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® Context—Several aspects of sweat gland carcinomas (in-
cidence, classification, diagnosis, and behavior) have not
been definitively clarified and need to be studied further.

Objective.—The clinicopathologic findings of a large se-
ries of sweat gland carcinomas, collected during a period
of 15 years, are presented.

Methods.—Sixty sweat gland carcinomas (41 porocar-
cinomas, 3 syringomatous carcinomas, 8 ductal carcino-
mas, 5 adenoid cystic carcinomas, and 3 mucinous carci-
nomas) were analyzed histologically and immunohisto-
chemically.

Results.—Porocarcinomas were composed of eosino-
philic and clear atypical cells arranged in solid-cystic lob-
ular masses. These tumors were divided into 2 subgroups:
horizontal porocarcinomas, showing a prominent intraepi-
dermal component, and nodular porocarcinomas, which
demonstrated predominant nodular growth. Syringoma-
tous carcinomas presented keratinizing and nonkeratiniz-
ing cysts, dilated tubules (sometimes with a “tadpole” ap-

Although the first commonly accepted case was report-
ed by V. Cornil as early as 1865,' sweat gland carci-
nomas were still surrounded by mystery at the beginning
of the 1950s, because few cases had been described and
these were not well documented. In 1943, reviewing the
world literature up to 1939, Gates et al' counted only 29
descriptions of sweat gland carcinomas, 8 of which had
been reported in the 1800s. In 1951, Stout and Cooley?
opened the modern era of pathology of sweat gland car-
cinomas, giving a precise definition of such tumors. They
reported 11 well-documented new cases, including 6 tu-
mors that had metastasized and 5 that showed extensive
local growth only.2 The authors also provided descriptions
of particular histologic types of tumors, such as adenoid
cystic carcinoma, mucinous carcinoma, and ductal carci-
noma.? The first classification of sweat gland carcinomas,
however, dates back only to 1968, when Berg and Mc-
Divitt* presented the largest series found in the literature
(101 tumors) and proposed a classification system paral-
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pearance), small neoplastic ducts, solid islands, and cellu-
lar cords. Ductal carcinomas were characterized by a
prominent formation of tubules, solid islands, and cellular
cords. Adenoid cystic carcinomas presented a character-
istic pattern, showing basaloid monomorphous cells with
moderately atypical nuclei, arranged in cribriform or solid
islands and in tubular structures. Mucinous carcinomas
were composed of moderately atypical cells with eosino-
philic vacuolated cytoplasm, forming solid and cystic is-
lands floating in large mucin pools. Immunohistochemi-
cally, cytokeratin was found in neoplastic cells in all cases,
carcinoembryonic antigen was detected in 73% of cases,
and actin-positive (myoepithelial) cells were not found.
Conclusions.—Although numerous studies have been
published in recent years, the histologic features, histogen-
esis, and classification of sweat gland carcinomas still re-
main controversial and need to be clarified by further stud-
ies.
(Arch Pathol Lab Med. 2001;125:498-505)

leling that used for sweat gland adenomas. In recent de-
cades, although numerous studies on this subject have
been published,>*'” many aspects of carcinomas of sweat
glands (eg, their incidence, classification, diagnosis, and
behavior) still remain obscure. Previous publications have
attributed such difficulties to objective causes, such as the
relative rarity of such neoplasms, their resemblance to
some metastatic visceral carcinomas, the too-wide range
of their histologic appearances, and the confusing termi-
nology used by various authors.!01116

In this article, we report 60 cases of sweat gland carci-
nomas, which were collected over a period of 15 years.

MATERIALS AND METHODS

Fifty-six cases of sweat gland carcinomas were collected at the
Institute of Anatomic Pathology, University of Florence, Italy (Jan-
uary 1, 1984 through December 31, 1994) and at the Department
of Anatomic Pathology, Dermatopathology Section, S. M. Annun-
ziata Hospital, ASL 10 of Florence, Italy (January 1, 1995 through
December 31, 1998). Four cases had been sent for consultation to
2 of the authors (C.U, R.B.) during the same periods. Twelve
tumors (cases 9, 42, 4648, 51, 52, and 56-60) have been described
in the literature previously.!®18-20

Specimens were fixed in 10% buffered formaldehyde, and par-
affin-embedded histologic sections were stained with hematox-
ylin-eosin. Additional sections were stained with periodic acid-
Schiff (PAS), before and after diastase digestion. For immunocy-
tochemical study, sections were mounted on poly-L-lysine (Sigma
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Chemical Co, St Louis, Mo)-coated glass slides and dried over-
night at 37°C, then were dewaxed, hydrated, and treated with
0.4% hydrogen peroxidase in absolute methanol for 15 minutes
at room temperature to block endogenous peroxidase activity.
Subsequently, the sections were washed in phosphate-buffered
saline (pH 7.4) and treated with normal horse serum (Vector Lab-
oratories, Burlingame, Calif) for 20 minutes to reduce back-
ground staining. Three primary antibodies were used: monoclo-
nal anti-a-smooth muscle actin, clone 1A4 (dilution 1:2000; Sig-
ma); anti-human cytokeratin, clone CAM 5.2 (Becton Dickinson,
San Jose, Calif); and monoclonal mouse anti—carcinoembryonic
antigen (CEA), clone 2C23 (Zymed Laboratories, San Francisco,
Calif). After being washed in phosphate-buffered saline, sections
were incubated with biotinylated horse anti-mouse IgG (dilution
1:200; Vector) for 30 minutes at room temperature. After washing,
they were treated with avidin-biotin-peroxidase complex (Vector)
for 30 minutes at room temperature. As a final indicator, 3,3'-
diaminobenzidine (Sigma) was used with Mayer’s hematoxylin
as the counterstain.

RESULTS

The cases were histologically classified as follows: po-
rocarcinomas (n = 41), syringomatous carcinomas (n = 3),
ductal carcinomas (n = 8), adenoid cystic carcinomas (n
= 5), and mucinous carcinomas (n = 3).

Porocarcinomas (Cases 1-41)

This series included 23 male and 18 female patients; the
average age was 74.3 years (range 12-97 years). Nineteen
lesions were located on the head, 2 on the neck, 4 on the
upper limb, 1 on the axilla, 4 on the chest, 1 on the ab-
domen, 2 on the groin, 7 on the lower limb, and 1 in the
vulva. Tumors were described as nodular, nodular-ulcer-
ative, vegetative masses, or as infiltrated plaques. Two pa-
tients had 1 recurrence, 1 patient had 2 recurrences, 2 pa-
tients had lymph node metastases, and 1 patient had both
1 recurrence and lymph node metastases (Table 1).

Histologically, tumors of this series were mainly char-
acterized by solid neoplastic lobular masses or islands,
showing cystic cavities due to extensive cellular necrosis
(Figure 1). Neoplasms were composed of 2 types of atyp-
ical cells: eosinophilic and clear cells. Eosinophilic cells
were polyhedral or fusiform with round to oval hyper-
chromatic nuclei, distinct nucleoli, indistinct cell bound-
aries, and a variable amount of cytoplasm, which ap-
peared scanty and densely eosinophilic (small eosino-
philic cells) or abundant, granular, lightly eosinophilic,
and sometimes pale (large eosinophilic cells). Clear cells,
observed in 50% of the cases, were large and polyhedral
and had round to oval nuclei, abundant clear cytoplasm,
and distinct cell borders. Transitions from small eosino-
philic to large eosinophilic to clear cells occurred. All neo-
plasms showed asymmetry of architecture at scanning
magnification; 35 displayed infiltrative growth. Tumors
presented epidermal contact in 34 cases; epidermal ulcer-
ation, scale crust, and focal ductal formation (Figure 2, b
and c) in 26 cases; and a comedo-like appearance (Figure
2, a) in 6 cases. Stromal retraction between tumor islands
and dermal connective tissue was observed in 12 cases.
Dermal infiltration was present in 35 cases, and hypoder-
mal involvement was evident in 10. All cases displayed
nuclear atypia. Mitoses were frequent and were particu-
larly prominent in some zones of some tumors. Endolym-
phatic invasion was observed in 7 cases, acantholysis of
tumor cells in 10 cases, squamous whorls in 15 cases, and
hyalinized stroma was evident in 7 cases. Case 23 showed
marked atypia with numerous multinucleated neoplastic
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cells; case 30 had evidence of perineural neoplastic in-
volvement. Case 33 was composed almost entirely of clear
cells. Case 34 displayed a pagetoid epidermal pattern (Fig-
ure 3). An inflammatory infiltrate around neoplastic mas-
ses was observed in almost all cases; the infiltrate was
composed of lymphocytes and plasma cells, rarely mixed
with neutrophils and eosinophils.

On the basis of the architectural models, tumors were
divided into 2 subgroups. Subgroup A (cases 1-13) con-
sisted of 13 neoplasms that formed a homogeneous group
characterized by the presence of a prominent intraepider-
mal component and consequently by a predominantly
horizontal growth pattern (horizontal porocarcinomas) (Fig-
ure 4). The intraepidermal portion of the growth was com-
posed of large atypical cells that were arranged in irreg-
ular nests and islands, variable in size and in shape, and
sharply demarcated from the surrounding epidermal ke-
ratinocytes. Six tumors were entirely intraepidermal (cases
1-6), and 7 tumors also showed an infiltrative dermal
component, constituted by polymorphous masses and is-
lands of atypical cells. Cells of the intraepidermal islands
were identical to those invading the dermis. Subgroup B
(cases 14-41) consisted of 28 tumors without a significant
intraepidermal component and showing a nodular growth
pattern (nodular porocarcinomas) (Figure 1, a). Neoplastic
cells infiltrated the dermis; were arranged in solid lobular
masses, islands, and sheets; and showed cystic spaces that
were empty or contained amorphous cellular debris (Fig-
ure 1, b). Epidermal contact was observed in 21 cases in
this subgroup.

Histochemically, neoplastic cells contained glycogen in
26 cases and intratubular, PAS-positive, diastase-resistant
material in 20 cases. Immunohistochemically, tumor cells
were positive for cytokeratin and negative for actin. Intra-
ductal CEA-positive material was observed in 23 cases
(Table 2). Two neoplasms were associated with a poroma
(cases 14 and 15).

Syringomatous Carcinomas (Cases 42-44)

This series included 1 man and 2 women. The average
age of the patients was 70.3 years (range 48-84 years).
Two tumors, appearing as ulcerative nodules, were locat-
ed on the lip (cases 42 and 44), and 1 occurred on the
eyelid (case 43) (Table 1).

Histologically, these tumors, which were composed of
tubules, keratinizing cystic structures, solid islands, cel-
lular cords, and desmoplastic stroma (Figure 5), resem-
bled syringomas and diffusely infiltrated the dermis. All
cases showed epidermal contact; 2 cases (cases 42 and 44)
showed subcutaneous fat infiltration, but no nuclear atypia
or mitoses, whereas case 43 showed slight atypia and few
mitoses. Perineural infiltration and hyalinized stroma
were found in 2 tumors (cases 42 and 43). Case 42 also
showed tubules with a “tadpole’” appearance, nonkeratin-
izing cysts, ulceration, and muscular tissue involvement.

Histochemically, all the tumors showed intraluminal,
PAS-positive, diastase-resistant material. Immunohisto-
chemically, neoplastic cells were positive for cytokeratin
and negative for actin; CEA was found in intratubular ma-
terial (Table 2).

Ductal Carcinomas (Cases 45-52)

The patients with ductal carcinoma included 7 women
and 1 man; the mean age of these patients was 72.4 years
(range 49-85 years). The involved sites were the head in
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Table 1. Clinical Summary of 60 Cases of Sweat Gland Carcinomas
Case No. Sex/Age,y Site Diagnosist Comment
1 M/76 Thigh Horizontal porocarcinoma in situ
2 F/90 Abdomen Horizontal porocarcinoma in situ
3 M/60 Chest Horizontal porocarcinoma in situ
4 F/89 Left leg Horizontal porocarcinoma in situ
5 M/84 Scalp Horizontal porocarcinoma in situ
6 M/76 Forearm Horizontal porocarcinoma in situ
7 M/86 Thigh Horizontal porocarcinoma
8 F/12 Vulva Horizontal porocarcinoma o
9* F/65 Chest Horizontal porocarcinoma Lymph node metastases
10 M/80 Right leg Horizontal porocarcinoma 1 Recurrence + lymph node metastasis
11 M/71 Preauricular Horizontal porocarcinoma
12 M/80 Preauricular Horizontal porocarcinoma
13 M/58 Right knee Horizontal porocarcinoma o
14 F/71 Retroauricular Nodular porocarcinoma Associated with a poroma
15 F/70 Axilla Nodular porocarcinoma Associated with a poroma
16 M/72 Ear Nodular porocarcinoma
17 F/92 Forehead Nodular porocarcinoma o
18 M/68 Temporal region Nodular porocarcinoma 1 Recurrence
19 M/69 Ear Nodular porocarcinoma
20 F/81 Back Nodular porocarcinoma
21 F/84 Neck Nodular porocarcinoma
22 M/85 Ear Nodular porocarcinoma
23 F/86 Groin Nodular porocarcinoma
24 M/75 Hand Nodular porocarcinoma
25 F/90 Wrist Nodular porocarcinoma
26 F/74 Cheek Nodular porocarcinoma
27 M/80 Retroauricular Nodular porocarcinoma o
28 F/78 Scalp Nodular porocarcinoma 2 Recurrences
29 M/82 Nose Nodular porocarcinoma 1 Recurrence
30 M/62 Ear Nodular porocarcinoma
31 M/54 Neck Nodular porocarcinoma
32 F/19 Groin Nodular porocarcinoma
33 M/41 Scalp Nodular porocarcinoma o
34 F/69 Dorso Nodular porocarcinoma Lymph node metastases
35 M/58 Eyebrow Nodular porocarcinoma
36 F/77 Leg Nodular porocarcinoma
37 M/60 Cheek Nodular porocarcinoma
38 M/97 Retroauricular Nodular porocarcinoma o
39 M/77 Scalp Nodular porocarcinoma 1 Subcutaneous metastasis
40 F/76 Left leg Nodular porocarcinoma
41 F/90 Right hand Nodular porocarcinoma
42* F/79 Lip Syringomatous carcinoma
43 F/84 Eyelid Syringomatous carcinoma
44 M/48 Lip Syringomatous carcinoma o
45 F/70 Axilla Ductal carcinoma, G1 1 Recurrence
46* F/85 Chest Ductal carcinoma, G1 o
47%* F/49 Scalp Ductal carcinoma, G2 2 Recurrence + lymph node metastasis
48* M/85 Chest Ductal carcinoma, G2 o
49 F/60 Vulva Ductal carcinoma, G2 1 Recurrence
50 F/77 Cheek Ductal carcinoma, G3
51* F/83 Forehead Ductal carcinoma, G3
52% F/70 Forehead Ductal carcinoma, G3
53 M/46 Axilla Adenoid cystic carcinoma
54 F/60 Forearm Adenoid cystic carcinoma
55 F/81 Vulva Adenoid cystic carcinoma
56*% F/40 Abdomen Adenoid cystic carcinoma
57* M/83 Chest Adenoid cystic carcinoma o
58* F/78 Abdomen Mucinous carcinoma Lymph node metastases
59* M/47 Eyelid Mucinous carcinoma o
60* F/71 Vulva Mucinous carcinoma No follow-up data available

* Cases previously published.1618-20
t G1 indicates well-differentiated; G2, moderately differentiated; and G3, poorly differentiated.

4 cases, chest in 3 cases, and vulva in 1 case. Clinically,
lesions were nodules or plaques, with ulceration of the
overlying epidermis in 3 cases. No signs of other neoplas-
tic disease were evident in any of these patients. Two le-
sions recurred locally after removal, 1 of which recurred
twice. Lymph node metastases occurred in 1 case (Table

1).
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Histologically, these tumors were characterized by the
presence of tubular structures mixed with variable
amounts of cellular cords (Figure 6). The dermis was in-
filtrated in all cases, and the subcutaneous fat and peri-
neural spaces were involved in 4 cases. Solid islands were
observed in 4 cases. The stroma was desmoplastic in 5
cases and hyalinized in 2. Epidermal contact and ulcera-
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tion occurred in 3 cases. Nuclear atypia was present in all
cases. Mitoses were not prominent. Cases 45 and 46 were
well-differentiated tumors, mainly composed of numerous
tubular structures. Cases 47, 48, and 49 appeared to be
moderately differentiated tumors. Case 47 was composed
of numerous small tubules mixed with cellular cords, and
case 48 showed large solid masses, sometimes with nu-
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Figure 1. Nodular porocarcinoma. Solid-
cystic architecture (case 16) (hematoxylin-eo-
sin, original magnifications X25 [a], X100
[bl).

Figure 2. Porocarcinoma. a, Case 7. Com-
edo-like appearance (hematoxylin-eosin,
original magnification X100). b, Case 9. Fo-
cal ductal differentiation, acrosyringium type
(hematoxylin-eosin, original magnification
X250). ¢, Case 11. Focal ductal differentia-
tion, dermal duct type (hematoxylin-eosin,
original magnification X200).

Figure 3. Case 34. Porocarcinoma. Pagetoid
epidermal pattern (hematoxylin-eosin, origi-
nal magnification X200).

Figure 4. Case 8. Horizontal porocarcino-
ma. Prominent intraepidermal component
and irregular neoplastic islands infiltrating the
dermis (hematoxylin-eosin, original magnifi-
cation X25).

Figure 5. Syringomatous carcinoma. a, Case
42. Horny cysts and tubular structures em-
bedded in a desmoplastic stroma (hematox-
ylin-eosin, original magnification X50). b,
Case 44. Solid islands and horny cysts (he-
matoxylin-eosin, original magnification X75).

Figure 6. Case 46. Ductal carcinoma.
Prominent tubular formation (hematoxylin-
eosin, original magnification X25).

merous ductal structures (Figure 7) and sometimes as-
suming a vague cribriform appearance. Case 49 showed
ductal structures mixed with islands of cells with brightly
eosinophilic, granular cytoplasm. Cases 50, 51, and 52
were poorly differentiated neoplasms composed of nu-
merous cellular cords mixed with a small number of duc-
tal structures.

Carcinomas of Sweat Glands—Urso et al 501



Table 2. Immunohistochemical Findings in Sweat
Gland Carcinomas*

Tumor (No. of Cases Tested) Cytokeratin* CEA*  Actin*
Porocarcinomas (38) 38/38 23/38 0/38
Syringomatous carcinomas (3) 3/3 3/3 0/3
Ductal carcinomas (8) 8/8 4/8 0/8
Adenoid cystic carcinomas (5) 5/5 5/5 0/5
Mucinous carcinomas (2) 2/2 2/2 0/2

* CEA indicates carcinoembryonic antigen.

Histochemically, all cases showed intraluminal, PAS-
positive, diastase-resistant material. Immunohistochemi-
cally, neoplastic cells were positive for cytokeratin and
negative for actin; intratubular CEA-positive material was
found in 4 cases (Table 2).

Adenoid Cystic Carcinomas (Cases 53-57)

This series included 3 men and 2 women; the mean age
of patients in this group was 61.2 years (range 40-81
years). Tumors, described as cutaneous masses or nod-
ules, were located on the chest (2 cases), abdomen (1 case),
forearm (1 case), and vulva (1 case). Patients presented no
salivary lesions nor any signs of neoplastic disease. No
recurrences or metastases were observed after surgical re-
moval (Table 1).

Histologically, all tumors presented the characteristic
histologic appearance of adenoid cystic carcinoma, and all
involved the dermis. Cells were basaloid and monomor-
phous; had moderately atypical, round, hyperchromatic
nuclei and inconspicuous cytoplasm; and were arranged
in cribriform masses or islands and in tubular structures
(Figure 8, a). Solid masses or islands composed of sheets
of uniform neoplastic cells occurred in 2 cases (cases 55
and 57), large cystic spaces in 1 (case 55), and necrosis of
neoplastic cells in 1 (case 55). Epidermal contact was ob-

Figure 7. Case 48. Ductal carcinoma. Tu-
bules, solid masses, and cords (hematoxylin-
eosin, original magnification X100).

Figure 8. Adenoid cystic carcinoma. a, Case
55. Cribriform and tubular structures (hema-
toxylin-eosin, original magnification X75). b,
Case 56. Cribriform masses and lumina con-
taining carcinoembryonic antigen (CEA)-pos-
itive material (immunostaining for CEA, orig-
inal magnification X150).

Figure 9. Mucinous carcinoma. a, Case 59.
Cribriform islands floating in large mucin
pools (hematoxylin-eosin, original magnifi-
cation X125). b, Case 58. Solid islands and
mucinous material (hematoxylin-eosin, origi-
nal magnification X100).
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served in 2 cases (cases 55 and 57), and subcutaneous fat
involvement was evident in 2 cases (cases 54 and 57). Peri-
neural spaces were involved by neoplastic proliferation in
1 case (case 57).

Histochemically, microcystic spaces contained eosino-
philic, PAS-positive, diastase-resistant material. Immuno-
histochemically, cells were positive for cytokeratin, and
cells lining the lumina and intraluminal material were
positive for CEA (Figure 8, b). No actin-positive cells were
found (Table 2).

Mucinous Carcinomas (Cases 58-60)

The 3 patients in this category included 2 women and
1 man; their average age was 62.6 years (range 47-71
years). Two lesions presented as nodules, and 1 presented
as a mass; the tumors were located on the eyelid, vulva,
and abdomen. No signs of other neoplastic disease were
evident in these 3 patients. In case 58, a lymph node me-
tastasis was observed 3 months after the surgical excision.
No recurrence was noted in cases 58 and 59. In case 60,
follow-up data were not available (Table 1).

Histologically, these tumors involved the dermis in all
cases, involved the subcutaneous fat in 2 cases, and ap-
peared to be divided into lobules by thin strands of fi-
brous tissue (Figure 9, a). Neoplastic cells, arranged in
solid islands (cases 58 and 59) (Figure 9, b), cribriform
masses (cases 59 and 60) (Figure 9, a), tubules, and small
nests (case 60), floated in large pools of clear, PAS-positive,
diastase-resistant material (cases 58, 59, and 60) and tend-
ed to form cystic structures (case 59). Cells were moder-
ately atypical with round or oval nuclei and eosinophilic,
vacuolated, or clear cytoplasm (Figure 9), sometimes hav-
ing a signet ring appearance.

Histochemically, PAS-positive, diastase-resistant mate-
rial was contained in neoplastic cells. Cytokeratin and
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CEA were immunohistochemically detected in neoplastic
cells. No actin-positive cells were found (Table 2).

COMMENT

The major group of tumors in this series (cases 1-41)
were porocarcinomas (acrospirocarcinomas, clear cell hid-
radenocarcinomas).>!3-152! Porocarcinoma represents a
broad spectrum of epidermal, juxtaepidermal, and dermal
malignant tumors composed of atypical eosinophilic and
clear cells arranged in solid masses and in sheets, which
frequently show cystic excavations due to extensive necro-
sis.>1321 The classification of such tumors does not meet
with general agreement. In fact, while some authors have
reported such neoplasms as a unique diagnostic enti-
ty,>132! others have described them under 2 different di-
agnostic categories, porocarcinoma and hidradenocarci-
noma, regarded as malignant counterparts of 2 different
benign tumors (ie, poroma and hidradenoma, respective-
ly).1#151722 Poroma and hidradenoma, however, appear to
share several histologic features (nodular-cystic architec-
ture, eosinophilic and clear squamous cells, and duct for-
mation'”) and seem to be strictly related tumors. In fact,
in 1969, Johnson and Helwig? grouped them in the same
diagnostic category (acrospiroma), and in 1990, Abenoza
and Ackerman,'* although considering them to be differ-
ent neoplasms, described a benign tumor showing inter-
mediate histologic characteristics (poroid hidradenoma).
Similarly, porocarcinoma and hidradenocarcinoma appear
to be closely related neoplasms, which present several
overlapping histologic features, including solid-cystic pat-
tern, eosinophilic and clear cells, central necrosis of tumor
lobules, and ductal structures.’>'#172¢ A histologic border
between such tumors has not been clearly defined, and
the differential diagnosis has not been adequately dis-
cussed,*'%17 therefore distinguishing between the two, if
possible, is often difficult, especially when the tumors are
not well-differentiated.

As previously noted,'* the porocarcinomas in our series
presented 2 different models of growth, horizontal and
nodular, which seemed to show an analogy with super-
ficial spreading and nodular malignant melanomas, re-
spectively. Horizontal porocarcinomas showed a promi-
nent intraepidermal component, extending horizontally,
whereas nodular porocarcinomas presented as nodular
dermal neoplasms, extending mainly in a vertical sense.
In this study, tumors were arbitrarily considered horizon-
tal porocarcinomas (13 cases) when the intraepidermal
component involved at least 3 rete ridges adjacent to the
dermal component. Tumors were considered to be nodu-
lar (28 cases) when the intraepidermal component was ab-
sent or involved fewer than 3 adjacent rete ridges. Six of
13 horizontal porocarcinomas did not show neoplastic
cells infiltrating the dermis, although they displayed cel-
lular atypia and a high number of mitoses. Horizontal po-
rocarcinomas must be distinguished from some benign
and malignant neoplasms. Intraepidermal poroma shows
neither atypical cells nor an irregular epidermal pattern of
growth.’* Clonal seborrheic keratosis shows well-defined
epidermal nests of basaloid cells with distinct intercellular
bridges, without atypia or mitoses.?> Bowen disease and
squamous cell carcinoma arising in Bowen disease dem-
onstrate a more pronounced atypism of keratinocytes,
dyskeratosis,'® and a severe architectural effacement. This
is due to the neoplastic transformation of keratinocytes,
rather than to an invasion by malignant cells other than

Arch Pathol Lab Med—Vol 125, April 2001

keratinocytic cells. Paget disease is characterized by larger
cells with ample cytoplasm, occurring singly or in clus-
ters, which are positive for mucins.'”®> Nodular porocarci-
nomas must be differentiated from squamous cell carci-
noma, sebaceous carcinoma, and proliferating trichilem-
mal tumor. Squamous cell carcinomas generally originate
in actin-damaged skin or in chronic ulcerative processes
and show more prominent keratinization, dyskeratosis,
and true horny pearls, while displaying no cystic cavity
or ductal formation with PAS-positive, diastase-resistant
material.}*?> Sebaceous carcinomas show clear cells with
bubbly cytoplasm due to lipid vacuoles.’® Proliferating tri-
chilemmal tumors are solid-cystic, well-demarcated neo-
plasms, whose lobules are sometimes surrounded by a vit-
reous layer and show palisading of their peripheral cell
layer.2? Clear cell tumors such as balloon cell melanomas
and metastatic renal cell carcinomas are also in the differ-
ential diagnosis.’* Porocarcinomas appeared as biological-
ly aggressive tumors and are capable of recurring and
metastasizing.

Syringomatous carcinoma (microcystic adnexal carci-
noma; cases 42-44) represents a spectrum of infiltrative
epithelial tumors that resemble syringomas. They are
composed of keratinizing horny cysts, display cystically
dilated and small tubules (sometimes having a tadpole
appearance), are arranged in solid islands, and show no
atypia or mitoses.’? In this type of tumor, the presence of
keratinizing horny cysts has been variously interpreted as
a sign of follicular differentiation (microcystic adnexal car-
cinoma?) or of acrosyringeal differentiation (sclerosing
sweat duct [syringomatous] carcinoma'?). Recently, some
authors have considered syringomatous carcinoma and
microcystic adnexal carcinoma to be different tumors,"”
but arguments advanced in favor of such a hypothesis ap-
pear unconvincing. Syringomatous carcinoma of sweat
glands may be considered as part of a wider ““transversal”’
group of syringomatous tumors, which encompasses sim-
ilar salivary?2® and mammary lesions.?>*° Syringomatous
carcinoma of sweat glands must be distinguished from
syringoma and from syringomatous carcinoma of salivary
glands. Syringoma generally is multiple, is limited to the
upper dermis, lacks an infiltrative pattern, shows no cel-
lular atypia or mitoses, and causes no local destruction.??
Syringomatous carcinoma of salivary glands arises in the
oral mucosa rather than in the skin.?®

The second conspicuous group of neoplasms of our se-
ries (cases 45-52) was characterized by prominent tubular
structures, as an expression of tumor differentiation to-
ward the dermal portion of the sweat duct; such tumors
have been termed eccrine ductal adenocarcinomas* or simply
ductal carcinomas.’® Tubules, sometimes dilated or small
with small lumina, were variously mixed with solid is-
lands, nests, and cords of neoplastic cells. Cells showed
mild to marked nuclear atypia and a variable number of
mitoses. Lumina contained PAS-positive, diastase-resis-
tant, CEA-positive material. The histologic analysis of this
group of tumors suggested that the wide spectrum of his-
tologic appearances may be due to the variable grade of
differentiation of tumors.'® Two well-differentiated lesions
were characterized by numerous tubules (resembling the
sweat duct), mild atypia, and few mitoses (cases 45-46).
Moderately differentiated tumors displayed tubules and
solid islands and masses, nuclear atypia, and mitoses (cas-
es 47-49). Poorly differentiated carcinomas showed few
tubules, numerous neoplastic cords, marked atypia, and a

Carcinomas of Sweat Glands—Urso et al 503



higher number of mitoses (cases 50-52). Some authors
have considered such different expressions as belonging
to distinct types of tumors (tubular carcinomas, cribriform
carcinomas, and ductal carcinomas),”” but such an elabo-
rate scheme appears to be unnecessary, because the dif-
ferent morphologic appearances may be simply consid-
ered to be expressions of the variable grade of differenti-
ation. Moreover, poorly differentiated ductal carcinomas
do not fit in the proposed classification. Ductal carcinomas
have to be distinguished from cutaneous metastases, es-
pecially from the breast. The most useful discriminators
for making such a distinction are a detailed clinical history
and a careful examination of patients.’**%2 Immunohisto-
chemistry may provide useful information; in particular,
diffuse positivity for CEA and negativity for gross cystic
disease fluid protein 15 would favor the interpretation of
primary sweat gland carcinoma over one of metastatic
breast cancer®' Such a distinction, however, cannot rely
exclusively on immunohistochemical findings because the
immunophenotype of sweat gland ductal carcinomas is
not specific, inasmuch as all the antigens studied (cyto-
keratins, CEA, S100 protein, estrogen receptor protein,
progesterone receptor protein, etc) can be observed, albeit
to different extents, in metastases of visceral tumors.3!-3°
Ductal carcinoma appeared as a tumor that frequently re-
curred and was capable of metastases.

Adenoid cystic carcinoma of sweat glands is very rare.
In 1998, Kato et al** counted 37 cases in the literature,
including the tumor reported by Gomez Orbaneja et al®”’
in 1973. The interpretation of such a tumor is actually con-
troversial, in fact it has been considered as an example of
"eccrine epithelioma” (syringomatous carcinoma).*® More-
over, Kato et al omitted 6 cases recorded in the literature,®
4 reported as such!*4*4! and 2 reported under the label of
““eccrine epithelioma,”#? but considered as examples of pri-
mary cutaneous adenoid cystic carcinoma.>**4* Therefore,
excluding the case of Gomez Orbaneja et al and adding
other recently reported tumors,*° the total number of
adenoid cystic carcinomas of the skin in the world litera-
ture is at least 45. The neoplasm has a characteristic his-
tologic appearance and is to be distinguished from cuta-
neous metastases of other adenocarcinomas and, particu-
larly, of the more frequent analogous tumors of salivary
glands, which show an almost overlapping immunocyto-
chemical profile.#” However, if a cutaneous tumor is locat-
ed in sites distant from salivary glands, it can hardly be
considered metastatic, because of the extreme rarity of dis-
tant metastases from salivary adenoid cystic carcino-
mas.>* Because its cells are basaloid, adenoid cystic car-
cinoma may resemble adenoid basal cell carcinoma, but
the former shows no epidermal contact or peripheral pal-
isading in neoplastic islands; however, it does display true
neoplastic lumina containing PAS-positive material and
common involvement of perineural spaces.>!%4°

Mucinous carcinomas share 2 elements with adenoid
cystic carcinomas: rarity and occurrence in glands of sev-
eral different anatomic sites. Actually, mucinous carcino-
mas seem to be more frequent, as approximately 122 cases
have been reported to date.*® The histologic appearance of
such tumors is quite nonspecific, showing groups or
sheets, solid or cystic, of neoplastic cells floating in large
pools of mucins. In fact, an identical histologic structure
can be observed in adenocarcinomas of the gastrointesti-
nal tract, breast, lung, ovary, and pancreas.? Therefore,
before making a diagnosis of sweat gland mucinous car-
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cinoma, a complete investigation excluding a metastasis
from a visceral cancer is necessary.”5%

In the reported series, immunohistochemical findings
were similar to those reported for other sweat gland car-
cinomas.?%3% Tumor cells were positive for cytokeratin. In
73% of tumors, CEA-positive material was found in neo-
plastic lumina and/or in tumor cells. No neoplastic cells
positive for actin were observed in porocarcinomas, in
syringomatous carcinomas, in ductal carcinomas, in ade-
noid cystic carcinomas, or in mucinous carcinomas, dem-
onstrating that myoepithelial cells do not participate in the
neoplastic growths of these tumors. Although it is docu-
mented that myoepithelial cells are present in the secre-
tory portion of both eccrine and apocrine glands,>%? the
presence and the role of such cells in sweat gland carci-
nomas are still controversial.®> Myoepithelial cells have not
been found in porocarcinomas, sclerosing sweat duct car-
cinomas, extramammary Paget disease, malignant mixed
tumors, or adenosquamous carcinomas,®-> whereas they
have been occasionally detected in mucinous carcinomas,
apocrine adenocarcinomas,”*? and adenoid cystic carci-
nomas.>>>*

Some problems are related to the classification of sweat
gland carcinomas, which are currently classified on the
basis of the corresponding classification of benign sweat
gland adenomas.>>1517 In such a classification system, in-
troduced by Berg and McDivitt* in 1968, lesions are
named in accordance with the analogous benign sweat
gland adenoma that they most resemble. Such an ap-
proach, however, poses several problems; for example, (1)
some carcinomas have no benign counterpart and do not
fit the scheme (eg, ductal carcinoma, adenoid cystic car-
cinoma, and mucinous carcinoma); (2) poorly differenti-
ated carcinomas can be diagnosed only when a contigu-
ous adenoma is found histologically; (3) histologic classi-
fication can be very complicated because adenomas are
numerous and their classification is complex; and (4) ter-
minology includes unusual and difficult terms, deriving
from the terminology used for adenomas (eg, malignant
acrospiroma, porocarcinoma, hidradenocarcinoma, malig-
nant cylindroma, malignant spiradenoma, and syringo-
cystadenocarcinoma). Recently, a classification of sweat
gland carcinomas designed based on the classification of
breast carcinomas has been tentatively proposed.'” If, how-
ever, sweat gland carcinomas seem to share several his-
tologic aspects with breast carcinomas, they also undoubt-
edly present important differences which make this anal-
ogy difficult. Finally, recent studies have classified sweat
gland carcinomas into eccrine and apocrine tumors.'>'” In
this study, however, we avoided such designations because
we found it difficult to reliably classify a tumor as eccrine
or apocrine. In fact, the attribution of sweat gland neo-
plasms to eccrine or apocrine categories is often contro-
versial,'>'” because most sweat gland carcinomas seem to
recapitulate sweat ducts, which are histologically similar
in eccrine and apocrine glands.*'” In addition, no estab-
lished authentic criteria are available for differentiation of
an eccrine from an apocrine tumor.'* Moreover, both ec-
crine and apocrine forms seem to exist in some catego-
ries.l7,32,55
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