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Abstract: Aims: The present study was taken up in carcinoreadh patients to evaluate clinical examination @atbur
Doppler in estimating the breast tumour size, awill lymph node size and chemotherapeutic respotaeéng
histopathological examination as the gold standsiaterial & Methods: The study carried out betw@&matember 2008 to
June 2010 included 37 patients. Ethics committearahce obtained. Chemotherapeutic response ceulddessed in 24
patients who received chemotherapy prior to surdehypatients were taken up directly for surgetini€al, sonological and
histopathological largest dimension of the primamour and axillary lymph nodes were assessed. Giiemapy response
grades were assessed as per criteria given by Kamamal. Results were analyzed using paired-t tgsighted kappa and
Spearman correlation coefficient. Results: Theeddifice between mean clinical and histopathologizal of breast tumour of
0.01cm, was statistically not significant (t=.0647.949). However, the difference between mean sgidl and
histopathological size of breast tumour of 1.10eras statistically highly significant (t=-3.93, p81). For axillary lymph
nodes, the mean difference between clinical antbfashological assessment was 0.46 cm (p=0.0074gagst mean
difference of 0.48 cm between sonological and pafoological assessment (p=0.001). Clinical respeshe®wed substantial
agreement with histopathological response in brteasbur (k=0.657; p=0.001) and axillary lymph nodkes0.62; p<0.005).
Sonological response showed moderate agreemenb@&;Qp< 0.02) in breast tumour and substantiatergent (k=0.691;
p<0.001) in axillary lymph nodes. Compared to histhological response, RI, Pl and Vmax responsevesthanoderate
agreement in primary and substantial agreemenkillarg lymph nodes. Conclusion: In the presentdgtusonology was
found to be a poor modality for breast tumour sied|ary lymph node size estimation. With regasdchemotherapy response
assessment, clinical examination was a better ntpdat primary, while Colour Doppler was better faxillary lymph node
evaluation.
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present most clinicians and reports use pT-stagingthis

1. Introduction tumour size will remain the reference standard [6].

Neoadjuvant chemotherapy has become an established

The size of a malignhant breast tumour is an impbrta part of treatment of stage Il and Ill breast can€remo-
prognostic factor for the survival of breast cargaients [1- responsive tumors have a better overall survivah thon-
4], and a determinant in the T-classification o& thNM  responders [7]. About 20 to 30% of advanced breaster
system [5]. The clinical tumour (cT-) stage is assel by (ABCs) show either no or poor response to chemafel,
physical examination and imaging. The measurenfenild  9]. For this subgroup of patients, early predictafntumor
be performed by the method ‘judged most accur&fe’At  response to neoadjuvant chemotherapy is desirdbje.
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avoiding ineffective chemotherapy and reducing aded demonstrated. Two measurements were made perpérdicu
surgery, the treatment will be more cost-effectivesuch to each other and the thickness of the lesion wasrded
cases where the overall outlook is intrinsicallg.ba using the electronic calipers. Sonographic tumalume
Clinical examination of the breast has to date ltkemmost (Vs=n/6 x d; x d, X D) was calculated using the formula
widely used approach for response assessment,ghétvin for the volume of the ellipsoid, where,, @b are diameters
advantages of being simple, quick, easy and namsine. of the tumour in centimeters and D is depth ofttihmour
However, this method varies among observers, isenfed in centimeter. Standardised machine setting weesl ue
by many factors such as skin thickness, edemalzegitp [10, optimise sensitivity to low velocity and low volunidood
11] and could result in overestimation of tumoraegiL2]. flow. PI i.e. (Peak flow velocity — End diastolic
Tumor vascularity is a surrogate marker of tumadbn  velocity)/average velocity, Rl i.e. (Peak systoligocity -
and this can be readily assessed by color Dopfilasaund End diastolic velocity)/Peak systolic velocity aivinax
using various indices (resistivity index, pulsétiindex and were measured. Clinical and sonological chemothearap
maximum flow velocity). The pre- and post-chemao#ipsr response in the breast tumour and axillary lympleso
indices can be compared to assess the response were aseessed by observing the percentage change in
chemotherapy. Among various imaging modalities, MRd  volume for breast tumour and change in maximum
PET have the highest sensitivity in detecting thendr dimension for axillary lymph nodes. Percentage glaim
response, but they are not cost effective. Dopgterallows RI, Pl and Vmax in breast tumour and axillary lympides
both a morphological study of tumors and an aceuratwvere noted by colour Doppler. Chemotherapeuticaese
analysis of tumor vascularity. With Doppler songdna were graded as 1-4 for <25%, 25-50%, >50% and
tumor vascularity can be assessed vivo [13]. Color complete disappearance of tumour, RI, Pl and Vmax
Doppler ultrasound is a promising alternative famoér respectively [15, 16]. The Doppler Score for breastour
response assessment owing to its availabilityodyaribility and axillary lymph nodes were calculated separabsly
and cost-effectiveness [14]. adding the different RI, Pl and Vmax grades [15, 1bhe
The present study in carcinoma breast patientsgusimesected specimens were examined histopathologiaat
Colour Doppler as an evaluation tool was takenoujgst the the clinical and sonological size were comparech wiite
accuracy of clinical examination and colour Dopptaeking  histopathological size. Histopathologically chenestpy
measurement on histopathological examination as thresponse was graded as 1-4 for no, minimal, moglerat
standard in estimating the breast tumour sizelaaxilymph  chemotherapeutic change and total annihilationuafaur

nodes size and chemotherapeutic response. (100% disappearance) respectively [15, 16]. Clinica
sonological and colour Doppler chemotherapeutiparse
2. Material and M ethods grades were correlated with histopathologicaal arsp

grades. Results were analyzed using paired-twesghted

Thirty seven histopathologically proven cases ofinbama  kappa and Spearman correlation coefficient.
breast were studied between December 2008 to Jut@ 2
Patients who had received any chemotherapyd Resylts
Surgery/Radiotherapy prior to the study were noluited in
the study. The Institute postgraduate researchdbaad the Mean age of the patients was 45.10+11.32 yrs, &3y
departmental research committee have approveduthe and 80yrs). T4b status was seen in majority (56.8) %thef
the informed written consent of the subjects waomed patients and 86.5% of the patients had N1 statlisicél
individually on the case records. Twenty four paseeceived size of breast tumour matched the histopathologiza in
neoadjuvant chemotherapy (CAF) and chemotherapeuy.03% patients. Clinical examination overestimatie
response was assessed in them and 13 patientsakeneup breast tumour size in 45.54% patients and underatgd it
directly for modified radical mastectomy. Clinical in 32.43% patients. Overestimation and underesiiman
measurement of the breast tumour and axillary lymptles size was by 0.51-1cm in majority of the patients.(46
were done using vernier calipers, taking two pedjetar and 57.14%). Sonological size of breast tumour heatc
diameters. Mean diameter and Volume6xd3; d= mean the histopathological size in none of the patieStmology
diameter in centimeters) were calculated. overestimated the breast tumour size in 18.92%episti

Color Doppler examination of the tumor was donegsi and underestimated it in 81.08% patients. Overesiim
LOGIQ 400 CL System (GE medical system) with a |9 3 and underestimation was by >1 cm in majority of the
11 MHz probe. Ultrasound examination was perforogd patients (57.14% and 66.67%). Clinical size of laryl
a single experienced sonologist who was blindedhto lymph node matched the histopathological size iM4%
patients' clinical profile, treatment history, respe status patients. Clinical examination overestimated axjlllgmph
and the pre chemotherapy findings. Normal and Benodnode size in 27.78 % patients and underestimatad it
images were taken to define the tumour margin. §dan 52.78% patients. In majority of the patients ovenestion
was done in multiple planes to include whole of bineast in size was by0.5cm and underestimation was by >1cm
and axilla. The probe was held orthogonal to thea skd (60.0% and 47.37% respectively). Sonological sife o
moved over the tumour till maximum diameter wasaxillary lymph node matched the histopathologidaé sn
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none of the patients. Sonology overestimated ayill histopathological response, it is evident that aiglvel of
lymph node size in 27.78 % patients and underetitnd agreement for assessing response has been obdeyved
in 72.22% patients. In majority (70%) of the patien clinical method than sonology (k=0.657; p=0.001 Vs
sonological examination overestimated the axillmpph  k=0.510; p< 0.02).

node size by0.5cm. In majority (42.31%) of the patients, The clinical mean longest diameter of axillary Iymp
the underestimation was by 0.51-1 cm. nodes before and after chemotherapy were 2.64+n97

The statistical analysis results for breast tungze and (1-5 cm) and 1.27+1.07cm (0-3 cm) respectively. The
axillary lymph node size estimation by clinical exaation sonological mean longest diameter of axillary lynmuides
and sonology against histopathological size has bhewn before and after chemotherapy were 2.06+0.98 ci6{0.
in Table-1. For breast tumour, the difference ia thean 3.2 cm) and 1.34+0.98 cm (0-4.3 cm) respectivelyi€al
size between clinical and histopathological metlnas - and sonological grades of response in longest deanud
0.01 cm, while the difference in the mean size ketw axillary lymph nodes has been shown in Table-2.jokits
sonological and histopathological method was 1.i@) ¢ of the patients had Grade 2 response both cligicatd
Clinical examination overestimated the breast tunwize, sonologically. Grade 4 response was observed iltayxi
but the difference was not statistically signifit§rn=.064, lymph nodes both clinically and sonologically. The
p=.949). However, sonology underestimated the breaagreement between clinical and sonological respavite
tumour size and the difference was statisticallghlyi  histopathological response in axillary lymph notlas been
significant (t=-3.93, p=<.001). shown in Table-3.

For axillary lymph nodes, the difference in the mea&e For axillary lymph nodes, substantial agreement
between clinical and histopathological method wdé@m, (k=0.691; p=<0.001) has been found between sormabgi
while the difference in the mean size between smichl and histopathological response and also substantial
and histopathological method was 0.48 cm. Bothiadin agreement (k=0.62; p=<0.005) has been found between
examination and sonology underestimated the axillarclinical and histopathological response. Howeveithw
lymph node size while considering histopathologicakonological examination, agreement is more siggmific
examination as the gold standard, but the difiegewith  than with clinical examination (p=<0.001 vs p<0.DR05
clinical method is less significant than sonology-2.84, In breast tumour, before chemotherapy the mearevatiu
p=.007 Vs t=-3.45, p=.001). RI, Pl and Vmax were 0.82+0.25, 1.9+0.9 and

A strong correlation with pathological tumour sigas 22.13+15.15cm/s respectively. After chemotherapye t
observed for primary tumour size estimated by c#ihi mean value of RI, Pl and Vmax were 0.90+0.22, 2232%
method (n = 37, r =719, p=<.001), while moderatand 22.13+15.15cm/s respectively. Rl increased fmea
correlation was found for sonology (r=0.601; p=<4p0-or  0.29+0.28) in 12 patients, Pl increased (mean 2334 in
axillary lymph nodes, a moderate correlation (r8,53 14 patients and Vmax increased (mean 8.02+5.018 in
p= .001) with pathological axillary lymph node sim@s patients. In axillary lymph nodes, before chemapgrthe
observed for size estimated by clinical method, lavhi mean value of RI, Pl and Vmax were 0.84+1.79, 2109#
strong correlation (r=.652, p <0.001) was seersforology. and 19.72+11.24 cm/s respectively. After chemothertne

Clinically, the mean largest diameter of breastdum mean value of RI, Pl and Vmax were 0.58+0.43, 1127#
before chemotherapy was 7.68+2.54 cms and follgwinand 11.03+11.27 cm/s respectively. Rl increaset4@.11)
chemotherapy it was 4.85+1.50 cms, the mean volafme in 8 patients, PI increased (1.39+1.26) in 5 pasieand
the breast tumour before and after chemotherapye we¥max increased (12.23+2.12 cm/s) in 3 patients d&seof
241.72+318.76 cm3(22.46-1596 cm3) and 61.03t62.6RI, Pl and Vmax response for breast tumour andaayil
cm3(8.18-268.19 cm?) respectively. By Colour Dopplelymph nodes has been shown in Table-4.
examination, the largest mean diameter of the bteasor The agreement between RI, Pl and Vmax response with
before chemotherapy was 5.50+3.10 cms (2.40-17m60 c histopathological response in breast tumour andlagxi
and following chemotherapy, it was 3.84+2.01cm9D-1. lymph nodes has been shown in Table-3. A moderate
10.30 cms) and the mean volume before and afteagreement (k=0.489; p=< 0.02) has been found betkde
chemotherapy were 110.361+244.62 cm?3 (4.90-110201) ¢ response and histopathological response in breasbur,
and 37.92+106.75 cm3 (2.97-530 cm?3) respectivdinical  while substantial agreement (k=0.622; p<0.005) hesn
and sonological grades of response in breast tumofgund between RI response and histopathologicpbrese in
volume has been shown in Table-2. Majority of théignts  axillary lymph nodes. Like wise for Pl and Vmaxpesse,
had Grade 3 response both clinically and sonoltlgicEhe also a moderate agreement with histopathologicadamse
agreement between clinical and sonological respantde has been found for breast tumour, while substantial
histopathological response in breast tumour hasn beagreement has been found for axillary lymph nodéde
shown in Table-3. agreement between Doppler score and histopathology

For breast tumour, as substantial agreement has beaesponse was found to be moderate in breast tuamuell
found between clinical and histopathological resgon as in axillary lymph node. However, it was morengigant
(k=0.657; p=0.001), while moderate agreement (k0,5 in axillary lymph nodes (k=0.562, p<0.01; k=0.4620.05).
p< 0.02) has been found between sonological and Moderate positive correlation was observed betwben



12 Rashmi Singlt al.: Colour Doppler-An Evaluation Tool for AssessmehBreast Tumour Size, Axillary Lymph
Node Size and Chemotherapeutic Response

percentage change in Rl and percentage change (= 0.468, p = 0.021). This correlation was noserved (r
sonological axillary lymph node size, i.e. greatbe =-.273 p=.208) in breast tumour.
shrinkage of the tumor with chemotherapy, the lotherRlI

Table 1. Clinical, Sonological breast tumour size and axillary lymph node size tested against respective Histopathological size.

Mean difference (cm) t value p value r p value

CL S CL S CL S CL S CL S
BT .01 -1.10 .064 -3.93 .949 .000 719 .601 .000 .000
AXLN -.46 -0.48 -2.84 -3.45 .007 .001 .536 .652 .001 .000

BT- Breast tumour; AXLN- Axillary lymph node; CL-I@ical; S- Sonological

Table 2. Distribution of Clinical, Sonological and Histopathological response gradesin breast tumour and axillary lymph nodes.

Grades Clinical Sonology HPE

BT AXLN BT AXLN BT AXLN
1 4.16% 13.64% 25.0% 33.3% 41.0% 30%
2 37.50% 45.45% 16.67% 50.0% 12.5% 25%
3 58.34% 9.09% 58.33% 0% 45.8% 45.0%
4 0% 31.82% 0% 16.67% 0% 0%

BT- Breast tumour; AXLN- Axillary lymph node

Table 3. Breast tumour and axillary lymph nodes: Clinical, Sonological, RI, Pl and Vmax response grades agreement with Histopathological response
grades.

Clinical Sonological Colour Doppler
RI P Vmax
Breast tumour (k=0.62; p=<0.005) (k=0.510; p=<0.02) (k=0.489; p=< 0.02) (k=0.510; p=<0.02) (k=0.606; p=<0.005)
Axillary LN (k=0.62; p=<0.005) (k=0.691; p=<0.001) (k=0.622; p=<0.005) (k=0.623; p=<0.01) (k=0.606; p=<0.005)

Table 4. RI, Pl and Vmax response grades in breast tumour and axillary lymph nodes

Colour Doppler

Sl BT AXLN
RI PI Vmax RI PI Vmax
1 95.84% 75% 50.0% 50.0% 29.17% 33.33%
2 4.16% 16.67% 20.83% 16.67% 29.17% 25.0%
3 0% 8.33% 29.17% 4.16% 12.50% 12.50%
4 0% 0% 0% 29.17% 29.17% 29.17%

BT- Breast tumour; AXLN- Axillary lymph node

27.78 % patients and underestimated in 72.22%ryatie
4. Discussion In the study of Apple et al [19] clinical examirwti
overestimated tumor size in 67%, underestimat@b% and

Breast cancer is the most prevalent cancer of womegmedicted accurately in 7% patients. An accuracylofm in
worldwide. The estimated incidence of cancer inidnd 66% of patients by physical examination, 75% by
800,000 cases and prevalence is about two millmses. ultrasonography, and 70% by mammography has been
About 25% increase is expected by the year 201p [17 obtained in comparison to pathological breast tunsize

Tumor size is one of the most powerful predictofs 0[20]. Compared to the pathologic results, sonography has
tumor behavior in breast cancer [4, 18]. The sikghe been shown to underestimate the extension of thidua
primary tumour ranks among the strongest predictor disease but it was statistically not significamtQ(571,
distant metastases, disease-free and overall silrvivP=0.0267) [21].
Survival rates varied from 45.5% for tumor diametequal In the present study, a strong correlation witthplatgical
to or greater than 5 cm with positive axillary nede 96.3% tumour size was observed for primary tumour sizienasion
for tumors less than 2 cm and with no involved rsodé. by clinical method (n = 37, r =719, p=<.001). Mcate

In the present study, clinical examination overeated correlation was found for sonology (r=0.601; p=4)00
breast tumour size in 45.54% patients and underastd Moderate correlation between pathological and ddihi
in 32.43% patients. Sonological examination of btreasize (n = 51, r2 = 0.68, P < 0.0001) and closeetation
tumour overestimated the size in 18.92% patientd arwith pathological tumour size was observed for
underestimated it in 81.08% patients. Clinical exetion ultrasonographic (n = 52, r2 = 0.89, P < 0.000Thdur
overestimated axillary lymph node size in 27.78 8&tignts  size measurement [11]. Physical examination dematest
and underestimated in 52.78% patients. Sonologic#the highest correlation coefficient (r=.759) with
examination overestimated axillary lymph node sime histopathological size in measurement of the tumasize
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while high resolution duplex ultrasonography hasrbe p=0.001; r=0.336; p=0.11) while sonology showed
shown to be the most sensitive assessment method robderate agreement and weakly negative correlation
axillary lymph node status [22]. MRI was a morewate (k=0.510, p<0.02; r=-0.18; p=0.39). In axillary lpm
imaging study at baseline for T3/T4 tumor and ptaisi nodes, substantial agreement and weakly negative
examination (PE) correlated best with pathologydifig  correlation (k=0.62, p<0.005; r=-0.020; p=0.94) Hmen
while baseline PET and (PE) were shown to be mor®und between clinical and histopathological resson
accurate and sensitive in predicting the final malatus while Substantial agreement and weakly positive
than the post-neoadjuvant evaluation by either PBRET, correlation (k=0.691, p<0.001; r=0.303; p=0.19) hasn

but none was sufficient to replace pathologicajisig[23]. found between sonological and histopathologicgdoase.

In the present study, the difference between mézmmn s In the study by singh et al [15] moderate correfatand
estimated by clinical and histopathological metfardbreast fair agreement was found between the clinical nespo
tumour was 0.01cm, which was statistically not gigant  grade and histopathologic response grade (r=.68,00%;
(t=.064, p=.949). However, the difference betweeeam k=.25, p<0.0183) in breast tumour. However, Chagpaal
sonological and histopathological size of breastaur of [20] found a poor agreement (k= 0.24-0.35) betwaiical
1.10cm, was statistically highly significant (t93, p<.001). and pathologic measurements. The concordance betwee
For axillary lymph nodes, the difference betweename histopathologic results and color Doppler US wa7 Qrs.
clinical and histopathological size was 0.46 cmQ(p87) as 0.474 for clinical examination using Kappa stats{32].
against the difference in mean size of 0.48 cm éetw  The greater the shrinkage of the tumor with
sonological and histopathological assessment (640.0 chemotherapy, the lower the RI (r = 0.70, p = 0)07T&e

Neoadjuvant chemotherapy is a well-established fitpda decrease in Rl with chemotherapy, which means asaé
of treatment in locally advanced breast canceofférs a blood flow at diastole of the cardiac cycle inte ttumoral
definite advantage by down staging the tumor, Hilesving  tissue, may be related to decreased intratumoedspre
less extensive surgery. It also improves survigathemo- secondary to tumor shrinkage and may reflect atypes of
responsive patients and provides better qualitylifef  response, that is vascular response [33]. Howeénethe
Imaging modalities like mammography, ultrasoundpresent study this type of correlation was not olesk (r =
computed tomography, magnetic resonance imaging ar@73 p=.208) in breast tumour, but moderate positive
radioisotopes are used for evaluation of chemopieaitic  correlation was observed between the percentagegeha
response in breast tumour [24, 25]. The aim of im@g RI and percentage change in sonological axillampdi
during and after neoadjuvant therapy is not onlgdoument node size (r = 0.468, p = 0.021).
and quantify tumor response (morphological inforaraaind In the present study, moderate agreement and weakly
evaluation of residual disease), but also to trpredict the positive correlation (k=0.489, p< 0.02; r=0.089;068)
pathological response early after the initiationtrefitment has been found between RI response and histopgtbalo
(neoangiogenesis and physiopathological tumoriggtlAs  response in breast tumour. Like wise for Pl and ¥@ao
the pathological response of primary breast canters moderate agreement and weakly positive correlatias
neoadjuvant chemotherapy is a surrogate markepateent been found (k=0.510, p<0.02; r=0.16, p=0.46) and
outcome, a major impact on survival is only obsdrvethe  (k=0.448, p<0.05; r=0.044, p=0.84) respectivelyaxilary
patients who achieve a pathologically complete aesp lymph nodes, substantial agreement and weakly ipesit
after surgery [26]. correlation (k=0.622, p<0.005; r=0.090; p=0.75xq623,

Doppler sonography showed high sensitivity forp<0.01; r=0.033; p=0.91) and (k=0.606, p<0.005;.028;
predicting complete histologic response [1, 27, .28]p=0.92) has been found between RI, Pl and Vmaoresgp
Decreased tumor vascularity at the end of treatmeamind histopathological response respectively.
indicates good response, whereas increased or ngetta  In breast tumour, Singh et al [15] found a sigmrifit
vascularity indicates no response [29, 30]. Pativith an correlation and fair agreement between Rl and Vmax
intratumoral blood flow velocity increase after response grade and histological response (r=0@&8001;
chemotherapy had a greater likelihood of local mmce k=0.251, p<0.0002) and (r=0.675, p<0.001; k=0.406,
and metastasis compared with patients in whom flow<0.0012) respectively, but a significant correlatiand
velocity decreased after chemotherapy [31]. In 4686 slight agreement between Pl response and histalogic
patients, the Doppler changes appeared four weefkseba response (r=0.751, p<0.001; k=0.123, <0.716).
size reduction was detectable using B-mode Based on the color Doppler findings, a new scoring
ultrasonography [29]. Thus, Doppler flow imaginghdae system was proposed that could predict histological
helpful in both assessing and predicting the respoof response following chemotherapy. Higher scores
breast cancer to medical treatment. An early deerea corresponded with a more favourable histopatholdgic
disappearance of tumor vessels may reflect theiefity response. 66.7% patients had a cumulative Doppgleres
of chemotherapy before any decrease in tumor valume more than nine. The cumulative Doppler scores were

In the present study, clinical response showedtanbal correlated with histopathological grades of respoasd
agreement and weakly positive correlation withfound to be statistically significant (p < 0.0585]1
histopathological response in breast tumour (k=D.65 In the present study, 83.33% showed a Doppler sabre
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3-5 for breast tumour following chemotherapy. Dappl
score between 10-12 in the breast tumour was regrabd
in this study. In axillary lymph nodes, 54.17% pats
showed a Doppler score of 3-5 for axillary noddofwing
chemotherapy. Doppler score between 10-12 was odxer
in 29.17% patients. The agreement between Dopptmes
and histopathology response was found to be mazlénat [12]
breast tumour as well as in axillary lymph nodewsdwer,
it was more significant in axillary lymph nodes k562,
p<0.01; k=0.469, p<0.05).

(11]

(13]

5. Conclusion

In the present study, sonology was found to be @ po[14]

modality for breast tumour size and axillary lympbde
size estimation. With regard to chemotherapy respon
assessment, clinical examination was a better ritpdal
primary, while Colour Doppler was better for axilla
lymph node evaluation.

(15]
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