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Abstract
Breast implant anaplastic large cell lymphoma is an entity recently recognized by the World Health Organization. The tumor
arises around textured-surface breast implants and is usually confined to the surrounding fibrous capsule. Currently, there are
no recommendations for handling and sampling of capsules from patients with suspected breast implant anaplastic large cell
lymphoma without a grossly identifiable tumor. We analyzed complete capsulectomies without distinct gross lesions from
patients with breast implant anaplastic large cell lymphoma. The gross appearance of the capsules as well as the presence,
extent and depth of tumor cells on the luminal side and number of sections involved by lymphoma were determined by
review of routine stains and CD30 immunohistochemistry. We then used a mathematical model that included the extent of
tumor cells and number of positive sections to calculate the minimum number of sections required to identify 95% of
randomly distributed lesions. We identified 50 patients with breast implant anaplastic large cell lymphoma who had
complete capsulectomies. The implants were textured in all 32 (100%) cases with available information. Anaplastic large cell
lymphoma was found in 44/50 (88%) capsules; no tumor was found in six (12%) patients who had lymphoma cells only in
the effusion. The median number of sections reviewed was 20 (range, 2–240), the median percentage of sections involved by
tumor was 6% (range, 0–90%), and the median percentage of sections involved by lymphoma was 10% (range, 0–90%).
Invasion deep into or through the capsule was identified in 18/50 (36%) patients. In patients with breast implant anaplastic
large cell lymphoma without a grossly identifiable tumor we identified a spectrum of involvement and we propose a protocol
for handling, sampling and reporting these cases. The number of sections to exclude the presence of lymphoma with more
than 95% certainty was supported by a mathematic rationale.

Breast implant anaplastic large cell lymphoma is a newly
recognized, provisional entity in the 2017 revision of the
World Health Organization classification of lymphoid tis-
sues [1]. These tumors are of T-cell lineage, arise around
textured-surface breast implants [2, 3] and clinically present
as an effusion around the implant, or less frequently as a

mass or axillary lymphadenopathy [4]. Following the initial
report in 1997 of breast implant anaplastic large cell lym-
phoma in association with silicone breast implants [5, 6],
more than 600 cases are acknowledged by centralized
agencies including the United States Food and Drug
Administration [7]. The diagnosis should be suspected in
patients with an effusion occurring >1 year after implant
placement (delayed effusion, so-called “late seroma”) and
can be confirmed by cytologic examination of the effusion
and/or by microscopic examination of the capsule [8].
However, there is evidence that the diagnosis of breast
implant anaplastic large cell lymphoma can be missed by
clinicians, oncologists, radiologists, and pathologists, and
thus far there is no optimal screening method for diagnosis
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[9, 10]. Alleged reasons for underdiagnosis of breast
implant anaplastic large cell lymphoma include the unusual
features of this lymphoma, no previous history of lym-
phoma elsewhere and low awareness of this disease due to
its recent recognition [9]. Another reason, from the
pathology point of view is that capsule specimens often do
not show grossly identifiable lesions and there are no
guidelines to handle these specimens.

The last revised recommendations by the College of
American Pathologists policy on “surgical specimens to be
submitted to pathology for examination” (Appendix M),
which include breast implants, were published in August
1995 when breast implant anaplastic large cell lymphoma
was not yet defined [11]. In 1999, the College of American
Pathologists surveyed 419 institutions and determined that
63% of specimens derived from “mammary implants”
without mention of capsules were processed as “gross
only”, without requirement for microscopic analysis [12].
Furthermore, the recommendations for processing speci-
mens by pathologists are not defined and appear to vary
according to particular institutional bylaws. Recommenda-
tions in textbooks are for random sampling of two paraffin
blocks when gross lesions are not identified, and of more
blocks if lesions are identified [13]. Further sampling may
be triggered by pathologists when neoplastic or atypical
cells are unexpectedly found upon microscopic examina-
tion. Finally, Brody et al. [14] suggested in 2015 the need
for a policy of College of American Pathologists regarding
standardized pathologic processing of capsules associated
with breast implants. Therefore, there is a need to update the
College of American Pathologists recommendations for the
pathologic management and handling of breast implants
from patients with suspected breast implant anaplastic large
cell lymphoma.

We believe that a major obstacle to developing recom-
mendations for processing and handling capsulectomies of
patients with breast implant anaplastic large cell lymphoma
is the limited knowledge of the pathologic spectrum of the
disease, that spans from cases with effusion only, to cases
with superficial capsule involvement, to a grossly identifi-
able mass; less common is lymph node and rarely distant
organ involvement. The handling of cases with a grossly
identifiable mass may not pose a challenge in sampling. By
contrast, handling cases without a grossly identifiable mass
is more difficult. In this circumstance, there is uncertainty
regarding what constitutes optimal sampling of the capsule
surface and the number of sections required to properly
diagnose or exclude disease. Since the extent or percentage
of tumor involving fibrous capsules is unknown, one can
predict that if the tumor is focal, random sampling may miss
the tumor when insufficient sampling is performed. Alter-
natively, if the tumor occupies the entire surface of the
luminal side of the capsule, a single section should be

sufficient for diagnosis. Another dilemma occurs in cases
with neoplastic cells found only in the effusion (“seroma”)
but not in the capsule as appears to occur in incipient cases,
raising the concern for insufficient sampling of the speci-
men. The characteristic presentation of breast implant ana-
plastic large cell lymphoma as an effusion around an
implant usually leads to the presumptive diagnosis of
infection or ruptured implant by primary care physicians,
radiologists, or plastic surgeons [10]. This opinion is
furthered by the absence of a distinct mass or lymphade-
nopathy on physical examination or imaging studies, ren-
dering a diagnosis of lymphoma as unlikely. Therefore, the
microscopic diagnosis of lymphoma in most of these cases,
presenting with an effusion and/or a mass, appears as an
unexpected finding.

In this study, we analyzed a large series of breast capsule
specimens from patients with breast implant anaplastic large
cell lymphoma. We selected cases without grossly identi-
fiable lesions, and reviewed the processing of each speci-
men. We then centrally reviewed the histologic sections of
all cases to confirm the diagnosis, determined the extent and
pathologic stage of disease and analyzed possible factors
that may affect the optimal handling of these specimens. We
also performed a mathematical analysis to estimate the
minimum number of sections necessary to detect anaplastic
large cell lymphoma on the surface of involved capsules
without a grossly identifiable tumor mass. Based on these
results, we propose a method for handling and sampling of
these specimens and we suggest a checklist for reporting
cases of breast implant anaplastic large cell lymphoma.

Materials and methods

This is a multi-institutional study where investigators con-
tributed cases of breast implant anaplastic large cell lym-
phoma and provided gross pathologic information and all
histologic sections used at time of diagnosis; these materials
were centrally reviewed. The minimal histological criteria
to diagnose breast implant anaplastic large cell lymphoma
includes the presence of individual, clusters or sheets of
large, pleomorphic cells with oval to lobated nuclei with
vesicular chromatin, usually with prominent nucleoli and a
moderate amount of clear or light blue cytoplasm; these
tumor cells are uniformly found on the luminal surface of
the capsule. Some cases show these cells into or throughout
the capsule as invasive clusters. CD30 immunohistochem-
istry highlights the membrane and cytoplasm with a
frequent Golgi pattern of all cells. Necrosis is detected in all
cases, and it appears as granular material or as ghost cells
that are strongly positive for CD30. Furthermore, clinically,
most patients present with effusion “seroma” around breast
implants. In patients with a tumor mass beyond the capsule,
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we required in addition identification of tumor cells at the
luminal side of the capsule. All cases have been published
[4, 8, 15]. The collected information included clinical pre-
sentation and type of implant (smooth vs textured surface;
silicone vs saline filling). Only cases with complete cap-
sulectomy were included. We excluded cases with partial
capsulectomy or where a gross lesion or mass was identi-
fied. The total number of sections of capsule submitted per
specimen was extracted. When possible, we measured the
average length of sections of capsules. Occasional extreme
variability was noted in the number of sections because in
some cases resampling occurred, and the number of blocks
and sections increased significantly. Histologic sections
were assessed for extent of luminal surface available for
evaluation, presence and extent of lymphoma cells, and
relationship with deep margins. We reviewed all micro-
scopic sections of each case included in this series and
assessed the quality of the sections depending on the per-
centage of sections exhibiting the luminal surface of the
capsule. We considered sampling optimal if an average of
≥50% of each capsule section showed the luminal surface;
adequate if 10–49% showed the luminal side, and inade-
quate if 0–9% of the section displayed the luminal surface.
We assessed the percentage of lymphoma cells on the
luminal side of the capsule using histopathologic features
and CD30 immunohistochemistry. We also documented the
presence or absence of tumor cells in each section, and
when positive, we recorded the percentage of capsule
involved by lymphoma cells.

The percentage of evaluable luminal surface from the
total length of the tissue section was deemed essential since
it is apparent that this lymphoma is localized initially to the
luminal surface of capsule and eventually infiltrates into and
through the capsule with progression of disease. Similarly,
the presence and extent of lymphoma cells relative to the
evaluable luminal surface was assessed. The pathologic
stage was determined following modified criteria proposed
by Clemens et al. [9, 15]. We assigned a T0 stage for those
cases with cytology only positive, while the capsule was
negative for lymphoma cells; cases in this category were
previously lumped with cases with tumor cells lining on the
surface of capsules (stage T1).

Immunohistochemical analysis for CD30 (Ber-H2,
Agilent Technologies, Santa Clara, California, USA) was
performed using fixed, paraffin embedded tissue, heat-
induced epitope antigen retrieval, an avidin–biotin complex
method, and an automated immunostainer (Leica Biosys-
tems, Buffalo Grove, Illinois, USA).

The control group consisted of 10 patients who had breast
implants and presented with effusion around the implant (n=
10), more than 1 year after implant placement. We selected
cases who had complete capsulectomy, with or without
cytologic or flow cytometry immunophenotypic analysis, and

collected clinical data as indicated for patients who had ana-
plastic large cell lymphoma. The final pathologic diagnosis
for all these cases was negative for lymphoma.

The Institutional Review Board at MD Anderson Cancer
Center approved this study.

Mathematical model

Since identification of lymphoma cannot be determined by
simple gross evaluation, there is a need to sample randomly
for histological examination. The first question to address is
what is a reasonable number of sections to take? We could
then consider which areas are more likely to yield tumor,
allowing for preferential sampling. A simulation with a
regression was used to model the situation [16, 17].

In a regression model, there are two constants b0 and b1
that minimize the error between a line and all the data points
where b1 is the y-intercept and b0 is the slope. In this
particular case we did not perform a linear regression on the
raw data, but we did complete a regression on 1/coverage %
because the data looked more appropriately represented
with a 1/x style of graph. The resultant curve that best fits
the data was: y= b0/x+ b1

For the y data points, we used the regular y-values which in
this case were the 95% percentile for the number of samples
until we found the detection region. For the x-values, we used
the inverse of the coverage %, which explains why coverage
% is shown in the denominator. For this reason the value of
b0 has the unusual real world interpretation as the increase in
the number of samples needed as the reciprocal of the cov-
erage % increases by 1. b1 (horizontal asymptote) could be
interpreted as the absolute minimum number of samples
required even as the coverage % reaches 100. The values
were determined from a regression between the 95% quartile
for the number of samples and the inverse of the coverage %.

Results

A total of 50 patients with breast implant anaplastic large
cell lymphoma who underwent total capsulectomy without
a grossly identifiable mass were identified between January
1997 and December 2017. All cases were reviewed in the
Department of Hematopathology of MD Anderson Cancer
Center.

A summary of the relevant clinical information for these
patients is shown in Table 1 [8, 9, 15]. The median age of
patients was 52.5 years (range, 35–77 years). The reason for
the implant was provided in 48 cases and was cosmetic in
27 (56%) and reconstructive in 21 (44%). The implant
surface information was provided in 32 patients and all
were textured (100%). The filling of the implant was pro-
vided in 45 cases: silicone in 24 (53%) and saline in 21
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(47%). All patients presented with effusion and no patients
had a grossly identifiable mass.

The gross description in most cases was limited to the
size of the specimen and is displayed in Table 1. The
recorded size of the capsules was available in 44/50 (88%)
cases. The median largest diameter of the capsules was 13.0
cm (range, 3.0–18.0 cm; n= 44 cases), and the median size
of the second largest diameter of the capsules was 11.0 cm
(range, 2.5–15.5 cm; n= 39 cases). A summary of relevant
gross and histological information of 50 patients is shown in
Table 2. The median number of paraffin blocks was 8
(range, 2–147), and the median number of sections of
capsule was 20 (range, 2–240). The median length of cap-
sule sections was 2.1 cm (range, 1.0–3.0 cm, n= 50 cases

evaluated). Tumor cells were detected in 44/50 (88%)
capsules; the remaining six (12%) cases had lymphoma
cells only in the effusion and the capsules did not have
lymphoma cells. The median number of sections submitted
for these cases was 24 (range, 12–51 sections). The median
number of sections with identifiable tumor was 6 (range,
1–90) and the median percentage of the luminal surface
involved by lymphoma was 10% (range, 0–90%). The
quality of sections as determined by the orientation of
sections displaying the luminal side of capsules was
excellent in 16 (32%), adequate in 30 (62%), and poor in
four (8%) cases. Of interest, in 2/4 (50%) cases with poorly
oriented capsules no lymphoma cells were identified. For
microscopically identifiable tumor in capsules, it was not
possible to map the location of the tumor and, if there was
more than one positive section, it was not possible to
determine if the affected sections were contiguous or skip-
ped. It is apparent that the number of sections does not
necessarily reflect the initial number of sections taken, since
in certain cases, additional sampling and larger number of
sections were prompted after a finding of lymphoma either
in cytologic specimens or in microscopic foci of lymphoma
in capsules. The absence of tumor involvement in capsules
in some cases may have resulted from suboptimal orienta-
tion of the sections.

Pathologic tumor stage revealed no tumor in the capsule
(T0) in six (12%) and the diagnosis was established because
of positive cytology (Fig. 1a). Tumor was present in the
superficial layer of the luminal side (T1) of the capsule in 13
(26%), tumor breaching the superficial layer (T2) in 13
(26%), tumor deeply invading into the capsule (T3) in 13
(26%), and tumor beyond capsule (T4) in five (10%) cases.
(Table 1 and Fig. 1b–f) For the six cases with tumor
identified only in the cytology specimen, although no tumor
cells were identified on the luminal surface of the capsule,
granular pink material was focally attached to the
lumen that was CD30-positive by immunohistochemistry
(Fig. 1b).

The control group consisted of 10 patients for whom the
clinical and pathologic features are summarized in Table 3.
All patients presented with effusion more than 1 year after
implant placement, and all with available information had
textured implants (n= 8). All patients had complete cap-
sulectomy. The luminal side of the capsules revealed
synovium-like lining (also referred to as synovial metapla-
sia) (Fig. 2a left) in six patients, while no synovium-like
cells were noted in four patients (Fig. 2a right). No large
pleomorphic cells or necrosis was observed. Inflammatory
cells including small lymphocytes, histiocytes and plasma
cells in the stroma of capsule was noted in nine patients.
Immunohistochemistry for CD30 revealed that six cases did
not have any positive cells. Four cases had a 1–6 (median,
1) CD30-positive cells per 10 high power fields, all small

Table 1 Clinical and pathologic findings of 50 patients with breast
implant anaplastic large cell lymphoma

Features n %

Clinical presentation (n= 50)

Effusion 50 100

Mass 0 0

Side of lymphoma (n= 50)

Left 23 46

Right 26 52

Bilateral 1 2

Reason for implant (n= 48)

Cosmetic 27 56

Reconstruction 21 44

Surface of implants (n= 32)

Textured 32 100

Smooth 0 0

Filling of implant (n= 45)

Silicone 24 53

Saline 21 47

Ruptured implant (n= 31) 2 6

Pathologic stagea (n= 50)

T0 6 12

T1 13 26

T2 13 26

T3 13 26

T4 5 10

Median size of capsule,
maximum diameter (cm)

Range (cm)

Size of capsules
(n= 44)

13 3.0–18.0

Median section size (cm) Range (cm)

Size of sections
(n= 50)

2.1 1.0–3.0

aPathologic stage according to Clemens et al. [15] and Quesada et al. [9]

Pathologic stage T0 was created to include cases with effusion only,
without lymphoma cells in capsules
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Table 2 Extent and pathologic stage of lymphoma in complete capsulectomies from patients without grossly identifiable breast implant anaplastic
large cell lymphoma

Case # Quality of
luminal surfacea

Presence of
lymphoma cells in
capsuleb

% of capsule
involved by
lymphoma

Number of
sections
examined

Number of sections
(+) for lymphoma

% sections (+) for
lymphoma

Average size of
sections (cm)

Pathologic stage
(T0–T4)c

1 Excellent No 0 15 0 0 1.3 0

2 Adequate No 0 51 0 0 1 0

3 Excellent No 0 42 0 0 1.4 0

4 Excellent No 0 24 0 0 1.4 0

5 Poor No 0 24 0 0 1.5 0

6 Poor No 0 12 0 0 1.5 0

7 Adequate Yes 5 12 7 58 2.1 1

8 Excellent Yes 70 12 4 33 2 1

9 Adequate Yes 30 7 3 43 2 1

10 Adequate Yes 5 32 3 9 2 1

11 Adequate Yes 30 93 60 64 3 1

12 Adequate Yes 5 63 10 16 2.4 1

13 Adequate Yes 5 12 1 8 1.7 1

14 Adequate Yes 10 7 3 43 2 1

15 Excellent Yes 20 4 2 50 2 1

16 Adequate Yes 5 14 1 7 1.6 1

17 Adequate Yes 1 102 20 20 2.5 1

18 Excellent Yes 1 28 1 4 1.7 1

19 Excellent Yes 10 51 2 4 2 1

20 Excellent Yes 80 2 2 100 2 2

21 Adequate Yes 10 50 10 20 2.5 2

22 Adequate Yes 50 20 10 50 2.5 2

23 Adequate Yes 20 10 7 70 2.1 2

24 Adequate Yes 10 51 51 100 3 2

25 Adequate Yes 50 2 1 50 1.8 2

26 Excellent Yes 10 52 52 100 3 2

27 Excellent Yes 50 60 60 100 3 2

28 Adequate Yes 10 40 20 50 2.6 2

29 Adequate Yes 80 10 10 100 2.5 2

30 Adequate Yes 5 33 2 6 2 2

31 Excellent Yes 70 10 10 100 2.5 2

32 Adequate Yes 10 10 5 50 2 2

33 Poor Yes 40 3 2 67 2 3

34 Excellent Yes 10 12 1 8 2 3

35 Adequate Yes 70 10 10 100 2.5 3

36 Excellent Yes 50 27 27 100 3 3

37 Adequate Yes 70 19 14 74 2.5 3

38 Poor Yes 70 22 17 77 2.5 3

39 Excellent Yes 80 10 9 90 2.4 3

40 Adequate Yes 20 28 5 18 2 3

41 Adequate Yes 80 38 30 79 3 3

42 Adequate Yes 80 11 9 82 2.4 3

43 Adequate Yes 50 130 90 69 3 3

44 Adequate Yes 20 66 60 91 3 3

45 Excellent Yes 90 20 14 70 2.5 3

46 Adequate Yes 30 18 5 28 2 4

47 Adequate Yes 30 6 2 33 2 4

48 Excellent Yes 30 240 5 2 2.1 4

49 Adequate Yes 60 16 10 63 2.5 4

50 Adequate Yes 5 26 8 31 2.3 4

(+): 44 (88%) Median 10%;
Range: 0–90%

Median, 20;
Range: 2–240

Median, 6;
Range: 0–90

Median 46.5 %;
Range 0–100%

Median section size 2.1
cm; Range 1.0–3.0 cm

36% invasive cases
(pathologic stage
3 and 4)

aAssessment of the quality of orientation of capsules of patients with breast implant ALCL with total capsulectomy: Excellent: ≥50% of sections
display luminal surface; Adequate: 10–49% of sections show luminal surface; Poor: <10% of capsule sections exhibit luminal surface
bNegative cases include capsule without identifiable lymphoma cells; lymphoma cells were only in the cytology specimen
cPathologic stage according to Clemens et al. [15], and Quesada et al. [9]. Pathologic stage T0 modified to include cases with effusion only,
without lymphoma cells in capsules
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lymphocytes or plasma cells; no large pleomorphic cells
were found (Fig. 2b left). Cytologic examination from 9
patients was negative and showed small lymphocytes

admixed with histiocytes and occasional neutrophils.
(Fig. 2b right) Flow cytometry immunophenotype was
negative for aberrant T cells in six patients tested.

Fig. 1 Pathologic staging of capsulectomies in patients with breast
implant anaplastic large cell lymphoma. a Left: Cytologic smear of
effusion displays large pleomorphic cells with abundant basophilic
cytoplasm containing vacuoles. Wright Giemsa stain, ×500. Right: Cell
block of effusion displays large pleomorphic cells with a fibrinoid
background. Hematoxylin and eosin stain, ×400. b Luminal side of
capsule devoid of lymphoma cells (stage T0); the diagnosis in this case
was based on positive cytology in the effusion. (Left: Hematoxylin and
eosin, ×200; Right: CD30 immunohistochemistry, ×200). c Repre-
sentative section of capsule involved by breast implant anaplastic large
cell lymphoma displays the entire luminal surface has anaplastic large
cell lymphoma cells, consistent with excellent orientation and proper “on
edge” embedding (stage T1) (left). The neoplastic cells are admixed with
abundant granular and necrotic material representing karyorrhectic
tumor, further confirmed with CD30 immunohistochemistry (Left.
hematoxylin and eosin, ×200; Right. CD30 immunohistochemistry with
hematoxylin counterstain, ×200). d The lymphoma cells involve the
luminal side of the capsule (stage T2) in which tumor cells infiltrate
superficially into the capsule. (Left: hematoxylin and eosin, ×400; Right:
CD30 immunohistochemistry, ×400). e The lymphoma cells infiltrate
deep into the capsule (stage T3) in which lymphoma cells are admixed
with reactive inflammatory cells. (Left: hematoxylin and eosin, ×200;
Right: CD30 immunohistochemistry, ×200). f In this low magnification,
the lymphoma cells extend beyond the capsule (T4) in which tumor cells
form large clusters throughout the capsule. (Left: hematoxylin and eosin,
×40; Right: CD30 immunohistochemistry, ×40)

Table 3 Clinical and pathologic features of 10 patients with breast
implants negative for lymphoma

Features n %

Clinical Presentation (n= 10)

Effusion 10 100

Side of implant (n= 10)

Left 0 0

Right 1 10

Bilateral 9 90

Reason for implant (n= 7)

Cosmetic 4 57

Reconstruction 3 43

Surface of implants (n= 7)

Textured 7 100

Smooth 0 0

Filling of implant (n= 9)

Silicone 9 100

Saline 0 0

Histologic features

Surface lining (n= 10)

Synovium like 6 60

Fibrotic 4 40

Inflammation in capsule

Yes 8 80

No 2 20
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Mathematical model

The volume of implants varies according to patient breast
size and patient preferences or anatomic restrictions; how-
ever a common range is between 200 and 400 mL. Once
introduced, the implant will be surrounded by a fibrous
capsule that is stretched around the implant when removed
en bloc. In our experience, the major diameters of capsules
from en bloc specimens reflect the larger dimensions of the
underlying implant (14 × 12 cm). Freshly opened capsules
shrink immediately and had an average of 17 × 15 cm that
may shrink further after fixation. However, review of
pathologic reports does not usually specify the timing of
measuring the major gross dimensions of capsules. Further
variation may depend on intraoperative features, the pre-
sence of effusion or tumor, or implant preservation.

Fragmented capsules were not unusual, and for this type of
specimen the word of the surgeon is followed to consider
the specimen a complete capsulectomy.

In a simulation of a 14 × 12 cm capsule with a grossly
unidentifiable breast implant anaplastic large cell lym-
phoma, a 2.0 × 2.0 cm square “tumor” is displayed on a
flat capsule that corresponds to ~2% of the capsule sur-
face. In order to simulate the sampling procedure, we
randomly placed a 2.0 × 0.2 cm rectangle representing an
average section size. Overlapping of the “sample rec-
tangle” with the “tumor square” may occur randomly at
various frequencies depending on the size of the “tumor”
as shown in Fig. 3a. On a continuum of random “sam-
pling”, the “tumor” may be hit/detected and a number (of
sections) will be recorded when the first hit occurs. In this
model, the process is repeated 10,000 times and then the
95th percentile of that data is recorded. Finally, a scatter
plot is generated between the 95th percentile of the
number of samples required until first detection and the
“percentage of capsular involvement by tumor”. The plot
suggests a reasonable number of samples to take in order
to be confident of the presence/absence of tumor in the
breast implant capsule.

The curve shows that a larger area of involvement by
lymphoma correlates with a decreased number of events to
hit/detect a lesion. Figure 3b shows that the distribution of
first detection strongly resembles a geometric distribution.
For example, if the capsule has about 30% involvement
(which would be a region of approximately 7 cm × 7 cm)
then we can input that value into the formula and generate a
result of 7.15 samples required, a number that can be
rounded to 7 (Table 4). Therefore, if seven samples are
taken, we can be 95% certain that if we have not found
lymphoma by then, odds are we would not find it by con-
tinuing to take more samples. This simulation approach lets
us confidently exclude capsule involvement by a very small
percentage of tumor which could be missed if an inappro-
priately small number of sections is taken and also help to
decrease the cost associated with an undefined number of
sections for histologic processing that may occur with
oversampling.

The resultant scatter plot closely resembled an inverse
function equation so we performed a simple regression and
found a suitable equation. We describe a simplified model
of how to place reasonable upper limits and how many
sections are needed before finding a positive one (i.e.
lymphoma); we also used only 1 decimal in the formula:

Samples ¼ 3:6þ 106:8=ðCoverage%Þ
An example on how to use this formula and details of

some other cases with different areas of involvement by
lymphoma and the calculated number of sections that ran-
domly may detect such areas is displayed in Table 4.

Fig. 2 a Histopathology of capsules from patients who presented with
peri-implant effusion, negative for anaplastic large cell lymphoma.
Left: Section of capsule lined by synovium-like cells (also referred to
as synovial metaplasia). Inset shows detail of synovium-like cells with
a cylindrical to cuboidal shape, indistinct cytoplasm, and round to oval
nuclei of the luminal side of the capsule. The underlying stroma is
loose and lacks inflammatory cells. (Hematoxylin and eosin, ×100;
inset ×400). Right: Section of capsule devoid of synovium-like cells,
but displays underlying fibrosis, chronic inflammation and small
round clear spaces related with silicone material. Inset shows high
magnification of the luminal surface, with a thin fibrous layer, almost
acellular. (Hematoxylin and eosin, ×100; inset ×400). b Left: Immu-
nohistochemistry for CD30 in a capsule negative for anaplastic large
cell lymphoma highlights a single cell in the stroma. No cells are
highlighted in the luminal side of the capsule. Inset: A single small
lymphocyte is highlighted in the stroma. (Immunohistochemistry
for CD30, ×100; inset, immunohistochemistry for CD30, ×400).
Right: Cell block of peri-implant effusion shows small lymphocytes,
histiocytes and neutrophils. Inset: Immunohistochemistry for CD30 in
cell block highlights a single small to intermediate size cell among
other inflammatory cells. (Hematoxylin and eosin, ×400; CD30
immunohistochemistry, ×1000)
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Discussion

Breast implant anaplastic large cell lymphoma is an
uncommon disease that may be missed by clinicians, radi-
ologists, surgeons and pathologists because of the variable
and fragmented clinical, radiological and microscopic

appearance of this lymphoma. Particularly for pathologists,
in cases clinically suspicious for breast implant anaplastic
large cell lymphoma, lymphoma may not be readily
apparent at the time of gross examination; the neoplasm
may resemble a necrotizing, infectious or inflammatory
process with fibrinoid or granular material located on
the inner aspect of the breast capsule. In those cases where
the capsule wall is involved, there may be thickening of
the wall or mural tan-white nodules, but these findings may
be overlooked if they are inconspicuous. Thus, improper
assessment and processing of capsule specimens with breast
implant anaplastic large cell lymphoma could generate false
negative results. For example, unintentional separation of
the fibrinoid material with tumor cells from the capsule or
incorrect orientation of the sections ultimately can hamper
the ability of the pathologist to identify scarce lymphoma
cells microscopically and consequently delaying diagnosis.
Inadequate sampling also may explain some cases in which
tumor cells were identified in cytology specimens, but not
in tissue samples. The value provided from appropriate
staging lies in that depth of invasion (higher stage) has a
worst prognosis when compared with tumor cells confined
to the luminal side of the capsule [4]. Furthermore, the
assessment of margins derived from inking and orienting
the specimens as we propose enables the assessment of
resection margins, additional essential information to report

Table 4 Example on how to use a regression model formula to
calculate the number of sections that will hit a lesion (% area of tumor
involvement) with 95% certainty

Observed Observed Observed Calculated

Case # % Area of tumor
involvement (%
coverage)

# Sections
pos/total
sections

% Sections
positive

# Sections
needed for
tumor
detection

16 5 1/14 7 25

21 10 10/50 20 14

40 20 5/28 18 9

11 30 60/93 64 7

In a regression model, there are two constants b0 and b1 that minimize
the error between a line and all the data points using this equation: y=
b0/x+ b1, where b0= 106.9, b1= 3.6; x is the % area of coverage
(observed) To illustrate on how to use the formula, we have selected
case 21 in Table 2. # sections= 106.9/10+ 3.6= 10.7+ 3.6= 14.3
that can be rounded to 14 sections. Observed area of tumor coverage
(second column) and positive sections compared with expected
number of sections until first detection of anaplastic large cell
lymphoma in capsule. Therefore, we can enunciate: if a tumor of that
size (10% of the capsule area for case 21) is not hit after 14 hits, it is
very unlikely that additional sections will detect a tumor of that size.
Since we found that the median % area of tumor coverage is 10% for
44 cases of breast implant anaplastic large cell lymphoma we chose
case 21 for this reason, however, for completion, other cases with
different % coverage are also displayed. Note that a lower number of
sections is calculated to be needed as % coverage increases

Fig. 3 a Mathematical approach to calculate the minimum number of
sections (samples) to identify lymphoma cells in grossly unidentifiable
cases of breast implant anaplastic large cell lymphoma. The grey
square represents an hypothetical area of involvement by anaplastic
large cell lymphoma, and the multiple white rectangles represent
random sections to be taken in order to identify microscopic presence
of anaplastic large cell lymphoma. Notice that only one white rec-
tangle overlaps with the grey square. In the mathematical model, the
sampling stopped as soon as one white rectangle overlapped/hit the
grey square (area involved by anaplastic large cell lymphoma).
b Mathematical approach to calculate the minimal number of sections
to identify lymphoma cells in grossly unidentifiable cases of breast
implant anaplastic large cell lymphoma. These are the results of one
run of the simulation to determine a reasonable number of required
sections to obtain a positive result with 95% confidence. The regres-
sion equation and R2 value listed is computed with a simple linear
regression
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in breast implant anaplastic large cell lymphoma, since
complete excision is the cornerstone for cure of this lym-
phoma [15].

In this study, we confirm the presumption that lymphoma
can be identified in capsulectomies without a grossly
identifiable tumor mass. The extent of the tumor cells over
the luminal side of the capsule is variable, and ranges from
0 to 90% with a median of 10%. With current practices,
however, it was not possible to determine whether the tumor
was a continuum or multifocal, nor was it possible to
determine a preferential location of affected areas. One
might consider the possibility of “floating” lymphoma cells
falling down to the inferior aspect of the capsule just by
simple gravity, but this hypothesis is mere speculation and
could not be confirmed in this study. Of utmost interest,
although most cases showed lymphoma confined to the
luminal side of the capsule, 36% of cases had deep invasion
into the capsule or beyond the capsule in the form of small
nodular thickening of capsules, barely or not perceptible on
gross examination that microscopically revealed lymphoma
cell aggregates. The immediate implication of these data is
that undetected tumor may explain recurrence or progres-
sion of disease if margins are not adequately identified and
sampled. These limitations can be overcome with a sys-
tematic evaluation of complete capsulectomy specimens as
we have proposed.

On the basis of the results in this study and a better
understanding of breast implant anaplastic large cell lym-
phoma in general, we suggest that the College of American
Pathologists recommendations on the workup of breast
implants be updated. In this study, there was wide varia-
bility in the number of sections and paraffin blocks sub-
mitted per case. For example, in one case in which the
sections of capsule were small (1 cm), there were 147
blocks with adequate orientation of capsule. The overall
inner surface for evaluation in this case was greater than
another case in which the sections were 2 or 3 cm long, but
there were less than five blocks submitted. Moreover, as
mentioned above, poor orientation of the capsule also
influences the detection of tumor. In the cases grossed using
our protocol, most capsule sections submitted were no less
than 2 cm in length. We contend that two is a reasonable
number of 2 cm in length tissue sections to fit into one
cassette for obtaining adequate quality. Discretion and
future experience may dictate if more samples can safely fit
in one cassette while maintaining quality sections.

As an appendix, we propose a protocol for handling and
processing breast capsules without a grossly identifiable
mass in patients with suspicion of breast implant anaplastic
large cell lymphoma. Based on our experience we present a
theoretical rationale for sampling specimens without a dis-
tinctive tumor lesion using a mathematical model that
includes the extent of tumor cells and number of positive

sections, allowing a calculation of the minimum number of
sections to identify 95% of cases of lymphoma. We high-
light the value of preoperative evaluation, surgical evalua-
tion of preferred en bloc resection of capsulectomy and
implant with orientation of the excised specimen, accrual of
fresh specimens for specialty testing such as cytopathology
and flow cytometry immunophenotypic analysis, overnight
fixation and systematic sampling of the capsule with the
minimum number of sections to identify at least 95% of
positive specimens. We also emphasize inking margins and
on-edge embedding and sectioning given that about one
third of cases had infiltration by lymphoma within or
through the capsule, as well as the previously described risk
of events and lymph node involvement. We suggest this
protocol facilitates optimal handling, sampling and report-
ing of complete capsulectomies from patients with breast
implant anaplastic large cell lymphoma without a grossly
identifiable tumor mass.

By mapping the capsule in a systematic way after sur-
gical orientation, grossly not identifiable anaplastic large
cell lymphoma can be localized in the specimen and addi-
tional adjacent sections may be submitted for microscopic
evaluation. We believe that proper orientation of the capsule
is important to increase the rate of detection of breast
implant anaplastic large cell lymphoma and to determine the
distribution and extension of the disease into the capsule
wall and pericapsular soft tissues. We believe that adher-
ence to this protocol may lead to reproducible findings and
mapping of lymphoma cells in involved capsules, as shown
in Box 1. Furthermore, we recently showed that pathologic
staging has prognostic significance and therefore excellent
quality of orientation will facilitate better assessment for
staging [18]. Proper orientation and histologic sectioning
“on edge” allowed us to appreciate the entire capsule wall
thickness, from the luminal surface to the outer soft tissues
and margins. Additionally, our approach is necessary to
determine margin status since the presence of a positive
margin indicates the need for re-excision or other treatment
modalities, such as chemotherapy or radiation therapy,
although currently there is no consensus approach
[4, 6, 14, 19]. Importantly, breast implant anaplastic large
cell lymphoma should be considered a localized disease that
can be cured by complete resection, unlike systemic ana-
plastic large cell lymphoma [4].

It is important to emphasize that the gross examination
approach we propose is recommended only for those
patients in whom there is a suspicion for breast implant
anaplastic large cell lymphoma and not for all routinely
grossed breast capsules. In cases where the suspicion level
for breast implant anaplastic large cell lymphoma is
very low, we propose a protocol for gross examination
of uninvolved breast implant capsules (Box 2). Due to the
uncommon frequency of the disease, even referring
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surgeons at community institutions may not be aware of this
entity and consequently may not alert the pathologists of the
relevant clinical history. Education and sharing of infor-
mation from all specialists (oncologists, radiologists, sur-
geons, and pathologists) are crucial to performing state-of-
the-art care for these patients. Importantly, institutions like
the Food and Drug Administration have recognized the
importance of breast implant anaplastic large cell lym-
phoma. Through their MedWatch program, The Food and
Drug Administration Safety Information and Adverse Event
Reporting Program, the Food and Drug Administration has
publicized details of the disease and provided a website and
specifically recommends reporting new cases of breast
implant anaplastic large cell lymphoma to the PROFILE
registry (www.thepsf.org/PROFILE) [18, 20, 21].

Following the recommended protocol, personnel and
fellows are trained to follow the recommendations as out-
lined in Box 1–3. Before gross evaluation, we determine if
the specimen resulted from partial or complete capsu-
lectomy and if the capsule is intact (Fig. 4a) The assessment
for obvious fluid collections around an implant is per-
formed. Careful fluid aspiration with a sterile syringe and
needle are done for subsequent cytologic and/or flow
cytometry analyses (Fig. 4b). Then, we orient the specimen

following the surgeons’ indications and identify six land-
mark positions to guide subsequent sampling: superior,
anterior, inferior, posterior, medial, and lateral surfaces. For
cases without orientation and no distinct lesion, these
positions are assigned arbitrarily. On en bloc specimens, we
make a horizontal incision on the central portion of the
posterior surface of the capsule (Fig. 4c), and carefully
remove and save any residual fluid. Next, vertical incisions
of the posterior surface are made for careful implant
removal (Fig. 4d-f). Any clot or pieces of floating fibrin/
tissue contents that may be present within the capsule cavity
are submitted for histologic and/or cytological examination
including cell block as well as other ancillary studies
(Cytolite, cellblock preparation). Gross evaluation of the
implant is performed and we document the type of implant,
the surface type, and if it was intact or previously ruptured.
Then the implant and capsule are measured.

After, visual and palpation evaluation of the capsule for
any distinct lesion or mass is performed; its position is
recorded and described as granular, nodular, indurated,
fibrinoid, hemorrhagic or fleshy. The inspection is com-
pleted and the capsule is pinned flat with the outer surface
facing the paraffin board and submerged in 10% buffered
formalin overnight to allow for fixation (Fig. 5). Once

Fig. 4 Steps for proper handling and processing of capsules and
implants with suspicion of breast implant anaplastic large cell lym-
phoma. a En bloc resection of capsule containing the implant. Note the
specimen is oriented by the surgeon: Long stitches denote lateral
margin; short stitches denote the superior margin. b Preoperatively the
presence of peri-implant effusion was determined. A 50-mL syringe
allows aspiration of the fluid/effusion, as noted in the inset, to be sent

for cytopathology and flow cytometry immunophenotype analyses.
c Incision on the posterior surface, from lateral to medial allows
visualization of remnants of fluid and implant. Additional vertical
incisions (interrupted lines) allows for a better exposure of the luminal
surface of the capsule. d Implant in situ with opened capsule dis-
playing the luminal surface. e Detachment of implant. f Flat-opened
capsule displaying the luminal surface
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properly fixed, the outer aspect of the capsule is inked as
follows: anterior surface in yellow, posterior in black, lateral
in orange, medial in red, superior in blue, and inferior in
green (Fig. 6a). The ink on the outer surface of the capsule
is also actually the surgical margin. Then, we sample any
distinct lesions and record the location. Any mass or
thickening of the capsule should be sampled generously. If
a distinct lesion is not identified, two representative sections
of each of six aspects of the capsule should be taken
(Fig. 6b). Two slivers of approximately 2 cm in length
usually fit into one cassette (Fig. 7). This procedure allows
maintaining the capsule as one specimen as much as pos-
sible for the possibility further sampling is required. Dec-
alcification of the capsule sections may be needed if they
are too hard and calcified. We take photographs of the pre-
sampled specimen, contents of the capsule after the first
incision, the implant surface and inscription, the luminal

side of the capsule, fresh and post-fixation, and cross sec-
tions of suspected nodular or thickened areas. Histologic
sections on edge allow evaluation of the luminal and
abluminal surfaces of the capsule.

We propose a gross procedure for the handling of
pathologic specimens suspected to have breast implant
anaplastic large cell lymphoma. Our approach includes a
pre-operative as well as a post-operative evaluation of the
case (see Box 1), orientation of the specimen for thorough
sampling and look-back for any lesion identified on sub-
sequent examination. The approach we propose is a stan-
dard procedure at our institution and every suspected case
of breast implant anaplastic large cell lymphoma includes
previous fixation, pinning flat of the capsule, mapping the
specimen with respective sampling, and proper orientation
of the capsule for sectioning (on edge) (see Box 2). This
method renders excellent results for detection of breast
implant anaplastic large cell lymphoma cells and to a certain
degree, for evaluation of the disease extent. All the cases
that have been processed using this procedure have been
diagnosed as breast implant anaplastic large cell lymphoma
or at least showed atypical cells, which prompted the use of
immunohistochemistry to confirm the diagnosis. An addi-
tional advantage of the proper orientation of the capsule
tissue sections, is the identification of histopathological
findings that have not been previously addressed in other
studies [22]. Although one may argue that once the diag-
nosis of breast implant anaplastic large cell lymphoma is
made in cytology, the identification of tumor in the capsule
does not have a significant clinical relevance, we believe it
is justified to determine the pathologic staging and status of
margins, as mentioned above. Moreover, there are instances
where a cytology sample is not obtained, or the cytology
material is not definitive for diagnosis or is suspicious
for anaplastic large cell lymphoma; the evaluation of
extremely necrotic specimens is additionally challenging,

Fig. 5 Flat-opened capsule displaying the luminal surface pinned to a
paraffin board, ready to be submerged in 10% buffered formalin for
appropriate fixation. No obvious masses or lesions are seen grossly

Fig. 6 a After overnight fixation, the outer aspect of the capsule is
inked as follows: anterior surface in yellow, superior in blue, inferior
in green, medial in red, lateral in orange, and posterior in black. b
Inked specimen is sampled and is displayed after two representative

sections of each of six aspects of the capsule were taken and appear as
empty rectangles. We strongly recommend taking the samples of
capsule facing the luminal side
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and evaluation of the capsule may be the only available
material for diagnosis.

In summary, in this study we assessed the extent of
lymphoma cells and numbers of positive sections in com-
plete capsulectomies from patients with breast implant
anaplastic large cell lymphoma without a grossly identifi-
able tumor mass. We present our suggestions for best
practices for the optimal handling, sampling, and reporting
of these specimens and we present a mathematic rationale
for sampling when a lesion is not visible and randomly
distributed.
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