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A b s t r a c t
We undertook a detailed histologic study to identify

specific morphologic features that may aid in
distinguishing prostatic adenocarcinoma with lung
metastases (PALM) from other pulmonary tumors with
similar histologic features. In 16 cases, we found 3
predominant architectural patterns: microacinar 
(n = 10), tubulopapillary (ductal; n = 4), and carcinoid-
like (n = 2). Characteristic features of PALM included
small acinar and/or cribriform growth, frequent
lymphangitic permeation, lack of stromal response,
uniform round nuclei with prominent nucleoli,
intraluminal blue mucin, and prominent cell borders. By
immunohistochemical staining, prostate-specific antigen
and prostate-specific acid phosphatase were present in
13 of 14 and 13 of 13 cases, respectively. Metastatic
prostatic duct adenocarcinoma exhibited morphologic
features similar to metastatic colonic adenocarcinoma.
Two cases had a carcinoid-like appearance with nested
or solid architecture, parachromatin clearing, and
prominent nucleoli, but lacked the finely stippled
chromatin pattern of carcinoid tumors. Several features
that may result in misinterpretation or lack of association
of the neoplasm in the lung with a prostatic primary
include lung metastasis preceding the detection of a
prostatic primary tumor, solitary pulmonary nodule,
tubulopapillary (ductal) or carcinoid-like pattern, scant
material in which histologic features of metastatic
prostate carcinoma are not fully appreciated, and
frequent necrosis. Attention to specific discriminating
histologic features, supported by immunohistochemical
staining, may be useful in the differential diagnosis,
which is therapeutically and prognostically critical.

Pulmonary metastasis from a primary prostatic adeno-
carcinoma without involvement of other metastatic sites is
quite uncommon.1-5 There are a relatively few reports in the
literature on prostatic adenocarcinoma with lung metastases
(PALM), and they lack detailed information on its
histopathologic features. The various histopathologic
patterns of PALM may simulate a pulmonary adenocarci-
noma, neuroendocrine lung tumors, or other metastatic
carcinomas. Given the potential overlap in microscopic
appearance, we sought to review our experience with PALM
through a detailed study of its morphologic patterns, the
distribution of lesions, and the extent of overlap with
primary pulmonary adenocarcinoma. Although other series
of PALM have focused on the radiologic, clinical, or post-
mortem findings, there is no series of PALM from the
surgical pathology perspective. Our aim was to identify
specific histologic features of PALM that might be useful for
reaching an accurate diagnosis, thus permitting the most
appropriate therapy provided in a timely fashion.

Materials and Methods

We retrieved 16 cases of PALM from the surgical
pathology files of 3 tertiary medical centers: Emory Univer-
sity Hospital (n = 7), Atlanta, GA: Barnes-Jewish Hospital (n
= 4), St Louis, MO; and the University of Texas M.D.
Anderson Cancer Center (n = 5), Houston. This search
covered a period of 21 years (1977-1998). For each case, all
available H&E-stained slides (range, 1 to 17; median, 3) from
the pulmonary metastases were reviewed.

Available clinical information included age at time of
diagnosis of the primary prostatic carcinoma and at diagnosis
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of the pulmonary metastases, location (laterality and lobe) of
pulmonary involvement, and the type of surgical intervention
for the pulmonary metastases. Detailed information
regarding serum prostate-specific antigen (PSA), Gleason
score, and chest radiographic findings were not available in
several cases. The pathologic data evaluated in each case
included growth pattern (lymphangitic or parenchymal), the
histologic pattern of PALM (microacinar, tubulopapillary
[ductal], or carcinoid-like), focality, tumor necrosis, stromal
response, nuclear pleomorphism, prominence of nucleoli,
nuclear chromatin pattern, mitotic rate, cytoplasmic features,
presence of glandular intraluminal blue mucin, tumor cell
shape, and prominence of tumor cell borders. Immunohisto-
chemical stains for PSA and/or prostate-specific acid phos-
phatase (PSAP) had been performed in 14 cases, and chro-
mogranin and synaptophysin were used in 1 of 2 cases
exhibiting a carcinoid-like pattern at the time of original
diagnosis. Mitotic counts were obtained by identifying
mitotic figures in 10 consecutive high-power fields using a
Nikon Eclipse E400 microscope with a Nikon Plan 40×/0.65
objective lens and a 10× ocular lens (Nikon, Tokyo, Japan).
The degree of nuclear pleomorphism was established based
on a 4-tiered scale: absent, mild, moderate, or marked.
Nuclear pleomorphism was considered absent if the size and
shape of tumor nuclei were uniform, mild if the largest
tumor cell nuclear diameter was twice that of the smallest,
moderate if the largest was 3 times greater, or marked if
there was a 4-fold or greater variation in nuclear size.

Results

In most cases (n = 15), the pulmonary metastases were
identified after the primary prostatic tumor was identified.
However, in 1 case, the prostatic primary tumor was diag-
nosed 2 years after a solitary pulmonary metastasis seen on
computed tomography scan had been diagnosed as a poorly
differentiated adenocarcinoma. The time interval between
the diagnosis of the prostatic primary tumor and the lung
metastases ranged from 0 to 14 years (median, 2 years). Age
at diagnosis of pulmonary metastases ranged from 52 to 80
years (for 16/16 cases; median, 70 years) and at diagnosis of
prostatic adenocarcinoma from 50 to 82 years (available for
10/16 cases; median, 69).

For the pulmonary lesions, the surgical procedures
included lobectomy (n = 1), open lung biopsy (n = 6),
transthoracic needle aspiration biopsy (n = 4), and trans-
bronchial biopsy (n = 5). Information about laterality and
lobe involvement by pulmonary metastases were available
for 10 of 16 cases: right upper lobe (n = 2), right middle lobe
(n = 1), right lower lobe (n = 3), left upper lobe (n = 2), and
left lower lobe (n = 2). In the remaining patients, tumor was

localized to the left lung, unspecified site (n = 3), or the loca-
tion was not given (n = 3). No tumors were endobronchial.

In 11 cases, there was a solitary pulmonary metastasis
that ranged from 0.1 to 2.5 cm. Five cases exhibited multiple
metastatic lung nodules within the same lobe of lung. The
multiple lesions were most commonly identified in the
subpleural region and ranged from 0.1 to 4 cm in greatest
dimension.

Pathologic Findings

Three histologic patterns of PALM were identified:
microacinar with or without cribriform gland formation (n =
10) ❚ Image 1❚ , ❚ Image 2❚ , and ❚ Image 3❚ ; tubulopapillary
(ductal) with cribriform glandular architecture and come-
donecrosis (n = 4) ❚ Image 4❚ , ❚ Image 5❚ ; and carcinoid-like
(n = 2) ❚ Image 6❚ , ❚ Image 7❚ . Tumor cell necrosis was
present in 14 cases. The predominant distribution in the
lung was lymphangitic (n = 10) or parenchymal (n = 2).
However, 4 of 16 cases could not be assigned a predominant
distribution pattern because of the lack of orientation or
paucity of material in the paraffin-embedded cell block from
transthoracic fine-needle aspiration biopsies. Stromal
desmoplasia was absent in all cases. Nuclear pleomorphism
was absent (n = 6) or mild (n = 10); moderate or severe
nuclear pleomorphism was not observed. The cytoplasm
was eosinophilic (n = 12), amphophilic (n =  2), or clear (n
= 2). Eosinophilic nucleoli were prominent in 11 cases. The
nuclear chromatin pattern was coarse or hyperchromatic (n
= 9) or vesicular (n = 7). The mitotic rate ranged from 0 to

❚ Image 1❚ Microacinar pattern of prostatic adenocarcinoma
with lung metastases. At low magnification there is an
interlobular and perivascular distribution of tumor (H&E, ×10).
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58 (median, 9) per 10 consecutive high-power fields. Glan-
dular intraluminal blue mucin was present in 3 cases (Image
3), but none of the tumors showed intracytoplasmic mucin.
Tumor cell borders were distinct in 14 cases. The tumor cell
shape was polygonal (n = 10), polygonal to columnar (n =
4), or predominantly cuboidal (n = 1) or columnar (n = 1).

Of 14 cases, 13 (93%) stained for PSA showed positive
immunoreactivity in the tumor cells; all 13 cases that were
stained for PSAP were positive. The case that showed nega-
tive immunoreactivity with PSA was positive for PSAP.
Chromogranin and synaptophysin were negative in 1 of 2
cases with a carcinoid-like pattern.

❚ Image 2❚ Microacinar pattern of prostatic adenocarcinoma
with lung metastases. There is a small acinar proliferation of
tumor cells with minimal pleomorphism, eosinophilic
cytoplasm, and conspicuous nucleoli (H&E, ×25).

❚ Image 3❚ Microacinar pattern of prostatic adenocarcinoma
with lung metastases. Some of the tumor cells contain
wispy intraluminal blue mucin (H&E, ×100).

❚ Image 4❚ Tubulopapillary (ductal) pattern of prostatic
adenocarcinoma with lung metastases. The tubulopapillary
structures are associated with prominent comedonecrosis,
reminiscent of intestinal type adenocarcinoma (H&E, ×25).

❚ Image 5❚ Tubulopapillary (ductal) pattern of prostatic
adenocarcinoma with lung metastases. At higher magnifi-
cation, the cuboidal, stratified tumor cells have irregular nuclear
chromatin and prominent nucleoli. These features are distinctly
different from the microacinar pattern (Image 2) (H&E, ×63).
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Discussion

Several clinicopathologic studies have addressed PALM,
but the histologic features or the extent to which they mimic
or differ from primary pulmonary neoplasms has not been
described in detail. Clinical detection of PALM is infrequent
because patients usually are asymptomatic, except in cases
with pulmonary lymphangitic carcinomatosis.6,7 In a retro-
spective review of chest radiographs from patients with stage
D prostatic adenocarcinoma (advanced metastatic prostatic
carcinoma involving bone, lymph nodes, or parenchymal
organs), Apple et al8 found radiographic abnormalities
suspected to represent intrathoracic metastases in 24% of
cases. Lindell et al9 retrospectively reviewed the chest radi-
ographs at initial diagnosis of 1,435 patients with prostatic
carcinoma and identified 75 (5.2%) with mediastinal nodal
and/or pulmonary parenchymal metastases. At diagnosis, 60
of these patients had a nodular pattern of PALM, 12 had
mediastinal adenopathy and/or pulmonary nodules, and 3
had a lymphangitic pattern.9 In an autopsy study of the
metastatic patterns of prostate cancer by Bubendorf et al,10

556 (35.0%) of 1,589 patients showed hematogenous metas-
tases, and the prevalence of lung metastases in these cases
was 45.7%. In contrast with this high percentage seen at
autopsy, the frequency with which the general surgical
pathologist encounters PALM in biopsy or resection speci-
mens is quite uncommon because the lesions are asympto-
matic, the presence of metastases may be clinically obvious
based on multifocality of pulmonary lesions and the rise in
the serum PSA level, the patient might not be a candidate for

surgical intervention, or metastases may not be detected on
routine chest radiographs. Radiographic studies have shown
the detection rate of PALM to be approximately 5%.5,7,11

We set out to define specific morphologic features of
PALM to help facilitate a correct diagnosis and to alert
pathologists to consider it in the differential diagnosis in
appropriate cases. In most of our cases (n = 15), the
pulmonary metastases were discovered after the diagnosis of
a prostatic primary tumor, and in the majority (n = 11) the
lesions were solitary, heightening clinical suspicion of a
pulmonary primary neoplasm. One case of a solitary lung
metastasis, which was diagnosed initially as a poorly differ-
entiated adenocarcinoma on scant material from a transtho-
racic needle aspiration biopsy, was detected 2 years before
the identification of the prostatic primary neoplasm. This
patient did not receive additional surgery for the pulmonary
lesion. However, a recent case report of solitary PALM
without osseous or nodal metastases indicated that the
patient underwent unnecessary lobectomy.4 Other pitfalls
that might lead to misinterpretation of PALM as a primary
pulmonary neoplasm include the presence of only a limited
amount of tumor in biopsy or fine-needle aspiration speci-
mens, a tubulopapillary (ductal) or carcinoid-like histologic
pattern that does not readily permit the association of the
pulmonary tumor with prostatic carcinoma histologic
features, and the frequent presence of necrosis in PALM,
which is unusual in primary prostatic carcinomas.

The histologic findings that usually are encountered in
pulmonary adenocarcinoma that are not seen in PALM
include marked nuclear pleomorphism with irregular nuclear

❚ Image 6❚ Carcinoid-like pattern of prostatic adenocarcinoma
with lung metastases. There is a prominent nested
arrangement of tumor cells at low magnification (H&E, ×63).

❚ Image 7❚ Carcinoid-like pattern of prostatic adenocarcinoma
with lung metastases. The finely stippled chromatin pattern
of neuroendocrine lung tumors is lacking (H&E, ×100).
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contours, indistinct tumor cell borders, intracytoplasmic
mucin, stromal desmoplastic reaction to tumor, and a lepidic
pattern of growth.12 Features of PALM that may aid in distin-
guishing it from pulmonary adenocarcinoma are lymphan-
gitic distribution, absent to mild nuclear pleomorphism, abun-
dant eosinophilic cytoplasm with conspicuous round nucleoli,
and distinct cell borders. Wispy intraluminal basophilic
mucin, without intracytoplasmic mucin, was present in a rela-
tively small proportion of the cases, but this finding should
alert the pathologist to the possibility of PALM because of its
strong association with prostatic adenocarcinoma.13

The tubulopapillary (ductal) pattern corresponds to the
histologic features that when present in a predominant or
pure form are designated as prostatic duct adenocarcinoma
and account for approximately 1% of prostatic adenocarci-
nomas.14-16 In addition, this variant may be seen in conjunc-
tion with conventional or the usual type of prostatic adeno-
carcinoma in varying proportions in up to 40% of cases
(prostatic adenocarcinoma with ductal features). In our
series, the tubulopapillary (ductal) pattern was the second
most frequent form of PALM. The overrepresentation of this
pattern in PALM provides further support to the aggressive
nature of this variant of prostatic adenocarcinoma.17-20 More-
over, it could be easily confused with a metastatic colonic
adenocarcinoma or a pulmonary adenocarcinoma because of
its tubulopapillary and/or cribriform appearance and frequent
comedonecrosis.14 The cells are cuboidal to columnar and
invariably stratified and contain irregular nuclear chromatin
and prominent nucleoli.

On low-power examination, 2 of the cases had a striking
carcinoid-like appearance; however, neither showed the finely
stippled chromatin pattern characteristic of carcinoid tumors
or other pulmonary neuroendocrine neoplasms.12 This feature
of carcinoid-like tumor appearance also has been noted, on
occasion, in primary prostatic adenocarcinomas and may be
focal or extensive.21 Some authors have suggested that previ-
ously reported cases of “prostatic carcinoid tumors” most
likely represent adenocarcinoma of the prostate with neuroen-
docrine features.14,21,22 Anton et al23 reported 3 cases of
PALM mimicking carcinoid tumor in which an initial diag-
nosis of primary pulmonary or mediastinal carcinoid tumor
had been made. The problem is further compounded if the
cases are analyzed by immunohistochemical analysis, as up
to 47% of conventional or the usual type prostatic adenocarci-
nomas show evidence of neuroendocrine differentiation.24

Therefore, caution is warranted while interpreting immuno-
histochemical stains in this setting, as neuroendocrine
markers (chromogranin or synaptophysin) alone will not
exclude a prostatic adenocarcinoma.

Other entities in the differential diagnosis of PALM
include malignant melanoma, non-Hodgkin lymphoma,
acinic cell carcinoma, and adenoid cystic carcinoma. When

the histologic features are equivocal, immunohistochemical
staining for PSA or PSAP is of utmost importance and
should be used along with a panel of other antibodies for the
diagnosis of pulmonary adenocarcinoma, such as the pres-
ence of thyroid transcription factor-1 and cytokeratin 7 and
absence of cytokeratin 20.25,26

We have detailed the major histologic features of PALM
and emphasized its varied appearances. Distinction from
pulmonary adenocarcinoma, neuroendocrine lung tumors,
and other tumors can be achieved by careful observation of
morphologic detail and with clinical correlation. In selected
cases, the use of immunohistochemical stains, including PSA
and/or PSAP, along with other markers may help make this
distinction. Proper recognition of PALM may prevent unnec-
essary surgery and may prompt the use of other therapeutic
modalities, including hormonal therapy or chemotherapy.
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