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Abstract

Background Adrenal insufficiency is a life-threatening condition, and advanced gastric cancer is associated with very
poor prognosis. Adrenalectomy and/or metastatic invasion of the adrenal glands can cause primary adrenal insuffi-
ciency, which in turn can present with symptoms mimicking advanced cancer.

Case presentation Herein we report of a 68-year-old White male with a history of left adrenalectomy in conjunction
with distal gastrectomy due to gastric adenocarcinoma. At the 2-year follow-up visit after cancer surgery, the patient
presented with fatigue, unintentional weight loss, hyperkalemia, and a computed tomography scan with a right adre-

vival using a multimodal treatment approach.

nal mass. Primary adrenal insufficiency caused by gastric cancer metastatic invasion of the remaining right adrenal
gland was established and glucocorticoid therapy initiated. The patient received first line palliative chemotherapy
with systemic disease control and subsequent stereotactic body radiotherapy to the right adrenal gland. More than
17 months after pathology-confirmed gastric cancer relapse, there is no clinical nor radiological evidence of active
malignant disease and the patient is doing well on glucocorticoid replacement therapy.

Conclusions This case does not only illustrate the importance of prompt and correct clinical management of adrenal
insufficiency, but also that selected patients with advanced gastric cancer can gain from and achieve long-term sur-
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Background

Despite declining incidence over the past 50 years, gas-
tric adenocarcinoma still constitutes a major global
health burden and is currently the fifth most common
malignancy worldwide [1, 2]. Early-stage gastric adeno-
carcinoma is often curable [2]. Unfortunately, more than
40% of patients present with advanced gastric cancer,
which entails very poor prognosis and a median overall
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survival of less than a year among those fit for chemo-
therapy [1-3]. The most frequent sites of metastases are
the liver and peritoneum, while the adrenal glands are
less commonly invaded [4]. Immediate impact on health
is, however, potentially larger due to the risk of adrenal
insufficiency, which can present acutely as a life-threat-
ening adrenal crisis. Adrenal insufficiency is the clinical
manifestation of deficient production or action of gluco-
corticoids. The underlying causes to adrenal failure can
be primary or central (secondary or tertiary) [5]. Addi-
son’s disease (that is, autoimmune adrenalitis) is the
most common cause of primary adrenal insufficiency in
developed countries, while long-term administration of
exogenous glucocorticoids and prolonged suppression of
hypothalamic secretion of corticotropin-releasing hor-
mone is the most frequent risk factor for central adrenal
insufficiency [5, 6]. Adrenal metastases are not rare and
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glucocorticoid therapy is very common in patients with
advanced cancer, stressing the importance of an aware-
ness of the mechanisms of adrenal insufficiency among
all health professionals involved in clinical cancer care.

Case presentation

A 68-year-old White male presented with fatigue and
unintentional weight loss at the 2-year follow-up visit
after distal gastrectomy and lymphadenectomy due to
locally advanced gastric adenocarcinoma. The medical
history included hypertension and hypothyroidism, and
the primary gastric cancer treatment consisted of perio-
perative chemotherapy according to the fluorouracil
plus leucovorin, oxaliplatin, and docetaxel (FLOT) pro-
tocol [2, 7]. According to a local oligometastatic treat-
ment protocol, a left adrenalectomy was performed at the
time of the gastrectomy due to a suspect adrenal metas-
tasis detected on diagnostic imaging that had remained
unchanged at preoperative evaluation imaging. The adre-
nal mass proved to be histologically benign with nodu-
lar hyperplasia, but no signs of malignant cells, while the
pathology report of the gastrectomy specimen indicated
high risk of recurrence, including a distressing ypTNM
(pathological tumor—node—metastasis) stage after preop-
erative treatment, according to the American Joint Com-
mittee on Cancer (AJCC) staging manual 8th edition, and
poor tumor regression according to Becker (Table 1) [8,
9l.

Physical examination revealed a tired, cachectic man
reporting 8 kg of unintentional weight loss over the last
months, skin hyperpigmentation, and low blood pres-
sure (100/70 mmHg). Routine blood tests showed minor
deviations of serum electrolytes; elevated plasma potas-
sium (5.0 mmol/L, reference range 3.5-4.6 mmol/L) and
decreased plasma sodium (135 mmol/L, reference range

Table 1 Pathology report of the gastrectomy specimen
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137-145 mmol/L). A routine control computed tomog-
raphy (CT) scan, performed 2 weeks prior to the visit,
revealed a 3 cm x 6 cm right adrenal mass (Fig. 1).

The patient history of contralateral adrenalectomy,
together with clinical symptoms and signs, biochemical
findings, and imaging, was indicative of adrenal insuf-
ficiency. Primary adrenal insufficiency was confirmed
by decreased serum cortisol levels (73 nmol/L at 9 am,
reference range 135-540 nmol/L), increased plasma
adrenocorticotropic hormone (ACTH) levels (89 pmol/L,
reference range 1.6—14 pmol/L), and a positive (that is,
no steroid response) ACTH stimulation test. Glucocorti-
coid replacement therapy (10 mg of hydrocortisone twice
daily) was initiated in consultation with an endocrinolo-
gist, with rapid improvement in fatigue, normalized body
weight, and normalized serum electrolytes. Pathologi-
cal examination of an ultrasound-directed biopsy of the

Fig. 1 Routine 2-year control computed tomography (CT) of the
upper abdomen. Consistent with a 3 cm x 6 cm right adrenal
mass (arrow)

Description Category Details
Histology Histological type Adenocarcinoma
Lauren classification Intestinal
Tumor location Lower
Grade of differentiation 3 Poorly differentiated
Lymphovascular invasion LVI4 Positive
Perineural invasion PNI+4 Positive
ypTNM Primary tumor ypT3 2cmx2cmx 0.6cm
Regional lymph node involvement ypN3a Cancerin 13 out of 58 resected lymph nodes
Distant metastatic spread ypMO No metastatic invasion of the left adrenal gland
Extent of residual disease R1 Tumor infiltration of the distal resection margin
TRG Tumor regression grade 3 >50% residual/vital tumor cells

Histological details, lymphovascular invasion (LVI), perineural invasion (PNI), pathological tumor-node-metastasis stage after preoperative treatment (ypTNM)
classification according to the American Joint Committee on Cancer (AJCC) staging manual 8th edition, extent of residual disease (R), and tumor regression grade

(TRG) according to Becker
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right adrenal gland was consistent with metastasis from
the previously treated gastric adenocarcinoma. The can-
cer cell proliferation rate was high and the predictive
biomarkers human epidermal growth factor receptor 2
(HER2) and programmed death ligand 1 (PD-L1), were
negative. The final diagnosis was thereby primary adrenal
insufficiency caused by surgical removal of the left and
gastric cancer metastatic invasion of the right adrenal
gland. Mineralocorticoid replacement therapy was not
initiated after balancing the potential side effects of min-
eralocorticoid therapy (edema, muscle weakness, elec-
trolyte deviations) against the expected complications of
advanced cancer and chemotherapy, together with the
poor prognosis that metastasized gastric cancer entails.

Radiological evaluation after 3 months (six cycles) of
first line palliative chemotherapy, according to fluoro-
uracil plus lecovorin, and irinotecan (FOLFIRI), showed
no signs of extra-adrenal metastases and stable disease
regarding the adrenal mass [10]. The latter was hence
treated locally with stereotactic body radiotherapy
(SBRT); 50 Gray in five fractions. The patient has thereaf-
ter been evaluated clinically together with radiology (CT,
chest and abdomen) and laboratory tests (including a
complete blood count, basic metabolic panel, liver panel,
and the gastrointestinal cancer markers CEA, CA 19-9,
and CA125) every 2-3 months. More than 17 months
after the pathology-confirmed relapse of gastric adeno-
carcinoma, the patient is fully recovered and clinically
well on glucocorticoid replacement therapy and with no
radiological or biochemical signs of active malignant dis-
ease, except the residual right adrenal gland metastasis
(Fig. 2).

Discussion and conclusions

In this report, we present a case of adrenal insufficiency
caused by surgical removal of the left adrenal gland in
conjunction with distal gastrectomy due locally advanced
gastric adenocarcinoma, followed by recurrent meta-
static invasion of the right adrenal gland 2 years after
primary treatment. The patient recovered fully on glu-
cocorticoid replacement therapy and the metastatic dis-
ease was controlled during an unexpectedly long time
period using a less conventional multimodal treatment
approach: irinotecan-based doublet chemotherapy fol-
lowed by stereotactic body radiotherapy (Additional
file 1: Fig. S1).

Inherent weaknesses of case reports are the lack of
reproducibility and generalizability. There is also a risk of
overinterpreting the benefits of the described multimodal
treatment approach in this frail patient population. We
still believe that this case report merits publication since
adrenal insufficiency induced by malignant disease and
its treatment is probably not rare, and there is a risk of
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Fig. 2 Therapy evaluation computed tomography (CT) of upper
abdomen. With no radiological signs of extra-adrenal malignant
disease and radiological response (shrinkage) of the right adrenal
mass (arrow) after 3 months of first line palliative chemotherapy,
followed by stereotactic body radiation therapy (SBRT) of the right
adrenal gland

delayed clinical management since symptoms mimic
those of advanced cancer. The reported long-term sur-
vival is indeed encouraging, and even if only a small
subset of patients gain from this approach, it is worth
reporting since large randomized controlled trials are
highly unlikely to take place.

Primary adrenal insufficiency is, by definition, caused
by innate dysfunction of the adrenal glands [5, 6]. One
well-functioning adrenal gland is generally enough to
support adequate hormonal secretion [11]. Common
symptoms of adrenal insufficiency include fatigue, weight
loss, abdominal pain, nausea, and vomiting [5, 6]. Skin
hyperpigmentation and hypotension are typical clinical
signs, while biochemical findings include hyponatremia
and hyperkalemia [5, 6]. Symptoms of adrenal insuffi-
ciency are typically unspecific, causing a delay in diag-
nosis and treatment initiation, but an adrenal crisis with
hypovolemic shock can also be the first clinical presen-
tation [5, 6]. In case of adrenal crisis, acute presentation
is typically preceded by physiological stress, such as sur-
gery, trauma, or infection [5, 6]. There are three main
goals in the diagnosis of adrenal insufficiency; to confirm
low cortisol secretion, to determine if the insufficiency is
primary or central, and to establish the underlying cause.
The treatment of adrenal insufficiency is glucocorticoid
and, in selected cases, mineralocorticoid replacement
therapy [5, 6]. An adrenal crisis requires intravenous glu-
cocorticoids and immediate fluid resuscitation, including
correction of electrolyte disturbances [5].

Consequent to an abundant blood supply, the adrenal
glands are a common location for distant metastases,
most frequently from malignant melanoma, lung, breast,
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renal, and gastrointestinal cancers [12]. The prevalence
of adrenal insufficiency due to bilateral metastases has
been reported to be low (3—8%) [13]. To our knowledge,
there exist no systematic reports of primary adrenal
insufficiency, following unilateral adrenal metastasis, in
patients with a history of contralateral adrenalectomy,
as described herein. Historically, locoregional therapy,
including of adrenal metastases, is rarely considered in
the metastasized setting [14]. Surgical management, that
is adrenalectomy, has, however, recently been shown to
improve outcomes in selected patient populations [15].
SBRT, including CT-based planning and image guidance
to deliver high doses of radiation with high precision to
target lesions, constitutes a less aggressive locoregional
treatment alternative [16]. SBRT of adrenal metastases
has been reported to be clinically meaningful when sys-
temic disease is under control [17].

In summary, this case highlights the importance of
recognizing the clinical and biochemical symptoms and
signs of adrenal insufficiency in all health care facili-
ties managing patients with cancer, but also the role of
locoregional treatment in the oligometastatic setting.
The first can prove complicated since the classic symp-
tom picture (fatigue, weight loss, abdominal pain, nau-
sea, and vomiting) of adrenal insufficiency overlaps with
that of advanced, especially gastric, cancer [5, 6, 18]. Still,
adrenal glands are common sites of metastatic invasion
and, although rare, adrenal insufficiency is a potentially
life-threatening condition that is crucial to recognize,
diagnose, and treat, accurately and timely. Metastasized
gastric adenocarcinoma carries a dismal prognosis, but
multimodal treatment, including locoregional therapy of
oligometastatic disease, can prove beneficial in selected
cases with systemic therapy disease control.

Abbreviations
AJCC American Joint Committee on Cancer
cT Computed tomography

FLOT Fluorouracil plus leucovorin, oxaliplatin, and docetaxel

FOLFIRI Fluorouracil plus leucovorin, and irinotecan

HER2 Human epidermal growth factor receptor 2

LVI Lymphovascular invasion

PD-L1 Programmed death ligand 1

PNI Perineural invasion

SBRT Stereotactic body radiotherapy

TRG Tumor regression grade

ypTNM Pathological tumor—-node-metastasis stage after preoperative
treatment

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513256-023-03858-5.

Additional file 1: Figure S1. Time line according to the 2013 CARE
Checklist.

(2023) 17:132

Page 4 of 5

Acknowledgements

The authors want to acknowledge all treating cancer care professionals
involved in the clinical management of the patient at Karolinska University
Hospital.

Author contributions
Both authors contributed equally to the drafting and writing of the case
report. Both authors read and approved the final manuscript.

Funding
Open access funding provided by Karolinska Institute. No specific funding was
received for this case report.

Availability of data and materials

Data sharing is not applicable since no datasets were generated or ana-
lyzed. No additional data or material is publicly available due to patient
confidentiality.

Declarations

Ethics approval and consent to participate

The Swedish law does not consider medical case reports as medical research.
This is why a formal ethical approval from an ethics committee is unattainable,
and the need for ethical approval of this case report waived.

Consent for publication

Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written consent
is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Received: 10 November 2022 Accepted: 24 February 2023
Published online: 11 April 2023

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric can-
cer. Lancet (London, England). 2020;396(10251):635-48.

3. AjaniJA, Lee J, SanoT, Janjigian YY, Fan D, Song S. Gastric adenocarci-
noma. Nat Rev Dis Prim. 2017;3:17036.

4. Riihimdki M, Hemminki A, Sundquist K, Sundquist J, Hemminki
K. Metastatic spread in patients with gastric cancer. Oncotarget.
2016;7(32):52307-16.

5. Charmandari E, Nicolaides NC, Chrousos GP. Adrenal insufficiency. Lancet.
2014;383(9935):2152-67.

6. Arlt W, Allolio B. Adrenal insufficiency. Lancet. 2003,361(9372):1881-93.

7. Al-Batran SE, Homann N, Pauligk C, Goetze TO, Meiler J, Kasper S, et al.
Perioperative chemotherapy with fluorouracil plus leucovorin, oxaliplatin,
and docetaxel versus fluorouracil or capecitabine plus cisplatin and
epirubicin for locally advanced, resectable gastric or gastro-oesophageal
junction adenocarcinoma (FLOT4): a randomised, phase 2/3 trial. Lancet
(London, England). 2019;393(10184):1948-57.

8. LiuJY,Peng CW, Yang XJ, Huang CQ, LiY. The prognosis role of AJCC/UICC
8(th) edition staging system in gastric cancer, a retrospective analysis. Am
JTransl Res. 2018;10(1):292-303.

9. BeckerK, Langer R, Reim D, Novotny A, Meyer zumBuschenfelde C, Engel
J, etal. Significance of histopathological tumor regression after neoadju-
vant chemotherapy in gastric adenocarcinomas: a summary of 480 cases.
Ann Surg. 2011;253(5):934-9.

10. Dank M, Zaluski J, Barone C, Valvere V, Yalcin S, Peschel C, et al. Rand-
omized phase Il study comparing irinotecan combined with 5-fluo-
rouracil and folinic acid to cisplatin combined with 5-fluorouracil in


https://doi.org/10.1186/s13256-023-03858-5
https://doi.org/10.1186/s13256-023-03858-5

Akerstrom and Radkiewicz Journal of Medical Case Reports

(2023) 17:132

chemotherapy naive patients with advanced adenocarcinoma of the
stomach or esophagogastric junction. Ann Oncol. 2008;19(8):1450-7.

. Honda K, Sone M, Tamura N, Sonoyama T, Taura D, Kojima K, et al. Adrenal

reserve function after unilateral adrenalectomy in patients with primary
aldosteronism. J Hypertens. 2013;31(10):2010-7.

12. Abrams HL, Spiro R, Goldstein N. Metastases in carcinoma; analysis of
1000 autopsied cases. Cancer. 1950;3(1):74-85.

13. Tallis PH, Rushworth RL, Torpy DJ, Falhammar H. Adrenal insufficiency due
to bilateral adrenal metastases—a systematic review and meta-analysis.
Heliyon. 2019;5(5): e01783.

14. LiuW, Bahig H, Palma DA. Oligometastases: emerging evidence. J Clin
Oncol. 2022;40(36):4250-60.

15. Kim SH, Brennan MF, Russo P, Burt ME, Coit DG. The role of surgery
in the treatment of clinically isolated adrenal metastasis. Cancer.
1998;82(2):389-94.

16. Milgrom SA, Goodman KA. The role of radiation therapy in the manage-
ment of adrenal carcinoma and adrenal metastases. J Surg Oncol.
2012;106(5):647-50.

17. Scouarnec C, Pasquier D, Luu J, le Tinier F, Lebellec L, Rault E, et al. Useful-
ness of stereotactic body radiation therapy for treatment of adrenal gland
metastases. Front Oncol. 2019;9:732.

18. Lordick F, Carneiro F, Cascinu S, Fleitas T, Haustermans K, Piessen G, et al.
Gastric cancer: ESMO clinical practice guideline for diagnosis, treatment
and follow-up. Ann Oncol. 2022;33(10):1005-20.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Adrenal insufficiency after curative-intent gastric cancer treatment: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Anchor 9
	Acknowledgements
	References


