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Abstract: Accurate measurement of primary breast tumors and subsequent surgical margin
assessment is critical for pathology reporting and resulting patient therapy. Anecdotal
observations from pathology laboratory staff indicate possible shrinkage of breast cancer
specimens due to the formalin fixation process. As a result, we conducted a prospective study to
investigate the possible shrinkage effects of formalin fixation on breast cancer specimens. The
results revealed no significant changes in tumor size, but there were significant changes in the
distance to all surgical resection margins from the unfixed to fixed state. This shrinkage effect
could interfere with the accuracy of determining distance to margin assessment and tumor-free
margin assessment. Thus, changes in these measurements due to the formalin fixation process
have the potential to alter treatment options for the patient.
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Introduction

Precise measurement of primary breast tumors, both in situ and invasive, and the
subsequent margin assessment are crucial for accurate staging and subsequent patient
therapy.! Once the breast specimen is received in the pathology laboratory, patholo-
gists, pathology residents, and pathologists’ assistants are required to make an accurate
gross assessment of the size of the tumor mass and the measurement of this mass to the
surgical resection margins. The results of the measurements can assess the adequacy
of initial surgery for patients? and have added importance due to the increased usage
of breast-conserving surgical methods and for subsequent patient management.>*

The size of the tumor mass can have a direct impact on patient therapy. For example,
in stage I tumors, if the reported size of the mass is less than 2 cm in greatest dimen-
sion, then radiation therapy may not be recommended, and if less than 1 cm, adjuvant
chemotherapy is not usually offered.* Similarly, if the reported tumor size is greater
than 5 cm, neoadjuvant therapy is needed before surgery and radiation therapy to the
chest wall may be considered after mastectomy.*

Additionally, the tumor distance to margins (DTM) is also critical in determin-
ing patient management. For surgical margins that are less than 2 mm, re-excision is
recommended (close margins at fascia is an exception).’ Additionally, radiotherapy
boost is recommended in all patients 40 years of age or older regardless of margin,
and in patients less than 40 years of age an individualized boost is based on risk
assessment.’ In general, breast cancer patients with positive margins require additional
surgery, patients with “close” margins are treated either with additional surgery or
with external beam radiation therapy, and patients with negative margins are treated
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with either radiation therapy or wide excision alone.! Thus,
if the DTM measurement taken by the pathology staff is
inaccurate, then the resulting treatment for the patient may
be suboptimal.

Anecdotal observations by the primary author and others
in our laboratory suggested differences in size of breast tis-
sue after overnight formalin fixation. A subsequent literature
search revealed two studies which give conflicting conclu-
sions as to the effect of formalin fixation on shrinkage of
breast cancer specimens.>® Given the importance of changes
to tumor size and distance of this tumor to nearest surgical
margins, we examined the shrinkage effect of formalin fixa-
tion on breast cancer specimens in a series of specimens from
our laboratory. We hypothesized that the process of formalin
fixation has a shrinkage effect on both the tumor mass and
the surrounding breast parenchyma tissue.

Materials and methods

Between August 2012 and August 2013, a prospective study
was conducted which included 100 mastectomy and segmen-
tal mastectomy samples selected from the pathology service
at the Foothills Medical Centre in Calgary, AB, Canada.
Specimens were chosen so as to include resections that
exhibited a grossly obvious solitary mass with distinguish-
able resection margins.

Specimens were received in the fresh (unfixed) state
directly from the operating room at the Foothills Medical
Centre. After being accessioned by the pathology laboratory
staff, the specimens were weighed and then painted according
to the standardized breast ink protocol for resection margins
at Calgary Laboratory Services. After the ink was set dry, the
breasts were serially sectioned, usually in a medial to lateral
direction, with individual sections spaced approximately
1 cm apart from one another. Formalin-soaked paper towels
were placed between each of the slices to allow for maximum
formalin penetration and fixation while allowing the shape
of the specimen to remain the same. The inking of the breast
margins and the sectioning of the breast tissue are consistent
with established methods of specimen preparation.’

Immediately after the breast tissue was sectioned, it was
examined grossly for a well-defined tumor mass. Once a
tumor mass was identified, the maximum size was recorded
in one dimension in centimeters and up to one decimal place
using a standard hand-held ruler. In addition, the DTM
was recorded, also to one decimal place. As the initial cuts
were made in a medial to lateral direction, the most com-
mon margins recorded were the superior, posterior, and
inferior margins.

The specimens were then fully immersed into a 10%
neutral buffered formalin-filled container for overnight fixa-
tion at a minimum 10:1 ratio as per current standard® and at
a minimum of 22 hours of fixation, which is longer than the
current standard for a larger specimen.® The next day, prior
to gross dissection, the specimens were re-examined and the
same measurements were recorded.

The measurements were made and recorded by a group
of pathologists’ assistants, who are the primary handlers
of fresh surgical tissue at the Foothills Medical Centre.
All of the pathologists’ assistants involved in the study were
instructed by the primary author in a standardized method to
record the measurements to reduce interobserver variation.
The same person who made the initial measurements may
or may not have been the same person to take the second
measurements. However, the pathologists’ assistants were
instructed to take the secondary (fixed) measurements on
the same slice and in the same plane as the initial (fresh)
measurements. In a majority of times (67%), the same
pathologists’ assistant recorded both the initial measurement
and secondary measurement to make sure the same slice and
plane were measured consistently. In specimens where differ-
ent pathologists’ assistants recorded the initial and secondary
measurements (33%), consultation often occurred between
the two to make sure consistent measurements were taken.
In addition, the initial fresh specimen measurements were
blinded to the individual doing the secondary formalin-fixed
measurements to avoid bias.

Statistical analysis

A paired Student’s #-test analysis was done on the DTM and
tumor size measurements, and to correlate measurements
from fixed DTM to microscopic DTM. Linear regression
models were used to calculate the effect of patient age,
formalin fixation time, size of the tumor, and the amount of
shrinkage of breast tissue.

Results

A total of 100 segmental and total mastectomy specimens
containing cancer were examined. The mean age of the
patients was 62.33 (27-92) years. Fifteen tumors (15%) were
grade I, 31 tumors (31%) were grade II, 49 tumors (49%)
were grade 11, and three tumors (3%) were of unknown grade.
An extensive tumor-associated ductal carcinoma in situ was
present in two cases (2%) Eighty-five (85%) tumors were
classified as invasive ductal carcinomas, three (3%) were
classified as invasive lobular carcinoma, and 12 (12%)
were classified as mixed or other types of ductal carcinoma.
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The mean formalin fixation time for the specimens was
53.63 (22-106) hours. Length of fixation time varied due to
either overnight fixation (at least 20 hours), weekend fixation
(>48 hours), or long weekend fixation (>72 hours).

The mean maximum tumor dimension of the breast
specimens in the unfixed state was 2.15 (0.5-7.6) cm while
in the fixed state was 2.18 (0.5-7.6) cm. This difference of
0.03 cm (1.6%) was not statistically significant. The mean
size of the unfixed DTM compared with the fixed tissue is
shown in Table 1. The differences in all three margins were
statistically significant (P<<0.001 for all), resulting in a
15%—22% loss of mean distance. Additionally, we correlated
fixed gross measurements and microscopic measurements of
DTM, with a random subsample analysis of 24 samples from
our data and found a mean difference of 0.027 cm, which
was not statistically significant (P=0.745).

Several additional factors were examined using multiple
linear regression analysis. Age of the patient, formalin
fixation time, and tumor size were all examined as inde-
pendent variables compared with the dependent variable of
differences to each margin. The only significant association
was formalin fixation time on the distance to the superior
margin (P=0.041).

Discussion
Changes in tumor size from the unfixed (natural) state to
the fixed state could potentially alter patient treatment and
outcomes. However, our results show that formalin fixation
has no effect on tumor size. This is consistent with other
studies which showed no significant shrinkage of tumor size
after formalin fixation.>%°

In contrast, our results did show that the surrounding
breast parenchyma extending to the surgical resection mar-
gins shrank significantly. This has been a point of confu-
sion in the literature as others have reported shrinkage in
various types of tissue specimens.'** Specifically, there are
documented instances of shrinkage due to formalin fixation
observed in breast tissue? and other fatty tissues.!’ Indeed,
Yeap et al observed a greater amount of shrinkage, reporting

Table | Mean paired differences (unfixed — fixed measurements)
for margins of 100 breast specimens

Resection Mean paired Percent P-value
margin differences (95% CI) decrease

Superior 0.46 (0.25-0.67) 22 <0.001
Deep 0.21 (0.11-0.32) 16 <0.001
Inferior 0.34 (0.19-0.49) 15 <0.001

Note: All measurements are in centimeters.
Abbreviation: Cl, confidence interval.

a 34% decrease in mean closest free margin® as compared
with our 15%-22% difference. However, other authors have
reported that formalin fixation does not contribute to cuta-
neous tissue shrinkage®'!'” and may in fact lead to a slight
increase in tissue'”'* and tumor?® size.

Previous literature suggests a chemical reaction to explain
the shrinkage effects seen in breast and other cutaneous
tissues. In essence, margin shrinkage is thought to stem from
dehydration of fatty tissue due to formaldehyde degradation
of lipids to their water-soluble derivatives.'® This fatty tissue
shrinkage due to dehydration could explain the differences
that we observed in the fatty parenchyma of the specimen and
not in the dense tumor mass. However, authors of previous
studies have suggested reasons for tissue shrinkage other than
formalin fixation. Researchers have observed post-excision
cutaneous shrinkage due to the intrinsic contractile properties
of the tissue.!®!” Further, shrinkage of specimens is likely
to occur immediately after surgical excision and prior to
formalin fixation.'?*?! These studies indicate that formalin
fixation is not the main cause of specimen contractility, and
thus not the main contributor to overall specimen shrinkage.'’
Other researchers have also indicated differences in cutane-
ous shrinkage due to the aging process and solar elastosis,'’
although our study does not indicate any differences related
to the age of the patient. These findings are consistent with
those of Yeap et al? but in contrast with those of Krekel et al.®
However, Krekel et al used a different formalin concentration
(4%) and used water displacement for volume measurement
which could account for rehydration and thus re-expansion
of the breast tissue.

In conclusion, we found that formalin fixation causes fatty
tissue shrinkage in breast cancer specimens. This shrink-
age effect could interfere with the accuracy of determining
DTM measurements and tumor-free margin assessment.
Additionally, since microscopic assessment is considered
the “gold standard” for reporting tumor DTM, this shrinkage
effect could influence which sections are taken grossly, in
order to accurately assess these margins microscopically. In
pathology reporting, DTM assessment has prognostic value
and is crucial in determining patient management.'® Thus,
changes in these measurements due to the formalin fixation
process have the potential to alter treatment options for the
patient. As an example, we found two of the specimens had a
fresh measurement >2 mm and a fixed measurement <2 mm
(only one confirmed microscopically) and thus had the
potential to alter patient treatment options. We suggest that
consideration should be given to reporting the margins in
the unfixed state because this is most representative of the
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in vivo specimen. If pathologists prefer to report margins in
the fixed state then they may want to consider the shrinkage
changes in DTM due to formalin fixation.
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