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Abstract

The management of breast cancer has changed awdadhcentury, with surgeries
becoming less invasive and adjuvant therapies begpmdispensible. Sentinel lymph
node biopsies (SLNB) have replaced axillary nods$ettions as a method of staging
an axilla in early breast cancer. However, 70% ldfiBs are negative. The aim of this
study was to determine if wecould decrease the ahteegative sentinel lymph node

biopsies?

A retrospective review over a 10 month period wadeantaken. Patients undergoing a
SLNB and who had a documented negative axillarsasttund report were included.
One hundred and fifty onepatients were eligible iforlusion. Patients’ ultrasound
reports and initial biopsy specimen characteris(E®R/PR/Her2-neu, LVI, Grade,

Location) were compared to their axillary nodabiimys on histology.

An ultrasound was able to predicpathologically negative axilla in 71.6% of patients
Exclusion of micrometastasimcreased the negative predictive value t082.8%. If the
ultrasound was negative in a histologically positaxilla, it was likely that only 3 or
less nodes were involved. Nodal metastasis could@@redicted based on the tumour
characteristics that were reported on the initiahaur biopsy specimens(ER/PR/Her2-
neu, LVI, Grade, Location)LVI and DCIS on the initial biopsy specimens were

poorly correlated with the final histology specimen findings..

The results show that an ultrasound cannot cugreefllace a SLNB as an accurate
means of evaluating an axilla. A clear limitatios the inability to detect

micrometastasis, however the role of micrometastasaxillary staging is diminishing.

Ultrasonographic evaluation of the axilla is cuthemmeported in a non-standardised
manner. Classification systems do exist, and ifiaggo current reporting will increase
the negative predictive value of ultrasonography.tie future, the combination of
improved reporting standards of axillary ultrasosindas well as the surgical
conservatism with regard to the management of mmetastasis and small volume

metastasis in the axilla will hopefully reduce thé&e of negative SLNB's.
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Chapter 1

1.1 Literature Review

Breast cancer is a major public health care burlisrthe most prevalent malignancy in
women worldwide and has surpassed cervical candéesanost prevalent female
malignancy in South Africa (1). Advances in awassj)escreening and management
have led to a dramatic decrease in mortality fromast cancer(2). The transition to a
biological model with the understanding that brezstcer is a systemic disease has led
to moredirected treatment. Anthracycline based chemotherapy is @ted to have
reduced the mortality by 38%(3).

The predominant model for breast cancer in th® &éntury proposed that breast
cancerwas a local phenomenon that spread contibyualasg the chest wall then into
the lymphatic system and throughout the body, knawrhe mechanistic model. The
Halstedian radical mastectomy had this model indnaffecting a cure by extensive
surgery - removing the breast along with its undeg muscles and including the
axillary structures(4). The associated severe rddybwas not unexpected and patients
carried the burden of their ‘cure’ for the resttloéir lives(5). In the late 1960’s Fischer
suggested a biological model in which the diseageome was based on the presence
of metastatic and micrometastatic disease leadirsystemic spread(6). This ushered in
the modern management of breast cancer — localataitthe breast and axilla with an
emphasis on systemic therapies to treat metastitt micrometastatic disease

elsewhere in the body.

The Halstedianradical mastectomy was modified total mastectomy with an axillary
lymph node dissection. Surprisingly at the timesréhwas no change in mortality(6),
but a significant decrease in morbidity was apparéne National Surgical Bowel and
Breast Project —-B04 (NSABP —B04) was the firsthef tandomized breast cancer trials
that looked at these endpoints, supporting theobiodl theory of Fischer (7). The
NSABP —B04, confirmed that axillary nodal statusswiae basis for prognosis and that

systemic chemotherapy plays a significant roldhearhanagement of the disease(7).
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The next evolutionary step in the management obdireancer was to be more
surgically conservative with the breast and breasservation techniques were applied.
Two large randomized control studies investigate@ast conservation surgery
(lumpectomy) with irradiation, compared to a matiety. The results showed that
there was no difference in mortality, except theechdor irradiation if a breast

conserving technique was employed(8,9).

As breast surgeries became less extensive, it p@arent that the axillary nodal status
was a key prognosticator of survival in early btemscer. However, at the same time
advances in imaging techniques and screening pregieadto less advanced and
insitu(DCIS)tumours being detected. Consequently, thatipesyield from axillary
nodal dissection was decreasing, with the majaftyatients having a negative axillary
nodal dissection(10). Current statistics suggeat 80 — 70% of newly diagnosed
patients with breast cancer have negative axijamph nodes(10,11). An axillary
lymph node dissection(ALND)has associated compboat such as lymphedema,
neuropathy, seroma and scarring (12,13). Theretl@eseasing the number of axillary
dissections would be beneficial to patients. Thigaatage provided the impetus for the

concept of a sentinel lymph node biopsy (SLNB).

A sentinel lymph node biopsy (SLNB) is a minimaliywasive technique of axillary
lymph node sampling. It is based on the premise liheast malignancies spread in a
predictable manner to the axillary nodal basin, tradinitial spread is to a node termed
the sentinel node(12). When compared to an axilengal dissection, a SLNB has a
95% sensitivity and an almost 100% specificityriodal metastasis(13).

The rate of negative SLNBsin women with early breamcer is 70 — 80%(14). In the
last decade, ultrasound of the axilla has been tes@dther stratify patients in order to
decrease the rate of positiveSLNBs by preseledinoge patients that may proceed
directly to axillary nodal dissection. The detentiof positive nodes has been further
enhanced by the use of a fine needle aspirate (FN#g core biopsy

technique(10,15).Due to the application of minimalvasive biopsy techniques to
exclude positive axillas, 70% of sentinel lymph esdvill be negative in patients with

early breast cancer (16).
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In summary, there has been a revolution in the g@mant of breast cancer within the
last century, from aggressive and debilitating stigs to less invasive methods.

While substantial progress has been made to daéstigns remain with regard to the
optimal management of the axilla in the modern myan@ent of breast cancer. The aim
of this study is to investigate the possibilitydscreasing the rate of negative sentinel
node biopsies. Using a combination ofaxillary asound findings, tumour
characteristics and additional imaging techniquesim is to identify a cohort in whom
a ‘negative’ axilla can be safely predicted in a+wvasive manner. This would negate
the value of performing a SLNBIn the identified ooy thus taking a stride in the

advancement of treating breast cancer.

The breast cancer literature has not focused sgatjf on this question. In order to

better understand the subject, the literature ve¥oeused on the following subsections.

1. SLNBs: A comprehensive review on the subject watetaken.
2. Imaging techniques of the axilla,and its valugiedicting malignant lymph
node involvement.

3. Tumourcharacteristics and their value in predictymgph node metastasis.
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1.2 Sentinel lymph node biopsies

Sentinel lymph node biopsy has become the stanofahre for patients with early
breast carcinomaand a clinically benign axilla. Tih& reported cases stem as far back
as 1994. It is a well recognized technique that basn validated by multiple
prospective randomized controlled studies. Howewadthough it has been widely
accepted, there are many controversies that gigt.eWithin the aim of this study, if
aSLNB is intended to be replacedwith a non-invasmethod, a thorough understanding

of the nuances of the technique is required. Wiliis is a detailed review of SLNBSs.

1.2.1 Concept of sentinel lymph node biopsyand teclgue

The SLNB concept is an appealing one, and thisamip fuelled by its simplicity. The
‘sentinel nodes’ are the nodes that the tumourh@mught to first spread to. The
procedure is facilitated by two techniques: a bldye injection or by

lymphyscintigraphy aided by the use of a radio&ctsotope and a gamma probe.

The term ‘sentinel node’ was coined by Gould einal962 in describing a metastatic
lymph node of the parotid gland(19). His rationde using the nodal histology as a
precursor to radical neck dissection was similathi® current concepts used in breast
cancer. The first critical use of a SLNB was by &ads in 1977. He observed that in
patients with penile cancer, if their ‘sentinel pb@vas negative, their 5 year survival
was in excess of 90%. This is in comparison toepdi with involved lymph nodes who
have a50%5-year survival (20). This led him to ¢baclusion that those patients with
a negative node did not require any further surgdry study was elegant, however he
was erroneous in his presumption that the nodealvesys in a fixed place(20).At the
same time, interest was mounting in the potenialavoid elective lymph node
dissection in intermediate thickness cutaneous moeta. The pioneers of the technique
investigated patterns of nodal spread in melanoofashe back and around the
umbilicus, as the spread of melanomas in thes@megivereknown to be variable. In
1977 cutaneous lymphoscintigraphy using vital llyes was used to map at risk nodal
basins in order to perform a more selective lymptendissection. The technique was

then extrapolated to inguinal nodal dissectionhwite deep system only requiring an
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exploration if Cloquets’ node was positive(21).Glets’ node is a fairly constant node
found in the femoral sheath, just below the inguligament and is the most superior
deep inguinal node.The next breakthrough was teeotisadioactive colloidal gold for
the mapping of cutaneous melanoma, in order toegtiee selective lymph node
dissection further(21). In the 1980’s, with the andvof the S100 protein, the building
blocks of the ‘sentinel’ concept took a leap. TH®® protein had the ability to detect
melanoma cells that were not found on standard te&amlin and Eosin (H&E)
staining. These occulttumour deposits brought @nréalization that only a relatively
small number of nodes closest to the primary tunmawe metastatic disease.To Morton
et al, this meant that the malignant cells museaprto a specific node within the
regional basin and then further away to other lzasiinis in turn was the impetus to
find the ‘sentinel node’(22).

The clinical technique of dye mapping for sentilyghphadenectomy was presented to
the Society of Surgical Oncology in 1990(23). Ireithstudy, Morton et al had237
sentinel lymph node biopsies, in which the sentinetle was detected in 82% of
biopsies. More importantly, their false negativéeravas less than 1 %(23). This
prompted a 5-year phase 3 trial, the Multicentde@we Lymphadenectomy Trialthat
randomly assigned patients with melanoma to widallexcision or wide local excision
with lymphatic mapping andSLNB. The trial aimedrezruit 1600 patients, but even
before it reached its target, the techniqgue waptadoby clinicians treating melanoma.
Preoperative dynamic lymphoscintigraphy was utilize map the basins as to ensure
that no nodes were missed. This evolved into ipegative lymphoscintigraphy with a
radio colloid tracer and a hand held gamma prolueasribed by Alex et al in 1993(24),
which was another breakthrough in sentinel lympHdenbiopsies. This technique was
then adopted in breast surgery with the same gajupvestigators reporting their
technique of lymphoscintigraphy in breast cancengisa gamma probe(25). The
validation of this technique in breast cancer bagar994.

The sentinel node in breast cancer can be fountivoymethods — blue dye and by
lymphatic mapping using a radio-colloid with anragperative gamma probe. Within
these two methods there are differences in apmitatith regard to location of

infiltration of the blue dye and the type of radioloid as well as using the methods in
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combination or alone. The underlying theme in theseying methods is the
understanding of the drainage patterns of the bresappey et al described the
communication of the underlying lymphatics of thppte areolar complex to the breast
parenchyma over 100 years ago — Sappey'ssubardghaphatic plexus. The
understanding was later extended to include th&atpsal axillary nodes as the drainage
area of the breast parenchyma(26). In summary, atip spread from the subareolar

plexus drains into the axillary lymph nodes.

The methods of dyel/tracer infiltration are subaady] peritumorally with
intraparenchymal, intradermal or even subdermaiciigns. The gold standard was
thought to be intraparenchymalperitumoralinjectamit would reflect the drainage of
the individual tumour. However, when using radidiaid in the upper outer quadrant
of the breast, the technique becomes more chatigrag there is considerable ‘shine
through’ whilst using the gamma probe(27). Beitgthal compared the drainage,as
described bySappey’ssubareolar plexus, using blaewliththeperitumoral injection of
radio-colloid. Their results showed a 94% detectate of the sentinel node, and in this
there was a 99% concordance (blue and radioacbetyeen the dye and radio-
colloid(28). This concordance of subareolar bluee dnd sulfur-colloid injected
peritumorally has been validated in other prospecstudies as well(29). Subareolar
injection of dye is also an option in patients withn-palpable tumours. The combined
technique of peri-tumoralradio-colloid and subaaeoblue dye orvise versa is a

technique commonly used whilst providing good resgar).

The literature is replete with conflicting studiedwregard to radio-colloidrersus blue
dye or the combination of the two techniques. Kimalepublished a meta-analysis on
the subject. They included 69 trials with 8059 gaiis. The results of this meta-analysis
favoured the combination of dye and colloid ovéhe procedure alone(30). When the
combination is used, the false negative rate deeseto seven percent, as opposed to
10.9% with dye alone or 8.8% for radio-colloid agofp = 0.0047)(30). This is the best
evidence available regarding the technique of dyeazer infiltration and it favours a
combined technique. The learning curve of the pooe was highlighted in a

multicenter study using the combination techniggimwing that the false negative rate
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decreased from 13% to 4.3% after the operator hedonmmed in excess of 30

procedures(31).

1.2.2 Advantages of a sentinel lymph node biopsy

The advantage of performing a SLNB is that an ALN&h be avoided in SLNB
negative individuals. Axillary surgery is commonassociated with the following
problems: Lymphedema, pain, paraesthesias andddraubrbidity (7). Sentinel lymph
node biopsy is reported to decrease the rate gbliygglema and sensory loss from 13%
and 19% respectively in the ALND group to 5% and?8.respectively in the SLNB
group (17). The ALAMNAC trial (a randomized Multiceer Trial of Sentinel Node
Biopsy Versus Standard Axillary Treatment in OpéralBreast Cancer) was a
randomized controlled trial that investigated 1Q@@itients, randomized to two groups
(axillary dissectiorvs SLNB) and followed up for 12 months, specificalboking at
quality of life outcomes with regard to shoulderdaarm morbidity. Their results
showed a relative decrease of 0.37 in both lympimedand sensory loss (18). In
addition they had a statistically significant des® in length of hospital stay, drain
usage and time of return to normal daily activit{@8). The conclusion from the
ALMANAC trial is that the avoidance of an ALND hasubstantial benefits to the

patient, however, the complications are not conepfenitigated.

1.2.3 Validation of sentinel lymph node biopsies

In the mid 1990’s, as the SLNB technique was benogularized, a number of
landmark prospective validation studies were ptilis In 1998 Krag et al published
their pilot study in the New England Journal of Maake (32) in which they had 443
patients whounderwent a SLNB, using radio-collommbined with a gamma probe,
followed by a completion axillary nodal dissectidine overall rate of identification of
the sentinel node was 93%, with a negative predieatalue of 96%, whilst the false
negative rate was 11% and all surgeons involved pexormed an average of 11
procedures(32). In 1994 -1995 Giuliano et al usétk llye alone, to perform a
validation study on 113 patients. The identificatrate in this study was 93.5%(33). In
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1999 Veronesi et al published results on 376 pitienwhich they used a radio-colloid
with an intraoperative gamma probe. They identified sentinel node 98.5% of the
time, with a false negative rate of 6.7%(11). Ie ttonclusion to their paper, they
identified the need for a prospective study todetk the omission of an ALNDin a
patient with a negative SLNB(11).

In 2003, Veronesi et al published the long termitesof their earlier reported

prospective randomized controlled study (11). Hguiandomized 516 patients into a
sentinel only group and a sentinel plus axillargsdction group, they followed the
patients up for a mean of 46 months. There wereases of overt axillary recurrence in
their follow up, but the levels of pain and discomfwere lower in the sentinel only

group(34).

1.2.4 Indications and contraindications for sentinelymph node biopsy

A SLNBis indicated in a patient with breast cana#io is clinically node negative(2).

This would infer early stage breast cancer, lingititnto a stage 1 or 2cancer.

The learning curve associated with sentinel lympbenbiopsies is approximately 30
procedures(31,35).Surgeons who have performed 8BS, should be proctored or
refer their patients to a centre that performs S&ENBmportantly, an absolute

contraindication to SLNB is biopsy proven metast@sithe axilla.

As more women postpone having children until theyyia their thirties, the prevalence
of breast cancer during pregnancy is on the inetedlse use of sentinel lymph node
biopsy in pregnancis not recommended(2). Blue dye is contraindicategregnancy
due to fears of teratogenicity, and radio-coll@chbt recommended although there are
retrospective studies that show that there is arlskvto the fetus’s(36). If it were to be

carried out, waiting until 30 weeks gestation womlchimise the risk to the fetus.

Other concerns about SLNBs are raised in patiertts multifocal/multicentric disease

and in patients who have had previous breast dapxsurgery.
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The recurrence rate for breast conserving therapgported to be 5% - 15%(37).In
patients who have had previous axillary surgerg,litkelihood of detecting the sentinel
node decreases to between 55% and 75%(37).Howeneraases to 95% - 99% if the
previous surgery was a SLNB or an excisional breagisy. The accuracy decreases in
proportion to the number of nodes removed, esggdiamore than 10 are removed.
Aesthetic procedures have minimal effects on SLNMBueacy. Radio-tracer should be
employed in the mapping as it gives informationwhextra-axillary sites of malignant
spread. The logical conclusion would be that isa$e to perform a SLNB in patients
that have had a SLNB or breast conservation surgély a recurrence, on condition
that they have had less than 10 nodes previoustpved and the use of radio-colloid
tracer is mandatory. Patients should be awareeoptssibility of failing to identify the
sentinel node, and despite this it is still worttelmpting a SLNB. Patients with re-
operative breast surgery undergoing SLNB, shouldnbmed that in the case of a

sentinel node not be found, an ALND must be peréatnpreferably at the same setting.

Kim et al investigated the use of SLNB in multifdoaulticentric disease byinjecting
radio-colloid and blue dye into the separate lesi@amd found that the different lesions
had the same drainage patterns (38). The same gexlip follow-up study comparing
the accuracy of SLNB in patients with multifocalMicentric disease with
unifocaltumours(38). In this study they had 803faral and 139 multifocal tumours
that underwent SLNB and were followed up by ALNIheTmultifocal group showed a
97% identification rate with a 7% false negativéeravhich was equivalent to the
unifocal group. This finding dispelled the concewer the inaccuracy of SLNB in

multifocal/multicenteric disease.

The use of neoadjuvant chemotherapy to downstagerldumours or patients with
involved nodes has created another dilemma. Newadjichemotherapy is commonly
used in treatment protocols for locally advanceelabt cancer. From the NSABP-18
trial, we know that it does not offer any surviaavantage(39). However, it increases
the rates of breast conservation surgery, and etieallyit assesses the-vivo response
of the primary tumour and metastatic nodes to thenwtherapy(40). Preoperative
chemotherapy can completely clear axillary nodeduafiour cells in 23% of node

positive axillas, and eradicate micrometastasia tevel of 10% as is seen in ‘node
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negative disease’ (41). However, does preoperatieenotherapy have any bearing on
the sentinel lymph node status? Some of the reagwes as to why pre-operative
chemotherapy might be a problem in assessing thee iodal status of patients, is
excessive fibrosis of the lymphatics caused by dibkarapy, a blockage of the
lymphatic channels by malignant debris, and the flaat patients given neoadjuvant
chemotherapy are more likely to have involved nGt&s A prospective multicenter
trial is currently underway in an attempt to anstes question. Indeed, the ACOSOG
Z1071 trial will evaluate the effect of chemothegragn biopsy proven axillary nodal
metastasis. The primary objective is to determihe false negative rate post
preoperative chemotherapy. There are reports oflamaublished trials which also
investigated this problem to find an answer to tjugstion. For example, Classe et al
enrolled 192 patients over 4 years in 12 centregluating preoperative chemotherapy
on rates of SLNB detection. The conclusion of gtigdy was that the results obtained
were similar to those inearly breast cancer. Thedien rate was 90% and the false
negative rate was 11.5%(43). Furthermore, Kueteal goublished a review article
involving all available studies that assessed SLWiBh neoadjuvant therapy. The
resultant identification rate was 83 — 100% in 1RBestudies assessed and the conclusion
was that these results did not differ from SLNBhaiit preoperative chemotherapy(42).
The German SENTINA (SENTInelNeoAdjuvant) trial of het AGO-B
(ArbeitsgemeinschaftgynakologischeOnkologie) is@spective multicenter study that
examines the role of SLNB in the neodjuvant settigre than 1500 patients will be

included. This trial will also help answer this taversy.

In summary, the only contraindications to SLNB &fepsy proven metastasis or a
clinically positive axilla. The relative contraimditions are pregnancy and previous
breast (not aesthetic) or axillary surgery. Impaitig multicentric/multifocal disease is
not a contraindication and in patients who have maohadjuvant chemotherapy SLNB
appears safe, however we await the results of @@30G Z1071 trial and the German
SENTINA study.
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1.2.5 Ductal carcinomansitu and sentinel lymph node biopsies

Controversy remains with regard to the indicatibms SLNB in patients with ductal
carcinomainsitu (DCIS). Ductal carcinomansituis defined as a neoplasm that has no
histological features of invasion. It is commodiggnosed on a core biopsy sample of
the breast, and a treatment plan is formulatedheset results.Alarmingly, population
based screening programs have resulted in an expahnacrease in the number of
patients with DCIS. The incidence in the USA hagaeased from 5.8/100000 in 1975to
32/100000 in 2005(44). Pure DCIS has a reportedafaxillary metastasis of between
2% - 13%(45,46). However, core needle biopsies whheport DCIS, have invasive
cancer in the specimens in 8 — 38% of cases(47&@g needle biopsy has obvious
advantages over an excisional biopsy but due tosthall area sampled, an invasive
malignancy may be missed. Ansari et al includedt2@ies in their meta-analysis and
they found that 7.6% of patients with DCIS on bippecimens harboured axillary
metastasis. Their conclusion was that it was resserto offer a SLNB to patients with
DCIS (50).

Moreover, Goyal et al performed a retrospectivaensvof 587 patients with DCIS.
Their invasive malignancy rate result on final disgy was 38% (51). Multivariate
analysis revealed that a mass, on clinical examimatr imaging, was the best predictor
of invasive disease(51). Of the patients that haduallary examination, 13.6% had
metastasis — all of these patients had invasiveades In another retrospective study of
110 patients, invasive disease was associatedhigth grade DCIS on core biopsy in
93.6% of the patients(52). This however is not asaient finding, and invasion is
often associated with intermediate grade DCIS. iPted of both a positive and
negative axilla are inconsistent in DCIS. The gaheonsensus is that a SLNB is
required in DCIS if the clinical suspicion for irsige malignancy is high, the patient
has a mass or high grade DCIS or if a mastectorbgirsg performed.If a SLNB is not
performed during a mastectomy or lumpectomy for CGind on final histology the

specimenshows invasive cancer, axillary stagingsuibsequently be required.
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1.2.6 Controversies in sentinel lymph node biopsy

1.2.6.1 Micrometastasis and isolatedtumour cells

The significance of micrometastatic disease indireancer remains a controversy as its
clinical relevance is not fully elucidated. The reumt classification defines axillary
metastasis into three categories: as macrometms{asi2.0mm), micrometastasis
(0.2mm - 2.0 mm) and isolated tumour cells (ITCPJO- 0.2mm) (2). Isolated tumour
cells are stained by immunohistochemistry only aralnot visible on light microscopy.

The average harvest from a SLNB is 1.5 nodes pssgul to more than 10 nodes in an
ALND. As there are fewer nodes to examine, thishaseased the scrutinyofthe lymph
nodes and hence, thedetection of micrometastasisb@ased. Immunohistochemistry
has aided in detecting metastasis which are lems Bmm in size,and these small

volume metastasis have led to intense debate.

In an effort to quantify the false negative rateéstfNB using standard light microscopy
with 0.2mm specimen slices, Weaver et al undereskudy where, they re-examined
the negative specimens from the NSABP-32 studyGB¢cimens were sliced, from the
original 0.2mm slices, into 0.1mm and 0.05mm sliaed were examined under light
microscopy. They wereaided by a computer assistdd counter to examine the

specimens and found that 64 (27%) of the 236 sargllewed metastasis, thirty were
detected by light microscopy alone and 34 were atiete by the cell counter.

Twentyfiveof themetastasis were less than 0.03nmah 48 were less than 0.1mm.

In their follow-up study the significance of micretastases, and its impact on overall
survival was evaluated. Weaver et al in 2011publish study analysing 3887 patients,
with negative sentinel nodes. Women with breasteawere randomly assigned to a
SLNB and ALND, or SLNB alone. The negative specimerere subjectedto further

sectioning and immunohistochemistry, resulting i6589% rate of occult metastasis.

The results were separated into two groups - a teiiap ALND or no ALND (SLNB
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only). The 5-year overall survival (OS) differengas small at 1.2%. The survival was
94.6%(ALND) and 95.8%(SLNB).However, this was sttitally significant (p= 0.03).
There were also significant differences betweeratie free survival and distant disease
free survival, but again the absolute numbers serall. The recommendation was that
although there are differences in overall survit@aither analysis of all negative nodes

was not recommended (54).

In contrast, the ACOSOG Z0010 trial, the MIRRORiltand in a review by Billamoria
et al, showed that there was no statically sigaificdifference in overall survival
between a completion ALND and SLNB alone in pasentwith
micrometastsis(35,81,82).However it was noted thatmajority of patients received
adjuvant systemic therapy and that it seemed torawgp their 5-year disease free
survival. One would make the assumption that mietastasis are smaller metastasis
and will grow and spread, however the literaturesdoot support this finding. Indeed,
The NCCN guideline on breast cancer recommendsigpasatment decisions on H&E

staining only and routine immunohistochemistryasitioned against(2).

In summary, although micrometastatic disease igyaasssed on routine H&E staining,
the presence of micrometastatic disease does aot sehave an impact on the overall
survival especially when adjuvant systemic adjuvdrdrapy is administered. With
reference to this study, it is important, as arcleaitation of ultrasonography would be
the detection of micrometastatic disease, howedvemiere not clinically relevant then,

this limitation would be minimised.
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1.2.1.6 Isaxillary dissection necessary after a piise SLNB?

This is currently the most controversial topic iredst cancer and is also the most
relevant to our study. The ACOSOG Z0011 is a rdggmiblished prospective non-
inferiority trial(56) wherethe aim was to assessSIENB alone was non-inferior to
completion ALND in T1 (< 2cm) and T2 (2 — 5cm) attis with positive SLNBs. Al
patients had breast conservation therapy combin#dwhole breast irradiation (not
axillary radiation). The trial recruited patient®mh 1999 — 2004 and was terminated

prematurely due to poor accrual.

The results were surprising.No difference was foumdocal or regional recurrence
rates and the 5-year overall survival was 91.8%meALND group and 92.5% in the
SLNB alone group. The conclusion was that it wafe $0 omit an ALND in patients
with less than three nodes positive on SLNB, inahtl T2 tumours receiving whole
breast irradiation. However, the criticism of thigl is that it was underpowered to

answer the question, and we await further evidémseipport its findings.

Of note was that 97 of 355 (27.3%) patients inAh&!D group had further metastasis
on ALND. Extrapolating this incidence to the SLNBgp, an assumption can be made
on the number of metastatic nodes not operatechdhe SLNB group. Importantly,
96% of patients in the ALND and 97% in the SLNByogftoup received anthracycline-
based chemotherapy(57). The chemotherapy decigieres based on the initial tumour
biology and characteristics and not on the SLNBifigs. This confirms the assumption
that irradiation combined with systemic therapynteolsthe axillary metastasis left
behind after a SLNB. So in summary, there is thudesce for not proceeding to an
ALND in well selected patients with a positive SLN&d who are to receive

anthracycline based chemotherapy as well as whekesbirradiation.
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1.2.1.6What is the role of intraoperative frozen sgion analysis of sentinel lymph

node biopsy?

There are two strategies for dealing with the stggof the axilla. The first is

performing an upfront SLNB, and the second is camimigi it with the definitive surgery.

The advantage of combining the procedures is tle@gntion of a second general
anaesthetic with its incumbent morbidity to theigrat but the disadvantage of frozen
section is the potential damage to the tissue dusettioning, rendering it inadequate
for H&E staining. Combining the procedures makescpical sense in a patient who
does not requirea complicated onco-plastic recoatm or in a patient undergoing a
definitive mastectomy.However, the underlying qigstthat remains is: - are the
results reliable and does the risk of a secondeghar@ justify the false negative rate of

intraoperative frozen section?

The reported accuracy of frozen section is 90%.3%3 with a false negative rate of
28.4%(58,59). The converse is that the sensitigi§6% - 71.6%, and these patients are
spared a second operation. Although the false ivegedte might appear to be high,
only 26% of the false negative patients had macetastasis. The overwhelming
majority hadmicrometastatic disease — decreasirgy fdlse negative rate to an
acceptable 7% (59). This highlights the importaotenicrometastatic disease and its

treatment.

In conclusion, frozen section is a valid technidae decreasing the morbidity of a
second anaesthetic, and is accurate in 90% of.cBlesassociated high false negative
rate represents small volume metastasis in therityagd patients and a SLNB alone, is

the current treatment for these micrometastasis.

1.3 Ultrasound and its use in the axilla

The use of ultrasound in the evaluation of a patieith breast cancer has become
commonplace. The reported sensitivity of clinicehmination for detecting a negative
axilla is reported to be 38%(66) and patients wattclinically negative axilla are

candidates for a SLNB. In an effort to streamline mmanagement algorithm, ultrasound
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of the axilla with a FNA is being used to identgdgsitive nodes, and patients with FNA

proven metastasis can proceed directly to an ALKNDew-adjuvant chemotherapy.

A high frequency probe is required to perform aillay ultrasound. Close attention
should be paid to inferior aspect of the axillao@ethe insertion of pectoralis minor, as

this is a common place for the sentinel node téohad(60).

Lymph nodes have ultrasonographic features thagjesigmalignant infiltration.In a
normal node, the hilum is hyper-echoic and theesors hypo-echoic. Anatomically,
lymphatic channels enter lymph nodes at the perghtwrtex and the blood supply is
derived from the hilum of the node. Normal lympldas have the following features:

1. Oval in shape

2. Fatty hilum

3. Thin peripheral cortex(61)
As the metastatic cells infiltrate the node frora ymphatics into the cortex, the cortex
gets thicker and the hilum proportionately smallentil it is entirely replaced by
malignancy. Ultrasonographically, the initial feiss are a thickened cortex with a
normal hilum. The cortex thickens, the node logssoval shape as the hilum is
displaced, and the entire node is replaced by nai@sleposits(62). The hypo-echoic
cortex gradually fills the entire node(63).

Table 1.1: Malignant features of lymph nodes

CORTEX HILUM
Markedly Hypo-echoic Eccentric
Lobulated Replaced

Several methods are reported which characteriz@hynodes,however there has not
been standardization in the reporting of ultrasostutlies. This lends itself to the
endogenous bias of user dependency in ultrasonegrap addition, the focus has been

placed on predicting positive nodes, with less emshon predicting true negatives.

Bedi et al proposed a more objective classificatioh evaluating nodes for

metastasis(64). The proposed classification wadas the cortical morphologic
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features of lymph nodes on ultrasound. In theidwtunter-observer correlation of

positive or negative nodes was 88%. Their clas#ifbtn consisted of Types 1 — 6.
Types 1 — 4 were classified as benign, ranging fingpo-echoic with no visible cortex,

to thickened hypo-echoic generalized lobulationpdsy 5 and 6 were malignant.
Combining a FNA with ultrasound can reduce the Suid&# by 14%(60). Of interest

to my current study, the negative predictive valas 96%, and this increased if Type 4
was excluded. Maximum cortical thickness and ‘apgpeee of cortex’ are the best
predictors of nodal metastasis (60).

The accuracy of ultrasound of the axilla is difficto ascertain due to the non-
standardized manner in which reporting takes plakiearez et al conducted a
systematic review on the subject, and their findingiere very varied and
heterogeneous(65). Within the prediction of po#itivusing the sonographically
measured size of the lymph node, the sensitivitged between 48.8% and 87.1% and
the specificity was between 55.6% and 97.3%. Usimgrphological criteria for
positivity, the sensitivity was 26.4% to 75.9% asykcificity was 88.4% to 98.1%.
Unfortunately, they did not investigate the accyrat sonography in predicting a

negative axilla.

Nori et al published results of 147 women with Btezancer, in whom ultrasound was
combined with core biopsy if the node was suspgifmr malignancy. The sensitivity

and positive predictive value in this study was24b.and 63.1% respectively. The
negative predictive value was 77.2% (78/101). Outthese 78 patients, 23 were
positive on histology (false negative). Twenty ofithe 23 had micrometastases only,
and only 1/23 had more than 3 nodes involved(663. a&n thus say that ultrasound
cannot accurately detect micrometastasis, howeveegative ultrasound appears to
accurately exclude metastasis involving less thawdes. With respect to the inability
to predict micrometastasis, this is probably indigant, as micrometastasis do not
appear to have a clinical significance.These agontant results, as they highlight the

guestion of the need for a SLNB in the face of d performed negative ultrasound.

In the largest study published on this subject, @060f 398 patients with a negative

axillary ultrasound had positive nodes on SLNB(@¥%is is a negative predictive value
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of 79%. Of the patients who had a positive SLNB amblsequent ALND, 59% had only
the sentinel involved and none had more than 3 s\adelved(67). Even though the
criteria for negative nodes were not standardidesinegative predictive value of 79%is
acceptable. Furthermore, in the ultrasound negatiita, it is unlikely that more than 2
nodes will be positive. In addition, in another jisiiied series,Ragupathy et al showed a

sensitivity of 86% for predicting negative node9(68

To summarise the role of ultrasonography in detgatiodal metastasis from the above,
we can conclude that:
1. A comparison of the literature is problematic asréhis no standard method of
reporting findings
2. The sensitivity of detecting positive nodes rangely between 45% - 85%, and
when combined with FNA/Core biopsy, it improves #pecificity of a positive
cytology to 100%.
3. The negative predictive value isderutilised. It predicts a negative axilla on
average 75% of the time, and when it is falselyatigg the tumour deposits are

invariably micrometastasis, or involve less thaie¢émnodes.

1.4 Predictors of lymph node metastasis in breastocer

The management of breast cancer has evolved.lndivicharacteristics of a tumour
prognosticate their behavior, aiding in the deteation ofthe need for adjuvant therapy
fortumours with borderline indications, bringing akser to individualizing cancer

treatment. The ability to predict lymph node metast on the basis of the primary
tumour characteristics would allow us to tailoatreent systemically and locally to the

axilla.

Patani et al conducted a systematic review on tpmctand classified possible
predictors into the following categories: - cliflicaadiological, pathological and
molecular(5). Ultimately the conclusion was thagrth was insufficient evidence to
recommend any specific marker to be used for tlegliption of axillary lymph node
metastasis(5). Clinical parameters assessed ituthewere age and palpability of the

primary tumour. The hypothesis was that younger age palpability of tumour were
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associated with lymph node metastasis. These laged sensitivity across the
spectrum of age categories(5). Of interest to shigly is that the combination of an
ultrasound negative axilla together with other preds has not specifically been
looked at.

The main pathological characteristics are tumourze,si tumour grade,

multifocality/multicentricity, hormone receptor sta and lymphovascular invasion.

With regard to these parameters, a size of less1Benm correlates with a 10% chance
of having axillary metastasis, and a tumour of ld&s 25mm has a 15% chance of
carrying axillary metastasis(69), however,usedsoiation this isa clinically unreliable

parameter as even small tumours can have extem&tastasis.

In breast cancer the tumour grade is commonly teddsy using the modified Bloom
and Richardson scale (78). It includes a measureuofear pleomorphism, cellular
proliferation and tissue differentiation, and gradeout of a total score of nine. There is
a well recognized correlation between tumour grade lymph node metastasis,
however, it does not have the sensitivity to beussteenough(70). The Ki67 index
which is a measure of the mitotic activity, is aaependent predictor of lymph node
metastasis(71). Histologically the following sulpég of ductal carcinoma have been
associated with fewer lymph node metastasis — HRupuMucinous, Cribriform,
Medullary(72).

The presence of a multifocal/multicentrictumour Heeen shown to be predictive of
axillary nodal metastasis(73). Lymphovascular imashas also been associated with
lymph node involvement and in their study, Vialeakshowed a 5.1 fold increase in
lymph node metastasis when lymphovascular invadidtl) was present(72). D2-40

(Podoplanin) is a pathological stain and a markéyraphangiogenesis. When positive

it is widely used as a surrogate for lymphovascuaasion (78).
Hormone receptor status (Er/Pr) has not been fiBshias a specific marker of lymph

node involvement. Her-2 (Human epidermal growthida@) over expression has been

associated with a more aggressive type of breastecahowever, over expression has
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also not consistently being found to be associadédincreased lymph node metastasis
(80).

The location of the tumour in relation to the btehas a bearing on lymph node
metastasis. In a prospective study of 135 patieptSusini et al specifically included
axillary ultrasound into their algorithm. A Ki67 20%, a positive ultrasound and a
tumour in the right upper quadrant (RUQ) were cstesitly associated with nodal
metastasis. Conversely, inner quadrant tumours witki67 < 10% and a negative

ultrasound predicted negative nodes(74).

The breast research group at Memorial-Sloan Katglerecognized the factors alluded
to above as risk factors for metastasis, but afsterstood the cumbersome nature of
applying them within a clinical context(75). Thegciuded 3786 patients in their
database and developed a nomogram to predict moelalstasis. Multivariate analysis
showed a statistical significance for the followingariables: histology, size,
multifocality/multicentricity, location, and ER/P&atus. Thedeveloped nomogramwas
adapted for use on smartphones and personal corspuéking it clinically applicable

(www.mskcc.org/nomogram#lthough admitting that their nomogram is notfpet, it

can be used as a tool to educate patients onrisleinf nodal metastasis (75).
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1.5 Summary of the literature review

Significant strides have been taken in the managemiebreast cancer over the last
century. A level twoALND remains the gold stand&wd staging an axilla. However,
there is a clear benefit to a SLNBand there has beghift towards performing SLNBs
in early breast cancer. In this literature review have taken a journey through the
history, have examined the validation studies al ageevaluated the evidence for the
indications, the controversies and thecomplexitiethis technique. A SLNB has been

proven to be equivalent to an ALND in the appragtiaselected patient.

However, as shown, the majority of SLNBs (70%) maegative (14 — 16). This is the
motivation for this study. Can we safely predictiethaxilla will be free of metastasis

using non-invasive means?

Included in the literature search is a review am dhility of ultrasonography in staging
an axilla. Much of the focus in the literature theen on predicting positive nodes, and
this has been met with mixed success. Howeversehsitivity for predicting a negative
axilla approaches 75% (66). This is not accurataigh to replace a SLNB. So, the data
was scrutinised, focusing on the false negativekimvithe cohort of Nori et al and it
was discovered that the majority of false negatiwese patients with micrometastatic
disease. An ultrasound will never be able to detaatrometastatic disease, but
examining the literature led me to question thaificance of micrometastatic disease.
| discovered that an ALND is not mandated aftedifig micrometastatic diseasein an
axilla(35, 81, 82), and this is counter-intuitivurported reasons for this are the use of
chemotherapy and irradiation to the breast. Alsamfthe literature it became apparent
that there was no widely adopted consensus on edrettituted a malignant or benign
node, highlighting the user dependency and thuibifay of ultrasound as a screening
tool.

Other predictors of axillary lymph node spread trat readily available were reviewed,
so as to determine if they could be combined witrasonography, to better predict a
negative axilla. Again, the results were mixed,hwrhost studies concentrating on

predicting positive nodes, and not negative ones.

31



Frommy review of the literature, | conclude th&laNB is currently the best method of
staging an axilla, however, there are a significanmhber of negative examinations. An
ultrasound in combination with other markers wolokdthe most appropriate method of
staging an axilla non-invasively, but in order tohigve this we would need to
understand and overcome the shortcomings of aasolind study, notably its inability
to detect micrometatstatic disease and the lacktarfdardization in the reporting of
studies. In an effort to decrease these negatiammations, this is an important

preliminary study to conduct.
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Chapter 2

2.1 Methods and measures

This is a retrospective review of patients who umeéat a SLNB between December
2008 and November 2009.The University of Witwatensr ethics committee granted
ethics approval for the study (M090435/2009). AILNBs performed between
December 2008 and November 2009 were screenetidimiley.
The inclusion criteria were all patientsthat: -
- Had a documented negativeaxillary ultrasound (rspisious nodes) or
- A negative FNA/core biopsy if one was carried @uni
- Fulfilled the criteria for a SLNB as per the indicas proposed in the
NCCN breast cancer guidelines(2)
o Early breast cancer and
o Clinically negative nodes or

0 A negative FNA/core biopsy of suspicious nodes

The exclusion criteria were: -
- Advanced breast cancer
- Patients without an axillary ultrasound report
- Inadequate documentation of findings on ultrasound
- Patients with an ultrasound report suspecting astatic node

- Recurrent breast cancer
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2.2 Patients —mclusions and exclusior

In total, 18%onsecutivepatients were screened,these 151 were included and did
not meet the inclusion crite.

183 Patients Screened

Exclusions

6 Inadequate documentation on ultrasound reports

6 No ultrasound performed

5 Advanced Breast Cancer

11 Ultrasound suspecting a malignant node
2 Recurrent breast cancer

2 Bilateral breast cancer

151 Patients Included

Figure 2.1: Flow diagram showing inclusion and asin criteri
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2.3Tumourcharacteristics

The following characteristics of the patients ahdirt tumours were documented on a
Microsoft Excel (2011) spreadsheet.

The demographics of the patients, their age arelweare captured.

| used the initial tumour biopsy specimen results document the following: -
histological type (ductal, lobular, DCIS), tumourrade, hormonal receptor
status(Er/Pr/Her2-neu), lymphovascular invasione Thitial biopsy was used, as it
represents the information available before a SLislBreformed, and thus is more
relevant than the final tumour histology when aignia predict axillary metastasis. For
the purposes of comparison | grouped the recepébuss of patients into Luminal A,
Luminal B, Triple negative and Her2-neu. A similalassification was initially
proposed by Perou et al in 2000 (76). Triple negatvas used as the broader term to
encompass basal-like tumours as we could not spabyftest for the basal phenotype.

To calculate the size, location and T-stage, theepdsultrasound reports were used.
The ultrasound reports were recorded as being naymaactive. A reactive node is a
histological change in a benign node in responsmtm-malignant stimulus, however it
is a histological diagnosis and cannot be deterthioe ultrasound.Interpreting the
ultrasound reports with this in mind, the assumptitade was that reactive nodes were
benign. As ultrasonography is user dependent, ughbit important to document the
ultrasonographers identity.

The multicentricity/multifocality of a tumour wasettrmined primarily on the
mammogram findings, however a subset of patierdsamaMRI performed as well, and
some had multicentricity/multifocality diagnosed MiR|.

The number of sentinel nodes harvested and theemresof metastasis were
documented. This was further subdivided into masrd micrometastasis. The patients
with micrometastasis were further separated intsehthat had isolated tumour cells

only.
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When available, the final histology specimens wased to record the following
variables: the size, histology, hormonal charastes, lymphovascular invasion and
axillary lymph node histology and nodal yield. Than was to compare the final
histology characteristics to the initial biopsy sip@en, to gain an indication of the

reliability of initial specimens.

Statistica version 9 was used to analyse the d¢etledata. Univariate analysis was used
to detect the significance of prognostic factorgiadicting lymph node metastasis. P-
values were calculated using both Pearson and MiLsGuared tests for each set of

recorded variables.

2.4Surgical practice

The study was conducted at the Netcare-Milpark &rd&2entre wheremanagement
decisions are made by a multidisciplinary team ikakead by a specialist surgeon
whose area of interest is the breast. She runsaraefbased hospital practice in

Johannesburg that deals exclusively with breadtheare.

2.5 Multidisciplinary involvement

Although there is a radiologist within the multiciiglinary team at the Netcare-Milpark
hospital breast care centre, the majority of referare from other radiology practices.
Thus, the reporting of ultrasounds is not standadli The pathologist in the multi-
disciplinary team is responsible for reporting dh SLNB specimens, but outside
referraltumour biopsiesare reported by various gatfy laboratories around the greater
Johannesburg area. It is not economically feadibleepeat all imaging and biopsy

reporting.
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2.6 Method and technique of sentinel lymph node bpsy

A single surgeon with the relevant expertise pentat all the SLNBs at the Netcare-
Milpark breast care centre. The unit's policy isperform all SLNBs as a separate
procedure using H&E staining as well as immunoleisémistry, in order to identify
micrometastatic disease and isolated tumour delsients with positive nodes had a
completion axillary lymph node dissection as a s&jggprocedure, combined with their
definitive oncological breast procedure.

The SLNBs are performed in accordance with standezdmmendations. A combined
dye and radio-colloid technique is employed. TH&Tc-labelled nano-colloid is
injected via the peritumoral route in the nucle&dmine department within the hospital.
Whenever possible, the patients are injected Wiffic-labelled nano-colloid on the

morning of the operation, and their procedurescarged out in the afternoon.

In theatre, prior to the surgeon scrubbing, Patebtue dye is infiltrated subareolarly.
Intraoperatively an axillary crease approach isdused a gamma camera is used to
detect the™™Tc-labelled nano-colloid. All blue nodes, as wedl all nodes with a
reading greater than 10% of the maximal nodal readin the gamma camera are

removed.
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Chapeter3.

Results

3.1 Demographics

The average age of presentation of the group wasygairs (2— 82), with the majority
being between 40 and 70 years old. The predomietimiicity of the cohort was
Caucasian (87.6%).
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Figure 3.1: Bar graph representing the age didtahuof the patients in th
study(N=151)

3.2 Nodal metastasis

Of the 151 SLNBgperforme, 43 (28.4%) hd evidence of nodal metaste on axillary
nodal histologylwenty-six(17.2%)of the 43 had macrometss (>2mm) and th
remaining 17 (11.2%)hamicrometastatic disease (< 2mnijhe significance of

differentiating out the micrometastatic diseaseobees relevant when deciding on
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management strateglf.we tred micrometastatic diseases a negative axilla, then tt
brings the negativpredictive value of an ultrasounc 82.8%.

Positive
0%

Positive
28%

Macrometastasis
17%

Figure 3.2: Pie chart representing the distributbdrpositive and negative nodes
percentages (n = 151)

3.3Tumourhistology

The initial biopsy histology was categorized ila DCIS group and an invasive gro!
The nvasive group wasubdivided into the following groups: ductal, obular and
other (mucinous, papillary, medullarydenocarcinoma).

There was a significant association with DCIS anélsence of nodal metastasis w
compared to the invasive subtypes (p = 0.02(There were 17 patients in total w
DCIS. Ductal carcinomén situalone was reportesh 14 of the biopsy specime, and
the other three had DCIS in combination with anothistological featur. Two had

DCIS and lobular cancelation and one patient had DCIS and Paget’s dis
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DCIS

9%
6%

i Pure DCIS

u DCIS + Pagets

DCIS + Lobular
cancerisation

Figure 3.3: Pie chaghowinc the various DCIS groups (N = 17)

Of thel7 patients witlan initial diagnosis of DCIS, sixltimately had an invasiv
malignancy on theidefinitive histologyThis is a rate of 35.2%, and is on the uf

limit for invasion on core biopsy specimens thatigorted in the literatui(47).

In the invasive groughere was no correlation between histology typt of the biopsy

specimen and theodal statu:

3.4 Size and T stage

The average diametef the tumourwas 16.7 mm 9.2mm (range: 0.— 48 mm) and
the T stage of the tumc was calculated from this using the ultrasound nressants
The T1group had 74 patients in totand they make up theajority. Thirteen patients
had microcalcifications detected on imaging  (T1mi). Thestudycohort represents a

typical group of edy breast cancer patieniFigure 3.4).
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Figure 3.4Number of patients separated out into tIT stagegroup:
Categories as per the AJ7"ed(N=151)

T stage as predictor of nodal metastasis in ingabieast cancewas no statistically
significant. A good example illustrating this was théx of the 13 patients in tF
microcalcification grou had nodal metastasis (Figure 3¥where intuitively one woul
expect a lower rate of metasti. Only the DCIS Tis) group was pidictive forno nodal
metastasis where only one of 17 patients had a metastasis @is was ¢
micrometatstasis.
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Figure 3.5The number of odal metastasis separated ititeir T stage
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3.5Multicentric/multifocal disease

Although patients withnifoca disease had significantly moregative axillary nocs
(p = 0.0002)17.4% of patients with unifocal disease had a pasitod¢ (Figure 3.6).
Thus,the negative predictive value unifocality in predicting a node negative axilla
82.6%.

Interestingly, he use of MRIin detecting multicentricity/multifocalitchanged the

operative decisiom eigh' of the patients.

100
90
80
70
St
)
2
=
2 u Negative
i Positive

10 -:-:
0 .
Yes No Yes - MRI

Multicentric/Multifocal

Al

Figure 3.6 Multicentricity andits relationship to nodal metasta@is=147
Yes —MRI: MRI was used to establish or refute the dicgs

3.6Tumourlocation
The tumours wereategorizd based on the quadrants from whibky originated. The

categories were: -pper outr quadrant (61), pper inner quadrant 2), lower outer

quadrant (12), lower inner quadrant (entral (44) and multiplguadrants ().
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Tumour Location

5%

i Upper Outer Quadrant
i Upper Inner Quadrant
w Lower Inner Quadrant
i Lower Outer Quadrant
i Central

& Multiple Quadrants

Figure 3.7Percentages oumourlocationsepresented as quadrants of the b

There was nassociatio between nodal metastasis and tumour loc in this study.
Tumours in the loweinnerquadrat had no associated metastasiowever there were
only 4 tumors in that location, and the sample sszthereforetoo small todraw any

meaningful conclusioffigure 3.8.
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Figure 3.8: Tumoudcatior and its relationship to nodal status
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3.7Tumourgrade

The initial biopsy samples graded the malignanaissig the Bloom and Richards
grading system. Biopsies were graded into the fotlg catqgories -low, intermediate
and high. Twenty-onef the liopsy specimens had momment on tumor gra and this
accounted for 13.9% of the specimens.Interestinglgnty-two percent (10/44) of th
high grade specimens had nodal metastasis,wentyfive percer (7/28) of the low
grade specimertsad associated not metastasis (Figure 3.9)here was no statistical

significant associatiohetween the nodal status and the grade of the tui
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— .
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?

Figure 3.9: Tumor igade and its relationship to nodal status

3.8 Hormonal markers

Traditionally, hormonal markers ibreast cancer were lited to oestrogereceptors
(ER) and progesterorreceptors(PR). Over the last 15 years, and with the adver
Trastuzumal{Herceptin as an effectivmonoclonal antibody which targets the -2

oncogene, Her2-nehas been included part of the reporting proces

As discussed above, tinitial biopsy results were utilizefbr the data analys. Out of

the 151 patientdwenty-nine had incomplete daidere was no statistically significa
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associationbetween the subtypes and nodal metastThe largest subtype was t
luminal B (60/122), followed by He-neu, triple negative and luminal A. Ipected the
Her2neu group to have a greater proportion of patietis nodal metastasis, but th
did not (8/26)Figure 3.1C.
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30 i Negative

o -
Oﬁ,ﬁ,ﬁﬁ

i Positive
20

Luminal A Luminal B Her-2 Triple
negative

Figure 3.10Hormonal patterns and its relationship to notaius(N=122'

3.9Lymphovascularinvasior

Eightynine of the 151 patients had pathological docuntemaof the absence «
presence of lymphovascu invasion (LVI) in their biopsy specimerin thegroup who
were negative folymphovascular invasioLVI), 19/69 (27.5%)had nodal retastasis.
Converselyonly 5/20 (2'%) with LVI had nodal metastasisSixty-two (41%) of the
patients @ not have any coment on their LVI status in theinitial biopsy pathology
reports (Figure3.11L.ymphovascular invasion was found to be an unridiafarker of
nodal status. Ethermor, there was a lack of consistency between the firsblogy

specimen and the initial biopsy with respecLVI (Figure 3.12).
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Figure 3.11 Lymphovascular nvasion on theinitial biopsy specimens ar

itsrelationship to theodal statt (N = 151)

Of the 17 specimenthat were LVI positive, only sev remained positive in the fin.
histology specimens (41¢ (Figure 3.12), and of th&5 patients that we initially
negative for LVI, eleve were positive for LVI on final histology (20%) (Rige
3.12).Ths inconsistency brings the reliance of LVI as arkea of nodal disease in

question.

Positive LVI

i Remain positive in final histology i Changed to negative

Figure 3.12The change in LVI in patienwho were initially LVIpositive.
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Negative LVI

& Remain negative in final histology i Changed to positive

Figure 3.13The change in LVI in patients wiwere initially LVI negative.

3.10Sentinel lymph node dat:

The average sentinelmhph node yield in tt cohortof 151 patientwas 3.75 nodes per
patient. Of the 4®atientswith positive sentinel nodes, 32 (7%% had only on node
involved, five (11.69%)ad two nodes involved, fiv(11.6%)had thre nodes involved
and only one(2.3%had 5 1odes involved. From the 32 with omede involved, 17

(53.1%)had micrometastasi

Of the patierg that proceeded to ALND, only oneof had a norsentinel lymph nod
metastasisThis patient had tw of two nodes positive on SLNB. From the patients
hadat least one node negative zonly one node positive, none had &itive node on
final histology. Howeve, all of these patients had chemotherapy between 8iBs
and ALNDs.In addition, there was a complete pathological @asp of tumours, in si
of the 23 patients who had an ALNI

3.11 Ultrasonographel and ultrasound results

Of the 151 ultrasounds performe72 were performed by fouaciologists, and the
other 79 wer@erformed by 44 radiologis We grouped the four radiologists with m«
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than 10 procedures each together, and the remaidingere grouped togetheWe
expected that the more experienced radiologistsidvéwe more accurate in the
assessment, howeveris did not hold true. Our data showed the choice of
ultrasonographer had no bearing on the re when analysed in this man.

3.12 Magnetic Resonance Imagir

Onehundred and eight patie, in the cohort of 151 patientsad an MRI of the breas
Theirnodesvere categorized as positive on MRI, negative onl EiRhodes visualize
but probably benignHKigure3.13). Magnetic Resonance Imagin@s an inconsiste
predictor of nodal metastasn breast cancer. An MRI was ampatedto have a good
negative predictive value, but of the 72 negativiel®, 16 had positive nodes (22¢
and of the MRI's that suggested positive nodeg)teen of 32 were negative (56'
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Figure 3.14: MRAhs a predictor of nodal metasti in breast cancgiN=108)
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Chapter 4.

Discussion

Progress within the last 50 years has revolutiahitte way breast cancer is treated.
Improved imaging and screening programs have chlihngee face of the
disease.Cancers that present at an early stageared more effectively and have better
outcomes. However, new treatments create new dga and the rate of negative
SLNBs is one such challenge. The rate of negatlWeBs is 70% - 80% (14 - 16)and
the possibility of decreasing this, needs to bestigated.

In order to accomplish this, the question thatearis, can we safely and non-invasively
predict which axillas will be free of metastasislahus decrease the amount of negative

sentinel lymph node biopsies performed?

In order to answer the question, the problem néedse contextualised. Seventy to
eighty percent(14 — 16)of SLNBs are negative, afdwe extend this to
includemicrometastatic disease, my results showgative (non significant) predictive
value of 82.8%.This impliesthat as a test for negahodes, a SLNB is not specific
enough. A negative SLNBadds to the morbidityof digpd. When performed as a
separate procedure, it exposes patients to the akk general anaesthetic. Theyalso
have associated shoulder discomfort, paraesthdgraphedema(17) andthen there is
the psychological burden of an added procedure twisc often forgotten. However,
omitting a SLNB may result in residual disease,clihinay impact on the mortality of

patients.
Therefore the risk of not performing a SLNB may bemmarised as follows:

preventing morbidity in the majority at the expemdemortality in the minority,while,

even onedeath is unjustifiableas it is entirelywpreaable.
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4.1 Aims and methods

The aim of my study was to improve prediction paiteof nodal spread with a view to
decrease negative SLNBs. | retrospectively studed records of patients who had
undergone a SLNB over a ten-month period. Only éhedio had a documented
negative ultrasound or a negative FNA (if it wasi@owere included in my study,

resulting in a total of 151 patients.

My results showed that based on the informationmfrahe initial biopsy
(ER/PR/LVI/grade/histology) and radiology (sizecation) | was unable to predict
nodal involvement. Patterns of spread appeare@ t@bdom, for example, even small
tumours with ‘favourable’ characteristics had nod@tastasis.

However, my study showed that a non-standardizedsaund of the axilla can predict
that if axillary metastasis are present, three aamdess will be affected in 97% of the
cases. This is an important finding consideringftheings of the Z0011 trial (Axillary

dissection versus no axillary dissection in womeithwnvasive breast cancer and
sentinel lymph node metastasis), which showed thaLNB is equivalent to a

completion ALND in patients with one or two sentihanph nodes positive (56).

4.2 Radiological results

Importantly, | showed that ultrasound predicted emgative axilla in 71.6% of the
patients included in the study. This concurs witteiinational literature(14). Following
the results of the NSABP-32(77) and the follow tymdg by Weaver et al(54) on occult
metastasis and its management, the recommendatitreNCCN was to not proceed
with a completion ALND in patients with occult mastasis(2). In this study, when |
exclude the patients with occult metastasis (17th8)predictive value for an axilla
with non-significant metastases improved to 82.8%.

50



In the recent past, the major body of work donelrasound of the axilla and its use in
breast cancer has tried to improve the positivdiptige value. In order to achieve this,
biopsy techniques have been employed with a vievavimd a SLNB and proceed
directly to an ALND in patients with a positive FNét core biopsy of their axillary

nodes. This has reduced the rate of SLNBs by 14Y46(60

Yet, there has been no coordinated effort by theadir care community to predict
negative lymph nodes and reduce the rate of neg&iiWBs. In my study, there was no
standardization of ultrasound reporting and the orsp were from multiple

ultrasonographers, with varying levels of expereené lack of standardization in

reporting is the major impediment to progress ia #rena.

However, Bedi et al(64) proposed a classification ¢haracterizing lymph nodes.
Types 1-4 were benign, Type 5 and 6 suggested naady. Their negative predictive
value for Types 1-4 was 96% and this improved ifpdy4 was removed. The
incorporation of this validated classification eporting would allow us to objectively
stratify grades of negative axillas, and in thaywdentify a true negative axilla more

accurately.

If, for example, there are 100 patients with earlyast cancer, we can assume that 70 of
these patients will not have axillary metastadisvd were able to classify 30 of these
into Types 1-3, we could accurately rule out metsistin these nodes and thus sparing
patients a SLNB. | would like to see us clinicallglidate this classification within a

trial setting.

4.3 Tumour characteristics
In the literature, there are conflicting resultstaswhich markers accurately predict

nodal metastasis. However, the majority of pubide find significance in one of their

studied parameters(69,72,74,75) and this may reptespublication bias.
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| studiedtumour size, T stage, multicentricity/nfoltality, grade, hormonal markers,
LVI, tumor location and histology and found a sifgant association with nodal

metastasis in only two of the studied parameters.

| found that multicentricity/multifocality predictefor nodal metastasis. However, 17%
of the patients with unifocaltumours had a posithae. Therefore, as a marker, it

lacks the accuracy required to make a firm recontdaton.

4.4 Ductal carcinomansitu

| found tumour histology to have a significant asatonwith nodal metastasis,in

particular DCIS predicted a negative axilla. Idit@opsy specimens were utilized

instead of the final histology, as the aim wasdoognise factors that influence nodal
metastasis, with a view to change surgical stratégth this in mind, of the 17 patients

that had an initial diagnosis of DCIS on biopsy, lsad an invasive malignancy on final
histology. This is an invasive malignancy rate 6f286, which is on the upper limit for

invasion of DCIS core biopsy specimens. The reporéte in the literature is between
8-38%(47).

Furthermore, oneof the patients that had a positBleNB had a 0.75 mm

micrometastatic deposit in her node. Her initiahtwr on preoperative imaging was
thought to be 13mm by 8mm (T1). The final primagmbur size was 8mm and
completion ALND yielded no additional nodal metasta Interestingly, this was an

intermediate grade tumour, not a high grade orapée DCIS lesion.

Although | was limited by an extremely small samgiee, my data suggests negligible
benefit in performing a SLNB in DCIS, however oate of invasion on final biopsy
specimens is high and thus the suspicion of ineasialignancy remains high. Thus, in
thisparticularbreast care centre, the practice bNEs in DCIS should continue.
However, in patients with DCIS,I found no eviderioe performing a separate staging
SLNB as the risk of metastasis is small, and a @eetbbreast procedure with frozen
section analysis would have been more appropfTdtese conclusions were not part of
the aims of this study, and need to be furtherstigated.
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4.5 Metastatic axillary nodes

In the group of patients with positive nodes, cog patient had more than three nodes
involved (1/43). Another, very interesting findingas that of the patients that had an
ALND, only one had an additional node involved @)/2Twenty-two of the twenty-
three had a non-therapeutic ALND. All these patidmd preoperative chemotherapy,
and this may explain the results. In addition, sfxthe twenty-three patients had a

complete pathological response to their primarydun{CpR).

In the ACOSOG Z0011 (56) trial, patients with esitige SLNB were randomized to
ALND or observation. Their patients had less tltaree nodes involved on H&E
staining and had breast conservation therapy witblevbreast irradiation (not axillary
radiation). Interestingly, twenty-seven percenttioé ALND group (120/446) in the
Z0011 trial had additional metastasis and if waapdlate this to the group that had a
SLNB alone, they would have had a similar ratextfeesentinel lymph node metastasis.

Why is it that the two groups in the Z0011 triatithe same outcomes, when the SLNB
group had metastasis that was not surgically redf®d¥&ould it be that 96% percent of
the patients received adjuvant systemic therapyadinithe patients had a lumpectomy
and breast irradiation? The inference is that #akation and chemotherapy must confer
protection over smaller volume axillary lymph nogetastasis and thus render them
inert. Furthermore, if this assumption is corréleen the question is, why the need for

an axillary staging procedure at all?

The question that this data raises, in conjunctin the Z0011l data, is whether
aSLNB is mandatory in a patient that is ultrasounegdjative, and is receiving the
combination of breast conservation therapy, ra@iapy and adjuvant chemotherapy.
My results show that a negative axillary ultrasowedeened out axillas with threeor
less positive axillary nodes in 96% of cases, amagtthis in with the Z0011 trial,
where the inclusion criteria for randomization waes presence of less than three nodes
that were positive, this would infer that patiewith a negative ultrasound will be cured
by a SLNB.
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Our understanding of cancer biology and patternsoofal spread are incomplete. The
disease free survival and mortality after an ALNcampared to SLNB are equivalent
(58, 59). However, their sensitivities vary, andalgpem that is inherent to SLNBs is
their false negative rate. When performing SLNBsggaraffin section, the sensitivity
is 90-93% (30), while utilizing frozen section, ghpercentage drops to 71.6%(table
4.1)(58,59). My data concluded that an axillaryradbund has an82.8%negative
predictive value to detect negative nodes in atlaax\t first this may appear to be
unacceptably low, but when compared to a SLNB usirigpzen section (71.6%), it is

superior.

Table 4.1: A comparison of ALND, SLNB and axillaritrasound

ALND SLNB SLNB frozen | Ultrasound
paraffin
Outcomes Equivalent Equivalent Equivalent N/A
Level of | Maximum Less invasive| Less Invasive Non-Invasiye
invasiveness
Sensitivity 100% 90% - 95% 71.6% 82.8%

| am not suggesting replacement of SLNBs with @nasbund, based on this single

centre retrospective review, however, it does Il imperfections in our
understanding of cancer spread. | believe that wsunderstanding improves, the
management will change and axillary ultrasounds$ mecome increasingly utilized in

decision-making.

A first step towards this is a prospective, randmdi study where patients with a
negative ultrasound (who are to receive chemotlyee radiotherapy) would be
assigned to either a SLNB or an ALND. This couldeptially provide more insight

into whether a negative ultrasound is equivalerst 8 NB.
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4.6 Lymphovascular invasion and the reliance on thanitial biopsy

Lymphovascular invasion (LVI) is reported in thétature to be a marker of nodal
metastasis(72). In this study initial biopsy reswire used to understand the
association betweenlymphovascular invasion andImodtastasis. The results from my
study do no not support the link between the twoweler, a weakness of my study is
that a significant proportion (61/151) of the bigpesults did not test for it.

Unfortunately, the sample set is too small gensealnowever, there is no association
between LVI and nodal status in this data. Thipassibly because | used the biopsy
results and not the final histology results. Fipathology results are under greater
scrutiny than initial biopsy specimens, and thenef@robably have a higher yield of
positive LVI.

lalso assessed the accuracy of initial biopsy teswhen compared to the final
histology specimens, in particular lymphovascutarasion. The correlation was only
20%, with a significant proportion of results chamggwhen reviewed in the final

histology. The proportion of patients in the DCI®wp that had invasive malignancies,
in conjunction with the poor LVI correlation, brisgnto question the reliance that is

placed on core biopsy results.

4.7 Limitations of this study

The limitations of this study are that this is &@spective review and we were reliant
on information stored in files that were not desigjrio measure our outcomes. There
was a significant amount of missing data for mdsthe studied parameters, and this
weakened the robustness of the data calculationseder, as this is a private practice,
and there were various pathology laboratories auliblogy practices involved, each

had their own reporting standards, and this leth¢onsistencies in documentation. In

retrospect, our sample size was also inadequaaedwer this question, especially the
DCIS subset.
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Chapter 5.

Conclusion and recommendations

My research concluded that in early breast canugther an ultrasound nor various
tumour characteristics were able to accurately ipretetastatic nodal spread to an
axilla. Furthermore, it questioned the reliance ioitial biopsy specimens, as the
association with final tumour specimens was podriswas particularly marked for
DCIS and LVI.

Our understanding of cancer biology and patterns spfead have progressed
substantially in the last century, yet our knowlkedig incomplete. Breast cancer
research has provideda template for research irsuhgical domain and the NSABP
trials have been aninvaluable repository of knogéedo turn to in order to make
evidence based management decisions. SLNBs havevadidated through this body

of research and are an integral part of currerttjipe

A SLNB is a minimally invasive method of staging axilla, and is the procedure of
choice in patients with early breast cancer andiracally benign axilla. The issue is
that the majority (70%) of these SLNBs are negaltiweould be incorrect to equate a
negative SLNB to an unnecessary one, as it renaauitsl staging procedure, however,
it remainsan invasive procedure. Thus, in askirgghestion“Can we decrease the rate
of negative SLNBs”, we are exploring whether we caplace a SLNBwith a non-

invasive method to accurately stage an axillaselact group of patients.

With regards to an ultrasound of the axilla, myadatcurately predicted a negative
axilla in 71.6% of patients, and this improved @.86 when micrometastasis were
excluded. This is not accurate enough to replaeNB. However, when we compare
these results to the sensitivity of a frozen secBaNB, the accuracyis similar. In this
study a negative ultrasound could predict thatxalleawhen positive would have three

or less lymph nodes involved.

56



A frozen section SLNB has equivalent outcomes t®ABND in terms of disease free
survival and 5 year mortality (58,59). This higliig the imperfections in our
understanding of disease patterns, as an ALND &®dNB have varying sensitivities,
yet their outcome measures are the same. | susipcif we compared a negative
ultrasound without subsequent axillary surgeryagjathese outcome measures, the

results will be similar.

Another key finding was that ultrasounds were epbrted in a standardized manner or
classified according to an objective and validateethod. The emphasis thus far has
been on predicting positive lymph nodes, and ngatiee ones. Scoring systems for
lymph nodes do exist. For example, an excellentisgsystem has been proposed by
Bedi et al (64). This classification groups nodeto itypes 1-6, where, Type 1 is
definitely benign and Type 6 is definitely malighabdsing a classification similar to
this will screen the negative axillas more objeslyy and provides a starting point for
future research on this topic. | believe this afastion would allow us to identify a
sub-group within the group of negative ultrasoutidg will definitely be benign. This

would be a significant step forwards in the treattwd breast cancer.

Insights from this study suggest that these issaakl be further examined as follows: -

- A prospective study evaluating a classificationtesysfor reporting axillary
nodes with particular emphasis on predicting negatodes is required.
- If the classification system is validated, it shibube used to evaluate
ultrasound negative axillas in two randomized gsoupne group to have a
SLNB, and the other to be observed. (Similar protée Z0011)
This will add to the body of knowledge and clarifhe role of an ultrasound in early

breast cancer.
In addition, DICS patients have a low rate of pesihodes, and | recommend that their

SLNBsare combined with their definitive surgerylwihe use of intraoperative frozen

section.
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