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Background and Objective: Primary adrenal lymphoma is a rare, progressive, easily
misdiagnosed adrenal tumor with a poor prognosis. There are limited data on its clinical
characteristics, and these have been derived from small sample studies. This study aimed
to identify the clinical characteristics and prognosis of primary adrenal lymphoma.
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Methods: This single-center study retrospectively analyzed data of 50 primary adrenal
lymphoma patients treated between January 2008 and January 2018. Demographic
information, biochemical indexes, computed tomography images, pathological findings,
treatment regimens, and prognostic factors were analyzed.
Results: The median age of onset was 60.3 years, and 30 (60.0%) of 50 patients
were male. Abdominal pain was the most common symptom, followed by incidentaloma
and B symptoms. On average, patients presented with elevated lactate dehydrogenase
(348 IU/L, normal range 110–220 IU/L) and hydroxybutyrate dehydrogenase levels (287
IU/L, normal range 72–182 IU/L) and decreased high-density lipoprotein cholesterol
levels (0.88 mmol/L, normal range > 0.9 mmol/L). Bilateral lesions in the adrenal
glands were observed in 30 (60.0%) patients. Computed tomography showed that 42
(84%) patients had signs of infiltration. Diffuse large B-cell lymphoma was present in
44 (88%) patients. Immunohistochemistry revealed that 70.6% (12/17), 89.5% (17/19),
92.0% (23/25), and 68.8% (11/16) of patients were positive for MYC, p53, BCL2, and
both MYC and BCL2, respectively. Combined chemotherapy was associated with a
good prognosis.
Conclusions: Early diagnosis of primary adrenal lymphoma depends on a combination
of biochemical examination, imaging studies, and pathological biopsy, and combined
chemotherapy may lead to a better prognosis.
Keywords: primary adrenal lymphoma, diffuse large B-cell lymphoma, high-density lipoprotein cholesterol,
proto-oncogene, Epstein–Barr virus infection

INTRODUCTION
In clinical practice, adrenal masses are frequently incidental findings on imaging studies that are not
specifically performed for adrenal diseases. A systematic review demonstrated that the estimated
risk for malignancies was 0.2% in all incidentalomas (1). Computed tomography (CT) is helpful for
the diagnosis of benign and malignant tumors. However, there are limited data (only two studies
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was characterized by CD10+ /MUM1− , CD10+ /MUM1+ ,
or CD10− /MUM1− /BCL6+ . The non-GCB subtype was
characterized by CD10− /BCL6− , and CD10− /MUM1+ /BCL6+
cases (14, 15). The presence of Epstein-Barr virus (EBV) RNA
was examined by in situ hybridization (ISH) in lymphoma biopsy
specimen. Moreover, fluorescence in situ hybridization (FISH)
was performed to examine gene translocations (e.g., MYC, BCL2,
and BCL6) (9).
Demographics information, biochemical indices, baseline
cortisol, CT findings, pathological findings, treatment
regimens, and prognosis, were collected for each patient.
Adrenal insufficiency was defined as an early-morning
(8–10 A.M.) serum cortisol <140 nmol/L and a plasma
adrenocorticotropic hormone (ACTH) level 2-fold greater
than the upper limit of the normal range (16). ACTH was
determined using the electrochemiluminescence technique
with the normal reference range being 7.2–63.3 pg/ml.
Lipid profile was collected with the normal reference range
being>0.9 mmol/L for HDL-C and 0.29–1.83 mmol/L for
triglyceride (TG). The Ann Arbor classification was used
for staging of PAL, based on the findings of the positron
emission tomography–CT (PET-CT) or CT. This study was
approved by the Ethical Committee of West China Hospital
of Sichuan University (approval no. 2017-378) and adhered to
the principles evinced in the Declaration of Helsinki and its
later amendments.
Both MS Excel 2007 and R statistical software were used
for the statistical analyses. Continuous data with normal and
skewed distributions were described as the mean ± standard
deviation (SD) and median (interquartile range), respectively,
and were compared with an independent Student’s t-test.
Dichotomous data were compared using the chi-square test
and Fisher’s exact tests, and the results were described as
percentages. The levels of high-density lipoprotein cholesterol
(HDL-C), monocytes, lactate dehydrogenase (LDH), and
hydroxybutyrate dehydrogenase (HBDH) were compared
with the reference ranges of the general population from the
same area. Cox proportional hazard models were used to
evaluate the risk factors that contributed to the prognosis.
A Kaplan–Meier approach was used to calculate overall
survival. P < 0.05 was considered statistically indicative of
statistical significance.

involving 102 true incidentalomas) indicating that a CT density
of >10 HU has high sensitivity for the detection of adrenal
malignancies, This indicate that adrenal masses with a density
of ≤10 HU are unlikely to be malignant (2). Among the
diverse malignant causes of incidentalomas, a primary adrenal
lymphoma (PAL) is rare causative tumor (2). In 2013, a
systematic review indicated that <200 PAL cases have been
reported in the English literature (3). Despite the rarity
of this disease, PAL induces considerable clinical concern.
First, despite the absence of benign characteristics, a PAL
on CT and/or magnetic resonance imaging (MRI) may lead
to misdiagnosis in the initial evaluation (4); furthermore in
some cases, PAL is difficult to distinguish from adrenocortical
carcinoma (ACC) (5) and pheochromocytoma (6). Second,
PAL is a progressive disease with a poor prognosis, and some
patients die before effective treatment can be administered
(3). Therefore, early diagnosis is vitally important. Third, PAL
belongs to non-Hodgkin lymphoma (NHL), While, diffuse large
B-cell lymphoma (DLBCL) is the most common type, the
pathophysiology of PAL has not been fully elucidated. Fourth,
whether there is a strong association between NHL and decreased
HDL-C is inconsistent in previous research (7, 8). Decreased
average HDL-C levels and increased monocytes counts have been
previously described in patients with non-Hodgkin lymphoma
(9) and lymphoblastic leukemia (10). The underlying mechanism
may be related to cytokines, such as interleukin-10, which are
excessively secreted from lymphoma cells (11, 12). Inversely,
a clear or strong association between these lipid traits and the
most common NHL subtypes including DLBCL was not found,
using the data of genome-wide association study from the Inter
Lymph Consortium Mendelian randomization (MR) analysis
(8). To date, the majority of published studies on PAL have
been constrained by small sample size and insufficient clinical
information. So far, this is the largest cohort of 50 patients
with pathologically diagnosed PAL. Patients were evaluated
retrospectively, to investigate the clinical characteristics and
influence of treatment on prognosis over the course of a 2-year
follow up period.

METHODS
From January 2008 to January 2018, 50 Chinese patients were
pathologically diagnosed with PAL at the West China Hospital
of Sichuan University in accordance with criteria that were
suggested by a previous study. These diagnostic criteria included
the following: a histologically proven lymphoma, no prior history
of lymphoma, and dominant adrenal lesions in the presence of
other organs and/or lymph nodes metastases (3). Histological
classification of the lymphoma was based on the 2017 World
Health Organization criteria (13). The positivity of molecular
markers on immune-histochemical staining was attributed by the
percentage of positive cells as follows: CD10 and BCL6 >30%,
MYC >40% and BCL2 >50%. DLBCL was further classified
into germinal center B-cell (GCB) and non-GCB subtypes by
the Hans algorithm bases on the positivity of three markers
(CD10, MUM1/IRF4, and BCL6) (14). The GCB subtype
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RESULTS
General Clinical Characteristics
In this study population, 30 (60.0%) of the 50 patients were male.
The median age at PAL onset was 60.3 years (range 21–84 years).
Bilateral involvement was observed in 30 (60%) patients. With
regard to comorbidities, six patients had hepatitis B infection,
three patients each had tuberculosis and type 2 diabetes, two had
gastric ulcers, two had lymphomas in other parts of body, one
had small cell lung cancer, one had uveitis, one had thrombotic
thrombocytopenic purpura, one had hemolytic anemia, one had
rheumatoid-arthritis, and one had a human immunodeficiency
virus (HIV) infection. None of the patients had a history of cancer
and autoimmune adrenalitis.
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Except for three patients without data, 47 patients had
a clear presentation of the characteristic clinical features
of PAL. Abdominal pain was the most common symptom
in 23 (48.9%) patients, followed by incidentaloma in 14
(29.8%) patients, B symptoms in 13 (27.7%, fever, night
sweats, and weight loss), gastrointestinal symptoms in 7
(17.0%), fatigue in 2 (4.3%), and hyperpigmentation in 2
(2.1%) (Figure 1). In addition, hepatosplenomegaly was found
in 4 of 37 patients (10.8%). Elevated LDH (30 of 37;
81.1%) and HBDH (28 of 37; 75.7%) levels were observed.
The blood lipid profiles of patients were characterized by
decreased HDL-C levels and elevated TG levels, whereas
the total cholesterol and low-density lipoprotein cholesterol
(LDL-C) levels were within the normal range. Patients’ total
white blood cell counts were within the normal range.
An evaluation of the adrenal function in the 35 patients
with available data showed that only 4 (11.4%) patients
had baseline cortisol (17.64, 120.4, 79.24, and 94.86 nmol/L,
respectively), and ACTH levels (216.2, 391.0, 219.9, and
325 pmol/L, respectively), that were suggestive of adrenal
insufficiency, including 3 (8.5%) patients with bilateral adrenal
involvement and 1 (2.9%) patient with unilateral adrenal
involvement. All patients were treated with prednisone (5–10 mg
daily). In 8 (38.1%) patients, EBV-RNA was detected in the
serum (Table 1).

on the left and right sides, respectively. The edges of 26 lesions
were well-defined, whereas 21 lesions had ill-defined edges.
The median non-contrast CT density was 31.8 (25.8, 44.4HU).
None of the lesions had a measurement value of <10 HU. On
contrast imaging with iopamidol, moderate enhancement in the
arterial and the parenchyma phases were observed bilaterally,
and enhancement patterns were heterogeneous in 42.2% of
patients. A total of 76.2% of patients presented with signs of
infiltration of local organs or tissues (Table 2). Only two patients
underwent MRI in our cohort, 1 case was characterized by
an irregular mass with ambiguous boundary, measuring 5.3
× 4.1 × 3.9 cm3 , around the left kidney with uneven low
signal in the T1-weighted image, slightly high signal in the
T2-weighted image, and obvious inhomogeneous enhancement
on the enhanced scan. The MRI data of the other case detail
was not available because the patient was being examined in
another hospital. Additionally, PET/CT were examined in three
patients. The results showed that the glucose metabolism in
the adrenal was obviously increased. Additionally, one case
was accompanied by the increased metabolism of glucose
involving the abdomen and neighboring lymph nodes and
liver. Seventeen patients underwent head CT or MRI screening,
and only one patient had lymphoma invasion in the central
nervous system.

Radiography Findings

A total of 36 patients were pathogenically diagnosed based
on CT/ultrasound-guided needle core biopsy findings, and 14
patients were diagnosed after surgical resection. Of patients
diagnosed with PAL, 44 (88%) patients were diagnosed with
DLBCL, 4 (8.0%) with extra-nodal natural killer (NK)/Tcell lymphoma (nasal type), and 2 (4.0%) with peripheral
T-cell lymphoma (PTCL). Of the 44 patients with DLBCL,
7 were further classified to have the GCB subtype, and 37
were classified into the non-GCB subtype. The seven patients

Pathological Features

As shown in Figure 2, PAL patients demonstrated versatile CT
findings with regard to tumor shape, edge, enhancement patterns,
liquidation/necrosis, and local infiltration. Unenhanced CT
findings were available for all patients and enhanced CT findings
were available for 33 (66%) patients. Briefly, the adrenal glands
were unilaterally and bilaterally affected in 20 (40.0%) and 30
(60%) patients, respectively. The median diameter of the lesions
was 6.5 ± 2.7 cm (1.7–12.1 cm) and 6.6 ± 3.6 cm (1.4–16.8 cm)

FIGURE 1 | Frequency of clinical presentations of PAL in this series.
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that 70.6% (12/17) of patients were positive for MYC, 89.5%
(17/19) for p53, 92.0% (23/25) for BCL2, and 68.8% (11/16)
for both MYC and BCL2. EBV-RNA screening was performed
by ISH in 25 patients, and four patients had positive results.
Gene rearrangements were screened in 14 patients, 78.6%
(11/14) of whom exhibited IGH/IGK rearrangement. FISH was
further performed in five patients, three of whom carried
the BLC6 translocation and 1 had a MYC translocation
(Supplemental Figure 2). Moreover, two of the five patients
with T-cell lymphoma had TCRγ gene rearrangement, and both
patients tested positive for EBV-RNA in lymphoma cells. Twentyfive patients underwent bone marrow (BM) biopsy, and 8.0%
(n = 4) were found to have BM involvement.

TABLE 1 | Clinical characteristics of PAL patients.
Total

Reference

50

n.
Age(years)

60.3 ± 14.1

–

30 (60%)

–

Male (n)
Unilateral/bilateral involvement
BMI (kg/m2 )a

22/28

–

22.2 ± 3.2

–
–

Malignances(n, %)

1 (2.0%)

Autoimmune diseases(n, %)

5 (8.0%)

–

Infectious disease (n, %)

10 (20%)

–

TG (mmol/L)b

1.49 ± 0.69

0.29–1.83

HDL-C (mmol/L)b

0.88 ± 0.38

>0.9

UA (µmol/L)b

329.2 ± 296.9

240.0–490.0

LDH (IU/L)b

571.2 ± 358.0

110–220

LDH %(n, %)b,d

30 (81.1%)

–

HBDH (IU/L) b

444.5 ± 289.0

72–182

HBDH %(n, %) b,d

28 (75.5%)

–

WBC b

5.3 ± 2.2

3.5–9.5 × 109 /L

Neutrophils %

62.8 ± 14.9

40–75.0%

Lymphocytes %

21.1 ± 9.41

20–50.0%

8.7 ± 2.9

3–10.0%

4 (11.4%)

–

Monocytes %
Adrenal insufficiency (n)c
Bilateral adrenal involvement

Factors Associated With the Prognosis
Of the 44 patients with available data, 14 patients had undergone
surgical resection, and four subsequently accepted chemotherapy
after surgical resection; A further 16 patients underwent
chemotherapy after diagnosis based on CT/ultrasound-guided
biopsy findings. Among the 20 patients who underwent
chemotherapy, 15 had complete remission, four had partial
remission, and one had one no remission. Fourteen patients only
used glucocorticoid agents and/or supportive treatment due to
poor clinical conditions at the time of diagnosis (Table 3).
The median follow-up duration was 22.45 months in 35
patients for whom data were available. The 1-year and 2-year
overall survival rates were 79.5 and 72.5%, respectively, during
follow-up. In this cohort, four patients died in the hospital
without undergoing chemotherapy, and three patients died
within 3 months to 2 years due to causes such as multi-organs
failure (MOF) and severe infection.
Cox univariate proportional hazard models were employed
to investigate the association of risk factors with the prognosis
of PAL. The 2-year overall survival rate was 84.2% in patients
who underwent chemotherapy, compared to 41.7% in patients
who did not undergo chemotherapy (i.e., surgery alone and
supportive treatment). The results showed that chemotherapy
alone was associated with a lower risk of death (P = 0.029);
and the mortality risk was 78.9% lower in patients who
underwent chemotherapy compared to those who did not.
The LDH, TG, and HDL-C levels, adrenal insufficiency, and
international prognostic index scores were not associated with
prognosis. Compared with the patients who were treated
with chemotherapy and/or surgery to improve survival, the
patients who only received palliative care had higher LDH
and HBDH levels. In addition, baseline patient characteristics,
including age, sex, HDL-C levels, pathologic type, and adrenal
involvement, showed no differences between these two groups
(Supplemental Table 1).
The Kaplan–Meier approach was used to examine the
difference in the overall survival between the chemotherapy
group and non-chemotherapy group (Figure 3). There were 19
patients in the chemotherapy group (including four patients
who received postoperative chemotherapy) and 16 patients in
the non-chemotherapy group (including nine patients who
received supportive treatment, 5 who underwent surgery, and
2 with an unknown treatment strategy). After 24-months

3 (8.5%)

Unilateral adrenal involvement

1 (2.9%)

Serum Epstein-Barr virus-encoded small

8 (38.1%)

Bilateral lesions (n, %)

30 (60%)

–

Tumor Size (cm)
Left (range)

6.5 (1.7, 12.1)

–

Right (range)

6.7(1.4, 16.8)

–

Adrenal insufficiency was defined as an early morning (8–10 A.M.) serum cortisol level
<140 nmol/L and a plasma adrenocorticotropic hormone (ACTH) level that was 2-fold
greater than the upper limit of the normal range (17), because a corticotropin stimulation
test is not feasible in the western area of China. The cortisol level of four patients with
adrenocortical insufficiency were 94.86, 79.24, 120.40, 17.64 nmol/L, and corresponding
ACTH level were 325, 219.9, 391, 216.2 pmol/L, respectively. a Twenty-five patients with
data regarding BMI; b 37 patients with data regarding TG, HDL-C, UA, LDH, HBDH level,
and WBC count; c 34 patients with data regarding ACTH and early-morning cortisol level;
d (n) represented the number of patents whose LDH or HBDH level were above the upper
limits of the reference range.
BMI: body mass index; TG triglyceride; UA uric acid; LDH: lactate dehydrogenase; HBDH:
hydroxybutyrate dehydrogenase; HDL-C: high-density lipoprotein cholesterol.
6 HBV, 3 TB and diabetes respectively, 2 gastric ulcers, 2 lymphomas in other parts, 1
small cell lung cancer, 1 uveitis, 1 thrombotic thrombocytopenic, 1 hemolytic anemia and 1
rheumatoid arthritis. 1 HIV, and no patients with tumor history and autoimmune adrenalitis.

with the GCB subtype showed the following profiles: two
patients, CD10+ /MUM1− , two patients, CD10+ /MUM1+ ; and
three patients, CD10− /MUM1− /BCL6+ , The 37 patients with
non-GCB subtypes showed the following profiles: four patients,
CD10− /BCL6− and 33 patients, CD10− /MUM1+ /BCL6+ . In
Supplemental Figure 1, we present the pathological findings
of a 59-year-old woman who was diagnosed with DLBCL.
Immunohistochemical analysis showed that the tumor cells were
positive for CD20, BCL2, BCL6, and MUM-1 and were negative
for CD5 and CD10.
All patients a except for two showed strong positivity for
Ki-67 (most >50%). Immunohistochemical analysis revealed
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FIGURE 2 | Different CT imaging features of PAL patients. (A,B): Bilateral PAL with oval/round shape, well-defined edge, moderately enhanced in parenchyma phase,
and homogeneous enhancement patterns. (C,D): Bilateral PAL with liquidation/necrosis in the left tumor mass, which was obvious after contrast by iodamide.
(E): Lymphoma cells surrounded the renal artery without invasion (White arrow). (F): Right lymphoma mass invaded inferior vena cava (Black arrow).

follow-up, the survival rate was slightly significantly higher
in the chemotherapy group than in the non-chemotherapy
group (P = 0.049).

TABLE 2 | Extra-adrenal infiltrations.
Affected organ/tissues

DISCUSSION
PAL is a rare but fatal disease, and understanding of its
clinical manifestations, pathogenesis, and prognostic factors (3).
Therefore, additional information is needed to better understand
this disease. This study retrospectively analyzed the features
of 50 PAL patients to evaluate their clinical presentations,
laboratory results, imaging findings, pathologic details, potential
mechanisms, and prognostic factors.
The median age at onset was ∼60 years, and there were more
male patients included than females (1.4 times more men than
women), consistent with the results reported in several previous
studies (5, 18). Notably, 29.8% of patients were asymptomatic,
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n (%)

Kidney vasculatures

19 (45.2)

Lymph nodes

16 (38.1)

Kidney

15 (35.7)

Inferior vena cava

10 (23.8)

Liver

7 (16.7)

Pancreas

6 (14.3)

Spleen

4 (9.5)

Osteomedullary invasion

4/25 (8.0)

Forty-two patients were found to have extra-adrenal infiltration.

and PAL was detected during routine health checkups. This
result was considerably different from that of a previous large
case series, in which only a few patients (<1%) were identified
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incidentally (3). In another case series in Japan, two of five
patients were asymptomatic (18). Furthermore, a few cases have
been reported as adrenal incidentaloma without any symptoms
(9, 19, 20). Strikingly, most of the asymptomatic patients had
bilaterally disease, and three patients in this study and one
patient in the previous study (18) developed a tumor mass
with a maximum diameter of more than 8 cm. These results
suggested the heterogeneity of PAL with regard to clinical
manifestations and emphasized the differential diagnosis of
adrenal incidentaloma, especially in those with bilateral lesions
and larger sized tumors.

As expected, LDH and HBDH levels were increased in >80%
of patients. In our series, the patients who only accepted palliative
care had higher LDH and HBDH levels than those who were
treated with chemotherapy and/or surgery to improve survival,
whereas the patients who were treated with palliative care had
worse conditions. Therefore, we speculate that high levels of
LDH and HBDH are predictive factors for the poor prognosis
of PAL. Moreover, this study demonstrated that lightly decreased
average HDL-C levels and increased monocytes counts in PAL
patients. Therefore, such changes in lipids profiles, white blood
cell counts, and LDH/HBDH level seemed to be unique features
of PAL in the setting of adrenal masses. However, our Cox
multivariate proportional hazard model analysis also did not
reveal an association between LDH, TG, and HDL-C levels and
the prognosis of PAL.
It has been suggested that adrenal insufficiency in PAL
is significantly related to older age, bilateral lesions, and
hyper-segmentation (3). In our study, adrenal function was
evaluated in 35 patients, and only 4 (11.4%) were found to
have adrenal insufficiency: three patients had bilateral adrenal
involvement, and one patient had unilateral adrenal involvement.
Unilateral involvement may also be related to the patient’s history
of tuberculosis. The level of ACTH and baseline cortisol in
patients with bilateral lymphoma who did not have adrenal
insufficiency were 123.1 pmol/L (95% CI: 48.6, 197.6) and, 444.2
nmol/L (95% CI: 348.4, 540.1), respectively. In contrast, the
incidence of adrenal insufficiency was largely less than those
in previous studies, with a reported incidence of 61% (3). The
unexpected commonness of adrenal insufficiency in PAL patients
is likely due to biases related to publication and research methods
(21). The data evaluated in this previous study were obtained
from published literature, whereas our study used data from
retrospective cases in a single medical center. Moreover, in our
series, the incidence of bilateral involvement was 30 (60%), with
an average age of 62 years vs. 75% bilateral involvement, with
an average age of 60 years in previous research. Finally, only

TABLE 3 | Types and schedules of chemotherapy and patient responses.
Chemotherapy
type
CHOP

Chemotherapy
regimen (*)

Case (n)

Response

1*

1

PR

6*

2

2CR

8*

3

3CR

Unknown

3

1CR+1PR+1NR

6*

2

2CR

8*

1

CR

Unknown

2

CR

CHOP+
R-CHOP+Gemox

CHOP × 2*+R-CHOP
× 1*+Gemox × 6*

1

CR
PR

R-CHOP

R+V+P

1*

1

Gemox

4*

1

CR

R-CHOP+ICE

R-CHOP × 8*+ICE
× 4*

1

CR

GLIDE

4*

1

CR

P

2*

1

PR

CHOP, Cyclophosphamide+ Doxorubicin+ Vincristine+ Prednisolone; R, Rituximab;
V, Vincristine; P, Prednisolone; ICE, Ifosfamide+ Cisplatin+ Etoposide; GLIDE,
Gemcitabino+ L-asparaginase+ Ifosfamide+ Dexamethasone+ Etoposide; Gemox,
Gemcitabino+Oxaliplatin; CR, complete remission, PR, partial remission, NR, no
remission; *, chemotherapy regimen.

FIGURE 3 | The comparison of 2-year survival rates between the chemotherapy group and the non-chemotherapy group.
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might have a better prognosis (24, 25). The longest complete
remission period (56 months) was seen in a patient with GCB
subtype, but the available data were not sufficient to draw a
firm conclusion.
The etiology of PAL has not been fully elucidated. Immune
dysfunction, EBV infection, and mutations in the p53 and
proto-oncogenes have been implicated (3, 21). In this cohort,
few patients had a clear history of cancer, HIV infection,
or autoimmune diseases, and no patients had a history of
autoimmune adrenalitis, except for Hepatitis B virus infection
(16.2%). Notably, this study revealed high positivity of P53
(17/19), BCL2 (23/25), and MYC (12/17). The phenomenon
of MYC and BCL2 co-expression was also frequently observed
(11/16). Data on gene rearrangement are limited but suggested
that the presence of the IGH/IGK rearrangement with BCL2
or MYC expression might play a significant role in lymphoma
genesis. With regarding EBV infection, only 4 of 25 patients
exhibited the EBV-DNA in PAL tissues, this frequency was
lower than that reported previously (45%) (26). Furthermore,
a study showed that EBV infection seemed more active in
T-cell lymphoma (27). All three patients with extra-nodal
NK/T-cell lymphoma had EBV genomes in PAL tissues,
TCRγ gene rearrangement might mediate EBV-induced
T-cell transformation.
PAL is an aggressive lymphoma with strong Ki-67 expression
in almost all patients, different from Castleman’s disease with
high interleukin-6 (IL-6) expression, heterotopic ossification,
and benign micro-nodular hyperplasia appeared in proximity
to the lymphatic tissue invading the adrenal (28). The reported
survival rate approximately almost 20%, is poor at the 12-month
follow-up (3). Due to the rarity of PAL, few studies have presented
follow-up data.
Moreover, the 1-year and 2-year overall survival rates in
the 35 patients with available follow-up data were 79.5 and
72.5%, respectively. This survival rate is higher than previously
reported. Kim et al. (29) summarized 31 PAL cases and found
that for patients with DLBCL treated with a median of six
cycles of R-CHOP (cyclophosphamide, doxorubicin, vincristine,
prednisone) chemotherapy, the 2-year overall and progressionfree survival rates were 68 and 51%, respectively. With regard
to the difference, early diagnosis could be one of the possible
reasons; the initial indication of PAL was an incidentaloma
during routine healthy examination in 29.8% of patients, which
was significantly higher than that previously reported (1%)
(30). Second, central nervous system involvement in PAL has a
negative impact on long-term prognosis. In our series, only one
patient had lymphoma invasion in the central nervous system.
Consistent with the findings of previous studies,
chemotherapy, especially with the addition of rituximab,
significantly improved outcomes (3, 29, 30). In early studies,
the 1-year survival rate was nearly 20%, while in a recent series
with more patients receiving rituximab add-on therapy, the
2-year survival rate was nearly 62% (5). In our analysis, the
overall survival rates were 84.2 and 41.7% in patients who
did and did not receive chemotherapy (surgery alone and
supportive treatment), respectively. Meanwhile, the 2-year
survival rate in the chemotherapy group was slightly higher than

54% of the cases in this previous study were from Asia, while all
cases in our study were from Asian. This poses the question of
whether the differences in the incidence of adrenal insufficiency
were related to race; however, further observations and research
are necessary to demonstrate this possible correlation.
The CT findings were similar to those in previous studies (3),
including large tumor size, the incidence of slightly hypodense
values in non-contrast CT scans, slight to moderate enhancement
after the administration of iopamidol, a frequently observed
heterogeneous appearance, and adjacent infiltration. Among
these features, necrosis or cysts were observed in several
patients and were misdiagnosed as pheochromocytomas or
ganglioneuromas in the initial evaluation (data not shown),
which is consistent with other reports (3, 22). Therefore,
diagnosis of PAL at the initial evaluation based on the findings
of traditional imaging modalities is challenging (23). Generally,
the density of the adenomas is equal to or slightly lower
than that of the normal adrenal gland tissue unless they are
necrotic and/or cystic. The density is usually <10 HU in
lipid-rich adenomas(70%) and between 10 and 30 HU in lipidpoor adenomas (30%). Our series show that the non-contrast
CT density of PAL was 31.8 (25.8, 44.4) HU. However, it
is still indistinguishable because of the similar appearance in
adrenal lymphoma, pheochromocytoma, metastasis, and ACC.
Heterogeneous enhancement, necrosis, and hemorrhage can be
seen. Only a little sign can provide profitable alert for differential
diagnosis. The enlargement of the retroperitoneal lymph nodes is
common in adrenal lymphoma. The diversity in size was found in
pheochromocytomas (17), It is usually larger than adenomas, but
smaller than metastatic tumors, and the attenuation values are
often similar to those of the muscle tissue, and are significantly
higher than those of adrenal adenomas. Common primary
malignancies and possible calcification were both found in
metastases. Large masses (usually >6 cm) and invasion of the
inferior vena cava is a common finding of ACC. Otherwise,
MRI might be extra helpful for the differential diagnosis of
PAL and pheochromocytoma or ganglioneuroma (23). Although
T1 hypo-intense and T2 hyper-intense lesions were typically
characteristic, a mild to moderate enhancement can be seen
on the enhanced scan in adrenal lymphoma, isointense with
ring-like or uneven enhancement after contrast administration
may be found in adrenal metastases, and heterogeneous hyperintensity was manifested in ACC. Regrettably, the one 1 case
that had data available, was characterized by obvious uneven
enhancement, rather than mild to moderate enhancement, which
was inconsistent with the characteristics of previous literature
reports (23). The value of MRI in these cases should be further
evaluated in the future.
DLBCL was the commonest pathologic type (86%) in
this cohort, consistent with the findings from other studies
(3). Additionally, three patients had extra-nodal NK/T-cell
lymphoma (nasal type), and three patients had PTCL. This
distribution was different from that in previous reports, in which
PTCL was more common, and only 3 NK/T-cell (nasal types)
were identified among 187 cases of PAL (3). Among patients with
DLBCL, seven were further classified as having the GCB subtype.
A previous study suggested that those with the GCB subtype
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diagnosis and combined chemotherapy were associated with a
better prognosis.

that in the non-chemotherapy group. The reasons for failure
to undergo chemotherapy treatment included concerns about
the effectiveness of the treatment, side effects, financial burdens,
and severity of co-morbidities. Notably, two patients showed
rapid deterioration and died in the hospital before chemotherapy
could be administered, which further emphasizes the importance
of early diagnosis of PAL according to clinical indications, e.g.,
adrenal imaging, alterations in LDH/HBDH levels, and changes
in lipid profiles.
As a single center study, we collected the largest sample of
PAL so far. Additionally we analyzed the clinical characteristics,
pathological types, treatment, and prognosis. However, there
are several limitations to the present study. A major limitation
is its retrospective design, which may have led to missing
or incorrect data; further, the assessment of adrenal function
was insufficient. Another limitation is the incomplete followup data; only 15 patients completed a follow-up of more
than 2 years. Furthermore, an inaccurate result could be
deduced from the incomplete data. The third limitation is
that more than half of the patients were diagnosed based on
needle core biopsy findings, and in some cases insufficient
tumor tissue was obtained for pathological analysis, especially
for FISH. Otherwise, MRI was performed in only 2 cases.
Hence, most of these deficiencies should be overcome when
treating the adrenal incidentaloma again. The more complete
evaluation including MRI was performed and clinical data
were collected to accurately analyze the clinical characteristics
of PAL and provide important reference for the choice of
treatment strategy.
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