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The interplay between a tumor and its environment
is exemplified by the morphological changes ob-
served in the stroma of human breast cancer. These
changes are evident as stromal myxoid changes.
Hyaluronan, an extracellular polysaccharide that
has been implicated in invasion, is one of the major
constituents of the stromal myxoid changes. This
study evaluated the association of these stromal
changes with axillary node status, tumor grade, and
mortality. The prognostic value of the stromal myx-
oid changes was evaluated in patients with negative
axillary nodes with 10 years of follow-up. Our re-
sults showed a high level of reproducibility of our
stromal myxoid changes grading system (overall
kappa = 0.68). Image analysis semiquantification
showed marked correlation of a strong stromal hya-
luronan signal with high-grade stromal myxoid
changes. In a multiple logistic regression analysis,
positive nodes were associated with stromal myxoid
changes, tumor size, desmoplasia, lymphocytic in-
filtration, high tumor grade, tumor emboli, and
multifocality. Stromal myxoid changes were also as-
sociated with young age and lymphatic emboliza-
tions (P < .001). Overall, there is a weak correlation
between mortality and stromal myxoid changes (P
< .01). Mortality was more evident with high stro-
mal myxoid changes grades and tumor size >2 cm
(P < .008). However Cox multivariate analysis fail to
show stromal myxoid changes as an independent
prognostic factor. In conclusion, stromal myxoid
changes with high hyaluronan concentration are
strongly associated with positive nodes, tumor
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grade, and lymphatic emboli, thereby identifying
high-risk group and reinforcing the role of hyaluro-
nan in invasion and metastasis.
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Lymph node and hematogenous distant metastases
are the result of a cascade of enzymatic interac-
tions. Part of this complex cascade takes place in
the tumor environment, where malignant tumor
cells detach from the primary tumor, adhere to
components of the extracellular matrix, degrade
them, and move through the stroma. Morphologi-
cal and biochemical modifications of the different
stromal components (cellular and noncellular) can
either favor or inhibit this process. Therefore, the
histopathological modifications of the stroma in
response to a tumor could shed light on the biolog-
ical mechanisms involved in invasion and
metastasis.

Stromal myxoid changes consists of a stromal
reaction composed of an amphophilic or slightly
basophilic vacuolated material that stains positively
with Alcian Blue and is found among the collagen
fibers. Hyaluronan is one of its major components.
Tissues rich in hyaluronan entrap water and swell,
leading to myxoid changes. It is known that hyalu-
ronan synthesis is stimulated by the interaction
between tumor and stromal cells (1-3). Hyaluronan
has several physiological functions, such as water
homeostasis and regulation of capillary growth; it
also plays a role in cell recognition and migration
(4). A strong relationship between hyaluronan and
the metastatic process has been reported in basic
oncology research (5-8) as well as in clinical studies
(9-14). Toole and coworkers (5) have suggested that
because of its unique hydrodynamic properties,
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hyaluronan may open spaces in the connective tis-
sue, allowing tumor migration.

In this study, we correlated stromal myxoid
changes with the presence or absence of axillary
metastasis, tumor grade, size, and age using multi-
variate and cross tabulation analysis, as well as
stromal myxoid changes prognostic assessment in a
cohort of negative axillary nodes.

MATERIAL AND METHODS

Selection of Cases

First Group

To find whether there exists a correlation be-
tween weak and strong stromal signal with visual
assessment of stromal myxoid changes, 46 cases
were selected for staining with a hyaluronan bind-
ing biotinylated probe, as will be explained below.

Second Group

With the sole purpose of testing stromal myxoid
changes reproducibility, 202 consecutive cases
were evaluated. The level of agreement among
three independent observers (LCP, MLR, AAM) for
this variable was evaluated with kappa statistics.
The kappa statistical measure of agreement is
scaled to be 0 when the level of agreement is what
would be expected to be observed by chance and to
be 1 when there is perfect agreement. For interme-
diate values, the following interpretation was used:
poor: 0.00-0.20, slight: 0.21-0.40, moderate: 0.41-
0.60, substantial: 0.61-0.80, and almost perfect:
0.81-0.99 (15).

Third Group

A total of 1717 consecutive cases from the period
between 1987 and 1999 were retrieved from the files
of our pathology laboratory. Cases without axillary
sampling or having neoadjuvant chemotherapy
were discarded from the study, leaving a total of
1119 cases for evaluation. None of the patients had
preoperatory radiotherapy ruling out the possibility
of changes caused by treatment. The clinicopatho-
logical characteristics of the patients are listed in
Table 1.

Fourth Group

Three hundred one cases of negative axillary
nodes were evaluated for prognostic assessment.
Time of death was entered as a dependent variable,
and it was listed according to the year of the event.
The cause of death was obtained from the patients’
records. Fifty-four patients with high-grade tumors
were selected for adjuvant chemotherapy (16). In-
traductal carcinomas were discarded from the
study. Mucoid carcinomas were also ruled out be-
cause the presence of mucoid material is tumor
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TABLE 1. Third Group; Clinicopathological
Characteristics

Variables Count Percent

Lymphatic

0 994 88.8

1 125 11.1
SMC

1 469 41.9

2 351 31.3

3 299 26.7
TG

1 106 9.4

2 703 62.9

3 310 27.6
Age

<45 184 16.8

45-65 507 45.3

>66 289 27.7

Missing 114 10.7
Size

1 168 15.0

2 469 41.9

3 472 42.1

Missing 10 0.9
TIL

1 815 72.8

2 221 19.7

3 83 7.4
ALN

0 657 58.7

1 462 41.2

secretion, not a stromal reaction. Clinical patholog-
ical data for this group are listed in Table 2.

Stromal Myxoid Changes

Stromal myxoid changes can be defined as an
amorphous stromal substance composed of an am-
phophilic or slightly basophilic vacuolated material
found among the collagen fibers. They are usually
found in the stroma of almost all types of invading
tissue: carcinomas, sarcomas, and aggressive fibro-
matosis; within the stroma of metastatic tissue; in

TABLE 2. Cases with Negative Axillary Nodes

Variables Count Percent

TG

1 125 41.54

2 79 26.2

3 96 31.8
SMC

- 195 64.7

+ 106 35.2
Age

<45 95 31.5

46-55 71 235

56-65 89 29.5

>66 46 15.2
Size

T1lb 20 6.6

Tlc 190 63.1

T2 91 30.2
Follow up

Alive 249 82.7

Reccurr 35 11.6

Died 17 5.6

Censored 30 9.9




the periductal zone of high-grade intraductal carci-
nomas; and frequently within fibrous areas. It is
important to differentiate mucoid stromal infiltra-
tion from stromal myxoid changes. The stroma
around the mucin leakage is devoid of desmoplastic
reaction, whereas stromal myxoid is usually inter-
mingled with collagen and elastic fibers as well as
lymphocytes, young fibroblasts, and endothelial
cells.

Grading Stromal Myxoid Changes

Almost all tumors presented stromal myxoid
changes but as a gradient of changes. Therefore,
they were evaluated in three grades. Cases were
recorded as absent or scanty (Grade 1), as moderate
if at least three foci were found at the periphery
(Grade 2), and as having marked stromal myxoid
changes (Grade 3) when large areas of stromal myx-
oid changes were observed at the periphery and
center of the tumor. They were assessed with a
low-power objective (10X) covering both the pe-
riphery and center of the lesion. At least two sec-
tions were evaluated in each case.

Because of the lower number of cases in the set
for prognostic assessment, stromal myxoid changes
were categorized as negative (Grade 1) or positive
(Grades 2 and 3) according to the number of spots
found, as explained above.

Histological Evaluation for the Presence of
Hyaluronan in the Stroma Reactions

A biotinylated probe (a kind gift from Dr. C. Un-
derhill at Georgetown University, Washington, DC)
made up of a proteoglycan core protein that binds
directly to hyaluronan was used to stain the tumor
sections. The method of staining has been ex-
plained elsewhere (17). Briefly, after deparaffiniza-
tion and hydration, endogenous peroxidase activity
was suppressed by incubation in 10% hydrogen
peroxidase in methanol for 10 minutes. The probe
was dissolved in 10% fetal bovine serum in calcium
and magnesium free phosphate buffered saline at a
concentration of 1 to 2 ug/mL. The tissue sections
were incubated with the primary probe for 1 hour at
25° C and then for 15 minutes with a 1:500 dilution
of peroxidase-conjugated streptavidin (Biogenex,
CA). Thereafter, the sections were incubated for 30
minutes with 3-amino-9-ethil carbazole, counter-
stained with hematoxylin and eosin or ethyl green,
and then mounted in glycerol. Between each incu-
bation, the sections were washed with CMF-PBS
twice, for 5 minutes, at 25° C. The specificity of
hyaluronan staining was determined with control
sections treated for 24 hours at 37° C with 1500
TRU/dI Streptomyces hyaluronidase (Merck, Sharp

y Dhom, NJ) to destroy hyaluronan before incuba-
tion with the probe.

Quantification of Hyaluronan Staining

Forty-six cases were semiquantified for hyaluronan-
stained areas. An image analysis system with the
CAS 200 microscope and a morphometric soft
(Micrometer-Analysis Systems) was employed as
follows: tumor sections were stained with the hya-
luronan probe according to the method explained
above and counterstained with ethyl green. There
are different optical thresholds for both stains. Each
case was scanned with a 100X power objective in
eight fields per case. Fields were selected searching
for the hyaluronan-stained areas. The program se-
lects and traces a line around areas stained with the
probe (higher optical threshold, white spots), with
the remaining, nonstained areas (ethyl green
stained tissue with lower optical threshold) stand-
ing out as a gray background. Any field has an area
ratio of stained (white areas) versus nonstained ar-
eas (gray areas). A final area ratio was obtained after
average 8 fields (Fig. 1C).

Conventional Prognostic Factors

Greatest care was taken in the evaluation of the
factors listed below. Cases were studied by four
pathologists (MW, LCP, DC, VGD) who were blind
to axillary status or prognosis; in case of disagree-
ment, a final consensus was established. The valid-
ity and reproducibility of most variables were well
established (18).

To organize a table for statistical analysis, we semi-
quantified stromal and tumor components according
to 10 parameters and recorded them as categorical
values (for example: 0 = absent, 1 = scanty, 2 =
moderate, and 3 = marked or diffuse). The following
stromal changes were semiquantified.

Variable 1: stromal mixoid changes. The visual
classification procedure was described above.

Variable 2: desmoplasia. The connective tissue
replacement of the injured tissue resulting in a scar
similar to skin scars is called desmoplasia. When
there is a well-formed central sclerotic nodule often
with acellular hyalinized keloid like tissue, this is
considered to be marked desmoplasia (Grade 3).
Lesser degrees of desmoplastic stromal reaction
were semiquantified as scanty or absent (Grade 1)
and intermediate (Grade 2).

Variable 3: tumor-infiltrating lymphocytes. They
were evaluated as negative (Grade 1) when occa-
sionally inflammatory cells were found and as mod-
erate (Grade 2) and dense cellular (Grade 3) when
this infiltration was found in the stroma surround-
ing tumor nests or inside tumor masses.

Breast Carcinoma Stromal Remodeling (M. Wernicke et al.) 101



Variable 4: tumor grade. This was evaluated
based on the Scarff Bloom Richardson grading. The
method (19) evaluates the following three parame-
ters: degree of tubule formation, nuclear grade, and
mitotic rate. Points are assigned to each parameter,
and the histological grade is determined by sum-
ming up the points: Grade I, 1 to 5 points; Grade II,
6 to 7 points; Grade III, 8 to 9 points.

Variable 5: lymphatic embolization. This refers to
peritumoral angiolymphatic invasion. If tumor cells
involve peritumoral vascular spaces or are located
beneath the skin, this is recorded as positive = 1;
otherwise, it is recorded as negative = 0.

Variable 6: Tumor size. This variable is listed as
categorical codes. Size of the tumor: less than 1 cm
=1;1to 2 cm: = 2; more than 2 cm = 3.

Variable 7: age. We found that subdivision of
cases into three age groups gave a better correlation
with stromal myxoid changes than did a subdivi-
sion in two age groups, of pre- or postmenopausal
status. Therefore, we identified a group of younger
patients (aged <45 y), recorded as 1; an intermedi-
ate group (aged 45 to 65 y) recorded as 2; and a
group of older patients (aged >65y), recorded as 3.

Variable 8: tumor borders. These were rated as
follows: circumscribed = 1, intermediate = 2, and
infiltrative = 3.

Variable 9: multifocality. The tumor lesions were
recorded as 1 if present and 0 if absent.

Variable 10: axillary status. Cases with negative
axillary nodes were listed as 0, and those with pos-
itive nodes were listed as 1.

Statistical Analysis

Statistical analysis was performed by using the
STATA computer program package. Frequency ta-
bles were employed for descriptive analysis. We
used the ¥° test to estimate the association of axil-
lary node status with categorical variables and the
Mann Whitney U test for continuous variables.

Once significant variables were identified, inter-
active stepwise logistic regression was used to build
the multivariable model to estimate the effect of
stromal myxoid changes on axillary node adjusting
for possible confounders. For survival analysis,
stromal myxoid changes were dichotomized (mod-
erate or severe versus mild or none). We then used
the log rank test to compare survival curves and
Cox regression to estimate the hazard ratio of stro-
mal myxoid changes to death.

RESULTS

Histological Evaluation

The stromal myxoid changes areas were usually
at the peripheral zones but also could be found at
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the central zone of the tumor mainly in stromal
myxoid changes Grade 3 (Fig. 3). Hyaluronan was
strongly marked in the myxoid areas. It was also
present in the desmoplastic areas, but its staining
was reduced compared with the case of the myxoid
changes. Inside desmoplasia, hyaluronan stains as
faint filaments, whereas the myxoid areas were
strongly marked with a combination of diffuse and
thick filamentous staining (Fig. 1B). None of the
control slides preincubated with Streptomyces hyal-
uronidase showed staining, confirming that the bi-
otinylated probe was specifically linked to hyaluro-
nan. Stromal myxoid changes Grade 3 usually have
lymphatic embolization outside the tumor margin,
and tumor- infiltrating lymphocytes were almost
always found within the myxoid areas. Breast tumor
cases with different degrees of stromal myxoid
changes are exemplified in Figures 2 and 3.

Semiquantification of Hyaluronan

See Figure 4. Out of the 46 cases selected, 20 were
categorized as negative stromal myxoid changes
(Column A). The remainder 26 were categorized as
positive stromal myxoid changes (Column B). There
are highly significant differences in the mean area
ratio from those categorized as stromal myxoid
changes Grade 1 with median weak signal versus
cases graded as stromal myxoid changes Grades 2-3
with median strong signal.

Degree of Reproducibility of Stromal
Myxoid Changes

See Table 3. The stromal myxoid changes Grade 1
showed total agreement among two observers (LP,
MMLP) and small variation in the third (AAM), re-
sulting in substantial agreement among observers
(kappa 0.77). Greater variations were observed in
stromal myxoid changes Grade 2 (kappa: 0.53) and
stromal myxoid changes Grade 3 (kappa = 0.69).
Overall kappa showed a substantial level of agree-
ment (kappa: 0.67).

Logistic Regression Analysis

See Table 4. A multiple logistic regression analy-
sis showed that positive nodes were related to stro-
mal myxoid changes Grade 2 (odds ratio: 1.9) and
stromal myxoid changes Grade 3 (odds ratio: 4.2),
adjusting for the effect of desmoplasia, size, tumor
infiltrating lymphocytes, tumor grade, lymphatic
emboli, and multifocality.

Cross Tabulation Studies of Stromal Myxoid
Changes and Selected Variables

See Table 5 for details of this section.



FIGURE 1. A, invading tumor nests and cords with stromal myxoid changes. Hematoxylin and eosin stain. B, consecutive section immunomarked
with the hyaluronan probe. Counterstained with ethyl green. C, image analysis of the stromal hyaluronan signal. Midium power field (100X). The
program sums the white areas (immunomarked hyaluronan) and establishes an area ratio per field.

FIGURE 2. A, low-power field showing indian files pattern with myxoid changes of Grade 2. Asterisks indicate the stromal changes. These areas
are usually regarded as edematous stroma. B, higher magnification showing files and thin strands with myxoid foci (asterisks) and desmoplastic
stroma.

FIGURE 3. A, low-power field showing massive stromal changes (asterisks) graded as 3. B, from Panel A, higher magnification of upper left corner
showing invading carcinoma cells with a myxoid stromal response.

Breast Carcinoma Stromal Remodeling (M. Wernicke et al.)
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FIGURE 4. Boxplot comparing the mean intensity of HA stromal
signal. Area ratio recorded by image analysis of 46 cases. A, n:20; SMC
1; area ratio ranging from 2 to 11 with a medium value of 5.5. B, n:26;
SMC 2-3; area ratio ranging from 12 up to 55 with a medium value of
26 (P < .000001-Mann Whitney test).

Axillary Status

The figures show that stromal myxoid changes
Grade 1 (scanty), Grade 2 (focal), and Grade 3 (dif-
fuse) have 23%, 33%, and 43% of axillary metastasis
respectively (P < .001).

Age

Diffuse stromal myxoid changes (Grade 3) are
significantly increased in patients aged <45 years.
Within this subset, the proportion of Stromal Myx-
oid Changes 3 was 43%, versus 24% and 20%, found
in older groups (P < .001).

Tumor Grade

High Tumor Grade 3 shows greater frequency of
diffuse Grade 3 stromal myxoid changes: 40%, ver-
sus 24% for Grade 2 and 15% for Grade 1 (P < .001).

TABLE 3. Reproducibility of Stromal Myxoid Changes

LP AAM MMLP KAPPA VA
SMC 1 114 (56.4) 111 (54.9) 114 (56.4) 0.7791 19.18
SMC 2 52 (25.7) 57 (28.2) 60 (29.7) 0.5323 13.10
SMC 3 36 (17.8) 34 (16.8) 28 (13.8) 0.6957 17.13
Combined 0.6746 22.29

TABLE 4. Logistic Regression Analysis with Axillary
Status as the Dependent Variable

Odds Ratio Interval 95% Conf Z p
SMC 2 1.96 2.83 1.3 3.4 .000
SMC 3 4.22 6.53 2.7 6.4 .000
Emboli 1.7 2.97 0.97 1.8 .063
D2 1.4 2.17 0.91 1.5 124
D3 3.4 5.36 2.1 5.2 .000
Tlc 3.2 6.21 1.67 3.5 .000
T2 4.6 9.10 2.40 4.5 .000
TG 2 2.5 3.79 1.72 4.6 .000
TG 3 7.0 11.09 4.46 8.3 .000
TIL 2 2.3 3.48 1.54 4.0 .000
TIL 3 1.5 2.92 0.83 1.3 135
MTE 1.5 2.24 1.09 2.4 013
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TABLE 5. Cross Tabulation of Stromal Myxoid Changes
and Selected Variables

. SMC SMC

Variables SMC + ++ et P-level
ALN

- 361 (55) 197 (30) 100 (15)

+ 109 (23) 154 (33) 201 (43) x:141; <.000
Size

Tla-b 98 (58) 42 (25) 29 (17)

Tlc 202 (43) 155 (33) 113 (24)

T2 168 (35) 149 (31) 156 (33) x:33; <.000
Age

<45 52 (27) 56 (29) 82 (43)

46-65 202 (43) 168 (33) 120 (24)

>66 153 (49) 93 (30) 63 (20) x:40; <.000
TG

1 62 (58) 29 (27) 15 (15)

2 259 (41) 254 (36) 161 (22)

3 119 (38) 68 (21) 125 (40) x:52; <.000
Emboli

- 459 (46) 324 (32) 212 (21)

+ 11 (8) 27 (21) 89 (70) x:132; <.000
TIL

1 352 (43) 255 (31) 210 (26)

2 62 (27) 80 (36) 80 (36)

3 56 (67) 16 (19) 11 (14) x:42; <.000
Desmoplasia

1 108 (44) 44 (18) 93 (37)

2 163 (39) 139 (33) 116 (28)

3 199 (43) 168 (36) 92 (29) x:41; <.000

Lymphatic Emboli

Of cases with positive lymphatic emboli, 70% have
diffuse Grade 3 stromal myxoid changes (P < .001).

Tumor-Infiltrating Lymphocytes and Desmoplasia

These are inversely related to stromal myxoid
changes.

Stromal Myxoid Changes as a Prognostic Factor
of Mortality

Among 301 patients free of axillary metastases,
those showing stromal myxoid changes of Grade 2 or
3 had an increased risk of death over the 10-year
follow-up period (log rank test, P < .01, hazard ratio
3.05, 95% confidence interval [1.2-7.9]). There is a
stronger prognostic effect within the T2 cases (Fig. 5),
but it is a subset too small for clear conclusions. Using
Cox regression analysis to adjust for age, tumor size,
and tumor grade, stromal myxoid changes Grades 2
or 3 showed a hazard ratio of 2.21 confidence interval
95% (0.87-5.2), P = NS (data not shown). The wide
confidence interval is probably caused by the low
death rate within the cohort (17 of 301 patients) in 10
years of follow up. Therefore the multivariate test
does not validate stromal myxoid changes as an in-
dependent prognostic factor.

DISCUSSION

In this study, it was found that stromal changes
seen in breast carcinoma are associated with ad-



verse parameters such as high histological grade,
emboli, young age, and the presence of axillary
metastases. Therefore, the presence of stromal
changes helps identify high-risk groups.

Visual impressions of stromal myxoid changes
were compared with quantitative morphometry.
The results indicate that morphometric measure-
ments of stromal signals show high correlation with
the visual evaluation, confirming that the histolog-
ical assessment is as reliable as the digital imaging
techniques.

The reproducibility of the stromal myxoid
changes indicates that interobserver agreement can
be achieved in a substantial number of cases. Dis-
crepancies among pathologists were mainly con-
fined to the intermediate group. However, there
was an acceptable level of reproducibility even in
this group.

With the multivariate analysis, a strong relation-
ship of stromal myxoid changes to positive axillary
nodes was found even after adjusting them for im-
portant confounders. An independent association
of tumor grade was observed, but no relationship
was found between Grade 1 and positive nodes
(data not shown). De La Torre et al. (20) did not find
any relationship between stromal changes and
nodal metastasis in tubular carcinoma. We support
his findings given the fact that Grade 1 tumors (all
tubular carcinomas are Grade 1) did not correlate
with positive nodes. However, a strong relationship
does appear between myxoid changes with Tumor
Grades 2 and 3 and positive nodes. Thus, multivar-
iate analysis indicates that there is a synergistic
effect of tumor grade, tumor size, and stromal myx-
oid changes with the metastatic process.

As was mentioned before, hyaluronan synthesis
is stimulated by the interaction between tumor and
stromal cells, hence stromal myxoid changes could
be the expression of an early primitive response to
the invading carcinoma. But stromal myxoid
changes do not necessarily indicate a parameter of
tumor aggressiveness. Stromal myxoid changes
should be interpreted as a noncellular stromal re-
sponse occurring in any situation that causes stro-
mal injury, facilitating tumor, or non-tumor cell
migration. The negative association with desmopla-
sia and tumor lymphocytic infiltration in the cross
tabulation and multivariate analysis study suggests
fibrous and cellular replacement. Probably, stromal
myxoid changes provide a provisional matrix for a
granulation tissue as a response and are precursors
of desmoplasia. Three lines of evidence support
such a proposal. First, hyaluronan was found to be
the ground substance for migration of lymphocytes
as it can synergistically act with T-cell lymphocytes
and secrete factors that promote vessel migration
as part of an inflammatory response (21-23). Sec-
ond, hyaluronan plays a well-known role in the

molecular sequence leading to collagen fibrillogen-
esis (24). Third, extracellular matrix hyaluronan is
prominent during wound healing, appearing at el-
evated levels early in the repair process. The deg-
radation of hyaluronic acid results in increased fi-
broplasia, collagen deposition, and keloid tissue
(25). Presumably, if there was some impairment in
the production or functionality of hyaluronan,
granulation tissue, and subsequent desmoplasia
would not develop, and the enzymatic metastatic
cascade might be delayed or blocked.

Another finding was that young age appears as an
important factor in the induction of stromal myxoid
changes. Several observation could imply that ste-
roids are possibly stimulators of the stromal myxoid
changes: increased hyaluronan biosynthesis accom-
panies decidual responses in the endometrium (26),
maternal serum hyaluronic acid concentrations in-
crease as pregnancy progresses and serum levels in-
crease significantly at term (27), hyaluronic acid is
associated with cervical ripening during parturition
(28), and marked stromal myxoid changes have been
reported to be under a strong progestational effect in
rectal endometriosis (29). All these reports suggest
that the ovarian hormones play an important role in
modulating hyaluronic acid synthesis and could pro-
vide an explanation of the association of stromal myx-
oid changes with young age.

In addition, a strong association of stromal myx-
oid changes with lymphatic embolizations was
found. The importance of this observation is exem-
plified by the fact that clinicopathological findings
have long suggested that by providing a pathway for
tumor cell dissemination, lymphatics are a key
component of metastatic spread. It is also well
known that the lymphatic system is the main organ
for the transporting and turnover of hyaluronan
from tissues. Receptor-mediated transcytosis of
hyaluronan may contribute to tumor cell transport-
ing by paracellular pathways. Jackson et al. (30)
speculate that carcinoma cells invade the lymphatic
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FIGURE 5. Tumor size larger than 2 cm. Sixty cases with —SMC.
Within this group there were 3 deaths versus 31 cases with +SMC and
6 deaths (P < .008).
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vessels using hyaluronan as a molecular link be-
tween CD44/hyaluronate-receptor-bearing tumor
cells and LYVE-1/hyaluronate receptor-lymphatic
endothelial receptors giving rise to lymphatic em-
bolizations .

The increased mortality in patients having positive
stromal myxoid changes is consistent with these find-
ings. Nevertheless, although statistically significant,
the multivariate analysis differences are not statisti-
cally significant. Auvinen et al. (11), using a similar
histopathological evaluation, conclude that the inten-
sity of the stromal hyaluronan signal and the presence
of cells associated with hyaluronan were both signif-
icantly related to poor differentiation of the tumors,
axillary lymph node positivity, and overall shorter sur-
vival of the patients. They propose that hyaluronan
disrupts the extracellular matrix, creating invasion-
permissive conditions. In general terms, we agree
with their findings; however, we cannot confirm in
our series of patients that myxoid changes are an
independent prognostic factor. As mentioned in the
Materials and Methods section, 54 patients with high-
grade tumors were selected for adjuvant chemother-
apy. In a previous publication (31), we found 19
deaths over 5 years (11.5%) in a cohort of 165 cases
with negative nodes and without adjuvant chemo-
therapy. There are obvious differences in the mortal-
ity within the current cohort, with 17 deaths at 10
years (5.6%). Patients with high-grade tumors who
died in our previous and current series are more
frequently associated with stromal myxoid changes.
Selection of aggressive cases for adjuvant chemother-
apy might have distorted the survival curves. Further
research based on untreated patients is needed to
establish the clinical significance of these findings.

It could be hypothesized that stromal myxoid
changes conform to a matrix full of survival and
motility factors for vessels and mononuclear and
neoplastic cells that otherwise would be cleared by
apoptosis. Eventually, this matrix could be used for
diagnostic or therapeutic purposes. Hyaluronan
could be employed as an adherent net for lipo-
somes containing contrast agents for magnetic res-
onance visualization (32, 33). Moreover, extracellu-
lar hyaluronan can facilitate cellular uptakes of
properly designed microvesicles (34, 35). Conceiv-
ably, liposome-mediated plasmid transfection
could engineer the cancer cell genome, inducing
the synthesis of peptides to block in situ the func-
tion of hyaluronan (36). Targeting hyaluronan
could arrest multiple biological pathways and
might be used as a strategy to improve the treat-
ment of cancer.
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