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Background: The increasing use of computed tomography (CT) has identified

many patients with incidental adrenal lesions. Further evaluation of these

lesions is often dependent on the language used in the radiology report.

Compared to the general population, patients with cancer have a higher risk

for adrenal abnormalities, yet data on the prevalence and type of incidental

adrenal lesions reported on radiologic reports in cancer patients is limited. In

this study, we aimed to determine the prevalence and nature of adrenal

abnormalities as an incidental finding reported on radiology reports of

cancer patients evaluated for reasons other than suspected adrenal pathology.

Methods: Radiology reports of patients who underwent abdominal CT within

30 days of presentation to a tertiary cancer center were reviewed and analyzed.

We used natural language processing to perform a multi-class text

classification of the adrenal reports. Patients who had CT for suspected

adrenal mass including adrenal protocol CT were excluded. Three

independent abstractors manually reviewed abnormal and questionable

results, and we measured the interobserver agreement.

Results: From June 1, 2006, to October 1, 2017, a total of 600,399 abdominal

CT scans were performed including 66,478 scans obtained within 30 days of

the patient’s first presentation. Of these, 58,512 were eligible after applying the

exclusion criteria. Adrenal abnormalities were identified in 7,817 (13.4%) reports,
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with adrenal nodularity (3,401 [43.5%]), adenomas (1,733 [22.2%]), and

metastases (1,337 [17.1%]) being the most reported categories. Only 10 cases

(0.1%) were reported as primary adrenal carcinomas and 2 as

pheochromocytoma. Interobserver agreement using 300 reports yielded a

Fleiss kappa of 0.893, implying almost perfect agreement between the

abstractors.

Conclusions: Incidental adrenal abnormalities are commonly reported in

abdominal CT reports of cancer patients. As the terminology used by

radiologists to describe these findings greatly determine the subsequent

management plans, further studies are needed to correlate some of these

findings to the actual confirmed diagnosis based on hormonal, histological and

follow-up data and ascertain the impact of such reported findings on patients’

outcomes.
KEYWORDS

adrenal, incidental, cancer, abnormalities, imaging, computed tomography, abdominal,
radiology report
Introduction

In the era of advanced imaging, our ability to detect very

small adrenal lesions has led to a growing number of adrenal

incidentalomas, which are adrenal lesions discovered

unexpectedly on an imaging test that is performed for a

clinical problem unrelated to adrenal disease (1, 2). Adrenal

incidentalomas are reported in 4.2%–7.3% of all abdominal

computed tomography (CT) scans (3–5), which is very similar

to the reported prevalence of adrenal incidentalomas on autopsy

(2%-6%) (6, 7). Because studies of adrenal incidentalomas have

mainly focused on the general population, the prevalence and

nature of cancer patients’ adrenal incidentalomas on CT scans

are not well characterized.

The workup on an adrenal lesion includes the evaluation of

its hormonal function as well as its malignant potential (5, 6).

Only obviously benign adrenal lesions (eg, lipid-rich adenoma,

simple cyst, and myelolipoma) or obvious local malignant

invasion can be definitively characterized by CT. However, CT

reports can provide valuable clues to the presence of an adrenal

abnormality and any malignant potential, based on its

radiological appearance. Studies have shown that following the

guidelines for the management of adrenal incidentaloma is

influenced by the recommendations in the radiology report

(8). The specific characteristics and description influence

further workup and the approach to patients with adrenal

incidentalomas (8).

Despite increasing data, adrenal incidentalomas still

represent a public health challenge. Owing to lack of
02
prospective studies that provide level-one, evidence-based

recommendations, there is no consensus on the best

management of adrenal incidentalomas. Managing these

lesions in patients with cancer is even more challenging

because little is known about the prevalence and nature of

adrenal incidentalomas in patients with cancer. The prevailing

wisdom is that adrenal tumors found as part of the workup or

follow-up of cancer are highly likely to be adrenal metastases and

should not count as adrenal incidentalomas (9), yet there is no

evidence to support or contradict this concept.

The aim of our study was to determine the prevalence and

nature of adrenal abnormalities in radiology reports of cancer

patients evaluated for reasons other than suspected adrenal

pathology. Understanding the scope of adrenal incidentalomas

in patients with cancer will help shape guidelines to manage

adrenal masses in this population.
Materials and methods

Study participants and eligibility

To identify adrenal abnormalities in CT radiology reports of

patients with cancer who were evaluated for reasons other than

suspected adrenal pathology at the time of their cancer diagnosis,

we queried billing and imaging databases to identify all

consecutive patients who underwent abdominal CT imaging at

The University of Texas MD Anderson Cancer Center from June

1, 2006, to October 1, 2017. First, the billing database was queried
frontiersin.org
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to identify all patients who had current procedural terminology

(CPT) codes for abdominal CT, which include abdominal CT

with or without pelvis and with or without contrast. We used

tumor registry data to cross-reference the selected patients and

removed all CT scans completed 30 days or longer after the

patient’s registration at MD Anderson Cancer Center to identify

only the CTs that were performed as part of baseline

investigations. Then, we pulled radiology reports for all the

eligible abdominal CT scans from the radiology database. Text

mining was used to exclude all reports in which the status of the

adrenal glands was not mentioned, and then natural language

processing was used to extract adrenal status (Figure 1).

Specifically, preprocessing and stemming of the complete
Frontiers in Endocrinology 03
report’s text, followed by text parsing, was done. Next, two

medical doctors weighted identified adrenal entities. This was

used to build a multi-class text classifier to classify each report as

normal, questionable, or abnormal. The following exclusion

criteria were applied for manual review of the radiology reports:

1) history of adrenal abnormalities or adrenocortical carcinoma,

2) history of adrenalectomy, 3) abdominal CT performed as part

of an adrenal protocol, 4) incomplete imaging report, 5)

abnormality was previously identified on an imaging study, and

6) duplicate imaging report. To assess the accuracy of the natural

language processing in successfully classifying a report as normal,

we manually sampled about a tenth of the normal reports, and the

accuracy of the language processing was reported.
FIGURE 1

Flow diagram for the steps in identifying the study participants and determining eligibility. * Manual chart review done by three independent
abstractors. To assess the inter-rate agreement, 300 charts were reviewed by all the abstractors, yielding a Fleiss kappa of 0.893, which
suggests almost perfect agreement between the abstractors.
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Report review, data collection
and analysis

Patient demographic and cancer information were collected

from the databases. Three research team members

independently reviewed the reports with questionable or

abnormal adrenal findings, as classified by the natural

language processing, reclassifying them as either normal or

abnormal. The team members also collected the type and

laterality of the abnormality and number of lesions. The most

prominent abnormality was evaluated if a report contained more

than one abnormality. The Fleiss kappa was used to measure the

interobserver agreement between the three abstractors (10). The

k values were interpreted, based on Landis and Koch grouping

(11), with a k value between 0.81 and 1.00 representing almost

perfect agreement, a k value between 0.6 and 0.8 representing

substantial agreement, a k value between 0.41 and 0.6

representing moderate agreement, and a k value between 0.21

and 0.4 representing fair agreement. We estimated that the

minimum sample size was 281 reports for interobserver

agreement analysis, based on 1) the assumption that 281

reports are needed for three raters to achieve the desired lower

bound for a two-sided confidence interval for k of 0.75 and 2) the

anticipated prevalence of the five most frequent abnormalities at

a 2-sided 0.05 significance level (12). Therefore, we selected a

sample size of 300 reports. Descriptive statistics were used to

compare the general characteristics of the cohort. Significance
Frontiers in Endocrinology 04
was appraised using chi-square tests for categorical variables and

Wilcoxon-Mann-Whitney tests for age, as the age data did not

meet the normality assumption. We reported each

abnormality’s characteristics.

All statistical analyses were performed using R software

(version 3.6.2, The R Foundation, http://www.r-project.org).

Main packages used were tm, quanteda, Text2vec, and Stringr.

The study was approved by the institutional review board of MD

Anderson, which granted waivers of informed consent.
Results

Patients’ characteristics

During the study period, 600,399 abdominal CT studies were

performed at MD Anderson, and of these, 66,478 were

performed within 30 days of the patient’s first presentation to

MD Anderson. After applying the exclusion criteria and

manually reviewing the questionable and abnormal reports

(Figure 1), 7,817 (13.4%) CT reports with adrenal

abnormalities were identified.

The Fleiss kappa was 0.893, suggesting almost perfect

agreement between the abstractors during manual review of

the questionable and the abnormal reports. The accuracy of the

natural language processing pipeline in identifying normal

reports was 97.4%. Table 1 summarizes our cohort’s general
TABLE 1 Demographics and clinical characteristics of the patient cohort.

Characteristics CT finding, n (%) P Missing (%)

Adrenal abnormalities No adrenal abnormalities

Total 7,817 (13.4) 50,695

Age, median (IQR), years 64 (56, 71) 59 (49, 68) <0.001 0.0

Sex <0.001 0.0

Female 3,498 (44.7) 25,663 (50.6)

Male 4,319 (55.3) 25,025 (49.4)

Race 0.119 0.1

White/Caucasian 5,516 (70.6) 35,318 (69.7)

Other 2,299 (29.4) 15,349 (30.3)

Cancer type <0.001 1.3

Gastrointestinal 1,720 (22.2) 11,365 (22.7)

Urinary 971 (12.6) 3,701 (7.4)

Breast 621 (8.0) 6,412 (12.8)

Lung 558 (7.2) 1,192 (2.4)

Lymphoma 463 (6.0) 4,420 (8.8)

Male genital 468 (6.0) 3,608 (7.2)

Sarcoma 335 (4.3) 2,469 (4.9)

Gynecological 169 (2.2) 1,754 (3.5)

Leukemia 98 (1.3) 1,087 (2.2)

Other 2,334 (29.9) 13,980 (27.6)
CT, computed tomography; IQR, interquartile range.
frontiersin.org

http://www.r-project.org
https://doi.org/10.3389/fendo.2022.1023220
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Qdaisat et al. 10.3389/fendo.2022.1023220
and cancer-related characteristics. The median age for the

patients with abnormal reports was 64 years (range, 56-71),

which was significantly higher (P<0.001) than the median age

for the patients with normal reports (59 years; range, 49-68).

Forty-five percent of reported abnormalities were in female

patients, and 70.6% of adrenal abnormalities were identified in

white patients. Around 22% of abnormalities were identified in

patients with primary gastrointestinal tumors, 12.6% in patients

with urinary tumors, 8.0% in patients with breast cancer, 7.2% in

lung cancer patients, 6.0% in patients with lymphoma, and 6.0%

in patients with male genital tract tumors.
Characteristics of the abnormal
adrenal findings

Most of the reports (91.9%) mentioned one type of adrenal

abnormality, and 635 (8.1%) reports had more than one type of

abnormality. Unilateral abnormalities constituted 5,427 (69.4%)

of the cases, of which, 3,810 (70.2%) were identified in the left

adrenal gland.

Of the 7,817 (13.4%) reported adrenal abnormalities, adrenal

nodularity (3,401 [44%]), adenomas (1,733 [22%]), and

metastases (1,337 [17%]) were reported most often.

Adrenocortical carcinoma was indicated in only 10 (0.1%) of

the abnormal reports, and two of these reports suggested

pheochromocytoma as the abnormal finding. Table 2 shows

detailed characteristics of the abnormal adrenal findings.
Discussion

In the past two decades, the advances in medical technology

have revolutionized health care. In particular, the wide use of

imaging modalities and data sharing have helped many patients

but at the same time may have led to unintended consequences

in part because of the lack of standardized language to

communicate imaging findings. The radiology report remains

as the most trusted method to communicate imaging findings

between the radiologist and the patient’s care team.

Unfortunately, clinical practitioners rarely review the actual

images and they of ten base c l inica l decis ions on

reported conclusions.

Our study focuses on the reported incidental adrenal

abnormalities in a unique, and very large cohort of cancer

patients, based on the radiology reports that were formulated

by radiology experts specialized in abdominal imaging.

The results of our study challenges the widespread

assumption that majority adrenal masses in cancer patients are

metastases from extra-adrenal malignancies (9, 13). In fact, our

study results show a higher prevalence of adrenal incidentaloma

in CT radiology reports of cancer patients (13.5%) than that

reported in the general population (about 4-7%) (3–6).
Frontiers in Endocrinology 05
Moreover, our study also showed that most of these reported

lesions (83%) were not reported as metastases. The majority of

the lesions were reported as nodules (44%), adenomas (22%),

and multiple other less prevalent diagnoses (Table 2).

These results support the previously reported prevalence of

adrenal incidentalomas discovered during follow-up of patients

with colorectal carcinoma (6.8%-10.5%) (14, 15). Similarly, most

of those reported lesions were non-metastatic. The metastasis

rate of 17% in our study falls within the previously reported

range of 4% and 26% (14, 15).

Our findings are in line with other retrospective reports that

found a plethora of adrenal masses in the general population,

including a report that found that 67.9% non-functioning

adrenocortical adenomas, 9.4% had adrenocortical carcinoma,

9.4% had ganglioneuromas, 5.7% had pheochromocytomas,

5.7% had adrenal cysts, and 1.9% had myelolipomas (16). One

retrospective study compared the short-term clinical and

biochemical behaviors of adrenal incidentalomas in patients

with and without extra-adrenal malignancy, revealing similar

clinical behaviors of adrenal incidentalomas in both types of

patients (17).
TABLE 2 Description of adrenal abnormalities in abdominal
computed tomography imaging reports obtained within 30 days of
registration.

Characteristics N (%)

Abnormality

Nodularity/Hyperplasia 3,401 (43.5)

Adenoma 1,733 (22.2)

Metastasis 1,337 (17.1)

Mass 662 (8.5)

Invasion by extra-adrenal tumor 283 (3.6)

Myelolipoma 190 (2.4)

Calcification 61 (0.8)

Lymphoma 27 (0.3)

Cyst or abscess 23 (0.3)

Granulomatous disease 21 (0.3)

Hemorrhage 16 (0.2)

Adrenocortical carcinoma 10 (0.1)

Lipoma 9 (0.1)

Angiomyolipoma 8 (0.1)

Pheochromocytoma 2 (0.0)

Hemangioma 1 (0.0)

Other 33 (0.4)

Laterality

Left 3,810 (48.7)

Right 1,617 (20.7)

Bilateral 2,390 (30.6)

More than one reported abnormality

No 7,182 (91.9)

Yes 635 (8.1)
fro
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To our knowledge, there are no large prospective studies on

neither the outcomes of cancer patients with adrenal

incidentalomas nor the management of adrenal incidentalomas

While there is a plethora of incidental findings (18), little is

known about how much these incidental radiological findings

should affect the management of adrenal incidentalomas (19).

Currently, recommendations by the reporting radiologist appear

to influence whether a patient is referred for further

investigation (8), and using specific terminology in these

reports and utilizing standardized macros that make specific

recommendations for hormonal evaluation in patients with

adrenal incidentalomas can lead to improved adherence to

clinical guidelines (20, 21).

Our study highlights the importance of follow-up for some

cancer patients with incidental findings on radiology reports, as

follow-up assessment can lead to the diagnosis of other

malignancies or diseases that can affect the overall management

of these patients.

Thus, our study re-enforces the fact that adrenal tumors

found during staging and surveillance of cancer patients should

be evaluated with appropriate imaging and biochemical analyses

to evaluate the malignant potential and functional status of the

adrenal tumors. Cushing syndrome, pheochromocytoma, or

primary hyperaldosteronism (if criteria for that is met) should

be excluded. The Endocrine Society/American Association of

Endocrine Surgery and the European Society of Endocrinology

guidelines for the management of incidentally discovered

adrenal tumors suggest that image-guided biopsy should be

performed for patients with adrenal tumors, and a history of

extra-adrenal malignancy should be obtained if the findings

would change management decisions and if a differentiation

between metastasis and primary cancer cannot be made without

a biopsy (22, 23).

The strengths of our study stem from the large number of

patients and the unique cancer population. Nevertheless, our

study design did not include pathological-radiological

correlation. The reported abnormalities reported in this study

are not confirmed diagnoses based on the hormonal, histological

and follow-up data but rather solely based on the terminology

used in the radiology report. This allowed us to highlight the

prevalence and spectrum of these incidental adrenal abnormalities

as viewed by the oncologists and endocrinologists when reading

the radiology report, however, it limited identifying a homogenous

specific criteria used by the radiologist to report these

abnormalities, considering the retrospective nature of this study.

Another limitation is that some of the patients had CT scans

performed upon referral rather than at the time of initial

diagnosis. Additionally, physicians are more likely to order

abdominal CT scans for patients with certain types of

malignancies, such as gastrointestinal and genitourinary tumors,

than for patients with non-abdominal tumors. This difference

might explain the fact that at least 20% of the adrenal

abnormalities in our study were identified in patients with
Frontiers in Endocrinology 06
primary gastrointestinal tumors, while the actual prevalence of

adrenal incidentalomas might be higher in patients with other

types of cancer who remain undiagnosed because they are unlikely

to get abdominal CT scans. In our study, the high prevalence of

adrenal incidentalomas in White patients may have been affected

by the demographics of patients referred to our tertiary care

cancer center.

Finally, a question could be raised about the cost-

effectiveness of detailed evaluation of indeterminate adrenal

lesions in cancer patients vs. assuming that these lesions are

likely adrenal metastases (24). To answer this question, we

suggest an individualized approach to best help every patient

and avoid wasting resources. For a patient with a long-expected

lifespan and good functional status, an early diagnosis of

adrenocortical carcinoma could allow for a complete surgical

resection, which is the most important prognostic factor for

these tumors. Thus, further follow-up and confirmation of the

nature of any incidentally reported adrenal lesion would be

warranted, whereas in a patient with an advanced primary

malignancy and widespread metastases, the decision to further

investigate and likely rule out another primary and likely even

more aggressive malignancy should be discussed with the

patients and their families. Further prospective studies are

needed to validate these results and to determine clinical and

radiographic criteria to assist clinicians in determining which

patients may benefit from more detailed evaluation based on the

radiology reports and the type of workup needed, including

further imaging, biochemical evaluation, or biopsy, if indicated.
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