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Abstract

Objectives: Exogenous estrogen is associated with growth of hepatocellular adenomas (HCAs), 

although the influence of progestin-only agents is unknown. We therefore evaluated the 

association of progestin-only agents on HCA progression compared to no hormone exposure and 

compared to estrogen exposure in female patients.

Study design: In this single-center, retrospective cohort study of reproductive-aged female 

patients (ages 16–45) with diagnosed HCAs between 2003 and 2021, we evaluated radiographic 

HCA growth during discrete periods of well-defined exogenous hormone exposures.

Results: A total of 34 patients were included. Nineteen (55.9%) had follow-up scans during 

periods without hormone exposure, 7 (20.6%) during estrogen exposure, and 8 (23.5%) during 

progestin-only exposure. Over a median follow-up of 11 months, percent change in sum of 

adenoma diameters from baseline to last available scan was −15.0% with progestin-only agents 

versus 29.4% with estrogen exposure (p = 0.04), and −7.4% with no hormonal exposure (p = 0.52 

compared to progestin-only). Greater than 10% growth was observed in two individuals (25.0%) 

with progestin-only agent use (one patient on high-dose progestin for menorrhagia) versus five 

individuals (71.4%) with estrogen use (p = 0.13), and 7 (36.8%) with no exogenous hormone use 

(p = 0.68 vs progestin-only).
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Conclusions: During discrete periods of progestin-only use, HCA growth overall declined, 

similar to declining growth during periods without exogenous hormonal exposure. This differed 

from discrete periods of exogenous estrogen exposure, during which time HCAs demonstrated 

overall increased growth. Though larger studies are needed, these findings support recent guidance 

supporting progestin-only agents for female patients with HCAs seeking non-estrogen alternatives 

for contraception.

Implications: In this small retrospective study, we observed overall decrease in HCA size 

during discrete periods of progestin-only contraception use, similar to that observed during periods 

without exogenous hormone exposure, supporting their use as a safe alternative to estrogen-

containing contraceptives in this patient population.
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1. Introduction

Hepatocellular adenomas (HCAs) are benign liver lesions formed by proliferation of 

hepatocytes [1]. Less commonly they may result in malignant transformation and/or rupture. 

HCAs are diagnosed by computed tomography and/or magnetic resonance imaging and 

typically demonstrate early arterial phase enhancement with washout in later phases as well 

as intralesional fat or heterogeneity due to presence of blood products [2,3]. Exogenous 

estrogen exposure, particularly in the form of ethinylestradiol from use of oral combined 

hormonal contraceptive (CHC) pills, is an established risk factor for growth and rupture, 

with an annual incidence of approximately 3 to 4 for every 100,000 women using these 

agents [4–7]. Obesity is another risk factor for the development of HCAs, particularly as 

visceral fat is a source of estrone, with weight loss shown to result in HCA regression [8].

The influence of endogenous and exogenous estrogen on HCA development and growth are 

well-established clinically, with a higher prevalence in women using CHCs as compared to 

age-matched controls [9], and increase in HCA growth during pregnancy [10]. Cessation 

of CHCs also results in HCA regression [11]. The CDC Medical Eligibility Criteria 

for Contraceptive Use therefore recommends against the use of combined hormonal 

contraceptives in individuals with HCAs. As progesterone receptors have been identified in 

HCAs, the MEC guidance states that the risk of progestin-only contraception may outweigh 

the benefits [12, 13], although data on HCA growth following progestin-only exposure are 

lacking.

2. Methods

2.1. Study design/patient population

This is a single-center, retrospective cohort study of reproductive-aged females (ages 16–45) 

with imaging- and/or biopsy-confirmed HCA seen at our tertiary care center between 2003 

to 2021. We identified patients with HCAs based on review of diagnosis terms and ICD 

coding in the UCSF radiology and pathology databases. Institutional Review Board approval 
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(IRB 15-16868) was obtained. Informed consent was not deemed necessary given absence of 

patient identifiers or contact.

We collected patient age, sex assigned at birth, race, ethnicity, past medical history 

(specifically presence of diabetes mellitus, hyperlipidemia, obesity, and polycystic ovary 

syndrome), and history of any exogenous sex hormone use (type, duration, and dose) from 

electronic medical records. Through chart review we also obtained the type, date, and 

number of imaging studies, biopsies, and therapeutic interventions (defined as ablation, 

embolization, or surgical resection of HCAs) for each patient. We ascertained histologic 

characteristics from pathology reports.

Inclusion criteria were presence of two or more cross-sectional imaging reports prior to any 

procedural intervention (ablation, embolization, or surgical resection), with formal imaging 

review at our center. Only patients with clear documentation in the electronic medical 

record of presence or absence of hormonal exposure, type, and duration that during the time 

periods when two or more available imaging studies were performed for monitoring of HCA 

growth were included (Fig 1). Imaging characteristics were compared among patients during 

discrete periods of (1) no exogenous hormonal exposure, (2) exogenous estrogen exposure 

(estrogen plus progestin or estrogen only), and (3) progestin-only exposure. Individuals with 

discrete periods of hormonal exposure or absence of hormonal exposure at time of scans 

were analyzed, with some patients contributing data to multiple groups if they had multiple 

discrete periods within these three categories. Among the 27 patients meeting inclusion 

criteria, seven contributed data to multiple groups, for a total of 34 intervals of analyzed 

hormonal exposures. These seven patients included the following: one patient contributing 

to all three groups, two patients with estrogen exposure followed by no exposure, 1 patient 

with no exposure then progestin-only exposure, two separate discrete periods of progestin-

only exposure, with interval no hormone exposure.

2.2. Imaging analysis

HCA growth patterns were determined by cross sectional imaging using either contrast 

enhanced computed tomography or magnetic resonance imaging according to established 

radiologic criteria [14, 15]. Any imaging report noting equivocal findings were reviewed 

by a study investigator (R.P.L.) with expertise in HCA imaging. Imaging characteristics 

included size of largest HCA on baseline and follow-up imaging, presence of adenomatosis 

(10 or more lesions or “adenomatosis” noted in imaging report) [16], and HCA rupture. 

Baseline imaging was defined as first available cross-sectional imaging formally reviewed 

by radiologists at our center during discrete period of hormone exposure or absence of 

hormone exposure. Follow-up imaging refers to any imaging study after the baseline 

imaging during the same discrete period of exposure. Median time to follow up was 

calculated as time between the baseline imaging and the last follow up scan within the 

period of hormone exposure. To trend HCA growth, the sum of HCA diameters from first 

to last available follow-up scan was calculated, and median percent change compared by 

hormonal exposure.
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2.3. Hepatocellular adenoma histology

We reviewed pathology reports from core biopsy, resection, and/or explant tissue. Gross 

and microscopic features were examined for HCA subtype and features of malignant 

transformation based on standardized histologic criteria [14, 15]. Absence of map-like 

pattern with glutamine synthase staining helped to exclude focal nodular hyperplasia. 

Positive C-reactive protein and/or serum amyloid A staining indicated inflammatory 

variant of HCA. Nuclear beta catenin staining, as opposed to membranous, and diffuse 

glutamine synthase staining indicated beta catenin-activated HCA. Loss of liver fatty 

acid binding protein staining in lesion tissue supported hepatocyte nuclear factor-1 alpha-

inactivated HCA. Features of hepatocellular carcinoma were evaluated by reticulin, cluster 

of differentiation 34, and glypican-3 staining.

2.4. Statistical analysis

Descriptive statistics were reported by Wilcoxon test for continuous variables and Fisher’s 

exact test for dichotomous variables. Variables related to HCA growth or hormonal exposure 

were reported, including number of patients with missing data. Median and interquartile 

range were reported to handle non-normally distributed data. A significance level of 0.05 

was considered for all analyses.

3. Results

3.1. Patient characteristics

There were 27 total patients with 34 discrete periods of hormonal exposure. Median patient 

age was 34 years; 15% were white, 20.6% were black, 8.8% Asian, and 17.6% Hispanic 

(Fig. 1, Table 1). Nineteen patients (55.9%) had discrete periods of no hormone exposure, 

seven (20.6%) had discrete periods of estrogen exposure, and eight (23.5%) had discrete 

periods of progestin-only exposure at time of available imaging. Estrogen-containing agents 

included combined oral contraceptives (n = 6) and the transdermal estradiol patch for 

menopausal symptoms after oophorectomy (n = 1). Progestin-only agents included hormonal 

intrauterine device (n = 3) for contraception, medroxyprogesterone injection (n = 1) for 

contraception, 5 milligram dose of oral medroxyprogesterone (n = 1) for amenorrhea, 

etonogestrel implant (n = 1) for contraception, and between 5 and 15 mg doses of 

norethindrone (n = 2) for treatment of menorrhagia.

Median age was older (35 years) in patients without hormone exposure, as compared to 

those with progestin-only (33 years) and estrogen exposures (25 years, p < 0.01) (Table 

1). There was no statistically significant difference in prevalence of diabetes mellitus, 

dyslipidemia, and polycystic ovary syndrome (PCOS) by hormone exposure.

3.2. Hepatocellular adenoma characteristics

There was no statistically significant difference in median largest HCA and sum of 

HCA diameters at baseline imaging during periods of progestin-only exposure compared 

to no hormone exposure or estrogen exposure (Table 2). Median follow-up, defined as 

time between baseline scan and last follow-up scan, was 11, 9, and 15 months in the 

no hormone, estrogen, and progestin-only groups, with median number of available cross-

Qureshy et al. Page 4

Contraception. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sectional imaging of 4, 3, and 3.5, respectively. Median percent change in sum diameters 

between baseline and last follow-up scan was −7.4% during no hormone exposure, 

29.4% with estrogen exposure, and − 15.0% with progestin-only exposure. There was a 

statistically significant lower percent change in sum of adenoma diameters with progestin-

only compared with estrogen exposure (p = 0.04), but no statistically significant difference 

between periods of progestin-only and no hormone exposures (p = 0.52). Greater than 10% 

growth was seen in two patients (25.0%) in the progestin-only group, compared with seven 

(36.8%) patients during no hormone exposure (p = 0.68) and five (71.4%) in estrogen 

exposed group (p = 0.13 vs progestin-only exposure group). Of the two patients with 

HCA growth during progestin-only exposure, one included high dose progestin use to treat 

heavy menstrual bleeding (up to 15 mg of norethindrone). The second patient was using a 

hormonal intrauterine device, though also had a diagnosis of morbid obesity with a BMI of 

57 kg/m2. Within person trends in HCA growth are demonstrated graphically in Figure 2 

A–C. No patients in this study developed malignant transformation.

4. Discussion

Endogenous and exogenous estrogen exposure, including use of combined hormonal 

contraception, are established risk factors for HCA development and growth, although data 

on progestin-only exposure on HCA growth are limited [4,5,8]. In this study we report HCA 

growth patterns in female patients with well-defined radiographic features of HCAs and 

detailed corresponding periods of exogenous hormone duration and dosing. We found that 

HCA growth was highest and overall increased during periods of estrogen exposure, while 

HCA growth overall declined during periods of progestin-only exposure with similar growth 

patterns to those observed during periods without exogenous hormone use. Fewer patients 

had adenoma growth over 10% during periods of progestin-only use as compared to periods 

with estrogen exposure or no exogenous hormone use.

Estrogen receptors are present within HCAs and both exogenous and endogenous estrogen 

are well established risk factors for the development and progression of these lesions. 

Hormonal contraceptives containing ethinylestradiol increase HCA growth, with a higher 

prevalence of HCAs in women using CHCs as compared to age-matched controls. HCA 

regression also occurs upon cessation of ethinyl estradiol use [9, 11]. Endogenous hormonal 

influences are also evident, with HCA growth observed during pregnancy, and regression 

of lesions following delivery [10, 17]. These prior in adenoma growth during periods of 

exogenous estrogen exposure observations are consistent with our study noting overall 

increase.

Progesterone receptors are also evident within HCAs, raising the possibility that progestin 

exposure could also promote HCA growth [12]. A case report of a patient using at least 

10 mg of daily norethindrone acetate (NET-A) for treatment of endometriosis showed 

increase in HCA growth following exposure [18]. Interestingly, in a clinical trial published 

in 2007, NET-A administered in doses ranging from 10 to 40 mg resulted in conversion to 

a small amount of ethinyl estradiol (E2) [19]. Such findings underlie the current CDC MEC 

guidelines which designate progestin-only agents as a category 3 for patients with HCAs, 

meaning that risks may outweigh the benefits [13].
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However, these higher doses of NET-A, such as that used in the case report of 

endometriosis, are higher than contemporary progestin-only contraceptive preparations. 

Thus, the Reproductive Health in Liver Disease Guidance on behalf of the American 

Association for the Study of Liver Diseases supports the use of progestin-only contraception 

as an alternative to estrogen-containing agents for female patients with HCAs [20]. The 

key finding of the current study was that HCA growth was no greater during periods 

of progestin-only exposure as compared to periods without exogenous hormone use and 

of the two patients with any HCA growth, one was exposed to a high-dose progestin 

preparation, using up to 15 mg norethindrone for noncontraceptive purposes. Our findings 

align with a recent publication aimed at creating an HCA risk score in relation to exogenous 

estrogen exposure and obesity. While this study was not designed to evaluate progestin-only 

exposures, 17 patients did use progestin-only contraception following their diagnosis of 

HCAs, including two with subcutaneous implants, seven with intrauterine devices and 8 with 

progestin-only pills. Of these only 1 of 17 had HCA growth [8].

Although the current study was not powered to adjust for potential confounders, we did 

note that obesity was numerically lower in the unexposed group at 32% as compared to the 

estrogen (57%) and progestin (50%) exposed groups. As reported in prior studies, including 

recently published data, obesity does promote HCA growth with weight loss resulting in 

HCA regression. The effect of obesity on HCA appears to be due to increased aromatase 

activity, with consequent increase in circulating estrone levels. Importantly, growth patterns 

in the current study were not different between the progestin-only and unexposed groups, 

despite the higher percentage of obesity among our patients exposed to progestins. Obesity 

may have contributed to the one patient who had HCA growth with the hormonal IUD, 

who met criteria for morbid obesity with a BMI of 56.8 kg/m2. Larger studies evaluating 

hormonal exposures would benefit from adjustment for obesity measures.

Another potentially relevant confounder is polycystic ovary syndrome (PCOS), a common 

endocrinopathy affecting 10 % to 15% of reproductive-aged female patients which is marked 

by several clinical features that could promote HCA growth. PCOS patients have higher 

endogenous levels of both circulating androgens and estrogens, higher prevalence of obesity, 

as well as common use of combined oral contraception to regulate menses. The prevalence 

of PCOS in our study was quite high at 26%, suggesting that this condition may confer 

increased risk for HCA, although the relationship of PCOS with HCAs remains limited to 

case reports [21, 22]. Dedicated cohort studies evaluating the risk of HCA development and 

growth in PCOS are warranted, including adjustment for combined hormonal contraceptive 

use and BMI.

We do acknowledge the small number of female patients with progestin-only exposure 

in our study, though we were attentive to the need for inclusion of only those with 

detailed characterization of hormonal doses and durations which is often poorly recorded 

in medication lists. Larger studies including a breadth of progestin-only contraceptives 

are needed, including formulations with relatively higher doses than others, such as the 

medroxyprogesterone acetate injection. A strength of our study was the comprehensive 

radiographic review which allowed us to provide detailed characterization of adenoma 

growth patterns during these discrete periods of hormonal exposures. The reasons for 
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patients continuing exogenous estrogen exposure is not known although referring providers 

may await subspecialist recommendations prior to changing potentially culprit medications. 

There were fewer serial images during exogenous estrogen exposure (up to 3.5 vs 6–7 for 

the unexposed and progestin-only groups), likely due to cessation of these exogenous agents 

following confirmation of HCA growth. As noted above, we were not powered to adjust 

for potential important confounders, such as BMI and PCOS, though PCOS prevalence was 

highest among progestin-only users, and obesity was similar between progestin and estrogen 

exposed groups, which we expect would have biased our results towards more increased 

growth in the progestin exposed groups. Patients in this study were also seen in a tertiary 

care setting which may limit generalizability to those followed in the community setting. 

However, we would not anticipate the biology of the HCAs to differ in that regard in 

response to different hormonal preparations, and obesity as a relevant potential confounder 

was seen in 41% of patients, similar to CDC estimates of obesity prevalence among young 

adults in the U.S. of ~ 36% [23]. However, larger studies are clearly needed to address 

definitive hormonal effects on HCAs, including ability to adjust for all relevant confounders.

In summary, we found no increased risk of HCA growth in female patients taking progestin-

only agents for contraceptive purposes, with median HCA size decreasing in the progestin-

only and no hormone exposure groups, and increasing in the estrogen exposure group. These 

results support the use of such agents as an alternative to estrogen-containing contraceptive 

options. Larger studies are needed to evaluate the impact of different sex hormones (both 

contraceptive and non-contraceptive formulations) on HCA growth, as well as the potential 

association of higher dose progestin-only agents on the risk of HCA growth and related 

complications.
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Fig. 1. 
Patient selection and cohort population. Sixty-one female patients were identified with 

hepatocellular adenoma. Exclusions were procedural intervention prior to follow-up scan (n 
= 17), absence of two or more scans (n = 7), or unknown type or duration of hormonal 

exposure (n = 10). Of the 27 patients meeting study criteria, distinct periods of hormone 

exposure were analyzed (some individuals had multiple discrete periods of hormone 

exposure were counted in each respective group). The total number of periods of with 

discrete nonoverlapping periods of hormone exposure was 34 (19 intervals without hormone 

exposure, seven periods of estrogen exposure, and eight periods of progestin-only exposure).
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Fig. 2. 
Change in sum of adenoma diameters from baseline to follow-up by hormonal exposure. 

Lines represent individual patients. Baseline imaging was designated as first scan available, 

and final imaging designated as last scan during period of exposure. (A) No hormone 

exposure (n = 19). (B) Estrogen exposure (n = 7). (C) Progestin-only exposure (n = 8). 

† Truncated at 5 years from first scan. ‡ Up to 15 milligrams oral norethindrone for 

menorrhagia. § hormonal intrauterine device.
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