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Summary 

We studied cellular proliferation by measuring the tritiated thymidine labeling index (TLI) in slices of 
primary invasive breast carcinomas. Estrogen receptor (ER) and progesterone receptor (PgR) were mea- 
sured by ligand-binding assay. 

The TLI was a strong independent predictor of survival and relapse-free survival in women with or without 
axillary lymph nodal metastases and in American Joint Committee stage I. In operable node-negative 
women treated surgically, predicted survival at 5 years was 89 + 4% (probability_+standard error) for 81 
patients with low TLI (~<3%), 64 + 7% for 101 with mid TLI (3.1 - 8%), and 66 + 6% for 86 with high TLI 
(>8%) (P = 0.001). Probabilities of survival for patients with positive axillary nodes were 79 + 6% for 86 
with low, 71 + 7% for 71 with mid, and 52 + 6% for 89 with high TLI (P = 0.0002). In stage I patients (tumor 
diameter not exceeding 2 cm), 5-year survival probabilities were 93 + 4% in 70 with low, 72 + 8% in 43 with 
mid, and 58 + 10% in 35 with high TLI, (P = 0.0005). The TLI was predictive for survival and relapse-free 
survival within subgroups positive and negative for ER and positive for PgR (P<0.05) in stage I patients, and 
a predictive trend was observed in the PgR-negative subgroup (P = 0.16). TLI also predicted within different 
categories of vascular invasion and nuclear grade. 

A stepwise Cox proportional hazards model selected TLI, number of positive axillary lymph nodes, and 
maximum diameter of the breast carcinoma as independent variables predictive of relapse, and added ER as 
a fourth variable for prediction of survival. 

Introduction 

The pathologic stage of breast carcinoma as deter- 
mined by the degree of spread beyond the primary 
site to the axillary lymph nodes and other local or 
distant sites has remained the most important prog- 
nostic indicator. In the last ten years, measure- 
ments of estrogen and progesterone receptors (ER 

and PgR, respectively) in the neoplastic tissue [1, 2] 
and the thymidine labeling index (TLI) [3-6], have 
been recognized as having prognostic significance 
independent of the clinical or pathological stage of 
the tumor. These measurements have the advan- 
tage of yielding quantifiable results. The TLI is a 
measure of the rate of cellular proliferation, and 
relates to the growth rate of the tumor, although it 
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is not the only determinant of growth. ER and PgR 
are measurements of hormonal responsiveness but 
not necessarily of growth. In this presentation we 
provide evidence that the TLI is a stage-independ- 
ent predictor of relapse-free survival and overall 
survival of breast carcinoma patients, that it takes 
precedence over the receptor measurements in 
predicting the outcome over a period of five years, 
and that it is particularly predictive in stage I pa- 
tients. 

Methods 

Patients studied, evaluation and staging 

Primary, invasive breast carcinomas were acces- 
sioned into the study from July, 1975, through De- 
cember, 1984. During this time approximately 90% 
of the primary breast carcinoma patients at Jewish 
Hospital were studied. In addition, for a year be- 
ginning in July, 1975, tissues were received from 
Barnes Hospital, St. Louis, Mo. During accessions 
at both hospitals, we attempted to study all avail- 
able patients. Two percent of the patients came 
from other hospitals in the St. Louis area. 

The number of patients in the study-group was 
718, of whom 514 were initially operable, received 
potentially adequate local surgical therapy of the 
breast carcinoma together with axillary lymph no- 
dal dissection yielding at least 5 lymph nodes for 
evaluation, and had no confounding second neo- 
plasm during or prior to the period of observation. 
One hundred seventy-one in the latter group were 
stage I, and 148 of them received no adjuvant ther- 
apy (local surgical ablation only). Two hundred 
ninety-four were stage II, of whom 153 received no 
adjuvant therapy. TLI and histopathologic data 
were available for all patients, ER for 471, and PgR 
for 416. In 414 patients, both ER and PgR were 
available. The mean age of the 718 patients was 
60 + 0.55, median 60 yr, the mean maximum dia- 
meter of tumor 2.5 + 0.078, median 2.6cm, the 
mean number of axillary lymph nodes examined 
histologically 15.6 + 0.34, median 16, the mean 
number of positive (metastatic) nodes 2.9 _+ 0.23, 
median 0, and the mean TLI 7.3 _+ 0.24%, median 
5.2%. 

Patients entered the study at the time of initial 
definitive surgical treatment or, if inoperable, at 
the time of pathological diagnosis. Jewish Hospital 
patients were followed by a Tumor Registry. Data 
pertaining to other patients was available from 
physician's office records and hospital charts which 
were examined during 1986. When information 
was otherwise unavailable, attempts were made to 
contact patients by mail or by telephone. Tumor 
registry information pertinent to relapse or death 
was verified and extended by review of hospital and 
doctor's office records whenever such records were 
available. The review was conducted by one of the 
authors (JSM) without reference to TLI data. 
More than 50 physicians participated in the care of 
the patients. Their diagnoses of relapse of tumor or 
death as a result of tumor were accepted, but over 
95% of relapses were clearly documented by phys- 
ical examination, radiography, or tissue examin- 
ation. In evaluation of survival, death from any 
cause counted the same as death from cancer. In 
evaluation of relapse-free survival, patients who 
died of causes other than breast cancer were cen- 
sored at time of death. The mean and median dura- 
tions of observation from entry to death for all the 
patients studied were 2.8 and 2.4 yr respectively, 
and for entry to last observation of survivors 4.4 
and 3.6 yr. Corresponding figures for operable, 
evaluable patients were 3.6 and 3.1. yr for those 
who died and 4.7 and 4.1 yr for survivors. 

Patients were staged on entry according to the 
American Joint Committee for Cancer Staging and 
End-Results Reporting, 1978 [7]. When excisional 
surgery was performed, measurements of tumor- 
size and axillary lymph nodal status were based on 
pathologic study. This system specifies that stage I 
includes patients with primary tumors no greater 
than 2.0 cm in diameter and either histologically 
tumor-free axillary lymph nodes or micrometastas- 
es. We used a diameter of 2 mm as the upper limit 
of micrometastasis. Seventeen percent of the stage 
I patients had axillary micrometastases. Patients 
staged as I, II, or III were considered operable and 
eligible for evaluation of course after potentially 
curative local therapy. An additional four patients, 
stage IV because of local extension of the primary 
tumor that was considered surgically excisable, 
were included in the operable group. 



For evaluation of survival and relapse patterns, 
we defined patients as operable and qualified for 
evaluation if they were judged to be potentially 
curable by surgical treatment of the breast and 
axillary lymph nodes, and if total mastectomy and 
axillary dissection were performed, at least five 
axillary lymph nodes were examined histologically, 
and no confounding neoplasm was diagnosed at 
any time. 

Adjuvant therapy 

Of the patients who were treated with potentially 
curable surgical procedures and were evaluable, 
194 received adjuvant therapy and 320 did not. The 
type of adjuvant therapy was cytotoxic in 60.6%, 
irradiation in 10.1%, hormonal in 5.6%, cytotox- 
ic + irradiation in 18.2%, irradiation + hormonal 
in 3.0%, cytotoxic+ irradiation + hormonal in 
2.0%, and immunotherapy in 0.5%. Altogether 
80.8% received cytotoxic therapy. Twenty-three 
Stage I patients received some form of adjuvant 
therapy, chemotherapy in 13 patients, irradiation 
in 8, hormonal therapy in 1, and immunotherapy in 
1. One hundred forty-eight Stage I patients re- 
ceived no adjuvant therapy. One hundred forty- 
one Stage II patients received some form of ad- 
juvant therapy which was cytotoxic in 62.2%, irra- 
diation in 7.0%, hormonal in 5.6%, cytotoxic + 
irradiation in 19.6%, irradiation + hormonal in 
2.8%, and cytotoxic + irradiation + hormonal in 
2.8%. Altogether 84.6% received cytotoxic ther- 
apy. 

Details of adjuvant therapy 

Cytotoxic therapy was administered by many phy- 
sicians and without central control. Eighty percent 
of patients treated received a combination of cy- 
clophosphamide, methotrexate, and 5-fluorouracil 
[8], 8% received L-phenylalanine mustard [9], 6% 
received the latter together with 5-fluorouracil [9], 
5% received doxorubicin with or without other 
agents, and 1% received some other regimen. We 
were not able to determine accurately the doses 
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received. With very few exceptions, hormonal 
therapy was in the form of tamoxifen. 

Thymidine labeling and steroidal receptor assays 

Fresh tissue received directly from the operating 
rooms was sliced at less than 1 mm thickness for 
incubation with tritiated thymidine by a procedure 
previously reported [10]. To enhance labeling of 
cells in the phase of nuclear DNA synthesis, the 
incubation medium contained 1/xmole/liter 5-fluo- 
ro-2'-deoxyuridine to inhibit synthesis of thymidyl- 
ic acid, and incubations were for 2 hours at 37°C 
under 3 to 4 atmospheres oxygen tension. The TLI 
was determined by a count of 2000 carcinomatous 
cells selected in groups of 400 from five areas of the 
autoradiographed microsections stained with he- 
matoxylin and eosin, and was expressed as per cent 
labeled cells [11]. 

Estrogen and progesterone receptor assays were 
performed on tumor cytosols obtained by centrifu- 
gation at 100,000 x g for 1 hour by tritiated ligand 
binding with correction for nonspecific binding by 
excess nonlabeled ligand. Dextran-coated charcoal 
was used to separate bound from unbound ligand. 
The level of receptor present was taken as the 
specific binding resulting from a nearly saturating 
concentration of tritiated ligand. Tritiated estra- 
diol-17~ was the ligand for the estrogen receptor 
(ER) assay [12], and the progesterone receptor 
(PgR) assay was run with both tritiated progester- 
one and R-5020 with use of hydrocortisone to block 
binding by cortisol-binding globulin [13]. The level 
of progesterone receptor was taken as the mean of 
the results with both ligands. All points in each 
assay were run in duplicate as previously described 
[12]. Positive (proliferative-phase endometrium) 
and negative (renal cortex) cytosols were prepared 
in bulk as standards and were run with each assay. 
Coefficients of variation for the positive cytosol ER 
controls averaged approximately 12%, whereas for 
the positive PgR controls they were approximately 
18%. The receptor laboratory consistently met the 
quality assurance standards required for participa- 
tion in the Southeastern Cancer Study Group and 
the National Surgical Adjuvant Breast and Bowel 
Project. 
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Selection of cutoffs for grouping by TLI 

We used data from 757 primary, infiltrating breast 
carcinomas, including the patients in the current 
study, to define the median (5.2%), low (0-3.0%), 
mid (3.1-8.0%), and high (8.1-36%) third TLI 
ranges [14]. These cutoffs were selected prior to 
beginning the analysis of survival rates. 

Histologic evaluation 

Histologic grade 1 indicated well-developed tu- 
bules or glands, grade 3 indicated little or no forma- 
tion of lumens, and grade 2 was intermediate. Nu- 
clear grade 1 indicated small nuclei, grade 3 in- 
dicated large nuclei, and grade 2 was intermediate. 
Criteria for histologic classification are defined in 
detail in a previous publication [14]. 

Analysis of data 

Survival and recurrence time distribution estimates 
were made using the Kaplan-Meier product limit 
method [15]. Differences between the survival 
(and/or tumor recurrence times) in patient groups 
were assessed using primarily the logrank test, but 
confirmed with the Wilcoxon test [16]. We decided 
in advance to divide patients by lower, middle, and 
upper third TLI values when groups tested were 
large, and to use the median TLI for smaller 
groups. Comparisons between the lower third and 
median cutoffs showed little difference in survival 
analyses. Initial attempts to identify the effects of 
multiple factors on survival involved subdividing 
the patients into subgroups by one factor and test- 
ing for the significance of strata by another factor. 
Based on the univariate analyses, a subset of prog- 
nostic variables was selected for inclusion into a 
stepwise Cox proportional hazards model [17] to 
attempt to find the most parsimonious model for 
survival. 

Results 

Traditional prognostic variables behaved as ex- 
pected in a population of women with breast carci- 
noma. The stage of the disease was strongly prog- 
nostic for absolute survival (P<0.0001) and re- 
lapse-free survival (P<0.0001), both for all pa- 
tients considered together and for operable 
patients. In t~e operable, evaluable group, age was 
not prognostic for either survival (P = 0.23) or 
relapse-free survival (P = 0.65). The size of the 
primary tumor was strongly prognostic for survival 
(P<0.0001) and relapse-free survival (P<0.0001), 
as was the number of positive axillary lymph nodes 
(P<0.0001). Results for some other variables of 
particular interest to this study are given in Table 1. 

The TLI was strongly prognostic for patients of 
all stages taken together for both survival and re- 
lapse-free survival (P<0.0001). The probabilities 
of survival at 5 years + standard error of estimate 
were 79 ___ 4% for 245 low, 61 + 4% for 238 mid, 
and 51 + 4% for 235 high TLI patients, and the 
corresponding relapse-free survival probabilities 
were 69 + 4%, 49 _+ 4%, and 41 + 4%. The TLI 
predicted more strongly for patients with negative 
axillary lymph nodes and small tumors (diameter 
less than 2.6 cm) than for those with larger tumors, 
but in the node-positive group it predicted more 
strongly in patients with large tumors. Further re- 
sults are presented in Table 2 and the figures. 

The TLI predicted strongly for operable patients 
of combined stages whether or not they received 
adjuvant therapy (Fig. 1), for patients either with 
or without axillary lymph nodal metastases (Fig. 
2), for American Joint Committee stage I patients 
who did not receive adjuvant chemotherapy (Fig. 
3), and for stage II patients who did receive ad- 
juvant therapy, but not for stage II patients who 
received no adjuvant therapy (Fig. 3). Too few 
stage I patients received adjuvant therapy for eval- 
uation of the predictive power of the TLI in that 
group. 

A distinctive group, the medullary carcinomas, 
reduced the predictivity of the TLI in stage II pa- 
tients. Atypical medullary carcinoma, like medul- 
lary carcinoma, is well circumscribed, undifferen- 
tiated, and has high grade nuclei, but it differs in 
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Fig. 1. Survival of operable, qualified patients with breast carcinoma of any stage who did or did not receive adjuvant therapy. Patients 
are stratified by TLI ranges that divided the 757 primary invasive breast carcinomas studied in this laboratory into three equal groups. 
Low TLI = 0 to 3%, intermediate (mid) TLI = 3.1 to 8%, high TLI = >8%. The probability of survival ± standard error at 5 years is 
posted at the end of the plot. Left panel: Survival of 320 patients who received no adjuvant therapy. Right panel: Survival of 194 patients 

who received adjuvant therapy. 

Table 1. Comparison of prognostic variables other than TLI at five years. 

Class of patients No. patients Absolute survival P Relapse-free P 
and variable % ± SE* survival 

% ± SE* 

Histologic grade 
1 27 86 ± 8 0.06 72 ± 1l 
2 170 76 ± 4 66 ± 4 
3 510 67 ± 3 56 ± 3 

Nuclear grade 
1 133 86 ± 4 0.0002 80 ± 4 
2 215 72 ± 4 55 ± 4 
3 162 60 ± 5 54 ± 4 

Venous or lymphatic invasion at tumor-margin 
Present 139 58 + 5 < 0.0001 
Absent 379 77 + 3 
Estrogen receptor** 

0- 9 fm/mg 177 57 + 5 0.001 
10-49 fro/rag 124 85 + 4 
50+ fm/mg 170 75 + 4 
Progesterone receptor** 
0- 9 fm/mg 140 68 4- 5 0.06 (NS) 

10--49 fm/mg 66 78 + 7 
50+ fm/mg 210 78 + 7 

45+ 5 
66+ 3 

54+ 4 
67+ 5 
62+ 5 

62+ 6 
63+ 8 
61+ 8 

0.06 

0.0004 

< 0.0001 

0.006 

0.78 (NS) 

* Percent probability of survival + standard error. 
** In fmoles/mg cytosol protein. 
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Table 2. Predictive value of TLI at five years. 

Class of patients No. patients Absolute survival 
and variable % +_ SE* 

Relapse-free 
survival 
% + SE* 

Operable, treated for cure 
All stages, adjuvant treatment or not 
TLI low 172 85 + 3 
TLI mid 167 69 + 4 
TLI high 175 59 + 4 
All stages, no adjuvant treatment 
TLI low 115 89 + 4 
TLI mid 100 63 + 6 
TLI high 105 65 + 5 
All stages, adjuvant treatment 
TLI low 57 76 + 7 
TLI mid 67 78 + 6 
TLI high 70 49 + 7 
Vascular invasion at tumor-margin absent, all stages 
TLI low 138 85 + 4 
TLI mid 113 73 + 6 
TLI high 125 69 + 5 
Vascular invasion at tumor-margin present, all stages 
TLI low 34 81 + 7 
TLI mid 54 62 + 7 
TLI high 50 37 + 7 
Stage 1, no adjuvant therapy 
TLI low 70 93 + 4 
TLI mid 43 72 + 8 
TLI high 35 58 + 10 
Stage 2, no adjuvant therapy 
TLI low 40 86 + 6 
TLI mid 51 60 + 9 
TLI high 62 74 + 6 
Stage 2, adjuvant therapy 
TLI low 43 78 + 8 
TLI mid 52 79 + 7 
TLI high 46 51 + 9 
Stage 1, ER-positive, adjuvant therapy or not 
TLI below median 77 91 + 4 
TLI above median 23 66 + 12 
Stage 1, ER-negative, adjuvant therapy or not 
TLI below median 12 100 
TLI above median 39 61 + 9 
Stage 1, PgR-positive, adjuvant therapy or not 
TLI below median 45 100 
TLI above median 11 47 + 23 
Stage 1, PgR-negative, adjuvant therapy or not 
TLI below median 10 100 
TLI above median 26 75 + 11 

< 0.0001 74 + 4 <0.0001 
56+ 5 
50+ 4 

0.0002 78 + 5 0.001 
55+ 5 
55+ 5 

<0.0001 63 + 8 0.004 
58+ 7 
43+ 7 

0.006 75 + 5 0.01 
62+ 6 
59+ 5 

<0.0001 68 + 9 0.002 
44+ 7 
30+ 7 

0.0005 

0.22 (NS) 

0.0025 

0.002 

0.03 

0.003 

0.16 (NS) 

86 + 5 0.02 
61+ 9 
58+ 9 

69+ 8 0.43 (NS) 
53+ 8 
6 2 + 7  

64 + 9 0.02 
62+ 8 
44+ 9 

86 + 5 0.005 
48+ 13 

100 0.03 
64+ 9 

91 + 7 0.01 
60 _+ 16 

loo 0.08 (MS) 
53 + 18 

* Percent probability of survival _+ standard error. 
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Fig. 2. Survival and relapse-flee survival of operable, qualified patients stratified by TLI as in Fig. 1 according to axillary lymph nodal 
status. Stratification by TLI is as in Fig. 1. The probability of survival or relapse-free survival _+ standard error at 5 years is posted at the 
end of the plot. Upper panel, left: Survival of 268 operable patients without axillary metastases. Upper right: Relapse-free survival of 
268 operable patients without axillary metastases. Lower left: Survival of 246 operable patients with axillary metastases. Lower right: 
Relapse-free survival of 246 operable patients with axillary metastases. 

lacking intense inflammatory cellular infiltrate and 
it may have foci of fibrosis. The stage II, no ad- 
juvant cytotoxic group contained 18 of the 24 stage 
II medullary and atypical medullary carcinomas. 
Each of these 24 tumors had TLI above the median 
for all breast carcinomas. Only 5 relapses and 2 
deaths occurred among the 24 operable stage I1 
medullary and atypical medullary carcinoma pa- 

tients within 5 years of treatment, despite their high 
TLIs. The medullary carcinomas of all stages had a 
probability of survival of 82 + 18% and the atypical 
medullary carcinomas of 55 + 14% at 5 years. The 
TL! did not predict the probability of survival or 
relapse-free survival in the combined group of me- 
dullary and atypical medullary carcinomas. 

In survival and relapse-free survival plots of pa- 
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Fig. 3. Survival of Joint Committee stage I and II operable and qualified patients stratified by TLI and classified according to whether 
they received adjuvant therapy. Stratification by TLI is as in Fig. 1. The probability of survival + standard error at 5 years is posted at the 
end of the plot. Too few stage I patients received adjuvant therapy for evaluation. Upper panel: Survival of 148 stage I patients who 
received no adjuvant therapy. Lower left: Survival of 153 stage II patients who received no adjuvant therapy. Lower right: Survival of 
141 stage II patients who received adjuvant therapy. 

tients who received adjuvant  therapy,  the interme- 

diate TLI  group behaved  like the low T L I  group,  

whereas  in the stage I and II  patients who received 
no adjuvant  therapy  the intermediate  T L I  s t ra tum 
showed bet ter  survival and relapse-free survival for 
the first 3 years,  but  by 5 years resembled the high 
T L I  s t ra tum (Fig. 1). Ad juvan t  therapy does not  

seem to have affected the high TLI  s t ra tum (Figs 1, 

3). But  selection of  patients to receive adjuvant  

therapy was not  random.  In  addit ion to presence of  
most  medul lary  carcinomas in the high TLI  group,  
an age bias existed. Thir ty-seven percent  of  the 
patients who received adjuvant  therapy were more  
than 60 year  old in compar i son  to 51% of  those who 
did not  receive it. 



The TLI was inversely related to both ER (r = 
-0.20, P<0.0001 by Spearman rank correlation) 
and PgR (r_+ -0.19, P<0.0001) contents of the 
breast carcinomas, indicating that the TLI tended 
to be low in receptor-positive patients and high in 
negative patients. Nonetheless, the TLI predicted 
the survival and relapse-free survival in three of the 
stage I subgroups divided according to ER or PgR: 
ER-positive, PgR-positive, and ER-negative. The 
plots for the PgR-negative patients showed the 
same strong trends toward increased survival and 
relapse-free survival with low TLI, but the number 
of patients was small and the P values exceeded 
0.05 (Table 2, Fig. 4). Only 1.4% of the stage 1 
patients received adjuvant hormonal therapy and 
8.8% received cytotoxic therapy, so adjuvant ther- 
apy did not likely affect the interaction between 
TLI, receptor status, and end results. 

The ER itself predicted only among stage II pa- 
tients. PgR did not predict significantly in either 
stage (Table 1). Because most reported studies 
used R5020 as the ligand for PgR measurement, we 
reanalyzed our results for that ligand alone and 
found no significant predictive power of PgR mea- 
sured that way. In 205 operable patients in whom 
PgR measurements were recorded for both li- 
gands, the Pearson correlation coefficient was 
0.99, the median for progesterone was 12fm/mg 
cytosol protein, and the median for R5020 was 14 
fmol/mg cytosol protein. 

In stage 2 patients, of whom 41% received ad- 
juvant cytotoxic therapy and 16% received adju- 
vant hormonal therapy, the TLI was nonpredictive 
within subgroups divided according to ER or PgR 
results. The only difference that approached signif- 
icance was in the ER-positive group in which 95 
patients with below median TLIs had a probability 
of survival of 85 + 4% at 5 years in comparison to 
74 + 6% for 73 patients with TLI above median 
(P = 0.09). Interactions between the receptor sta- 
tus, adjuvant therapy, and TLI could account for 
the failure of the latter to predict. We chose not to 
proceed with analysis of further subgroups because 
assignment of adjuvant therapy was nonrandom 
and the therapy was not standardized. 

The presence or absence of blood vascular in- 
vasion or lymphatic invasion at the periphery of the 
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primary tumor in operable patients did not relate 
significantly to the TLI. Since the presence of 
either type of vascular invasion was associated with 
decreased probability of survival or relapse-free 
survival, we examined the patients with vascular 
invasion to ascertain the effect of TLI in this group. 
The TLI was strongly predictive, so that the low 
TLI subgroup had a high probability of survival or 
relapse-free survival at 5 years despite the vascular 
invasion, whereas the probability of survival or 
relapse-free survival if the TLI was high was very 
poor (Table 2). 

We fit a multivariate Cox proportional hazards 
model to assess which objectively quantifiable var- 
iables contributed independently to the prognosis. 
Histologic observations were not included because 
they are subject to observer bias with poor repro- 
ducibility from one observer to another [18], and 
are in some instances, particularly tumor-type and 
histologic and nuclear grades, highly correlated 
with the TLI [14]. The variables selected were age 
of patient, size of the primary tumor, number of 
axillary lymph nodal metastases, log ER, log PgR 
and log TLI. These variables had all been mea- 
sured in 414 operable, evaluable patients. The uni- 
variate predictive power of each variable and the 
results of the Cox model analysis are listed in Ta- 
bles 3 and 4. The number of positive axillary lymph 
nodes, log TLI, and tumor-size proved to be strong 
independent predictors both for absolute survival 
and for relapse-free survival. Of three quantifiable 
non stage related variables, log ER, log PgR, and 
log TLI, only log TLI showed independent prog- 
nostic significance for relapse-free survival. Log 
ER contributed to the prognosis of absolute surviv- 
al, perhaps because of prolongation of lives of pa- 
tients with ER-positive tumors by hormonal ther- 
apy after relapse. When the nuclear grade was 
added as a seventh variable and the Cox model 
analysis was repeated, log TLI remained a signif- 
icant independent predictor of both survival (P = 
0.0032) and relapse-free survival (P = 0.014). The 
model did not attribute independent prognostic 
signficance to the nuclear grade. 
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Fig. 4. Survival of Joint Committee stage I patients stratified according to median TLI (5.2%) and status for estrogen receptor (ER) or 
progesterone receptor (PgR). The probability of survival _+ standard error is posted at the end of the plot. Upper panel, left: Survival of 
100 patients with ER-positive tumors stratified according to TLI. Upper right: Survival of 51 patients with ER-negative tumors stratified 
according to TLI. Lower panel, left: Survival of 56 patients with PgR-positive tumors stratified according to TLI. Lower right: Survival 
of 36 stage I patients with PgR-negative tumors stratified according to TLI. 

Discussion 

The current study confirms prior reports that the 
TLI is a stage- independent  predictor of  survival 
and relapse-free survival in breast carcinoma pa- 

tients [3-5,  7, 19]. With larger numbers of  patients 
and longer observation it also confirms our prior 
report [4] and that of  Silvestrini and associates [6] 
that the TLI predicts independently  of  E R  status. 
In addition, we  find that the TLI is predictive with- 



in the separate set of PgR-positive tumors, prob- 
ably also for PgR-negative tumors, and in patients 
with or without vascular invasion by the primary 
tumor. 

The TLI is a measure of DNA synthesis within 
the carcinoma, and therefore measures the poten- 
tial growth rate of the tumor. The actual growth 
rate is not measured by the TLI because growth 
rate depends also on the rate of cell-loss, which can 
exceed 90% [20, 21, 22]. The TLI is not significant- 
ly correlated with the lymph nodal status. Means, 
medians, and ranges of TLI in patients with or 
without axillary lymph nodal metastases are simi- 
lar, and it is only weakly correlated with the size of 
the carcinoma [14]. Therefore, TLI is a stage-inde- 
pendent prognostic variable, and it is useful for 
identifying groups of patients without lymph nodal 
metastases who have high or low probabilities of 
relapse after primary treatment. 

Patients with negative lymph nodes have had 
relapse rates of approximately 18% at 5 years and 
25% at 10 years [23, 24]. The rate we observed was 
33% (95% confidence limits 26% to 38%). We 
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have no explanation for this higher than expected 
result. The size distribution of the primary tumors 
was not unusual; nearly one half were 2 cm in dia- 
meter or less. The relatively high overall relapse 
rate in the node-negative group could have exag- 
gerated the relapse rates for the mid and high TLI 
groups, but could not explain the distinct differ- 
ence between them and the low TLI group. The 
survival rates at 5 years differed but little for groups 
of patients with zero, 1-3, or 4--9 positive lymph 
nodes, although the relapse-free survival rates 
showed the expected relationships (data not 
shown). The surprisingly high probability of surviv- 
al at 5 years in the group with four to nine positive 
nodes (75 + 7%) could have resulted from rela- 
tively intensive adjuvant and post-relapse therapy, 
factors that we could not evaluate. Similarity be- 
tween patients with one to three vs no positive 
nodes could relate to efficacy of adjuvant therapy 
used in more than half of the node-positive patients 
and in only a few of the node-negative patients. 

The toxicity to efficacy ratio of current adjuvant 
cytotoxic regimens does not justify treating breast 

Table 3. Cox proportional hazards model of absolute survival (N = 414). 

Risk factor Univariate Multivariate 
P P (beta + SE) 

Number of positive nodes 0.0001 0.024 
Tumor size 0.0001 0.0008 
Log TLI 0.0001 0.0047 
Log ER 0.0005 0.044 
Log PgR 0.32 N.S. 
Age 0.16 N.S. 

( 0 . 0 6 + 0 . 0 2 )  
( 0 . 3 5 + 0 . 1 0 )  
( 1 . 3 7 + 0 . 4 8 )  
( -  0.44 + 0.22 

Table 4. Cox proportional hazards model of relapse-free survival (N = 414). 

Risk factor Univariate Multivariate 
P P (Beta + SE) 

Number of positive nodes 0.0001 0.0024 
Tumor size 0.0001 0.0004 
Log TLI 0.000l 0.0052 
Log ER 0.002 N.S. 
Log PgR 0.92 N.S. 
Age 0.93 N.S. 

(0.08 _+ 0.02) 
(0.29 _+ 0.08) 
(0.95 + 0.34) 
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carcinoma patients indiscriminately. The TLI al- 
lows selection of a subset of node-negative or stage 
I patients with a probability of relapse of approxi- 
mately 40% at 5 years, according to our findings 
and those of Silvestrini and associates [5]. Silvestri- 
ni's group used the median TLI as a cutoff to define 
groups with good and bad prognosis. We found 
that when three divisions were defined by the TLI 
the mid group resembled the low group for a short 
time, but by five years it was like the high group. 
Within this time-span, a TLI in excess of 3% im- 
plied a high risk of relapse, leaving one-third of the 
patients in a low risk group. These low risk patients 
could be excluded from randomized studies of ad- 
juvant cytotoxic therapy, thereby sparing them 
risks and side effects when little benefit could be 
expected. The residual group, representing those 
patients with high probability of relapse within 5 
years, would provide enhanced sensitivity for the 
evaluation of therapeutic effects in the short term. 

Our data indicate that the TLI is a better means 
of identifying risk in low stage patients than the 
results of ER or PgR assays. The data further sug- 
gest that receptor assays are prognostic in patients 
not treated with hormonal agents largely or entire- 
ly because of the inverse correlation between spe- 
cific ligand-binding and proliferative rate. The ER 
results predicted survival (but not relapse-free sur- 
vival) independent of the TLI, a result that could 
be explained by prolpngation of life after relapse by 
hormonal therapy when the tumor was ER-posi- 
tive. Many of our patients received some form of 
hormonal therapy after relapse, but we do not have 
data necessary to analyze the efficacy of the ther- 
apy. 

Most published reports indicate that ER and 
PgR predict the course of breast carcinoma, but 
some studies have failed to confirm predictivity 
[25], particularly in node-negative patients [26-28], 
and early differences may disappear prior to five 
years of observation [29, 30]. Our results differ 
from those of Clark, McGuire and associates, who 
found that ER predicted well for stage I breast 
carcinoma, whereas PgR predicted better for stage 
II breast carcinoma [31], but agree more closely 
with the results of Vollenweider-Zerargui et al who 
found that ER was a better predictor than PgR and 

that neither receptor predicted for patients with 
fewer than 4 axillary lymph nodal metastases [28]. 
In the patients currently studied, both ER and PgR 
levels correlated inversely with the TLI; in fact the 
relationship between PgR and TLI was more con- 
sistent than between ER and TLI [13]. 

The nuclear grade was a significant univariate 
predictor for both survival and relapse-free surviv- 
al. It is closely related to the TLI, which increases 
with increasing nuclear size [11]. Since the nuclear 
grade did not contribute as an independent prog- 
nostic variable in Cox model analysis, its predictive 
power can be attributed to the correlation of nucle- 
ar grade with TLI. 

The TLI of different tumors of various organs 
parallels the aggressiveness of those tumors. It is 
very low in carcinoid tumors, low in papillary and 
follicular carcinomas of the thyroid gland and well 
differentiated and nodular malignant lymphomas, 
high in most carcinomas of the lung and gastroin- 
testinal tract and diffuse large-cell lymphomas, and 
very high in germ cell tumors of the testis [32]. 
Breast carcinoma is a heterogeneous entity in 
which the TLI defines prognostic groups. 

Since the TLI is a measure of the cellular prolif- 
erative rate, it presumably reflects the activity of 
growth factors, some of which are oncogene prod- 
ucts [33, 34]. Slamon and associates have recently 
related relapse and survival of breast carcinoma 
patients to amplification of the HER-2/neu onco- 
gene in DNA extracted from primary breast carci- 
nomas [35]. They showed that HER-2/neu amplifi- 
cation was predictive for both survival and relapse- 
free survival in both univariate and multivariate 
analyses. If the TLI measures the effects of growth- 
regulating products of several different oncogenes, 
it may be a good screening test for the presence of 
these stimulators. The TLI currently can be mea- 
sured with less expense than the cost of screening 
for amplification of a series of oncogenes or for 
specific products of oncogenes. The TLI has shown 
little tendency to change in breast carcinomas over 
the passage of time, and consistent results were 
obtained when multiple samples of a single tumor 
were taken [36]. It is a marker for aggressiveness in 
breast carcinoma with sound biological rationale 
that can be used to identify high-risk and low-risk 
patients for adjuvant therapy protocols. 



We were disappointed to observe no evident 
effect of adjuvant therapy, which usually included 
cytotoxic drugs, on the high TLI tumors. The data 
did suggest an effect on the tumors with intermedi- 
ate TLI. Because adjuvant therapy was neither 
standardized nor randomly assigned, these results 
are not definitive. Comparison of response rates 
within kinetic classes to standardized cytotoxic re- 
gimens in randomized studies could demonstrate 
whether the replicative rate is a determinant of 
response, and whether knowledge of the cell kinet- 
ics of breast carcinoma can be used effectively in 
design of protocols for adjuvant therapy. 
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