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Tumor recurrence rate (TRR) and mortality rate (MR) of invasive ductal carcinoma (IDC) of the
breast in short-term follow-up are relatively low. Nevertheless, it is extremely important to iden-
tify patients at risk of early recurrence or death after surgery. The aim of this study was to estab-
lish a new histological prognostic classification scheme for IDC in order accurately to predict the
short-term outcome. The following histological parameters were analyzed in 201 IDCs: 1) tumor
size, 2) structural atypia, 3) nuclear atypia, 4) number of mitotic figures, 5) fibrotic focus (FF), 6)
vascular invasion, 7) tumor necrosis, 8) skin invasion, 9) muscle invasion, 10) nodal status and 11)
extramammary fat invasion. Multivariate analysis showed that nuclear atypia, presence of FF, and
the invasive length of fat invasion (ILFI) were the most important histological parameters corre-
lated with TRR or MR of IDCs. Accordingly, a new histological classification based on nuclear
atypia, FF and ILFI (Nucleus-Fibrotic focus-Fat invasion, NFF) was devised. Comparative studies
were performed with the following existing prognostic classifications: 1) histological grade, 2)
modified Scarff-Bloom-Richardson histological grade, 3) prognostic index and 4) pathological
TNM (pTNM) stage classifications. Patient grouping defined by NFF classification significantly
correlated with tumor recurrence or death of IDCs in all cases, cases at stages | and Il, those
without lymph node metastasis and those who were estrogen receptor (ER)-positive after adjust-
ment for the other four classifications, using multivariate analysis. NFF classification appeared
superior to existing prognostic classifications for the accurate prediction of the short-term out-
come for patients with IDCs in low risk groups.
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Tumor size, histologic grade, nodal status, DNA ploidy, cells, the overall size of the tumor cells and their nuclei,
proliferative activity of the tumor cells and gene abnor-variation in the size of both tumor cells and their nuclei,
malities are important prognostic parameters for patientsiuclear hyperchromatism, and mitotic coufit®atey and
with invasive ductal carcinoma (IDC) of the brea&?.  Scarff followed Greenough's method, but only used tubu-
Most previous studies of prognostic factors have focusedar formation, variation in nuclear size and shape, and
on the long-term survival of patients with IDCs, and notnuclear hyperchromatism as parametérs 1957, Bloom
on the short-term survival. Recently, we demonstrated thaand Richardson proposed a histological grading system
the presence of a fibrotic focus (FF) within the tumor isfor breast cancer, making it more reproducible by intro-
an important histological factor for the prediction of ducing a scoring system based on three histological fea-
short-term as well as long-term survival of patients withtures: 1) tubular formation, 2) nuclear features and 3)
IDCs*'® However, the frequency of tumor recurrence number of mitotic figured. This grading system was
and the mortality rate of IDCs in short-term follow-up are modified by Le Doussagt al. in 1989 and was called the
relatively low, which makes it difficult to predict the modified Scarff-Bloom-Richardson (MSBR) histologic
patients’ outcomes accurately using a single prognosticlassification'® Elston and Ellis have refined the defini-
parameter. Therefore, it seems better to combine powerfulon and the method of assessing the parameters which
histological parameters in order to predict short-termconstitute the Bloom and Richardson grading system, and
surival. it is currently the most widely used histological grading

Greenough first reported a histological grading system(HG) system for breast cancéér.Besides these grading
for breast cancer, which consisted of the following paramsystems, Toddet al. proposed a prognostic index (PI)
eters: tubular formation, secretory activity of the tumor classification consisting of tumor size, lymph node stage
and HG® HG, MSBR and PI classifications, in addition
4To whom correspondence should be addressed. to the pathological TNM (pTNM) stage classificatih,
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are the major histological prognostic classifications whichin age from 28 to 87 years (average, 54 years), and all
are clinically used for the analysis of the outcome forhad a solitary lesion. One hundred patients were pre-
patients with IDCs. menopausal and 101 post-menopausal. Modified radical
The aim of this study is to establish a new histologicalmastectomy was performed in 166 patients, standard radi-
prognostic classification for IDCs, which is composed ofcal mastectomy in 16, extended radical mastectomy in 3
independently significant histological parameters. Studieand partial mastectomy in 16. Axillary lymph node dis-
were performed with HG, MSBR, Pl and pTNM stage section was carried out in 198 patients, and 95 patients
classifications in order to compare the predictive power ofhad no lymph node metastasis of the tumor. The number
the new classification with that of the existing systems. of patients at stages |, lIA, IIB, IlIA and IIIB were 47, 62,
41, 20 and 28, respectively. None of the patients had
MATERIALS AND METHODS received radiotherapy or chemotherapy before surgery.
Estrogen receptor (ER) assay was performed on 170 of
Cases Two hundred and one (of which 152 were thethe 201 tumors, and 107 tumors were positive. Postopera-
same patients as in our previous refidriconsecutive tive adjuvant chemotherapy was performd in 113 patients,
patients with IDC of the breast surgically treated betweerand 122 patients were treated with postoperative hormone
July 1992 and June 1994 at the National Cancer Centaherapy.
Hospital East constitute the basis of this study. Clinical For histological examination, the surgically resected
information was obtained from the patients’ medical specimens were fixed in 10% formalin overnight at 4°C,
records. All of the patients were Japanese women rangingnd the entire tumor was cut into slices at intervals of 0.5

Fig. 1. IDC with FF. A. An FF measuringk8 mm in size is observed within the tumor (arrowheads). The FF is irregular in shape
and surrounded by invasive ductal carcinoma cells. Residual tumor islands of various sizes are observed within the FFa(HE, pano
view). B. The fibroblast and collagen fibers composing FF show a storiform-like arrangement (HE, original magr#cgtion
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to 0.7 cm. The size and gross appearance of the cancester of the tumor was defined as the maximum cut surface
were recorded, and the former was validated by comparief the tumor, and all tumors were classified according to
son with tumor size on histologic slides. Multiple histo- the pTNM classificatioR?
logical sections were taken from each tumor in order to When the tumor had coagulation necrosis in more than
measure the maximum tumor diameter. The sections wer0% of the whole tumor area, the tumor was regarded as
processed routinely and embedded in paraffin. having coagulation necrosis. Skin invasion was consid-
Histological examination Two sections of each tumor ered positive if the tumor cells had invaded the dermis or
were cut from the paraffin blocks. One section wasepidermis of the breast skin, and muscle invasion implied
stained with hematoxylin and eosin and examined pathotumor cell invasion to the pectoralis muscle. When the
logically to confirm the diagnosis. The remaining sectionstumor cells invaded surrounding fat tissue, extra-mam-
were used for elastica staining to confirm the presence amary fat invasion was considered to be present. Further-
absence of vascular invasion by the tumor cells. more, we measured the invasive width and length of fat
The following histological parameters were examined:invasion of the tumor cells using a microscope equipped
1) tumor size, 2) structural atypia, 3) nuclear atypia, 4)with a x10 eyepiece enclosing a graticule, which con-
the number of mitotic figures, 5) FF*>2? (Figs. 1, 2 and  sisted of a grid lattice of 9 vertical and 9 horizontal inter-
3), 6) tumor necrosis, 7) vascular invasion, 8) nodal stasecting lines, resulting in a total of 81 points per field.
tus, 9) skin invasion, 10) muscle invasion and 11) extraMost counts were made withx2 or x4 objective. If sev-
mammary fat invasion. All tumors were classified accord-eral foci of fat invasion were observed in one IDC, the
ing to the guidelines of the World Health Organizafidn, longest length and the widest width of fat invasion were
and their structural and nuclear atypias, and the number afonsidered as the length and width of fat invasion, respec-
mitotic figures were used for H&. The maximum diam- tively (Fig. 4). When we measured the length or width of

Fig. 2. IDC with FF. A. An FF measuring £80 mm in size is observed within the tumor (arrowheads). The FF appears as a radiat-
ing fibrosclerotic core or scar. B. The FF contains residual tumor cells arranged in small solid nests or strands adfibretiasth
or collagen fibers showing a storiform-like arrangement (HE, original magnificasion
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fat invasion, we drew a straight line between both ends ohuclear pleomorphism and the number of mitotic figures,
fat invasion adjacent to the breast tissue. We regarded thisithout assessment of tubular formati®nNuclear pleo-

line as the baseline for the measurement of the length ahorphism is divided into minimal, moderate and marked,
fat invasion, then measured the longitudinal length fromand they are each scored as 1, 2 and 3 points, respec-
the top of the fat invasion to the baseline. The width oftively. The number of mitotic figures was calculated in
fat invasion was the distance between the two ends of thene high power field (HPR%400) having the largest num-
baseline of fat invasion. Besides the width and length ober of mitotic figures. One or less mitosis/HPF was
fat invasion, the invasive pattern of tumor cells was classcored as 1 point, two mitoses/HPF as 2 points and three
sified into large solid, small solid and septal (Fig. 5, A, Bor more mitoses/HPF as 3 points. The scores for the
and C). nuclear features and the mitotic figures were added
Histological prognostic classifications for comparative  together, and groups with values of the sum of 2, 3, 4, 5
study The following existing histological classifications and 6 points were classified as MSBR groups 1, 2, 3, 4
were compared with our proposed new classification forand 5, respectively.

predicting disease-free survival (DFS) and overall survival PI classificatio® consisted of tumor size, lymph node
(0S): 1) HG, 2) MSBR, 3) PI and 4) pTNM stage classi-stage and H&? Lymph node stage was classified as fol-
fications. HG and pTNM stage classifications are well-lows: 1) stage A: tumor absent from all lymph nodes sam-
known histopathological prognostic classificatiéhdV pled, 2) stage B: tumor in low axillary node only and 3)
The MSBR histological grading system is based only onstage C: tumor in apical axillary and/or internal mammary
nodes. Stages A, B and C were scored as 1, 2 and 3. PI
classification was calculated according to the following
formula: PI=0.2xtumor size (cm} stage score¢ HG. The

Pl was computed for each of the IDCs, and the cases were
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Fig. 3. IDC with FF. This tumor has a small FF measuringj 1
mm in size. The fibroblasts forming the FF show a storiform-Fig. 4. A schematic illustration of the measuring method of
like arrangement (HE, original magnificatied00). length and width of extra-mammary fat invasion (A and B).
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assigned to one of three prognostic groups: low3H)), Statistical analysis The mutual relationships among his-
medium (3.4PI<5.4) and high%5.4). tological factors were analyzed by linear regression analy-
Outcome The survival of the patients was determined bysis. DFS and OS curves of the patients were drawn by the
follow-up through July, 1997 with a median period of 30 Kaplan-Meier method? and the differences between
months. One hundred and seventy-four patients were aliveurves were compared using the log-rank t&sthe Cox

and well, 36 had tumor recurrence, and 18 had died oproportional hazards regression model was used to esti-
their disease. Measurement of DFS and OS began at theate the univariate and multivariate hazard risk (HR) of
time of surgery. Tumor relapse was defined as any evitumor death and recurrence (with their 95% confidence
dence of metastasis or local recurrence. Death due to ID@tervals (CI)$?® The following variables were examined
was the only endpoint considered for the purpose of thiss potential prognostic factors: 1) menopausal status (pre-
study. or post-), 2) ages60 or>50 yrs.), 3) tumor size<@0 or

2

Fig. 5. Invasive pattern of the vasion of IDCs. A. Large solid nests (HE, original magn¥it@@prB. Small
solid nests (HE, original magnificatiorl00). C. Septal invasion (HE, original magnificatkt00).
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>20 mm), 4) structural atypia (grade 1, 2 or 3), 5) nucleamew histological classification was superior to the existing
atypia (grade 1, 2 or 3), 6) mitotic figurelQ or>10 per  classifications, multivariate analyses were performed
10 high-power fields), 7) FF (absent or present), 8) tumoibetween the new histological classification and HG
necrosis (absent or present), 9) vascular invasion (absefinodel 1), MSBR (model 2), pTNM (model 3) and PI
or present), 10) nodal status (0, 1-3>8J, 11) skin inva- (model 4). The specificity and sensitivity of each classifi-
sion (absent or present), 12) muscle invasion (absent aration for all cases, cases at stage | and Il, those without
present) and 13) extra-mammary fat invasion (absent olymph node metastasis, and those that were ER-positive
present). Then, the variables showing a significantwere also calculated. All analyses were conducted with
increase in HRs of tumor recurrence or death in theStatistica/Windows software (StatSoft, Tulsa, OK).
univariate analysis were entered into the multiple regres-
sion analysis using the step-down method until all theresuLTs
remaining factors were significant at Rrlevel below
0.05. Multivariate analyses for tumor recurrence and death
Among these factors, those which significantly of IDCs High-risk factors for tumor recurrence were
increased HR of tumor recurrence or death were selecteldrge tumor sizeX20 mm), nuclear atypia 3, the presence
in order to establish a new histological prognostic classifi-of FF, more than three lymph node metastases and the
cation for IDC. Then, multivariate analyses for tumor presence of skin invasion, according to the results of the
recurrence or death between the new histological prognos=ox proportional hazard regression model (data not
tic classification and the other four existing histological shown).
prognostic classifications were conducted in 4 popula- As for tumor death, in addition to tumor size, nuclear
tions: all cases, those at stages | and Il, those withouatypia, FF and nodal status, IDCs with mitotic figures
lymph node metastasis, and those with tumors positive fohigher than 10 showed a significant increase in HR of
ER. In order to consider the influence of chemotherapy otumor death over those with mitotic figures of 10 or less
hormone therapy on the patient's outcome, multivariate(data not shown). Therefore, multivariate analysis was
analyses were also adjusted with these factors. conducted with adjustment for tumor size, nuclear atypia,
MSBR is a modification of HG. PI depends on tumor mitotic figures, FF, vascular invasion, nodal status, and
size, nodal status and HG. Tumor size and nodal statuskin invasion. Since there was no significant difference in
are also components of the pTNM stage classificationHRs of tumor recurrence or death between IDCs with
These four prognostic classifications are closely correlateshuclear atypia 1 and those with nuclear atypia 2, or IDCs
with each other. In order to clarify the prognostic value ofwithout lymph node metastasis and those with three or
each classification, it was necessary to avoid their mutudless lymph node metastases in the univariate analysis,
influence?” Therefore, in order to analyze whether the these groups were combined in the multivariate analyses.

Table I. Multivariate Analysis for Tumor Recurrence and Tumor Death due to Invasive Ductal Carcinoma within 5 Years after the
Initial Operation

Parameters Cases TRR (%) HR 95% CI MR (%) HR 95% ClI

All cases (=201) 36 18
Tumor size (mm)

<20 72 4 ( 6) 1.0 2(3) 1.0

>20 129 32 (25) 34 1.0-8.7 16 (12) —
Nuclear atypia

Grades 1 and 2 122 8(7) 1.0 2(2) 1.0

Grade 3 79 28 (35) 2 1.9-9.1 16 (20) 11% 2.7-50.9
Fibrotic focus

Absent 100 12 (12) 10 3(3) 1.0

Present 101 24 (24) 32 1.5-6.9 15 (15) 62 1.7-22.4
Nodal status

0 and 1-3 134 14 (10) 1.0 4(4) 1.0

>3 64 22 (34) 2.8 1.4-5.7 11 (17) 39 1.2-7.9

TRR, tumor recurrence rate; MR, mortality rate; HR, hazard rate; Cl, confidence infgérveferent categoryP-value: a) <0.001;
b) <0.01;c) <0.05.

Multivariate analysis using the step-down method adjusted for tumor size, nuclear atypia, mitotic figure, fibrotic fodas,imescu
sion, nodal status, and skin invasion.
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Table II. Effect of Extra-mammary Fat Invasion on Tumor Recurrence and Tumor Death due to Invasive Ductal Carcinoma within 5
Years after the Initial Operation

Parameters Cases TRR (%) HR 95% CI MR (%) HR 95% ClI
Univariate analyses
All cases 201 36 (18) 18 ( 9)
Invasive length (mm)
None 32 2(6) 10 2(6) 1.0
<2 121 16 (13) 2.0 0-611.0 7(6) 1 0.24.8
>2 48 18 (38) 5.9 1.4-255 9 (19) 3.1 0-714.3
P for trend: 0.020 P for trend: 0.039
Invasive width (mm)
None 32 2(6) 10 2(6) 1.0
<10 103 19 (18) 3.1 0-713.4 8( 8) 1.3 0.36.0
>10 66 15 (23) 45 1.1-20.9 8 (12) 2.3 0510.8
P for trend: 0.026 P for trend: 0.205
Invasive pattern
None 32 2(6) 10 2(6) 1.0
Large solid 66 16 (24) 4°8 1.1-20.9 6(9) 1.6 0.37.8
Small solid 87 11 (13) 2.2 0-40.0 5(6) 1.0 0.25.0
Septal 16 7 (48) 72 1.5-34.7 5(31) 5.9 1.0-26.8
P for trend: 0.011 P for trend: 0.142

Multivariate analysis
Invasive length (mm)

None and2 153 18 (12) 1.0 9(6) 1.0

>2 48 18 (38) 2.4 1.34.38 9 (19) 2.8 1.1-7.3
Invasive pattern

None/small solid 119 13 (11) 1.0 7(6) 1.0

Large solid/septal 82 23 (28) 2.7 1.45.2 11 (13) 2.1 085.5

TRR, tumor recurrence rate; MR, mortality rate; HR, hazard rate; Cl, confidence intervalue:a) <0.01;b) <0.05.
Multivariate analysis adjusted for invasive length and invasive pattern.

Table Ill.  Nucleus, Fibrotic Focus, and Fat Invasion (NFF) (P<0.01), those with FFR<0.01) and those with nodal

Classification for Invasive Ductal Carcinoma status greater than ®<0.05) showed significantly higher
NFF classification factors Point of score HRs of tumor death than those with nuclear atypia of

1) Nuclear atypia grades 1 and 2, those without FF and those with nodal
Grade 1/2 vs. 3 Ovs. 1 status of 3 or less, respectively (Table I).

2) Fibrotic focus Subclassification of extra-mammary fat invasion of
Absent vs. present Ovs. 1 IDCs The presence or absence of extra-mammary fat

3) Extramammary fat invasion invasion failed to show a significant correlation with
Invasive length (mm) tumor recurrence or death in the univariate analysis. How-
None£2 mm vs.>2 mm Ovs.1  Total:-83 ever, we hypothesized that the invasive ability of tumor

cells is reflected in the presence of extra-mammary fat
invasion. Therefore, HRs of tumor recurrence or death by
the width, length or invasive pattern of extra-mammary
fat invasion was analyzed using the Cox proportional haz-
Multivariate analyses showed that IDCs with tumor sizeard regression model, and the results were entered into the
larger than 20 mmR<0.05), those with nuclear atypia multivariate analysis.
grade 3 P<0.001), those with FFP<0.01) and those with In the univariate analysis, invasive length and invasive
more than 3 nodal metastas€s@.01) had significantly  pattern of the tumor cells significantly correlated with the
higher HRs of tumor recurrence than those with tumorHR of tumor recurrence and death, respectively, whereas
size 20 mm or smaller, those with nuclear atypia grades Invasive width failed to show a significant correlation
and 2, those without FF and those with 3 or fewer nodalvith HR of tumor death (Table Il). Therefore, multivariate
metastases, respectively (Table 1). Among these cases ahalyses were performed using invasive length and inva-
tumor recurrence, those with nuclear atypia of grade Zive pattern of the tumor.
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IDCs with invasive length longer than 2 mm showed a
significantly higher HR of tumor recurrence or death than
those without fat invasion or with an invasive length of 2
mm or shorter <0.01). Although IDCs growing in a
large solid nest or in the septum also showed a signifi-
cantly higher HR of tumor recurrence than those without
fat invasion or growing in small solid nest®<(Q.01),
there was no significant difference in HRs of tumor death
between the former and the latter (Table II).

Proposal of a new histological prognostic classifica-
tion We attempted to establish a new histological prog-
nostic classification based on the nuclear atypia, FF and
invasive length of fat invasion (ILFI), and named it the
NFF (Nucleus-Fibrotic focus-Fat invasion) classification.
There was no significant correlation among these factors
(data not shown). A score of 1 was given to IDCs with
nuclear atypia 3, those with FF, or those with ILFI>@f
mm. If any of the above factors were absent, a score of O
was given. Then, the total score of NFF was calculated.
The total score for each patient ranged from 0 to 3
(Table 11I).
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The number of patients with scores of 0, 1, 2 and 3
among all cases was 50, 92, 41 and 18, respectively. Since
there was no significant difference in HRs of tumor recur-
rence or death between NFF scores of O and 1 in the
univariate analysis using the Cox proportional hazard
regression model (NFFO, a referent; NFF1,1R4, 95%
Cl1=0.4-3.7,P=0.693), these cases were added together.
Fig. 6, A and B show the DFS and OS curves, respec-
tively. For both DFS and OS, the differences in the DFS
and OS curves among IDCs with score 0/1, those with %
score 2 and those with score 3 were significRs0(05).
Comparative studies between NFF classification and
other prognostic classifications The NFF, HG, MSBR,
PTNM and PI classifications mostly showed significRat
values for linear trend in tumor recurrende for trend:
NFF, HG, MSBR and PIP<0.001, respectively; pTNM,
P=0.018) or deathR for trend: NFF, HG, MSBR and PI,
P<0.001, respectively; pTNMP=0.034) in univariate
analysis using the Cox proportional hazards regression.

Multivariate analyses showed that HRs of tumor recur-
rence or death for IDCs with NFF scores 2 and 3, comicantly higher HRs of tumor recurrence were observed
pared to those with NFF score 0/1 as reference, weren IDCs with NFF score 3. Significantly higher HRs
statistically significant and increased in order of increas-of tumor recurrence or death were also observed in
ing NFF in all cases, and in cases of stage | and Il, evetDCs with high PI, but not in those with medium PI
after the NFF classification was adjusted for HG, MSBR,(Table VII).

PTNM stage, chemotherapy or hormone therapy (Tables In cases without lymph node metastasis, IDCs with
IV, V and VI). On the other hand, IDCs with HG Il or lll, NFF scores 2 and 3 showed significantly higher HRs of
those with MSBR score 3 or 4/5 and those with pTNMtumor recurrence than those with NFF scores 0 and 1
stage Il or Il failed to show a significantly higher HR of (P<0.05). In contrast, the HG, MSBR, pTNM and PI clas-
tumor recurrence or death than the referent group (Tablesifications failed to show any significant increase of HRs
IV, V and VI). of tumor recurrence or death (Tables IV-VII). Similarly,

As for multivariate analyses between NFF and PI clasin ER-positive cases, HR of tumor recurrence was statisti-

sifications, in all cases and cases of stages | and I, signifeally increased in order of increasing NFF classification,

50

Overall survival (%)

25

200 400 600 8OO 1000 1200 1400 1600 1800 2000
Time (days)

Fig. 6. Disease-free survival and overall survival curves by
NFF classification. IDCs with NFF classification scores 0 and 1
show the longest disease-free and overall survival, and those
with NFF classification score 3 have the shortest disease-free
and overall survival. IDCs with NFF classification score 2 show
intermediate disease-free survival or overall survivak NFF
0/1 (h=142),- NFF 214=41), ---- NFF 3 (=18).
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Table IV. Multivariate Analyses of NFF and HG Classifications for Tumor Recurrence and Tumor Death of IDC in All Cases, Cases
at Stages I/ll, Those without Lymph Node Metastasis and Those that are ER-Positive

Cases TRR (%) HR 95% ClI MR (%) HR 95% ClI
Model 1
All cases
NFF 201 36 18
Score 0/1 142 12 ( 8) 1 3(2 T
Score 2 41 13 (32) 2.2 0.2-5.0 8 (20) 6.3 1.5-26.9
Score 3 18 11 (61) 49 1.9-12.8 7 (39) 1237 2.5-63.3
P for trend:<0.001 P for trend: 0.002
HG 201 36 18
Grade | 48 2(4) 1 0 T
Grade I 98 12 (12) 15 0.3-7.2 5(5) "1
Grade Il 55 22 (40) 35 0.7-16.6 13 (24) 2.2 0.7-7.7
P for trend: 0.063 P for trend: 0.142
Chemotherapy 201 36 18
No 88 8(9 1 5(6) 1*
Yes 113 28 (25) 42 1.7-10.7 13 (12) 2.7 0.8-8.6
Hormone 201 36 18
No 79 12 (15) 1 9 (11) 1
Yes 122 24 (20) 0.5 0.2-1.0 9(7) 0.3 0.1-0.9
Cases at stages | and 1
NFF 150 21 10
Score 0/1 114 8(7) "1 1(1) T
Score 2 27 8 (30) 3% 1.2-11.2 5 (19) 104 1.1-100.8
Score 3 9 5 (56) 4% 1.2-18.7 4 (44) 1371 1.3-134.6
P for trend: 0.008 P for trend: 0.021
HG 150 21 10
Grade | 40 2(5) 1 0 T
Grade Il 72 6( 8) 0.9 0.2-4.9 1(1) "1
Grade Il 38 13 (34) 2.3 0.4-12.5 9 (24) 8.3 0.9-76.3
P for trend: 0.211 P for trend: 0.059
Chemotherapy 150 21 10
No 76 7(9) 1 4(5) T
Yes 74 14 (19) 30 1.1-8.6 6 ( 8) 2.3 0.6-9.3
Hormone 150 21 10
No 67 8 (12) 1 6(9) T
Yes 83 13 (16) 0.6 0.2-1.6 4(5) 0.5 0.1-1.9
Cases without lymph node metastasis
NFF 93 8
Scores 0/1 76 2(3) 1
Scores 2/3 17 6 (35) 108 1.3-91.5
HG 93 8
Grades /1l 70 3(4) 1
Grade Il 23 5 (22) 2.2 0.2-22.0
Chemotherapy 93 8
No 67 3(5) 1
Yes 26 5 (19) 8.9 1.3-58.0
Hormone 93 8
No 58 5(9) 1
Yes 35 3(9 0.6 0.1-3.6
ER-Positive cases
NFF 107 12
Score 0/1 83 4 (5) 1
Score 2 14 3(22) 2.6 0.4-15.5
Score 3 10 5 (50) 80 1.0-68.5

P for trend: 0.021
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Table IV. (Continued)

Cases TRR (%) HR 95% CI MR (%) HR 95% ClI

HG 107 12

Grade | 36 2(6) 1

Grade I 49 4( 8) 0.8 0.1-5.3

Grade Il 22 6 (27) 2.4 0.2-26.9

P for trend: 0.497

Chemotherapy 107 12

No 48 2(4 1

Yes 59 10 (17) 15.9 0.6-433.7
Hormone 107 12

No 37 2(5) 1

Yes 70 10 (14) 0.08 0.003-2.3

NFF, nucleus-fibrotic focus-fat invasion; HG, histological grade; ER, estrogen receptor; TRR, tumor recurrence rate; Mg, mortal
rate; HR, hazard rate; Cl, confidence interval, Hormone, hormone therapgferent category (referent category of MR of HG,
grade I/ll).P-value:a) <0.01;b) <0.05.

Model 1: Each multivariate analysis adjusted for all variables listed on the table.

and NFF score 3 showed significantly higher HRs ofmajor role in tumor invasion and metastasis, and several
tumor recurrence than NFF scores 0/1. factors are believed to participate in this interactiof?
Sensitivities and specificities of each classificationin We have already demonstrated that a paracrine mecha-
cases without lymph node metastasis, NFF classificatiomism exists between basic fibroblast growth factor and
showed the highest sensitivity and specificity for predict-fibroblast growth factor receptors on the tumor cells and
ing tumor recurrence (Table VIII). NFF classification also the fibroblasts in FF, and this mechanism probably plays a
showed the highest sensitivity for tumor recurrence ratekey role in the formation of FF within IDCG4. Therefore,
(TR) in ER-positive cases. In all cases, and cases at stagé®e formation of FF appears to be evidence of active
| and Il, NFF, HG and MSBR showed almost equivalenttumor cell and stromal cell interaction, which also affects
sensitivity and specificity for tumor recurrence or deaththe malignant potential of IDCs, probably through growth
(Table VIII). The PI classification showed higher specific- stimulation of the tumor cells.

ity for tumor recurrence or death than the NFF, HG and This study showed that ILFI is an important prognostic
MSBR classifications in cases at stages | and Il (Tabldactor for tumor recurrence and death of patients with
VIII). The pTNM classification showed the lowest sensi- IDC. ILFI is probably determined by the degree of prolif-
tivity for tumor recurrence or death in all cases, and theerative and/or invasive abilities of the tumor cells. There-
lowest specificity for tumor recurrence or death in casedore, it is plausible that ILFI reflects the aggressive

of stages | and Il (Table VIII). characteristics of tumor cells in IDC.
Considering the above circumstances, each factor of the
DISCUSSION NFF classification appears to represent not only the bio-

logical characteristics of the tumor cells themselves, but
This study clearly demonstrated that the NFF classificaalso the tumor and stromal cell interaction. This probably
tion is superior to the HG, MSBR, pTNM and PI classifi- enhances the value of the NFF classification as a histolog-
cations in the prediction of the outcome for patients withical prognostic classification.
IDCs. This suggests that each factor used in this clas- In this study, IDCs with an NFF score 2, an intermedi-
sification has a strong effect on tumor progression orate group, had significantly higher HRs of tumor recur-
invasion. rence or death than those with NFF score 1. In the HG,
It has been reported that nuclear atypia of IDC closelyMSBR or PI classification, the cases were divided into
correlates with a patient’s outcorfie® Nuclear features three groups, but the intermediate group behaved similarly
probably reflect abnormality of genes or of their expres-to the low risk group. Therefore, only the NFF classifica-
sion3-33 Therefore, the malignant potential of tumor cells tion was able to separate the intermediate group from the

may be reflected in their nuclear features. low-risk group. In addition, stratification of IDCs without
The interaction between tumor cells and stromal cells idymph node metastasis or those that were ER-positive into
probably important for the formation of B Tumor cell  low- and high-risk groups was possible only by using the

and stromal cell interaction has been shown to play aNFF classification. The NFF classification also showed

1367



Jpn. J. Cancer Re89, December 1998

Table V. Multivariate Analyses of NFF and MSBR Classifications for Tumor Recurrence and Tumor Death of IDC of All Cases,

Cases at Stages I/ll, Those without Lymph Node Metastasis and Those that are ER-Positive

Cases TRR (%) HR 95% ClI MR (%) HR 95% ClI
Model 2
All cases
NFF 201 36 18
Score 0/1 142 12 ( 8) "1 3(2) T
Score 2 41 13 (32) 2.2 0.9-4.9 8 (20) %.3 1.5-25.8
Score 3 18 11 (61) 48 1.9-11.7 7 (39) 11°8 2.5-56.7
P for trend: <0.001 P for trend: 0.001
MSBR 201 36 18
Score 1/2 80 3(4) 1 0 T
Score 3 55 9 (16) 3.0 0.8-11.4 4(7) 1
Score 4/5 66 24 (36) 50 1.4-17.7 14 (21) 2.6 0.7-9.2
P for trend: 0.058 P for trend: 0.091
Chemotherapy 28 (25) 39 1.7-9.6 13 (12) 2.7 0.8-8.5
Hormone 24 (20) 0.5 0.2-1.0 9(7) 0.3 0.1-0.9
Cases at stage | and Il
NFF 150 21 10
Score 0/1 114 8(7) 1 1(1) T
Score 2 27 8 (30) 3% 1.3-10.2 5 (19) 131 1.4-123.3
Score 3 9 5 (56) 4P 1.2-14.4 4 (44) 1597 1.6-161.2
P for trend: 0.011 P for trend: 0.012
MSBR 150 21 10
Score 1/2 61 2(4) 1 0 T
Score 3 41 4 (10) 2.3 0.4-12.9 1(2) 1
Score 4/5 48 15 (31) 4.6 0.9-22.2 9 (19) 6.2 0.7-55.4
P for trend: 0.078 P for trend: 0.046
Chemotherapy 14 (19) 29 1.1-7.8 6(8) 2.3 0.6-9.6
Hormone 13 (16) 0.6 0.2-1.6 4(5) 0.4 0.1-1.6
Cases without lymph node metastasis
NFF 93 8
Scores 0/1 76 2(3) 1
Scores 2/3 17 6 (35) 1029 1.2-96.1
MSBR 93 8
Scores 1-3 65 3(5) "1
Scores 4/5 28 5 (18) 14 0.2-9.2
Chemotherapy 28 (19) 72 1.2-40.6
Hormone 3(9) 0.7 0.1-4.0
ER-Positive cases
NFF 107 12
Score 0/1 83 4(5) 1
Score 2 14 3 (21) 2.4 0.5-12.5
Score 3 10 5 (50) 7°0 1.2-39.4
P for trend: 0.022
MSBR 107 12
Score 1/2 53 3(6) 1
Score 3 28 2(7) 1.2 0.1-5.3
Score 4/5 26 7 (27) 4.5 0.7-30.6
P for trend: 0.342
Chemotherapy 10 (17) 17.2 0.9-317.5
Hormone 10 (14) 0.06 0.003-1.3

NFF, nucleus-fibrotic focus-fat invasion; MSBR, modified Scarff-Bloom-Richardson; ER, estrogen receptor; TRR, tumor recurrence
rate; MR, mortality rate; HR, hazard rate; Cl, confidence interval; Hormone, hormone théredgrent (referent category of MR of
MSBR, score of 1-3); referent category of chemotherapy or hormone therapyyalae:a) <0.001;b) <0.01;c) <0.05.

Model 2: Each multivariate analysis adjusted for all variables listed on the table.
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Table VI. Multivariate Analyses of NFF and pTNM Classifications for Tumor Recurrence and Tumor Death of IDC of All Cases,
Cases at Stages I/ll, Those without Lymph Node Metastasis and Those that are ER-Positive

Cases TRR (%) HR 95% ClI MR (%) HR 95% ClI
Model 3
All cases
NFF 201 36 18
Score 0/1 142 12 ( 8) "1 3(2 T
Score 2 41 13 (32) 2% 1.1-5.8 8 (20) 79 2.0-30.8
Score 3 18 11 (61) 87 3.8-20.1 7 (39) 20% 5.1-79.2
P for trend:<0.001 P for trend:<0.001
pTNM 198 36 18
Stage | 47 3(7) 1 2(4) T
Stage Il 103 18 (17) 2.9 0.7-12.7 8( 8) 2 0.3-13.9
Stage Il 48 15 (31) 34 0.7-16.6 8 (17) 3.2 0.4-24.0
P for trend: 0.818 P for trend: 0.849
Chemotherapy 28 (25) 28 1.0-74 13 (12) 1.8 0.5-6.6
Hormone 24 (20) 03 0.2-0.8 9(7) 02 0.1-0.7
Cases at stages | and I
NFF 150 21 10
Score 0/1 114 8(7) "1 1(1) T
Score 2 27 8 (30) 48 15-12.1 5 (19) 21% 2.5-186.1
Score 3 9 5 (56) 7 2.3-23.5 4 (44) 41% 4.3-385.3
P for trend: 0.002 P for trend: 0.001
pTNM 150 21 10
Stage | a7 3(6) 1 2(4) T
Stage Il 103 18 (18) 25 0.5-11.8 8( 8) 2.2 0.2-22.9
Chemotherapy 14 (19) 2.0 0.7-6.0 6(8) 1.4 0.3-7.4
Hormone 13 (16) 0.5 0.2-1.3 4(5) 0.3 0.08-1.3
Cases without lymph node metastasis
NFF 93 8
Score 0/1 76 2(3) 1
Score 2/3 17 6 (35) 10% 1.5-69.5
pTNM 93 8
Stage | a7 3(6) 1
Stage Il 46 5 (11) 3.7 0.2-60.5
Chemotherapy 5 (19) 62 1.2-32.7
Hormone 3(9) 0.5 0.1-3.8
ER-Positive cases
NFF 107 12
Score 0/1 83 4 ( 5) 1
Score 2 14 3 (21) 3.2 0.5-18.8
Score 3 10 5 (50) 22%6 3.6-137.4
P for trend: 0.022
pTNM 107 12
Stage | 24 1(4 1
Stage Il 57 6 (11) 2.0 0.1-33.2
Stage Il 25 5 (20) 1.0 0.1-21.3
P for trend: 0.873
Chemotherapy 10 (17) 24.4 0.5-1143.2
Hormone 10 (14) 0.04 0.0007-1.8

NFF, nucleus-fibrotic focus-fat invasion; ER, estrogen receptor; TRR, tumor recurrence rate; MR, mortality rate; HR, bagdrd rat
confidence interval; Hormone, hormone therapy; referent category of chemotherapy or hormone thethpgferent category-
value:a) <0.001;b) <0.01;c) <0.05.

Model 3: Each multivariate analysis adjusted for all variables listed on the table.
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Multivariate Analyses of NFF and PI Classifications for Tumor Recurrence and Tumor Death of IDC of All Cases, Cases

Table VII.
at Stages I/ll, Those without Lymph Node Metastasis and Those that are ER-Positive
Cases TRR (%) HR 95% ClI MR (%) HR 95% ClI
Model 4
All cases
NFF 201 36 18
Score 0/1 142 12 ( 8) "1 3(2) T
Score 2 41 13 (32) 1.8 0.8-4.1 8 (20) 4.7 1.3-18.8
Score 3 18 11 (61) 4 1.7-11.1 7 (39) 657 1.5-29.7
P for trend: 0.002 P for trend: 0.015
PI 196 35 17
Low 56 2(4 1* 0 1
Medium 91 10 (10) 19 0.4-9.7 3(3) "1
High 49 23 (47) 7.2 1.2-42.3 14 (29) 13 2.9-61.5
P for trend: 0.004 P for trend:<0.001
Chemotherapy 28 (25) 2.6 0.9-7.2 13 (12) 11 0.3-4.7
Hormone 24 (20) 03 0.1-0.7 9(7) 02 0.07-0.5
Cases at stages | and 1
NFF 150 21 10
Score 0/1 114 8(7) 1 1(1) T
Score 2 27 8 (30) 34 0.9-12.7 5 (19) 6.7 0.6-79.8
Score 3 9 5 (56) 3% 1.1-10.9 4 (44) 34% 2.9-415.4
P for trend: 0.030 P for trend: 0.049
PI 149 21 10
Low 55 2(49 1 0 T
Medium 73 8 (11) 1.7 0.3-9.9 3(4) "1
High 21 11 (52) 108 1.5-74.9 7 (33) 863 6.5-1149.6
P for trend: 0.002 P for trend:<0.001
Chemotherapy 14 (19) 1.6 0.5-4.9 6 (8) 0.6 0.1-3.1
Hormone 13 (16) o4 0.1-1.1 4( 5) 0.0% 0.004-0.6
Cases without lymph node metastasis
NFF 93 8
Score 0/1 76 2(3) 1
Score 2/3 17 6 (35) 40 1.2-13.3
PI 93 8
Low 50 2(4) 1
Medium 43 6 (14) 0.2 0.01-3.5
Chemotherapy 5 (19) 175 2.0-153.8
Hormone 3(9) 0.2 0.04-14
ER-Positive cases
NFF 107 12
Score 0/1 83 4(5) 1
Score 2 14 3 (21) 2.4 0.4-15.4
Score 3 10 5 (50) 15%5 2.1-105.2
P for trend: 0.005
PI 105 12
Low 36 2(6) 1
Medium 47 4(9) 11 0.2-14.0
High 22 6 (27) 11 0.1-13.2
P for trend: 0.905
Chemotherapy 10 (17) 21.1 0.4-936.0
Hormone 10 (14) 0.06 0.001-2.5

NFF, nucleus-fibrotic focus-fat invasion; PI, prognostic index; ER, estrogen receptor; TRR, tumor recurrence rate; MR, ratertalit
HR, hazard rate; Cl, confidence interval; Hormone, hormone thefapgferent category (referent category of PI, low/medium); ref-

erent category of chemotherapy or hormone therapyP-+value:a) <0.001;b) <0.01;c) <0.05.
Model 4: Each multivariate analysis adjusted for all variables listed on the table.
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Table VIII. Sensitivities and Specificities of Each Prognostic MSBR classification depends on the nuclear features and
Classification the mitotic figures of the tumor cells. Therefore, both
Cases classifications concentrate only on the cytological charac-
INO) ER(#) teristics of the tumor cells. The NFF classification evalu-
ates not only the cytological characteristics of the tumor
cells, but also the status of tumor-stromal cell interaction

Classification All Stages /11
TR MR TR MR TR TR

NFF (0/1 vs. 2/3) and the invasive ability of the tumor cells. Therefore, the
Sensitivity (%) 68 83 62 90 75 67 NFF classification probably extracts more information
Specificity (%) /8 76 8 81 87 8  regarding the biological characteristics of IDCs than either

HG (Il vs. ”'0) the HG or MSBR classification. This should make the
2622:2‘;3 E 0;3 gé ;? gf 38 sg 85:(3) NFF classification superior to the other two classifications

MSpBR (1-3 vs. 4/5) as a progn_ostip indicator. o .
Sensitivity (%') 67 78 71 90 63 58 After adjusting for the NFF cIaSS|f|cat|9r_1 in the muln—
Specificity (%) 73 72 76 72 79 80 variate ana_lyses, the pTNM stage classn‘_lcann failed to

PTNM (All, ER-positive, /1l vs. Il LNE), 1 vs. 1) c_orrelate with tumor recurrence or death in the 4 popula-
Sensitivity (%) 42 44 86 80 63 42 tions analyzed: all cases, tho_se at stages | and Il, those
Specificity (%) 80 78 34 32 52 79 Wlth_o_ut lymph _n_ode metastasis and th(_)s_e_ that were _ER-

PI (All, Stages I/ll, ER-positive, LIM vs. H; LN{, L vs. M) positive. In addition, fluctuations of sensitivity or specific-
Sensitivity (%) 66 8 52 70 75 50 ity for tumor recurrence or death were most frequently
Specificity (%) 84 80 92 90 57 83 observed in this classification. Thus, this classification

S : . . . may not be suitable for the prediction of the short-term
NFF, nucleus-fibrotic focus-fat invasion; HG, histological . . . .
grade; MSBR, modified Scarff-Bloom-Richardson; PI, prognos- O,Uthme for pa.t'ems with !DC' However, th's classlflca-
tic index; LNE), negative lymph node metastasis; ER( tion is used widely to estimate the benefit of adjuvant
estrogen receptor-positive; L, low; M, medium; H, high; TR, chemotherapy, hormone therapy or radiotherapy in post-
tumor recurrence rate; MR, mortality rate. operative patients with IDCs. This study has demonstrated
the clear superiority of the NFF classification for predic-
tion of the outcome for patients treated with post-opera-
tive chemotherapy or hormone therapy, or those with ER-
the highest sensitivity and specificity for tumor recurrencepositive IDCs. Therefore, if the NFF were to be combined
in IDCs without lymph node metastasis, and the highestwvith pTNM stage classification, the predictive ability
sensitivity in those that were ER-positive. Thus, the NFFmight increase dramatically. Such a study seems worth-
classification is probably most suitable for further separat-while.
ing IDCs with the lowest malignant potential in the con- The ability of the NFF classification to predict long-
ventional sense into low- and high-risk groups. term outcome for patients with IDCs has not been tested.
The PI classification consists of tumor size, nodal statugdowever, nuclear atypia of the tumor cells and the pres-
and HG, which is almost identical to a combination of ence of FF or fat invasion have been shown to be impor-
pTNM stage and HG or MSBR. Therefore, it is believedtant prognostic factors for long-term survivap-30.40.41)
that the PI classification is the most powerful histological Therefore, it seems likely that the NFF classification is
prognostic classification for IDC. However, this study also a useful classification for predicting the long-term
showed that the PI classification failed to stratify IDCs survival of patients with IDCs.
without lymph node metastasis into low- and high-risk
groups. This suggests that nodal status is more importalckNOWLEDGMENTS
than tumor size or HG for the estimation of malignant
potential of IDCs. Therefore, unlike the NFF classifica- This work was supported in part by a Grant-in-Aid for Cancer
tion, the usefulness of the PI classification as a prognosti®esearch from the Ministry of Health and Welfare and by a
indicator seems limited to IDCs, in which outcome Grant-in-Aid for the 2nd Term Comprehensive 10-Year Strategy
depends on the nodal status. In addition, the PI classificor Cancer Control from the Ministry of Health and Welfare in
tion failed to show a significant increase of HR of tumorJapan. A part of this work was presented at the 87th Annual
recurrence with ER-positive IDCs. Therefore, the Pl clas-Meeting of the Japanese Society of Pathology on April 14, 1998
sification is not a suitable classification for predicting the in Hiroshima.
outcome for patients with IDCs in the low-risk group.
The HG classification is based on structural and nuclea(Received July 21, 1998/Revised September 7, 1998/Accepted
features, and the mitotic figures of tumor cells. The September 24, 1998)
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