www.ccsenet.org/cco

Cancer and Clinical Oncology

Vol. 1, No. 1; 2012

Prognosis for Survival of Young Women with Breast Cancer
by Quantitative p53 Immunohistochemistry
David E. Axelrod1, Kinsuk Shah2, Qifeng Yang3 & Bruce G. Haffty3
1

Department of Genetics and Cancer Institute of New Jersey, Rutgers University, New Jersey, USA

2

Department of Genetics, Rutgers University, USA

3

Department of Radiation Oncology, Robert Wood Johnson Medical School-UMDNJ, Cancer Institute of New
Jersey, New Jersey, USA

Correspondence: David E. Axelrod, Department of Genetics and Cancer Institute of New Jersey, Rutgers
University, 604 Allison Road, Piscataway, NJ 08854-8082, USA. Tel: 1-732-445-2011. E-mail:
axelrod@biology.rutgers.edu
Received: March 27, 2012
doi:10.5539/cco.v1n1p52

Accepted: April 10, 2012

Online Published: May 1, 2012

URL: http://dx.doi.org/10.5539/cco.v1n1p52

DEA and KS were supported by National Institutes of Health (NIH) grant U56 CA113004. BH was supported by
the Breast Cancer Research Foundation. QY was supported by the National Natural Science Foundation of
China (No. 81172529)
Abstract
p53 protein detected immunohistochemically has not been accepted as a biomarker for breast cancer patients
because of disparate reports of the relationship between the amount of p53 protein detected and patient survival.
The purpose of this study was to determine experimental conditions and methods of data analysis for which p53
stain intensity could be prognostic for survival of young breast cancer patients. A tissue microarray of specimens
from 93 patients was stained with anti-p53 antibody, and stain intensity measured with a computer-aided image
analysis system. A cut-point at one standard deviation below the mean of the distribution of p53 stain intensity
separated patients into two groups with significantly different survival. These results were confirmed by
Quantitative Nuclear Grade determined by DNA-specific Feulgen staining. P53 provided information beyond ER
and PR status. Therefore, under the conditions reported here, p53 protein can be an effective prognostic factor
for young breast cancer patients.
Keywords: breast cancer, p53, survival, tissue microarray, prognosis, biomarker, nuclear grade, image analysis
1. Introduction
Mutations in the p53 gene are common in many tumors, including breast tumors (Osborne et al., 1991). Many of
these mutations result in an accumulation of the mutant form of the p53 protein (Hainaut & Hollstein, 2000).
Immunohistochemistry, which detects mostly the mutant form of the p53 protein because of its greater stability,
might be expected to provide useful prognostic information. However, there have disparate reports of the
prognostic value of p53 detected by immunohistochemistry.
There have been reports of a positive prognostic value of p53 detected by immunohistochemistry. For instance,
expression of mutant p53 protein was associated with early disease recurrence and early death in node negative
breast cancer (Allred et al., 1993). A cocktail of two different antibodies was associated significantly with overall
survival, although five individual antibodies were not (Elledge et al., 1994). The accumulation of p53 was
significantly associated with increased risk of progression to breast cancer in women with benign breast disease
(Rohan et al., 2006). In patients with ductal carcinoma in situ who had not received radiation therapy, the
recurrence-free interval was significantly shorter for patients accumulating immunohistochemically detected p53
(Ringberg et al., 2001). Accumulation of p53 was significantly associated with increased local relapse of breast
cancer following mastectomy with, or without, radiation (Zellars et al., 2000). In breast carcinoma patients
having lumpectomy and radiation therapy, overexpression of mutant p53 protein was reported to be significantly
prognostic for ipsilateral breast tumor recurrence (Turner et al., 2000). The accumulation of p53 of specimens on
tissue microarrays was significantly associated with tumor specific survival of patients treated with hormone
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and/or cytotoxic adjuvant therapy (Torhorst et al., 2001). A positive correlation of stain intensity with survival
was reported when low concentrations of antibody were used (McCabe et al., 2005; Henson, 2005). A non-linear
relationship between stain intensity and patient survival has been reported; medium stain intensity was
associated with better survival than high or low stain intensity (Camp et al., 2004). Only the latter two reports
used image analysis to quantify p53 stain intensity, the others used visual judgment to score p53 staining.
In contrast to reports of a positive prognostic value to immunohistologically detected p53, there have been
reports of a lack of positive prognostic value of immunologically detected p53. P53 stain intensity, judged
visually, was not correlated with overall survival, nor was there a concordance between p53 protein detected by
immunochemistry and p53 gene mutations detected by DNA sequencing (Sjögren et al., 1996). P53 was found
not to be a significant risk factor for local recurrence after breast-conserving therapy and radiation therapy
(Elkuizen et al., 1999). The percent of tumor cells stained with antibody to p53 was not significantly associated
with recurrence free or overall survival for patients who received mastectomy and chemotherapy but not
radiotherapy (Reed et al., 2000). The proportion of tissues from invasive breast cancer that stained positively for
p53 was only 18.7%, although the intensity of stain, judged visually, was associated with tumor histological
grade (Bartley and Ross, 2002). The time to chest wall recurrence after mastectomy and radiotherapy was not
significantly associated with p53 expression, although, overall and cause-specific survival after chest wall
recurrence was significant (Haffty et al., 2004). In patients with early-onset breast cancer treated with surgery
and radiotherapy, no significant correlation was found, between the expression of six immunochemical
biomarkers, including p53, and local relapse (Choi et al, 2005).
The difference conclusions about the efficacy of using p53 immunohistochemistry for breast cancer prognosis
have resulted in p53 not being recommended for use as a biomarker in breast cancer (Harris et al., 2007). These
different conclusions may be related to differences between the studies in one or more factors. These factors
include differences in clinical features of the patient cohorts (young or old age at diagnosis), treatment modalities
(with or without adjuvant therapy), immunohistochemical methodology (different antibodies, high or low
antibody concentration), methods of evaluating stain intensity (visual judgment or computer-aided measurement),
and statistical analysis of measurements (one or two cut points).
In this study we have asked if p53 immunohistochemical stain intensity could be prognostic for a cohort of
young breast cancer patients who have been treated with radiation and adjuvant therapy. Stain intensity was
determined quantitatively by image analysis of specimens on a tissue microarray (TMA). We found that p53
protein stain intensity measured by quantitative image analysis can distinguish patients with good and poor
survival, and provide information beyond that provided by the patient’s estrogen receptor status and progesterone
receptor status. The stratification of patients by p53 was confirmed by determining the Quantitative Nuclear
Grade of their specimens, an independent technique that characterizes nuclear DNA rather than protein.
2. Materials and Methods
2.1 Tissue Microarray
The tissue microarray (YTMA71) was produced at the Yale Microarray Facility from formalin fixed biopsy
specimens. Each disk was 0.6 mm in diameter. Included on the array were duplicate disks from 171 patients, 18
disks from normal breast ducts, and 1 disk from liver to determine orientation. Two similar microarray slides
were produced from serial slices of same biopsy cores, one slide was stained with an antibody to p53 protein at
the Cancer Institute of New Jersey, and the other slide was stained with the DNA specific Feulgen reaction for
nuclear grade at Rutgers University. Not all disks could be used. Disks that contained no tissue or insufficient
tissue were not included in the analysis; disks whose Feulgen stain color was inappropriate (light green not blue)
were not included in the analysis; and disks with an inadequate number of segmented nuclear images were not
included. For p53 protein, 186 disks from 93 treated patients were informative, and of these, 153 disks from 82
patients (some with only single useable disks) were also informative for Quantitative Nuclear Grade.
2.2 Immunohistochemistry
One tissue microarray slide was stained with primary mouse anti-human monoclonal antibody clone DO-7,
DAKO code M 7001 (Carpinteria, CA) at 1:50. This antibody labels wild-type and mutant-type p53 protein, but
because of the relatively shorter half-life of the wild-type p53 protein most of the stain intensity would be
expected to represent mutant-type p53. The primary antibody incubation was at room temperature for 30 minutes.
Antigen retrieval was in citrate buffer for 20 minutes. The DAKO LSABTM+ HRP kit was used for visualization.
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2.3 Feulgen Staining
A second tissue microarray slide made from a serial cut of the same biopsy cores as for immunohistochemistry
was stained with the Feulgen DNA Staining Reagent kit, Bacus Laboratories (Lombard, IL) Cat. No. SR200. The
DNA specific procedure included acid hydrolysis in 5N HCl for one hour at room temperature, and reaction with
Schiff reagent to develop color.
2.4 Image Analysis
The BLISS Imaging System (Bacus Laboratories, Lombard, IL) was used to acquire images and extract data.
For immunohistochemistry the following features were measured for each disk using the TMAScore v1.0
Program: disk area, stained area, and average optical density of the stained area. The resulting average
immunohistochemistry optical density (Ave IHC OD) for each disk provides a quantitative measure which
takes into account both the proportion of stained nuclei and the intensity of staining of each nucleus, as
previously judged visually (Allred et al., 1993). Thresholds for protein stain and background hematoxylin
counterstain were selected for maximum distinction using disks with normal breast duct tissue as negative
controls. Relative staining intensity determined by image analysis was confirmed as reasonable by visual
inspection. For Quantitative Nuclear Grade the Cell Finder Program v0.50 was used to automatically segment
images of Feulgen-stained nuclei using selected criteria of size, shape, sum optical density, and nuclear density.
A gallery of automatically segmented nuclear images was visually inspected and inappropriately segmented
nuclei (mostly doubles) were manually deleted. The average number of satisfactory nuclei per disk was 159. The
Cell View Program v0.90 was used to extract values of 39 nuclear features in three classes: nuclear size and
shape, optical density (amount of DNA, ploidy), and Markovian chromatin texture (arrangement of DNA in the
nucleus) (Haralick et al., 1976; Bacus et al., 1999). The Nuclear Grade Program v0.40 was used to produce a
grade for each nucleus and a mean grade for all nuclei in a disk, the latter reported as the Quantitative Nuclear
Grade (Bacus et al., 1999).
2.5 Statistical Analysis
Data extracted by the BLISS Imaging System was saved as a Microsoft Excel v11.2.5 spreadsheet and combined
with clinical data provided as a separate Excel file. Excel spreadsheets were used to reorganize data and generate
subsets of data for statistical analysis. JMP v7 (SAS Institute, Cary, NC) was used to generate descriptive
statistics, and to perform Kaplan-Meier survival analysis, multivariate Cox proportional hazards analysis, and
statistical tests. Matlab v14.3 (Math Works, Lowell, MA) was used generate distributions of categories of
patients.
3. Results
3.1 Selection of Patients
One hundred and seventy-one patients were selected who had been diagnosed with breast cancer at a young age,
median of 40 years. The mean time to events was 7.7 years, standard deviation of 5.9 years. BRCA1, 2 mutation
status was not informative since among the 71 patients whose status was determined only five had events. All
patients were treated with radiation therapy. Some patients received adjuvant therapy and some did not. Among
those patients who received adjuvant therapy we wished to determine if p53 immunochemistry (IHC) could
distinguish those that had good survival and those that had poor survival. Of the total of 171 patients with tissue
on the microarray, 93 patients who had been treated with adjuvant hormone therapy, chemotherapy, or both, and
who's pairs of disks had sufficient tissue were analyzed for p53 stain intensity. Their characteristics are given in
Table 1. Approval was obtained from the Institutional Review Boards.
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Table 1. Patient and tumor characteristics
Age

T stage

N stage

Tumor size (cm)

Adjuvant therapy

Mean

39.0

Median

40

Range

25-49

T1

54

T2

34

T3

3

T4

1

Unknown

1

Total

93

N0

56

N1

29

N2

2

Unknown

6

Total

93

Mean

2.1

Median

2.0

Range

0.5-5.0

No chemotherapy

9

Chemotherapy

84

No hormone

59

Hormone therapy

34

Chemotherapy and/or Hormone therapy

93

3.2 Evaluation of Tissue Microarray
The tissue microarray included two disk positions for each of 171 patients. However, not all disk positions
contained sufficient patient tissue to be informative. Informative core positions were determined by inspecting a
log-log plot of the stained area of the cores vs. the total tissue area of the cores. Disks were considered
informative if they had total tissue area greater than 11,000 square microns, and a stained area greater than 800
sq. microns. Disks containing patient tissue were considered to stain positive if their average IHC optical density
was greater than the average IHC optical density of disks containing normal duct tissue, Figure 1. Of the 171
patients, 93 patients had pairs of informative disks. There were a total of 186 informative disks. Measurements
of p53 stain intensity of pairs of disks were similar, Spearman rank correlation coefficient = 0.427, p < 0.0001.
Previous reports have concluded that two cores were sufficient to characterize each patient (Camp et al., 2000;
Ganchberg et al., 2002; Gillett et al., 2000; Torhorst et al., 2001).
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Figure 1. Adjacent disks from the tissue microarray stained with antibody to the p53 protein and counterstained
with hematoxlyin. Left: patient tissue with dark nuclear p53 stain, Average IHC OD = 43. Right: patient tissue
showing counter stain, but p53 stain intensity similar to normal tissue
3.3 Distribution of p53 staining
The distribution of the p53 staining intensities (average IHC optical density for each disk) for all 186 disks is
shown in Figure 2. The mean stain intensity for all disks is 42.8 and the standard deviation is 7.2. The median
stain intensity is 40.0. There is a broad distribution of stain intensities, coefficient of variation = 17%. Next we
wished to determine an effective cut point, or cut points, of the distribution that would distinguish patients with
good survival from patients with poor survival.

Figure 2. Distribution of p53 stain intensity. Average immunohistochemistry optical density per disk, for 186
disks of 93 patients
3.4 Using p53 staining to distinguish between patients with good and poor survival
Inspection of the distribution of the p53 stain intensity might suggest that the broad distribution was a composite
of two subsets, for instance one subset with intensities greater than the mean, 42.8, and one subset with
intensities less than the mean. Patients that expressed more or less of p53 might then be expected to differ in
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survival. To test this possibility a single cut point at the mean of the p53 distribution was used to separate two
subsets of patients. The difference in survival of the two subsets, Figure 3, was not significant, Log-Rank test p =
0.5999, Wilcoxon test p = 0.3401.

Figure 3. Kaplan-Meier survival curves, patients classified by p53 stain intensity below or above the mean of the
distribution in Figure 2. Below the mean (- - - -), n= 153; above the mean (____), n = 33. “ccstime” = cause
specific time. Log-Rank test p = 0.5999, Wilcoxon test p = 0.3401
An alternative to deriving two distinct subsets by a clean separation at the mean, is to consider the possibility
that the broad distribution is a composite of two overlapping normal distributions. This would be consistent with
the apparent minor peak as well as the major peak of the distribution in Figure 2. The Normal Mixtures method
was used to derive two normally distributed overlapping clusters, one with a mean of 38.8 and standard deviation
of 3.8, and a second with a mean of 47.5 and standard deviation of 8.3. The difference in survival of the two
clusters, Figure 4, was not significant, Log-Rank test p = 0.4488, Wilcoxon test p = 0.4641.

Figure 4. Kaplan-Meier survival curves, patients classified by p53 stain intensity as two overlapping normally
distributed clusters. A composite of the two clusters is the distribution in Figure 2. One cluster has a mean of
38.8 (___), n = 97; and the other a mean of 47.5 (- - - -) n = 89. Log-Rank test p = 4.4488, and Wilcoxon text p =
0.4641.
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A broad distribution of immunohistochemical staining is frequently divided into three categories, low, medium,
and high, and summarized as +1, +2, +3. To test the possibility that there are three subsets that differ in survival
the broad distribution was separated using two cut points, one at one standard deviation below the mean, and a
second at one standard deviation above the mean. The difference in survival of the three subsets of patients,
Figure 5, was not significant, Log-Rank test p = 0.1138, Wilcoxon test p = 0.802.

Figure 5. Kaplan-Meier survival curves, patients classified by p53 stain intensity with two cut points of the
distribution in Figure 2. p53 stain intensity one standard deviation below the mean (____), n = 57; within one
standard deviation of the mean (- - - -), n = 115; or one standard deviation above the mean (……..), n = 14.
Log-Rank test p = 0.1138, Wilcoxon test p = 0.802.
The poor survival of the subset of patients with stain intensity one standard deviation below the mean in Figure 5
suggested the possibility that one cut point at one standard deviation below the mean might separate patients into
two subsets which differed in survival. Figure 6 shows the survival of two subsets of patients, one subset with
p53 stain intensities below that single cut point, and one subset above than that single cut point. The difference is
survival is significant, Log-Rank test p = 0.0372, Wilcoxon test p = 0.0247. It should be noted that patients
expressing less p53 stain intensity have the poorest survival. This result, which might be contrary to expectations,
is commented upon in the Discussion section.

Figure 6. Kaplan-Meier survival curves, patients classified by 53 stain intensity one standard deviation below the
mean, or above the mean of the distribution in Figure 2. p53 stain intensity one standard deviation below the
mean (____), n = 57, or above one standard deviation below the mean (- - - - ), n= 129. Log-Rank test p = 0.0372,
Wilcoxon test p = 0.0247
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3.5 Comparison of p53 with Estrogen Receptor Status and Progesterone Receptor Status
The estrogen receptor (ER) status and progesterone receptor (PR) status have been recommended as tumor
markers for breast cancer (Harris et al. 2007). However, p53 determined by immunohistochemistry was not
previously recommended because of the disparity of reports, as described in the Introduction. Figure 6 indicates
that p53 was able to stratify patients with significantly different survivals, if p53 was determined by quantitative
immunohistochemistry and patients were separated with a cut point at one standard deviation below the mean of
the p53 distribution. The ability of p53 determined by this procedure to contribute to ER and PR was evaluated
by multivariate Cox proportional hazard analysis. Table 2 indicates that p53 can provide significant information
in addition to that provided by ER status and PR status.
Table 2. Multivariate Cox proportional hazard analysis of estrogen receptor status, progesterone status, and p53
Variable

P value

Hazard Ratio (95% CI)

Estrogen receptor

0.38

0.63 (0.23-1.81)

Progesterone receptor

0.37

1.59 (0.58-4.55)

p53

0.034

2.55 (1.07-6.18)

Estrogen receptor and progesterone receptor status were each a binary variable, 0 or 1. The p53
immunochemistry was a binary variable, less than or greater than, one standard deviation below the mean of the
p53 immunohistochemistry distribution. CI = confidence interval
3.6 Confirmation of p53 Classification of Patients by Quantitative Nuclear Grade
There is a danger in comparing several cut points and choosing the one for which the difference in survival
between subsets of patients have the lowest p-value (Altman et al. 1994; Axelrod et al., 2009). We found that a
cut point of one standard deviation below the mean of the p53 staining intensity distribution could distinguish
two subsets of patients with significantly different survival. In order to have confidence in these subsets of
patients we asked if the same set of patients would be identified by a different way of measuring specimens
(Quantitative Nuclear Grade) and a different way of grouping the patients (k-means clustering).
Quantitative Nuclear Grade (QNG) is a composite of nuclear size, nuclear shape, nuclear DNA content, and
chromatin texture. Data were acquired from a second parallel tissue microarray that had been stained with the
Feulgen reaction specific for DNA, rather than stained by immunohistochemistry for p53 protein, Figure 7. Of
the 93 patients that were previously analyzed on the p53 microarray, 82 patients had at least one informative disk
position on each of the two parallel microarrays. Where two disks were available the one corresponding to the
worst survival was used. The QNG’s of the 82 patients were clustered by k-means (n = 3), rather than by a cut
point at one standard deviation below the mean as for the p53 stain intensity. The three k-means clusters were
grouped into two subsets by combining two of the clusters. The two subsets of patients determined by QNG and
the two subsets determined by p53 immunohistochemistry are compared in a 2 x 2 contingency table, Table 3.
The chi-squared value = 7.757, and p = 0.0054. These results indicate that QNG and p53 independently classify
similar groups of patients for good and poor survival. This lends confidence to the conclusion that patients with
good and poor survival can be distinguished by a single cut point of the p53 stain intensity distribution at one
standard deviation below the mean.
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Figure 7. Disks from the tissue microarray stained with DNA-specific Feulgen reaction. Left: tissue from normal
breast. Right: tissue from breast cancer patient. Top: image at low magnification used to locate each disk. Bottom:
part of images at higher magnification used to extract nuclear features.
Table 3. Comparison of patients classified for survival by Quantitative Nuclear Grade and by p53
immunohistochemistry
Quantitative Nuclear Grade

p53

(Feulgen, DNA)

(Immunohistochemistry, Protein)
Survival Poor

Survival Good

Survival Poor

22

15

37

Survival Good

13

32

45

35

47

82

Chi-squared = 7.757, p = 0.0054
4. Discussion
We have shown that p53 immunohistochemical stain intensity of tissue can distinguish young breast cancer
patients with good and poor survival, if a number of factors are taken into account. These include, choice of a
cohort of similarly treated patients, several tissue samples from each tumor to account for possible intra-tumor
heterogeneity, construction of a tissue microarray which allows comparison of a broad range of patient
specimens, uniform immunohistochemical treatment of the samples from various patients on the same tissue
microarray, quality control of selection of informative disks with adequate amounts of tissue, quality control of
stain of patient tissue compared to normal tissue, extraction of quantitative data about stain intensity using
computer-aided image analysis, and appropriate choice of a cut-point to separate patients with different p53 stain
intensities. Some of the benefits and possible pitfalls in using tissue microarrays have been reviewed (Camp et
al., 2008).
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We chose among 171 young patients with breast cancer, a cohort of 93 who were treated with radiation therapy
and adjuvant hormone or chemotherapy. This was intended to reduce the confounding effect on survival of
differences in therapy that might have resulted from mixing patients treated with adjuvant therapy and patients
not treated with adjuvant therapy.
The tissue microarray consisted of two samples from each tumor. Some previous studies have concluded that
two are sufficient to characterize each patient (Camp et al., 2000; Ganchberg et al., 2002; Gillett et al., 2000;
Torhorst et al., 2001). However, other studies have suggested that for some immunohistochemical markers,
including p53, that intra-tumor heterogeneity might require multiple tumor samples for tissue microarrays
(Nassar et al., 2010). Heterogeneity of biomarkers stain intensity has been observed across multiple areas of
whole tissue sections (Tolles et al., 2011). We have shown that there can be intra-tumor heterogeneity between
different ducts of the same patient (Miller et al., 2010). In the current study, we determined that the correlation
coefficient of p53 stain intensity between two of disks from two cores from the same patient was 0.427. This
suggests that the two samples from any one patient would be expected to be similar but not identical.
Constructing tissue microarrays with disks from more than two cores, and selecting the disk corresponding the
worst survival might improve the assessment of each patient.
The intensity of p53 staining by immunohistochemistry was determined by computer-aided image analysis.
There was a broad inter-tumor heterogeneity, coefficient of variation = 17%. It is unlikely that this broad
distribution was due to instrument error since repeated measurements of stain intensity of the same area were
indistinguishable. Rather, it is likely that this broad distribution reflects the inter-tumor heterogeneity between
patients. Immunohistochemistry stain intensity is frequently interpreted as being proportional to the protein that
interacts with the primary antibody. However, the relationship between stain intensity and amount of protein is
not always so simple. Some mutations in p53 do not result in positive immunohistochemical staining and some
positive p53 immunohistochemical staining can occur in the absence of p53 mutations (Rohan et al., 2006). The
importance of immunological methodology has been demonstrated dramatically by the study of McCabe et al.
(2005) which showed that that at low concentrations of primary antibody patients expressing less p53 had better
survival, but that at high concentrations of primary antibody patients expression less p53 had poorer survival. We
also observed, that under the immunohistochemistry protocol used in our studies, that the patients expressing less
p53 stain intensity had the poorer survival.
We examined several methods of grouping patients based on their quantitative stain intensity and determined if
the groups differed in survival. Previously, immunohistochemistry stain intensity was evaluated by visual
inspection and specimens reported as belonging in two groups (high and low, greater or less than the average), or
into three groups (low, medium, and high, or +1, +2, and +3). Sometimes patient specimens were compared with
standards made from cell lines. More recently, immunohistochemical stain intensities have been measured by
computer-aided image analysis using commercially available instruments. Such instruments provide objective
and reproducible measurements. Some of instrument manufactures provide analysis of data similar to that
previously reported for visual inspection, e.g. in two groups (high or low stain intensity) or thee groups (+1, +2,
+3 stain intensity). Camp et al. (2004) have devised a computer program that divides the stain intensity
distribution with many sets of two cut-points each producing three subsets, and selects the optimal cut-point
values based on the survival of the patients. In our study we used stain intensity measured by quantitative image
analysis, and compared the ability of different methods of grouping specimens. We found that neither one
cut-point at the mean, nor one cut-point to separate two possible overlapping distributions was successful in
distinguishing the survival of the two groups of patients. Also, two cut-points producing three groups of patients
did not result in three groups of patients that differed in survival. However, a single cut-point at one standard
deviation below the mean did produce two groups of patients that differed in survival. This method of determing
an effective cut-point is useful since it is so simple to calculate. P53 determined in this way provides additional
information beyond that provided by the patient’s estrogen receptor status and progesterone receptor status.
Comparing several different cut-points and choosing one apparently best cut-point can be misleading. There may
be no one uniquely optimal cut-point for a continuous distribution (Axelrod et al., 2009) and multiple testing
may result in an inflation of a type I error (Altman et al., 1994). With these considerations in mind, we chose to
confirm the groups of patients determined by the one cut-point at one standard deviation below the mean with an
entirely different method of grouping patients. In addition to characterizing each patient by p53 protein stain
intensity by immunohistochemistry we also characterized each patient by DNA Feulgen staining to determine a
quantitative nuclear grade. Nuclear grade is one of the most important features proposed for histological
classification of breast lesions (Jaffer & Bleiweiss, 2002). We, and many others, have shown that image analysis
of nuclear features (size, shape, chromatin texture, and ploidy) can be prognostic for survival of breast cancer
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patients (Chapman et al., 2007). There have been previous reports of an association between p53
immunohistochemistry and nuclear features consistent with our observations, although a relationship with patient
survival was not determined (Haroske et al., 1996; Friedrich et al., 1997). In this study we have shown that the
protein based method and the DNA based method identify similar groups of patients with good and poor
survival.
5. Conclusions
Immunohistochemistry procedures are convenient, and several biomarkers have been recommended for breast
cancer. However, because of the disparate reports of the relationship between p53 stain intensity detected by
immunohistochemistry and patient outcome, p53 is not yet among the biomarkers recommended for routine
clinical practice (Harris et al., 2007). By taking into account several experimental factors and methods of data
analysis we have found that p53 stain intensity can stratify young breast cancer patients for survival, and provide
information beyond that provided by ER status and PR status.
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