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Abstract:
Objective To analyze the clinical and endocrine characteristics of patients with primary adrenal lymphoma.

Patients We retrospectively reviewed the cases of five patients with primary adrenal lymphoma who were

treated in our hospital between April 2004 and March 2015. We investigated the characteristics of the clinical

and pathological findings, treatment, prognosis and complications of adrenal insufficiency.

Results Adrenal insufficiency, which was confirmed by the laboratory data at the initial presentation, was

observed in two cases. One case was complicated by relative adrenal insufficiency during a course of chemo-

therapy. The plasma adrenaline and urinary adrenaline levels were decreased in four cases and three cases, re-

spectively. Diffusion MRI was radiologically diagnostic. In all of the cases, the patients were pathologically

diagnosed with diffuse large-B cell lymphoma and were treated with rituximab and CHOP (cyclophos-

phamide, doxorubicin, vincristine and prednisone)-like chemotherapy. Two patients received central nervous

system prophylaxis with high-dose methotrexate. Four of the patients survived and one patient died during

the follow-up period.

Conclusion The early detection of adrenal insufficiency and the administration of an appropriate dose of

hydrocortisone are necessary during the course of chemotherapy as well as at the initial manifestation. The

exclusion of adrenal dysfunction prior to invasive diagnostic procedures, such as CT-guided needle biopsy, is

also critical.

Key words: adrenocortical insufficiency, adrenal tumor, diffuse large B-cell lymphoma, primary adrenal

lymphoma
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Introduction

Non-Hodgkin lymphoma (NHL) arising in the endocrine

system accounts for only 3% of extranodal malignant lym-

phomas, and primary adrenal lymphoma (PAL) accounts for

only 0.2% of those lymphomas (1). The prognosis is gener-

ally considered to be poor, partly due to a high frequency of

central nervous system (CNS) invasion in comparison to

other lymphomas (2, 3). Due to the rarity of the disease in

Japan, its clinical and imaging features and its treatment, in-

cluding CNS prophylaxis, have not been fully estab-

lished (4).

A previous study showed that 61% of patients with PAL

had adrenal insufficiency and that adrenal insufficiency is a

prognostic factor for PAL (4). However, the management of

adrenal insufficiency at presentation or during the course of

chemotherapy has rarely been discussed. We analyzed the

clinical characteristics of five patients with PAL who were

treated in our hospital and herein discuss the need for endo-

crinological management for co-existing adrenal insuffi-

ciency due to PAL.
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Table　1.　Clinical Profile of 5 Cases of PAL.

Case 

No.

Age 

(year)

Gender 

(M/F)
Manifestation Laterality

LDH (IU/L) 

[ 120-240 ]

sIL-2R (U/mL) 

[ 122-496 ]
IPI

1 82 M fatigue, loss of appetite, weight loss bilateral 249 2,086 high

2 49 M fatigue, loss of appetite, pigmentation bilateral 253 971 high intermediate

3 41 M right flank pain right 242 1,091 high intermediate

4 71 M by chance abdominal US bilateral 918 1,604 high intermediate

5 72 F by chance CT bilateral 203 882 high

LDH: lactate dehydrogenase, sIL-2R: soluble interleukin-2 receptor, IPI: international prognostic index, M: male, F: female, US: ultrasonography, CT: 

computed tomography, [normal range]

Table　2.　Histological Assessment of PAL.

Case 

No.

Diagnostic 

method

Pathology

Stage
BM

involvementDiagnosis
Immunostaining

Phenotype
Ki-67 CD5 CD10 BCL6 MUM1 EBER

1 CT-guided 

needle biopsy

DLBCL ++ + - + + - non-GCB 4A none

2 left axillary lymph 

node biopsy

DLBCL ++ + - + - - GCB 4A none

3 open surgery DLBCL ++ not done - - - - non-GCB 4A none

4 CT-guided 

needle biopsy

DLBCL ++ - - - + - non-GCB 2EA none*

5 CT-guided 

needle biopsy

DLBCL ++ - - - - + non-GCB 3EA none

BM involvement: bone marrow involvement, DLBCL: diffuse large-B cell lymphoma, EBER: Epstein-Barr virus-encoded small RNA, GCB: germinal center 

B-cell-like, +: positive, ++: highly positive, -: negative

*Bone marrow biopsy was not performed because 18F-fluorodeoxyglucose positron emission tomography-computed tomography revealed no evidence of 

bone marrow involvement

Materials and Methods

Five patients were diagnosed with PAL in our hospital be-

tween April 2004 and March 2015. We retrospectively inves-

tigated the demographic information, clinical and pathologi-

cal findings, treatment, prognosis and the complication of

adrenal insufficiency in these five cases. Since there was no

strict definition for PAL, we used the following definition

that has been agreed upon by the majority of experts: no

history of lymphoma elsewhere in the body, and adrenal le-

sions that were unequivocally dominant if lymph nodes or

other organs were involved (4). This definition suggests that

the adrenal lesion was the primary tumor in all of our cases.

Adrenal insufficiency was diagnosed on the basis of clinical

symptoms, such as hypotension, hyponatremia, hypoglyce-

mia and pigmentation, and the laboratory data of the serum

cortisol levels and plasma adrenocorticotropic hormone

(ACTH) levels. The serum cortisol levels and plasma ACTH

levels were measured early in the morning with the patient

at rest. This study was approved by the Ethical Committee

of Okayama University Hospital and adhered to the Declara-

tion of Helsinki (No. 1507-029).

Results

The profiling of PAL patients

The patients’ characteristics, manifestations and laboratory

data are shown in Table 1. The patients included four men

and one woman. The median age at the diagnosis was 71

years (range, 41-82 years). The patients presented with fa-

tigue and weight loss (Cases 1 and 2), and right flank pain

(Case 3). The adrenal tumors in the other two patients were

incidentally found by computed tomography (CT) or ab-

dominal echography. Four patients (Cases 1, 2, 4 and 5) had

bilateral lesions. With the exception of one patient (Case 4)

the serum lactate dehydrogenase (LDH) levels of all patients

were slightly elevated, with a median level of 249 IU/L

(range, 203-918 IU/L). The level of soluble interleukin-2 re-

ceptor (sIL-2R) was elevated in all patients, with a median

level of 1,091 U/mL (range, 882-2,086 U/mL). Two patients

(Cases 1 and 5) were classified as high-risk, while three

(Cases 2, 3 and 4) were classified as high-intermediate-risk

according to the International Prognostic Index (5).

Histological assessment

The diagnostic methods and pathological findings are

shown in Table 2. The diagnostic methods included CT-
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Table　3.　Radiological Findings of PAL.

Case 

No.

CT
MRI

PET-CT 

SUV maxTumor size LN Findings

1 82×52 mm paraaortic LN homogeneous, 

no enhancement

T2WI; same intensity as that of 

renal parenchyma, DWI ; high

not done

2 22×17 mm multiple LN homogeneous, 

no enhancement

not done 31.4

3 88×73 mm hepatic 

invasion

heterogenous, 

slight enhancement

T2WI; heterogenously high, 

DWI; high

38.6

4 83×65 mm splenic 

invasion

heterogenous, 

slight enhancement

T2WI; heterogenously high, 

DWI; high

18.8

5 44×24 mm right atrium homogenous, 

no enhancement

not done 24.7

MRI: magnetic resonance imaging, PET-CT: positron emission tomography-computed tomography, LN: lymph node, 

SUV: standardized uptake values, T2WI: T2-weighted imaging, DWI: diffusion-weighted imaging

guided needle biopsy of the adrenal tumor in three cases

(Cases 1, 4 and 5). Left axillary lymph node biopsy was

performed in Case 2. Surgical resection of the right adrenal

tumor and right lobe of the liver was performed in Case 3

because a malignant adrenal tumor and its hepatic invasion

were suspected based on the imaging findings. All of our

patients were pathologically diagnosed with diffuse large-B

cell lymphoma (DLBCL). Immunostaining revealed CD5

positivity in two of the five patients (Cases 1 and 2), while

all patients were Ki-67-positive. Ki-67 positivity of >10%

was defined as highly positive. Immunostaining of Epstein-

Barr virus-encoded small RNA was positive in one case

(Case 5). DLBCLs were ontogenically sub-classified as ger-

minal center B-cell-like (GCB) and non-GCB by immuno-

histochemistry using the Hans algorithm (6). One case (Case

2) was classified as GCB, while the other 4 cases (Cases 1,

3, 4 and 5) were classified as non-GCB.

The radiological findings

The radiological findings are shown in Table 3. The mean

maximum diameter of the tumors at the diagnosis was 64

mm (range, 22-88 mm). Imaging studies revealed other lym-

phoma lesions, including paraaortic lymph nodes (LN) in

Case 1 and the involvement of multiple LNs, including bi-

lateral deep jugular LN, paracarina LN, paraesophageal LN

and paraaortic LN in Case 2. Hepatic invasion and splenic

invasion were seen in Cases 3 and 4, respectively. Enhanced

CT was performed in all cases. In Cases 1, 2 and 5, the tu-

mor was homogeneous, without any enhancement, while it

was heterogeneous with slight enhancement in Cases 3 and

4. Magnetic resonance imaging (MRI) of the abdomen was

performed in three cases (Cases 1, 3 and 4). T1-weighted

imaging showed a signal intensity lower than that of the

liver. T2-weighted imaging (T2WI) showed almost the same

intensity as that of the renal parenchyma in Case 1 and het-

erogeneous hyperintensity in Cases 3 and 4 (Fig. 1).

Diffusion-weighted imaging (DWI) showed a region of high

intensity in all 3 cases (Fig. 1). 18F-fluorodeoxyglucose

(FDG) positron emission tomography (PET)/CT was per-

formed in four cases (Cases 2-5) (Fig. 2). The uptake of

FDG was confirmed in all cases, and the maximum stan-

dardized uptake values (SUV max) were generally high

(18.8-38.6; median, 28.0).

Endocrinological assessment

The adrenal function was evaluated in all patients. The re-

sults are shown in Table 4. Three of the five patients had

symptoms related to adrenal insufficiency, with fatigue and

appetite loss being the major symptoms. With regard to spe-

cific symptoms, one patient showed skin pigmentation and

another showed hypotension during chemotherapy due to

relative adrenocortical insufficiency. In terms of the adreno-

cortical function, the median serum cortisol level and me-

dian plasma ACTH level early in the morning were 8.7 μg/

dL (range, 2.3-19.1 μg/dL) and 51.1 pg/mL (range, 10.4-457

pg/mL), respectively. The median 24-hour urinary free corti-

sol level was 86.4 μg/day (range, 50.5-183 μg/day). All of

the patients received hormone replacement therapy. Two of

the patients (Cases 1 and 2) showed adrenocortical insuffi-

ciency, which was confirmed by the laboratory data at the

initial presentation. One patient (Case 4) experienced the

complication of relative adrenal insufficiency during a

course of chemotherapy. For the assessment of the

adrenomedullar function, the plasma levels of catechola-

mines, including adrenaline, noradrenaline and dopamine,

and urine adrenaline were measured in all cases. The plasma

adrenaline level was less than 0.01 ng/mL in four cases

(Cases 1, 2, 3 and 5), and the urinary adrenaline level was

below the normal range in three cases (Cases 1, 2 and 5).

The therapeutic regimen and outcome

The treatments and clinical outcomes are shown in Ta-

ble 5. Four patients (Cases 2-5) were treated with rituximab

and the CHOP regimen, including cyclophosphamide, dox-

orubicin, vincristine and prednisone. One patient (Case 1)

was initially treated with the CHOP-like regimen and expe-

rienced early relapse, which was treated with heavy-ion ther-

apy. One patient (Case 3) was transferred to another hospital

and died without any response to chemotherapy. We admin-

istered CNS prophylaxis with intrathecal chemotherapy (IT)
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Figure　1.　The adrenal MRI findings of PAL. MRI of the abdomen was performed in Cases 1 (1A-
1B), 3 (2A-2B) and 4 (3A-3B). T2-weighted imaging revealed that the intensity was almost the same as 
that of the renal parenchyma in one case (1A; arrows). Heterogeneous hyperintensity was observed in 
the other two cases (2A and 3A; arrows). Diffusion-weighted imaging (DWI) showed high intensity in 
all 3 cases (1B, 2B and 3B; arrows).

1A 1B

2A 2B

3A 3B

and high-dose methotrexate (HD-MTX) to two patients

(Case 2 and 4). Two patients (Case 1 and 3) were treated in

other hospitals without receiving CNS prophylaxis. CNS

prophylaxis could not be administered to one patient (Case

5) because of pancytopenia and a decreased renal function

and due to the anatomical difficulty of performing lumbar

puncture. The mean follow-up period was 29 months (range,

6-65 months). Four of the patients survived and one patient

died during the follow-up period.

A case presentation

Case 4 did not show adrenal insufficiency at presentation.

However, the patient was considered to be at risk of adrenal

insufficiency because he had bilateral adrenal lesions. Thus,

we carefully observed his symptoms, vital signs and labora-

tory data during his hospitalization. On day six of the third

course of R-CHOP chemotherapy, the patient showed gen-

eral fatigue and hypotension (blood pressure, 80/48 mmHg).

The patient’s serum cortisol level was decreased (1.4 μg/dL).

His symptoms improved after the administration of hydro-

cortisone (10 mg) for adrenal insufficiency. Hydrocortisone

treatment was continued until the end of 6 courses of R-

CHOP chemotherapy. Thereafter, the patient did not experi-

ence symptoms of adrenal insufficiency. A diurnal variation

test and a corticotropin-releasing hormone (CRH) stimula-

tion test (Fig. 3) were performed after confirming a com-

plete response to chemotherapy. Since the patient’s ACTH

secretion was almost normal (-2-fold increase) but the corti-

sol increase was still weak in response to an injection of

CRH (0.1 mg), the administration of a lower dose of hydro-

cortisone (5 mg/day) was continued.

Discussion

PAL is a very rare type of extranodal lymphoma. Fewer

than 200 cases have been described in the medical litera-



Intern Med 56: 2261-2269, 2017 DOI: 10.2169/internalmedicine.8216-16

2265

Figure　2.　The findings of an FDG-PET scan. 18F-fluorodeoxyglucose (FDG) positron emission to-
mography/CT was performed in Cases 2 (A, arrows), 3 (B, arrows), 4 (C, arrows) and 5 (D, arrows). 
The uptake of FDG was confirmed in all cases, and the maximum standardized uptake values (SUV 
max) were generally high (18.8-38.6; median, 28.0).

A B

C D

ture (7). The male-to-female ratio is 3:1 (average age, ap-

proximately 70 years) (7-10). The characteristics of our

cases are compatible with those of previous reports (7-10).

The clinical manifestations of PAL are generally considered

to be B-symptoms, including fever, weight loss and night

sweat (4). Other common manifestations include pain and

fatigue (4). However, in the present study, only two patients

presented with fatigue and weight loss; the other three did

not have any symptoms.

Rashidi et al. analyzed the prognostic factors of PAL and

revealed that adrenal insufficiency was associated with sig-

nificantly worse outcomes (4). They also reported that inci-

dence of adrenal insufficiency in PAL patients is 61%,

which is higher in comparison to most metastatic cancers of

the adrenal glands other than lymphoma (21-33% in bilat-

eral cases) (11, 12). In addition, previous studies revealed

that the frequency of adrenal insufficiency in bilateral PAL

was higher than that in unilateral PAL (13-15). Four of our

patients had bilateral lesions. Three patients with bilateral

PAL experienced adrenal insufficiency during their disease

course; the other two patients did not. The patients with ad-

renal insufficiency were treated with hydrocortisone (10 mg

per day) or with a combination of hydrocortisone and flu-

drocortisone or a combination of hydrocortisone and dex-

amethasone (16). Hydrocortisone (10 mg) was prescribed

for “sick days” in addition to a basic dose of a corticoster-

oid (17).

One patient (Case 4) experienced relative adrenal insuffi-

ciency during a course of chemotherapy. This case suggests

that even if the adrenal function is normal at the initial pres-

entation, PAL can be complicated by adrenal insufficiency

during the course of chemotherapy. Thus, careful observa-

tion of symptoms suggesting adrenal insufficiency, including

pigmentation, general fatigue and hypotension, and labora-

tory data such as hyponatremia and hypoglycemia is essen-

tial for the early detection of the condition.

Considering that high-dose corticosteroid treatment is

used for chemotherapy in cases of PAL, it is possible that

secondary adrenal insufficiency occurred due to the admini-

stration of high doses of corticosteroids in this case. How-

ever, it has been reported that-in most cases-secondary adre-

nal insufficiency is caused by the administration of corti-

costeroids for more than three weeks; however, this varies

from person to person (18). Since corticosteroids are admin-

istered for 5 days in each course of R-CHOP chemotherapy,

secondary adrenal insufficiency is considered to be unlikely.

In addition, it has been reported that the adrenal function in

children who received treatment, including high-dose predni-

sone or dexamethasone, completely recovered within 10

weeks (19). Considering that hydrocortisone therapy was

necessary after chemotherapy in Case 4, adrenal insuffi-

ciency due to R-CHOP chemotherapy is unlikely.
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The association between PAL and the adrenomedullar

function has rarely been discussed (4). Considering that four

of our five patients had a decreased level of plasma adrena-

line and that three of them had a decreased level of urinary

adrenaline, PAL might be associated with adrenomedullar

dysfunction. However, none of our patients showed signs or

symptoms of adrenomedullar dysfunction, such as or-

thostatic hypotension or hypoglycemia (20). The exact

mechanism underlying the development of adrenal insuffi-

ciency in PAL is still unknown (4). One hypothesis is that a

tumor overgrows and finally compresses or replaces the nor-

mally functioning adrenal parenchyma or compromises the

regional vascular supply to the gland (11, 12). Another hy-

pothesis is that adrenal insufficiency is caused by the

cytokine-driven, functional paracrine effect that lymphoma

cells have in the microenvironment of the adrenal gland (4).

This hypothesis might explain the relatively high frequency

of adrenal insufficiency in PAL in comparison to other adre-

nal neoplasms. More research is needed to reveal the exact

mechanism underlying the development of adrenal insuffi-

ciency in PAL.

The remission of lymphoma did not induce the recovery

of the adrenal function in three of our patients who experi-

enced adrenal insufficiency. This may be due to the long pe-

riod of hormone replacement therapy for adrenal insuffi-

ciency or the impaired production of adrenal steroids due to

the above-described mechanism. From this point of view,

hormone replacement therapy should be continued for the

life of the patient. In addition, education about the manage-

ment of sickness and carrying an emergency card are essen-

tial for the prevention and rapid treatment of adrenal cri-

sis (21).

A biopsy is necessary for the diagnosis and classification

of NHL. Lymph node excisional biopsy should be consid-

ered if one or more enlarged peripheral lymph nodes are

present (22, 23). If no enlarged lymph nodes are available

for biopsy when PAL is suspected, the performance of CT-

guided needle biopsy of the adrenal gland would be the di-

agnostic procedure of choice. The differential diagnosis of

PAL includes adrenocortical carcinoma, pheochromocytoma

and metastatic adrenal cancer (24). CT-guided needle biopsy

enables an adrenal tumor to be distinguished from a metas-

tatic tumor (25). The risks of needle biopsy include tumor

recurrence along the needle track (26, 27). Also, CT-guided

needle biopsy should only be performed after excluding

pheochromocytoma with biochemical testing, because it may

result in hemorrhage and hypertensive crisis (28). Further-

more, if PAL is complicated with adrenal insufficiency, a di-

agnostic procedure including CT-guided needle biopsy or

lymph node biopsy should be performed after the adrenal

insufficiency has been treated with an appropriate dose of

corticosteroids. This is because these invasive procedures

might induce relative adrenal insufficiency (29). In our

cases, after confirming that the plasma levels of adrenaline

and noradrenaline, and the urinary level of adrenaline were

within normal limits and that adrenal insufficiency was well

controlled by hormone replacement therapy, we performed

CT-guided needle biopsy in 3 cases. Thus, the exclusion of

a catecholamine excess state and adrenal insufficiency be-

fore the procedure is essential if PAL is clinically suspected.

The CT imaging features of PAL have not been estab-
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Figure　3.　The evaluation of the adrenocortical function by a 
corticotropin-releasing hormone (CRH) test. In Case 4, the re-
sponsiveness of adrenocorticotropic hormone (ACTH) was 
preserved but that of cortisol was impaired in response to a 
CRH stimulation test after a series of chemotherapy treat-
ments.
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Table　5.　Therapeutic Regimen and Outcome.

Case 

No.

Treatment Response to treatment

Chemotherapy CNS prophylaxis Response follow-up period (months) Prognosis

1 R-CHOP like×6 

heavy-ion therapy

- PD

CR→relapse free

38 alive

2 R-CHOP×6 IT, HD-MTX×2 CR 65 alive

3 R-CHOP like×6 - PD 6 dead

4 R-CHOP×6 IT, HD-MTX×2 CR 18 alive

5 R-CHOP×6 - CR 18 alive

CNS: central nervous system, R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone, IT: intrathecal 

chemotherapy, HD-MTX: high-dose methotrexate, CR: complete response, PD: progressive disease

lished (5, 30, 31). Adrenal lymphoma may appear as dis-

crete masses or show more diffuse involvement of the gland

while the shape of the gland may be maintained (30). Al-

though there were no specific findings for PAL in the CT

images of our cases, the tumors were not strongly enhanced,

which might be important for the differential diagnosis of

adrenal tumors such as adrenal adenoma or pheochromocy-

toma (32, 33). On MRI, the signal intensity of PAL is lower

than that of the liver on T1-weighted images, while it is

typically heterogeneously hyperintense on T2-weighted im-

ages (7, 10, 30). In our cases, these features were compat-

ible with previous reports. The typical findings of PAL on

DWI have not been established (4); however, lymphoma

usually displays high signal intensity on DWI, as was previ-

ously reported for CNS lymphoma (34). Considering that

three of our cases showed a high signal intensity on DWI,

this might also be a characteristic MRI finding of PAL.

Previous studies revealed that DLBCL, which accounts

for 86% of PAL cases, is the most common histological

type of PAL; the other types include intravascular large B-

cell lymphoma, anaplastic large cell lymphoma, peripheral

T-cell lymphoma, and extranodal NK/T cell lymphoma, na-

sal type (14, 15, 35). All of our cases were pathologically

diagnosed as having DLBCL. CD5-positivity has been re-

ported in 9% of DLBCL cases and is reported to be an indi-

cator of a poor prognosis and frequent CNS relapse in pa-

tients receiving R-CHOP therapy (36, 37). Forty percent of

our patients had CD5-positive PAL. Thus, the high fre-

quency of CD5 positivity might contribute to the poor prog-

nosis of patients with PAL.

Hans et al. showed that an immunohistochemical panel of

CD10, BCL6, and MUM1 was able to classify DLBCL into

GCB and non-GCB subgroups with a prognostic signifi-

cance that was equivalent to that of gene expression profil-

ing (6). According to the Han’s algorithm, 80% of our cases

were classified as the non-GCB subtype. Considering that it

was previously reported that most PAL cases were subclassi-

fied as non-GCB, the pathological characteristics of our

cases are compatible with those of previously reported

cases (2, 38, 39). In addition, it was reported that the non-

GCB subtype was associated with significantly lower sur-

vival in comparison to the GCB subtype (40). These find-

ings suggest that the poor prognosis of PAL might be re-

lated to the high prevalence of the non-GCB subtype.

Secondary CNS involvement has been reported to occur

in 2-10% of DLBCL cases and is associated with a poor

prognosis (4, 41, 42). A recent study showed that the risk of

CNS relapse was high in patients with PAL (8, 43). It has

also been reported that HD-MTX as CNS prophylaxis can

decrease the risk of CNS recurrence in high-risk DLBCL

patients (44). Because the adrenal gland is a high-risk organ

for CNS involvement, all of our patients were considered to

be candidates for CNS prophylaxis (45, 46). Thus, HD-

MTX was administered to all of the patients who were

treated in our hospital unless treatment was contraindicated.

We administered CNS prophylaxis with HD-MTX to two

patients (47), and they have not experienced CNS relapse.

Thus, our cases indicate that a combination of the R-CHOP

regimen and HD-MTX as CNS prophylaxis might be a rea-

sonable treatment option for PAL.

In conclusion, PAL is a clinically aggressive disease, and

its prognosis is usually poor. Considering that adrenal insuf-

ficiency is associated with worse outcomes, the awareness of

adrenal insufficiency and the administration of an appropri-

ate dose of hydrocortisone are important during the course

of chemotherapy as well as at the initial manifestation of the

disease.
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