Eastern Health - source: Heather Predham

Volume 19 Folder 4 Page 067

CIHRT Exhibit P-2993 Page 1

224

Hormone Receptor Status and Survival in a
Population-Based Cohort of Patients with Breast

Carcinoma

Victor R. Grann, mp,, mpa'?

Andrea B. Troxel, pno

Naseem J. Zojwalla, mp.!

Judith S. Jacobson, orrs, me.aZ
Dawn Hershman, m.o, ms.!

Alfred |. Neugut, ma, php, mpa'?

" Division of Medical Oncology, Department of
Medicine, Columbia University Medical Center,
New York, New York.

2 Department of Epidemiology, Mailman School of
Public Health, Columbia University, New York, New
York.

3 Depariment of Bioslatistics and Epidemiology,
University of Pennsylvania Scheol of Medicine,
Phitadetphia, Pennsylvania.

Supported in part by the American Cancer Sccigly
(Grant CRTG-98-260-01) and by the Avon Breast
Cancer Foundation. Dr, Neugut is supperted in part
by a K05 Award (CA83155), Dr. Hershman is sup-
ported by a KO7 award (CA-95597), and Dr.
Zojwalla is supported by a T32 postdoctoral award
(CAQ9528) from the National Cancer Institute.

Address for reprints: Victor R. Grann, M.D., M.P.H.,
Department of Epidemiology, Mailman School of
Public Health, 722 West 168th Street, R7:34, New
York, NY 10032; Fax: (212) 305-9413; E-mail:
vrg2@columbia.edy

Received Movember 10, 2004; revision received
January 4, 2005; accepled January 12, 2005.

© 2005 American Gancer Society
DG1 10.1002/cncr.21030

BACKGROUND. The objective of this study was to assess hormone receptor status as
an independent predictor of survival in a popudation-based cohort of women with
breast carcinoma who were followed for up to 11 years.

METHODS. Since 1990, the National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) Program has collected data on hormone receptor status
among patients with breast carcinoma. In a cohort of 205,736 women with breast
carcinoma age = 20 years at diagnosis who were entered into the SEER data base
between 1990 and 2000, the authors analyzed the association of hormone receptor
status with year of diagnosis, patient age, disease stage, tumeor histology, tumor
grade, race/ethnicity, and metropolitan/statewide residence areas. Kaplan-Meier
survival curves were compared according to hormone receptor status, and Cox
proportional-hazards regression models were used tc assess the associaton of
hormone receptor status with breast carcinoma-specific and all-cause mortality
controlling for age, disease stage, tumor grade, tumor histology, race/ethnicity, and
SEER region.

RESULTS. Women who had wumors that were positive for both estrogen and
progesterone hormone receptors had significantly better survival than other
women with breast carcinoma in the overall cohort, within each stage, and in the
younger and older age groups, although the survival advantage was greater among
women age = 50 years than among older women. Hormone receptor status was
associated with mortality even when patient age, disease stage, tumor grade, tumor
histology, race/ethnicity, and metropolitan/statewide residence areas were taken
into account,

CONCLUSIONS. Hormone receptor status was identified as an independent predic-
tor of outcome in women with breast carcinoma. Data from clinical trials with long
follow-up may shed light on whether and how the benefit of hormonal and other
treatment varies with hormone receptor status. Cancer 2005;103:2241-51,

© 2005 American Cancer Society.

KEYWORDS: hormone receptors; breast carcinoma;, survival; Surveillance, Epide-
miology, and End Results.

B oth observational studies and randomiized trials have found that
women with breast carcinomna who have tumors that test positive
for estrogen receptor (ER) and/or progesterone receptor (PR) live
longer than women who have tumors that test negative for both
hormone receptors.’™*? In large studies with more than a decade of
follow-up, such as those from San Antonio and from the National
Surgical Adjuvant Breast and Bowel Project,®'®2° the presence of
hormone receptors has been associated with a 10% survival advan-
tage. Some investigators have suggested that the early survival advan-
tage of patients with ER-positive (ER+}/PR+ tumors disappears over

Published online 20 April 2005 in Wiley InterScience (www.interstience.wiley.com).
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time and that the survival curves converge due to late
recurrences in patients with ER+ tumors.2"*?* Hor-
mone receptor status among patients with breast car-
cinoma alse is associated with disease stage, race, age,
and socioeconomic status.”®*** Thus, although hor-
mone receptor status is used in treatment decision-
making, the benefits of having a hormone receptor-
positive tumor may not be attributable entirely to
treatment.

In 1990, the National Cancer Institute’s Surveil-
lance, Epidemiology, and End Results (SEER) Program
began collecting data on hormone receptor status in
women with breast carcinoma.?® The objective of the
current study was to analyze the association of hor-
mone receptor status with survival, taking other pre-
dictors of survival into account, in a very large cohort
of patients listed in the SEER population-based regis-
tries with the diagnosis breast carcinoma between
1990 and 2000.

MATERIALS AND METHODS

Since 1973, the SEER cancer registries have collected
data on cancer incidence, mortality, and survival from
the cancer registries of states and metropolitan areas
throughout the U.S. Representing approximately 14%
of the population of the U.S.,*® the SEER registries are
located in the cities of Los Angeles, CA; San Jose, CA;

Atlanta, GA; Detroit, MI; San Francisco-Oakland, CA; .

and Seattle, WA; and in the states of Connecticut, New
Mexico, Hawaii, Utah, and Iowa. The Los Angeles and
San Jose cancer registries joined SEER in 1992. The
registries routinely collect data on patient demograph-
ics, primary tumor site, morphology, stage at diagno-
sis, first course of treatment, and vital status at follow-
up.?® The program’s case ascertainment is reported as
98%, aind a sample of cases is reabstracted each year to
assess the quality of the data collected from the med-
ical records.” Further details regarding the SEER Pro-
gram have been reported elsewhere.®®

Because the registries obtain their data on ER and
PR status in breast carcinomas from laboratory reports
in patient medical records,?®*" reported receptor sta-
tus depends on the criteria and quality of local labo-
ratories in each SEER region. During the study periad,
most laboratories determined hormone receptor sta-
tus by immunochemical assay.

Our study sample consisted of women registered
in the SEER data base who were at least age 20 years at
the time they were diagnosed with primary invasive
breast carcinoma, diagnosed between January 1, 1990,
and December 31, 2000, and who were followed
through the latter date, The patients were categorized
with respect to hormone receptor status as ER+/PR+,
ER+/PR-negative (ER+/PR-), ER—/PR+, ER~/PR—,
PR missing, ER missing, both missing, or ER and/or PR
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borderline. We included groups with missing informa-
tion on a single hormone receptor and those with
borderline hormone receptor data in our analysis of
the distribution of covariates by hormone receptor
status, but we excluded them from the survival anal-
ysis.

In our analysis of the association between age and
hormone receptor status, we categorized age groups
into decades as follows: ages 20-29 years, 30~39 years,
40-49 years, 5039 years, 60—-69 years, 70-79 years,
and = 80 years. In our survival analyses, we followed
the common practice in studies of females with un-
known menstrual history or status by using an age
categorization of = 50 years and > 50 years as a proxy
for menopausal status.>! Race/ethnicity was classified
as non-Hispanic white, non-Hispanic black, Hispanic,
and other (Native American, Filipino, Chinese, Ko-
rean, Viemamese, and Indian/Pakistani). Stage at di-
agnosis was categorized using the American Joint
Committee on Cancer TNM classification scheme as
State I, Stage II, Stage III, Stage TV, or unstaged. We
grouped patients histologically by labeling tumors
with the International Classification of Diseases for
Oncology-Second  Edition (ICD-0-2) morphology
codes 8500/3, 8503/0, 8521/3, and 8541/3 as ductal;
labeling tumors with ICD-0-2 codes 8520/3 as lobular,
labeling tumors with ICD-0-2 codes 8522/3 as mixed,
and labeling tumors with all other ICD-0-2 breast
carcinoma codes as other. Tumors were graded as
Grade 1, Grade 2, Grade 3, Grade 4, or other/un-
known. Patients in the data base also were categorized
by year of diagnosis and SEER region, which included
either metropolitan (urban/suburban) or statewide
(including rural areas). We assessed the association of
hormone receptor status with other demographic and
clinical variables using contingency tables and chi-
square tests.

For our survival analyses, we calculated survival ‘
from the date of diagnosis to the date of either death
or last follow-up. We conducted the analyses using
both all-cause and breast carcinoma-specific mortal-
ity. We estimated survival curves using the Kaplan—
Meier method,* and we used the log-rank test™™ to
assess the association of survival with hormone recep-
tor status within the cohort as a whole and within
stage strata. '

To determine whether or not hormone receptor
status was a significant predictor of death (breast car-
cinoma-specific and all-cause mortality) when age,
race/ethnicity, disease stage, histology, tumor grade,
and metropolitan/statewide residence were taken into
account, we conducted multivariable analyses of sur-
vival using Cox* proportional hazards regression
models. We used the SAS (version B8.0; SAS Institute,
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Cary, NC} and R statistical software packages for these
analyses.

RESULTS

Demographic and Clinical Characteristics

The cohort consisted of 205,736 women with histolog-
ically confirmed invasive breast carcinoma diagnosed
from January 1, 1990 through December 31, 2000.
Table 1 presents the distribution of patients with
breast carcinoma by hormone receptor status, among
those with hormone receptor status reported, and by
year of diagnosis, age group at diagnosis, disease
stage, histology, tumor grade, race/ethnicity, and met-
ropolitan versus statewide residence.

Among 155,890 women who had their hormone
receptor status reported in the data base, nearly two-
thirds had ER+/PR-+ tumors (63.5%). Approximately
20.0% of women had ER—/PR— tumors, 12.8% of
women had had ER+/PR— tumors, and approxi-
mately 3.3% of women had ER—/PR+ tumors.

During the 11 years covered by the data set, the
numbers of newly diagnosed patients for whom hor-
mone status was reported more than doubled. The
proportion with ER+/PR+ tumors increased from
63.6% to 65.5%, and the proportion with ER—/PR—
tumors increased from 19.0% to 20.0%. The propor-
tion of women with ER+/PR— tumors varied from a
low of 11.7% to a high of 14.5 but showed no pattern
of change over time, whereas the proportion of
women with ER—/PR+ tumors declined from 4.5% to
1.7%.

In the cohort overall, hormone receptor status was
associated significantly with age, and ER+ tumors
were associated positively and ER- tumors were as-
sociated negatively with clder age. Non-Hispanic
white women were much more likely than non-His-
panic black women to have ER+/PR+ tumors and
were much less likely to have ER— tumors. The pro-
portion of hormone receptor-negative tumors in-
creased with stage and grade, and ductal and other
tumeors were much less likely than lobular and mixed
tumors to be ER+,

Sutvival

Figure 1 depicts Kaplan-Meier curves for breast car-
cinoma-specific and overall survival by hormone re-
ceptor status. The four hormone receptor status
curves depicting breast carcinoma-specific survival
begin to separate in the first year and remain separate
throughout the follow-up period (Fig. 1A); ER+/PR+
tumors were associated with the best survival, fol-
lowed by ER+/PR— tumors, ER~/PR4 tumors, and
ER-/PR— tumors. In terms of all-cause mortality, pa-
tients with ER+/PR+ tumors also had a survival ad-
vantage compared with other patients until at least 10
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TABLE 1

Percentage Distribution of Hormone Receptor Status by
Demographic and Clinical Characteristies among Women with Breast
Carcinoma who kad Estrogen Receptor and Progesterone Receptor
Status Reported in the Surveillance, Epidemiology, and End Results
Program, 1990-2000

Hormone ceceptor status (%)

Characteristic ER+/PR+ ER+/PR- ER-/PR+ ER-/PR- Total
No. of patients 99042 19,887 5165 3,79 155,890
Percentage of patients 63.53 12.76 331 2040 160,00
¥r of diagnosis®
1990 6356 129 445 1903 8850
1991 6238 1446 37 1971 9839
1952° 6147 1395 40 20.57 13,255
1993 60.45 13.47 436 2.7 13,328
1934° 62.51 1266 3.16 2107 13,904
1985¢ 63.41 11.71 4.04 20.84 14,271
1996° 63.51 1183 348 2118 14,811
1997° 64,50 1215 3.08 20.28 16,061
1998° 64.85 1215 294 20,06 17,011
199¢° 64.87 13.0% 218 19.86 17,404
2000° 65.45 12.80 172 20.03 17,056
Age group at diagnosis®
20-29 y1s 41,55 §.56 5.02 44,86 876
30-39 y15 49,12 8390 6.03 35.95 3605
40-49 y1s 60.50 8.07 534 26.0% 23,576
50-59 ws 61.48 1241 352 2259 34,355
60-69 yrs 66.02 1421 247 17.30 34,236
70-79 yrs 68,54 1532 200 1415 31,615
= 80 yrs 6831 16.62 1.78 1329 15,627
Race/ethnicitya
Non-Hispanic white 83.51 1297 3.04 1847 121,906
Non-Hispanic Black 48.03 1245 453 34.99 11,884
Hispanic 57.50 1207 407 2636 9567
Other 63.58 11.45 4.24 20.73 12,533
AJCC stage at diagnosis®
Stage I 68.82 1265 2,95 1557 68,283
Stage I 60,42 1221 3.53 2384 58,754
Stage 1 51.63 1390 39 3052 10,548
Stage IV 52,75 1638 419 2668 5518
Unstaged 64.05 13.32 336 19.27 12,767
Histology*
Ductal 62.77 12.20 337 21.66 115,858
Lobular 73.19 17.70 246 6.65 12,481
Mixed 76.08 13.66 261 7.67 9573
Qther 35.06 1244 39 28.56 17,978
Grade®
Well differentiated 80.78 12.87 193 442 21,220
Moderately differentiated  73.88 1297 2.56 10.60 54,011
Poorly differentiated 45,15 12,02 458 38.25 49,337
Undifferentiated/anaplastic 46.29 10.58 441 3171 4,169
Other/unknown 65,52 13.92 142 17.13 27,133
Regions
Metropolitan 64.04 1249 342 20.05 52,989
Statewide 63.27 1290 3.26 2057 102,901

ER: estrogen recepior; +: positive; PR progesterone receptor; —: megative; AJCC: Ametican Joint -
Comuittee on Cancer.

* P<0,000L,

Y Based on ning regions,

©Based on 11 regions,
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FIGURE 1. () Breast carcinoma-specific survival is illustrated according to
esfrogen receptor (ER} and progesterone receptor (PR} status. (B} Overali
survival is illustrated according to ER/PR status. +: Positive; —: negative,

years after diagnosis. Beyond 10 years, the all-cause
survival curve for patients with ER+/PR+ tumors con-
verge with the curve for patients with ER—/PR+ tu-
mors, crossing the ER+/PR— curve at about 5 years
(Fig. 1B). The 2 PR— curves cross at about 9 years after
diagnosis, because the downward slopes of the 2 ER—
groups are steeper in the first 5 years than thereafter.

Figure 2 depicts survival by hormone receptor
status and disease stage. Although, in terms of both
breast carcinoma-specific mortality (Fig. 2A) and all-
cause mortality (Fig. 2B}, patients with ER+/PR+ tu-
mors appear to have an advantage that increases with
stage, that advantage is most apparent in the breast
carcinoma-specific analysis. The stage-specific curves
also highlight the high mortality of patients with ER—
tumors in the first 5 years after diagnosis, especially in
patients with late-stage disease.

Table 2 presents 5-year and 10-year Kaplan-Meier
survival percentages with 95% confidence intervals
{(95% ClIs) overall and by disease stage for the 4 hor-

FIGURE 2. (4} Breast carcinoma-specific survival is ilustrated according o
aestrogen receptor (ER) and progesterone recepicr {PR) status and disease
stage. (B) Overall survival is illustrated according to ER/PR status and disease
stage. +: Posilive; —~: negative.

mone receptor status groups. The tables show that the
survival benefits of ER+/PR+ status increase with
stage of disease, although stage has a much greater
impact than hormone receptor status on survival.
Table 3 presents the results of the multivariable
analysis of the association of hormone receptor status
with breast carcinoma-specific and all-cause mortal-
ity, controlling for disease stage, patient age, histology,
tumor grade, race/ethnicity, and SEER region, for pa-
tients who had their hormone receptor status re-
ported, All of the vatiables in both models, especially
disease stage, were associated with mortality; patients
who had Stage IV disease had a hazard rate of 52.73
{95% CI, 49.67-55.98) for breast carcinoma-specific
mortality and a hazard rate of 16,74 (95% CI, 16.08~
17.43} for all-cause mortality, compared with patients
who had Stage I disease. However, controlling for dis-
ease stage and for the other factors shown, patients -
who had ER— tumors appeared to have twice the
breast carcinoma-specific mortality rate of patients
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Five-Year and 10-Year Breast Carcinoma-Specific Survival and Overall Survival Percentages and 95% Confidence Intervals by Hormone Status

and Disease Stage

Survival rate (95% confidence interval)

Disease stage ER+/PR+ ER+/PR- ER~/PR+ ER~/PR-
Disease-specific survival
All stages
5y1s 916 (91.4-91.8) 858 (85.2-864) 824 (81.2-838) 76.2 (75.6-76.8)
10yms 84.2 (83.7-84.7) 774 (763785 755 (13.7-113) 00 (70.1-7L7)
Stage I
518 98.1 (97.9-88.3) 97.2 (96.7-97.6) 952 (95.2-97.2) 933 (92.7-93.9)
10 yrs 94.9 (94.4-85.4) 93.1 (91.9-94.3} 933 (9L6-95.) 90.2 (89.3-91.1)
Stage I
5yr5 . 90.8 (80.4-91.2) 847 (83.7-83.9) 819 (79.9-83.8) 7.1 (75.3-77.0)
10 ys 80,5 (79.7-81.4) 735 (71.5-74.5) 728 (10.0-75.8} 695 (68.3-70.9)
Stage 1l
5yrs 723 (70.8-73.8) 605 (57.3-63.8) 521 (46.7-582) 4.6 (425-46.9)
10 yrs 53.5 (50.5-56.8) 438 (38.5-49.8) 404 (34.2478) 37.3 (346-40.2)
Stage IV
5ys 33.3 (31.1-35.7) 197 (16.3-23.8) 143 {93-220) 145 {122-17.1)
10 yrs 166 (13.8-20.0) 8.13 (4.66-1.42) 442 (0.928-21.0) 105 {8.17-13.8)
Unstaged
5y1s 90.9 (90.1-91.%) 86.2 (64.2-88.3) 818 (77.9-86.0) 753 (134-T74)
10y1s 3.0 (81.1-84.9) 764 {72.3-80.7) 719 (64.9-79.5) 68.5 (65.6-715)
Overall survival
All stages
5yrs 2.8 (82.5-83.1) 75.7 {74.9-76.5) 76.1 (74.7-77.5) 69.4 (68.8-70.1)
10 yrs 64.7 [64.0-65.4) 564 (54.9-58.0) 627 (60.3-65.1) 57.9 (56.9-59.0)
Stage I
Syrs 909 (90.6-91.3} 88.6 (87.7-89.5) 912 (89.7-92.8) 87.7 (869-8.6)
16 yrs 5.8 (74.8-76.8) 703 (68.0-72.8) 810 (77.7-84.5) 706 (76.0-79.2)
Stage I1
5 y18 822 {81.7-82.8) 5.0 (73.7-76.3) 766 (14.4-78.8) 0.1 (63.1-71.1)
10 yrs 62.8{51.7-63.9) 545 (52.1-57.1} 610 (57.2-65.0 574 (55.7-59.1}
Stage [T -
5y1S 634 (51.7-65.0) 506 (47.3-54.0) 462 (40.8-52.4} 36.6 (36.5-40.8)
10 y1s 38.3(35.3-41.6) 256 (203-32.2) 283 (20.7-38.7 283 (25.5-314)
Stage [V
5y18 265 (24.4-20.7) 15.2 (12.2-18.8) IL5 (7.3-18.3} 10.54 (.7-129)
10 yrs 96 (75-12.4) 61 (3.4-10.8) 32 (L0-157) 58 {4.0-84)
Unstaged
5yrs 738(727-715.1) 68.9 [66.1-71.8) 70.1 (65.1-75.5) 63.7 (61.4-66.1)
10 yes 51.8(49.4-54.3) 489 {£4.7-536) 543 (45.8-63.1) 48.6 (449-527)

ER; estrogen receptor; +: positive; PR: progesterone receptor; —: negative,

who had ER+/PR+ tumors; the effect of hormone
receptor status on all-cause mortality was weaker but
remained statistically significant. The breast carcino-
ma-specific mortality rate in non-Hispanic black pa-
tients was nearly 50% higher than the rate in non-
Hispanic white patients; the rate in Hispanic patients
was only slightly higher, but statistically significantly,
and the rate in other patients was lower. Patients who
had carcinoma of lobular or mixed histology had
slightly lower mortality rates compared with other pa-
tients. All-cause mortality among women age > 50
years was almost twice as high as that among younger

women, but breast carcinoma-specific mortality was
only slightly higher.

Table 4 presents the results of a separate, multi-
variable analysis of hormone receptor status with
breast carcinoma-specific and all-cause mortality in
patients with Stage I disease. In this group, hormone
receptor status generally was a weaker predictor of
all-cause mortality, but ER—/PR— tumors were asso-
ciated with a nearly threefold increase in breast carci-
noma-specific mortality. Older age was not associated
with breast carcinoma-specific mortality but was as-
sociated with a threefold increase in all-cause mortal-
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TABLE 4

Hazard Ratios for Breast Careinoma-Specific and All-Cause Mortality
Associated with Hormone Receptor Status and Other Demographic
and Clinical Factors among Women with Stage I Breast Carcinoma®

Montality (%) Mortality (%)
Breast carcinoma- Breast carcinoma-
specific All-cause {%) specific All cause
Factor HR 95% CI HR 85% Cl1 Characteristic HR 95% CI HR 95% Ci
Hormone receptor status Hormone receptor status
ER+/PR+ 1.00 Reference 1.00 Reference ER+/FR+ 100 Reference 100 Reference
ER+/PR- 1.46 1.38-1.53 1.25 1.21-1.29 ER+/PR- 153 132-1.77 117 1.10-1.25
ER-/PR+ 1.82 1.70-1.96 1.36 1.27-1.44 ER-/FR+ 1.66 131-2,12 100 0.87-1.15
ER-/PR- 2.10 203218 13l 1.47-1.56 ER-/PR- 289 2.59-3.22 117 1.09-1.25
Age at diagnosis Age at diagnosis
=50 y1s LO0 Reference 1.00 Refesence = 50 yrs 1.00 Reference 1.00 Reference
> 50 yrs 1.24 1.18-1.28 2.01 195-2.07 > 50 yrs 1.09 0.98-1.22 3.10 285-3.35
Stage at diagnosis Grade
Stage I 103 Reference 1.00 Reference Grade 1 100 Reference 1.00 Reference
Stage Tt 4.04 3.83-4.26 204 197-2.10 Grade 2 200 161247 113 1.05-1.22
Stage ITI 12.52 11.79-13.29 5.04 4.85-5.23 Grade 3 3N 299-4,58 142 131-154
14.82- Grade 4 343 248474 118 1.00-143
Stage IV 4554 42.87-48.37 15.44 16,08 Gther/unknown 240 1.93-2.99 124 1.15-1.35
Unstaged 416 3.874.46 2.76 2,66-2.88 Histology
Histology Other 109 Reference Lo Reference
Other : 160 Reference 1.00 Reference Duetal 138 117-162 105 0.98-1.14
Duetal 162 0.96-1.07 0.99 0.,96-1.03 Labular 097 0.74-1.27 0.94 0.84-1.06
Lobular 0.77 0.72-0.83 0.83 0.79-0.87 Mixed L10 0.82-1.47 2.85 0.74-0,97
Mixed 0.92 0.64-1.00 0.83 0.78-0.88 Race/ethnicity
Disease stage Non-Hispanic white 100 Reference 100 Reference
Stage [ 1.00 Reference 1.00 Reference Non-Hispanic black 145 122-1.72 137 1.24-1.50
Stage [I 222 2.00-247 124 E17-1.30 Hispanic 115 0.93-1.42 0.93 0.82-1.05
Stage [ 354 319394 167 1.59-1.76 Other 0.66 0.53-0.83 0.57 0.51-0.65
Stage [V 363 320-4.11 1.65 153178 Region
Unstaged 273 246-3.04 1.38 131-145 Metropalitan Lo Reference 1,00 Reference
Race/ethnicity Statewide 102 0.92-1.13 L07 1.02-1.12
Nor-Hispanic white 1.00 Reference 100 Reference
Non-Hispanic black 147 1.3%-1.54 137 1.32-142 HR: hazard ratio; 95% CI: 95% confidence interval; ER: estrogen receptor; +: positive; PR: progesterone
Hispanic Lo7 1.00-1.14 0.97 (0.93-1.02 receptor; —: negative.
Other 085 0.80-091 073 0.70-0.77  The hazard ratios and 85% confidence intervals shown represent estimates that were derived from a
Region multivasiable mode! contrelling for afi of the other variables shown.
Metropolitar L0 Reference 1.0 Reference
Statewide 107 1.04-1.11 1.07 1.04-1.10

HR: hazard ratio; 95% C1; 95% confidence interval; ER: estrogen teceptor; +: positive; PR: progesterone
Teceptor; —: negative,

2 The hazerd ratios and 5% confidence intervals shown zepresent estimates that were derived from a
multivariable model controlEng for all of the other variables shown.

ity. Breast carcinoma-specific mortality was 50%
higher, but all-cause mortality was only 40% higher,
among black non-Hispanic women than among white
non-Hispanic women with Stage I disease. Differences
between Hispanic and non-Hispanic white women
were not statistically significant, but breast carcino-
ma-specific mortality was higher, and all-cause mor-
tality was lower, among Hispanic women. Women of
other ethnicity had lower mortality rates than white
women with Stage I disease.

Table 5 presents the results of a separate analysis
among women who were diagnosed at or before age
35 years. In this age group, the associations of breast
carcinoma-specific and all-cause mortality with the
variables in the model were almost identical. The as-
sociation of hormone receptor status with mortality
was weaker among these young women compared
with the overall cohort. Like in the overall cohort,
disease stage was the most important predictor of
mortality. Patients with ER—/PR+ tumors had higher
breast carcinoma-specific mortality than patients in
the other hormone receptor status categories, but they
had the same all-cause mortality as the patients with
ER—/PR— tumors. Patients with tumors graded
> Grade I had approximately 3 times the risk of mor-
tality as patients with Grade I tumors, Patients who
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TABLE 5

Hazard Ratios and for Breast Carcinoma-Specific and All-Cause
Mortality Associated with Hormone Receptor Status and Other
Demographic and Clinical Factors among Women Age = 35 Years™

Mortality rate (%)
Breast carcinoma-
specific All cause

Characteristic HR 95% CI HR 95% Ct
Hormone receptor status

ER+/PR+ 1.00 Reference 1.00 Reference

ER+/PR- 113 (.86-1.46 117 0.93-147

ER-/PR+ 150 11519 138  105-175

ER-/PR- 1.39 1.18-1.63 1.34 1.15-1.55
Stage at diagnosis

Stage 1 100 Beference 100 Reference

Stage Il 3.63 274479 3400 2.35-3.84

Stage 111 1021 7.54-13.83 8.29 6.33-11.87

Stage IV 2492 17.89-34.71 2047 15192759

Unstaged 4.18 2.94-5.83 359 262491
Histology

Other 100 Reference 100 Reference

Ductal 131 1.07-1.60 1.24 1.03-1.50

Lobular 1.32 1.07-1.60 1.28 0.75-2.21

Mired 150 1.00-2.27 143 0.97-211
Grade

Well differentiated 100 Reference 100 Reference

Moderately differentiated 2.69 118-6.11 261 1.22-557

Poorly differentiated 3.54 158-7.96 359 1.70-7.61

Undifferentiated/anaplastic ~ 3.64 1.55-8.54 381 1.63-7.98

Other/unknown 309 136-7.02 309 144660
Race/ethniity

Nan-Hispanic white 100 Reference 1.00 Reference

Non-Hispanic black 151 1.26-1.83 1.60 1.35-1.91

Hispanic 124 1.01-1.52 121 0.99-1.47

Other 097 075123 098  0.78-1.23
Region

Metrapolitan 100 Reference 100 Reference

Statewide 1083 094127 108 0.93-1.24

HE: hazard ratio; $5%CL: 95% confidence interval; ER: estrogen receptor; +: positive; PR: progesterane
receplor; —: negative.

® The hazard ratios and 95% confidence intezrvals shown represent estimates that wese derived from a
multivariable model controlling for all of the other varables shown.

had tumors with ductal histology had at least a 25%
higher mortality rate than patients who had tumors
with other histology. The hazard ratios associated with
nonwhite race/ethnicity were higher among these
young women compared with the cohort overall.
Table 6 shows the distribution of missing or bor-
derline data on hormone receptor status. Nearly 25%
of the cohort lacked or had bordetline results for ei-
ther or both hormone receptors. The proportion of
patients with breast carcinoma who had hormone re-
ceptor status data present increased year by year, from
68.7% in 1990 to 80.5% in 1999, and the proportion
with borderline results declined from 2.7% in 1990 to
0.6% in 2000. Women who were diagnosed before age
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30 vears or after age 79 years, non-Hispanic black
women, Hispanic women, and women with advanced
or unstaged disease were less likely than others to
have hormone receptor status reported.

Table 7 presents the distribution of hormone re-
ceptor status by year of diagnosis for non-Hispanic
white women. It indicates that ER+/PR+ tumors were
more prevalent in this subgroup than in the sample as
a whole at baseline and that, although prevalence
increased both in the sample as a whole and in white
women, the increase was greater in white women,

DISGUSSION

For more than 2 decades, hormone receptor status has
played a role in treatment decisions for patients with
newly diagnosed breast carcinoma and for patients
with recurrent disease; and increasingly, hormone re-
ceptor assays have come into wider use.” The in-
crease we observed from 1990 to 2000 in the propor-
tion of SEER patients with breast carcinoma who had
records that included hormone receptor assays shows
the timeliness of SEER’s decision to collect these data.
Qverall, in our cohort of > 205,000 women who were
diagnosed with invasive breast carcinoma, > 155,000
women had data on both PR status and ER status.

In this large cohort, patients with ER+/PR+ tu-
mors, especially those with advanced disease, had bet- .
ter survival compared with other patients. Although
the Kaplan-Meijer analyses showed that, among pa-
tients with Stage 1 disease and among others who
survived > 10 years after diagnosis, having a tumor
with ER—/PR+ status may be even more advanta-
geous, proportional hazards analysis taking other fac-
tors into account did not support that conclusion for
the cohort overall. Among women with breast carci-
noma diagnosed in Stage I (Table 4), patients with
ER—/PR+ tumors did not differ from patients with
ER+/PR+ tumors in terms of all-cause mortality, but
they had significantly worse breast carcinoma-specific
mortality. Patients who were diagnosed at age = 35
years with ER+/PR— tumors did not differ in terms of
mortality from other young patients with ER+/PR+
tumors, but patients with ER— tumors fared worse.

Hilsenbeck et al.?! have suggested that, because
the hormone receptor status curves converge or cross
over time, the data may violate the assumptions of
proportional hazards regression analysis. Model diag-
nostics indicate that the ER/PR status data indeed may
violate those assumptions. However, it has been ar-
gued that even “statistically significant” violations of -
proportional hazards generally should not affect the
interpretation of data derived from such models, es-
pecially estimates based on large samples.*® Indeed,
residual plots in this data set indicate only slight vari-
ation in the parameters relative to the magnitude of

Volume 19 Folder 4 Page 073



Eastern Health - source: Heather Predham CIHRT Exhibit P-2993 Page 8 Volume 19 Folder 4 Page 074

2248 CANCER June 1, 2005 / Volume 103 / Number 11

TABLE 6
Percentage Distribution of Missing or Borderline Hormone Receptor Status Information by Demographic and Clinical Characteristics among
Women with Breast Carcinoma in the Survefllance, Epidemiology, and End Results Program, 1980-2000

Hormene receptor status (%}
Characteristic Present PR missing ER missing FR/ER missing ER/PR borderline Total
No. of patients 155,390 5036 27 41,771 2812 205,736
% 75.8 245 0.1 20.30 137 100.00
¥r of diagnosis®
19907 68.7 23 02 261 127 12,902
1991° 73.7 20 0.2 213 1238 13,349
1992° 717 22 0.1 237 123 18,499
1993° 27 20 0,1 233 118 18,344
1994¢ 74.2 22 0.1 220 115 18,722
1995° 740 24 0l 225 111 19,304
1996° 758 32 0.1 201 109 19,660
1897° 779 248 0l 183 109 20,626
1598° 0.0 22 0.1 17.3 10.8 21,311
1999° 80.5 23 0.1 164 0.7 21,619
2000° 79.8 29 0.1 16.5 10.6 21,380
Age group at diagnosis®
20-29 yr$ 71 14 0.3 241 116 1,06
30-39 yis 76.5 18 0.2 185 1.9 12,551
40-49 yrs 76.8 23 0.1 19.1 1.7 38,501
50-59 yrs 711 27 0.1 188 IL3 44,550
60-69 yrs 760 27 0l 200 1.3 45,054
T0-79 yrs 753 25 0l 210 L2 41,932
= 80 y1s 7L5 21 01 253 11.1 21,892
Race/ethnicity*
Non-Hispanic white 769 24 0l 191 114 158,386
Non-Hispanic black 68,9 2.6 Bl 271 114 17,264
Hispanic 689 29 i8] 270 111 13,877
Other 774 21 01 194 111 16,209
AJCC stage at diagnosis®
Stage 1 773 28 0l 18.0 112 87,604
Stage 11 80.8 23 01 153 116 72,820
Stage 11T 769 L7 0l 19.7 114 13,715
Stage TV 62.6 21 0.1 340 111 8,814
Unstaged 56.4 21 0.1 40,4 10.1 22,703
Histology*
Ductal 77.8 23 0.1 18.7 114 149,368
Lobular 6.7 32 0.1 190 111 16,239
Mixed 78.2 37 00 16.7 113 12,240
Other 64.6 24 01 a5 114 27,028
Grade®
Well differentiated 7741 3.65 012 17.90 10.92 27411
Moderately differentiated 80.04 2,62 009 16.18 1L07 67,484
Poorly differentiated 78.94 1.8 0.13 1746 11.66 62,503
Undifferentiated/anaplastic 79.61 231 0.06 15.72 1231 5287
Cther/unknown 63.00 235 0.11 297 1156 43,101
Regions®
Metropolitan 7 27 2.1 214 110 137,635
Statewide 778 20 0.1 18.1 121 63,101

ER: estragen receptor; +: positive; PR: progesterone teceptor; — negative; AJCC: American [oint Committee on Cancer.
2P < 0.0001,

b Based on nine regions.

©Based on 11 regions,
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TABLE 7
Estrogen Receptor/Progesterone Receptor Status by Year of Diagnosis
for Non-Hispanic White Women

Hermone receptor status (%)

Yr of

diagnosis® ER+/PR+ ER+/PR- ER-/PR+ ER-/PR- Tofal
No. of patients 79,864 15817 3707 22,518 121,906
% 65.51 1297 3.04 1847 100.00
1990 65.65 13.09 4.10 17.15 7334
1991* 64.52 1441 340 1767 8210
1992¢ 63.74 14.05 3.69 18.52 10,428
1993¢ 62,27 1351 4.09 2013 10,557
1994° 64.36 13.01 3.37 19.27 10,916
1995° 65.30 200 3.72 18.98 11,138
1996° 65.31 1202 3.24 1944 11,558
1997° 66,35 1247 281 1816 12,482
1998° 66.60 12,66 2.56 18,18 13,072
1999° £6.96 13.21 199 17.83 13,290
2000° 67.90 1292 1.58 1761 12,921

ER: estrogen receptor; +: positive; PR: progesterone receploz; —: negative.
2P < 0.0001.

b Based on nine regions.

Based on 11 regions,

the estimates, at least in the first 7 or 8 years. Longer
follow-up may have led to underestimates rather than
to exaggeration of the effects of hormone receptor
status. Moreover, in the breast carcinoma-specific
analyses, the curves did not converge. Hence, al-
though the Cox model cannot be interpreted uncriti-
cally, in these circumstances, it remains a valuable
tool for analyzing predictors of mortality in a multi-
variate setting.

We found that hormone receptor status was asso-
ciated with age, race/ethnicity, disease stage, histol-
ogy, tumor grade, and SEER region. We also found
that, when we controlled for age, race/ethnicity, dis-
ease stage, histology, tumor grade, and residence, hor-
mone receptor status remained an independent pre-
dictor of both breast disease-specific mortality and
all-cause mortality, although it was weaker than dis-
ease stage at diagnosis or tumor grade.

The absence of hormone receptor data also was
associated with year of diagnosis, age, disease stage,
histology, and tumor grade. By 2000, nearly 85% of
SEER records included hormone receptor status, and
the proportion of borderline readings was well below
1%, suggesting changes in both practice and interpre-
tation. Very young or very old women, non-Hispanic
black or Hispanic women, and women with advanced
or unstaged disease or ungraded tumors were less
likely than other women to have their hormone recep-
tor status reported.

In another large cohort study, the recusrence rate
among ER— patients was higher compared with ER+
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patients in the first 3 years after diagnosis, but it
slowed later on.*' The SEER data suggest a similar
pattern.”® Others have reported that, in ER+ tumors,
higher PR levels are associated with a better response
to treatment, reduction in recurrence, and longer sur-
vival."® Although < 5% of tumors are ER—/PR+, these
tumors respond to hormone therapy,?® and PR status
is predictive of response to hormone manipulation. It
has been suggested that PR may be a better indicator
of endocrine responsiveness than ER alone®® We
found that both receptors are important.

Hormone receptor assays have changed in the
past decade. Ligand binding initially was used to as-
sess hormone receptor status, but immunohistochem-
ical assays are now used more commonly, because
they are easier to perform, safer, less expensive, and
equivalent in their ability to predict response to hor-
mone therapy. Although the results of these two meth-
ods are correlated highly, few clinical studies have
demonstrated the predictive abilities of immunchis-
tochemistry specifically for both receptors.®”

SEER does not collect information on the type of
assay used or on the cut-off levels used for positive
assays, and the criteria used for the hormone receptor
assays in our cohort may have varied considerably.?®
Moreover, some tumors with only slight ER activity
nonetheless respond tc hormone therapy. However,
misclassification in the SEER data base would bias the
observed association of hormone receptor status with
survival toward the null. :

SEER also does not include data on chemotherapy
or hormone therapy in its public-use data files. Such
data may have helped to account for the association of
survival with hormone receptor status and for the
relative weakness of that association in young women,
whose treatment is less likely to be dependent on
hormone receptor status compared with the treat-
ment of older women.?®

Li et al.*® observed an increase in the incidence of
ER+ tumors during the 1990s. In that period, breast
cancer incidence increased, but disease stage-at diag-
nosis moved downward, probably as a result of the
increasing utilization of mammography. Hormone re-
ceptor status, as indicated in Table 1, is associated
with disease stage. The increase in ER+ tumors, there-
fore, may be a byproduct of the increase in Stage I
carcinomas. It also may reflect the widespread use of
hormone-replacement therapy, especially among
non-Hispanic white women (see Table 7}, during the
same period.**~** However, SEER does not collect data
on patients’ past use of hormone-replacement ther-

Tumors with ER—/PR— status tend to have higher
proliferation rates, more cells in S-phase, and less
likelihood of response to hormone therapy than other
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tumors.”? Li et al. suggested that both biologic and
environmental factors may contribute to these associ-
ations.?” In our SEER cohort, patients who were non-
Hispanic black or Hispanic were less likely than non-
Hispanic white patients or other patients (predom-
inantly East and South Asian) to have tumors with
ER+/PR+ status and were more likely to have ER—/
PR— tumors or missing data on hormone receptor
status. They also had higher breast carcinoma-specific
and all-cause mortality rates. Patients of other ethnic-
ity had slightly lower mortality rates, especially in the
all-cause analyses, but not in the analysis of very
young patients. Because of selection factors associated
with immigration patterns, these patients may have
been higher in sociceconomic status and, thus, may
have differed in both etiologic exposures and access to
treatment from other nonwhite women in the cohort.

In a comparison of the SEER registry population
with the general population, Nattinger et al. found
that SEER sampling largely is representative of the
nation as a whole. Although SEER under-represents
residents of rural areas, the difference between the
SEER sample and the U.S. population rarely exceeds
5%

In the current study, we analyzed outcomes asso-
ciated with the ER and PR status of breast carcinomas
diagnosed in the years 1990-2000. Although many
reports based on clinical trials have presented data on
these markers, relatively few have presented > 5 years
of follow-up on a large cohort. In this study, utilizing
the latest SEER public-use data set, we analyzed mor-
tality in relation to these markers, controlling for age,
race/ethnicity, disease stage, histology, tumor grade,
and SEER region, in a population-based cohort of
> 155,000 women with up to 11 years of follow-up.

Hormone receptor status was a significant predic-
tor of both breast carcinoma-specific and all-cause
mortality. Although it had a greater impact on the
former than the latter, not all deaths due to breast
carcinoma or its treatment were attributable on this
manner, especially among older women and among
women who were diagnosed with early-stage disease.
Therefore, we considered both outcomes important.

In addition, given the role of hormone receptor
status in treatment decisions, we considered the pres-
ence of hormone receptor status reports a marker for
quality of care. Nearly 25% of patients in the cohort
lacked data on hormone receptor status, and minori-
ties, the elderly, and individuals with advanced or
unstaged disease were over represented in this group
{Table 6). The SEER data set enabled us to assess these
patterns.

To our knowledge to date, the SEER registries have
not collected inforrmation on such variables as exoge-
nous hormone use, family history, and body mass

Page 10

index, or on other biomarkers, such as HER-2/neu
expression, Several other receptor variants and iso-
forms with different functions, as well as other bi-
omarkers, have shown some potential value as predic-
tive or prognostic factors in breast carcinoma but have
not yet been included in the SEER data base. Of
course, SEER can collect only those data that routinely
appear in patient charts.

Use of the SEER data base in our analysis revealed
that the survival benefits of hormone receptor status
persist for up to 11 years. The SEER data, as the pro-
gram extends its geographic coverage and lengthens
its follow-up, will be an increasingly valuable resource
for hypothesis generation. However, without collect-
ing accurate data on medical therapy, currently avail-
able information from the SEER data base cannot tell
us whether the survival benefit associated with ER+/
PR+ status is due to hormone therapy or to inherently
lower aggressiveness on the part of ER+/PR+ tumors.
Longer follow-up of patients enrolled in randomized
clinical trials will be needed to understand whether
and how chemotherapy, newer hormone antagonists,
and/or biomodulators may interact with hormone re-
ceptor status to improve the long-term survival of
patients with breast carcinoma.
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Correspondence

Since the early 1980s, radiation oncologists have exam-
ined central issues of glioblastoma treatment in a number of
randomized studies, such as total dose, fractionation, and tar-
get volume studies), and have thus contributed greatly to
evidence-based medicine. So did Roa et al,' who have to be
congratulated on their work.

In this coniext, we were astonished that in an accompa-
nying editorial’ written by a radiation encologist, resection of
glioblastomas in elderly patients was favored vigorousty. This
recommendation was based on a recently published Finnish
trial * The latter represents the only prospective neurosurgical
glioma trial to date, and included 23 patients. Nineteen of
thern had a WHO criteria stage IV tumor. Shaw concluded
that except for patients older than 50 years, with a Karnofsky
performance status of less than 70, all patients should undergo
resection. In our opinion, this view is not sufficiently substan-
tiated by prospective data. Certainly “it is not reasonable to
discuss the value of resection in patients who are deemed
ineligible for anything but a biopsy, nor is it appropriate to

recormnend biopsy for a respectable symptomatic tumor”.®

Johannes Lutterback and Christoph Ostertag
Departments of Radiation Oncalogy and Stereotactic Neurosurgery,
University Hospital Freiburg, Freiburg, Germany
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Time for Reappraisal of |
Progesterone-Receptor Testing in
Breast Cancer Management

To e Epror: Banerjee etal’ published a report in the
July 1, 2004, issue of the Journal of Clinical Oncology dem-
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onstrating the prognostic value of progesterone receptor
(PR) status in a series of 1,055 patients with stage I-1Il breast
cancer. Using recursive partitioning, a nonparametric sta-
tistical technique, they were able to determine four distinct
prognostic groups defined by the number of positive nodes,
tumor size, PR status, differentiation, race, and marital
status. In the May 1, 2004, issue of the Journal, a letter to the
editor by Olivotto et al® advocated the interruption of PR
testing in breast cancer patients on the basis of a study of
192 estrogen-recepior (ER) —negative breast cancer patients
among which 191 were also PR-negative. PR status was
determined by an immunochistochemical technique that
used done 1A6. In the opinion of Olivotto et al,” routine PR
testing is not warranted for its prognostic value, and may
only serve to identify ER-negative patients who may re-
spond to hormonal therapy. Given their results the authors
were convinced that PR status determination did not give
any additional information to ER determination. Following
these publications, we would like to contribute to the debate
on the utility of testing PR status for prognostication in
earfy breast cancer. In 1996, we published a report concern-
ing 942 patients with T1-3 breast cancer who had been
surgically treated between 1980 and 1986 with a median
follow-up period of 117.9 months.” The purpese of this
study was to validate the immunohistochemical detection
of PR (THC-PR) by comparing it with a standard dextran-
coated charcoal (DCC) method, and o assess its prognostic
significance in early breast cancer. Mean patient age in the
series was 56 years, and there were 398 node-negative (42%)
and 544 node-positive (58%) patients. [HC-PR tumor sta-
tus was determined using the PgR-ICA Abbott monoclonal
antibody. Five hundred and fifty tumors (58.4%) were
THC-PR positive. Concordance between the IHC and the
DCC methods in the series was 83.2%. In the node-negative
group of patients, IHC-PR status was the only independent
prognostic factor for overall survival (OS; odds ratio
[OR] = 3; 95% CI, 1.8 fo 5.3; P < .0001) in 2 multivariate
analysis, using a Cox proportional hazards model, inchud-
ing patients’ age, menopausal status, tumor size, Scarff-
Bloom-Richardson grade, and ER status. Furthermore, in
the node-negative group of patients, IHC-TR statuzs was an .
independent prognostic factor for disease-free survival
(OR = 1.8;95% CI, 1.2 t0 2.8; P = .008) and metastasis-free
survival (OR = 1.8; 95% CI, 1.1to 3; P = .02}, alongside
with tumor size and Scarff-Bloom-Richardson grade. The
five-year OS in the whole group (node-negative and node-
positive patients) was 74% and 85% for patients with less
than 10% and 10% 'to 49% IHC-PR—positive tumor cells
(P = .0002), respectively, and 85% and 93% for patients
with 10% to 49% and = 50% IHC-PR—positive tumor celis
(P = .008), respectively. Subsequent to this publication, we
performed the survival analysis again, using Dako PgR636,
a different antibody specific for PR, in the same group of
398 node-negative patients with a longer median follow-up
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(170 months), and by adding peritumoral vascular emboli
to the previous Cox proportional hazard model. PR status
determined by PgR636 was again an independent prognostic
factor for OS (relative risk [RR] = 2; 95% CI, 1.4 to 2.9}
P = .0002), metastasis-free survival (RR = 1.9;95% CI, 1.2 1o
3. P = 001) and discase-free survival (RR =1.5;95%Cl. 1.1 to
2.2; P = 02) alongside with peritumoral vascular emboli.

In our studies, PR status, as determined by accurate
immnunohistochemical methods, s a strong prognostic fac-
tor, and survival is correlated to the proportion of FR-
positive cells in breast tumors. In contrast, ER status is of
fesser prognostic significance. PR testing should be per-
formed on patients with breast cancer, and the results
should be used for correct determination of their prognosis
and management.

Gaétan MacGrogan, Isabelle de Mascarel,

Ghyslaine Sierankowski, Louis Mauriac, Marc Debled,
Michel Durand, Christine Tunon De Lara,

Antoine Avril, Véronique Picot, and

Simone Mathoulin-Pélissier
Institut Bergonié, Bordeaux, France
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Tx Repiy: We appreciate the letter by MacGrogan et al
contributing to the debate on the utility of testing proges-
terone receptor (PR} status in patients with early breast

cancer. Whereas Olivotto et al' argue that routine PR fest-

ing is not warranted because it has little use in guiding
therapy decisions, our data are not consistent with that
opinion. PR is a protein in which synthesis is positively
. regulated by estrogen receptor (ER}, and the presence of PR

may therefore indicate a more functionally intact ER path-

way. It is therefore not surprising that PR status has been
found useful by others as a predictive as well as a prognostic
factor, and that combining ER and PR allows more accurate
prediction of clinical outcome.? In our series of 1,055 pa-
tients with stage [-IIT breast cancer, PR status was a strong
prognostic factor in patients with = four positive lymph
. nodes. In fact, PR status was a stronger prognostic factor
than ER status in this subgroup of patients. Patients with
PR-positive tumors had a significantly better. prognosis

WWW.JC0.0PF

than those with PR-negative tumors (5-year recurrence free
survival rate, 55% v 27%, respectively). Previous inconsis-
tencies in clinical results may have been in part due to the
difficulty in accurately measuring PR. In any case, it re-
mains to be seen if the superiority of PR over ER wilt hold up
when aromatase inhibitors are used as adjuvant therapy
instead of tamoxifen.

Mousumi Banerjee
University of Michigan, Ann Arbor, Ml

William Hryniuk
CAREpath Inc, Toronto, Canada
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Optimizing End Points
and Outcomes in
Cancer-Associated Wasting

To e Enitor: We congratulate Jatoi etal’ in complet-
ing a large, well-powered, phase III pharmaconutritional
study in cahcer-associated wasting (also referred to as can-
cer cachexia). This study highlights several points that de-
serve further discussion.

Although incompletely understood, cancer-associated
wasting is common and debilitating. To date, efforts to
mitigate it have met with limited success. Cancer-associated
wasting is likely to be a multifactoral process. To date, this
has ot been reflected in the design and reporting of clinical
studies. To better understand cancer-associated wasting
and the effects of intervention, 2 consensus research defini-
tion incorporating conterporary knowledge is needed.
This should attempt to characterize patients by, for exam-

~ ple, the severity of wasting, the presence or ahsence of

systemic inflammation, and predominant symptoms or
symptom clusters. These parameters may reflect underlying
differences in pathophysiology and influence the response
to intervention. Such consensus in trial design should make
it easier to compare and analyze wasting studies.

This study, like others, places the outcome emphasis on
absolute weight gain. This may not be appropriate. First, the
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cells.® Therefore, we believe that the antitumor activity of
gefitinib is due, at least in part, to its ability to affect tumor
cell proliferation and survival, In this respect, cancer cells’
sensitivity and resistance to this agent is clearly related to the

presence of molecular alterations that have been shown to .

render tumor cell growth dependent or independent on
EGER signaling.”™®

In conclusion, several different mechanisms of action
are likely be involved in the antitumor activity of anti-EGFR
agents, including effects on nontumor cell types. This ob-
servation makes even more difficult the identification of
markers to predict the probability of cancer patients to
respond to gefitinib. :

Nicola Normanno and Antonella De Luca

Department of Experimental Oncology, Naticnal Cancer institute,
Fondazione Pascale, Via Mariano Semola, Naples, ltaly
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Progesterone Receptor Testing: Not
the Right Time to Be Buried

To Te Eprror: Olivotto et al state that progesterone
receptor (PgR) testing should be discontinued," but we dis-
agree with their conclusions for several reasons. It is well
known that PgR is an estrogen receptor (ER) —regulated pro-
tein and that its expression indicates a functional ER pathway.
In the 70% to 80% of breast cancer cases that are ER-positive,
we think that PgR festing has some utility. While its prognostic
role is not clearly defined, it does provide predictive informa-
tion. ER-positive and PgR-negative tumors are, in fact, less
responsive to endocrine therapy (particularly tamoxifen) than
ER-positive and PgR-positive tumors in the metastatic set-
ting.>* Other authors have reported that the presence of both
receptors is a marker of a greater probability of benefit from
adjuvant tamoxifen than ER alone.** Consequently, PgR neg-
ativity can influence the therapeutic decision to offer adjuvant
chemotherapy in addition to adjuvant endocrine therapy in
selected patients. The observation in the Oxford Overview that
the reduction of recurrence for patients with ER-positive/PgR-
negative tumors after adjuvant tamoxifen is sirnilar to that
obtained in patients with ER-positive/PgR-positive tumors®
could be due to technical difficulties in measuring PgRin some
of the eatlier trials included in the meta-analysis.” Moreover,
recent preliminary data from the Arimidex or Tamoxifen
Alone or in Combination (ATAC) trial, presented by Dowsett
at the 2003 San Antonio Breast Cancer Symposium, show no
difference in disease-free survival between tamoxifen and
anastrozole in the subgroup of patients with ER~ and PgR-
positive tumors, while anastrozole was found to be signifi-
cantly superior to tamoxifen in the subgroup of ER-positive
PgR-negative patients.® While these are retrospective data that
need to be confirmed, they are provocative, Furthermore, it is
now known that human PgR proteins exist in two isoforms,
PgR-A and PgR-B, which seem to have different functions as
shown by in vitro and in vivo data,”'’ even if they are tran-
scribed from the same gene under the control of separate
promoters.’" The two isoforms were measured by immuno-
blotting of tumor lysates from node-positive patients treated
with tamoxifen. A high ratio between the two isoforms (PgR-
A/PgR-B) was found to identifya subgroup of patients with ER
and PgR positive tumors resistant to tamoxifen in both univar-
iate and multivariate analysis.' If confirmed, these data offer a
new oppottinity to better select patients who are good candi-,
dates for tamoxifen. For all the above reasons, it does not seem
to be the right time to bury PgR testing, but instead, to start
refining its purpose.

M. Colozza, D. Larsimont, and M.]. Piccart
Chemotherapy and Pathology Units, Jules Bordet institute, Brussels, Belgium
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It Is Not Time to Stop Progesterone
Receptor Testing in Breast Cancer

To THE Bprror: We have read the provocative letter to
the Editor by Olivotto et al,' in which the authors suggest

3868

that progesterone receptor testing in breast cancer manage-
ment should be stopped. Their recommendation is based
on their estrogen receptor (ER) and progesterone receptor
(PR) immunohistochemistry results, which show that only
one of 942 patients had an ER—/PR-+ tumor (0:1%).
Prompted by their observations, we have analyzed the
combined ER and PR values in a series of 1,228 consecutive
patients from the Hospital 12 de Octubre in Madrid, Spain,
treated during the period from 1992 to 1998. In this series,
follow-up is available, which allows a true predictive evalu-
ation of the hormone receptor status. Stage distribution was
the following: stage I, 268 (21.9%); stage II, 693 (56.5%);
stage I11, 145 (11.8%); and stage IV, 120 (9.8%). Hormone
receptors were determined using monoclonal antibody-
based commercial immunoassay {Abbott Laboratories, Ab-
bott Park, IL). Both receptors were known in 1,153 cases.
Median follow-up in the series was 5.8 years. In the non-
metastatic patients, the proportion ‘of cases treated with
adjuvant tamoxifen was 69%, and this was more frequentin
ER+ and/or PR+ than in ER— and PR— cases (84% ER+/
PR+, 75% ER—/PR+, 83% ER+/PR—, and 31% ER—/
PR—). During the follow-up, 306 patients have died, and
255 nonmetastatic patients have relapsed. Our hormone
receptor subgroup results contrast markedly with those re-
ported by Olivotto et al; in our series, we have found that the

. number of ER—/PR+ patients is not insignificant (7%, 82

cases). The number of patients ER+/PR+ was 534 (46%);

ER+/PR— was 215 (19%); and ER—/PR— was 322 (28%.
Although the techniques of immunohistochemistry and

immunoassay for determining ER and PR have equivalent

Fréportion Free of Disease

04

Time {mcnths)

Fig 1. Disease-free survival curves by hormone receptor subgroups
(N = 1,039). ER, estrogen receptor; PR, pregesterone receptor,
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Tissue microarrays: a new approach for quality control in

immunohistochemistry

J Packeisen, H Buerger, R Krech, W Boecker

cal pathology. For confidence in the immunohistocherzistry

(IHC) result it is necessary to perform valid quality
controls.'”* An internal positive contrel in THC is essential to
ensure that the immunostaining is working properly. A sepa-
rate slide containing tissue known 1o be immunoreactive with
the test antibody (external control} is a widcly used but costly
methed. Furthermore, it does not completely guarantee that
IHC has worked properly for the patient tissue. In many insti-
tutes, -different positive control tissues for cach test case are
already in use, but these are often associated with logistical
difficulties. The use of multitissue blocks int THC has been
described previously.® The tissuc microarray technique was
invented by Kononen ef af in 1998° and is a promising tool in
modern pathology, with almost an infinite number of
applications.® We established a tissue microarray, which serves
as a positive control microarray, as a new application for the
tissue microarray technique. Because of the small size
(3.5 x 3 mm) of the microarray, the staining of the test tissue
was not affected and there was a clear demarkation of control
and test tissue.

lmmunohistochemical methods are routinely used in surgi-

METHOD

We took core needle biopsies with a diameter of 0.6 mm from
donor paraffin wax embedded tissue blocks of 12 different tis-
sues (table 1), obtained from our routine histological
workload, using a dedicated tissue array instrument (Beecher

1 Clin Pathol 2002;55:613-615

Instruments, New Jersey, USA}. These tissue cores were
arrayed into “host” paraffin wax blocks of 15 x 15 mm, creal-
ing similar arrays of 4 x 3 dots (fig 1) in the different blocks.
To combine donor cores with the recipient block, the paraffin
wax was rcheated for five minutes at 86°C. At least 110 to 150
sections of 5 pm were cut and mounted on to adhesive coated
slides and stored in a dry envircnment until use. A paraffin
wax sectioning aid system (as described previously) was not
used.” Two different automated staining systems from Dako
(Auteostainer and TechMate; Glostrup, Denmark) were used
for immunohistochemical staining, in addition to manual
procedures. Table 1 lists the antibodies used for staining.

RESULTS

The microarray positive control tissue array blocks were used
over a period of six months for 1000 test cases. There was an
overall loss of control dots of < 1.5% while processing. A loss
of staining after storage of multitissue sections {up to three to
four weeks) was not seen. In general, the positive control dots
stained brightly (fig 1), and non-specific staining patterns
could easily be excluded. Antibody and antigen retrieval prob-
lems resulted in the failure of staining in individual slides in
about 1.4% of the test cases. In most of these cases, the control
tissue also showed a negative staining reaction, which
prompied a repetition of IHC. The time taken for the prepara-
tion of the control slides was low, even when it was divided
into array building and cutting. It took about five minutes to
consiruct the 12 dot array, and 20-30 minutes for the cutting
and mounting of 150 control slides.

DISCUSSION

The use of an internal positive control is the most reassuring
method for quality control in THC, with multitissue controls
being the most effective. Nevertheless, the preparation of
multitissue blocks {so called “sausage techmique”) is time
consuming and complicated in a routine setting. However, the
miicroarray technique described here for building multitissue
controls was easier and less time consuming because the con-
trol tissues for the multitissue blocks could be harvested from
pre-existing blocks of paraffin wax embedded tissue. The con-
sumption of “donor” tissue was low—0.6 min tissue cores
were sufficient so that the availability of rare tissues, particu-
larly tumours with overexpression of tumour specific markers
{for example, c-erbB-2 in breast cancer), was better than for
conventional techniques. In addition, the amount of time
needed for the preparation of a microarray control block was
lower than described previously.’ * However, at the moment
the costs for the array instrument cannot be neglected, but we
solved this problem by a multi-institute cooperation. In the
near future, the wider use of these arrays should lead to the
commercial availability of costume designed test blocks,
which would circumvent this limitation. Other equipment or
special tools that are not available in a routine histopathology

www.jclinpath.com

Volume 19 Folder 4 Page 127




Eastern Health - source: Heather Predham CIHRT Exhibit P-2993

Page 18

Downloaded from jop.bmjjournals.com on 4 August 2005

614

Technical report

Figure 1

(A} Multisissue control array mounted at the end of the slide near to a tumour sample. {B} Magnificafion of the fumour stained

negative for thyroid franscripfion factor 1 [TTF-1) with @ missing staining reaction of the internal positive contral, The positive staining result of
the thyroid array element showed that the immunostaining had worked properly {inset right comer).

faboratory are not required, In addition, the amount of micro-
array control tissue on individual slides is low, so that the
amount of case tissue samples needed is not affected. It is also
worth mentioning that the volume of antibody required is not
increased. The control array did not affect the staining of the
case tissue and there was always a clear demarkation between
control tissue and the patient sample.

“The amount of time needed for the preparation of a
microarray conirol block was lower than described pre-
viously”

Because this control array can be modified it could easily be
adjusted to meet the individual reeds of different laboratories.
It is possible that arrays with dots of 5 x5 (25 different
tissues} could be devised, enabling the determination of a very
wide antigen spectrum. The space required would be only
4.5 % 4,5 mm. This technique could also be applied to other
staining procedures, such as fluorescent staining methods and
brightfield in situ hybridisation."

www.iclinpath.com

Aging of the tissue on the pre-prepared slides did not seem
to influence the IHC results. Any possible aging, with
consecutive loss of the immunoreactivity, would result in a
faise negative staining pattern of the internal control tissue,
which would lead to repeated testing for that particular anti-
gen. The heterogeneity of the donor tissues with regard io the
different antigens might be seen as a disadvantage of this
technique. Nevertheless, because the core biopsies function as
“positive internal controls”, negative staindng of the tissue
microarray for a specific antigen in a specific dot would lead to
it being withdrawn from further use.

‘We found that the control microarray could also be used
with different automated THC staining systems, and could be
useful for monitoring the efficiency of the staining procedure
by comparing the immunchistoechemical staining intensity in
different batches.

In conclusion, the internal multitissue control in IHC is a
new application for the tissue microarray technique. We sug-
gest that quality control in: IHC would benefit from the use of
multitissue microarray controls.
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Abstract

Aims—Altheugh positive and negative
controls are performed and checked in
surgical pathology cases undergoing im-
munohistochemistry, internal quality
control procedures for immunohisto-
chemistry are not well described. This
study, comprising a retrospective audit,
aims to describe a method of internal
quality control for immunohistochemis-
try. A scoring system that allows compari-
son between cases is described.
Methods—Two positive tissue controls for
each month over a three year period (1996—
1998) of the 10 antibodies used most
frequently were evalvated. All test cases
undergoing immunochistochemistry in the
months of April in this three year period
were also studied. When the test case was
completely negative for a given antibody,
the correspending positive tissue control
from that day was examined. A marking
system was devised whereby each
immunohistochemical slide was assessed
out of a possible score of 8 to take account
of staining intensity, uniformity, specificity,
background, and counterstaining. Using
this scoring system, cases were classified as
showing eoptimal (7-8), borderline (56}, or
unacceptable (0—4) staining.
Results—Most positive tissue controls
showed either optimal or borderline stain-
ing with the exception of neurone specific
enolase (NSE), where most slides were
unacceptable or borderline as a result of a
combination of low intensity, poor specifi-
city, and excessive background staining.
All test cases showed either optimal or
berderline staining with the exception of a

Table I Details of the 10 most commonly used antibodies

Auntigenlantibody Clone Supplier Dilution Protreatment
CD45 2Bil+ PD7/26 Dako 1/50 Microwave
CDz20 126 Dzko 1/50 Microwave
CD3 Pab Dzko 1/50 Microwave
CAMS5.2 CAMS5.2 Becton Dickinson o Trypsin
AB1/3 AE1/3 Dako 1/50 Trypsin
CEA 11-7 Dazko 1750 Trypsin
NSE Pab Incstar 172 Noene
Chromogranin A Dak-A3 Dako 1/50 None
S100 Pab Signet 120 Trypsin
Desmin D33 Dako 1:100 None

Pab, polyclonal antibody.

waw.jclinpath.com

single case stained for NSE, which was
unacceptable.

Conclusions—This retrospective audit
shows that immunochistochemically stained
slides can be assessed using this scoring
system. With most antibodies, acceptable
staining was achieved in most cases, How-
ever, there were problems with staining for
NSE, which needs to be reviewed. Labora-
tories should use a system such as this to
evaluate which antibodies regularly result
in poor staining so that they can be
excluded from panels. Routine evaluation
of immunochistochemical staining should
become part of everyday internal quality
control procedures,

(¥ Glin Pathol 2000;53:929-932)

Keywords; immunohistochemistry; audit; internal
quality control

In recent years, increasing attention has
focused on pathology laboratories with regard
1o many aspects of the quality of routine work.
Internal quality control procedures should be
in place in all laboratories whereby a variety of
criteria, including the standard of staining, are
checked routinely on a daily basis. These
procedures, as well as being parr of internal
quality control, are assessed by bodies such as
Clinical Pathology Accreditation (CPA), UK.
Histopathology laboratories should also rou-
tinely audit part of their own work and this is
carried our in many insttutions, For example,
laboratories may audit a proportion of ran-
domly selected biopsies. During this audit,
many factors pertaining to the biopsy might be
evaluated including accuracy of clerical details,
turnaround time, quality of staining, and
pathological content and accuracy.”” To date,
there has been little focus on the quality of
immunohistochemical staining and, apart from
the routine performing and checking of posi-
tive and negative controls, there are few
recommendations for internal quality control
of immunohistochemistry. The aim of our
study was to perform a retrospective audit to
assess the quality of immunohistochemical
staining in our institution. To this end, we
devised a scoring system that allows compari-
son of immunchistochemical staining between
cases and antibodies over a period of time.
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Table 2 Scoring system used in our study
Staining eriteria Secore and criteria for scoring
Staining intensity 0 (no staining) 1 (weak staining) 2 (moderate staining) 3 {strong staining)
Uniformity of staining 0 (not uniform throughout) 1 {uniform throughour) A NA
Specificity of staining O (non-specific staining present) 1 (only specific staining present) NA NA
Absence of background 0 ive background staining 1 (background staining present but 2 (no background staining present) NA
that interferes with interpretation)  does not interfere with interpretation)
Counterstining { (inadequate) 1 (adequate) NA NA

NA, not applicable.

Table 3 Scores of positive tissue conrols in immunohistochemistry 1996-8

Unnacceptable (%) Borderline (%} Optimal (%)

Anvigenfanibody Score 04 Score 5-6 Scors 7-8
CD45 (n= 72) 1.4 33.3 653
CD20 (n= 70) Q 10 20

Cb3 (n=6%9 1.5 17.4 811
CAMS5.2(n=71) 2.8 36.6 60.6
AFB1/3 (n=69) 7.3 30.4 62.3
*CEA (n=171) 7.0 23.9 69.1
NSE (h = 58) 36.1 60.4 3.5
*Chromogranin A (n = 67) 10.5 26.8 62.7
S0 (m="72) 0 25.0 75.0
Desmin (n = 64) 16 12.5 85.9

*Inciudes two slides where inappropriate tissue was used as control (scored as 0),

Materials and methods

SPECIMENS

Cases were retrieved from the files of the
department of pathology, Royal Group of Hos-
pitals Trust, Belfast. Two positive tissue
controls (where available) from each month
over a three year period (1996-8) for the
CAMS5.2 and AEL/3 antibodies and antibodies
directed against CD45, CD20, CD3, carci-~
noembryonic antigen (CEA), neurone specific
enclase (NSE), chromogranin A, S100, and
desmin were retrieved from file {table 1). These
ten antibodies were chosen because they were
the most commonly used antibodies during the
study period. All routine test cases undergoing
immunohistochemistry within the months of
April were also retrieved. Where a test case was
negative with an antibody and where there was
no internal positive control, the positive tissue
control for that antibody performed on that day
was used. Negative controls, where the primary
antibody was replaced with buffer (Tris buff-
ered saline), for all cases were also reviewed .

IMMUNOHISTOCHEMICAL STAINING

All slides were stained manually using a stand-
ard methodology of peroxidase streptavidin-
biotin (Duet StABC; Dako, Ely, Cambridge-
shire, UK) with diaminobenzidine as the chro-
mogen. Counterstaining was with Harris’s
haematoxylin. All antibody incubations were
conducred at room temperature for 30 min-
utes. Some cases, as well as undergoing manual
staining, were also stained using an automated
immunostainer (Ventana NEXES; Ventana,
Strasbourg, France), which was being evalu-
ated in our department during part of the study
period. Automated protocols followed the
manufacturer’s recommended procedures with
antibody incubations at 37°C for 30 minutes
using the Ventana detection and counterstain
systems. Pretreatment by microwaving was
conducted using a Matsui domestic oven deliv-
ering 850 W for 20 minutes in 0.01 M citrate
buffer (pH 6.0). Trypsin digestion (ICN,
Aurora, Ohio, USA) was performed using a
0.1% solution in 0.1% calcium chloride at

wevejelinpath. com

37°C (pH 7.8) for 10 minutes. Protein diges-
tion on the Venrana NEXES was performed at
37°C using the manufacturer’s digestion kit,

SLIDE ASSESSMENT
Each slide was assessed out of a possible score
of 8. Parameters measured (table 2) were
staining intensity (0, 1, 2, 3), uniformity (0, 1),
specificity (0, 1), absence of background stain-
ing (0, 1, 2), and counterstaining (0, 1). A scere
of 04 was considered to be unacceprtable, 5-6
borderline, and 7-8 optimal. In cases where the
intensity of staining was 0 (negative}, the stain-
ing was considered to be unacceptable and all
other parameters were also considered to be Q.
If the degree of background staining was
judged to interfere with interpretation (a scere
of ), the stain was also considered unaccept-
able and given a score of 0. In those cases
where both manual and automated immuno-
staining were performed, the final numerical
scores were compared. The two authors
assessed each slide over a double headed
microscope.

Results

There was no staining of negative controls.
Table 3 shows the numbers of positive controls
examined and the proportions of these showing
unacceptable, borderline, and optimal staining.
Four slides (two staining for CEA and two for
chromogranin A) were completely negative as a
result of the selection of an inappropriate posi-
tive control. These were scored as Q. Most
positive tissue controls showed optimal stain-
ing and in most cases staining was either
borderline or optimal. The exception was
staining for NSE where there were consistent
problems: staining was typically weak and lack-
ing in specificity, with excessive background.
Using the same control material, chromo-
granin A staining was superior with only 10%
of cases showing unacceptable staining.

There were 44, 42, and 46 test cases for
review in 1996, 1997, and 1998, respectively.
Of these, six of 44, five of 42, and six of 46,
respectively, were not on file at the time of
review. Within the test cases, 55 different anti-
bodies were used, ranging in frequency from 1
to 39 requests. All test cases audited (including
those that were negative and where the positive
tissue control for that day was used), showed
either borderline or optimal staining except for
a single case of staining for NSE, which was
unacceptable owing to non-specific staining
and excessive background staining. Table 4
shows the percentage scores for each of the cri-
teria for those slides stained manually. As can
be seen, over 90% of cases gained maximum
marks for staining intensity, uniformity, specifi-
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Table 4 Scores in percentages of all test slides reviewed in our study, including positive tissue controls where the test case

sitde ewas negative

2 3
1997 1998 1996 1997 1998 1996 1997 1998

Scores for each year

g 1
Staining criteria 1996 1997 1998 1996
Staining intensity 0.0 00 00 0.8
Uniformity of staining 50 44 00 95.0
Specificity of staining 0.8 67 28 99.2
Absence of background staining 0.3 1.k 0.0 36.1
Counterstaining 00 11 00 100.0

11 0.0 00 389 83 99,2 90.0 917
956 1000 NA NA NA NA NA NA
93.3 972 NA NA NA NA NA Na
17.8 389 63.6 B8l.1 61.1 NA NA NA
989 1000 NA NA NA N4 NA Na

Foral slides reviewed by year (imanual methodology only): 1996, 119; 1997, 90; 1998, 72,

NA, not applicable.

ining for CD20 b

Figure 1  Comparison of
manual (A) and automated (B) methods. Automated
immunostaining reswlted in more intense, crisp membrane
staining.

city, and adequacy of counterstaining. Back-
ground staining was more of a problem, with
only 61-81% of cases achieving the maximum
score.

Twenty five different antibodies were used
for automated immunostaining in our study.
Overall, automated staining resulted in higher
scores than manual staining. The overall mean
score for manually stained slides was 7.6,
whereas the mean score for automated stained
slides was 7.9. Slides stained on the Ventana
NEXES generally showed more intense stain-
ing of serial sectons than those stained manu-
ally. In additon, background staining with the
Ventana NEXES was eliminated without af-
fecting the intensity of staining (fig 1). One
exception to this was bcl2 staining, which
required an amplification protocol supplied by
the manufacturer. There was generally no
difference in the uniformity or specificity of
staining or the adequacy of counterstaining
between the manual and automated methods.

Discussion

The aim of our study was to evaluate the
standard of immunohistochemical staining in
our department, which comprises a busy
teaching hospital. External quality assurance

wavejelinpath. com

programmes such as that managed by UK
National External Quality  Assurance
(UKNEQAS) for Immunocytochemistry
(London) and a laboratory’s own internal
guality control systems are two means of
assessing performance in immunchistochemis~
try, The UKNEQAS organisation holds regu-
lar regional workshops and updates partici-
pants through official publications. Internal
quality control systems, however, have been
more difficult to formalise and, although posi-
tive and negative control material are checked
on a daily basis, more formal assessment is
probably nort carried out in most laboratories.
QOrganisations such as the National Committee
for Clinical Laboratory Standards (NCCLS)
(USA) have published guidelines on best prac-
tice, and recent publications have shown that
there is an interest in setting out goals and
objectives for guality contrel procedures in
immunohistochemistry. * Other groups have
attemnpted to identify good practice and have
made recomumendations regarding quality
standards in immunohistochemistry.® These
quality issues are likely to assume increasing
importance with the advent of clinical govern-
ance. Data from UKNEQAS for Immunoccyto-
chemistry show that increasing numbers of
laboratories sometimes struggle to maintain
standards.”

The internal quality control procedures car-
ried out in our laboratory, namely positive tis-
sue controls containing the antigen under test
and a negative control section from each test
block, appear to meet the minimum required
criteria of those that are reasonably expecred to
be conducted by a routine diagnostic immuno-
histochemistry laboratory. Although it is com-
mon practice to review at the end of each day
both sets of controls along with the test
material, we have conducted a three year
review of a proportion of the positive control
material of the most commonly used antibod-
ies in our laboratory, together with a pro-
portion of test cases. Our study assesses only
the standard of immunohistochemistry and
makes no attempt 1o determine whether
reporting pathologists have used an appropri-
ate or adequate panel of antibodies, or whether
they have interpreted the results correctly,

The scoring system we devised was an
atternpt to assess the elements looked for when
examining an immunohistochemical slide. We
did not consider the problem of interobserver
and intra-observer variation of this scoring sys-
tem but, rather, the two authors examined the
slides together using a double headed micro-
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scope. The intensity of staining was judged on
a four point scale from negative (0} to intense
(3). The specificity and uniformity of staining
and the adequacy of counterstaining were
scored as either 0 or 1. The degree of
background staining was judged on a reversed
three point scale from 0 (background stain
interferes with interpretation) to 2 (no back-
ground). Other scoring systems such as that
used in the UKNEQAS for Immunocytochem-
istry scheme score each slide out of a total of
20, this being a composite score from four
independent assessors each scoring out of 5. In
this scoring scheme, however, criteria vary and
are dependent on the antibody under examina-
tion.* Using our system, we found that evaluat-
ing different antibodies on a common scale was
possible, allowing for comparison between
antibodies over a period of time.

The review of positive tissue controls showed
that with most antibodies there was optimal or
borderline staining, with only a small pro-
portion showing unacceprable staining, Most
test cases also showed optimal or borderline
staining. The exception to this was staining for
NSE, where only a small proportion of control
cases showed optimal staining and over one
third were unacceptable. The main problems
were low intensity of stazining, non-specific
staining, and excessive background. Staining
for NSE has a reputation for poor specificity
and this was confirmed in the study, suggesting
that NSE positdvity is not conclusive evidence
of neuroendocrine differentiation. Many pa-
thologists still use antibodies to NSE as part of
a panel to confirm neurcendocrine differentia-
tion and we suggest that alternative antibodies
such as those to chromogranin A and PGP 9.5
might be more suitable for this purpose. How-
ever, it might be that other laboratories may
achieve better results with NSE staining using
the same or a different antibody. Other labora-
tories may find consistent problems with other
antibodies and might wish to exclude these
from their immunohistochemical panels.

Automated immunohistochemistry using
the Ventana NEXES system marginally im-
proved the overall scoring, usually by produc-
ing a very clean background without loss of
intensity. The exception to this was bcl2 stain-
ing, which required an amplification protocol
provided by the manufacturer. This shows that
each antibody must be evaluated individually

waww.jclinpath.com
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when introducing avtomated immunchisto-
chemical staining into a laboratory. Although
the overall mean score for automated immuno-
staining {7.9) was only marginally greater than
that for manual staining {7.6), there was a
trend towards greater intensity with a cleaner
background. The cost of such automated
systems and the effect automation may have on
staffing levels are beyond the scope of this
paper.

The number of cases not retrievable from the
files is perhaps excessive, but is indicative of the
diverse system of reporting and the ongoing
research interests of a large teaching hospiral.
Implementing a system of review, such as we
are suggesting, and reporting the incidence of
missing slides to pathologists and laboratory
staff may result in an improved awareness of
the need to return slides for filing and to file the
‘slides correctly.

In summary, this retrospective audit de-
scribes a method for improving the daily inter-
nal quality control of immunchistochemical
staining. Laboratories might wish to carry out
similar procedures on a regular basis to ensure
that their immunchistochemistry is of a high
standard. In this way, antibodies that consist-
ently result in substandard staining can be
identified. Steps can be taken to correct this,
either by using different protocols or by
excluding these antibodies from routine use.
We would recommend that laboratories devise
a system such as ours to assess their standard of
immunohistochemical staining, This assess-
ment should be performed regularly as part of
internal quality control.
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Battersbhy S, Robertson BJ, Anderson TJ. King RJ, McPherson K.
Department of Pathology, University Medical School, Edinburgh, UK.

Steroid receptor was assessed ;mmunchistochemically in 158 samples of
- normal breast for variation through the menstrual cycle. Patterns and

intensity of reaction were used in a semi-quaniitative scoring system 1o
examine the influence of cycle phase, cycle Type, parity and age. The
changes in oesirogen receptor for natural cycle and oral contraceptive (0C)
cycles indicated down-regulation by progestins. Fro gesterone receptor did
not vary significantly in natural cycles, but increased steadily through 0oC
cycles. This study provides strong evidence that both oestrogen and
progesterone influence breast epithelium, ut dissimilarities from the
endometrium are apparent. The interval since pregnancy had a significant
negative effect on frequency and score of oestrogen receptor and score of
progesterone receplor. Multivariate analysis established the phase of cycle -
and OC use as independent significant influences on oestrogen receptor. The

interval since pregnancy was an independent significant factor for both
 Destrogen and progesterone receptor Presence. :

. PIP: Presence, distribution, and quantity of estrogen and progesterone

receptors (ER, PR) were determined by immunohistochemical techniques in
158 breast tissue samples, and results scored and analyzed for age, cycle
phase, and oral contraceptive use. Prozén specimens fixed by standard
histologic methods were analyzed with the ER-ICA kit using rat monoclonal
antibody for ER (Abbott), or the mouse monoclonal aniibody against rabbit
uterine PR. One section from each case was scored, counting all terminal
duct lobular units (TDLU), and accounting for staining intensity, percentage:
-of positive TDLUS, and staining pattern. Most of the sections showed mixed

L - positive and negative areas, sometimes a sporadic paitern, and less often &

ring pattern. 38% head positive ER,
0), and PR scores from 0-600 (median
ng Women, significantly more often on

scores ranged from 0-513 (median

186). ER appeared in 47% of cycli
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and 72% were positive for PR. ER
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days 1-13, while there were more low and moderate scores but fewer
negatives on days 14-28. 70% of cycling women and 70% of pill users had
PR 26% of the oral contraceptive USers were positive for ER, with scores
ranging from 9-417, significantly lower than those seen in the natural cycle.
There were no significant variations in ER throughout the cycie; PR scores
were significantly higher on days 14-28 of the oral contraceptive cycle.
There were no effects of age, breast age, or parity on ER or PR. Among
parous women, however, ER and PR were detected much less frequently in
women naturally cycling and 5 years postpartum. In multivariate analysis,
controiling for cycle phase, oral contraceptives significantly lowered
frequency of staining, and time postpartum also lowered ER and PR staining
significantly. In the discussion it was noted that the decline in ER in the 2nd
half of the cycle in breast parallels that in endometrium, but PR rise in breast
s in contrast to falling in endometrium in the later half of the natural or pill
cycle. These data show a biunted response in numbers of steroid receptors
after pregnancy, as has been reported in other indicators of breast

proliferation. -
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Editor's Note

Team in need of 2 coach

Every medical oncology fellow quickly learns about interdisciplinary ca

to anyone, and our coltabaration is prefty much votuntary.

This issue of our audio series atiempts io demonstrate how critical it is that interdisciplinary team
members talk to each other. We begin with the local control guys. and Pat Borgen and Frank Vicini
comment on a plethora of surgical and radiation therapy research issues that profoundly afiect systemic

management decisicns.

For example, Dr Vicini is the principal investigator of & critical NSABP-RTOG randomized cinical trial
breast iradiation (PBY. This historic coillabaration betweern two premier collaborative
ciinical trial groups witt provide much-needed answers abeut PBI, albsit many years fram now. In the
interim, the pace at which this sooelerated and patient-friendly treatment strategy permeates into the
nonprotocol managament atgortihm wtilized in the community ireatment setting is anyone’s guess.

evaluating partial

While we wait for definitive research results, paiients shouid saek input from gvery team member
regarding the advisabiity of PBi and which technique is preferabie. Pat Borgen caufions us that local
conirol may have much more of an impact on long-term survival than previously recognized, and one
might imagine ihat P8I could eithey have @ deleterious effect {if it results in suboptimal local tumor
canirol} or couid be a More offective modality (because treatment can be implemented priar 10

chemotherapy).

With an increasing number of patients receiving raxane-based adjuvant regimens that can fake up 1o

six manths to compiete, sarlier radiation therapy could have a potential antitumor advantage.

Froma guality of life parspective, avoiding $ix weeks of daily treks for radiation therapy is appealing,
particularly after the physical and emotional trauma of adjuvant--chemotherapy. However, pafients will
surely want to know what their medical oncologist has to say on this issue before they opt for an

unproven treatment modality.

Input from Craig Alired, the pathologist for the interdisciplinary jeam collaborating on this issue of
Breast Cancer Update, is unfortunately very disheartening. | have nothing personal against pathologists
or Craig, whois a really nice man, but if Adam Brufsky's interview provides ampie documentation that
ssentially target-driven, then Cralg's comments
jzave ue wondering if we have the ability to measure the most critical targsts every oncologist must
cansider — ER, PR and HER?Z status. (My apolegies to Phiilip Roth for that very long sentence.)

contemporary systemic therapy of breast cancer ise

| keep expecting some rebel breast cancer patient advocacy group to stage @ massive protest at the

- NCI to demand that pathologists provide impeccable ER, PR and HER2 assays. At the present time,

however, women are going to continue to relapse unnecessarily or receive suboptimal palliative care
because we can't get their pathology right. Even if recent history teills'us that our usually capable nation
is not fotelly effective In military intelligence gathering, we should be able to at least gather accurate

hitp:/ /W\WV.b1'east¢a1lceru13date com/beuz004/7/editor him

ncer care, but thank God for the
Amarican College of Surgeons’ mandate for tumnor boards, pecause without them, we might be

strangers. Personally, 1 don't like to think about any surgeen, radiation oncologist or medical oncologist
not regularly attending one of these valuable meetings. However, the truth is that we really don’t report

Volume 19 Folder 4 Page 138
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information for the war on cancer.

Mavbe we need more than ACOS-ma
the entire team — including nurses, pharmacists, radiologists,

_ and take a deep breath, and really figure ou
very besi care we have.

Select publications

hitp:// www. breastcancerupdate. com/beu2004/7/e

ndated fumor yoards. Maybe

+ how to work toget

r Update .com - Web %ﬁ&eﬁ%ujit P-2993

ditor.htm

we need someone
psychologists, social workers a
her hetter so patignts can re
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to ratly and guide

— Neil Love, MD
NLgva@Re.s_ear..C.hIQEr,acti.c_e..net
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Estrogen Receptor Anaiysis for Breast Cancer

Adv Anat Pathol » Valume 12, Number 1, January 2005

Gene expression profiling studies have recontirmed the
previousty realized biclogic importance of BER in breast cancer.
Perou et al®® published the results of their breast cancer gene
expression analysis in 2000 and found that expression profile
patterns largely separated fymors into LR positive and ER
negative categories. These findings have been confirmed by
others using different sampling methods and expression profil-
ing technigues.*** Results from gene microarray studies have
further categorized breast Cancers into several major subtypes
based on their patterns of gene expression, including the ER
positive Jominal subtype and the ER negative basal sub-
type. 6% The existence of these breast cancer phenciypes
have been verified by {pmunohistochemical sadies of protein
expression.*¢*

ER has complex relationships with ather biomolecules

relevant in breast cancer. The majority of cancers CXpress ER
and HER2 in an nverse mamnet, and a subset of tumaors
{approximately |0%) express hoth. % Although individual
Tuminal cells of the normal breast rarely co-express ER and the
proliferation merier [Ki-67, a substantial praportion of breast
cancer cells show ihis coexpressicm.70 The interactions of ER
with growth factors and signal transduction molecules appear
to be important in the development of resistance 1o endocrine
therapy.” :
Although BR often retains its functionaiity during endo-
crine therapy, evidence suggests that adaptive signal trang-
duction pathweys stimulate timor progression independent of
ER-ligand interactions.” Currently, clinical ER testing as-
sesses for the presence or absence of detectable ER protsin
regardless of its functional state.

ER TESTING

interlaboratory Variability

Multiple reports addressing interlaboratory variability
for BR testing have been published in the past several years,
mostly from Burepean ogtitutions. 2325737 The most notable
of these studies were conducted by Rhodes and colleagues
under the auspices of the United Kingdom’s national ex-
tetnal quality assessment scheme for imnmunocytochemistry
NEQAS—]CC).ZS'TS"’G The NEQAS-ICC is presently com-
prised of 200 participating laboratories from 26 countries in
Burope and Asia. For its first published comparative study,
he NEQAS-ICC mvestigators circniated to participating
laboratories unstained composite tumor gections kmown 1o
possess low, mmedium, or high ER _1evr_z]s.25 Only 37% of the
. participating laboratories were able to obtain a positive result
- for the presence of ER in tumars with low ER levels using the
traditional 10% staining cutoff, but 66% reported a positive
result if a 1% cutoff was used

The high rates -of interlaboratory variability found
through the NEQAS-ICC quality assessment scheme promp-
ted further investigation into the causative factors of such
varigbility. In a second stady, tomors fixed and processed by
the NEQAS-1CC centralized laboratory were assayed by the
participants, and the vesults were compared with those -ob-
tained using twmors fixed and processed by the participating
laboratories themselves.’® Overall testing results were found
to be equivalent for the two sets of tumors, validating the

© 2004 Lippincon - Williams & Wifkins

scheme’s quality assurance mechanism (ie, distribution of un-
gtained composite tmoY sections). Moreover, their findings
strongly sugpested that preanalytical variables (tissue han-
dling, fixation, and processing) do not greatly affect ER testing
results nsing HC. ’

In a later NEQAS-ICC report, the léngth of time for heat
antigen retrieval was identified as the most important variable’
for improving ER testing standardization.” Additionally, s~
ing an elegant statistical analysis of their ER testing results
over 2 years, NEQAS-ICC ranked their participants as “high
assay sensitivity” of “low assay Sensitivity” laboratories.
NEQAS-ICC high assay sensitivity laboratories had a mean
rate of positive BR testing for all patients of 77% {compared
with 72% for low sensitivity jaboratories). 2 Obviously, ER
testing results for an {ndividual laboratory will depend to some
extent on the characteristics of the patient population studied,
especially patient age and the clinical setting in which the
testing is performed (eg, primary Cancers versus recurrences or
metastases). Nevertheless, interlaboratory comparisons of test-
ing Tesults such as those provided in the NEQAS-ICC studies

" could assist in identifying specific lab oratories that could benefit

from technical improvements in their ER testing methodologies.

Additional interlaboratory comparisons of ER testing
performed n Ausiria and Sweden addressed staining tech-
nigue and scoring reprodneibility, 1’espectively.73'74 Although
variation was demonstrated in both of these studies, the
authors concluded that improvements in testing conld be made
through automation and training. A German smdy demon-
strated poor reproducibility of ER testing using tissue TICIO~
arrays with ER detection faiture raies similar to those reported
by the NEQAS-ICC.”

Layfeld et al” published resuits demonstrating 2 dis-
agreement raie of 26 among three laboratories in the United
States independently testing 35 breast cancers for ER using
[FIC. That study was a Tollow-up to an earlier laboratory
survey (i the form of questionnaires) that also demonstrated
poor standardization for ER testing 2 The more recent of the
two studies is the only published interlaboratory comparison
of ER testing in the United Staies in which unstained slides
were circuiated.* .

TR testing findings for intradnctal carcinoma from
NSABP Protocol B-24 have recently been presented by Allred
et a2 The predictive vatie of a positive ER stams for re-
gponse o tamoxifen therapy was demonstrated by these data,
Additionally, it was abserved that cases analyzed by pal‘tic;
ipating institutions using non-standardized methods were more
frequently ER negative compared with those tested by a central-
ized THC laboratory (where a clinically validated and standard-
ized testing method was used). The findings of Layﬁeld23 and
by NSABP B242 indicate that significant interlaboratory
variability for ER {esting does occur in the United States.

Currently, there are legitimaie CONCETNS worldwide that
£R immunohistochemical testing methodologies are insuffi-
ciently standardized and that clinically significant false negative
rates exist 27 The interlaboratory comparisons of Rhodes
ot al® and Layfieid et al®” have convincingly revealed
interlaboratory variability i1 FR testing methodologies and
results. A oconceried effort by laboratories 1o adopt Te-
producible and clinically validated testing standards for ER

13
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THC will be necessary to properly address this problem. If
successfully implemented, standardization of ER testing could
serve as a paradigm for the multitude of predictive markers
that will Hkely be assayed by THC in the future.

Technica! Considerations
Standardization of ER detection methods {ie, specimen
selection, processing, scoring, and quality measwres) 1s of

paramount importance for the accurate anajysis of ER status

and appropriate patient management. JHC is a commonty nsed
and widely commercialized technique that aiready has
achieved a marked level of standardization. As a complex
multistep taboratory procedure, THC requires highly trained
pexsonnel for its proper performance. Tndeed, seemingly minor
differences in testing provedures may lead to marked
variability of results. An additional level of complexity is
encauntered when evaluating markers requiring quantitation,
such as ER or HER2 for breast cancer. Multiple parameters,
such as those listed in Table 1, should be considered when
performing THC to detect ER*® In the subseguent para-
graphs we review these variables and discuss their importance.

When to Test

ER testing is indicated for all primary invasive breast
carcinomas because of its proven prognostic and predictive
yalue #1388 Many centers are now also performing ER
testing in cases of ductal carcinoma in-gitn (Fig. 3), a trend
based primarily on the recently presented findings from
NSABP Protocol B-24.% The true utility of ER testing for
ductal carcinoma in-situ, however, remains controversial, and
further studies are pending.

TABLE 1. Variabtes for ER Detection
by Immunehistochernistty
Preanalytical variables
- Timing of testing
Speeimen type
Fixative type
Fixation time
Processing method
Analytica) variables
Automated veisus manual pracedurc
Autibody and titer
Anligun retrieval time
Blocking proeedure
Deteetion kit used
“Staining method
Interpretive variables
Mapual scoring versus mage analysis
Scoring syslems
Scoring cutoffs
Quality assurance and control
Types of conwols
Tnternal.

Extermnal

Quantitative )
Quality assurance procedures
External quality assessmeni prograims

- 14

ER testing may also be indicated in the settings of re-
current andfor metastatic breast cancer {when a change of ER
stams would affect treatment decisions) because of potential
alterations of the ER status of mimors over pme. 2 Tr has
been demonstrated that the ER status in approximately one-
third of breast cancers Ieverscs during disease Progres-
sion., both from positive to negative and from negative to
positive.®*** These R status conversicns fypically require
several years to oceur, but conversion from ER positivity to ER
negativity has been documented in less than one year.® An ER
tatns change to ER positive from ER negative may be

beneficial to patients undergoing  hormonal treatment.®

Conversely, conversion to ER negative from ER positive can
be associated with aggressive, therapy-resistant digease.® The

 ER status of the recurrent and metaslatic disease should be

considered as the eurrent ER status of a given patient.

Types of Specimens
ER analysis by THC is traditionally performed on

~ formalin-fixed, parafﬁn—embcddcd histologic tumer sections

chosen during diagnostic revisw of the hematoxylin and ecsin-
stained slides. Typically, tumors are sectioned from excisional
or mastectonty specimens as part of the routine pathologic
avaluation, and the amount of tumor available for analysis can
vary widely based on the stage of disease. Analysis of ER in
smaller-sized, parafﬁu—embedded specimens (such as needle
biopsies) and air-dried or aleahol fixed direct smears can also
be perfurmed.87

Measurement of ER in large gauge needle core biopsies
has been validated against results from excisional specimens in
several smdies **° Many centers, including ours, routingly
assess breast mor markers on needle core biopsy specimens
(Fig. 4).% Intratamoral heterogeneity for FER expression can be
biologic or artifacmal in natare, and reduced staining is most
ofen observed in the center of the tumer compared with
periphery.>* This heterogeneity does not substantially affect
TR results obtained using needle core biapsy specimens. Ifthe
PR results measured on ugedle core biopsy are questioned
{usually due to small tumor volume), repeat testing of the
excision specimen is warranted.

The analysis of cytologic specimens for - ER using
imrmunocytochemistry (Fig. 5) has recentiy been reviewed by
one of the authors (NS).* Prognostic and predictive markers
of breast cancer, including ER, can be reliably assessed on
cytologic material by THC. Comparative studies  have
demonstrated concordance rates ranging from 80 to 0% for
ER analysis of cyfologic -versus histologic specimens.®* ¢
Clinically, ER analysis of cytologic specimens is important for
patients receiving neoadjuvant chemotherapy and only when
core needle biopsy is not available. In that seiting, when re-

“sponse to therapy is dramatic, pretreatment cytologic smears of

primary or meta-static disease may represent the only material
available for ER analysis.

Tissue Handling, Fixation and Processing .
Methods used for tissue handling, fixation, and pro-
cessing can affect ER analysis by THC. Gross examination of
gpecimens and issue submission techmnigues vary between
institutions, but overall they are relatively standardized. It 1s

© 2004 Lippincott Williams & Wilking
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Biotech Histochem. 1992 Mar;67(2):110-7.

Quality assurance and standardization in immunohistochemistry. A proposal for
fhe annual meeting of the Biological Stain Commission, June, 1991.

Taylor CR.

Department of Pathology and Laboratory Medicine, University of gouthern California, School of

Medicine, Los Angeles 30033,

Quality assurance, quality control, proficiency testing, reagent documentation and validation are

standard parts of everyday practice in clinical laboratories throughout the United States.
[mmunchistochemical stains employ reagents and principles In cOMMOon with Immunoenzyme
methods utilized in the clinical laboratory. However, immunohistochemistry has not routinely
been subjected to similar standardization and quality assurance procedures that marufacturers and
pathologists alike have applied to essentially the same techniques in the clinical laboratory
environment, The current proposal was invited by the Biolo gical Stain Commission with the
charge of incorporating the findings of previous worlshops on quality control in
immmunohistochemistry into a practical design for implementation. The status of quality assurance,

- quality control and standardization In immunohistochemistry s reviewed and a phased strategy
for implementation is proposed.

Tttp:/rww cbinim.nih.gov/entrez/ query.fogi7db=I ub]\/ied&cmd=ReI‘rieve&1ist_uids='13 L 9/30/2005
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‘ The taming of immunohistochemistry: the new era of quality control.

Herman GE, Eliont EA.
Sinai Hospital, Department of Laboratory Medicine, Detroit, Michigan 48235

The most critical factor for interpreting the results of immunohistochemistry is verification of
antibody sensitivity and specificity. While some manufacturers supply material datq sheets with
this information, many do not. This paper describes a well-defineg quality assurance program for
testing immune reagents. This program éan be used to provide commereial suppliers of antigera
with analyses of their products destined for government licensire applications, This paper
Iustrates the Protocol and explains the lesting philosophy developed over the last eight years.

Publication Types:
* Review
» Review, Tutorial
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Reliability of immunohistochemical
demonstration of oestrogen receptors in routine
practice: interlaboratory variance in the sensitivity
of detection and evaluation of scoring systems

A Rhodes, B Jasani, D M Barnes, L. G Bobrow, K D Miller

Abstract
Aims—To investigate interlaboratory
variance in the immunochistochemical
(IHC) detection of oestrogen receptors so
as to determine the rate of false negatives,
which could adversely influence the deci-~
sion to give adjuvant tamoxifen treatment.
Methods—To ensure that similar results
are obtained by different institutions, 200
laboratories from 26 countries have joined
the UK national external quality assess-
ment scheme for immunocytechemistry
(NEQAS-ICC). Histological sections from
breast cancers having low, medium, and
high levels of oestrogen receptor expres~
sion were sent to each of the laboratories
for immuncohistochemical staining. The
results obtained were evalnated for the
sensitivity of detection, first by estimating
threshold values of 1% and 10% of stained
tumour cells, and second by the Quick
score method, by a panel of four assessors
judging individual sections independently
on a single blind basis. The results were
also evaluated using participants’ own
threshold values,
Results—Over 80% of laboratories were
able to demonstrate cestrogen receptor
positivity on the medium and high ex-
pressing tumours, but only 37% of labora-
tories scored adequately on the low
expressing twmour. Approximately one
third of laboratories failed to register any
positive staining in this tumeur, while one
_third showed only minimal positivity.
{ Conclusions—There is considerable inter-
laboratory variability, especially in rela-
tion to the detection of breast cancers with
i low oestrogen receptor positivity, with a
i false negative rate of between 30% and
60%. This variability appears to be caused
{ by minor differences in methodology that
i may be rectified by fine adjustment of

overall technique.

{¥ Clin Patkol 2000;53:125-130)

Keywords: immunchistochemistry; oestrogen
receptors; interlaboratory variation

The importance of establishing the cestrogen
receptor status of tumours for the treatment of
women with breast cancer has recently been
emphasised.’ The authors concluded that the
fundamental question to be asked when
predicting the likely outcome for a particular
woman receiving adjuvant tamoxifen treatment

is not whether she is young or old, with or
without nodal involvernent, or receiving
chemotherapy—but whether or not her tumour
is completely oestrogen receptor negative, Qes-
trogen receptor status is now often established
by an immunohistochemical (IFIC) test em-
ploying monoclonal antibodies.>® This assay
has been shown to be at least as sensitive as the
biochemical ligand binding assay® ¢ and has the
advantages of being applicable to small tu-
mours and Tru-Cut biopsy samples, and of
allowing only tumour cells to be assessed for
oestrogen receptor status. The IHIC assay can
be conducted inexpensively’® on routinely
processed tissue sections, with no need for spe-
cialised equipment. Consequently in many
countries IHC analysis has become the chosen
technique for establishing OESLrOgen receptor
status in a routine par,hology setting.”

In view of the i mcreasmg use of the oestrogen
recépior assay, 137 wtal"l’.hat good quE]'iry
4S¥GTAICe procedures are in place to assess the
quahty of the assays carried out by different
labotaroriés " The United Kingdom national
external quality assessment scheme for

immunocytochemistry” (UK NEQAS-ICCT)—vooks S 662

currently assesses the quality of many immuno-
histochemical techniques carried out in the
majority of UK clinical laberatories and in
various laboratories based cutside the United
Kingdom. Since April 1994 the scheme has
provided an external quality assessment (EQA)
programme for the demonstration of cestrogen
and progesterone receptors on routinely proc-
essed breast tumours,

In this paper we report on the degree of vari-
ability between 200 laboratories in demonstrat-
ing oestrogen receptors by immunchistochem-
istry on the same cases, The main aim of the

‘study was to establish the proportion of labora-
tories able o demonstrate oestrogen receptors
reliably in a weakly positive tumour, as there is
a danger that these tumours could be errone-
ously reported as negative if the THC assay is
not of adequately high sensitivity,

Methods

Laboratories participating in the UK NEQAS-
ICC programme for steroid hormone receptors
{table 1)} were sent two unstained slides
containing histological tissue sections of for-
malin fixed and paraffin processed breast
tumours showing different levels of receptor
expression. Included in the composite tumour
block, comprising three different oestrogen
receptor positive infiltrating ductal carcinomas
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Table I Countries with
Laboratories participating in
the UK NEQAS-ICC
programme for steroid
hormone receptors

Noof
Counery Labs

Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Greece
Hong Kong
Hungary
Ireland
Malaysia
Malta

New Zealand
Norway
Portugal
Saudi Arabia
Singapore
South Africa
Slovenia
Sultanate of Oman
Spain
Sweden
Switzerland
United Kingdom 13
USA
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Teble 2 Evaluation of the staining achieved by the organising cenvre and participants who are known to have validated
their § histoch ! assay &y published clinfcal studies
Loty expressor (X) Medium expressor (¥} Efigh expressor (£}
Quick % nuclei Quick % nuclel Quick % nuclei ut off
Labd score postrive Result* score positive Result* score positive Result* used*
a 3 >10 + 3 =10 + 6 >10 + 20%
b 2 >10 + 5 >10 + 6 >10 + H scoret
c 2 >10 - 7 >10 + 6 >10 + E5%
d 0 ¢ - 3 >10 + 6 >10 + 0%
e 2 =10 + 5 >10 + [} =10 + 2%
f 2 >1 + 5 =10 + & >1Q + 5%
gl 3 >10 + 5 >10 + 6 >10 + 10%

*The result using participants” own threshold vaiue.
+H scere ~ cut off value of 50.

3In order to preserve anonymity, the laboratories have been coded by letters.
YResults of the initial testing conducted by the UK NEQAS-ICC organising laboratory.

(X, Y, and Z), was some normal glandular
breast tissue which acted as an internal control.
In order to ensure that all sections contained a
similar proportion of ocestrogen receptor posi-
tive cells, every 100th section was immunos-
tained for oestrogen receptors by the organis-
ing laberarory. Bach participant was asked to
demonstrate oestrogen receptors and to return
the best stained slide, along with their own in-
house control slide and a completed question-
naire giving methodological details {including
details of the threshold value used by the labo-
ratory), to the UK NEQAS-ICC coordinating
centre for assessment. An expert panel of four,
comprising pathologists (B], LB) and biomedi-
cal and clinical scientists (AR, DB), examined
the slides and assessed the quality of the IHC
assay performed by each laboratory.

METHODS OF EVALUATION

For the purposes of the present study, the
“Quick” score method of assessment™ " was
used to assess the range of immunostaining
performed by the pariicipating laboratories.
With this method the intensity of the immuno-
histochemical reaction as viewed under the
light microscope was recorded as follows: 0,
negative (no staining of any nuclei even at high
magnificatdon); 1, weak (only visible at high
magnification); 2, moderate (readily visible at

f L

Quick score
NoW bk 1 oW
T
|
!........_

-
T

0 —
| 1 ]
n=198 n =200 n=2MH
lLow expressing Medium High expressing
1DC X' expressing IDC'Z!
Dey

Figure I Distribution of the results of the “Quich” score
evaluation conducted on the three infiltrating ducial
carcinomas (IDC), X, ¥, Z, used at assessment. The bold
Fine vepresents the median score, the bottom and top of the
boxes, the 15z and 3rd quartiles, respectively, and the range
bars, the lowest and highest scores, respectively. The slightly
different numbers for the three tumours reflect loss of tissue

Jrom the microscope slides; n, number of participaring

Iaborarories.

low magnification); 3, strong (strikingly posi-
tive even at low power magnification). The
proportion of tumour nuclei showing positive
staining was also recorded as: 0 (none); 1
(approximately 1-25%); 2 (26-50%); 3 (51—
75%); or 4 (76-100%). The score for intensity
was added to the score for proportion, giving
the Quick score, with a range of 0-7 for each
individual umour,

The proporton of cells stained in each
tumour in the composite block was also
recorded as either 0, = 1% bur < 10%, or
z 10%. The absence or presence of staining of
the nuclei of non-necplastic ducts in adjacent
tissue was also recorded. This served as an
internal control. Slides which failed to show
any staining in the normal internal control or
which showed excessive non-specific immuno-
staining in the stromal component were
deemed unsatisfactory and were excluded from
statistical analysis.

OBESTROGEN RECEFTOR STATUS OF THE
REFERENCE TUMOURS X, Y, AND Z

From the UK NEQAS participants, six were
identified as having published clinical studies
relating oestrogen receptor positvity to
tamogifen treatment. These studies are not
referred to in this paper as this would identify
the laboratories concerned and in so doing
transgress the UK NEQAS code of practice
which confers anonymity to all participants."
The assessment results from these laboratories
and the initial testing performed by the organ-
ising centre were used to establish the oestro-
gen receptor status of the tumours X, Y, and Z,
and are recorded in table 2, Additional confir-
mation of the oestrogen receptor positive status
was provided in the form of the results of pre-
vious biochemical assays conducted on these
cases.

STATISTICAL ANALYSIS

Median values were established for the Quick
scores achieved by participating laboratories on
the infiltrating ductal carcinomas (IDC) la-
belled X, Y, and Z. Spearman’s rank coefficient
was used to test for correlation between the
level of sensitivity achieved on the three differ-
ent tumours and differences in the proportion
of laboratories showing oestrogen receptor
positivity at various threshold values was tested
by means of the y* test. Kendall’s coefficient of
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Table 3 Correlation of the Quick scores achieved by 190 laboratories on the infiltrating tumour X (low oestrogen receptor expresser),
ductal carcinoma (1DC) with log vestrogen receptor expression with the scores achicved by 4 for tumour Y (medium ocestrogen receptor

the same laboratories on the IDC with medium oestrogen veceptor expression A
¢ ratomes ¢ eetroge ipior expresss expressor), and 6 for tumour Z ¢high cestrogen

Quick scores, medivm expressor (¥) Teceptor eXpressor).

Queick scores, low Spearman’s rank coefficient showed a highly
sxprassor (X) Qo0 00 300 400 500 600 200 Tl significant positive correlation between the
0.00 19 18 4 12 5 2 1 61 level of sensitivity achieved by individual labo-
2.00 2 20 9 21 16 3 3 74 ratories on the tumours of differing oestrogen
3o 3 3 3 1 3 g a receptor expression (tables 3-6).

5.00 2 1 3 When only the proportion of nuclei stained
6.00 in the tumours was evaluated, 99.0% of
7.00 participants demonstrated 10% or more of the
Total 21 4l 17 42 4l 11 17 190 nuclei of the high expressor, while 99.5% dem-

The Qe Tor the 4% ofLab — — o - o onstrated 1% or more. For the medium
e Quick scores for the 4% of laboratories where stzining was recos as “uninterpretable” 0 o,
have been removed frorn the analysis, expressor, 84.5% demonstrated 10% or more

Spearman correlation = 0.557, standard error = 0.053; significance = p < 0.0001. of nuclei, while 88.0% demonstrated 1% or
more. For the low expressor, 37.3% demon-

Table 4 Correlation of the Quick scores achieved by 190 laboratories on the infilivating strated 10% or more of tumour nuclel, with
d

ducral carcinoma (IDC) with low oestrogen recepror expression with the scores achieved by

the same laboratories on the IDC with high cestrogen receplor expression 66.3% demonstrating 1% or mcre (fig 2).
When the threshold values used by participants

. Quick scores, high expressor (Z) to designate a tumour as either oestrogen
%ﬁ,’;"?ff)m 0.00 200 3.00 400 500 600 7.00  Toral receptor positive or oestrogen recepror negative
were used, the proportion of assays which

0.00 16 5 17 7 14 2 61 would have recorded the high, medium, and
2o 1 L 2 12 12 g; ; L low expressing tumours as oestrogen receptor
4.00 1 9 5 15 positive fell to 98.0%, 80.0%, and 32.8%,
g-gg 2 1 3 respectively (for all evaluations, p < 0.0001,

two tailed). Approximately one third of partici-
pants failed to demonstrate any tumour nuclei
Total 1 17 7 33 32 83 17 120 at all in the low expressor (fig 3).

N .
‘The Quick scores for the 4% of laboratoties where staining was recorded as “uninterpretable” Kendall’s N cqeﬂ‘iment of concordance re-
have been removed from the analysis. vealed a significant level of concordance
Spearman correlation = 0.528, standard error = ,055; significance = p<0.000t. between assessors in the evaluation of slides

Table 5 Correlarion of the Quick scores achieved by 190 laboratories on the infiltrating {(Kendall’s W = 0.014, p = 0.040).
ductal carcinoma (IDG) with high pestrogen receptor expression with the scores achieved by
the same laboratories on the IDG with medium oestrogen receptor expression

7.00

Discussion
Quich scares, ek scores, high expressor () With nr{rx}unocytochenusu'y for oestrogen re-
miedium expressor ceptors, itis a commonly observed phenomenon
YD .00 2.00 3.00 4.00 s.00 6,00 7.00 Tonal that the first sign of a fall in sensitivity of the
0.00 1 (2 3 4 1 a1 _IHC _techmque_ is a diminution in staitiing
2.00 4 3 14 [ 11 41 intensity, and this is followed by 2 reduction in
3.00 i 1 3 4 & i7 the proportion of tumour nuclei demonstrated.
4.00 8 10 23 1 42 f .
5.00 4 7 21 M a1 For this reason, three methods of evaluation
6.00 1 6 4 11 were used to assess one or both of these criteria,
7.00 1 10 6 17 The Quick score method was included on
Total 1 17 7 33 3 83 17 190 the basis that it was a previously validated sys-

tem for evaluating oestrogen receptor status of
The Quick scores for the 4% of laboratories where staining was recorded as “uninterpretable” each of the tumours,“‘ 3in conjunction with a
have been removed from the analysis. N . . . o
Spearman correlation = 0.661, standard error = 0.044; significance = p<0.0001. simple but clinically validated 10% oestrogen

receptor positive threshold,”* This threshold
cqncordance (Kendall’s W} was used to deter- g commonly used by many laboratories to dif-
mine the level of agreement between assessoIs.  ferentiate between breast tumours which are

likely 1o respond to tamoxifen treatment and
Results those which are not (table 7). We also included
When the staining results were analysed by the  the recently recommended 1% threshold value,
Quick score (fig 1) the median scores were 2 for  considered to be clinically relevant by some

Table 6 Comparison of the Quick scores achicved on the infilrating ductal carcinoma (IDG) with medium oestrogen
receptor expression with the proportion of nucled stained in the IDC with low oestrogen receptor expression

Quick scores, medium expressor (Y)

% Nuclei stained, low
expressor (X) 0.00 2.00 2.00 4,00 (median) 5.00 6.00 7.00 Toral
No nuclei stained 18 17 3 12 5 2 1 58
Some nuclei stained but 2 16 7 20 11 2 58

less than 10%
10% or greater 7 7 10 25 9 14 72
Total 20 40 17 42 41 11 17 188

Spearman correlation = 0.539, standard error = 0.057; p < ¢.0801.
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Il Participants’ threshold
10% Threshold
[ 1% Threshold

p < 0.0001

p < 0.0001

p < 0.0001

Per cent

Low E

Med E

High E
Figure 2 Tke pro_paman of laboratories from whick

i ry reliably d ated the intraductal
carcinomas X, Y, Z as befng oestrogen receptor positive. ¥°

values were as follows:

High ocestrogen receptor expressing tumour:
Proportion demonstrating oestrogen recaptor positivity using
owm threshold value™: 98.0% (n = 176), x’=167.201.
Proportion demonstrating 10% or more nuclei: 99.0%

(n = 198), " = 192.080.

Proportion demonstrating 1% or more nuclei: 99.5%
(n=199), ¥ = 196,020,

Medium oestrogen receptor ¢xpressing turiour;
Proporrion demonstrating oestrogen receptor positiviry using
own threshold value™: 80.0% (n = 178), 3" = 65.528.
Proportion demonsirating 10% or more nuclei: 84.53%

(n = I143), ¥ = 95.220.

Proportion demonstrating 1% or more nuclei: 88.0%

(n = 176),y = 115.520.

Low Oestrogen receplor expressing tumour:

Proportion di ating oestrogen receptor positivity using

own threshold value™: 32.8% (m=58), ¥ =

21.023. Proportion demonstrating 10% or more nuclet:
-37.3.0% (m=73), ¥ = 12.755.,

Proportion demonstrating 1% or more nuclei: 66.3%

(n=130), x° = 20.858.

*Where no threshold value was given it was assumed that,
regardless of the value used, () no nuclear staining will
always represent an oestrogen receptor negative statuss (o)
staining awarded a Cuick score of >4 will always represent
an oestrogen receptor positive status, p Vidues refer to all
three threshold values and are two tasled.

workers.® * # Positive IHC assays using this cut
off value has been associated with a large
improvement in disease-free survival in pa-
rients receiving adjuvant tamozxifen (~30% at
five years), with nearly one tenth of all cestro-
gen receptor positive patients investigated hav-
ing only 1-10% of oestrogen receptor positive
nuclei in their tumours.” Lastly, the oestrogen
receptor status of the tumours was evaluated
using the threshold values employed in the
participants’ own laboratories,

‘The overall analysis showed that while the
majority of laboratories had little difficulty in
demonstrating the tumours with high ocestro-
gen receptor expression, a sigpificant
portion (62.7%, p < 0.0001) failed to demon-

4% impassible to interpret

36%

10% or more nuclei
stained

No nuclei stained

Same nuclel stained
but fess than 10%

29%

Figure 3 The propormm af 200 labaramnes Srom: which
d either o nuclel, some
nuclei but less than JO‘V and 10% of more, in the “low”

oestrogen recepror expressing infiltrating ductal carcinoma.

Rhodes, Fasard, Barnes, et al

strate 10% or more of the nuclei of the low

one third of the assays staining no nuclei ar all,
one third staining some nuclei but less than
10%, and one third staining 10% or more (fig
3). Clearly with such wide interlaboratory vari-
ation in the assay. senSHVLY,.8.10%.threshold
valﬁéf—used in one laboratory is unlikely. tq be
) The same would apply to
the Quick score, with relatively large i mrerquar-
tile ranges of 03 for the low expressing carci-
noma and 2-5 for the medium expressing car-
cinoma (ﬁg 1). This mterlaboratory vana.nce 1s

Cofgedienily “the  OeSITOEEn TECEPtET
(positive or negative) of these tumours and the
predicted response to adjuvant tamoxifen
treatment are considerably influenced by
which laboratory has performed the assay.

The choice of threshold value could com-
pensate for the slightly differing levels of THC
sensitivity observed between laboratories. It
has been recommended that threshold values
should always be gauged against clinical
outcome.”™ Consequently laboratories with dif-
ferent assay sensitivities could theoretically
obtain the same result on the same tumour, as
long as individual threshold values have been
carefully adjusted to clinical cutcome (assum-
ing a similar proportion of patients respond to
adjuvant tamoxifen treatment in different
populations). In order to make allowance for
this, the oestrogen receptor status of the
tumours used in the present study was also
established, using the participants’ own thresh-
old values. The fact that the interlaboratory
variance persisted and if anything increased
when the laboratories’ chosen threshold values
were used (fig 2) indicates that these would not
compensate entirely for the differences in sen-
sitivity observed between laboratories.

‘The positive oestrogen receptor status of the
three tumours used in this study, as determined
by the organising centre, is ratified by the
results of the biochemical analyses. Further-
more the results of all six of the expert labora-
tories known to use clinically validated oestro-
gen receptor assays indicated that the high and
medium expressing tumours were oestrogen
receptor positive, and four of the six agreed that
the low expressing tumour was positive, using
either their own thresheld value or a 10% cut
off. Yet further support for the view thar all the
TUmours were oestrogen receptor positive was
obtained indirectly from the significant correla-
tion between the Quick scores achieved on the
medium expressing tumour and the proportion
of nuclei stained on the low expressing tumour
(table 6). Approximately 70% of laboratories
who achieved higher than the median Quick
score of 4 on the medium expressing tumour
demonstrated 2 10% of nuclei in the low
expressing tumour. In contrast only 18% of
those scoring less than 4 on the medium
expresser demonstrated = 10% of nuclei in the
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Table 7 The methods of evaluation for gen receptors used by UK NEQAS-1CC that treatment is ineffective or it could reflect
partiaipants the presence of oestrogen receptor in normal
Frequency epithelial cells; again negative staining of
Threshold value (No of labs) % tumour cells can now be checked visually.
10% or more of tumour nuclei demonstrared'™" 106 50.0 T.'he quesnon' of T'he cut off values remai{qs 8
Histo (H) score® 2 17 8.t topic of much discussion. These may well dﬂffer
20% or 25% and more of mumour nuclei demonstated 13 6.1 according to whether the assay is to provide
5% or mere of tamour nuclei demenstrated 10 47 prognostic or predictive information. Much
Quick score'? 1 2 6 2.8 \ . *
1% or more of tumour nuclei demonstrateg® * 3 14 experience has been gained from the treatment
g;:/ezoryscore'f’ = i . 3 g-g of metastatic disease but less is available from
o or more of turnour niucler demonstrate: ., : - -
Values lnown but each account for less than 0.9% of total 8 3.8 Fhe ad]uvant sgttmg. ’:,rl-le mcreased. use and
Unknown (information not provided by participant) 45 212 improvements in quality of IHC will enable
Totat 212 100 critical examination of relations between differ-

low expresser. Consequently a Quick score of
less than the median value on a relatively high
oestrogen receplor expressing tumour corre-
lates with < 10% of nuclei staining on the low
expresser, while a Quick score greater than the
median correlates with = 10% of nuclei stain-
ing on the low expresser.

The significant positive correlation between
the level of sensitivity achieved by the same
laboratories on the different tumours (tables
3-6) indicates that less than optimum sensitiv-
ity on relatively high expressing tumours
equates to poor and sometimes inadequate
demonstration of very low expressers. This is
because in the low expressing tumours the
amount of oestrogen receptor present is much
closer 10 the designated threshold value, and a
slight fall in sensitivity can result in the number
of nuclei demonstrated being below this value.

Interestingly, of all the threshold wvalues
investigated, the recently recommended 1%
threshold value® ® * would result in a significant
number of laboratories recording all three cat-
egories of tumour used in the present study,
including the low expressing intraductal carci-
noma, as oestrogen receptor positive (fig 2).
The reason for this is that the 1% threshold
alone would make sufficient allowance for the
observed interlaboratory variation in IHC sen-
sitivity. However, it must be emphasised that a
1% threshold could result in detection of a
higher proportion of oestrogen receptor posi-
tive unresponsive tamours from laborarories
using a more sensitive method of detection.
Hence, as emphasised by Barnes er al, a
reasonable balance must be achieved between
sensitivity and specificity in order to more
accurately predict the proportion of patients
likely to benefit from hormone trearment.'® ™

Once improvement in interlaboratory con-
sistency in carrying out the IHC assay has been
achieved, it will be possible to address two out-
standing questions: first the “accuracy™ of the
assay, and second the choice of cut off point. In
the past, when the cytosol assay was used, there
was always a small number of oestrogen recep-
tor “negative™ cases that responded 1o endo-
crine treatment. It is not clear whether these
were genuinely negative or whether there was
insufficient tumour in the sample used to pre-
pare the cytosol. The advantage of IHC is that
the presence of tumour can be confirmed by
eye. Conversely there are also unresponsive
oestrogen receptor positive cases. This may
happen because the tumour burden is so great

ent cut off points and response. This in turn
will lead to 2 consensus as o the “correct”
values and make comparisons between studies
easier.

CONCLUSIONS

In this study, we have investigated the ability of
laboratories participating in the United King-
dom NEQAS-ICC for hormonal receptors 1o
demonstrate positive staining in mammary
carcinomas shown by experienced laboratories
to have an oestrogen receptor positive status.
The difficulties experienced by some laborato-
ries in achieving this goal are highlighted and
have since been communicated to the pariici-
pants, with special emphasis on the false nega-
tive results. The reasons for the underachieve-
ment by sormne laboratories may lie in variations
in the scositivity of the overall staining
technique. The sensitivity of the IHC assay is
determined by several variables, which include
the quality and concentration of the primary
antibody wused, the power of the antigen
retrieval, and the secondary detection systems
and quality of the fixation of the tssue. A
superficial comparison of these wvariables
among the assay systems used by different
laboratories has failed to reveal any that are
predominantly responsible for the differences
observed. However, quality assurance is a con-
tinual process and the ongoing cycle of assess-
ment runs, currently in progress for the oestro-
gen receptor IHC assay, may show that a
combination of these factors is responsible for
the observed interlaboratory variance, Better
optimisation of such factors is needed to ensure
that the results produced in one laboratory are
comparable with those produced in another,
This in turn may allow the chosen set of
prognostic/therapeutic threshold values for
selecting treatment for both primary and meta-
static breast cancers to be safely applicable in
the majority of laboratories offering the special-
ist oestrogen receptor IHC assay service,

We thank Elizabeth Anderson, Andre Balaton, Rudolf Bau-
mann, and Rastko Goloubh for providing us with invaluable
assistance, and alf the participants of UR NEQAS-ICC without
whom this study would not have been possible.
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Immunohistochemical assessment for estrogen receptor and
progesterone receptor status in breast cancer: \analysis for a
cut-off point as the predictor for endocrine therapy.

Ogawa Y, Moriya T, Kato Y, Ogama M, Ikeda K, Takashima T,
Nakata B, Ishikawa T, Hirakawa K.

Department of Surgery, Osaka City General Hospital, 2-13-22 Miyakojima-
Hondori, Miyakojima-ku, Osaka, 534-0021, Japan.

BACKGROUND: An immunohistochemical (IHC) method is commeonly
used for determining estrogen receptor (ER) and progesterone receptor (PR)
status in breast cancer. However, the proper cut-off points of THC have not
been established. Cut-off points for ER and PR status as predictive factors
for endocrine therapy are needed. METHODS: A total of 249 cases of
female breast cancer were enrolled. ER and PR status by IHC were analyzed
using the proportion of stained cells and staining intensity by Allred's score.
RESULTS: Proportion score (PS) and intensity score (IS) were related to
enzyme immunoassay (EIA) titers, for both in ER and PR (p < 0.0001, all).
PS correlated with IS in both ER and PR (R = 0.47 and 0.41, respectively).
ER status by IHC was related to tumor size and lymph node status, while PR
was related to tumor size and menopausal status. In 152 patients who
received endocrine therapy with a median follow-up term of 38 months,
differences in disease-free survival were most significant using a cut-off
point of PS 3 which indicated more than 10 % of cells stained positively for
both ER and PR (p = 0.0007 and 0.0087, respectively). In addition,
combination analysis of ER and PR using this cut-off point revealed a
notable prognostic difference. CONCLUSION: A 10 % staining proportion
may be an acceptable cut-off point for both ER and PR status by IHC, in
terms of predicting response to endocrine therapy in breast cancer.

PMID: 15550845 [PubMed - indexed for MEDLINE]
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Significance of immunohistochemical assessment of steroid
hormone receptor status for breast cancer patients.

Kurosumi M.

Department of Pathology, Saitama Cancer Center, 818 Komuro, Ina-machi,
Kitaadachi-gun, Saitama 362-0806, Japan. mkurosumi@cancer-
c.pref.saitama.jp

The assessment of steroid hormone receptors in resected breast cancer
tissues is essential to decide whether endocrine therapy is indicated and to
select the best treatment for each patient on the basis of receptor status. Both
enzyme immunoassay (EIA) and immunohistochemistry (IHC) have been
generally used as methods for examination of estrogen receptor (ER) and
progesterone receptor (PgR). In some patients, receptor status cannot be
examined for various reasons. A questionnaire survey in Japan clarified that
ER status is not examined in approximately 40% of patients receiving breast
conserving surgery. To eliminate "receptor unknown" cases, IHC
examination on paraffin-embedded tissue is useful to assess the in situ
receptor status. The concordance rate of ER and PgR status between EIA
and IHC is very high and a study of 88 cases revealed a 97.7% concordance
for ER and 92.0% for PgR at a cutoff point of 10%. The cutoff point of IHC
is controversial and some studies demonstrated that patients showing 1% ER
positive cancer cells would benefit from endocrine therapy. On the other
hand, immunohistochemical expression of receptors is heterogeneous and
some patients with ER negative invasive tumors have ER positive
intraductal components. A study of 65 breast cancers demonstrated that ER
positive intraductal components were detected in 3.1% cases of ER negative
invasive lesions. According 1o these results and the recommendation of the
St. Gallen International Conference, IHC is thought to be more useful than
EIA in the assessment of steroid hormone receptor status for breast cancer
patients.
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Analysis of the reliability of manual and automated
immunohistochemical staining procedures. A pilot study.

Biesterfeld S, Kraus HL,, Reineke T, Muys 1., Mihalcea AM, Rudlowski
C.

Department of Pathology, Technical University of Aachen, Pauwelsstrasse
30, 52057 Aachen, Federal Republic of Germany. biesterfeld@pathologie-
re.de

OBJECTIVE: To study the variation in the number of stained cells and
staining intensity comparing 2 immunostainers and manual staining for
estrogen receptor (ER) expression in breast carcinoma. STUDY DESIGN:
In 5 cases, 15 consecutive paraffin sections were investigated after
simultaneous immunohistochemical ER staining. The slides were evaluated
using a CM-2 TV image analysis system (Hund, Wetzlar, Germany). One
viewing field, identified around a histologic structure present on all 15
sections, was analyzed. The percentage of immunoreactive cells (PP), mean
grey values of the immunopositive (GVpos.} and immunonegative nuclei
(GVneg.), and immunohistochemical staining intensity (SI, defined as
GVneg.-GVpos.) were calculated. RESULTS: The mean PP values were
higher for immunostainers A (70.2%) and B (53.8%) than for manual
staining {40.8%). The results were significantly different comparing the 2
immunostainers (P = .0143) or immunostainer A and manual staining (P
<.0001). Also, the mean SI values were higher for immunostainers A (24.5
+/-2.8% [CV]) and B (18.5 +/- 31.1%) than for manual staining (10.8 +/-
33.8%). These differences revealed statistical significance comparing the
immunostainers with manual staining (.0001 <P = .0048). CONCLUSION:
Our results underline the higher staining quality using immunostainers in =~
comparison with manual staining.

Publication Types:
s Evaluation Studies
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Automated immunohistochemical assay for estrogen receptor
status in breast cancer using monoclonal antibody CC4-5 on
the Ventana ES.

Nichols GE, Frierson HF Jr, Boyd JC, Hanigan MH.

Department of Pathology and Cell Biology, University of Virginia Health
Sciences Center, Charlottesville 22908, USA.

Determination of breast cancer estrogen receptor (ER) status as a predictor
of tumor response to adjuvant endocrine therapy remains a mainstay of
breast cancer management. Recent second generation anti-ER antibodies
and new epitope retrieval methods have produced paraffin-based
immunohistochemical results that correlate closely with the dextran-coated
charcoal (DCC) assay and appear to represent a superior method of ER
assay. The authors determined the ER status of 103 invasive breast cancers
by paraffin-based, automated immunohistochemistry on the Ventana ES
using a new monoclonal antibody, CC4-5, and compared the results to those
of parallel DCC biochemical analysis and manual immunohistochemical
analysis using anti-ER monoclonal antibody ER1DS5. The specificity of the
CC4-5 antibody for ER protein was confirmed by Western blot analysis.
Sixty of 103 cases were positive for ER by CC4-5 automated
immunohistochemistry. With a ligand binding assay threshold value of 20
fmol/mg protein, there were 50 positive cases by biochemical assay. The
biochemical results corresponded to an 88% rate of agreement with
automated CC4-5 staining. Analysis of discordant cases revealed that the
majority of CC4-5 immunopositive only cases (8 of 11) were strongly
positive, stroma rich tumors, suggesting that corresponding biochemical
measurements were diluted by non representative stromal tissue. There was
only one immunonegative, biochemically positive case (27 fmol/mg
protein). Semiquantitation of CC4-5 staining using percent positive tumor
cells or weighted average staining intensity (HSCORE) showed moderate to
good correlation with quantitative DCC results (r = 0.64 and 0.62, P
<.0001). ER1DS5 was not suitable for use on the Ventana ES, most likely
due to temperature constraints of the instrument. By manual ER1D5
staining, 40 of 79 examined cases were positive corresponding to a 99% rate
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of agreement with automated CC4-5 staining. Semiquantitation of ER1D5
staining by percent positive tumor cells and weighted average staining
intensity (HSCORE) showed excellent correlation with semiquantitation of
automated CC4-5 results (r = 0.90 and 0.88, P <.0001). Automated
immunohistochemistry using the Ventana ES and monoclonal antibody
CC4-5 is a reliable method for determining breast cancer ER status. As with
other immunchistochemical methods, direct correlation with morphology
precludes errors due to tissue sampling, allowing for accurate analysis of
stroma-rich or partially necrotic tumors and small neoplasms that otherwise
would yield insufficient tumor tissue for biochemical analysis.

PMID: 8816590 [PubMed - indexed for MEDLINE]
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Immunohlstochemlstry of estrogen and progesterone receptors
reconsidered: experience with 5,993 breast cancers.

Nadji M, Gomez-Fernandez C, Ganjei-Azar P, Morales AR.

Department of Pathology, University of Miami-Jackson Memorial Hospital,
FL 33136, USA.

Paraffin sections or fine-needie aspiration smears from 5,993 cases of
invasive mammary carcinomas were assessed immunochistochemically for
estrogen receptor (ER; 1D5) and progesterone receptor (PR; 636)
expression. Staining pattern and intensity were correlated with histologic

subtypes and nuclear grad mors. Positive nuclear staining for ER and
PR was observed @Dfﬁ‘?ﬁf invasive carcinomas, respectively. In
92% of ER+ cases, diffuse-and uniform staining of most tumor cells was
observed. In the remaining 8%, a focal ER reaction was seen, usually
because of inadequate fixation. In 21% of PR+ tumors, the reaction was
heterogeneous or focal but unrelated to fixation. There were no ER-, PR+
tumors. All pure tubular, colloid, and infiltrating lobular carcinomas were
ER+. All meduliary, apocrine, and metaplastic and most high-nuclear-grade
carcinomas were ER-. With monoclonal antibody 1D5 and antigen retrieval,
immunohistochemical reaction for ER in breast cancer usually is an all-or-
none phenomenon,; therefore, quantitation of results is unnecessary. Despite
antigen retrieval, inadequate fixation can cause false-negative results;
evaluation of internal positive control samples is imperative. ER positivity
and negativity are predictable in certain histologic types and nuclear grades
of breast cancer. The reaction for PR can be heterogeneous or focal.

PMID: 15762276 [PubMed - indexed for MEDLINE]
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Beneath the surface of the mud, part I1: the dichotomization of
continuous biologicvariables by maximizing
immunohistochemical method sensitivity.

Swanson PE, Schmidt RA.
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¢ Comment
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Bimodal frequency distribution of estrogen receptor
immunohistochemical staining results in breast cancer: an
analysis of 825 cases.

Collins 1.C, Botero ML, Schnitt SJ.

Department of Pathology, Beth Israel Deaconess Medical Center, Boston,
MA 02215, USA.

Immunohistochemical analysis is used routinely to determine the estrogen
receptor (ER) status of breast cancers in paraffin sections. However, lack of
standardization has raised concerns that weakly ER+ tumors often are
classified erroneously as ER-. To determine the frequency of weakly ER+
tumors, we reviewed ER immunostains of 825 breast cancers, For each case,
we estimated the proportion of ER+ tumor cells and also determined an
Allred score (which results in scores of 0 or 2 through 8, based on staining
intensity and proportion of positive cells). In 817 cases (99.0%), tumor cells
showed complete absence of staining or staining in 70% or more of the
cells. Similarly, 818 cases (99.2%) exhibited Allred scores of 0 or of 7 or 8.
Thus, with the immunohistochemical method used in our laboratory, ER
staining is essentially bimodal. The overwhelming majority of breast
cancers are either completely ER- or unambiguously ER+, and cases with
weak ER immunostaining are rare.

PMID: 15762275 [PubMed - indexed for MEDLINE]
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Immunohistochemistry of estrogen and progesterone receptors
reconsidered: experience with 5,993 breast cancers.

Nadji M, Gomez-Fernandez C, Ganjei-Azar P, Morales AR.

Department of Pathology, University of Miami-Jackson Memorial Hospital,
FL 33136, USA.

Paraffin sections or fine-needle aspiration smears from 5,993 cases of
invasive mammary carcinomas were assessed immunohistochemically for
estrogen receptor (ER; 1D5) and progesterone receptor (PR; 636)
expression. Staining pattern and intensity were correlated with histologic
subtypes and nuclear grades of tumors. Positive nuclear staining for ER and
PR was observed in 75% and 55% of invasive carcinomas, respectively. In
92% of ER+ cases, diffuse and uniform staining of most tumor cells was
observed. In the remaining 8%, a focal ER reaction was seen, usually
because of inadequate fixation. In 21% of PR+ tumors, the reaction was
heterogeneous or focal but unrelated to fixation. There were no ER-, PR+
tumors. All pure tubular, colloid, and infiltrating lobular carcinomas were
ER+. All medullary, apocrine, and metaplastic and most high-nuclear-grade
carcinomas were ER-. With monoclonal antibody 1D35 and antigen retrieval,
immunohistochemical reaction for ER in breast cancer usually is an all-or-
none phenomenon; therefore, quantitation of results is unnecessary. Despite
antigen retrieval, inadequate fixation can cause false-negative results,
evaluation of internal positive control samples is imperative. ER positivity
and negativity are predictable in certain histologic types and nuclear grades
of breast cancer. The reaction for PR can be heterogeneous or focal.

PMID: 15762276 [PubMed - indexed for MEDLINE]
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