefore, further research employing

innovative methodologies is warranted.

Mendelian randomization (MR) is one such technique that

utilizes genetic variation as an instrumental variable to assess causal

relationships between exposures and specific outcomes (11).

2 Method

2.1 Data sources

We acquired summary statistics for RA from the MRCIEU GWAS

database available at https://gwas.mrcieu.ac.uk/. The pooled GWAS
0240
data, involving individuals of European ancestry, comprised a

population of 58,284 for subsequent analysis (GWAS ID: ieu-a-832),

with 14,361 cases and 42,923 control participants (12). We obtained

summary data from the publicly available FinnGen Biobank for the

GWAS datasets associated with hypothyroidism and hyperthyroidism.

The dataset for hypothyroidism (GWAS ID: finn-b-E4_HYTHYNAS)

comprised 26,306 cases and 187,684 controls, while hyperthyroidism

(GWAS ID: finn-b-AUTOIMMUNE_HYPERTHYROIDISM)

comprised 962 cases and 172,976 controls. In these datasets,

hypothyroidism was defined as “Hypothyroidism, other/unspecified,”

and hyperthyroidism as “Autoimmune hyperthyroidism.” Data

regarding smoking quantity were extracted from the GWAS and

Sequencing Consortium of Alcohol and Nicotine use (GSCAN) (13)

(cigarettes per day: GWAS ID: ieu-b-25, sample size: 337,334).

Summary-level data for alcohol intake frequency were obtained from

the UK BioBank (GWAS ID: ukb-a-25, sample size: 336,965). Genetic

instruments associated with BMI were sourced from a previously

published GWAS study (14). We obtained these data from two

consortia: the Genetic Investigation of Anthropometric Traits

(GIANT) consortium and the Genetic Epidemiology of Adult Health

and Aging Study (GERA) consortium (GWAS ID: ebi-a-GCST006368,

sample size: 315,347).

To minimize bias due to population stratification, we focused

exclusively on individuals of European ancestry. All datasets are

available for download from the IEU GWAS database at this link:

https://gwas.mrcieu.ac.uk/datasets/.

A detailed description of the data source is provided in

Supplementary Table 1.

Since all the data were derived from publicly accessible studies,

our research did not require patient consent or ethical clearance.
2.2 Study design

Our study design comprised two primary steps. First, we

performed a two-sample univariate analysis, using RA as the

exposure variable, and examined its association with

hypothyroidism/hyperthyroidism as the respective outcomes.

Subsequently, we performed another two-sample univariate analysis,

using hypothyroidism/hyperthyroidism as the exposure variables, and

assessed their relationships with RA as the outcomes. In a second step,

to ensure that any causal effects were not influenced by factors such as

BMI, smoking quantity, and alcohol intake frequency, a multivariate

analysis was conducted to account for the impact of these variables.
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https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/datasets/
https://doi.org/10.3389/fendo.2023.1256208
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Lai et al. 10.3389/fendo.2023.1256208
2.3 Instrumental variable selection

In MR studies, genetic variants frequently serve as instrumental

variables (IVs). Three critical assumptions must be met to obtain

reliable casual estimates in MR studies: 1) IVs should exhibit a

strong association with the exposure; 2) IVs should not be

associated with any potential confounders that might affect the

relationship between the exposure and outcome; 3) IVs should

exclusively influence the outcome through the exposure (15, 16).

Figure 1 depicts a detailed description.

Firstly, we identified independent single nucleotide

polymorphisms (SNPs) significantly associated with the exposure

(P<5×10-8). We conducted SNP clustering with a window size of

10,000 kb and an R2<0.001 threshold to remove linkage

disequilibrium (LD). Subsequently, we checked all the exposure-

re lated SNPs in the PhenoScanner database (http : / /

www.phenoscanner.medschl.cam.ac.uk/) to identify any SNPs

associated with potential confounders (BMI, smoking, alcohol

consumption) and the outcome (P<5×10-8). We extracted SNP

effects from the outcome GWAS dataset and harmonized the

impact of the exposure and outcome. We excluded palindromic

SNPs with ambiguous results (EAF >0.42). We employed the MR-

Pleiotropy Residual Sum and Outlier (MR-PRESSO) method to

identify and remove potential outliers (17). Finally, we assessed

instrumental strength using the F-statistic (F = N−k−1
k � R2

1−R2 ),

following the procedures outlined by Burgess and Thompson (18).
3 Mendelian randomization analyses

For our MR analyses, we employed R (version 4.2.2) packages,

namely “TwoSampleMR” (version 0.5.6) and “MR-PRESSO”

(version 1.0).
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We assessed the association between hypothyroidism/

hyperthyroidism and RA using three methods: inverse variance

weighted (IVW), weighted median (WM), and Mendelian

randomization-Egger (MR-Egger) methods. IVW method offers

consistent estimates when all genetic variants are valid IVs (19).

Conversely, MR-Egger regression provides consistent estimates,

notably when all considered genetic variants are incorrect IVs.

The weighted median approach generates consistent appraisals,

requiring at least half of the weights to be derived from accurate

IVs (20). Our primary result was based on the IVW method, while

MR-Egger and WM approaches were used to assess the reliability

and stability of the results.

We used the MR-Egger intercept test to detect horizontal

pleiotropy, with a P-intercept >0.05 indicating the absence of

such pleiotropy. We further employed the IVW method and

Egger regression to evaluate heterogeneity, with P<0.05 indicating

its presence. Cochran’s Q statistic was used to assess heterogeneity

(21). Moreover, we conducted a leave-one-out analysis to

investigate whether a single SNP was driving the causal association.
3.1 Univariable MR estimates

A rigorous screening process included removing specific SNPs,

including rs6679677, rs13426947, rs3087243, rs34046593,

rs2561477, rs2844456, rs6936656, rs1571878, rs12764378,

rs706778, rs8032939, and rs34536443 for their associations with

confounders or outcomes. Furthermore, rs1042169, rs13330176,

rs225433, rs2661798, rs3799963, and rs4452313 were excluded as

they failed to harmonize. Subsequently, we employed 26 valid IVs

for MR estimation of RA’s impact on hypothyroidism/

hyperthyroidism (Supplementary Tables 2, 3). For the MR

estimation of hypothyroidism’s impact on RA, we considered and
FIGURE 1

Directed acyclic graph of the Mendelian randomization (MR) framework investigating the causal relationship between exposure and outcome. The ‘×’
means that genetic variants are not associated with confounders or cannot be directly involved in outcome but via the exposure pathway. The ‘√’

means that genetic variants are highly correlated with exposure. SNPs, single-nucleotide polymorphisms.
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utilized 31 valid IVs (Supplementary Table 5), following the

removal of specific SNPs (rs6679677, rs4853458, rs11571297,

rs932036, rs9277542, rs707937, rs7902146, rs4409785, and

rs7310615) due to their associations with confounders or

outcomes, and rs9265890, which failed to harmonize. We

considered and utilized three valid IVs for the MR estimation of

hyperthyroidism’s impact on RA (Supplementary Table 5). These

were retained after excluding specific SNPs (rs6679677 and

rs9275576) due to their associations with confounders or

outcomes and rs9265890, which failed to harmonize.

In the initial step of the univariable MR analysis, we found a

significant causal effect of RA on hypothyroidism (IVW: odds ratio

[OR] = 1.07, 95% confidence interval [CI] = 1.01–1.14, P = 0.02).

The results obtained from the WMmethod aligned with those from

the IVW method (P = 0.02). However, the MR-Egger regression

method indicated a similar causal effect direction; however, they did

not reach significance (P = 0.63). A significant causal effect of RA on

hyperthyroidism was observed (IVW OR = 1.32, 95% CI = 1.15–

1.52, P< 0.001). The WM method results were consistent with the

IVWmethod (P = 0.03); however, the MR-Egger regression method

results were insignificant (P = 0.21). Conversely, in the inverse

analysis, hypothyroidism exhibited a significant causal effect on RA

(IVW OR = 1.21, 95% CI = 1.05–1.40, P = 0.01). However, neither

reached significance, while the WM method (P = 0.06) and MR-

Egger regression (P = 0.89) indicated causal effects in the same

direction. However, there was no estimated causal effect of

hyperthyroidism on RA in the IVW (P = 0.07) and MR-Egger

regression methods (P = 0.27). Although, the WM method (P =

0.02) showed a causal effect of hyperthyroidism on RA, the focus

was on the results of the IVW method, as shown in Table 1 and

Figure 2A. All instrumental variables used in this study exhibited F-

statistic values exceeding 10, indicating the robustness of the

selected IVs (Supplementary Tables 2-5).
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In the sensitivity analysis, Cochran’s Q test (P<0.05) revealed

heterogeneity in the valid IVs used to estimate the effect of RA on

hypothyroidism and hypothyroidism on RA. Therefore, a random

effects model was employed. Conversely, the valid IVs used to assess

the impact of RA on hyperthyroidism and hyperthyroidism on RA

did not exhibit heterogeneity in Cochran’s Q test (P >0.05).

Furthermore, there was no evidence of horizontal pleiotropy (P

>0.05 for MR-Egger intercept) in any of the univariate MR analyses

(Supplementary Table 6). The leave-one-out analysis results

(Supplementary Figure 3) indicated no individual SNP

significantly affected the causal effects. Scatter and funnel plots

are presented in Supplementary Figures 1 and 2.
3.2 Multivariable MR estimates

In multivariable MR analysis, we adjusted individually for smoking

quantity, alcohol intake frequency, and BMI; strong evidence

supported a direct causal effect of RA on the risk of hypothyroidism.

This was observed when adjusting for smoking quantity (IVW: OR =

1.19, P<0.001), alcohol intake frequency (IVW: OR = 1.19, P<0.001),

and BMI (IVW: OR = 1.21, P<0.001). In multivariable MR analysis

jointly adjusted for these factors, the effect size of the association

slightly increased (IVW: OR = 1.21, P<0.001).

Similarly, in multivariable MR analysis, when individually

adjusting for smoking quantity, alcohol intake frequency, and

BMI, strong evidence supported a direct causal effect of RA on

the risk of hyperthyroidism. This was observed when adjusting for

smoking quantity (IVW: OR = 1.34, P<0.001), alcohol intake

frequency (IVW: OR = 1.32, P<0.001), and BMI (IVW: OR =

1.27, P<0.001). In multivariable MR analysis jointly adjusted for

these factors, the effect size of the association was slightly reduced

(IVW: OR = 1.27, P<0.001).
TABLE 1 MR Results of RA on Risk of hypothyroidism/hyperthyroidism, and hypothyroidism/hyperthyroidism on Risk of RA.

Exposures Outcomes nSNPs Method OR (95%CI) P

RA Hypothyroidism 26 MR-Egger 1.03(0.90-1.19) 0.63

WM 1.07(1.01-1.14) 0.02

IVW 1.07(1.01-1.14) 0.02

RA Hyperthyroidism 26 MR-Egger 1.20(0.91-1.58) 0.21

WM 1.25(1.02-1.54) 0.03

IVW 1.32(1.15-1.52) <0.001

Hypothyroidism RA 31 MR-Egger 1.03(0.70-1.51) 0.89

WM 1.14(1.00-1.31) 0.06

IVW 1.21(1.05-1.40) 0.01

Hyperthyroidism RA 3 MR-Egger 0.55(0.32-0.94) 0.27

WM 0.92(0.85-0.99) 0.02

IVW 0.91(0.83-1.01) 0.07
frontie
RA, Rheumatoid arthritis; IVW, inverse variance weighted; WM, weighted median; nSNPs, number of SNPs used in MR; OR, odds ratio; CI, confidence interval; a Statistically significant
(p< 0.05).
rsin.org

https://doi.org/10.3389/fendo.2023.1256208
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Lai et al. 10.3389/fendo.2023.1256208
In the multivariable MR analysis, where we individually adjusted

for smoking quantity, alcohol intake frequency, and BMI, there was

compelling evidence of a direct causal effect of hypothyroidism on the

risk of RA. Specifically, when adjusted for smoking quantity, the IVW

ORwas 2.29 with P<0.001. Similarly, the IVWORwas 2.32 (P<0.001)

when adjusted for alcohol intake frequency and 2.32 (P<0.001) when

adjusted for BMI. The association remained strong even in the

multivariable MR analysis, simultaneously adjusted for all these

factors (IVW: OR = 2.28, P<0.001).

However, there was no discernible evidence of a causal effect of

hyperthyroidism on the risk of RA in the multivariate MR analyses,

whether adjusted for smoking quantity, alcohol intake frequency,

and BMI individually or collectively (P >0.05). Detailed results are

provided in Supplementary Table 7, Figure 2B.

4 Discussion

In our study, we performed bidirectional two-sample

univariable and multivariable MR analyses to investigate the
Frontiers in Endocrinology 0543
potential causal relationship between RA and hypothyroidism/

hyperthyroidism. The results of the univariable analysis indicated

a causal relationship between RA and hypothyroidism/

hyperthyroidism. However, when we considered hypothyroidism/

hyperthyroidism as exposure factors, we only identified a causal

relationship between hypothyroidism and RA and not between

hyperthyroidism and RA. In the multivariate MR analyses, after

adjusting for smoking quantity, alcohol intake frequency, and BMI,

the causal association between RA and hypothyroidism/

hyperthyroidism and that between hypothyroidism and RA

remained robust.

RA is an autoimmune disease characterized by symmetrical

synovial inflammation resulting from a complex interplay of genetic

and environmental factors that disrupt immune tolerance. Extra-

articular clinical manifestations occur in approximately 40% of

patients with RA (22). Thyroid dysfunction represents one of the

most common chronic endocrine disorders. Patients with thyroid

dysfunction frequently exhibit clinical manifestations similar to

those seen in patients with RA, such as fatigue, muscle weakness,
B

A

FIGURE 2

(A) Forest plots of the bidirectional two-sample univariable Mendelian randomization analysis of the relationship for RA on hypothyroidism/
hyperthyroidism, and hypothyroidism/hyperthyroidism on RA. (B) Forest plots of the bidirectional two-sample multivariable Mendelian randomization
analysis of the relationship for RA on hypothyroidism/hyperthyroidism, and hypothyroidism/hyperthyroidism on RA.
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joint pain, and swelling. Furthermore, both conditions share similar

pathogenic mechanisms involving autoimmune, inflammatory,

genetic, and environmental factors. This study focuses explicitly

on hyperthyroidism and hypothyroidism in thyroid dysfunction.

Thyroid dysfunction, with or without autoimmune thyroid disease

(AITD), is observed in 6% to 33.8% of patients with RA (23). The

results of a meta-analysis highlight an increased risk of thyroid

dysfunction in patients with RA, with a more significant association

with hypothyroidism (OR= 2.25, 95% CI=1.78–2.84) than

hyperthyroidism (OR 1.65, 95% CI 1.24–2.19), consistent with

our findings (9). The predominant causes of hyperthyroidism and

hypothyroidism are Graves’ disease and Hashimoto’s thyroiditis,

respectively. In a study involving 2791 cases of Graves’ disease and

495 cases of Hashimoto’s thyroiditis, 3.15% of individuals with

Graves’ disease and 4.24% of individuals with Hashimoto’s

thyroiditis had RA (24). Furthermore, research by Nisihara et al.

revealed positive antinuclear antibodies (ANA) in 17.5% of patients

with AITD (excluding rheumatic diseases), with rheumatoid factor

(RF) detected in 7.7% of such patients (25). In a study by Elnady

et al., significant differences were observed with ANA (50.8%), RF

(34.4%), and anti-cyclic citrullinated peptide (anti-CCP) (19.7%)

(26). Conversely, in a cohort study of 800 patients with RA, 9.8%

had AITD, 37.8% tested positive for anti-thyroid peroxidase (TPO)

antibodies, and 20.8% were positive for anti-thyroglobulin (TG)

antibodies (27). This evidence suggests an association between RA

and hypothyroidism/hyperthyroidism, warranting further

investigation into the underlying mechanisms that link

these conditions.

Autoimmune thyroid disease significantly contributes to

thyroid dysfunction. Shared physiopathologic mechanisms exist

among autoimmune diseases (AD), including RA and AITD (28,

29). These conditions share common susceptibility genes and

environmental factors, which could account for the higher

incidence of autoimmune diseases in affected individuals. Some

susceptibility genes associated with the development of RA include

HLA-DRB1, PTPN22, AFF3, CD28, CD40, CTLA4, IL2RA, IL2,

IL21, PRKCQ, STAT4, TAGAP, REL, TNFAIP3, TRAF1, BLK,

CCL21, FCGR2A, PADI4, and PRDM1 (30). Furthermore,

susceptibility genes for AITD include TSHR, TG, HLA, CTLA4,

PTPN22, CD40, CD25, ARID 5B, BT61, FCRL3, IL2RA, and

FOXP3 (31). Among these, PTPN22, CTLA4, HLA_DRB1,

FCRL3, and IL2RA are common susceptibility genes between

both conditions, while CD40 is exclusively associated with

Graves’ disease and RA (32). Regarding environmental factors,

smoking significantly increases the risk of RA (33) and Graves’

disease (34). Surprisingly, smoking has been found to reduce the

risk of hypothyroidism, although this protective effect diminishes in

the years following smoking cessation (35–37). Alcohol intake

frequency is protective against RA (38, 39). Meanwhile, Carlé

demonstrated that moderate alcohol intake frequency has

diminished the risk of developing Hashimoto’s thyroiditis and

Graves’ disease (40). Furthermore, gut flora dysbiosis has been

proposed as an essential environmental factor in developing RA and

hypothyroidism/hyperthyroidism (41–43). Chen et al. found that

anti-tumor necrosis factor treatment (anti-TNFa) in mice reduced
Frontiers in Endocrinology 0644
the expression of pro-inflammatory cytokines in the thyroid gland,

thereby reducing inflammation (44). Hennie et al. showed that in

individuals with RA and hypothyroidism, anti-TNFa therapy was

associated with improved thyroid function (45). Moreover, patients

receiving anti-TNFa treatment had a lower incidence of thyroid

disease than those who did not (46). Elevated levels of interleukin-1

(IL-1) and IL-6 have been associated with the severity of RA and

joint damage (47, 48). In summary, our study associates RA with

hypothyroidism/hyperthyroidism, confirming that RA increases the

risk of hypothyroidism/hyperthyroidism, and conversely,

hypothyroidism elevates the risk of RA. However, we did not

identify a causal relationship between hyperthyroidism and the

risk of developing RA. We propose that hyperthyroidism might

have a protective effect against RA by potentially increasing T

regulatory cells, countering the adverse effects of hyperthyroidism

on autoimmunity. However, further experimental validation with

larger sample sizes is essential.

The strengths of our study include the utilization of

bidirectional two-sample univariable and multivariable MR

analyses to explore the potential causal relationship between RA

and hypothyroidism/hyperthyroidism. Furthermore, using

exposure and outcome datasets from distinct consortiums

minimizes the impact of sample overlap.

However, this research has several limitations. Firstly, despite

employing an MR design and excluding known confounders, the

unaccounted potential confounders could still affect the results.

Secondly, this research exclusively focused on individuals of

European ancestry, which could limit the generalizability of the

findings to individuals of other ancestral backgrounds. Therefore,

caution is warranted when interpreting the implications of our

findings for broader populations. Thirdly, autoimmune diseases

generally exhibit a higher susceptibility in women than men.

However, due to limitations in the available data from the

original GWAS, we could not stratify the study by sex.

Furthermore, our respective indicators for smoking and alcohol

consumption, namely “ cigarettes per day” and “alcohol intake

frequency” provide a limited perspective as they only reflect the

quantity and frequency of smoking and drinking without capturing

the full biological effects. Comprehensive indicators are available,

such as the duration, frequency, and type of smoking, and the

description of drinking includes the number of units per

drink, the total weekly alcohol consumption, and the type of

alcohol consumed. Therefore, further analysis is needed to

comprehensively explore the effects of smoking and drinking.

Finally, hypothyroidism and hyperthyroidism have complex

etiologies with multiple subtypes, and the lack of consideration

for these subtypes is a limitation in our MR analysis.
5 Conclusion

Our study utilized bidirectional two-sample univariable

and multivariable MR analytical techniques to investigate a

potential causal relationship between RA and hypothyroidism/

hyperthyroidism. We confirmed the causal relationship between
frontiersin.org
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RA and hypothyroidism/hyperthyroidism. When hypothyroidism/

hyperthyroidism were considered as exposure factors, we identified

a causal relationship between hypothyroidism and RA; however, no

such association was identified between hyperthyroidism and RA.
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46. Tarhan F, Orük G, Niflioğlu O, Ozer S. Thyroid involvement in ankylosing
spondylitis and relationship of thyroid dysfunction with anti-TNF a treatment.
Rheumatol Int (2013) 33(4):853–7. doi: 10.1007/s00296-012-2438-9

47. Srirangan S, Choy EH. The role of interleukin 6 in the pathophysiology of
rheumatoid arthritis. Ther Adv InMusculoskeletal Dis (2010) 2(5):247–56. doi: 10.1177/
1759720X10378372

48. Dinarello CA. Interleukin-1 in the pathogenesis and treatment of inflammatory
diseases. Blood (2011) 117(14):3720–32. doi: 10.1182/blood-2010-07-273417
frontiersin.org

https://doi.org/10.1002/gepi.21758
https://doi.org/10.1093/ije/dyw220
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1016/j.semarthrit.2020.01.004
https://doi.org/10.20452/pamw.600
https://doi.org/10.1016/j.amjmed.2009.06.030
https://doi.org/10.1016/j.amjmed.2009.06.030
https://doi.org/10.1159/000490569
https://doi.org/10.1097/MD.0000000000004336
https://doi.org/10.1155/2012/864907
https://doi.org/10.3899/jrheum.110199
https://doi.org/10.1155/2012/297193
https://doi.org/10.1038/nrendo.2013.161
https://doi.org/10.1530/EJE-14-0047
https://doi.org/10.1210/er.2008-0015
https://doi.org/10.1186/s13075-017-1276-2
https://doi.org/10.3389/fendo.2017.00050
https://doi.org/10.1210/jc.2004-0431
https://doi.org/10.1111/cen.12279
https://doi.org/10.1111/cen.12279
https://doi.org/10.1111/j.1365-2265.2012.04455.x
https://doi.org/10.1038/s41467-020-15855-z
https://doi.org/10.1093/rheumatology/kes376
https://doi.org/10.1111/cen.12106
https://doi.org/10.1042/BSR20191242
https://doi.org/10.3390/nu12061769
https://doi.org/10.3390/nu12061769
https://doi.org/10.18632/aging.203641
https://doi.org/10.1189/jlb.0606402
https://doi.org/10.3899/jrheum.100488
https://doi.org/10.1007/s00296-012-2438-9
https://doi.org/10.1177/1759720X10378372
https://doi.org/10.1177/1759720X10378372
https://doi.org/10.1182/blood-2010-07-273417
https://doi.org/10.3389/fendo.2023.1256208
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Terry Francis Davies,
Icahn School of Medicine at Mount Sinai,
United States

REVIEWED BY

Marcelo Yudi Icimoto,
Federal University of São Paulo, Brazil
Hui Lu,
Zhejiang University, China

*CORRESPONDENCE

Yuchang Fei

feiyuchang123456@163.com

†These authors have contributed
equally to this work and share
first authorship

RECEIVED 14 June 2023
ACCEPTED 08 November 2023

PUBLISHED 29 November 2023

CITATION

Dong H, Pan L, Shen Y, Xu Q, Hu J, Hu Z
and Fei Y (2023) Thyroid dysfunction and
risk of cutaneous malignant melanoma: a
bidirectional two-sample Mendelian
randomization study.
Front. Endocrinol. 14:1239883.
doi: 10.3389/fendo.2023.1239883

COPYRIGHT

© 2023 Dong, Pan, Shen, Xu, Hu, Hu and
Fei. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 29 November 2023

DOI 10.3389/fendo.2023.1239883
Thyroid dysfunction and risk of
cutaneous malignant melanoma:
a bidirectional two-sample
Mendelian randomization study

Hua Dong1†, Lei Pan2†, Yanhui Shen3, Qinxuan Xu2, Jinyu Hu2,
Zhiwei Hu1 and Yuchang Fei4*

1Endocrinology Department, Jiashan Hospital Affiliated of Jiaxing University, The First People’s
Hospital of Jiashan, Jiaxing, Zhejiang, China, 2Department of Oncology, The First Affiliated Hospital of
Zhejiang Chinese Medical University, Hangzhou, Zhejiang, China, 3Department of Traditional Chinese
Medicine, Institute for Food, Drug and Product Quality Control of Jiaxing, Jiaxing, Zhejiang, China,
4Department of Integrated Chinese and Western Medicine, Jiashan Hospital affiliated of Jiaxing
University, The First People’s Hospital of Jiashan, Jiaxing, Zhejiang, China
Background: Epidemiologic and observational data have found a risk association

between thyroid dysfunction and cutaneous malignant melanoma (CMM),

however, the cause and direction of these effects are yet unknown. By using a

bidirectional two-sample Mendelian randomization (MR) methodology, we

hoped to further investigate the causal link between thyroid dysfunction and

CMM in this work.

Methods: A genome-wide association study (GWAS) of 9,851,867 single

nucleotide polymorphisms (SNPs) in a European population was used to

develop genetic tools for thyroid dysfunction. Hypothyroidism was linked to

22,687 cases and 440,246 controls. For hyperthyroidism, there were 3545 cases

and 459,388 controls. A total of 3751 cases and 372016 controls were included in

the genetic data for CMM from UK Biobank (http://www.nealelab.is/uk-biobank)

(the Dataset: ieu - b - 4969). Among them, inverse variance weighting (IVW) is the

main MR Analysis method for causality assessment. MR-Egger method, MR

Pleiotropic residual and outlier test (MR-PRESSO), and simple and weighted

median (VM) were used to supplement the IVW method. Sensitivity analyses,

mainly Cochran’s Q test, leave-one-out analysis, and MR Egger intercept test

were performed to assess the robustness of the outcomes.

Results: The two-sample MR Analysis results revealed a negative correlation

between genetically predicted hypothyroidism and the probability of CMM

(OR=0.987, 95%CI =0.075-0.999, p=0.041). The supplemental MR Analysis did

not reveal any statistically significant differences, although the direction of the

effect sizes for the other approaches was consistent with the IVW effect sizes. The

results of the causal analysis were relatively robust, according to a sensitivity analysis.

The risk of CMM was unaffected by hyperthyroidism (p>0.05). No correlation

between CMM and thyroid dysfunction was seen in the reverse MR analysis.
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Conclusion: Although themagnitude of the causal association is weak and further

investigation of the mechanism of this putative causal relationship is required, our

findings imply that hypothyroidism may be a protective factor for CMM.
KEYWORDS

thyroid dysfunction, hypothyroidism, hyperthyroidism, cutaneousmalignant melanoma
(CMM), Mendelian randomization study
Introduction

Hypothyroidism and hyperthyroidism are common endocrine

disorders with potentially damaging health consequences that affect

all populations worldwide. Among them, hypothyroidism affects 0.6%-

12% of women and 1.3%-4% of men (1, 2); In the general population,

the frequency of hyperthyroidism ranges from 0.2% to 1.3% (3–5), is

1.48 times more prevalent in women than in males (6), and rises with

age. Thyroid hormones are essential for growth, neuronal

development, reproduction, and regulation of energy metabolism (7).

Increased blood thyroid-stimulating hormone (TSH) levels in an

iodine-rich environment cause hypothyroidism, which is most

typically caused by Hashimoto’s thyroiditis. Hypothyroidism is

widely established to be related to comorbidities such as diabetes,

and cardiovascular and cerebrovascular illness (8). Graves’ disease

accounts for 70%-80% of hyperthyroidism in countries with

adequate iodine and around 50% of hyperthyroidism in places with

insufficient iodine (5, 9).

Since thyroid hormone is crucial for physiological processes like

growth, maturation, and human metabolism, it has been suggested

previously that thyroid function may influence the development of

cancer (10, 11). With inconsistent findings from past research, the

precise relationship between thyroid function and cancer has been a

matter of controversy for more than 200 years (12, 13). CMM, the

most dangerous type of skin cancer, is becoming more common

everywhere. According to recent statistics, men and women in the

United States are more likely to develop CMM than any other type

of cancer (14). For a long time, scholars have recognized the

“thyroid-skin connection”, but there are few studies on the role of

THs in the occurrence and/or progression of CMM. Early

observations found that both abnormally low and excessive

thyroid hormones (THs) can change the appearance and function

of human skin and its appendages, leading to pretibial myxoedema

and alopecia at rest (15, 16). Thyroid-stimulating hormone receptor

mRNA was found to be highly expressed in cultured keratinocytes,

epidermal melanocytes, and melanoma cells by Andrzej (16). Genes

associated with the hypothalamic-pituitary-thyroid axis are also

expressed in the skin but are selective in both cell type and gene

type. Giacomo et al. described a case of melanoma onset after

utilizing hormone, thyroid and growth hormone replacement

therapy (17). Shah Monica et al. showed in a retrospective study

that male melanoma patients had a substantially higher frequency

of hypothyroidism than the overall population (18). Although the
0248
results of current observational studies are useful for researching

thyroid function and CMM they are prone to be influenced by

several confounding variables, making it difficult to draw reliable

conclusions about the cause of an event. Therefore, more research

into the causes of thyroid illness and malignant cutaneous

melanoma is required.

Mendelian randomization (MR) is a data analysis method

applied to the etiology inference of epidemics, which uses genetic

variation to assess the causal relationship between exposure and

outcome. It serves as a valuable tool, especially when randomized

controlled trials are not feasible to examine causal relationships and

observational studies deviate due to confounding factors or reverse

causal relationships, which can be addressed by using genetic

variation as a tool variable for testing exposure. Since alleles

follow the principle of random allocation during gametogenesis,

genotypes can be used as instrumental variables of intermediate

phenotypes to be studied to infer their causal relationship with

disease states, and the estimated effect value is not affected by

confounding factors and reverse causality (19, 20).

Genome-wide association studies (GWAS) that have been

widely disseminated in recent years have made it possible for

researchers to examine complicated disorders, and the findings of

many features have paved the path for rigorous and well-researched

MR Analysis. Numerous MR studies have examined the link

between cancer and thyroid function level in recent years.

According to Lu et al.’s research, hypothyroidism has a protective

causative association that is inversely correlated with the likelihood

of developing hepatocellular carcinoma (HCC) (21). TSH levels

were found to be inversely correlated with thyroid cancer by Yuan

et al.’s MR Analysis, and thyroid dysfunction was found to be

related to breast cancer (22).

However, more MR analyses are required to further examine

more reliable results as the GWAS database grows. This

investigation used a two-sample MR analysis to determine the

possible causative link between thyroid illness and CMM.
Materials and methods

Study design

Hypothyroidism and hyperthyroidism summary data are from

genome-wide association studies (GWASs) from ieu open gwas
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project database (https://gwas.mrcieu.ac.uk/) retrieved. The data of

hypothyroidism and hyperthyroidism were obtained from Dataset:

ukb-b-20289 and Dataset: ukb-b-19732 with 9,851,867 single

nucleotide polymorphisms (SNPS) in 462,933 Europeans.

Hypothyroidism was associated with 22,687 cases and 440,246

controls. There were 3545 cases and 459,388 controls for

hyperthyroidism. CMM of the data from the UK Biobank (http://

www.nealelab.is/uk-biobank) (the Dataset: ieu-b-4969) with 3751

cases and 372,016 controls. A total of 11396019 SNPs were covered.

All cases met the diagnostic criteria of hyperthyroidism/

hypothyroidism and CMM (The diagnostic criteria are available

in Supplementary File 1). Table 1 shows the sources of data for the

analysis. The exposure and outcome samples covered in this study

were all human and were secondary analyses of previously

published data. Therefore, ethical approval was not required.

Figure 1 shows three key assumptions of this bidirectional

MR study.
Data sources and SNPs selection

We selected genome wide significant (p< 5 × 10 − 8) single

nucleotide polymorphism loci (SNPs) associated with CMM from

large GWAS meta-analyses as instrumental variables (IV). Using

thyroid dysfunction as the exposure factor and CMM as the

outcome index, we found that there were 13 SNPs in the MR

analysis of hyperthyroidism and CMM and 107 SNPs in the MR

analysis of hypothyroidism and CMM. Using CMM as the exposure

factor and thyroid disease as the outcome index, there were 8 SNPS

in the MR Analysis of cutaneous melanoma and hyperthyroidism,
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and 10 SNPS in the MR Analysis of hypothyroidism and cutaneous

melanoma. To ensure SNP independence, we performed LD-

pruned tests (r2<0.001 and kb=10000) using R software.
Statistical analysis

In this two-sample MR analysis, the bidirectional causality

between thyroid dysfunction and CMM was estimated using the

inverse-variance weighted (IVW), MR-Egger, simple and weighted

median (VM), and MR Multiple effects residual and outlier test

(MR-PRESSO).

IVW analysis is the main method of our MR research, which is

characterized by regression without considering the existence of

intercept term and using outcome variance because it has the most

convincing estimation when directional pleiotropy of IVs is missing

(23). MR-Egger is an alternative robust method for Mendelian

randomization using summary data (24). At least 50% of the weight

comes from valid IVs, then the weighted median will provide

consistent estimates (25). MR-Egger and VM as complements

should both be considered as sensitivity analyses for Mendelian

randomization studies with multiple genetic variants. The MR-

PRESSO method was used to identify horizontal pleiotropy outliers

in multi-instrument summary-level MR testing and to reassess

causal effects after removing pleiotropy IV (26).

To further account for possible horizontal pleiotropy, sensitivity

analyses were performed to determine whether the results were

robust or the data were heterogeneous. We used Cochran’s Q value

to test heterogeneity (27), p<0.05 was considered to indicate the

presence of heterogeneity, and IVW random effect method was

used as the main effect size. The deviation of the intercept from zero

in MR Egger regression is a valid indicator of response level

pleiotropy. Leave-one-out analysis was performed by deleting an

SNP in the analysis and estimating the causal effect (23). The

flowchart for the selection of IVs and MR Analysis is shown

in Figure 2.

We used the R packages “TwoSampleMR” and “MR-PRESSO”

to do the MR analysis, and R software version 4.2.1 was used for all

statistical analyses. R created a graphic depiction of the data.
Results

Positive MR relationship between thyroid
dysfunction and CMM

A total of 107 SNPs were included as valid IVs for this analysis.

IVW is MR’s method of meta-summarizing the effects of multiple

loci when analyzing multiple SNPs. MR Analysis showed that

hypothyroidism may increase the risk of CMM (IVW: OR =

0.987, 95%CI =0.075-0.999, P=0.041). IVW Cochran’s Q analysis

of p < 0.05, indicates that there is heterogeneity between SNPs,

therefore IVW random effect model was used as a main analysis

method. MR Egger regression is used to detect the presence of

horizontal pleiotropy in IVs. When the intercept test of MR Egger
TABLE 1 Sources of data for the analysis.

Phenotype
Source of Genetic

Variants

Consortium Participants

Hyperthyroidism MRC-IEU Case 3545

Control 459388

Sample size 462933

Number of
SNPs

9851867

Hypothyroidism MRC-IEU Case 22687

Control 440246

Sample size 462933

Number of
SNPs

9851867

Cutaneous Malignant
Melanoma

UK Biobank Case 3751

Control 372016

Sample size 375767

Number of
SNPs

11396019
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shows p<0.05, it indicates that the difference is statistically

significant and there is horizontal pleiotropy. However, the results

of MR Egger regression here show that p>0.05, the difference is not

statistically significant, indicating that genetic level pleiotropy does

not cause bias in the results (intercept=-0.000064, p=0.948).

MR analysis showed that thyroid function hyperfunction and

there is no causation between its CMM (IVW: OR = 0.989, 95% CI

= 0.922 1.061, p=0.753). When hyperthyroidism was used as the

exposure factor, Cochran’s Q analysis of IVW was p>0.05, so the

IVW fixed effect model was used for MR Analysis. In addition, MR

– the Egger intercept method (p=0.145) not detected the genetic

level pleiotropic; No abnormal values were detected by the MR-

PRESSO method (p=0.759).The specific results of the above MR

Analysis and the results of the sensitivity analysis are shown in

Table 2 and Figure 3.
The relationship between CMM and thyroid
dysfunction was examined by inverse MR

There was no evidence to support that CMM was a risk factor

OR protective factor for hyperthyroidism and hypothyroidism

(IVW: OR=1.016, 95%CI =0.955-1.080, p=0.623; OR=0.811, 95%

CI= 0.647-1.016, p=0.068). Cochran’s Q test showed that there was

heterogeneity among the 10 SNPs in the MR analysis of malignant

cutaneous melanoma and hypothyroidism (p<0.05). Therefore, the
Frontiers in Endocrinology 0450
IVW random effects model was chosen. Cochran’s Q test showed

no significant heterogeneity of the 8 SNPs in the MR Analysis of

CMM and hyperthyroidism (p=0.607), so we selected the IVW fixed

effect model. We ultimately found no evidence to support a causal

relationship between CMM and the risk of thyroid dysfunction.

Additionally, the outcomes of the IVW approach and the MR-

Egger method, simple median method, weighted median method,

and MR-PRESSO method were comparable (Table 2 and Figure 4).

The leave-one-out strategy added to the evidence of the reliability of

the effect estimates from the MR Analysis (Supplementary

Materials-Figure 1).
Discussion

GWAS data from two distinct consortiums with populations of

European ancestry were included in this two-sample MR Study. By

using two-sample MR analysis, we methodically evaluated the

bidirectional causality between thyroid insufficiency and CMM.

Although there is a causal link between hypothyroidism and a lower

risk of CMM, there is no causal link between hyperthyroidism and

an increased risk of the disease. Similarly to this, there is no

conclusive proof that there is a hereditary link between the risk of

cutaneous melanoma and the occurrence of thyroid dysfunction,

according to additional sensitivity analysis, and the effect estimates

were reliable.
A

B

FIGURE 1

(A) Directed acyclic diagram of MR Framework to explore the causal relationship between thyroid dysfunction and CMM. (B) Directed acyclic
graph of MR Framework to explore the causal relationship between CMM and thyroid dysfunction. SNPs, single nucleotide polymorphism; CMM,
cutaneous malignant melanoma; iv, Instrumental variables.
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An autoimmune condition known as thyroid dysfunction

includes both hyperthyroidism and hypothyroidism. Although the

pathophysiology of the two diseases is distinct, clinical work makes

it simpler to diagnose and treat the disease by enhancing the

serological assessment of thyroid function in conjunction with

clinical symptoms. However, growing clinical evidence in recent

years has demonstrated that even small changes in thyroid function,

such as subclinical dysfunction and changes within the reference
Frontiers in Endocrinology 0551
range, can have a significant effect on clinical endpoint outcomes

like bone mineral density, depression, metabolic syndrome, and

cardiovascular disease (28). Cancer is one of the common diseases

with the highest incidence rate and mortality in the world. The

International Agency for Research on Cancer (IARC) predicts that

there will be 18.1 million new cancer cases worldwide in 2020 (29).

In addition, the American Cancer Society predicts that 1.95 million

new cancer cases and 600,000 cancer deaths are expected in the
TABLE 2 MR analysis results.

MR estimates for the causal effect of thyroid dysfunction on Cutaneous Malignant Melanoma(CMM)

Outcome nSNP IVW MR-Egger Weighted Median Weighted Mode

OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P

Hyper CMM 13 0.989 (0.922,1.061) 0.753 1.093 (0.978,1.221) 0.145 1.018 (0.939,1.104) 0.658 1.024 (0.942,1.113) 0.588

Hypo CMM 107 0.987 (0.975,1.000) 0.04 0.999 (0.973,1.026) 0.948 0.989 (0.971,1.007) 0.215 0.989 (0.969,1.007) 0.227

MR estimates for the causal effect of Cutaneous Malignant Melanoma(CMM) on thyroid dysfunction

Outcome nSNP IVW MR-Egger Weighted Median Weighted Mode

OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P

CMM Hyper 8 1.016 (0.955,1.080) 0.623 1.091 (0.945,1.259) 0.281 1.032 (0.954,1.116) 0.429 1.045 (0.956,1.143) 0.363

CMM Hypo 10 0.811 (0.647,1.016) 0.068 0.838 (0.484,1.450) 0.545 0.832 (0.689,1.004) 0.055 0.808 (0.645,1.011) 0.096
frontier
FIGURE 2

Flow chart of Mendelian randomization analysis of the study. iv, instrumental variable; GWAS, genome-wide association study; IVW, inverse variance
weighted method; MR-PRESSO, Mendelian randomization pleiotropy residual sum, and outlier test; CMM, cutaneous malignant melanoma; iv,
Instrumental variables.
sin.org

https://doi.org/10.3389/fendo.2023.1239883
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Dong et al. 10.3389/fendo.2023.1239883
United States in 2023 (30). Current research on the connection

between thyroid health and cancer is contradictory. According to

studies, there is no connection between SCH and breast or prostate

cancer (12). The relative risk (OR) for cancer in 2,414,165 adults

with diagnosed hypothyroidism compared to those without

hypothyroidism was 1.73(1.72-1.74) based on the 2019 Spanish

population-based statistics (p<0.0001). In addition, patients aged 65

years or older with hypothyroidism have a reduced risk of bladder,

colorectal, gastric, pancreatic, and prostate cancers (31). Although

existing studies have analyzed the causal relationship between

thyroid dysfunction and other cancers, there has been no MR

analysis of the causal relationship between thyroid dysfunction

and CMM, and the exact relationship between the two has not

been clarified by existing clinical and basic research.

Studies using epidemiological data have demonstrated a favorable

correlation between hypothyroidism and the advancement of CMM

(31–33). In line with the findings of the aforementioned

epidemiological data, a retrospective analysis from the Israeli National

Cancer Registry indicated that elevated Log-TSH was linked to a higher
Frontiers in Endocrinology 0652
risk of CMM (HR: 1.11) (34). In contrast to the epidemiological data of

the Israeli population mentioned above, our MR analysis, which was

focused on a European population, revealed the opposite conclusion

from a genetic point of view, which may have skewed the statistical

results due to the Israeli population’s small size. In contrast to these

investigations, our MR analysis comprised a considerably bigger

population. Our work is more trustworthy because of our more

stringent genetic instrument inclusion criteria and the removal of

potential confounding variables. Furthermore, the aforementioned

Israeli research discovered a link between hyperthyroidism and

melanoma mortality (adjusted HR: 2.20) (35). Our MR analysis,

however, could not identify a genetic link between hyperthyroidism

and CMM. Since drug therapy alters the body’s initial immune status,

more studies have recently focused on thyroid dysfunction in people

with CMM caused by the use of immune checkpoint inhibitors (36),

which is distinct from the causal relationship between thyroid

dysfunction and CMM investigated in this study.

The advantage of our study is that we are the first to use a two-

sample MR analysis to explore the bidirectional causal link between
B

C D

A

FIGURE 3

Scatter plot and forest plot of the causal relationship between thyroid dysfunction and CMM. CMM, cutaneous malignant melanoma. (A) Scatter plot
of causality between hyperthyroidism and malignant cutaneous melanoma. (B) the susceptibility of hyperthyroidism to the risk of CMM; Red dots
indicate the combined causal estimates for all SNPs using both MR-Egger and IVW) methods. (C) Scatter plot of causality between hypothyroidism
and CMM. (D) the susceptibility of hypothyroidism to the risk of CMM; Red dots indicate the combined causal estimates for all SNPs using both MR-
Egger and IVW) methods.
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thyroid dysfunction and CMM. MR analysis is able to minimize the

interference of confounding factors. Additionally, the genetic

techniques that we developed by combining numerous separate data

sets allowed us to reduce the possibility of biased outcomes as a result

of under-enrollment. This MR analysis still has several limitations,

such as the fact that the research population was chosen because it was

European, which may have led to outcome bias. To generalize this

analysis to other populations, more research is required.

We could have been unable to identify variations in thyroid

dysfunction in the initial data set due to the heterogeneity of the

included data sets.
Conclusion

Our research demonstrates that hyperthyroidism does not raise

the risk of CMM, whereas hypothyroidism is causally linked to a

decreased risk of the disease. In addition, we found no clear evidence

of genetic causality between CMM and the risk of thyroid dysfunction.
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FIGURE 4

Scatter plot and forest plot of the causal relationship between CMM and thyroid dysfunction. CMM, cutaneous malignant melanoma. (A) Scatter plot
of causality between malignant cutaneous melanoma and hyperthyroidism. (B) the susceptibility of CMM to the risk of hyperthyroidism; Red dots
indicate the combined causal estimates for all SNPs using both MR-Egger and IVW) methods. (C) Scatter plot of causality between malignant
cutaneous melanoma and hypothyroidism. (D) the susceptibility of CMM to the risk of hypothyroidism; Red dots indicate the combined causal
estimates for all SNPs using both MR-Egger and IVW) methods.
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SUPPLEMENTARY FIGURE 1

Leave-one-out plot of the risk of bidirectional causality between thyroid

dysfunction and CMM. CMM, cutaneous malignant melanoma. (A)
Hyperthyroidism and CMM; (B) Hypothyroidism and CMM; (C) CMM and

hyperthyroidism; (D) CMM and hypothyroidism.

SUPPLEMENTARY FIGURE 2

Funnel plot of the risk of bidirectional causality between thyroid dysfunction
and CMM. CMM, malignant cutaneous melanoma. (A) Hyperthyroidism and

CMM; (B)Hypothyroidism and CMM; (C) CMM and hyperthyroidism; (D) CMM
and hypothyroidism.
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in patients undergoing liver
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Purpose:Whether the diagnosis of non-alcoholic fatty liver disease or metabolic

dysfunction-associated fatty disease has a different impact on liver transplant

recipients with hepatocellular carcinoma is not yet clear.

Methods: Data from a two-center retrospective cohort study were collected to

compare and investigate the differences between non-alcoholic fatty liver

disease and metabolic dysfunction-associated fatty liver disease in

clinicopathologic parameters and prognosis among liver transplant recipients

with hepatocellular carcinoma.

Results: A total of 268 liver transplant recipients with hepatocellular carcinoma

were included. The prevalence among pre- and post-transplant metabolic

dysfunction-associated fatty liver disease was 10.82% and 30.22%, while for

non-alcoholic fatty liver disease, it was 7.09% and 26.87%, respectively. The

clinicopathological parameters were similar between the two pre-transplant

groups. In contrast, the post-transplant group with metabolic dysfunction-

associated fatty liver disease exhibited a higher prevalence of diabetes mellitus

and a greater body mass index. However, the other parameters were similar

between the two post-transplant groups (p > 0.05). Factors such as the largest

tumor size > 4 cm, microvascular invasion, lack of tumor capsule, post-transplant

metabolic dysfunction-associated fatty liver disease, and decreased post-

transplant lymphocyte percentage were related to an increased risk

of recurrence.
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Conclusion: In patients undergone liver transplantation for hepatocellular

carcinoma, the diagnosis of metabolic dysfunction-associated fatty disease is

more strongly associated with metabolic abnormalities than the diagnosis of

non-alcoholic fatty liver disease and is an independent predictor of

hepatocellular carcinoma recurrence.
KEYWORDS

hepatocellular carcinoma, liver transplantation, non-alcoholic fatty liver disease,
metabolic dysfunction-associated fatty liver disease, prognosis
Introduction

Hepatocellular carcinoma (HCC), currently the sixth most

common tumor worldwide, ranks fourth in terms of tumor

mortality (1). Major risk factors contributing to the occurrence

and development of HCC have been well established, including

infection with hepatitis B virus (HBV) or hepatitis C virus (HCV),

excessive alcohol consumption, and exposure to fungal metabolite

(2, 3). Moreover, growing evidence suggests that metabolic risk

factors, such as steatosis, obesity, and metabolic syndrome, can

collectively contribute to the development of HCC, with a rising

prevalence of HCC related to metabolic dysfunction (4, 5).

Additionally, metabolic dysfunction can lead to concurrent

diseases such as type 2 diabetes mellitus (T2DM), chronic kidney

disease, cardiovascular disease (CVD), certain extrahepatic cancers,

and severe liver-related complications (6). Non-alcoholic fatty liver

disease (NAFLD), which is associated with metabolic dysfunction

(7, 8), has emerged as a significant contributor to liver-related

morbidity and mortality globally, with a prevalence of

approximately 25% (9, 10). Moreover, NAFLD is one of the

major indications for liver transplantation (10). However, NAFLD

stands out in its diagnostic approach, often failing to account for the

influence of coexisting metabolic dysfunction and various liver

disease etiologies (11).

Recently, the concept of metabolic dysfunction-associated fatty

liver disease (MAFLD) has been introduced by international

consensus, focusing on its relevance to the underlying conditions

of systemic metabolic dysfunction (12, 13). The new criteria define

MAFLD as hepatic steatosis together with the presence of metabolic

conditions (T2DM, obesity/overweight, or at least two metabolic

abnormalities). Although MAFLD is presumed to have a stronger

association with metabolic syndrome than NAFLD (14),

understanding the application of this new terminology in liver

transplantation remains limited. Moreover, the differential impacts
epatitis B virus; HCV,

cardiovascular disease;

etabolic dysfunction-

recipients; BMI, body
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of MAFLD and NAFLD on the pathological characteristics and

outcomes of liver transplant recipients (LTR) with HCC have not

been thoroughly explored in the existing literature.

Hence, we conducted a two-center retrospective study on LTR

with HCC to investigate their clinicopathological data and

prognosis, aiming to assess the respective influences of MAFLD

and NAFLD on these patients.
Materials and methods

Study design and participants

This retrospective cohort study was conducted at Beijing

Chaoyang Hospital (March 2011 and December 2021) and

China-Japan Friendship Hospital (February 2018 and December

2021) involving LTR with HCC who underwent liver

transplantation. The study was approved by the Institutional

Review Board of both hospitals (No.2022-D-115) in accordance

with the 1964 Helsinki Declaration and its later amendments.

Informed consent was not required, given the retrospective nature

of the study.
Inclusion criteria and exclusion criteria

Inclusion criteria for LTR encompassed histopathologically

confirmed HCC without distant metastases, undergoing liver

transplantation, and a follow-up period of at least 6 months.

Exclusion criteria consisted of combined-organ transplantation,

liver retransplantation, presence of any other type of tumor, and

missing data for a MAFLD diagnosis.
Definitions

MAFLD diagnosis was based on hepatic steatosis in conjunction

with one of the following three conditions: a body mass index (BMI)

≥ 23 kg/m2 in Asians, T2DM, or metabolic dysregulation (12, 13).

T2DM was defined as a history of diabetes, and/or fasting plasma
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glucose ≥ 7.0 mmol/L, and/or two-hour post-load plasma glucose ≥

11.1 mmol/L, and/or HbA1c ≥ 6.5% (15). Metabolic dysregulation

was characterized by having at least two of the following metabolic

conditions: waist circumference ≥ 90 in Asian men and ≥ 80 cm in

Asian women; blood pressure ≥ 130/85 mmHg or receiving drug

treatment; plasma triglycerides ≥ 1.70 mmol/L or receiving drug

treatment; plasma high-density lipoprotein (HDL)-cholesterol < 1.0

mmol/L for males and < 1.3 mmol/L for females or receiving drug

treatment; prediabetes (fasting plasma glucose levels 5.6-6.9 mmol/

L, or two-hour post-load plasma glucose levels 7.8-11.0 mmol/L or

HbA1c 5.7% to 6.4%).

NAFLD was diagnosed when hepatic steatosis was present, and

secondary causes, such as excessive alcohol intake, viral hepatitis,

autoimmune liver disease, parenteral nutrition, genetic disorders,

hepatic malignancies, hepatobiliary infections, biliary tract diseases,

medications, and starvation, were excluded (16). Alcohol intake was

limited to ≤ 20 g/d for males and ≤ 10 g/d for females to define non-

alcohol related liver conditions.

Hepatic steatosis was assessed through histopathology post-

surgery for the recipient’s liver and via abdominal ultrasonography

during follow-up for LTR. The diagnosis was conducted by two

experienced pathologists and sonologists, who were blinded to each

other’s evaluation.
Data collection

Data collection was carried out through medical records and

follow-up visits until December 2022. The following clinical

variables were obtained: age, sex, alcohol intake, smoking (≥ 1

cigarette/d), body mass index, waist circumference, Child-Pugh

grade, model of end-stage liver disease score (MELD score),

immunosuppressive regimen, tumor-free survival, and overall

survival in addition to histories of tumor therapy, CVD,

hypertension and DM. CVD was comprised of coronary heart

disease and stroke (17). Histopathological parameters included

the largest tumor size, number of tumors, total tumor size, and

tumor differentiation. The presence of tumor capsule, hepatic

cirrhosis, hepatic capsule invasion, microvascular invasion,

macrovascular invasion, and tumor within Milan criteria (18) was

also noted. Laboratory measurements contained total bilirubin

levels, aspartate aminotransferase levels, alanine transaminase

levels, albumin levels, triglyceride levels, high-density lipoprotein

cholesterol levels, fasting plasma glucose levels, alpha-fetoprotein

levels, creatinine levels, neutrophil count, neutrophil percentage,

lymphocyte count, lymphocyte percentage, neutrophil-to-

lymphocyte count ratio.
Follow-up

Patient follow-up visits were scheduled at three-month intervals

during the first postoperative year, semi-annually during the second

postoperative year, and annually thereafter. The follow-up period

began on the day of patient discharge and ended either on the date

of tumor recurrence or the closing date of follow-up. The primary
Frontiers in Endocrinology 0358
objective of the study was to investigate the occurrence of MAFLD

and NAFLD post-transplantation, with the secondary aim being to

evaluate tumor-free survival.
Statistical analysis

The normal distribution of continuous variables was tested

using a Kolmogorov-Smirnov test. The independent samples t-

test was employed for normally distributed variables, while the

Wilcoxon ranksum test was selected for non-normally distributed

variables. The Chi-square or Fisher’s exact test was used to compare

categorical variables. The Kaplan-Meier method was used for

survival analysis. The Cox regression model was employed for

multifactor survival analysis. Data were analyzed using SPSS 19.0

computer software (IBM Corp., Armonk, NY, USA). The figures

were generated using R 4.2.1 (https://www.R-project.org/). All

statistical tests were two-sided, with statistical significance set at a

P-value <0.05.
Results

Characteristics of LTR

A total of 268 patients with HCC, who underwent liver

transplantation, were included in this study. The majority of

patients were male (89.55%, n=234), with a mean age of 53.88 ±

9.05 years (range: 28~76 years). All LTR were of Asian descent.

Prior to liver transplantation, 20.90% (n=56) of patients had DM

while 17.91% (n=48) had hypertension. The mean BMI of LTR was

24.26 kg/m2. Following liver transplantation, the prevalence of DM

and hypertension increased to 34.70% (n=93) and 27.61% (n=74),

respectively, with a mean BMI of 23.42 kg/m2. During the follow-up

period, 63 patients experienced tumor recurrence, while 204 LTR

remained alive.
Overlap between pre- and post-transplant
MAFLD and NAFLD

Before liver transplantation, 10.82% (29/268) of patients were

diagnosed with MAFLD and 7.09% (19/268) with NAFLD. Among

the 29 LTR with MAFLD, 15 also met the criteria for NAFLD.

Following liver transplantation, the overall prevalence of MAFLD

and NAFLD increased to 30.22% (81/268) and 26.87% (72/268),

respectively. Among the 81 LTR with MAFLD, 41 also met the

criteria for NAFLD. However, only a small number of LTR (n=3)

fulfilled both criteria before and after liver transplantation (Figure 1).
Comparison between pre-transplant
MAFLD and NAFLD

The clinical characteristics of the pre-transplant MAFLD and

NAFLD groups are described in Table 1. The two groups exhibited
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similar histopathological and laboratory features, including age,

sex, Child-Pugh grade, MELD score, body mass index, waist

circumference, history of tumor therapy, smoking, CVD, T2DM,

hypertension, cirrhosis, largest tumor size, total tumor size,

number of tumors, tumor differentiation, presence of tumor

capsule, hepatic capsule invasion, microvascular invasion,

macrovascular invasion, HCC within Milan criteria, serum

albumin levels, serum creatinine levels, serum alpha-fetoprotein

levels, triglyceride levels, HDL-cholesterol levels, fasting plasma

glucose levels, neutrophil count, neutrophil percentage,

lymphocyte count, lymphocyte percentage and neutrophil-to-

lymphocyte count ratio (p > 0.05).
Comparison between post-transplant
MAFLD and NAFLD

A comparison of clinical parameters between the post-

transplant MAFLD and NAFLD groups is presented in Table 2.

The MAFLD group had a higher prevalence of DM (53% vs. 31%)

and a greater BMI (25.53 ± 3.02 kg/m2 vs. 23.51 ± 3.53 kg/m2).

Conversely, the NAFLD group displayed decreased waist

circumference and fasting plasma glucose levels, although these

differences did not reach statistical significance (p > 0.05). Other

parameters, including age, sex, immunosuppressive regimen,

smoking, CVD, hypertension, aspartate aminotransferase levels,

alanine transaminase levels, total bilirubin levels, serum albumin

levels, serum creatinine levels, alpha-fetoprotein levels, triglyceride

levels, high-density lipoprotein cholesterol levels, neutrophil count,

neutrophil percentage, lymphocyte count, lymphocyte percentage

and neutrophil-to-lymphocyte count ratio were similar between the

two groups (p > 0.05). In addition, the tumor-free survival and

overall survival of the post-transplant MAFLD and NAFLD cohorts

also showed no significant differences (p > 0.05) as illustrated

in Figure 2.
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Risk factors associated with
HCC recurrence

Table 3 outlines the outcomes of the univariate analysis

concerning risk factors linked with HCC recurrence. Individuals

who experienced liver transplant rejection with recurrence were

notably younger and demonstrated a higher incidence of tumors

exceeding > 4 cm in size, total tumor size surpassing > 7 cm, and

more than three tumors. Other risk factors included poor tumor

differentiation, absence of tumor encapsulation, hepatic capsule

invasion, microvascular invasion, macrovascular invasion, deviation

from Milan criteria, post-transplant MAFLD and NAFLD, elevated

levels of pre- and post-transplant alpha-fetoprotein, NLR, and

decreased post-transplant lymphocyte percentage.

The stepwise Cox proportional hazard model depicted in

Figure 3 summarizes the prognostic factors associated with HCC

recurrence in this cohort. The largest tumor size (OR = 0.27, p =

0.012), microvascular invasion (OR = 3.50, p = 0.006), absence of

tumor capsule (OR = 0.31, p = 0.024), post-transplant MAFLD

(OR = 4.96, p = 0.001), and decreased post-transplant lymphocyte

percentage (OR = 0.95, p = 0.032) were identified as factors

associated with a higher risk of recurrence.

To further ascertain the impact of post-transplant MAFLD on

tumor recurrence, the tumor-free survival of liver transplant

recipients with and without recurrence was evaluated. The

findings revealed that post-transplant MAFLD was indicative of

patients at a heightened risk of recurrence, resulting in significantly

decreased tumor-free survival rates (p < 0.001) and overall survival

rates (p < 0.001) as depicted in Figure 4.
Discussion

We conducted a comparative analysis between LTR with

MAFLD and NAFLD in terms of prevalence and characteristics.
FIGURE 1

Overlap between pre- and post-transplant MAFLD and NAFLD. MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, non-alcoholic
fatty liver disease.
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TABLE 1 Comparison of parameters between pre-transplant MAFLD and NAFLD.

Parameters MAFLD (n=29) NAFLD (n=19) P value

Age (y) 56.03 ± 9.01 56.42 ± 7.97 0.880

Sex (male) 23 14 0.918

Child-Pugh grade 0.393

A 5 2

B 13 6

C 11 11

MELD score 11.07 ± 7.59 12.79 ± 7.17 0.437

Body mass index (kg/m2) 24.01 ± 2.75 22.97 ± 2.57 0.195

Waist circumference (cm) 90.44 ± 6.48 88.31 ± 7.04 0.287

History of tumor therapy 9 5 0.725

Smoking 11 6 0.653

Cardiovascular disease 5 1 0.435

Type 2 diabetes mellitus 4 4 0.792

Hypertension 5 1 0.435

Cirrhosis 17 6 0.067

Largest tumor size ≤ 4 cm 15 6 0.169

Total tumor size ≤ 7 cm 19 13 0.835

Number of tumors ≤ 3 24 18 0.435

Differentiation 0.911

High 6 3

Middle 20 14

Low 3 2

Tumor capsule 10 11 0.110

Hepatic capsule invasion 11 7 0.939

Microvascular invasion 4 0 0.091

Macrovascular invasion 1 1 1.000

Within Milan criteria 17 13 0.493

Albumin (g/L) 35.91 ± 6.63 36.27 ± 5.23 0.841

Creatinine (umol/L) 79.99 ± 37.47 79.62 ± 22.84 0.970

Alpha-fetoprotein (ng/mL) 118.79 ± 311.40 360.87 ± 984.14 0.899

Triglyceride (mmol/L) 2.00 ± 2.15 1.48 ± 0.83 0.328

HDL-cholesterol (mmol/L) 0.78 ± 0.41 0.84 ± 0.25 0.547

FPG (mmol/L) 6.74 ± 2.19 6.13 ± 2.05 0.339

Neutrophil count (109/L) 3.29 ± 1.79 3.79 ± 2.13 0.389

Neutrophil percentage 65.92 ± 11.99 68.27 ± 11.34 0.502

Lymphocyte count (109/L) 1.26 ± 0.75 1.36 ± 0.81 0.674

Lymphocyte percentage 25.96 ± 11.06 25.63 ± 9.65 0.916

NLR 3.57 ± 2.81 3.53 ± 2.55 0.958
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MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, non-alcoholic fatty liver disease; MELD, model for end-stage liver disease; HDL-cholesterol, high-density lipoprotein
cholesterol; FPG, fasting plasma glucose; NLR, neutrophil-to-lymphocyte count ratio.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1306091
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhu et al. 10.3389/fendo.2024.1306091
Our findings indicate that LTR with post-transplant MAFLD are

significantly associated with metabolic risk factors such as T2DM

and obesity. Additionally, we identified several independent risk

factors for HCC recurrence in LTR with HCC, including post-

transplant MAFLD, the largest tumor size > 4 cm, microvascular

invasion, absence of tumor capsule, and decreased post-transplant

lymphocyte percentage.

The term MAFLD was introduced as a replacement for NAFLD

to more accurately reflect the pathology of liver disease, recognizing

the limitations of the NAFLD definition (12, 13). Since then,
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substantial efforts have been devoted to exploring the relationship

between NAFLD and MAFLD. Lim et al. found significant

differences in the natural progression of MAFLD and NAFLD

(19), while Lin et al. revealed that patients with MAFLD had a

higher risk of disease progression (14). However, it remains

unknown whether NAFLD and MAFLD can be used

interchangeably to characterize LTR with HCC. This study

revealed that the prevalence of MAFLD was higher than that of

NAFLD before and after transplantation. Surprisingly, only a small

proportion of patients with pre-transplant MAFLD (10.82%) and

NAFLD (7.09%) received a diagnosis, resulting in an overlap of 52%

among LTR with MAFLD. However, a meta-analysis of 379,801

patients reported a pooled prevalence of 39.22% for MAFLD and

33.86% for NAFLD, with regional variations. Interestingly, among

patients with MAFLD, the pooled prevalence of those with both

MAFLD and NAFLD was remarkably high at 81.59% (19).

However, LTR constituted a distinct patient population with

unique pathophysiologic characteristics. It is evident that the

majority of LTR with HCC in this study were caused by hepatitis

infection and excessive alcohol intake. Consequently, upon

admission, certain patients exhibited severe cirrhosis and liver

function decompensation, as determined by high MELD scores

and Child-Pugh grade B or C ratios. These factors might result in

malnutrition and a decrease in lymphocyte subset percentages (20),

thereby significantly reducing the number of both MAFLD and

NAFLD cases. Therefore, the characteristics of pre-transplant

MAFLD and NAFLD in LTR with HCC were found to be similar

upon comparison, suggesting the interchangeability of these two

terms in a clinical setting.

Following transplantation, the prevalence of MAFLD and

NAFLD increased due to the amelioration of malnutrition with

the introduction of a healthier liver. Furthermore, urbanization and

the use of immunosuppressant drugs can also contribute to the

elevated prevalence (9, 21–23). while the routine practice at our

center for LTR with HCC involved early corticosteroid withdrawal,

high doses of corticosteroids were administered along with other

immunosuppressant drugs in cases of acute rejection, causing

insulin resistance and weight gain (24, 25). Nevertheless,

concurrent recurrence of hepatitis and alcohol consumption may

lead to an increase in MAFLD cases while reducing the number of

NAFLD cases based on their respective definitions. Hepatitis C

recurrence in some LTR can increase the risk of dyslipidemia,

hepatic steatosis, and insulin resistance, whereas alcohol intake is

strongly associated with hepatic steatosis and dyslipidemia,

although further research is needed to investigate the link

between HBV and metabolic syndrome (26–28). Moreover,

compared to the NAFLD group, LTR with MAFLD were more

strongly associated with metabolic disorders, including a higher

proportion of individuals with T2DM and a higher BMI, which are

key criteria for diagnosing MAFLD. Other characteristics did not

exhibit significant differences, as MAFLD and NAFLD share a

similar pathophysiology involving the metabolic functions of the

liver, particularly an extended endoplasmic reticulum network (29).

Consequently, there was an overlap of 41 patients (51%) among

LTR with MAFLD, which is still lower than the prevalence (81.59%)

reported in a meta-analysis (19).
TABLE 2 Comparison of parameters between post-transplant MAFLD
and NAFLD.

Parameters MAFLD
(n=81)

NAFLD
(n=72)

P
value

Age (y) 55.65 ± 8.24 52.93 ± 9.73 0.063

Sex (male) 70 64 0.644

Immunosuppressive
regimen

0.076

CNI 55 37

mTOR inhibitor 3 7

CNI+mTOR inhibitor 23 28

Smoking 10 3 0.070

Cardiovascular disease 20 13 0.319

Type 2 diabetes mellitus 43 22 0.005

Hypertension 28 22 0.597

Body mass index (kg/m2) 25.53 ± 3.02 23.51 ± 3.53 0.000

Waist circumference (cm) 93.19 ± 8.68 90.45 ± 8.83 0.055

Aspartate aminotransferase
(U/L)

37.72 ± 41.21 37.51 ± 39.14 0.523

Alanine transaminase
(U/L)

31.94 ± 31.12 31.66 ± 29.83 0.921

Total bilirubin (umol/L) 22.93 ± 28.32 25.91 ± 30.54 0.223

Albumin (g/L) 40.47 ± 8.61 40.39 ± 9.21 0.828

Creatinine (umol/L) 88.65 ± 53.83 84.46 ± 38.41 0.814

Alpha-fetoprotein (ng/mL) 1100.16
± 4386.87

607.59
± 2832.93

0.398

Triglyceride (mmol/L) 1.97 ± 0.92 1.83 ± 0.84 0.304

HDL-cholesterol (mmol/L) 0.91 ± 0.34 0.97 ± 0.42 0.405

FPG (mmol/L) 6.77 ± 1.91 6.39 ± 1.96 0.054

Neutrophil count (109/L) 3.97 ± 2.14 3.90 ± 2.09 0.828

Neutrophil percentage 63.25 ± 13.91 64.60 ± 14.91 0.564

Lymphocyte count (109/L) 1.59 ± 1.18 1.50 ± 1.16 0.556

Lymphocyte percentage 25.92 ± 11.65 25.43 ± 11.69 0.796

NLR 3.32 ± 2.68 3.40 ± 2.26 0.390
MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, non-alcoholic fatty
liver disease; CNI, calcineurin inhibitor; mTOR inhibitor, mammalian target of rapamycin
inhibitor; HDL-cholesterol, high-density lipoprotein cholesterol; FPG, fasting plasma glucose;
NLR, neutrophil-to-lymphocyte count ratio.
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FIGURE 2

Comparison of TFS and OS between patients with MAFLD and NAFLD. TFS, tumor-free survival; OS, overall survival; MAFLD, metabolic dysfunction-
associated fatty liver disease; NAFLD, non-alcoholic fatty liver disease.
TABLE 3 Risk factors for HCC recurrence.

Parameters Univariate analysis

With recurrence
(N=63)

Without recurrence
(N=205)

P value

Pre-surgery

Age (y) 51.44 ± 9.25 54.62 ± 8.88 0.014

Sex (male) 55 185 0.504

Smoking 21 70 0.905

Drinking 19 53 0.500

History of tumor therapy 31 108 0.629

MELD score 9.17 ± 6.02 9.80 ± 6.87 0.227

Child-Pugh grade (A/B/C) 18/34/11 60/105/40 0.912

NAFLD 3 16 0.410

MAFLD 5 24 0.399

Cirrhosis 52 157 0.318

(Continued)
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Finally, we identified five independent prognostic factors for

HCC recurrence in this study. Metabolic syndrome has been

found to be a significant risk factor for HCC (4, 5). Since the

novel definition of MAFLD was proposed based on metabolic

syndrome, post-transplant MAFLD can effectively stratify LTR at

a high risk of HCC recurrence. Thus MAFLD was revealed as an

independent risk factor for HCC recurrence in our study.

Additionally, our study further confirmed the significant

association between the largest tumor size and microvascular
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invasion, traditionally indicators of aggressive biology (30, 31),

with HCC recurrence. Furthermore, the presence of the tumor

capsule exhibited a protective effect by acting as a barrier against

vascular and local invasion (32, 33). Lastly, LTR with a low post-

transplant lymphocyte percentage showed a worse prognosis, as

lymphocytes play a critical role in tumor surveillance (34, 35).

Consequently, decreased post-transplant lymphocyte percentages

weakened the antitumor response in these patients, leading to

HCC recurrence.
TABLE 3 Continued

Parameters Univariate analysis

With recurrence
(N=63)

Without recurrence
(N=205)

P value

Pre-surgery

Largest tumor size ≤ 4 cm 19 112 0.001

Total tumor size ≤ 7 cm 20 143 0.000

Number of tumors ≤ 3 38 178 0.000

Differentiation (high/moderate/low) 5/39/19 45/128/32 0.005

Tumor capsule 11 63 0.039

Hepatic capsule invasion 29 46 0.000

Microvascular invasion 36 36 0.000

Macrovascular invasion 18 12 0.000

Within Milan criteria 18 127 0.000

Neutrophil count (109/L) 3.72 ± 3.06 3.26 ± 2.28 0.192

Neutrophil percentage 67.07 ± 12.17 67.07 ± 13.28 0.997

Lymphocyte count (109/L) 1.07 ± 0.64 1.01 ± 0.68 0.537

Lymphocyte percentage 23.11 ± 11.15 22.95 ± 11.41 0.919

NLR 6.41 ± 11.50 5.56 ± 10.49 0.586

Alpha-fetoprotein (ng/mL) 3057.89 ± 6464.33 470.74 ± 1957.62 0.000

Post-surgery

Smoking 2 19 0.115

Drinking 18 40 0.127

Hepatitis recurrence 11 25 0.284

Immunosuppressive regimen
(CNI/mTOR/both)

41/7/15 107/20/78 0.113

NAFLD 26 46 0.003

MAFLD 32 49 0.000

Neutrophil count (109/L) 3.77 ± 1.60 3.83 ± 1.94 0.817

Neutrophil percentage 65.73 ± 13.29 63.22 ± 12.45 0.169

Lymphocyte count (109/L) 1.37 ± 1.02 1.57 ± 0.83 0.124

Lymphocyte percentage 23.03 ± 11.43 27.18 ± 10.10 0.006

NLR 3.92 ± 3.04 3.05 ± 2.96 0.048

Alpha-fetoprotein (ng/mL) 2417.74 ± 5994.92 56.32 ± 426.89 0.003
HCC, hepatocellular carcinoma; MELD, model for end-stage liver disease; NAFLD, non-alcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; NLR,
neutrophil-to-lymphocyte count ratio; CNI, calcineurin inhibitor; mTOR inhibitor, mammalian target of rapamycin inhibitor.
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FIGURE 3

Multivariate analysis of prognostic factors related to HCC recurrence. HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; NAFLD, non-alcoholic
fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; NLR, neutrophil-to-lymphocyte count ratio.
FIGURE 4

Comparison of TFS and OS between patients with and without MAFLD. TFS, tumor-free survival; OS, overall survival; MAFLD, metabolic dysfunction-
associated fatty liver disease.
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There are several limitations in this study. Firstly, the sample

size of patients with pre- and post-transplant MAFLD and

NAFLD is small, considering the substantial overlap between

the two conditions. This study involved a unique population with

a low prevalence of pre-transplant MAFLD and NAFLD, strongly

associated with the presence of cirrhosis. Regarding post-

transplant MAFLD and NAFLD, there are several conceivable

explanations. LTR paid more attention to their health post-

transplantation, adhering to regular follow-ups and timely

treatment of emerging diseases. Besides, patients with missing

data required for MAFLD classification were excluded from the

study, which further decreased the prevalence of MAFLD. Hence,

a two-center cohort study was conducted to increase patient

enrollment. Moreover, with an increase in the number of LTR

experiencing post-transplant MAFLD or NAFLD, the occurrence

of LTR with overlapping diseases also escalated. Secondly,

ultrasonography-based assessment was utilized instead of

biopsy-based assessment for diagnosing post-transplant

MAFLD and NAFLD because the latter is invasive and carries

the risk of severe complications. However, the diagnosis based on

ultrasound features may have certain limitations due to its

dependency on operator skills. Consequently, two experienced

sonologists, blinded to each other’s evaluations, performed the

diagnosis to minimize potential bias. Thirdly, a significant

number of LTR with HCC exceeding Milan criteria had a

history of tumor therapy, potentially impacting hepatic

steatosis. Additionally, the MAFLD definition was based on

Asian criteria. Therefore, the results of this study should be

interpreted with caution for Caucasian men/women. The

retrospective design of this study calls for future randomized

controlled trials in multiple centers to validate these findings and

assess reproducibility in Caucasian populations.

In summary, patients with MAFLD have a stronger association

with fatty liver disease compared to those with NAFLD following

liver transplantation. Post-transplant MAFLD has the potential to

stratify patients based on tumor progression.
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in endocrine-related adverse
events caused by immune
checkpoint inhibitors: a
bibliometric analysis and
visualization research
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Bing Han1 and Man Jiang1*
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Shandong, China
Background: In recent years, with the widespread use of immune checkpoint

inhibitors (ICIs) in cancer treatment, the toxicity associated with immunotherapy

of ICIs has attracted more attention from scholars. Endocrine toxicity is the most

likely immune-related adverse events (irAEs) and is often irreversible, posing a

significant clinical treatment challenge.

Methods: In this study, bibliometric methods were used to analyze relevant

literature in screening endocrine-related adverse events caused by ICIs in the

Web of Science core collection database (WoSCC) and to summarize the status,

research hot spots, and future trends in this field.

Results: 321 countries, 297 institutions, 365 authors, and 305 journals had

published 671 English documents on endocrine adverse reactions of ICIs as of

1 December, 2022. The United States, Japan, and China were the top three

countries with the most publications. The University of Texas MD Anderson

Cancer Center, Harvard Medical School, and Memorial Sloan Kettering Cancer

Center were the top three research institutions in terms of publication output. F

Stephen Hodi, from the Dana-Farber Cancer Institute in the United States,

contributed the largest number of publications. Frontiers in Oncology, which

was the most widely distributed publication in the field. The main keywords or

clusters identified that current research hotspots include the management of

endocrine-related adverse events, hypophysitis, thyroid dysfunction, type I

diabetes mellitus, and the impact of endocrine adverse events on survival of

patients in this field.

Conclusion: The basic knowledge structure of the field of endocrine-related

adverse events of ICIs, including publication trends, authors, institutions,
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countries, keywords, journals and publications, and cited documents, was visually

analyzed in this bibliometric analysis. The research results comprehensively

demonstrated the hot spots and future trends in the research field, as well as

its broad prospects, thus providing a reference for the researchers.
KEYWORDS

immune checkpoint inhibitor, endocrine, adverse events, toxicity, bibliometrics,
visual analysis
1 Introduction

Immune checkpoint inhibitors (ICIs) are monoclonal antibodies

that achieve immune activation and tumor tissue damage by

promoting signaling cascades of T cell function and can improve

the immune system’s efficiency in destroying tumor cells (1). The

emergence and development of ICIs have brought new concepts and

breakthroughs to tumor treatment, as well as unprecedented

challenges. ICIs work by non-specific activation of the immune

system; consequently, immune-related adverse events (irAEs) of

ICIs are an inevitable treatment problem in the use of this class of

drugs (2). irAE currently uses more mature cytotoxic T lymphocyte-

associated antigen-4 (CTLA-4) inhibitors, programmed cell death

receptor-1 (PD-1) inhibitors, and programmed cell death ligand-1

(PD-L1) inhibitors, among others, to varying degrees (3). These irAEs

can affect any organ system, range in severity, and can be fatal (4).

The endocrine toxicity of this class of drugs is one of the most

prevalent irAEs associated with ICIs treatment. The toxicity related to

immunotherapy with this class of drugs is a hot topic among scholars

(5). The relevant published research (6) includes several summary

studies in this field, but bibliometric analysis and visual analysis

research have not yet been conducted. Therefore, this article used

bibliometric analysis and visual processing to quantitatively and

qualitatively evaluate the research trends in the field of endocrine

toxicity caused by ICIs, to objectively reveal the field’s research hot

spots and development trends, and to provide literature data support

for formulating research strategies and directions.
2 Method

2.1 Data source

The literature on endocrine-related adverse events caused by PD-

1/PD-L1 monoclonal antibody drugs was screened in the Web of

Science (WOS) core collection database using the following search

strategy: keyword((TS=("PD-1"OR"PD-L1 "OR"CTLA-

4"OR"Immune checkpoint inhibitors")) AND TS=("adversarial

events"OR"side effects"OR"adverse events")) AND TS=

("Endocrine"OR"diabetes"OR"thyroid" OR"adrenal gland"OR"

hypophysis"). The time was set from the database’s establishment
0268
to, 2022-12-01, and 716 articles were retrieved. Papers and review

papers were retained, and the language was set to English; eventually,

671 articles were included. The documents were selected as fully

recorded with cited references and then exported in.txt format.
2.2 Data processing

The research used CiteSpace 6.1.R6 with the following settings.

Time slicing: January, 2004 to 1 December, 2022 (the first related

research was published in, 2004), with one-year time slices. Node

types: author, institution, keywords. If the node was the author:

threshold (top N per slice) = 25, pruning = none; if the node was the

institution: threshold (top N per slice) = 25, pruning = none; if the

node was the keyword: threshold (top N per slice) = 25, pruning =

pathfinder + pruning the merged network. Visual analysis was

performed based on the parameter settings of each node to generate

a knowledge map of authors, institutions, countries, and

collaborations in the research field of endocrine-related adverse

events caused by ICIs; co-occurrence, emergence, and clustering of

keywords; a knowledge graph; and a timeline chart for keywords.

The documents retrieved from the WOS database were

exported in plain text format with complete records and cited

references as the contents. The data were imported into the

VOSviewer 1.6.18 software, the calculation method was set to full

calculation, and thresholds were established following the various

analysis projects. After creating a visual map, the cooperation

network was analyzed. Figure 1 depicts the research process and

its essential steps.
3 Results

3.1 Posting trends

The first study on ICIs associated endocrine irAEs was

published in, 2004. F. Monzani, an Italian scientist, published an

article on thyroid autoimmunity and dysfunction associated with

type I interferon therapy in “Clinical and Experimental Medicine.”

According to the publication trend (Figure 2), the annual
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publication volume had fluctuated, and then, in, 2018, it began to

accelerate. After, 2019, the annual publication volume exceeded

100, reaching 143 in, 2021. In, 2022, no all data was included, and

115 articles were published. The trend was expected to be slightly

lower than in, 2021.
3.2 Author collaboration network

Citespace was used to analyze an article’s author, leading to

Figure 3. The figure has 365 nodes and 801 connections, with a

network density of 0.0121. Each node in the figure represents an
Frontiers in Endocrinology 0369
individual author. The greater the node radius, the greater the

number of articles published. The number of articles between each

pair of nodes, represented by a connecting line, signifies the

connection or collaboration between the authors. The cooperative

relationship is closer when the connecting line is thicker. According

to the findings, the authors in the field have established six

collaborative networks. The research team led by F. Stephen Hodi

is the largest. The team mainly studies the therapeutic effect and

safety of nivolumab and ipilimumab in patients with advanced

melanoma, as well as ipilimumab treatment and the effects and

safety of metastatic melanoma. The second-largest team is led by

Douglas B. Johnson, whose research focuses on the multi-system

toxicity caused by ICIs, including endocrine toxicity, neurotoxicity,

and cardiotoxicity, as well as the long-term effects of these toxicities

on the treated population. Shintaro Iwama heads the third-largest

team. This team mainly focuses on the clinical characteristics,

treatment, and biomarker identification of endocrine dysfunction

induced by ICIs, particularly in thyroid and pituitary dysfunction.

Their research is relatively more comprehensive. Table 1 displays

the top ten authors in the research field.
3.3 Institutional cooperation network

Figure 4 is obtained by analyzing the publishing institutions in

the study’s included literature using Citespace. The figure contains

297 nodes and 805 connections, with a network density of 0.0183.

The study included 297 institutions, nine of which published more

than ten articles (Table 2). The University of Texas MD Anderson

Cancer Center was the institution with the most publications (25),

followed by Harvard Medical School (22) and Memorial Sloan-

Kettering Cancer Center (19). The issuing institutions comprise

cancer research centers, medical schools, and comprehensive

universities. Moreover, there are cooperative ties between

institutions. It may be because most American research

institutions make cooperation more convenient. Centrality is a
FIGURE 1

Frame flow diagram shows the detailed selection criteria and
bibliometric analysis steps in this study.
FIGURE 2

The number of publications per year from, 2004 to, 2022.
FIGURE 3

Map of author cooperation network in this field, connecting lines
stand for author interaction.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1253832
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhao et al. 10.3389/fendo.2024.1253832

Frontiers in Endocrinology 0470
metric used to evaluate the significance of a network node’s

position. A value ≥ 0.1 indicates that it plays a significant role in

the field’s evolution, reflecting the current hot research direction

(7). The centralities of the three research institutions, Memorial

Sloan-Kettering Cancer Center, University of Sydney, and Weill

Cornell Medical College are all greater than 0.1, indicating that their

research is vital.
3.4 Analysis of national or regional
cooperation networks

As shown in Figure 5, Citespace was used to determine the

number of publications by country or region in the study’s

documents. The figure shows that 321 countries have published

relevant documents in the field. The figure depicts 608 connections,

with a network density of 0.0118. The United States has published

the most research in the field (223), followed by Japan (80), China

(75), Italy (64), and France (47). Table 3 lists the ten countries or

regions with the most published articles. The United States, Japan,

and China play a significant leadership role in the field. The

centrality indicates that research significance in the United States

and Japan is relatively high, indicating that researchers from these

countries have published many influential publications. Meanwhile,

China began research in the field relatively late. However, its

research activity has increased in recent years, as its research

quality still has room for improvement compared to the top two

countries. -
3.5 Keywords

3.5.1 Keyword co-occurrence
Keywords are a high-level summary of the paper’s topic. Co-

occurrence analysis uses keywords as nodes and tailors them to

form a map of nodes and connections. Vosviewer was used to

generate keyword co-occurrence network diagrams and overlay

visualization diagrams for visual analysis. With a minimum of
TABLE 1 The top ten authors in the research fields from, 2004-2022.

Rank Author Count Year

1 F Stephen Hodi 10 2017

2 Douglas B Johnson 7 2015

3 Shintaro Iwama 7 2014

4 Alexander M Menzies 7 2017

5 Le Min 6 2018

6 Hiroshi Arima 6 2018

7 Agnese Barnabei 5 2013

8 Lisa Zimmer 5 2016

9 Anupam Kotwal 5 2020

10 Francesco Torino 5 2013
FIGURE 4

Map of institutional cooperation network in this field. Circle size
means the number of institutions published articles; the connecting
lines stand for mutual communication and interaction.
TABLE 2 The top ten institutions in the research fields from, 2004-2022.

Rank Institution Country Count Centrality Year

1 University of Texas MD Anderson Cancer Center USA 25 0.08 2017

2 Harvard Medical School USA 22 0.02 2019

3 Memorial Sloan-Kettering Cancer Center USA 19 0.19 2014

4 Dana-Farber Cancer Institute USA 16 0.07 2017

5 Brigham and Women’s Hospital USA 14 0.01 2017

6 University of Pisa Italy 11 0.03 2004

7 The University of Sydney Australia 11 0.14 2017

8 University of California, San Francisco USA 10 0.08 2017

9 Massachusetts General Hospital USA 10 0.02 2019

10 Weill Cornell Medical College USA 9 0.19 2014
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five occurrences as the screening criterion, Figure 6A’s co-

occurrence network reveals that of the 1,753 keywords, 211 were

screened out and divided into seven clusters. Cluster 1 (44 items,

red) is an immune checkpoint inhibitor related to research on the

pathogenesis and biomarkers of endocrine toxicity. Cluster 2 (38

items, green) is a clinical trial related to ICIs. Cluster 3 (34 items,

blue) describes the clinical characteristics of immune checkpoint

inhibitor-induced endocrine toxicity, including research on

treatment and prognosis. Cluster 4 (32 items, yellow) is related to

adrenal and pituitary dysfunction caused by ICIs. Cluster 5 (31

items, purple) is related to renal toxicity, liver toxicity, and

pulmonary toxicity caused by ICIs, including related studies.

Cluster 6 (22 items, light blue) studies diabetes-related adverse

events caused by anti-PD-1 and PD-L1 monoclonal antibodies.

Cluster 7 (10 items, orange) is a study on anti-PD-1 monoclonal
Frontiers in Endocrinology 0571
antibody-induced thyroid dysfunction, including related research.

The keyword overlay visualization diagram (Figure 6B)

incorporates time factors. Various colors correspond to the year

in which the keyword first appeared. The earlier the keyword

appears, the greener the color; the later the keyword appears, the

redder the redder it is. Figure 6C depicts the keyword co-occurrence

map densities. Each point in the density visualization is colored

according to the item’s density at that point. The greater the density,

the closer the color is to red, while the lower the density, the closer

to blue. This map can determine the knowledge and research

density in the field.

3.5.2 Keyword cluster analysis
Figure 7 depicts a keyword clustering diagram created with

Carrot2. As shown in the figure, current research hotspots include

the management of endocrine-related adverse events, hypophysitis,

thyroid dysfunction, type I diabetes mellitus, and the impact of

endocrine adverse events on survival of patients are also a research

focus in this field.

3.5.3 Keyword emergence
Keyword emergence refers to a significant increase in keyword

frequency in a short period. Understanding the research that has

received significant attention during this period can be used to

determine the research hot spots and frontiers in the field (8).

Figure 8 depicts the emergence analysis of keywords in research

literature regarding endocrine-related adverse events caused by

ICIs. Setting the parameters g[0,1] = 1.0 and minimum duration

= 1 and obtained 13 emergent words. The results show that research

began in, 2004, and additional related research did not emerge until,

2010. Disease-related research focuses primarily on melanoma,

drug-related research on anti-CTLA-4 monoclonal antibodies and

anti-PD-1 monoclonal antibodies, and adverse events research on

autoimmune hypophysitis and diabetes. In the past five years,

research has primarily focused on diabetes-related adverse events

caused by ICIs, endocrine-related adverse events caused by

combined nivolumab and ipilimumab, and the impact of such

adverse events on patient survival.
TABLE 3 The top ten countries or regional in the research fields from, 2004-2022.

Rank Country Count Centrality Year

1 USA 223 0.43 2010

2 Japan 80 0.43 2014

3 Peoples R China 75 0.13 2017

4 Italy 64 0.45 2013

5 France 47 0.33 2016

6 Australia 32 0.18 2015

7 Germany 31 0.19 2013

8 Spain 28 0.01 2016

9 England 27 0.12 2015

10 Canada 18 0.08 2017
FIGURE 5

Map of national or regional cooperation network in this field. Circle
size means the number of published articles.
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3.5.4 Keyword timeline chart
By selecting “timeline”, a timeline map of document clustering

was drawn, and the period and correlation of clustering were

visually analyzed, as shown in Figure 9. Clusters #5, #7, and #8

have ceased to evolve. In contrast, clusters #0 (open-label), #1
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(autoimmunity), #2 (antigen), #3 (the research fields represented

by autoimmune hypophysitis), #4 (diabetes mellitus), and #6

(interferon-alpha) have a relatively long period and continue to

the present day; hence, they are enduring research hot spots.
3.6 Top ten cited documents and co-
cited documents

3.6.1 Top ten cited documents
The top 10 cited documents are listed (Table 4). The most cited

document (1241 times) is the article “Immune-related adverse

events with Immune checkpoint blockade: a comprehensive

review” (9) by Michot, J.M., published in “European Journal of

Cancer” (IF =10.002) in, 2016. The article systematically reviewed

the mechanisms of irAEs of specific immune checkpoint molecules

cytotoxic T lymphocyte-associated antigen-4(CTLA-4),

programmed cell death protein (PD-1)and its ligand PD-L1, and

the putative relationships between immunodystoxicity and

antitumor efficacy. The relevant content of this article has become

the basis for management guidelines.

3.6.2 Literature co-citation network
Vosviewer was used to analyze co-cited documents. A total of

12,738 co-cited documents were extracted. At least 20-times cited

documents were used for data extraction, and 205 of these documents

were obtained. A co-cited document network was generated

(Figure 10). The documents were divided into four clusters

according to the color blocks. Table 5 displays the ten documents

with the most citations. Most cited documents were published in

high-level journals; six of them were published in the magazine “New

English J Med”, with an impact factor of 176.079. All cited documents

were likewise separated into four clusters. Cluster 1 (67 items, red)

included comprehensive high-level medical journal research; Cluster

2 (58 items, green) included research on journals related to

endocrinology; Cluster 3 (51 items, blue) included research on

journals related to oncology; and Cluster 4 (29 items, yellow)

included research on journals related to diabetes.
3.7 Leading journals

A total of 305 journals have published research-related articles.

Table 6 displays the ten journals with the highest number of

research publications. One hundred forty-six articles have been

published, accounting for 21.40% of all literature. Most of JCR

journals are Q1 or Q2. The journal with the most published articles

is “Frontiers in Oncology” (20 articles, 2.93%), focusing primarily

on cutting-edge tumor treatment research.
3.8 Double figure overlay

A double-figure overlay aims to reveal overall scientific

contributions and interactions between journals (10). Publications

and citations in the field can be described at the subject level. A
B

C

A

FIGURE 6

(A) Keyword co-occurrence analysis of network knowledge graph.
The keywords fell into seven clusters based on colors: Cluster 1, 2,
3, 4, 5,6 and 7 are, respectively red, green, blue, yellow, purple, light
blue and orange. The node size denotes the occurrence frequency.
(B) Distribution of keywords according to the mean frequency of
appearance, the different colours indicate the relevant year of
publication. Yellow keywords came later than green keywords.
(C) Keyword co-occurrence density map based on VOSviewer,
indicates the occurrence frequency of keyword.
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citation bimap was constructed using Citespace’s bimap overlay

function. The left half represents the citing document, the right half

denotes the cited document, and the curve represents the citation

correlation line. The citing document is primarily affected by the

cited document. This connection illustrates the flow and

interconnectedness of knowledge in different research fields

(Figure 11). By Z-score, medicine, medical, and clinical are the

most frequently covered record fields, and research is affected by

these fields.
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4 Discussion

4.1 Research status and main results

ICIs are monoclonal antibodies that bind and inhibit CTLA-4

or PD-1 and its ligand PD-L1 to target two key signaling pathways

related to T cell activation and exhaustion. ICls, such as nivolumab,

pembrolizumab, and ipilimumab, have been approved for treating

numerous types of cancer in various combination regimens and are

currently the cornerstone of cancer treatment. ICl-induced toxicity

is autoimmune and known as irAEs, which may unpredictably

affect any organ system (11). irAEs may manifest as endocrine

disorders, including thyroid, pituitary, adrenal, and pancreatic

disorders (12). In this study, we used data mining and

visualization technology to draw a knowledge map of research on

endocrine-related adverse events caused by ICIs. We

comprehensively searched for literature on this topic published in

the WOS core collection database before 1 December, 2022. We

included a total of 671 publications for bibliometric analysis.

The number of publications in different years reflects, to some

extent, the degree of researchers’ attention to the field. In, 2004,

Italian scientist F. Monzani published the first report on thyroid

autoimmunity and dysfunction associated with type I interferon

therapy in Clinical and Experimental Medicine. The study revealed

that the side effects of type I interferons lead to multiple changes in

thyroid function, some of which are related to autoimmunity, with

hypothyroidism occurring more frequently than hyperthyroidism.

It has been confirmed that CTLA-4 gene polymorphisms are
FIGURE 7

Keywords Cluster analysis atlas based on the carrot system, the numbers represent the frequency of keyword clustering.
FIGURE 8

The top 13 keywords with the most bursts. The year represented by
the red line indicates the time period when the keyword was
mainly influential.
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associated with thyroid dysfunction. From that point forward until,

2014, only 10 papers were published in eleven years. No relevant

research results were published for many consecutive years,

especially from, 2005 to, 2009. Since the first PD-1 inhibitor

pembrolizumab was approved for market by the US Food and

Drug Administration (FDA) in, 2014, Many types of ICIs have been

approved and applied to the treatment of various tumors

worldwide. An annual rise in the frequency of drug-related

adverse reactions has coincided with the addition of new

indications for ICIs in cancer therapy and the growing patient

population. The negative consequences of irAEs on patients are

now receiving more attention (13). Consequently, since, 2015, there

has been a significant increase in the field of irAE research. The,

2018 Nobel Prize in Medicine or Physiology was awarded jointly to

James P. Allison and Tasuku Honjo “for their discovery of cancer

therapy by inhibition of negative immune regulation” (14). Since

then, it has further boosted the research heat in this field, leading to
Frontiers in Endocrinology 0874
a more significant increase in the number of studies since, 2018. As

of, 2021, the annual publication volume has reached 150 articles.

Our research has found that as of December 1, 2022, 115 articles

have been published in this field. Although the number of

publications has slightly decreased compared to last year, it is still

at a relatively high level. We believe that with the increasing clinical

application of ICIs, research in this field will continue to receive

widespread attention and remain a hot topic for future research.
4.2 Research hot spots and cutting-
edge trends

Keyword clustering illustrates the direction of research hotspots

in this field, whereas the timeline view depicts the evolution of

related hotspots over time. Combining keyword co-occurrence with

highly cited papers makes it possible to identify and detect research
FIGURE 9

Keyword timeline visualization chart based on Citespace.
FIGURE 10

Document co-citation network diagram. The different colours of the nodes represent different types of documents, with larger nodes meaning
articles that are collectively cited more frequently.
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TABLE 4 Statistical table of the top ten cited literatures in the field.

Rank Title
First

author
Publication

Year
Total

Citations
Average
per Year

1
Immune-related adverse events with immune checkpoint blockade: a

comprehensive review
Michot,
J. M

2016 1241 177.29

2
Managing toxicities associated with immune checkpoint inhibitors: consensus

recommendations from the Society for Immunotherapy of Cancer (SITC) Toxicity
Management Working Group

Puzanov, I 2017 997 166.17

3
Safety Profile of Nivolumab Monotherapy: A Pooled Analysis of Patients With

Advanced Melanoma
Almazor,
M. E

2017 692 115.33

4
Association of tumour mutational burden with outcomes in patients with advanced solid
tumours treated with pembrolizumab: prospective biomarker analysis of the multicohort,

open-label, phase 2 KEYNOTE-158 study

Marabelle,
Aurelien

2020 657 219

5 Safety profiles of anti-CTLA-4 and anti-PD-1 antibodies alone and in combination
Kao,
Steven

2016 606 86.57

6 Management of toxicities of immune checkpoint inhibitors
Spain,
Lavinia

2016 525 75

7
Incidence of Endocrine Dysfunction Following the Use of Different Immune Checkpoint

Inhibitor Regimens A Systematic Review and Meta-analysis
Barroso-
Sousa

2018 471 94.2

8 Myocarditis in Patients Treated With Immune Checkpoint Inhibitors
Mahmood,
Syed S

2018 425 85

9
Pituitary Expression of CTLA-4 Mediates Hypophysitis Secondary to Administration of

CTLA-4 Blocking Antibody
Awadalla,
Magid

2014 399 44.33

10 Cutaneous, gastrointestinal, hepatic, endocrine, and renal side-effects of anti-PD-1 therapy
Hofmann,

Lars
2016 393 56.14
F
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TABLE 5 Statistical table of top ten co-cited literature in this field.

Rank Title
First

Author
Year Journal

IF
(2022)

Citations

1 Improved survival with ipilimumab in patients with metastatic melanoma
Hodi FS 2010

New Engl
J Med

176.079 175

2 Incidence of Endocrine Dysfunction Following the Use of Different Immune Checkpoint
Inhibitor Regimens: A Systematic Review and Meta-analysis

Barroso-
sousa R

2018
Jama

Oncology
33.006 167

3 Management of Immune-Related Adverse Events in Patients Treated With Immune
Checkpoint Inhibitor Therapy: American Society of Clinical Oncology Clinical
Practice Guideline

Brahmer
Jr

2018
J

Clin Oncol
50.717 161

4 Combined Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma
Larkin J 2015

New Engl
J Med

176.079 157

5 Pembrolizumab versus Ipilimumab in Advanced Melanoma
Robert C 2015

New Engl
J Med

176.079 128

6 Immune-Related Adverse Events Associated with Immune Checkpoint Blockade Postow
Ma

2018
New Engl
J Med

176.079 125

7 Antibody-mediated thyroid dysfunction during T-cell checkpoint blockade in patients with
non-small-cell lung cancer

Osorio JC 2017
Ann
Oncol

51.769 124

8 Nivolumab in previously untreated melanoma without BRAF mutation
Robert C 2015

New Engl
J Med

176.079 111

9 Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer Borghaei
H

2015
New Engl
J Med

176.079 105

10 Ipilimumab-induced hypophysitis: a detailed longitudinal analysis in a large cohort of
patients with metastatic melanoma Faje At 2014

J Clin
Endocr
Metab

6.134 104
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hotspots and frontiers with greater precision. In, 2004, research in

this field began. Since, 2010, more research on metastatic melanoma

has been published. Anti-CTLA-4 monoclonal antibodies and anti-

PD-1 monoclonal antibodies have been the subject of many safety

studies in this field. Nivolumab, ipilimumab, and pembrolizumab

have become popular research topics in this field. After many safety

studies on the use of single drugs emerged and grew increasingly

comprehensive, studies on the safety of the combination or

sequential use of anti-PD-1 and anti-CTLA-4 drugs appeared

immediately (15, 16). In a phase 3 study, researchers compared

the effectiveness of the combination of ipilimumab and nivolumab

to that of either antibody alone. This combination elicited a more

robust response. However, immune-related toxicities occur more

frequently and at a higher grade than with either agent alone (17).

In a separate exploratory study, the combination of ipilimumab and

nivolumab was more effective than nivolumab alone regarding

progression-free survival and overall survival landmarks (18). In,

2015, regulatory approval was granted for combination

immunotherapy (19). However, due to the higher risk of toxicity

associated with combination therapy, researchers are very

interested in identifying the subgroups of patients most likely to

benefit from combination therapy. So, they weigh the therapeutic

efficacy of combination therapy with ICIs against the incidence of

irAEs. Since, 2021, the patient population that may benefit from

combination therapy has become a focal point of research in

this field.

Comprehensive studies of adverse effects at different endocrine

sites have started to appear and have reached their current degree of

maturity as a result of the continual development of safety studies.

According to reports, thyroid and pituitary toxicity are the most

common endocrine toxicities of this class of drugs (20) and are also

the most studied by researchers. Diabetes and adrenocortical

insufficiency are uncommon endocrine toxicities associated with

ICI treatment (21), but diabetic ketoacidosis (DKA) and adrenal

crisis are frequently life-threatening. This study found that most of

the field’s research focuses on autoimmune hypophysitis resulting

from ICIs, diabetes resulting from ICIs, and thyroid dysfunction

resulting from ICIs.
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The treatments most commonly associated with immune-

related hypophysitis are anti-CTLA-4 monotherapy, anti-CTLA-4

and anti-PD-1 combination therapy, and anti-PD-1 or anti-PD-L1

monotherapy (22) . Hypophysit is secondary to tumor

immunotherapy is an emerging area of clinical research. It may

be attributable to its non-specific symptoms and signs, which are

frequently overlooked and can have severe consequences.

Currently, cases of delayed hypophysitis occurring several months

after the cessation of ICIs have garnered much scholarly interest

(23, 24).

This study found that the study of diabetes-related adverse

events caused by ICIs has become a hot topic. Diabetes caused by

ICIs has been reported to be more prevalent following treatment

with PD-1/PD-L1 inhibitors (25, 26). The disease progresses rapidly

to islet failure, and the damage to islet B cell function is frequently

irreversible (27). Most cases of this type of diabetes require daily

insulin treatment over the long term (28). If diabetes caused by ICIs

is not diagnosed and identified promptly, the risk of diabetic

ketoacidosis (DKA) is elevated (21). In most ICIs-related diabetes

cases (70%) described to date, DKA is the underlying cause.

Consequently, this type of adverse reaction has also become a

popular topic of study among academics.

There is a reported 6%–20% incidence of thyroid-related

injuries with ICIs, including hyperthyroidism, hypothyroidism,

thyroiditis, thyrotoxicosis, and thyroid storm, especially with the

use of anti-PD-1 or anti-PD-L antibodies (29). It has been reported

that PD-1/PD-L1 inhibitors cause a more significant proportion of

hyperthyroid patients than CTLA-4 inhibitors. The combined use

of ICIs will increase the proportion of hyperthyroid patients by at

least threefold (30, 31). Consider the positive aspects of

thyrotoxicity, thyroid irAEs are associated with better cancer

outcomes, improved survival, and a better prognosis for patients

who experience them (32, 33). It may be due to the effective

activation of the immune system (34), and the specific

mechanism has become the focus of research by scholars.

Historically, most endocrine adverse reactions were caused by the

involvement of a single gland. However, with the gradual increase in

clinical use of ICIs, reports of involvement of two or more glands
TABLE 6 The top 10 leading journals with the most published papers in the field.

Journal of Publication Count Percentage IF JCR(2022)

Frontiers in Oncology 20 2.93% 5.738 Q2

Cancers 18 2.64% 6.575 Q1

Oncologist 17 2.49% 5.837 Q2

Journal of Clinical Endocrinology & Metabolism 15 2.20% 6.134 Q1

Cancer Immunology, Immunotherapy 14 2.05% 6.63 Q1

European Journal of Cancer 14 2.05% 10.002 Q1

Journal for ImmunoTherapy of Cancer 14 2.05% 12.469 Q1

Journal of Oncology Pharmacy Practice 14 2.05% 1.416 Q4

Frontiers in Immunology 10 1.47% 8.786 Q1

Thyroid 10 1.47% 6.506 Q1
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are no longer uncommon. According to studies, the combination of

thyroid and pancreatic injuries is the most prevalent multi-gland

injury (35). Patients receiving ICIs must continue to monitor these

endocrine-related events.

ICI-related endocrine adverse reactions are severe but quite

manageable. Although they rarely lead to treatment discontinuation,

many irAEs are irreversible (36). If endocrine irAEs can be effectively

managed, the patient’s prognosis will be drastically improved, and the

patient’s survival time will be extended. However, irreversible irAEs

continue to have an impact on the quality of life of patients. This study

found that the management of endocrine irAEs and the study of the

survival of patients with irreversible endocrine adverse events may be

future research hotspots in the field. Clinicians should focus on

monitoring endocrine adverse reactions, the balance between

endocrine adverse reactions and patient prognosis, and the accurate

assessment of the balance between patient prognosis and the harm of

adverse reactions to those who will benefit. In addition to strong

interdisciplinary collaboration, as the number of patients receiving ICIs

rises, it is critical that researchers in this field aggressively pursue

efficient ways to predict biomarkers of the risk of endocrine adverse

effects (37).
4.3 Limitations

Certainly, this paper has some limitations. The data was only

retrieved from the WOSCC database, and the research literature of

some countries may have been omitted. Furthermore, our study

only included relevant literature in English, and studies published in

other languages were excluded, which could cause a certain degree

of bias in the analysis. Nonetheless, WOS remains the most

commonly used database for scientometric analysis, and English

is today’s international lingua franca. In addition, recently

published high-quality studies may not have received the

attention they deserved due to citation delays and need to be

updated in subsequent studies. Ultimately, we believe that these

limitations may slightly impact the results, but will not have a

significantly impact on the main trend in the field.
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5 Conclusion

This study analyzed trends and hot spots in ICIs associated

endocrine irAEs research. Based on the results, we believe that

future research hotspots will mainly focus on the following aspects:

Firstly, it is critical to accurately assess the balance between efficacy

and adverse effects in patients with ICIs to facilitate the

identification of these endocrine irAEs events and prognostic or

survival analysis studies. Secondly, the continuous deepening and

expansion of research on new irAEs, with the application of new

ICIs drugs and combination therapy. Thirdly, conducting cohort

studies to understand risk factors and patterns of onset. These

future hotspots are crucial to promoting greater advancing on

irAEs, which is where the potential of this study lies.
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University and Shandong Academy of Medical Sciences, Jinan, China, 5College of Clinical Medicine,
Southwest Medical University, Luzhou, China
Objective: Hypothyroidism, characterized by reduced thyroid hormone levels,

and endometrial cancer, a prevalent gynecological malignancy, have been

suggested to have a potential association in previous observational studies.

However, the causal relationship between them remains uncertain. This study

aimed to investigate the causal relationship between hypothyroidism and

endometrial cancer using a bilateral Mendelian randomization approach.

Methods: A bidirectional two-sample Mendelian randomization study was

conducted using summary statistics from genome-wide association studies to

identify genetic variants associated with hypothyroidism and endometrial cancer.

The inverse variance weighting method was used as the main analysis, and

sensitivity analyses were conducted to validate the MR results.

Results: The results of our analysis did not support a causal effect of

hypothyroidism (OR: 0.93, p=0.08) or autoimmune hypothyroidism (OR: 0.98,

p=0.39) on endometrial cancer risk. In the reverse MR analysis, we did not find a

significant causal effect of endometrial cancer on hypothyroidism (OR: 0.96,

p=0.75) or autoimmune hypothyroidism (OR: 0.92, p=0.50). Based on subgroup

analysis by pathological subtypes of endometrial cancer, the above findings were

further substantiated (all p-value >0.05).

Conclusions: Our Mendelian randomization analysis suggests a lack of causal

association between hypothyroidism and endometrial cancer. To gain a deeper

understanding of this association, it is essential to conduct large-scale

randomized controlled trials in the future to validate our findings.
KEYWORDS

hypothyroidism, autoimmune hypothyroidism, endometrial cancer, Mendelian
randomization, causality
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1 Introduction

Endometrial cancer (EC) is a malignant epithelial tumor

originating in the endometrium, ranking as the most common

cancer type in developed countries and the second most common in

developing countries (1, 2). In 2020, a significant number of newly

diagnosed cases were reported worldwide, with 417,367 cases and

97,370 deaths attributed to this disease (2). Notably, China has

observed a high incidence of EC, with approximately 84,520 new

cases reported in 2022 (3). Unlike other types of cancer that have

experienced declining incidence rates over the past two decades, the

global incidence of endometrial cancer has continued to rise steadily

(1). Furthermore, there is a significant trend towards an earlier age

of onset, especially observed in South Africa and specific Asian

countries with a considerably high incidence rate (4). Of particular

concern is the fact that around 10% to 15% of EC patients are

diagnosed at an advanced stage, resulting in a relatively low 5-year

survival rate of only 10% to 20% (5). Given these challenges, it is

imperative to prioritize the identification of innovative risk factors

in order to mitigate the forthcoming healthcare burden.

Hypothyroidism, a prevalent endocrine disorder characterized

by reduced thyroid hormone production, affects a significant

number of individuals with varying rates of prevalence among

women ranging from 0.6% to 12% (6). The relationship between

EC and hypothyroidism has been investigated extensively (7).

Some studies have found that hypothyroidism is a common

comorbidity among patients with endometrial cancer (6, 8).

Additionally, it has been observed that 15.3% of EC patients had

a prior diagnosis of hypothyroidism, and an additional 8.5%

exhibited biochemical evidence of subclinical hypothyroidism

based on baseline blood tests (9). Although epidemiological

studies suggest a potential link between hypothyroidism and EC,

these observations are based on observational data, which are

susceptible to confounding factors and bias. Gaining a

comprehensive understanding of the causal association between

hypothyroidism and endometrial cancer holds significant clinical

implications for effective patient management. Regrettably, those

previous reports did not provide any information on exact causal

relationships between hypothyroidism on endometrial cancer.

Mendelian randomization (MR) is a powerful analytical

approach that addresses the limitations inherent in observational

methods by employing genetic variants, predominantly single

nucleotide polymorphisms (SNPs), as instrumental variables (IVs)

to evaluate potential causal associations between exposures and

outcomes (10, 11). The random assignment of genetic variants at

conception mimics the process of randomization in controlled trials,

thereby minimizing the influence of confounding factors (11).

Furthermore, as genetic variants precede the onset of disease, they

mitigate reverse causation. Importantly, the selected IVs is associated

with the exposure but not with any confounders in the exposure-

outcome relationship, nor does it exert any other effects on the

outcome apart from through the exposure (12). Understanding the

causality and biology underlying this association between EC and

hypothyroidism is important for deciphering the etiology and can

provide therapeutic insights. Therefore, this study aims to contribute

to the current knowledge of the causal relationship between
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endometrial cancer and hypothyroidism using an MR approach to

potentially provide a unique perspective.
2 Methods

2.1 Study design

We present a concise overview of the bidirectional MR design, as

depicted in Figure 1. MR analysis is based on three key assumptions

(1): The selected instrumental variable, a genetic variant, exhibits a

robust association with the exposure; (2) The genetic variant is not

associated with any confounding factors; (3) The genetic variants

solely influence the outcome through the exposure and not via

alternative pathways. To conduct our study, we utilized summary-

level data obtained from published genome-wide association studies

(GWAS) investigating hypothyroidism and EC (13). Bidirectional

MR was performed to evaluate the causal effects of hypothyroidism

on EC (forward MR), as well as the effects of EC on hypothyroidism

(reverse MR). In the forward MR analysis, we first identified genetic

variants associated with hypothyroidism to infer the causal

relationship between hypothyroidism and EC. Subsequently, in the

reverse MR analysis, we utilized genetic variants associated with EC

to infer the causal relationship between EC and hypothyroidism.
2.2 Data sources

The summary-level data for the two-sample MR study was

obtained from the GWAS database (https://gwas.mrcieu.ac.uk/).

Specifically, we utilized data on hypothyroidism (GWAS ID: finn-b-

HYPOTHYROIDISM) and autoimmune hypothyroidism (GWAS

ID: finn-b-E4_HYTHY_AI_STRICT). Additionally, the data on EC

(GWAS ID: ebi-a-GCST006464), endometrioid EC (GWAS ID: ebi-

a-GCST006465), and non-endometrioid EC (GWAS ID: ebi-a-

GCST006466) was also extracted from the GWAS database. The

initial GWAS studies were conducted with approval from the

relevant ethics committee, and all participants provided informed

consent. Details of the included cohorts were listed in

Supplementary Table S1.
2.3 Selection of genetic
instrumental variables

Two thresholds were used to select the IVs. The first threshold

selected SNPs less than the genome-wide statistical significance

threshold (p < 5 × 10−8) to serve as IVs. Unfortunately, after we

selected SNPs, only a small number of non-endometrioid EC were

selected as IVs, and to explore more relations between hypothyroidism

and non-endometrioid EC to obtain more comprehensive results, we

used the second threshold that identified SNPs that were smaller than

the locus-wide significance level and selected them as the second IVs

set to find more potential causal associations (p < 1 × 10−7). The

independence of SNPs was evaluated using stringent criteria (r2 ≤

0.001; window size =10,000 kb).
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2.4 Statistical analysis

The primary analysis employed the inverse variance weighted

(IVW) method to obtain an unbiased estimate of the causal

relationship (12). Additional methods, including the MR Egger

and weighted mode, were applied to estimate causal effects under

different conditions (14). The weighted median method

combined data from multiple genetic variants into a single

causal estimate, providing consistent results if at least half of

the weight derived from valid instrumental variables (14). The

MR-Egger method assessed directional pleiotropy and provided a

consistent estimate of the causal effect (15). The intercept of MR-

Egger regression was calculated to evaluate horizontal pleiotropy,

with a p-value >0.05 indicating weak evidence of pleiotropic

effects in the causal analysis (16). Cochran’s Q test, derived

from IVW estimation, detected heterogeneity among

instrumental variables. Sensitivity analysis was conducted using

a leave-one-out method, sequentially removing one SNPs and

using the remaining SNPs as instrumental variables for two-

sample MR analysis, which assessed the degree of influence of

each SNPs on the causal association. Additionally, a reverse-

direction MR analysis was performed to investigate the possibility

of a reverse-direction causal relationship. The TwoSampleMR

package for R software (version 4.2.0) was used for all

analyses (17).
3 Results

3.1 Instrumental variables

All IVs utilized in our analysis exhibited F-statistics exceeding

10, indicating a robust predictive capability for exposure and

minimal bias resulting from weak IVs in our investigation.

Most of the exposure analyses showed moderate heterogeneity

(all p-values for Cochrane’s Q > 0.05), which prompted the

adop t ion o f the random-e ff e c t s IVW MR method .

Comprehensive details regarding the chosen SNPs are available

in Supplementary Tables S2-S13.
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3.2 Causal effect of hypothyroidism on the
risk of EC

Our investigation revealed no significant causal effect of

hypothyroidism on the risk of EC [odds ratio (OR) = 0.93, 95%

confidence interval (CI): 0.87–1.01, p = 0.08]. Both MR-Egger

analysis (OR = 0.86, 95% CI: 0.70–1.06, p = 0.17) and weighted

median analysis (OR = 0.94, 95% CI: 0.85–1.03, p = 0.20) supported

this finding (Figure 2A). Furthermore, we conducted additional

analysis to explore the potential causal association between

autoimmune hypothyroidism and the risk of EC. Similarly, no

causality for genetically predicted autoimmune hypothyroidism on

EC risk using the IVW method (OR = 0.98, 95% CI: 0.92–1.03, p =

0.39) (Figure 2A). The results obtained from weighted median and

MR-Egger analyses were consistent with those from the IVW

analysis (all p-values > 0.05) (Figure 2A).
3.3 Causal effect of EC on the risk
of hypothyroidism

Figure 2B presents the findings of MR analysis examining the

causal effect of EC on the risk of hypothyroidism. We observed

genetic liability to EC was not causally associated with risk

of hypothyroidism based on IVW analysis (OR = 0.96, 95% CI:

0.77–1.21, p= 0.75). The results of weighted median and MR-

Egger are consistent with those of IVW (all p-value > 0.05)

(Figure 2B). Furthermore, the results from three different

MR methods did not reveal any statistically significant

associations between EC and autoimmune hypothyroidism

examined (all p-values >0.05) (Figure 2B).
3.4 Subgroup analysis based on
pathological subtypes of EC

To strengthen our findings, we conducted a subgroup analysis

based on the pathological subtypes of endometrial cancer. The

results from this analysis were consistent with the above findings,
FIGURE 1

Three assumptions of Mendelian randomization.
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suggesting no significant causal effect of hypothyroidism (both

general and autoimmune) and different pathological subtypes of

endometrial cancer (all p-values >0.05) (Figure 3). In the reverse

MR analysis, we did not find evidence of a potential causal effect of

different pathological subtypes of EC on hypothyroidism or

autoimmune hypothyroidism (all p-values >0.05) (Figure 4).

These subgroup analyses enhance the robustness and reliability of

our main findings.
3.5 Sensitivity analyses

MR-Egger intercept analysis estimates are presented for

sensitivity analyses and indicated the absence of horizontal

pleiotropy (all p-values >0.05). These findings affirm the validity

and unbiased nature of the instrumental variables employed in our

study, unaffected by other genetic or environmental factors. To

further validate the aforementioned results, we performed a leave-

one-out analysis. The leave-one-out sensitivity analysis

demonstrated consistent outcomes across all variables

(Supplementary Figures S1-S12).
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4 Discussion

Hypothyroidism is a commonly occurring condition

characterized by insufficient levels of thyroid hormone (18).

Hypothyroidism may contribute to carcinogenesis, as thyroid

hormones and TSH possess the capacity to directly stimulate

tumorigenesis through various mechanisms encompassing cell

surface receptors, estrogen pathways, augmented angiogenesis,

and gene expression modificat ion (19). Furthermore,

hypothyroidism exhibits associations with diabetes mellitus and

cardiovascular disorders, both of which showcase associations with

escalated cancer susceptibility (20). Previous studies have

investigated the relationship between hypothyroidism and

different types of cancer. These studies have found associations

between hypothyroidism and decreased risks of breast cancer,

thyroid cancer, and hepatocellular carcinoma (6, 21).

Unfortunately, they did not report a causal relationship between

hypothyroidism and EC risk.

To fill this gap. we conducted first MR analyses to investigate

the causal relationship between hypothyroidism and endometrial

cancer. Our findings indicate that there is no causal relationship
FIGURE 3

Subgroup analysis of effect of hypothyroidism on endometrial cancer risk.
A

B

FIGURE 2

Impact of hypothyroidism on endometrial cancer (A) and effects of endometrial cancer on hypothyroidism (B).
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between hypothyroidism or autoimmune hypothyroidism and

endometrial cancer. The endometrioid subtype, which accounts

for approximately 80% of EC cases, exhibits estrogen

responsiveness and typically presents with a favorable prognosis

(22, 23). Conversely, the less frequent non-endometrioid subtypes,

such as serous and clear cells, are not as responsive to estrogen and

are often associated with an unfavorable prognosis (22, 23). To

further investigate the potential causal relationships between

hypothyroidism and EC susceptibility, we performed subgroup

analyses based on above two pathological subtypes. In accordance

with the above findings, we also did not find any causal effect of

hypothyroidism on the risk of endometrioid or non-endometrioid

EC. Furthermore, we also observed any causal effect of

endometrioid or non-endometrioid EC on hypothyroidism, which

confirmed the robustness of the above findings. In a previous large

cohort study involving 1314 EC patients, the relationship between

hypothyroidism and the risk of EC was investigated. The results

showed that there was no significant association between a history

of hypothyroidism and the risk of EC, which in agreement with our

finding (24). These findings suggest that factors other than

hypothyroidism may play a more prominent role in the

pathogenesis of endometrial cancer.

The lack of a causal relationship between hypothyroidism and

endometrial cancer observed in our MR analysis contradicts the

findings of previous observational studies (7, 9). However, there are

several possible reasons for the disparity between our findings and

those of previous studies. Firstly, residual confounding may have

influenced the results of previous observational studies. These

studies rely on observational data, which are susceptible to

confounding factors that may distort the association between

hypothyroidism and endometrial cancer. By contrast, Mendelian

randomization analysis leverages genetic variants as instrumental

variables to minimize confounding biases and provide more reliable

estimates of causal effects. Secondly, reverse causation is another

potential explanation for the discrepancy. Observational studies are

vulnerable to reverse causation, as the temporal ordering of events is
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often challenging to establish definitively. Lastly, measurement

errors in the exposure and outcome variables could have

contributed to the inconsistent findings. In observational studies,

misclassification or inaccuracies in diagnosing hypothyroidism or

endometrial cancer can introduce bias into the results, leading to

inconsistent associations.

One strength of our study lies in the utilization of the MR

method, which offers a valuable framework for evaluating causal

relationships and addresses the limitations associated with

observational studies. Through the implementation of genetic

variants as IVs, we successfully estimated the causal link between

EC risk and hypothyroidism while mitigating confounding and

reverse causality. To ensure the credibility of our IVs, we exclusively

selected SNPs with robust associations and high instrument

strength, as indicated by F-statistics exceeding 10. This rigorous

criterion bolstered comparability between the exposure and

outcome samples, thereby enhancing the reliability of our

conclusions. Furthermore, to minimize the impact of sample

overlap, we obtained exposure and outcome datasets from

different databases, reducing potential interference (25).

Additionally, we conducted a comprehensive sensitivity analysis

and subgroup analysis. This meticulous examination allowed us to

evaluate the robustness and reliability of our findings from

various perspectives.

While our study provides robust evidence to refute a direct

causal association between hypothyroidism and endometrial

cancer, it is essential to acknowledge some limitations. Firstly, our

study assumes that the genetic variants used as instrumental

variables are independent of potential confounding factors.

Although this assumption is reasonable, unmeasured confounders

could still impact the estimated results. Additionally, our study

focused on European populations, necessitating further research in

other ethnic groups to validate our findings. Furthermore, our study

did not explore the potential mechanistic pathways that may

mediate the observed associations. Future investigations should

consider examining how hypothyroidism may indirectly influence
FIGURE 4

Subgroup analysis of effect of endometrial cancer on hypothyroidism.
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endometrial cancer risk through mechanisms such as altered

estrogen metabolism or insulin resistance.

While a causal relationship has not been observed between

hypothyroidism and endometrial cancer, both may play a role in

the progression of each other’s diseases. Dysregulation of immune

modulation in the body may potentially explain the intricate

relationship between the two. In recent years, Human Leukocyte

Antigen-G (HLA-G) has become a research hotspot in studying

the relationship between cancer risk and certain autoimmune

diseases (26–28). The role of HLA-G has been extensively

studied in various inflammatory conditions, especially in

autoimmune diseases such as hypothyroidism (28). It is believed

that the weakening of the immune suppressive state is one of the

factors leading to the development of autoimmune diseases, and

HLA-G may serve as a mechanism to counteract the damage in

these diseases (28). The expression of HLA-G has been observed

to be associated with tumor staging, prognosis, and circulating

levels in various types of cancer (29). In endometrial cancer,

researchers have also found upregulation of HLA-G expression,

and the increased soluble HLA-G levels are associated with

advanced pathological staging, metastasis, and poor prognosis in

endometrial cancer patients (30, 31). However, there is currently

no research definitively stating whether HLA-G is involved in the

pathogenesis and progression mechanisms of hypothyroidism and

endometrial cancer. Future studies need to further explore

this area.

Given the clinical implications of understanding the

relationship between hypothyroidism and endometrial cancer, our

study contributes valuable insights for individual health

management and prevention strategies. While hypothyroidism

does not appear to increase the risk of endometrial cancer

directly, it is crucial to account for other critical factors when

assessing overall risk. Considering the multifactorial nature of

endometrial cancer, comprehensive approaches that consider

various risk factors such as obesity, diabetes mellitus,

postmenopausal estrogen replacement, ovarian dysfunction,

infertility, nulliparity, and tamoxifen use are necessary for tailored

prevention and early detection strategies (32). Given these

limitations, large-scale randomized controlled trials are warranted

to validate our findings and provide a deeper understanding of the

relationship between hypothyroidism and endometrial cancer. Such

trials would help elucidate the causal nature of the association and

potentially inform clinical management and interventions for

patients with hypothyroidism and endometrial cancer.
5 Conclusion

In conclusion, our bidirectional MR study suggests a lack of

causal association between hypothyroidism and endometrial cancer.

These findings highlight the importance of conducting rigorous

randomized controlled trials to elucidate the true nature of this

association. Further research is needed to explore other potential risk
Frontiers in Endocrinology 0684
factors and pathways involved in the development of endometrial

cancer, contributing to improved prevention and treatment

strategies for this prevalent gynecological malignancy.
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Background: Abnormal lipid levels have been associated with cancer incidence

and progression. However, limited studies have investigated the relationship

between apolipoprotein A-I (ApoA-I) and colorectal cancer (CRC). This study

assessed the significance of ApoA-I levels in progression-free survival (PFS) and

overall survival (OS) of patients with CRC.

Methods: Survival curves were compared using Kaplan–Meier analysis, while the

predictive values of various lipid indicators in CRC prognosis were evaluated

based on receiver operating characteristic curves. The factors influencing PFS

and OS in patients with CRC were analyzed using Cox proportional hazards

regression models. Finally, the relationship between ApoA-I level and disease

recurrence was investigated through logistic regression analysis. The optimal

Apo-I level was determined through maximally selected rank statistics.

Results: Using the optimal ApoA-I cutoff value (0.9 g/L), the 1,270 patients with

CRCwere categorized into low (< 0.9 g/L, 275 cases) and high (≥0.9 g/L, 995 cases)

ApoA-I groups. Compared with other lipid indicators, ApoA-I demonstrated

superior predictive accuracy. The high ApoA-I group exhibited significantly

higher survival rates than the low ApoA-I group (PFS, 64.8% vs. 45.2%, P < 0.001;

OS, 66.1% vs. 48.6%, P < 0.001). Each one-standard-deviation increase in ApoA-I

level was related to a 12.0% decrease in PFS risk (hazard ratio [HR] 0.880; 95%

confidence interval [CI], 0.801–0.968; P = 0.009) and an 11.2% decrease in OS risk

(HR 0.888; 95%CI, 0.806–0.978; P = 0.015). Logistic regression analysis revealed

that patients with low ApoA-I had a 32.5% increased risk of disease recurrence

(odds ratio [OR] 0.675; 95%CI, 0.481–0.946; P = 0.0225) compared with those

with high ApoA-I. PFS/OS nomograms based on ApoA-I demonstrated excellent

prognostic prediction accuracy.

Conclusions: Serum ApoA-I level may be a valuable and non-invasive tool for

predicting PFS and OS in patients with CRC.
KEYWORDS

colorectal cancer, prognostic, recurrence, ApoA-I, survival
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Background

Colorectal cancer (CRC) is among the most prevalent

malignancies and poses a significant threat to human health. In

Western countries, CRC ranks as the second leading cause of

cancer-related fatalities (1). The situation in China is no less

daunting, where CRC is the third leading cause of cancer-related

death (2). Generally, the risk of CRC increases rapidly with age. In

recent years, patients with CRC aged <65 years in the United States

have accounted for 45% of cases. Patients with early-stage CRC who

undergo surgical treatment can achieve a survival rate of >90%.

However, 60% of CRC cases are diagnosed at an advanced stage,

with a higher proportion of patients experiencing distant metastasis,

leading to a survival rate of <20% for metastatic CRC (3). Therefore,

widespread concern exists regarding the need to identify factors that

can guide clinical treatment and predict the outcome of patients

with CRC.

Numerous prognostic factors utilizing peripheral biochemical

biomarkers have been validated (4–6). Dysregulated lipid levels

have been consistently linked to the occurrence, risk, and

progression of CRC. Dysregulation of lipid metabolism has a

significant impact on the tumor microenvironment, suggesting a

potential interaction between lipid metabolism and immune

response (7). Increasing evidence suggests that lipid metabolism is

a key determinant affecting immune therapy and clinical responses

in cancer patients (8). Dysregulated lipid metabolism can enhance

the occurrence, establishment, and metastatic potential of tumor

cells (9). Controlling systemic lipid metabolism may contribute to

improving responses to immunotherapy, with lipid metabolism

interventions serving as regulators of anticancer immune

responses and catalysts for anticancer immunotherapy, offering

significant therapeutic potential (10). Therefore, lipid metabolism,

especially that of apolipoprotein A-I (ApoA-I), and its relationship

with cancer have recently attracted significant attention. ApoA-I is

primarily synthesized in the liver and is a significant constituent of

high-density lipoproteins (HDL). ApoA-I possesses multiple

biological functions, including cholesterol transport, antioxidant

properties, anti-inflammatory effects, and anticoagulant activities

(11). Pulcrano et al. indicated that ApoA-I is a beneficial

lipoprotein, particularly as a protective factor against

cardiovascular diseases (12). ApoA-I is closely associated with the

onset, progression, and prognosis of various cancer types, including

renal cell carcinoma (13), esophageal squamous cell carcinoma (14),

nasopharyngeal carcinoma (15), ovarian cancer (16), non-small cell

lung cancer (17), and bladder cancer (18). Nevertheless, research

investigating the relationship between ApoA-I and the prognosis of

patients with CRC is scarce (19). The role of ApoA-I in cancer

remains controversial, with some studies suggesting anti-cancer

effects (20, 21) and other studies reporting a positive correlation

between ApoA-I level and breast cancer risk (22).

In this context, the present study utilized clinical cohort analysis

to explore the relationship between ApoA-I levels and the

progression-free survival (PFS) and overall survival (OS) of

patients with CRC who underwent surgical treatment.

Additionally, a predictive nomogram based on ApoA-I was
Frontiers in Endocrinology 0287
developed to offer novel insights into the prognostic evaluation of

patients with CRC.
Methods

Participants

This study included 1,270 patients with CRC who received

treatment at the First Affiliated Hospital of Guangxi Medical

University between 2015 and 2017. The eligibility criteria for

inclusion were: 1. no preoperative treatments including

radiotherapy, chemotherapy, or immunotherapy; 2. postoperative

pathological confirmation of CRC; 3. availability of complete

clinical and pathological data; and 4. age ≥18 years. The exclusion

criteria included: 1. history of dyslipidemia and 2. the presence of

acute and chronic diseases such as hereditary hyperlipidemia, other

malignant tumors, liver or kidney dysfunction, and cardiovascular

diseases, which could potentially interfere with the study results.
Data collection

Various clinical data, including age, sex, body mass index

(BMI), medical history, serum lipid parameters, postoperative

pathological examination reports (tumor location, size, TNM

stage, neural/vascular invasion, and differentiation degree),

postoperative radiotherapy, and chemotherapy, were collected.

The assessed lipid indicators included ApoA-I, ApoB, ApoA-I/

ApoB, total cholesterol (TC), triglyceride (TG), high-density

lipoprotein (HDL), low-density lipoprotein (LDL), and

lipoprotein (a) [Lp(a)]. The clinical and pathological data

collected were obtained from the electronic medical records

system of the research center.
Follow-up

All patients were followed up through telephone consultations

and regular outpatient visits until January 2023, resulting in a total

follow-up period ranging from 1 month to 106 months (median

64.9 months). OS and PFS were assessed in the prognostic follow-

up cohort. OS was defined as the duration from the date of surgery

until either death attributed to CRC or the last follow-up, whereas

PFS was defined as the time elapsed from the date of surgery to the

occurrence of local or distant disease recurrence.
Statistical analysis

Continuous data were reported as means ± standard deviation

(SD) or medians (interquartile range [IQR]). T-tests were

performed for comparisons between groups. Categorical data

were presented as counts (%) and compared using the c² test.

The optimal threshold of ApoA-I was determined using maximally
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selected rank statistics. Kaplan–Meier (K–M) analysis with log-rank

test was employed to compare survival curves between the low and

high ApoA-I groups according to the threshold value. The area

under the receiver operating characteristic (ROC) curve (AUC) was

used to analyze the predictive value of various lipid indicators for

CRC prognosis. To investigate the continuous association between

ApoA-I and survival, restricted cubic splines (RCS) were employed.

The Cox proportional hazards regression models were applied to

investigate the variables that influenced both PFS and OS in patients

with CRC. Logistic regression analysis was performed to evaluate

the correlation between ApoA-I levels and CRC recurrence. Finally,

nomograms were constructed using statistically significant

indicators, and discrimination and calibration were evaluated

using the C-index, ROC curve, and calibration curve. The clinical

utility of the nomogram was evaluated using decision curve analysis

(DCA). P < 0.05 was considered statistically significant.
Results

Comparisons of general clinical data
between patients with CRC according to
ApoA-I level

Among the 1,270 patients with CRC, the mean age was 59.22 ±

12.65 years, and 63.3% were male. A total of 623 patients (49.1%)

had colon cancer, and 647 patients (50.9%) had rectal cancer.

Recurrence occurred in 349 patients (27.5%) and 517 patients

(40.7%) died. Clinicopathological staging revealed 318 cases

(25.0%) of stage I–II and 952 cases (75.0%) of stage III–IV CRC.

The 1,270 patients with CRC were divided into two groups

based on the optimal ApoA-I cutoff: low (ApoA-I <0.9 g/L, 275

cases) and high (ApoA-I ≥0.9 g/L, 995 cases) (Figure S1). ApoA-I

level was significantly associated with several factors, including sex,

hypertension, diabetes, T stage, M stage, tumor location, tumor size,

carcinoembryonic antigen (CEA) level, length of hospital stay, and

hospitalization costs. Additionally, patients with a low ApoA-I level

had a significantly higher overall mortality rate than those with a

high ApoA-I level, with a difference of 16.7% (53.8% vs. 37.1%; P <

0.001) (Table S1). Furthermore, the investigation of the distribution

of median ApoA-I levels among various clinicopathological

characteristics revealed notably lower ApoA-I levels in male

patients with stage III–IV CRC, patients who experienced

recurrence, and patients who died (Figure S2).
Comparison of the prognostic values of
serum lipids

To compare the predictive value of lipid indicators for the

outcome of patients with CRC, ROC curves were generated for the

3- and 5-year outcomes, and the AUCs were calculated. Among all

lipid indicators, ApoA-I had the highest AUC for both 3- and 5-

year PFS (Figures S3A, B). Similarly, compared with HDL, ApoA-I/

ApoB, TG, TC, ApoB, LDL, and Lp(a), ApoA-I exhibited the

highest predictive accuracy for 3- and 5-year OS (Figures S3C, D).
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Kaplan–Meier survival analysis

The high ApoA-I group had significantly higher survival rates

compared to the low ApoA-I group at the same time points, indicating

a significant association between ApoA-I levels and PFS and OS in

patients with CRC (PFS: 64.8% vs. 45.2%, P < 0.001; OS: 66.1% vs.

48.6%, P < 0.001) (Figure 1). Considering the prognostic implications

of TNM stage, tumor location, and CEA level, a subgroup analysis was

performed using the K–M method among patients diagnosed with

CRC. In the TNM stage subgroup analyses, the low ApoA-I group

displayed worse PFS and OS than the high ApoA-I group in both stage

I–II and III–IV CRC (Figure 2). In the tumor location subgroup

analyses, the low ApoA-I group also exhibited worse PFS and OS than

the high ApoA-I group (Figures S4, S5). In the CEA subgroup analyses,

ApoA-I effectively differentiated between PFS and OS in patients with

CRC, with better discrimination in the high CEA group than in the

normal CEA group (Figure S6).
Prognostic value of ApoA-I

Figure 3 illustrates the utilization of RCS to visually depict the

flexible relationship between ApoA-I levels and both PFS and OS

across various adjusted models. The results indicated a gradual

decrease in the hazard ratio [HR] for survival with increasing

ApoA-I levels. This trend remained consistent across different

models. Tables 1 and 2 show the results of more detailed analyses

of the relationships between ApoA-I levels and PFS and OS. As a

continuous variable, every SD increase in ApoA-I was associated with

a 12.0% decrease in PFS risk (HR 0.880; 95% confidence interval [CI],

0.801–0.968; P = 0.009) and an 11.2% decrease in OS risk (HR 0.888;

95%CI, 0.806–0.978; P = 0.015) in patients with CRC. High ApoA-I

levels were associated with a 27.9% lower risk of adverse PFS (HR

0.721; 95%CI, 0.59–0.881; P = 0.001) and a 26.4% lower risk of adverse

OS (HR 0.736; 95%CI, 0.599–0.905; P = 0.004) compared with low

ApoA-I levels. Furthermore, quartile analysis indicated that compared

with the reference level Q1 (~0.92), Q2 (0.92–1.06), Q3 (1.06–1.25),

and Q4 (1.25+) were associated with decreased risks of adverse PFS

andOS. In the multivariate forest plots of PFS and OS, ApoA-I was an

independent protective factor in most subgroups (Figure S7).

Additionally, examination of the relationship between ApoA-I and

postoperative recurrence showed a higher risk of recurrence in the low

ApoA-I group than in the high ApoA-I group (25.7% vs. 33.8%, P =

0.010). Multivariate logistic regression analysis revealed that for every

SD increase in ApoA-I, the risk of disease recurrence decreased by

54% (odds ratio [OR], 0.460; 95%CI, 0.250–0.830; P = 0.010).

Compared with the high ApoA-I group (≥0.9 g/L), the low ApoA-I

group (<0.9 g/L) had a 32.5% higher risk of disease recurrence (OR,

0.675; 95%CI, 0.481–0.946; P = 0.0225) (Table 3).
ApoA-I-based prediction nomograms

Preoperative ApoA-I, age, T stage, N stage, M stage, and CEA

independently predicted both PFS and OS (Tables S2, S3).

Consequently, nomograms utilizing these indicators were created
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A B

FIGURE 1

Kaplan-Meier curve of ApoA-I for PFS and OS in patients with colorectal cancer. (A), Kaplan-Meier curve for PFS (High ApoA-I vs Low ApoA-I; 60.4%
vs 43.3%); (B), Kaplan-Meier curve for OS (High ApoA-I vs Low ApoA-I; 62.9% vs 46.2%).
A B

C D

FIGURE 2

Stratified survival analysis of ApoA-I based on TNM stage subgroup. (A), Kaplan-Meier curve for PFS (Stage I-II); (B), Kaplan-Meier curve for OS (Stage
I-II); (C), Kaplan-Meier curve for OS (Stage III-IV); (D), Kaplan-Meier curve for OS (Stage III-IV).
Frontiers in Endocrinology frontiersin.org0489

https://doi.org/10.3389/fendo.2024.1318416
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Xie et al. 10.3389/fendo.2024.1318416
to forecast 1–5-year PFS and OS for patients diagnosed with CRC

(Figures 4A, B). The C-index of the nomograms indicated their

good predictive performance for OS (0.726) and PFS (0.719) in

patients with CRC. Further ROC analysis demonstrated the high

predictive performance of these nomograms for PFS and OS, with

1-, 3-, and 5-year AUC values of (0.799 vs. 0.776 vs. 0.764) and

(0.767 vs. 0.773 vs. 0.766), respectively (Figure S8). The calibration

curves exhibited satisfactory concordance between the predicted

values and actual clinical outcomes (Figure S9). Moreover, DCA to

compare the clinical benefits of ApoA-I-based nomograms with

those of traditional tumor staging showed superior clinical benefits
Frontiers in Endocrinology 0590
of the ApoA-I-based nomograms for both PFS and OS, (Figure

S10A, B). Subsequently, based on the median scores of the

nomograms, the patients were divided into high-score and low-

score groups. The high-scoring group showed significantly worse

PFS and OS compared to the low-scoring group (Figure S11A, B).
Discussion

Mounting evidence suggests the critical role of systemic

inflammation in both cancer onset and progression (23, 24).
A

B

FIGURE 3

Restricted cubic spline model analysis was conducted to assess the correlation between ApoA-I levels and PFS/OS in patients with colorectal cancer.
(A), PFS; (B), OS. Model 1: Not adjusted. Model 2: Adjusted for sex, age, and BMI. Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage,
N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.
TABLE 1 Association between ApoA-I and PFS of patients with colorectal cancer.

ApoA-I Model 1 p value Model 2 p value Model 3 p value

Continuous (per SD) 0.837 (0.768,0.913) <0.001 0.905 (0.826,0.992) 0.032 0.88 (0.801,0.968) 0.009

Cutoff value (High) 0.629 (0.522,0.757) <0.001 0.75 (0.616,0.912) 0.004 0.721 (0.59,0.881) 0.001

Quartiles

Q1 (~0.92) ref ref ref

Q2 (0.92~1.06) 0.612 (0.484,0.773) <0.001 0.669 (0.527,0.848) 0.001 0.637 (0.5,0.812) <0.001

Q3 (1.06~1.25) 0.757 (0.607,0.944) 0.013 0.84 (0.669,1.055) 0.133 0.783 (0.621,0.988) 0.04

Q4 (1.25~) 0.627 (0.495,0.795) <0.001 0.785 (0.609,1.01) 0.06 0.736 (0.567,0.955) 0.021

p for trend 0.001 0.168 0.071
Model 1: Not adjusted.
Model 2: Adjusted for sex, age, and BMI.
Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.
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Serum markers of systemic inflammation, such as serum C-reactive

protein and procalcitonin, have been identified as adverse

prognostic factors in various cancers (25, 26). Interestingly, serum

ApoA-I levels have shown a significant association with systemic

inflammatory markers. In their study involving 144 patients with

CRC, Sirnio et al. (26) observed a robust negative relationship

between serum ApoA-I levels and systemic inflammatory markers,

including serum C-reactive protein level, interleukin-8 level, and

blood neutrophil count. Furthermore, the authors reported a

notable association between low serum ApoA-I levels and

advanced T and TNM stages. Consequently, serum ApoA-I levels

show promise as an indicator of both systemic inflammation and

tumor progression. Similarly, the results of the present study

revealed a significant association between ApoA-I levels and

tumor progression. Low ApoA-I levels were significantly

correlated with advanced pathological staging, larger tumor

diameters, and higher CEA levels. Additionally, compared with

patients with high ApoA-I levels, patients with low ApoA-I levels

exhibited higher rates of recurrence, mortality, and hospitalization

burden. Thus, decreased ApoA-I levels may serve as an indicator of

aggressive tumor behavior and poor prognosis. The correlation

between serum ApoA-I levels and tumor characteristics, as revealed
Frontiers in Endocrinology 0691
in this study, can provide tailored guidance for treatment decisions

and prognosis assessment.

ApoA-I itself possesses antitumor properties by reducing

angiogenesis, altering immune cells, enhancing cholesterol efflux, and

reversing sterol transport in cancer cells, which may inhibit tumor cell

proliferation or growth (21). Although ApoA-I is linked to the

development of various tumors and is a potential biochemical marker

for diagnosing various cancers (27, 28), limited research has explored

the correlation between ApoA-I level and the outcomes of patients with

CRC. A study by Quan et al. (19) involving 508 participants, suggested

that ApoA-I could serve as a prognostic factor in patients with

metastatic CRC treated with bevacizumab. Zhang et al.’s meta-

analysis found that serum ApoA-I could serve as a non-invasive

marker for predicting the prognosis of various tumors, including

CRC (29). Sirniö et al. also identified serum ApoA-I as a promising

additional prognostic parameter for CRC (26). However, these studies

were limited by small sample sizes or focused mainly on late-stage

patients. Gu et al. evaluated four key blood lipid factors and established a

novel lipoprotein cholesterol-apolipoprotein score for predicting the

prognosis of patients undergoing CRC resection (30). In our study, we

compared the prognostic values of eight common blood lipid factors

and found that ApoA-I was the optimal blood lipid factor for predicting
TABLE 2 Association between ApoA-I and OS of patients with colorectal cancer.

ApoA-I Model 1 p value Model 2 p value Model 3 p value

Continuous (per SD) 0.836 (0.765,0.913) <0.001 0.896 (0.818,0.983) 0.02 0.888 (0.806,0.978) 0.015

Cutoff value (High) 0.622 (0.514,0.752) <0.001 0.74 (0.606,0.904) 0.003 0.736 (0.599,0.905) 0.004

Quartiles

Q1 (~0.92) ref ref ref

Q2 (0.92~1.06) 0.616 (0.485,0.783) <0.001 0.69 (0.541,0.88) 0.003 0.677 (0.529,0.868) 0.002

Q3 (1.06~1.25) 0.742 (0.591,0.932) 0.01 0.813 (0.643,1.027) 0.083 0.782 (0.615,0.993) 0.044

Q4 (1.25~) 0.611 (0.478,0.78) <0.001 0.743 (0.574,0.962) 0.024 0.732 (0.559,0.958) 0.023

p for trend 0.001 0.059 0.051
Model 1: Not adjusted.
Model 2: Adjusted for sex, age, and BMI.
Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.
TABLE 3 Association between ApoA-I and recurrence of patients with colorectal cancer.

ApoA-I Model 1 p value Model 2 p value Model 3 p value

Continuous (per SD) 0.487 (0.297,0.798) 0.0043 0.619 (0.354,1.082) 0.0921 0.46 (0.25,0.83) 0.01

Cutoff value (High) 0.678 (0.509,0.904) 0.008 0.678 (0.509,0.904) 0.008 0.675 (0.481,0.946) 0.0225

Quartiles

Q1 (~0.92) ref ref ref

Q2 (0.92~1.06) 0.714 (0.505,1.007) 0.055 0.725(0.494,1.065) 0.101 0.668(0.451,0.989) 0.044

Q3 (1.06~1.25) 0.813 (0.579,1.141) 0.231 0.865(0.592,1.264) 0.455 0.757(0.511,1.123) 0.166

Q4 (1.25~) 0.67 (0.473,0.948) 0.024 0.825(0.553,1.229) 0.344 0.685(0.452,1.037) 0.074

p for trend 0.541 0.658 0.365
Model 1: Not adjusted.
Model 2: Adjusted for sex, age, and BMI.
Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.
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PFS and OS in CRC patients. This provides valuable insight for the

clinical use of blood lipid factors in assessing the prognosis of CRC

patients. Furthermore, unlike previous studies, we extensively explored

the relationship between ApoA-I and PFS, OS, and recurrence in CRC

patients. The results of the present study revealed higher PFS and OS

rates in the low ApoA-I group compared to those in the high ApoA-I

group, with improvements of 17.1% and 16.7%, respectively.

Multivariate analysis indicated that ApoA-I was an independent

predictor of PFS and OS in patients with CRC, with HR values of

0.778 and 0.776, respectively, irrespective of the TNM stage. Moreover,

ApoA-I was an independent predictive factor for disease recurrence in

patients with CRC. These findings suggest that ApoA-I may be a

valuable prognostic indicator for individuals diagnosed with CRC and

offer new insights into previous literature.

Despite the widespread utilization of TNM staging as the

primary tool for treatment decisions and prognosis evaluation in

patients with CRC, it is important to note that patient outcomes can

vary significantly even within the same pathological stage.

Therefore, identifying effective prognostic tools that complement

TNM staging is crucial. Within the TNM subgroups, ApoA-I level

effectively differentiated between patient outcomes in both stage I–

II and III–IV CRC. This finding underscores the utility of ApoA-I as

a valuable adjunct to TNM staging for prognostic assessments.

Additionally, ApoA-I level was an effective prognostic predictor in

both colon and rectal cancers. Within the CEA subgroups, ApoA-I

effectively distinguished patient outcomes in each subgroup, with

stronger prognostic discrimination in the high CEA subgroup than

in the normal CEA subgroup. Collectively, these findings suggest

that serum ApoA-I level may be a valuable indicator for predicting

the outcome of patients with CRC.

While the current prognostic classification for CRC primarily relies

on TNM stage, the predictive value of a single parameter is limited.

Therefore, comprehensively integratingmultiple indicators are essential

for accurate prognostic prediction in patients with CRC. In the present

study, besides ApoA-I, patient age and T stage, N stage, M stage, and

CEA level were identified as independent influencing factors in patients
Frontiers in Endocrinology 0792
with CRC. Incorporating various effective prognostic parameters is

invaluable when evaluating the outcome of patients with CRC. Thus,

these variables were integrated to construct ApoA-I-based prediction

nomograms. The C-index and calibration curves indicated that the

ApoA-I-based nomograms exhibited excellent predictive accuracy.

Furthermore, compared with the traditional TNM staging system, the

ApoA-I-based nomograms offered superior clinical benefits. These

findings suggest that ApoA-I-based nomograms incorporating a range

of prognostic parameters are effective tools for predicting the outcomeof

patients with CRC. These tools can provide personalized assistance for

clinical decision-making in the care of patients with CRC.
Study strengths

Through its analysis of a large clinical cohort, the results of this

support serum ApoA-I levels as a promising biomarker for predicting

the prognosis of patients with CRC.Multiple study outcomes, including

PFS, OS, and disease recurrence, were incorporated to explore the

prognostic value of serum ApoA-I levels in patients with CRC.

Among all serum lipid markers, ApoA-I exhibited the highest

predictive accuracy for 3- and 5-year PFS/OS and OS. This finding

highlights the significance of ApoA-I as the most representative

indicator of lipid metabolism in predicting the outcome of patients

with CRC. Furthermore, serum ApoA-I levels can serve as useful

prognostic complements to TNM staging and CEA markers. By

integrating prognostic variables, predictive nomograms based on

ApoA-I were developed and their excellent prognostic prediction

efficacy was confirmed. These findings demonstrated the strength of

this study.
Limitations

This study has several limitations. Firstly, the retrospective

single-center design made it difficult to completely avoid potential
A B

FIGURE 4

Construction the PFS and OS nomograms in CRC patients. (A), PFS nomogram; (B), OS nomogram.These nomograms comprise specific clinical
features, with each feature corresponding to a specific point. A straight line can be drawn through these points on the axis to calculate the score for
each feature. After summing the scores of these features, positioned on the total point axis, the probability of risk can be calculated by drawing
downward to the prediction axis. Based on the results of Cox proportional hazards regression models, we developed these nomograms to predict
the PFS/OS in CRC patients.
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selection bias. Secondly, the study population consisted solely of

Chinese individuals. Further exploration is required to determine

the applicability of these findings to other populations. Finally, the

ApoA-I-based nomograms developed in this study require

extensive external validation in diverse populations before they

can be applied in clinical practice.
Conclusion

Decreased serum ApoA-I levels are associated with stronger

tumor invasiveness, greater disease burden, and poorer prognosis.

Serum ApoA-I levels are an independent factor affecting the

prognosis of patients and are a useful supplement to TNM

staging. The ApoA-I-based nomograms are effective tools for the

comprehensive assessment of prognosis in patients with CRC.

These findings have the potential to offer personalized guidance

for treatment decisions and prognosis assessment.
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