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Collagenous micronodules in prostate cancer
revisited: are they solely associated with
Gleason pattern 3 adenocarcinomas?
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Abstract: Collagenous micronodules (CMs) are microscopic stromal nodular eosinophilic fibrillar collagen deposi-
tion of uncertain histogenesis seen in prostatic adenocarcinoma. Per the 2005 International Society of Urologic
Pathology (ISUP) consensus conference, they are categorized as Gleason pattern 3. This study analyzes morpho-
logical and clinical features of CMs from a large series of radical prostatectomies. Hematoxylin and eosin stained
slides for 129 radical prostatectomies for adenocarcinoma of prostate with CMs and for 93 prostatic adenocar-
cinoma cases without CMs as comparison were examined out of a total of 667 cases performed from January
2010 to December 2011 at Houston Methodist Hospital. CMs were identified in 19% of all radical prostatectomies
(129/667 cases). Aimost all tumors with CMs were located in the peripheral zone (98%) as single or multiple foci
of prostatic cancer glands. The vast majority of cases (96%) were identified in association with mucinous secretion.
A cribriform Gleason pattern 4 was associated in 86 cases (67%). The CMs were associated with glomerulation
(42%) and amphophilic luminal secretion (59%). 88 cases (68%) showed tumor foci with Gleason pattern > 4 in
close association with CMs. Multivariate analysis revealed CMs of the prostatic adenocarcinoma are closely related
to mucinous secretion, cribriform growth pattern, and Gleason pattern 4. This study suggests that CMs are more
frequently associated with Gleason pattern 4 cancer warranting morphologic reappraisal of CMs, rather than the
consensus assignment of Gleason pattern 3.
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Introduction pattern) and clinical features related to CMs in
a large series of radical prostatectomies.

Collagenous micronodules (CMs), also referred

to as “mucinous fibroplasia”, are microscopic
stromal eosinophilic fibrillary collagenous nod-
ules of uncertain histogenesis and reported as
a pathognomonic feature of prostate adenocar-
cinoma. CMs were first described by McNeal et
al in 1991 [1] and were observed in 13 out of
33 mucin-producing prostatic adenocarcino-
mas. Based on the 2005 International Society
of Urologic Pathology (ISUP) consensus confer-
ence [2]. CMs have been previously defined as
being seen in association with Gleason pattern
3 [3]. The aim of this study is to analyze the
incidence, morphological (including Gleason

Materials and methods

This study was approved by the Houston
Methodist Hospital Institutional Review Board.
Hematoxylin and eosin stained slides were
reviewed in 667 consecutively performed radi-
cal prostatectomies for adenocarcinomas from
January 2010 to December 2011 at Houston
Methodist Hospital, Texas, USA for the pres-
ence of CMs. We also studied 93 cases of pros-
tatic adenocarcinoma without CMs for compari-
son. We reviewed all sections (at least more
than 30 sections per case) in whole mount
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Table 1. Clinicopathologic features in 129 patients’ prostate can-
cer with collagenous micronodules

Adenocarcinoma with collag-

Clinicopathologic features enous micronodules: number
of cases (%)

Mucin secretion 124 (96%)

Cribriform 77 (60%)

Glomerulation 53 (41%)

Circumferential perineural invasion 93 (72%)

Dominant Gleason pattern

Grade 3 43 (33%)

Grade 4 86 (67%)

Grade 5 0 (0%)
Eosinophilic secretion 89 (69%)
Capsular invasion

LO 15 (12%)

L1 9 (7%)

L2 93 (72%)

L3F/E 12(9%)

Tumor location

Pure peripheral 93 (72%)

Pure transitional 4 (3%)

Mixed peripheral and transitional 32 (25%)

Central 0 (0%)

Age 43-72 years (Mean 61)

Tumor size 0.9-4.8 cm (Mean 1.7 cm)

Lymph node invasion 3/102 (3%)

Seminal vesicle invasion 7/123 (6%)

Figure 1. Collagenous micronod-
ules with finely textured, eosino-
philic fibrillary loose connective
tissue with elongated or serpigi-
nous appearance (A and B) as
well as round to oval contours (C
and D). Hematoxylin and eosin
stain x200.

prostatectomy  specimens.
Benign prostatic lesions seen
in the cancer specimens were
evaluated as internal control
for the presence of CMs. The
findings evaluated in conjunc-
tion with CMs in this study
include Gleason pattern,
mucin secretion, glomerula-
tion, cribriform growth pat-
tern, circumferential perineu-
ral invasion, capsular inva-
sion, extraprostatic extension,
seminal vesicle invasion and
lymph node metastasis. Each
case was assigned a Gleason
grade, based on modified
Gleason grading system pro-
posed at the 2005 ISUP con-
sensus meeting [4]. For analy-
sis of the prostatic capsular
invasion, we employed rou-
tinely assessed criteria [5-7].
The evaluation of mucinous
adenocarcinoma was based
on previously established cri-
teria [8, 9], and their Gleason
patterns were assessed on
underlying glandular architec-
ture. Clinical factors studied
include patients’ age, tumor
size, location, lymph node and
seminal vesicle status. Sta-
tistically, all descriptive data
are presented as mean +
standard deviation (SD) for
continuous variables and fre-
quency and percentage for
categorical variables. Data
was compared by Student’s
t-test or chi-square test as
appropriate. Multiple logistic
regression models were used
to assess the association
between Gleason grade and
CMs after adjusting for covari-
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Figure 2. Collagenous micronodules present as single/focal (A and B) or
multiple/aggregated forms (C and D) and found in the immediate vicinity of
malignant prostate cancer glands. Hematoxylin and eosin stain x200.

Results

The results of prostatic carci-
noma cases with CMs are
summarized in Table 1. CMs
were identified in 129 cases
of 667 radical prostatecto-
mies (19%). CMs were exclu-
sively found in association
with prostatic adenocarcino-
ma with 100% specificity.
These nodules were not iden-
tified in benign glandular le-
sions including benign pros-
tatic glands, benign nodular
glandular hyperplasia and
high grade prostatic intraepi-
thelial neoplasia. The nodules
had fine textured, eosinophilic
fibrillary loose connective tis-
sue with elongated or serpigi-
nous appearance as well as
round to oval contours (Figure
1). These nodules were pres-
ent in focal or aggregated
forms and found immediately
adjacent to the tumor glands
(Figure 2). CMs were fre-
quently associated with cribri-
form Gleason pattern 4 with
ingrowths into the luminal
spaces in 86 cases (67%)
(Figure 3). Occasionally, these
stromal nodules in pattern 4
areas were mimicking pattern
3, so-called “pseudo-grade 3”

Figure 3. Collagenous micronod-
ules seen in association with mu-
cin-secreting cribriform Gleason
grade 4 pattern with ingrowths into
the luminal spaces (A-C). Hematox-
ylin and eosin stain x100.

pattern (Figure 4). CMs were
less commonly observed in
areas of Gleason pattern 3
cancers (43 cases, 33%).
Some prostatic adenocarci-

ates, including age, glomerulation, cribriform
pattern, amphophilic secretion, circumferential
perineural invasion, extraprostatic extension
and seminal vesicle invasion. All analyses were
performed using IBM SPSS Statistics 19.0 (IBM
Corp., Armonk, NY, USA), and the significance
test was carried out at P<0.05, and P values
between 0.05 and 0.1 were considered as the
borderline level of significance.

3471

noma glands, in which CMs
were abutting on glandular
lumens as an extraluminal
subepithelial location, pro-
duced a crescentic configura-
tion (Figure 5). 124 cases (96%) were identified
in association with mucinous secretion (Figure
6). However, in our study there were no cases
with mucinous differentiation which fulfilled the
diagnostic criteria of the primary mucinous car-
cinoma of the prostate [8, 9]. The CMs were
associated with glomerulations in 53 cases
(41%) (Figure 7), amphophilic luminal secre-
tions in 89 cases (69%) and circumferential
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Figure 4. Occasionally, these stromal nodules in grade 4 areas showed
“pseudo-grade 3” pattern resulting from collagen impinge on malignant

glands (A and B). Hematoxylin and eosin stain x200.

Figure 5. Collagenous or mucinous micronodules abutting on Gleason grade
3 cancer glandular lumina, resulting in a crescentic configuration (A and B).
Hematoxylin and eosin stain x200.

perineural invasion in 93 cases (72%) of pros-
tatic adenocarcinoma (Figure 8). The age range
was 43-72 years (mean 61). Aimost all tumors
with CMs (125 cases) were located in the
peripheral zone (98%) as pure or mixed with
other zonal cancers. Two tumors with CMs were
exclusively located in the transition zone. The
tumor size range was 0.5-4.0 cm (mean 1.7
cm). Extraprostatic extension was seen in 12
cases (9%), seminal vesicle involvement in 7 of
123 cases (6%, the seminal vesicle evaluation
was possible in 123 cases) and nodal metasta-
sis in 3 of 102 cases (3%, lymph node dissec-
tion performed in only 102 cases). In relation to
Gleason pattern, the analysis of morphological
and clinical factors between prostatic carcino-
ma with and without CMs showed a statistically
significant correlation. In relationship to
Gleason pattern, this study revealed significant
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association between Gleason
pattern and CMs, mucin se-
cretion, glomerulation, cribri-
form pattern of cancer, cir-
cumferential perineural inva-
sion and extraprostatic exten-
sion (P value <0.001, Table 2)
than cases without CMs.
However, on adjusted odds
ratio analysis for higher
Gleason pattern (= 4), it was
demonstrated that cribriform
pattern had the greatest
adjusted odds among covari-
ates, with an odds ratio of
4.57 (95% Cl: 2.25-9.27), fol-
lowed by CMs. CMs were also
associated with a borderline
significantly increased risk of
higher Gleason pattern (= 4)
after adjusting for age, glo-
merulation, cribriform,ampho-
philic secretion, circumferen-
tial perineural invasion, extra-
prostatic extension and semi-
nal vesicle invasion (adjusted
OR=1.90, 95% CI: 0.90-4.02,
P value=0.094, Table 3).

Discussion

Features considered pathog-
nomonic for prostate cancer
diagnosis include the identifi-
cation of glomerulations,
CMs, circumferential perineu-
ral invasion and presence of glands in adipose
tissue [3, 10]. CMs are a rare but significant
diagnostic feature seen in association with
prostatic adenocarcinoma [11, 12]. These
microscopic nodules have distinctive features
with small, poorly cellular eosinophilic fibrillary
stromal material found immediately adjacent to
malignant neoplastic glands. CMs in prostatic
adenocarcinoma were first described by
McNeal et al. [1] in 1991 in association with
mucin secreting prostatic adenocarcinoma.
CMs were observed in 13 out of 33 mucin pro-
ducing adenocarcinomas, especially embed-
ded in mucinous lakes characteristic of colloid
carcinoma, resulting in Gleason grade 4 cribri-
form glands mimicking a “pseudo grade 3” pat-
tern. This phenomenon was also observed in
our study. A close association between mucin
producing tumor glands and CMs has also been
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Figure 6. In our study, 96% of pros-
tatic adenocarcinoma with collag-
enous micronodules were identi-
fied in association with mucinous
secretion or mucinous lakes. The
spectrum of intraluminal and ex-
traglandular mucin deposit (A) and
stromal collagenous replacement
(B) and development of complete

Collagenous micronodules in prostate cancer

Figure 8. Circumferential peri-
neural invasion identified in foci
of prostatic adenocarcinoma with
collagenous micronodules. He-
matoxylin and eosin stain x200.

reported by several authors
[9, 13-15]. However, only rare
studies examining the possi-
bility of an association
between CMs and mucinous
differentiation in prostate car-
cinoma have been undertak-
en and have reported no sig-
nificant association between
the two features [12]. The
results of our study showed
that 96% of the cases with
CMs were associated with
intraluminal acid mucin secre-

luminal collagenous tissue (C) is

highlighted. Hematoxylin and eosin  Uon Of prostate carcinoma
stain x200. glands. In the study by

Bostwick et al. [15] these nod-
ules were reported to be pres-
entin 0.6% of needle biopsies
and 12.7% of prostatectomy
specimens. Varma et al. [16]
noted collagenous micronod-
ules in 2% of cases of pros-
tatic adenocarcinoma in a
study of prostatic needle
biopsies. In our study, the fre-
quency for identification of
CMs was 19% in radical pros-
tatectomy specimens which is
slightly higher than that of
other reports, possibly relat-
ed to whole mount sections
examination [15, 16]. Most of
the previously published stud-
ies do not elucidate the link
between CMs and Gleason pattern [11]. In our
study, CMs were found to be commonly associ-
ated with Gleason pattern 4. However, this is in
contrast to prior studies performed by Bostwick
etal. [15] and Jacob et al. [11] in which Gleason
pattern 3 has been reported to be more com-
monly associated with CMs (57%). The histo-
genesis of CMs is unknown. Previous studies
suggest that CMs are formed by collagen frag-
mentation secondary to stimulation of stroma
by intraluminal acid mucin by production of col-
lagenase from tumor cells and stromal
response by TGF-B [14, 15, 17]. TMMPRSS2-

Figure 7. Collagenous micronodules seen in association with glomerulations
(A and B). Hematoxylin and eosin stain x 200 for (A) and x100 for (B).
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Table 2. General characteristics of the 222 patients by Gleason pat-
tern

Gleason pattern
Low (pattern 3) High (pattern 4) P value

(N=90) (N=132)
Age (years) 60.9+7.8 60.9+7.4 0.991
Collagenous micronodule <0.001
No 49 (52.1%) 45 (47.9%)
Yes 42 (32.6%) 87 (67.4%)
Glomerulation <0.001
No 72 (47.7%) 79 (52.3%)
Yes 19 (26.4%) 53 (73.6%)
Cribriform pattern <0.001
No 48 (71.6%) 19 (28.4%)
Yes 43 (27.6%) 113 (72.4%)
Amphophilic secretion 0.231
No 45 (37.2%) 76 (62.8%)
Yes 46 (45.1%) 56 (54.9%)
Circumferential perineural invasion 0.001
No 51 (53.1%) 45 (46.9%)
Yes 40 (31.7%) 86 (68.3%)
Extraprostatic extension 0.039
No 78 (44.3%) 98 (55.7%)
Yes 13 (27.7%) 34 (72.3%)
Seminal vesicle invasion 0.103
No 85 (41.9%) 118 (58.1%)
Yes 4 (22.2%) 14 (77.8%)

Table 3. Adjusted odds ratios (95% confidence intervals) for higher
Gleason pattern (>4)

Adjusted OR* (95% Cl) P value

Age (years) 1.02 (0.98-1.06) 0.387
Collagenous micronodule

No Reference

Yes 1.90 (0.90-4.02) 0.094
Glomerulation

No Reference

Yes 1.69 (0.85-3.38) 0.134
Cribriform pattern

No Reference

Yes 4.57 (2.25-9.27) <0.001
Amphophilic secretion

No Reference

Yes 0.53 (0.27-1.04) 0.064
Circumferential perineural invasion

No Reference

Yes 1.38 (0.71-2.68) 0.335
Extraprostatic extension

No Reference

Yes 1.42 (0.63-3.19) 0.393
Seminal vesicle invasion

No Reference

Yes 1.59 (0.44-5.73) 0.482

OR, odds ratio; Cl, confidence interval. "Adjusted for age, glomerulation, Cribriform pat-
tern, amphophilic secretion, circumferential perineural invasion, extraprostatic exten-
sion, and seminal vesicle invasion.

ERG fusion prostatic can-
cer is significantly associ-
ated with morphologic fea-
tures with a cribriform
growth pattern (P=0.03),
presence of bl-
ue-tinged mucin (P<0.01),
macronucleoli (P=0.02)
and CMs (P=0.04) [18,
19]. In our experience, the
presence of basophilic
mucinous cytoplasm of
tumor cells and dense
stromal reaction interven-
ing between foci of malig-
nant glandular epithelium
are clues for the presence
of CMs. The main consid-
eration in differential diag-
noses of CMs is the pros-
tate counterpart of collag-
enous spherulosis of the
breast and adenoid cystic
carcinoma of prostate wi-
th cribriform glands con-
taining basement mem-
brane-like material [20,
21]. Both these entities
may morphologically rese-
mble CMs. CMs of the
prostate are always asso-
ciated with usual forms of
prostate adenocarcinoma
which are different from
the pure form of adenoid
cystic carcinoma. The dis-
tinct pathological and clini-
cal features of CMs in
prostate cancer in this
study are similar with the
findings in studies by other
researchers [11, 12, 22].

In conclusion, on compre-
hensive review of prosta-
tic adenocarcinomas with
CMs in this study, these
nodules were distinctive
and exclusively seen in
association with peripher-
al zone prostate cancers.
There were a significant
number of prostatic can-
cer cases with CMs in
association with Gleason
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pattern 4 (score 4+3=7 or 4+4=8). These
micronodules tend to be associated with the
presence of mucin secretion, cribriform growth
pattern, and circumferential perineural inva-
sion. A strong relationship of CMs with these
pathologic features may provide a diagnostic
clue for the presence of CMs adjacent to the
malignant glands. This study suggests that
CMs are more closely associated with Gleason
pattern 4, warranting reappraisal of CMs as
opposed to their assignment of Gleason pat-
tern 3 per the consensus. Further studies,
including molecular analysis and assessment
of ERG gene status are required to determine
the prognostic significance of prostatic adeno-
carcinoma with CMs.
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