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Abstract

Purpose: Advances in cancer treatment achieved during the past decades have 

resulted in increased survival of most pediatric and adult patients that suffered from 

different adrenal tumor types. This article reviews the incidence and survival of adrenal 

gland tumors as second primary tumors, according to data from the Surveillance, 

Epidemiology, and End Results (SEER) database.

Methods: The SEER 13 Registries Database from 1992 to 2013 was used. All primary 

cancer sites were selected using the multiple primary standardized incidence ratios 

(MP-SIR) session.

Results: Data for a total of 2,887,468 persons with cancer were reviewed; 117 of whom 

had suffered second primary adrenal tumors. The overall SIR of adrenal gland tumor as 

a second primary was 1.5. A high incidence ratio of the event was detected in specific 

primary tumor sites: hypopharynx (observed/expected (O/E) = 44.6); other endocrine 

tissue (including the thymus) (O/E = 38.3); small intestine (O/E = 8.9); liver (O/E = 8.7); 

stomach (O/E = 5); nodal NHL (O/E = 3.8); kidney and renal pelvis (O/E = 3.2) and breast 

(O/E = 1.8).

Conclusion: The underlying shared mechanisms should be investigated between 

adrenal tumors and hypopharyngeal, endocrine and other tumors. Racial disparity is 

an important challenge in cancer treatment at the United States and should be taken 

into consideration in the design of cancer prevention programs. This could be achieved 

through follow-up programs at specialized national cancer networks, especially for rare 

tumors like adrenal gland.

Introduction

The adrenal gland malignancies are extremely sporadic 
and heterogeneous. It represents 3.6% of endocrine glands 
cancers (1). Adrenal malignancies can be either primary 
adrenal tumors or secondary metastases, with metastases 
representing the most common malignant adrenal  

lesion (2). Most endocrine tumors are benign, but some 
are malignant (3).

Adrenal malignancies usually occur in the outermost 
layer of the gland or the adrenal cortex (4). Cancers may 
occur in both adrenal glands but most commonly only 
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one adrenal gland is affected. Adrenal malignancies can 
be primary adrenal, second primary malignancies ‘SPMs’ 
in cancer survivors or metastatic from other cancer site. 
Second cancers are a leading cause of morbidity and 
mortality among cancer survivors. Risk factors for all 
adrenal gland malignancies are still not well defined (5).

Advances in cancer treatment achieved along the 
last decades have resulted in increasing the survival in 
most pediatric and adult cancer types. There has been a 
significant increase in the number of long-term cancer 
survivors. Although it is a good news in the fight against 
cancer, many patients treated with radiation therapy 
suffer from adverse effects, including the development 
of a second malignant neoplasm (SMN) (4). We aim to 
report the incidence of the adrenal gland malignancies as 
a second primary malignancy based on the Surveillance, 
Epidemiology, and End Results ‘SEER’ database.

Patients and methods

We obtained data from the Surveillance, Epidemiology, 
and End Results (SEER) program of the US National 
Cancer Institute, using the SEER*stat software (version 
8.3.2). We used the SEER 13 Registries Research Data from 
1992 to 2013. These registries cover approximately 13.4% 
of the U.S. population (based on the 2010 census) and 
include the following registries: San Francisco-Oakland, 
Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, 
Utah, Atlanta, San Jose-Monterey, Los Angeles, Rural 
Georgia as well as Alaska Natives. Morphological ICD-O-3 
nomenclature was used for categorizing and presenting 
tumors. SEER Site recode of Topographical ICD-O-3/
WHO 2008 was used for categorizing the tumor sites. We 
have calculated the incidence of adrenal gland tumors 
in general from rate session of SEER*stat program, and 
then we selected the patients with any 1st primary tumor 
and followed by 2nd adrenal gland tumors using the 
multiple primary standardized incidence ratios (MP-SIR) 
session. An event is defined by the occurrence of a second 
primary adrenal cancer after any other prior cancer. Also, 
we calculated SIR of second primary adrenal gland tumor 
after first primary tumor in relation to 18 age groups in 
both sexes for age intervals of 5 years till age of 84 then a 
group of older patients.

Statistical analysis

In order to exclude the probability of simultaneous 
cancers; person-years of observation were obtained 

2  months after the time of diagnosis of the primary 
cancers. We also examined the exposure to radiation as 
one of the treatment modalities used for the treatment 
of the first primary tumor, and its possible impact on the 
development of a subsequent adrenal gland tumor.

We calculated the observed-to-expected (O/E) ratios 
of second primary adrenal cancers, with 95%CIs. We first 
calculated the overall (O/E) ratio, and then we stratified 
the results according to the first primary malignancy 
site, the latency between the two diagnoses and prior 
exposure to radiation. A positive association was defined 
as the number of observed cases being more than the 
number of expected cases in the general population. 
The expected number of adrenal cancers cases was based 
on population data from USA census data connected 
to the SEER database. We used the Kaplan–Meier test 
to calculate the overall survival starting from the date 
of the diagnosis of the second primary adrenal cancer. 
We excluded the case with two subsequent adrenal 
cancer events from survival analysis. IBM SPSS Software, 
version 20 was used for calculation of both frequency 
and survival. A P value less than 0.05 was considered 
significant, with no correction made for multiple 
significance testing.

Results

Generally, adrenal gland tumors showed an age-
standardized incidence of 3.1 per million (2765 patients) 
with bimodal distribution of 4.0 per million in the age 
group 0–19 years, 1.3 in the group 20–49 years and 5.0 in 
the age group older than 50 years.

Data of a total of 2,887,468 persons with cancer were 
reviewed, 117 of whom had suffered second primary 
adrenal tumors. One of these 117 patients had two events 
of adrenal cancers as a second primary, making the total 
number of events 118 incidences.

Demographics and clinical characteristics

The sequence of the subsequent adrenal cancer was the 
second in most cases (84.6%) (Table  1). Mean age (in 
years) at event (the diagnosis of second primary adrenal 
cancer) was 66.8 ± 14.3 (median = 68.00). Patients’ ages 
ranged between 1 and 98  years. There were 87 patients 
(74.4%) who suffered second primary adrenal gland 
tumors at older than 60 years of age. But SIR for patients 
below 60  years was considerably higher than that for 
older patients (≥60  years). Also, we noted that SIR for 
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females was considerably higher than that for males. 
The characteristics of patients who had second primary 
adrenal gland tumors are summarized in Table 1.

Also, we noted a high percentage of white patients 
(88%) who had suffered an event compared with other 
races (12%) (blacks, Asians or Pacific Islanders). But SIR 
for black race patients was higher than that for white race 
patients.

Out of the 13 registries reviewed, there were no 
reported events in the Alaska Native registry while the 
biggest percentage of patients with events reported were 
from the Los Angeles registry (16.2%). Although the 
adrenal gland is a paired site, the most reported tumors 
were from the left side (51.3%), followed by the right side 
(39.3%). There were 7.7% of cases with no information 
about laterality and 1.7% of bilateral single primary.

Adenocarcinomas (codes 8140–8389) represented the 
most frequent histology in those patients (n = 67, 56.8%) 
followed by epithelial neoplasms and paragangliomas 
(16.1% and 12.7% respectively). Other unspecified, 
neuroepitheliomatous and soft-tissue neoplasms 
represented the rest of the tumors.

Only four patients of adrenal gland tumor diagnosis 
suffered a primary and a second primary tumor of the 
same histology (8370/3: adrenal cortical carcinoma). 
Also, we found two patients who had two odd histology 
subtypes of adrenal gland tumors as second primary 
cancers (clear cell adenocarcinoma, NOS (8310/3) and 
renal cell carcinoma (8312/3)).

Both female breast (27 cases, 23.1%) and prostate  
(22 cases, 18.8%) were the most frequent primary cancer 
sites that preceded an event.

Overall incidence

The overall SIR of adrenal gland tumors as second 
primaries was higher than expected (O/E = 1.5,  
95% CI = 1.2–1.8) (Table 2). When divided according to 
age groups, the highest increase in risk was in these three 
groups: 35–39, 50–54 and 65–69 (Fig. 1). Examining the 
incidence of events in relation to first primary tumor 
site showed significantly higher incidences in specific 
sites (Table  2) including the hypopharynx (O/E = 44.6, 
95% CI = 9.2–130.4); other endocrine tissue (including 
the thymus and excluding thyroid) (O/E = 38.3, 95% CI =  
10.4–98.1); the small intestine (O/E = 8.9, 95% CI =  
1.1–32); the liver (O/E = 8.7, 95% CI = 1.1–31.6); 
the stomach (O/E = 5, 95% CI = 1–14.5); nodal NHL 
(O/E = 3.8, 95% CI = 1.5–7.8) and the kidneys and renal 
pelvis (O/E = 3.2, 95% CI = 1.2–6.9). Breast cancers were 
also followed by significantly high incidences of adrenal 
tumor events (O/E = 1.8, 95% CI = 1.2–2.6). Interestingly, 
15 cases of second primary adrenal tumors were 
pheochromocytomas; two of them were preceeded by 
prostate cancer.

Latency

The median time in months between the diagnosis of 
1st and the following primary cancers was 38.0 months. 
The range was from 2.0 to 196.0 months. Table 2 shows 
O/E ratios in relation to latent periods between second 
primary adrenal gland tumors and first primary tumors. 
In total, there was a high incidence of events recorded 
in the registry in the periods between 2–12 months and 
1–4 years following the first primary tumor. Although 
the highest observed number of events was in the 
period between 1 and 4  years, but the O/E ratio was  
the highest at 2–12  months after the first primary  
tumor diagnosis.

Radiation

Overall, exposure to radiation was not associated with an 
increased risk for the development of an adrenal cancer. 
However, when data were stratified according to the sites 
of the first cancers, some sites showed increased risk with 
radiation exposure. (Table 2).

Survival

The median survival was 14 months with a standard error 
of 4.2 (95% CI 5.8–22.2) (Fig. 2).

Table 1 The characteristics and standardized incidence ratios 

(SIR) of patients of second primary adrenal gland tumor.

Characteristic No (%) SIR (95% CI)

Age (years)
 <60 30 (25.6) 1.6 (1.2–2.2)*
 ≥60 87 (74.4) 1.4 (1.1–1.8)*
Sex
 Male 61 (52.1) 1.4 (1.1–1.8)*
 Female 56 (47.9) 1.6 (1.2–2.1)*
Race
 White 103 (88.0) 1.53 (1.3–1.9)*
 Black 12 (10.3) 2.1 (1.1–3.5)*
 Asian or Pacific Islander 2 (1.7) 0.5 (0.1–1.7)
Sequence
 Second 99 (84.6)
 Third 17 (14.5)
 Fourth 1 (0.9)

*Significant value at P < 0.05.
SIR, standardized incidence ratio.
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Discussion

Tumors of adrenal gland are classified into those arising 
from the cortex or medulla and metastatic ones from 
known primary origin or unknown origin. Most common 
adrenal gland malignancies were as a metastasis from other 
sites. The most common primary cancer sites of metastasis 
to adrenal gland are breast carcinoma, melanoma, lung 
cancer, colon tumor and renal cell carcinoma (6). No 
information in literature is available about adrenal 
gland malignancies as second primaries. The conduct 
of quantitative studies for second malignancy in cancer 
survivors implicates alert to clinicians for the importance 
of medical surveillance of cancer survivors (7). Moreover, 
this is helpful to clarify the role of antecedent treatment, 
shared risk factors, shared genetic abnormality and other 
etiological influences (8).

Laterality and histology trends found in second 
primary malignancies were similar to trends shown by first 
primary adrenal malignancies (these data were obtained 
from SEERstat but not shown).

We found that there is significant high incidence 
of adrenal gland malignancies among previous cancer 
survivors. The reason behind this may be that the previous 
cancers themselves increased the risk, their treatment 
did or both the first and second cancers had the same 
risk factors. We do not have sufficient data to reach a 
conclusion considering this point.

The overall SIR of adrenal gland malignancies as a 
second primary malignancy was 1.48. High percent of 
these events were found in elder patients especially those 

of white race. High incidence of the event was detected 
in specific primary tumor sites: hypopharynx, stomach, 
small intestine, liver, breast, kidney and renal pelvis, 
other endocrine including thymus and nodal NHL. The 
association of adrenal gland tumors and some other 
cancers should be taken with caution as the absolute 
number is small, and it needs further longitudinal studies 
and more detailed analysis. The positive significance with 

Figure 1
Observed, expected and standardized incidence 
ratios of second primary adrenal gland tumors by 
age groups. Age groups (35–39), (50–54) and 
(65–69) are of significant difference (P < 0.05).

Figure 2
Overall survival (OS) of patients of second adrenal gland tumor, SEER 
(1992–2013).
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low numbers may be falsely positive, as we could not  
adjust P-values to do a multiple significance testing. In 
case of breast cancers, BRCA1 or BRCA2 mutations are 
the main causes of breast cancer (9). Although there 
are 28 breast cancer patients (23.7%) in our cohort that 
develop adrenal gland tumor as a second malignancy, 
there are only 3 case reports in literature (10, 11) that 
showed association between adrenal gland tumors and 
BRCA1 or BRCA2 mutations. These genetic associations 
should be investigated in large longitudinal study of 
primary breast cancer and adrenal gland tumor as a 
second malignancy.

The incidence of adrenocortical carcinomas (ACCs) 
as a first primary tumor is the highest in adults aged 
between 40 and 50 years, but the tumor can appear at any 
age (12). The molecular pathway analysis of ACC using 
next-generation sequencing leads to identification of key 
modulators that impact adrenocortical tumorigenesis 
(13). Genetic mutations for example TP53 and CTNNB1 
play role as a tumor driver in ACC (13). Also, TP53 
genetic mutation contributes to 40–50% of all human 
tumors (14, 15, 16, 17). In our cohort, ACC represents 
about 50% of all patients with second primary adrenal 
gland malignancy. Therefore, shared genetic mechanism, 
which may attribute to TP53 or CTNNB1, may explain 
this high incidence. However, ACC's high incidence 
cannot be explained in the absence of data on etiology of 
adrenal gland tumor and other genetic and non-genetic 
risk factors.

The risk of developing an adrenal malignancy as a 
second primary was higher than a first primary, taking 
into consideration the rarity of adrenal malignancies, and 
the sustained decline of cancer mortality in the United 
States that started from early and mid-1990s (18), which 
may play a role in increasing the risk of developing a 
subsequent cancer among primary cancers survivors. 
However, racial disparities should also be taken into 
consideration. Cancer mortality among blacks is higher 
than that among whites in the United States (19, 20, 21). 
This could explain that the risk of developing an adrenal 
cancer as an SPM was higher among whites. It is worthy 
to refer in this context that there were no reported cases 
of the event from Alaska Natives registry although there 
was high incidence of cancer reported from this registry 
(22). This may be explained based on the higher mortality 
rate in general among Alaska natives (23) and poor cancer 
survival rate among this race group in particular (24). 
Racial disparities in cancer incidence and mortality in the 
United States are a big challenge that require collaborative 
efforts for better cancer control (25).

In addition, the long-term effects of chemotherapy 
could explain the high incidence of second malignancy 
among white survivors in addition to the increasing 
incidence in elder cancer survivors found in SEER study. 
This is also confirmed by published reports from the two 
cancer types found in this study as the most common first 
primary tumor site (prostate (26) and breast (27, 28).

It is known that using imatinib, tyrosine kinase 
inhibitors (TKIs), as a standard treatment of CML started 
from the beginning of the millennium. There were 
many reports about second malignancies after imatinib 
therapy in CML patients (29, 30, 31); none of them 
included adrenal gland tumors as second malignancy. 
The carcinogenic effect of imatinib on adrenal gland 
was only available from animal model (32). Our results 
showed only one case of adrenal gland malignancy after 
CML. However, we should take into consideration that 
we included patients from 1992 to 2013. So, it is difficult 
to be correlated to the carcinogenic biology of CML 
itself or old treatment modalities used before TKIs era or 
imatinib itself.

In general, there are many risk factors that affect 
the development of a second malignancy in cancer 
survivors. Late side effects of treatment modalities used 
(chemotherapy and radiotherapy) are one of these risk 
factors. Other risk factors include genetic factors, lifestyle, 
microenvironment of primary tumor and attained age. 
All these factors may affect the latency period difference. 
In our sample, most events occurred within 4  years of 
diagnosis of the first malignancy. This may indicate 
that the increased risk of the second malignancy may 
be more of a direct, relatively short-term effect of the 
first malignancy itself, or treatment modalities used. 
Enhancement of follow-up programs for cancer survivors 
in any cancer center is the best approach for detection of 
other underreported second malignancies.

Although the results of this study showed high 
incidence of adrenal gland tumor in the left side but such 
results cannot be generalized as the tumor is rare and most 
data were published in the form of case reports or case 
series (33, 34, 35). In general, there were no systematic 
reviews about incidence of adrenal gland tumor in relation 
to laterality.

Our sample included four cases who had first and 
second primary adrenal gland tumors of the same histology 
(8370/3: adrenal cortical carcinoma). It is difficult to 
do any statistical analysis and make a conclusion from 
four cases only. However, we noticed that the latencies 
between the first and second adrenal gland tumor in these 
four cases were reasonably long (21–175 months).
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Neuroblastoma is the third most common malignancy 
in pediatrics, but little is known about neuroblastoma as 
a second primary tumor (36). In SEER database, there 
was only one patient who developed second primary 
neuroblastoma (9490/3: ganglioneuroblastoma) at the 
first year of life after first primary brain tumor.

Considering two patients with clear cell 
adenocarcinoma and renal cell carcinoma, There were 
many published reports about the presence of cancer 
metastasis from renal tumor to adrenal gland (37, 38, 
39), and we recommend future thorough analysis of such 
findings to avoid inaccurate reporting of site.

Another note for the patient reported with two 
incidence of adrenal gland tumor (left then right) in the 
same month. It is difficult to consider the second event 
in the right adrenal as a metachronus cancer or second 
malignancy. It would be clinically helpful to do a revision 
of the radiological imaging of this patient. As the two 
incidences occurred in the same month, this increased 
the probability of initial bilateral adrenal gland tumor 
especially both had the same histology subtype.

There are many limitations in our study. Lack of data 
about etiology of adrenal gland malignancies and other 
cancer risk factors is one of them. Another potential 
limitation is the retrospective nature of the study and the 
use of SEER registries, which could have unreliable coding 
for rare histologies and possibly misdiagnoses (40). This 
possibility of misdiagnoses arises due to the fact that 
while pathological diagnosis of adrenal tumor is often 
difficult and needs specific expertise, diagnoses recorded 
in SEER are done by different pathologists without central 
revision. Also, SEER database did not release information 
about the chemotherapy in their basic database. 
Moreover, radiation and chemotherapy information are 
not well-covered in the SEER database, and recently, they 
advised not to use it to compare groups due to its low 
sensitivity (41). These limitations make it necessary to be 
cautious when reaching a conclusion. However, there are 
some strengths including the large number of subjects 
recruited, the long duration of follow-up of most cases 
and the high level of ascertainment of the incidence of 
the event.

Conclusion

Little is available in the literature about adrenal gland 
tumors as second primary tumors. Its incidence is high 
in white race cancer survivors in the United States. The 
risk of cancer survivors suffering from a second primary 

adrenal gland tumor should receive more attention in the 
US. This would ideally be through follow-up programs at 
specialized national cancer networks, especially for rare 
tumors like adrenal gland.
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