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1. Introduction

The modern, optimal treatment of patients withat#ht neoplasms can be achieved, in
most cases, with the stage adapted, combined mpda&rapy according to international
protocols. In case of solid tumors the presence exatt number, or the absence of lymph
node metastases are among the most important mtgfectors. Adjuvant chemotherapy, as
well as, prognosis of the patient is determineanprily by the TNM stage. Preoperative
imaging techniques provide a much more accuratera@tation of the T and M stage than
that of the N stage. The correct status of lympHenmetastases can be obtained only by
histology following an optimally extended node éisson. The removal of more lymph
nodes, on the other hand, incerases operative tiragate of complications, and if negative
may be considered unnecessary. Contemporary tec®iicare most helpful during
intraoperative decision making by labeling the smitnode, which is than examined
histologically during the operation (SLN). If the [$ contains tumor deposit(s) extended
dissection is warranted, while in case of negatithie patient can be spared of the possible

complications.

During my work in the field of general surgery kctsed on the detection of lymph
node involvement of two of the most frequent typéscancer (breast and gastric cancer),
where the extension of the dissection may subsifnincrease the rate of complications.
Apart from the anatomical differences in the lymighdrainage of the two organs, there are
common features in the surgical technique which enakparalell examination feasible. In
tumors of both organs the first potentially affecigmph node, the sentinel node, reflects
reliably the status of the nodes in the secondthird line, which is supported by data of

numerous publications.



In 2002, 1.15 million new patients were diagnoséith wiammary cancer in the world,
one quarter of these in Europe. One half of theeptst had no proven lymph node metastasis.
The incidence of lymph node positivity in the 99Inewly diagnosed early gastric cancer
patients is 14%, while in Hungary the N stage pagjt of the more prevalent advanced

tumors is between 52-82%, depending on tumor sizeedl.

Determination of the accurate lymph node statuswel as, decreasing morbidity
serve the basic interest of patients. We testeddie only” labeling technique of sentinel
nodes and applied the Maruyama computer prograsasas of gastric cancer. The efficacy of
FNAB and core biopsy, as well as, their added v&duenaging techniques were determined
in cases of radial scar lesions of the female br&d® present theses is a summary of our

results.



2. Specific aims

2.1. To determine the accuracy of preoperative ytaneous biopsies (FNAB, core biopsy,

CB) in radial scar type lesions of the breast.

2.2. To calculate the added value of core biopsyidavg the two-step surgical treatment

(SNB) of radial scar.

2.3. To define the accuracy of the single agentefRalue) sentinel lymph node mapping in

gastric cancer for the first time in Hungary.

2.4. To evaluate the accuracy of the single ageatefit blue) sentinel lymph node mapping
according to injection site (submucosal versus edsal) in gastric cancer for the first time

in the Eastern European region.

2.5. To examine the accuracy of the Maruyama coenarogram (MCP) and to detemine it's

potential role in the stage-adapted surgery inrgastncer.

2.6. To compare the accuracy of the Maruyama coengarbgram and sentinel lymph node

biopsy in prediction of lymph node involvement iasgyic cancer.



3. Patients and Methods

3.1. In the “radial scar study” 45 consecutive grais were investigated with a mean age of
53.3 (range: 40 to 81) years from 01/2005 to 129280the Kenézy Breast Center among
standardized circumstances. Inclusion criteria wetack star” appearance with long, thin
spicules radiating from a radiolucent central am@ntaining a fibroelastic core on
mammograms. Exclusion criteria were other malforomst on the mammogram and/or
previous ipsilateral surgical procedure. Mammogyapias carried out with a GE Senograph
700T Mammo Unit in 31 cases and later with a GEhalRT Unit and Profect type (FUJI)
phosphorous-disc digital technology in 14 casesn@ementary radiograms (aimed-enlarged
and lateral), breast and axillary ultrasound (U&neination were performed with a Siemens
Adara device and synchronous US guided FNAB and baypsies were taken in all cases.
FNAB was performed with 23G needles by the Camaemge pistol in local anesthesia.
Two samples per patient were retrieved and fixedl@ohol immediately. After that, 2 to 5
cores per case were extracted with the Bard Magi4®@ needle instrument. These
preoperative percutaneous biopsies were done bys#me radiologist and both the

preoperative and postoperatve specimens were awbhyzthe same pathologist.

All lesions were non-palpable and smaller than 1 wich necessitatad ultrasound guided
wire placement. | performed the oncoplastic proceslwith periareolar or lateral incisions
and remodellation of the breast tissue. In casdswafsive tumors the sentinel nodes were
labeled with blue dye (Bleu Patenté V Sodique Geleh5%, F-95943 Roissy CdG, cedex,
France) and intraoperative frozen section exanonatwere performed. After the surgical
procedure the postoperative pathological findingsrew compared to the results of
preoperative percutaneous biopsies. | investigdtedsensitivity, specificity, false-negative
rate, negative predictive value and positive pitacicvalue of FNAB and CB. The diagnostic
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value of CB was evaluated in comparison to thaFENAB, with the potential benefit of

avoiding a second (SNB) surgical procedure.

3.2. A comparative study evaluating the accuracMafuyama computer program and single
agent (Patent blue) sentinel lymph node mappingpsaspectively controlleéfom February
2008 to April 2011 at the Department of Generalg8uy of the ,Gyula Kenézy” Teaching
Hospital, Debrecen, Hungary. 21 females and 19 snaith a mean age of 64.1 (range: 50 to
80) years were enrolled. The average body mas if@Ml) was 22.6 (range: 17.1 to 27.6)
Exclusion criteria were gastric stump tumor, cardiancer, distant metastases and
involvement of the surrounding organs (T4). Fopgecutive patients were evaluated by the
Maruyama computer program. The calculation requtred following prognostic factors in
every patient. age, gender, position of the tumgpér, middle, and lower third of the
stomach, anterior or posterior wall, lesser or geaurve), Bormann’s classification or early
gastric cancer classification according to the dapa Endoscopy Society, depth of
infiltration, and histological type. Based on thetsa, the computer model calculated the

proportion of the potentially positive nodes atrefenph node location (station 1-16).

All the patients underwent open gastric resectidath Wlue dye mapping and modified D2
lymph node dissection. Sampling of station 10 aathgartment 3 nodes (13 to 16) was
optional, in case of macroscopic signs of infilmat so we did not routinely calculate the
values of these stations. After laparotomy, thedesac was opened (if it was needed) and 4
X 0.5 mL blue dye (Bleu Patenté V Sodique Guerhb®@ F-95943 Roissy CdG, Cedex,
France) was injected in four quadrants around timeot. First 16 patients were marked
submucosal by an endoscopist, the remaining patignt23) injection was performed by the

surgeon subserosaly. Lymphatic drainage was oldeime up to 10 minutes following



injection. Blue stained lymph nodes were marked aadlified D2 lymph node dissection
was performed after gastric resection or total rgaghmy. The calculations of the MCP
values, the staining method and the lymphadenectoerg supervised by the author. The
position of lymph nodes was labelled accordinghe fapanese Classification of Gastric
Carcinoma (JCGC). The sentinel lymph nodes werenaead intraoperatively by frozen
section and postoperatively the sentinel lymph soslere sectioned at 0.2 mm intervals and
hematoxylin and eosin (HE) staining and, immunaulsémistry examinations were
performed with DAKO Monoclonal Mouse Anti-Human Olgeratin (clone AE1/AES3;
dilution 1:30; Dakocytomation; Glostrup; DenmarlQnly negative sentinel nodes were
examined for micrometastases.

To compare the MCP values and the results of thd 8lapping, | had to define a ‘cut-off
level’, by using the calculation of the receiverogting characteristics analysis (ROC). This
logistic regression model indicates the probabibfyconcordance between the predicted
probability and the proven diagnosis of lymph nousastasis. | estimated the sensitivity and
specificity with several cutoff points of the Maama program expected percentage values
obtained by the ROC analysis for each of the 12olymode (LN) stations. | defined the best
cutoff points for every LN station and the commaitical cutoff point to maximize the test
validity.

The detection rate has been calculated as the nuphiseiccessful identifications of SLN in
relation to the total number of SLN biopsy procesdurThe sensitivity has been given as, the
number of patients with positive SLN among totaiier of patients with a histopathologic
evidence of lymphatic tumor spread. False negatate has been defined as 100 % -
sensitivity. Specificity has been calculated asrhbeber of negative SLN biopsy results in
relation to the sum of negative SLN biopsy resyliss false positive results. Negative

predictive value has been calculated as the nuofhegative results per the sum of negative



results and false negative results, while the pespgredictive value has been quantified as the
number of positive results per the sum of positesults plus false positive results. Statistical
analysis of equivalence between the marking metl{sdsserosal versus submucosal) and
between the results of MCP and SLN mapping was doase calculating ratios of test

performance indicators (those of the SLN mappindhoe divided by those of the MCP

procedure). Equivalence was established when thee&&ct confidence interval around such
a ratio was fully contained within the range 0.8.t85. The median follow up was 19 months

(range: 1 to 39).



4. Results

4.1. In 6 cases (13.3%) the postoperative histolegy invasive ductal carcinoma mimicking
RS morphology. In 28 patients (62.2%) neither nredigg tumor nor ductal carcinoma in situ
(DCIS) could be detected on postoperative histolgexamination. In 8 cases (17.8) DCIS
and in 3 patients (6.7%) invasive ductal carcinonae associated with RS. In the non-
malignant group (n =28) FNAB was non-diagnosticlik cases (53.6%). All the invasive
ductal tumors (6 cases) were diagnosed with CB pgaextively, while FNAB was non-
diagnostic (C1) in 2 cases, proved suspicious falignancy (C4) in 2 patients and was
positive (C5) in 2 cases. In 3 cases of invasivéigmant tumor associated with radial scar,
core biopsy was positive in 1 patient, while FNABsmegative or non-diagnostic in all of
them. In the group of DCIS associated with radialr $he core biopsy detected malignancy in
5 cases and FNAB was positive (C5) in 1 case arslsmapicious for malignancy (C4) in
another case. In this cohort of patients the FNAH hn added value (C4, C5) in two cases
with negative results of CB. The preoperative FNA&&s non-diagnostic in 20 cases (44.4%).
This high rate of false diagnosis was due to thal@ear central scar of the RS. The core
needle biopsy samples were evaluable in all cdeethe present series, the sensitivity of
preoperative percutaneous biopsies (FNAB and CB) W&a6% and 70.6%, specificity was
the same (100%), false-negative rate was 82.4%28mtP6. Negative predictive value was
48.1% and 84.8%. Applying both types of biopsies tasults improved significantly. The
lack false positive cases resulted in a 100% p@sipredictive value. The sensitivity
increased to 82.3%, and the negative predictiveevalas 90.3%, while the false negative rate

decreased to 17.6%.

In 9 cases (20%) we had to perform a second oparé8NB), no preoperative biopsy had

been performed. Had we done a preoperative cytabody, | would have had to perform a

10



two-step procedure (SNB) in 7 patients (16%). Ussh@reoperative core biopsy, SNB was
needed only in 2 cases (4%) to establish the prdmanosis. The intraoperative frozen
section and the postoperative histological exananaif sentinel lymph nodes were negative
in all cases of invasive tumors. SNB was not inidan the DCIS group due to it's size,

grade and histological results (non-comedo). Teeaton margins were adequate in all cases

4.2. In the comparative ,gastric cancer study”Jestigated 40 consecutive patients. Fifteen
patients had signet-ring cell carcinoma, 18 patiefiad moderately differentiated
adenocarcinoma and 7 patients had poorly diffestedi adenocarcinoma. The tumor was
localized in the upper third of the stomach in 8esa in the middle third of the stomach in 10
cases, and in the lower third of the stomach it&es. The depth of invasion was T1 in 10,
T2 in 11 and T3 in 19 patients. Total gastrectomgswerformed in 14, and subtotal
gastrectomy in 26 cases. A total of 795 lymph nadexe removed, and 19.9 lymph nodes per
patient were examined in average (range 10 to®®lynodes per patient). The mean number
of blue nodes was 4.25 per patient.

In two patients with lower third tumors labeling &fmph node station 10 was hardly
detectable. Both of them had a circular tumor. Tite patient had a T3, grade 3, papillary
adenocarcinoma with lymphatic vessel invasion aad fymph nodes were labelled (LN
no.3, no.6, no.7, no.8, no.10), while the otheiegmithad a T3, grade 3, signet-ring cell
carcinoma and twelve lymph nodes were stainedr{@M¥, no.6, no.7, no.8, no.10, no.11 and
no.12).

The best cutoff point was estimated for every Latieh and a critical cutoff point of 12% of
the MCP expected percentage maximized the teslityalin 2 cases with metastases in LN
station 9 and 12 the MCP calculated 0%, so theitbgtyswas zero with any cutoff level, as
in 2 other cases with metastases in LN station 10.
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The sensitivity, specificity, negative predictivalwe, positive predictive value and accuracy
of MCP were calculated with ,12%-cutoff point” amdth the ,best-cutoff point” station by
station. The sensitivity was 91.3%, specificity vE2s9% in the “12% group” and 91.3% and
64.7% in the “best group”, respectively. Positivedictive value, negative predictive value
and the accuracy was 72.4%, 81.8% and 75% in tB&“4roup” and 77.8%, 84.6%, 80% in
the “best group”.

In 39/40 cases sentinel lymph nodes were succéssientified, resulting in a detection rate
of 97.5%. Seventeen patients (42.5%) were histoldlgi node negative, in 16 patients both
sentinel lymph nodes and non-sentinel lymph node® wegative. In one case there was no
sign of labeling, the BMI of this patient was 2618.22/23 cases at least one SLN showed
tumor involvement, with a false negative rate d3L(4.3 %). In this single false negative
case the tumor was T3 in extension, and grade I8 petineural invasion histopathologically
and the macroscopically involved lymph nodes cdwddfound during the operation. In the
sixteen SLN negative cases micrometastases wer@unad in the sentinel nodes. Results of
the intraoperative frozen sections (SLN) correlammpletely with the postoperative
pathological findings. Sensitivity was 95.7%, aritte tspecificity was 100%. Negative
predictive value was 94.1% and the positive pradictalue was 100%. The accuracy was
97.5%. These statistical values were investigateelation to the injection site (submucosal
versus subserosal). The specificity and positivedigtive value was 100% in both groups,
while the sensitivity, negative predictive valuedadetection rate was 100% in the
submucosal group and 92.3%, 91%, 96% in the subslegyoup. These parameters were
proven equivalent based on 95% of confidence iatefihe only false negative case in the
subserosal group resulted a 7.7% of false negedtee

The sentinel lymph nodes were located in the D1paotment in 22 cases (57%), in 12 cases

(32%) both in the D1 and D2 compartments and im t@ses (11%) in the D2 compartment
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only. Regarding lymph node involvement of the pase SLN-s alone were positive in 6/23
cases (26%). Two of them could be found in the D&hgartment only. In 17 cases other
lymph nodes were also involved. The D1 compartmeny was involved in 8/17 (47%)
cases, D1 and D2 compartments in 9/17 (53%) césése group of T1 tumors (n=9), SLN
were not involved. In the T2 group (n=11), 8 paewere SLN positive ones and 4 of them
were non-sentinel positives, as well. Only 5/19.3%) patients were lymph node negative in
the T3 group.

No side-effects of blue dye mapping could be olesstrfhe postoperative period of the 40
patients was uneventful without any surgical or sargical complication. During the follow
up period of 19 monthwe have lost 6 patients due to progressive diséase.of the patients
succumbed to progression of pT3 tumors with lymg@soular invasion and two patients had
pT2 signet-ring cell carcinoma. All six patientsdhaositive SLN and in four cases only one
sentinel node was positive.

Results of the MCP and sentinel lymph node biopsiese equivalent only in sensitivity
based on 95% confidence interval (Cl) of ratio radicators. Specificity, negative predictive
value, positive predictive value and accuracy v8IMB method were superior to those of
MCP. The computer program with the ,best cutoffrppd{station by station) had a somewhat
better statistical result than with the ,12% cutodint”; however, the area under the curve of
SNB was higher. The difference was statisticalgngicant between SNB and MCP with the
»12% cutoff point” (p=0.0043) and between SNB andC® with the ,best cutoff point”
(p=0.0003). The area under the curve of MCP with thest cutoff point” was higher than
MCP with the ,12% cutoff point”, although the difesnce was not significant (p=0.1441). |
evaluated the accuracy of the MCP applied to feg¢l lymph nodes, due to the low value of
area under the ROC curve in station 9, 10 and bfvener, the accuracy and the statistical

features (sensitivity, specificity, positive pretilie value, negative predictive value) did not
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change, because patients with false negative selewetl lymph nodes had false negative
lymph node in the first level also. The accuracyhaf MCP in sentinel node positive patients
was 91% and only 75% in the complete group of tingy/ fpatients.

The sensitivity of the MCP in the cohort of SLN pive patients was 91% and the PPV was
100%. So, these features of the MCP and SNB wageprequivalent in the sentinel node
positive group. In these patients the specificitgd &PV could not be defined, due to the lack
of negative cases. The accuracy of the Maruyamapaten program in prediction of lymph
node metastasis in stations 7 to 12 was 50% inre¢mtode positive patients. This accuracy

increased to 72%, when the sentinel node couladined in the compartment 2.
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5. Conclusions

5.1. In the clinical practice preoperative percetaus biopsies help us to select the optimal
surgical procedure in patients with breast canterthe present study, invasive tumor
mimicking RS was present in 6/45 cases (13%). D@l$nvasive ductal carcinoma were
associated with RS in 11/45 patients (25%). Thén higte of false negative preoperative
results the RS like lesions should not be regaraedoenign lesions, therefore surgical

excision is mandatory.

In 9 cases we had to perform a second operatioB)3MN well. This means a disadvantage
for the patient because the detection rate by éméirel lymph node method is lower in a
second operation. With the parallel applicatior=bIAB and core biopsy, the detection rate
was greatly improved. In our series SNB was neexdd in 2 cases (4%) to establish the

correct diagnosis.

5.2. Prospective randomized trials found a higherlbndity and mortality rate following
extended lymph node dissection of patients withrgasancer compared to those undergoing
D1 dissection only. Forty percent of Western Euawppatients have an unnecessary extended
lymph node dissection in cases of RO resectionoktumhately, preoperative diagnostic tools
have a low sensitivity and specificity in definitige lymph node involvement of patients with
gastric cancer.

Although, it is difficult to draw definitive conchions, due to the small sample size of our
prospective, consecutive study, the detection mHtéSLN-s was 97.5%, with a 95.7%

sensitivity, 4.3% of false negative rate and a 10§8écificity using the blue dye alone
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technique. In patients with T1 and T2 gastric tusnlodid not find false negative case, so the
sensitivity was 100% in this group.

The influence of BMI on SLN detection is well knowin our investigation, the single non
marking patient's BMI was higher than average (26&8us 22.8). This increase in BMI is
not dramatic, but BMI calculations do not refldoe Wistribution of fat inside the body.

The two cases of positive SLNs confined to thedothpartment only, call attention to the
possibility of skip metastases. Using the blue digme marking method we can avoid an
insufficient (limited) lymph node dissection.

The statistical equivalence of the submucosal hrdstibserosal dye injection technique was
showed in this study. Based on these findings veéeprthe logistically easier, time sparing
subserosal marking method except for the casesropalpable tumors, when the endoscopist
labels the SLNs intraoperatively.

This comparative, standardized study demonstratgchéar degree of reliability of MCP to
international results, with 91.3% of sensitivit$i% of specificity and 80 % of accuracy at the
best cutoff point. The false negative rate was 8.These statistical features are superior to
the results of preoperative imaging diagnosticdool

The sensitivity of MCP and SNB was proven equivilevhile the specificity, negative
predictive value, positive predictive value anduaecy were higher with SNB. It is generally
accepted, that metastases in the SLNs indicateyi@Hadenectomy.

We analyzed the relevance of the MCP in sentindenmositive patients. The accuracy was
higher by 16% than in the group of our total fquatients.

In summary, this comparative study showed a lowarical impact of the Maruyama
computer program compared to SNB; however usingetivo methods in a parallel fashion
could be useful in preoperative decision making tbe appropriate extension of

lymphadenectomy and individualize stage-adapteglesuyiin gastric cancer.
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New observations

1. Based on the results of the above detailed, first tthgarian study, we recommend
simultaneous use of FNAB and core biopsies, to impve the accuracy of preoperative

diagnosis in the cases of radial scars of the fenedbreast.

2. The accurate diagnosis renders an SNB unnecessamwyhich is less efficient when

carried out as a second, complimentary operation.

3. The result of the present study demonstrated the &sibility of sentinel lymph node

mapping with blue dye only technique in T1-T2 gasic tumors.

4. The subserosal marking method proved to be easiemd more time sparing in the
cases of palpable tumors during open surgical prodeires, while the non-palpable

tumors can be labeled submucosally by the endoscepintraoperatively.

5. Calculated by our standardized study the Maruyama omputer program showed an
accuracy of 80%, specificity of 64%, and sensitivt of 91.3%. The false negative rate
was 8.7%. The statistical features of the Maruyamaomputer program is superior to
those of current preoperative diagnostic imaging tols. The routine use of the program is
suggested in surgical departments to increase theumber of eliminated metastatic

lymph nodes.
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6. The sensitivity of Maruyama computer program a&edtinel lymph node biopsy was
proven equivalent, while the specificity, negatpredictive value, positive predictive value
and accuracy were higher with SNB. The accuracyhef MCP in sentinel node positive
patients was higher by 16% than in the group oft¢te of our forty patients. The sensitivity
and the positive predictive value of the MCP andBS3Mas proven equivalent in the sentinel
node positive group.

It will be a fascinating question of the future whéeher the simultaneous, widespread use
of the Maruyama program and SNB will serve better he tailoring of a stage adapted

operation for patients with gastric cancer.
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