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ABSTRACT 

The Sentinel Lymph Node Biopsy (SLNB) method is currently well established in the staging 

of clinically node-negative breast cancer. However, there is some debate concerning the 

reliability of this method following previous breast surgery. The SLNB method may also be a 

valuable tool in the staging of oesophageal cancer or cancer of the gastro-oesophageal 

junction (GOJ), though there are also indications that the method may be less reliable in more 

advanced cases. Moreover, the impact of a history of neoadjuvant treatment with either 

chemo-radiotherapy or chemotherapy alone on lymphatic drainage patterns from the 

oesophagus or GOJ is not well understood. Therefore, there exists a need to further 

investigate the SLNB method in this patient group. The addition of neoadjuvant therapy in 

patients with cancer of the oesophagus or GOJ has been shown to improve long-term survival 

when compared to surgery alone, but there is a need for better diagnostic tools to evaluate the 

clinical effects of neoadjuvant therapy in this patient group.   

This thesis had two main aims. The first aim was to evaluate the utility of hybrid SPECT/CT 

lymphoscintigraphy in patients with lesions of the breast, or lesions of the oesophagus or 

GOJ. The second aim was to evaluate the predictive value of 18F-FDG PET/CT in regard to 

histological response following neoadjuvant treatment in patients with cancer of the 

oesophagus or GOJ. 

Paper I: In this study including patients with benign breast lesions, and using SPECT/CT 

lymphoscintigraphy prior to, and six weeks following a diagnostic breast excision, with the 

non-operated breasts serving as a control group. We observed no statistically significant 

differences in reproducibility between the operated and non-operated breasts regarding SLN 

detection. 

Paper II: In this study including patients with cancer of the oesophagus/GOJ and using hybrid 

SPECT/CT lymphoscintigraphy. SPECT/CT yielded a high number of detected Sentinel 

Lymph Nodes. Another aim was to investigate the overall performance of the SLNB method 

in this patient group, however the accuracy of the Sentinel Lymph Node Biopsy method in 

the current patient population was poor. 

Paper III: In this study investigating the effect of neoadjuvant chemo-radiotherapy on tumour 

lymphatic drainage patterns in patients with cancer of the oesophagus or GOJ using 

sequential SPECT/CT lymphoscintigraphy before and following chemo-radiotherapy, but 

before surgery. The reproducibility of SLN detection was very poor. The SLNB method may 

be unreliable in patients with cancer of the oesophagus/GOJ with a history of previous 



neoadjuvant chemo-radiotherapy or chemotherapy. Neoadjuvant chemo-radiotherapy in fact 

appears to have a considerable impact on lymphatic drainage patterns from the oesophagus or 

GOJ regarding SLN detection.  

Paper IV: In this study including patients with cancer of the oesophagus/GOJ. randomised to 

either neoadjuvant chemo-radiotherapy or neoadjuvant chemotherapy and using consecutive 

18F-FDG PET/CT examinations. Changes in PET parameters were studied in relation to post-

operative histological response in the primary tumour. In particular, changes to the hitherto 

seldom-used Standardized Uptake Ratio (SUR) PET-parameter was of interest. When pooling 

the two treatment arms, there was found to be a statistically significant difference in reduction 

of SUR in patients with histological response compared to patients with little or no 

histological response. However, it was not possible to predict a complete histological 

response. 
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1 INTRODUCTION 

 CANCER OF THE OESOPHAGUS OR GASTRO-OESOPHAGEAL 
JUNCTION 

1.1.1 Epidemiology 

Cancer of the oesophagus and gastro-oesophageal junction (GOJ) causes more than 400,000 

deaths yearly and is the ninth most common type of cancer globally(1). 

The disease most commonly occurs in the sixth decade and the male to female incidence ratio 

is about 3:1 for squamous cell carcinoma and 6:1 for adenocarcinoma, although this ratio 

varies by region(2). Risk factors include obesity and prolonged gastro-oesophageal reflux 

disease (GERD) for adenocarcinoma and heavy tobacco and alcohol use for squamous cell 

carcinoma.(3). 

1.1.1.1 Squamous cell carcinoma (SCC) 

In global terms, this is by far the most common type of oesophageal carcinoma, predominant 

in southern Africa and East Asia. SCC accounts for roughly 90% of all cases worldwide(4). 

Conversely, the incidence of SCC in western countries has been continuously decreasing over 

the last few decades(5). SCC is caused by direct contact with carcinogens or prolonged 

abrasion or other trauma to the oesophageal mucosa. Apart from the most well-established 

risk factors in tobacco and alcohol use, the swallowing of chemical irritants and prolonged 

consumption of hot beverages may contribute to disease occurrence. Among the protective 

factors, above all smoking cessation and, to a lesser extent, dietary intake of fruit and 

vegetables reduce the risk(6).  

1.1.1.2 Adenocarcinoma (AC) 

Although internationally an uncommon form of oesophageal carcinoma, the incidence of AC 

in the western world has greatly increased over the previous decades. AC now accounts for 

the majority of cancer cases in certain European countries(2). AC, in contrast to SCC, is 

caused by prolonged exposure to gastro-oesophageal reflux and the resulting intestinal 

metaplasia of the normal stratified squamous cell epithelium in the mucosa to columnar 

epithelium with goblet cells(6). This pathological process gives rise to Barrett’s oesophagus, 

which in turn, as a consequence of worsening dysplasia, may progress to adenocarcinoma at a 

rate of 0.5% per patient-year(7). The most obvious risk factor for the development of AC is 

prolonged gastro-oesophageal reflux disease (GERD), which in turn is associated with 

obesity and hiatal hernia. The role of symptomatic treatment of reflux with proton pump 
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inhibitors (PPI) remains controversial in the development of dysplasia and progression to 

carcinoma. Infection with Helicobacter pylori (HP) and a dietary intake of fruit and 

vegetables have been found to be protective. There is also some evidence that non-steroidal 

anti-inflammatory drugs (NSAID) may reduce the risk of disease occurrence(6,8). Due to the 

association to GERD, adenocarcinoma most often occurs in the lower third of the oesophagus 

or in the GOJ.  

1.1.2 Histopathology 

Squamous cell carcinoma occurs in the flat lining cells of the proximal oesophagus, and the 

upper and middle parts of the oesophagus are accordingly the most common sites of disease. 

This type of cancer is characterised by the proliferation of atypical, oftentimes pleomorphic 

squamous cells. The cancer may be well, moderately or poorly differentiated, reflecting 

tumour grade. The most common genetic alteration in SCC includes mutations of TP53, 

NFE2L2, MLL2, ZNF750 and NOTCH1(9). 

As previously mentioned, adenocarcinoma may occur in cases of Barret’s oesophagus. This 

condition with characterised by metaplasia of the mucosa originating in the GOJ end 

extending into the otherwise healthy mucosa of the oral oesophagus occurs in 5-8 per cent of 

patients with chronic GERD. This metaplasia is a process of replacing the normal stratified 

squamous epithelium of the distal oesophagus with columnar epithelium. This new tissue is 

in turn prone to develop dysplasia with associated pathological changes to glandular 

architecture culminating in carcinoma. (10). The most common genetic alteration in AC 

includes mutations of TP53, CDKN2A, ARID1A, SMAD4, and ERBB21(9). 

1.1.3 Prognostic factors 

Cancer of the oesophagus or GOJ is associated with a very poor prognosis and the 5-year 

survival rates are around 15%(11,12). Influencing factors are chiefly tumour grade and stage 

by TNM classification. This staging system classifies lesions based upon the depth of the 

tumour invasion (T stage), the status of loco-regional lymph node (N stage) and presence or 

absence of distant metastasis (M stage)(13).  

One of the most important prognostic factors is lymphatic spread of cancer cells to loco-

regional lymph nodes(14). This has necessitated an aggressive surgical approach to the 

disease. Extensive loco-regional lymphadenectomy is routinely preformed on patients with 

stage ≥ T2 cancers undergoing oesophagectomy. The distribution of loco-regional lymph 

node metastasis has been shown to be an independent prognostic factor in relation to 5-year 
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survival in patients with cancer of the middle-distal oesophagus(15). 

1.1.4 Neoadjuvant treatment 

Neoadjuvant treatment with chemotherapy (nCT) by itself or in combination with external 

beam radiotherapy (nCRT) is currently the main treatment course for >T2-stage or cN1-N3 

lymph node-positive oesophageal cancer. There is evidence that this significantly improves 

long-term survival compared to surgery alone in adenocarcinoma(16,17). There is also 

evidence of the added benefit of nCRT in squamous cell carcinoma, though the effect of only 

nCT in SCC remains unclear(18). Typically, neoadjuvant therapy consists of cisplatin and 

fluorouracil with or without external beam radiation given in fractions. Definitive oncological 

treatment may be offered to patients considered otherwise unfit for surgery. The same may be 

offered to patients with cervical oesophageal cancer, where surgery is associated with 

significant co-morbidity. 

For locally advanced cancers, the CROSS-study showed a significant survival benefit of 

neoadjuvant chemo-radiotherapy for all types of carcinoma when compared to surgery alone 

with a median OS of 49.4 months in the nCRT surgery group and median OS of 24.0 months 

in the surgery group (HR, 0.657; 95% CI, 0.495 to 0.871; p=0.003)(16). In this patient group, 

and most definitely for SCC, the addition of neoadjuvant treatment prior to surgery is 

beneficial to outcome. The neoadjuvant treatment regimen consisted of five cycles of 

carboplatin + paclitaxel with concurrent external beam radiation therapy given in fractions. 

Post-operative pathological staging of the specimen following nCRT has been shown to be an 

independently strong predictive factor in disease-free progression, as well as long-term 

survival of patients with cancer of the oesophagus or GOJ(19).Post-operative pathological 

staging consists of a semi-qualitative Tumour Regression Grading (TRG) of remaining 

cancer cells in the specimen, where a compete histological response (pCR) is defined as an 

absence of remaining cancer cells. 

A more pronounced histological response in patients following nCT has been shown to 

correlate with clinical down-staging, which in turn is a strong predictive factor for long-term 

survival. Any association between overall survival and histological response may however be 

dependent on histologic type, i.e. squamous cell cancer (SCC) or adenocarcinoma (AC). The 

NeoRes randomised trial of neoadjuvant chemotherapy vs. chemo-radiotherapy was unable to 

show an clear link between pCR and short term survival, furthermore patients AC 

demonstrated a trend towards lower long-term survival, possibly as a result of mortality 
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related to the treatment, and the opposite in patients with SCC(20). The same results were 

later observed in regard to long term survival where no significant differences were observed 

between the two treatment arms(21). 

It is known that pCR may be achieved in approximately 20% of all oesophageal cancers 

following neoadjuvant treatment, predominantly in SCC(22). It is debatable whether these 

patients benefit from oesophagectomy, which is a complex procedure with a high risk of 

post-operative complications and a substantial impact on quality of life in both the short and 

long term. In some parts of the world another strategy in the management of patients with 

limited SCC is to offer definitive chemotherapy, followed by active monitorisation and so-

called salvage oesophagectomy in cases of residual cancer or local disease recurrence(23). 

On the other hand, patients who show little or no histological response following neoadjuvant 

treatment arguably might not benefit from this course of action and may in fact be better 

suited for direct oesophagectomy. 

1.1.5 Surgical treatment 

In most parts of the world, oesophagectomy with two-field (D2) lymph node dissection is the 

standard surgical treatment for locally advanced cancer (≥T2) of the oesophagus or GOJ. For 

lower stage cancers or even premalignant lesions (≥T1a), organ-sparing endoscopic 

mucosal/submucosal dissection or radio-frequency ablation (in Barret´s oesophagus) may be 

considered definitive treatment(24). Oesophagectomy constitutes a significant trauma to the 

patient and the procedure is associated with considerable risks in both the short term, and 

significant impact on quality of life and organ function in the long term. 

1.1.6 Staging methods 

1.1.6.1 Video endoscopy 

Definitive diagnosis of oesophageal cancer is achieved by means of endoscopic examination 

with high-resolution video oesophago-gastroscopy. Superficial lesions are assessed using the 

Paris classification, and multiple biopsies are gathered during the examination(25). 

Limitations in depth penetration means that there are limitations where more detailed staging 

in regard to tumour invasion depth and metastatic spread is required. 
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1.1.6.2 Endoscopic Ultrasound 

Endoscopic ultrasound uses sonographic technology that can identify the layers of the 

oesophageal wall and may thereby assess depth of invasion, as well as identifying metastatic 

locoregional lymph nodes. The procedure can be performed using a conventional 

echoendoscope or a miniprobe. High-frequency (7.5-12 MHz up to 20-30 MHz) probes allow 

visual separation of the layers of the oesophageal wall (mucosa, submucosa, muscularis 

propria and adventitia). A cylindrical echoendoscope gives a full radial view of the 

oesophagus and surrounding mediastinum but does not allow for fine needle aspiration 

(FNA) to sample lymph nodes. However, this may be performed using a focused linear 

probe. Tumours typically appear as a hypoechoic lesion disrupting the layers of the 

oesophageal wall. EUS has an overall accuracy of 80–90% for T-staging but is less accurate 

for superficial tumours(25). The addition of EUS-evaluation following CT staging does not 

appear to significantly affect the accuracy(26). EUS is however a useful tool in the evaluation 

of loco-regional lymph node metastasis, in particular in combination with FNA, with an 

accuracy of 90%(25).  

1.1.6.3 Computed Tomography (CT) 

Following diagnosis, patients are routinely examined by means of CT of the cervix, thorax 

and abdomen for staging purposes. The technology is widely available and at a relatively low 

cost. 

The limitations in spatial resolution when compared to high-frequency endoscopic ultrasound 

does not allow for visual separation of the oesophageal wall, thus severely limiting the ability 

to correctly T-stage tumours. The added value of CT lies in the evaluation of T4 tumours in 

relation to overgrowth to adjacent visceral structures and the detection of sites of nodal and 

distant metastasis. One prospective study showed that for all T-stages, CT has a sensitivity of 

67% in the detection of primary tumour (27). In the staging of regional lymph nodes, one 

meta-analysis found pooled sensitivity for CT in detecting lymph node metastasis of 57% and 

83% specificity. For abdominal nodes, the sensitivity was still lower at 42%, with 93% 

specificity(28). The same meta-analysis showed pooled sensitivity of CT in the detection of 

distant metastases at 52% and 91% specificity. CT may easily overlook low-volume 

metastatic lesions such as punctate sites of peritoneal carcinomatosis, as well as small 

superficial liver metastasis. 
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1.1.6.4 18Fluorodeoxyglucose-Positron Emission Tomography (FDG-PET/CT) 

Positron Emission Tomography (PET) is a nuclear medicine technique by which 

physiological and patho-physiological processes may be imaged using radiolabelled 

pharmaceuticals. The combination of PET and computed tomography in a dedicated system 

allows for simultaneous imaging of both metabolic/biochemical processes in the body by 

means of PET-imaging, as well as highly detailed anatomical data by CT-imaging. This type 

of system also allows for hybridisation of PET and CT images, which greatly increases the 

depth and width of information available for evaluation.  

The most common form of PET imaging is performed using a glucose analogue in the form 

of deoxyglucose linked to a positron-emitting radionuclide, specifically 18Fluoride, thus 

forming 2-deoxy-2-(18F) fluoro-D-glucose (18F -FDG). 

Almost 100 years ago, the Nobel prize laureate-to-be, Otto Heinrich Warburg first described 

the eponymous “Warburg effect”, by which malignant cancer cells exhibit a manifold 

increase in glycolysis when compared to healthy cells(29). For many years this phenomenon 

was considered a promoting factor in the development of cancer, and has recently once again 

attracted attention as a defining characteristic of cancer diseases, albeit as the result of genetic 

alterations to cellular metabolism rather than a cancer promotor per se. 

Acting as an analogue to glucose, 18F -FDG accumulates in tissues with high glucose 

consumption such as malignant tumours or tissues that are otherwise hyper-metabolic, most 

commonly as a consequence of inflammation. 

The most commonly used PET-parameters in a clinical setting are variations of the 

Standardised Uptake Value (SUV). Most often either the maximum or median SUV value in 

a defined region or volume of interest is measured. The SUV-value is calculated based on 

several parameters such as patient body mass and current glucose levels in the blood. The 

parameter is therefore not easily reproducible. When using SUV-values to for instance 

measure treatment response in a patient, there are several factors that may affect SUV 

quantification mainly type of reconstruction algorithm, patient specific parameters (e.g. 

plasma glucose level, weight), the time between 18F -FDG administration and scanning and 

PET-camera performance. 

Hence in our evaluation, we introduced the SUR as the ratio SUV tumor to blood. By instead 

using a Standardised Uptake Ratio (SUR) parameter which is based on the ratio of the SUV-

value in the tissue of interest and the SUV-value of the so-called background uptake, such as 
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in the large vessels in the mediastinum it is possible to reduce the effect of variations of PET-

parameters in variables affecting the availability and uptake of FDG. In a clinical setting, the 

test-retest variability in SUR-value has been demonstrated to be lower for SUR-values 

compared to SUV values(30). 

The limitations of 18F FDG-PET/CT are similar to those of stand-alone CT due to the 

inability of limited spatial resolution to accurately differentiate T-stage(31). One study found 

that correct T staging was performed by EUS in 71% and by CT and PET in 43% of 

cases(32). For this reason, the value of 18F FDG-PET in early-stage oesophageal cancer is 

very limited. In addition to the limitations mentioned, pathological FDG-uptake in loco-

regional lymph nodes may be obscured by avid FDG uptake in the site of the primary 

tumour(25). The added value of staging with 18F FDG-PET/CT lies within the detection of 

distant lymph node metastasis and other types of distant metastasis. Sensitivity for detecting 

nodal metastasis has been shown to be 86% in EUS, 84% in CT, and 82% in PET. Specificity 

for detecting nodal involvement was 67% in CT and EUS and 60% in PET. With regard to 

the specificity of PET for nodal metastasis, it is well known that reactive increases of FDG 

uptake, primarily in mediastinal lymph nodes, are not uncommonly due to airway infection. 

Sensitivity and specificity rates for detecting distant metastasis were 81% and 82% for CT 

and 81% and 91% for PET. 18F FDG-PET/CT also has utility in the detection of synchronous 

cancers, and in the detection of nodal or distant metastasis following neoadjuvant 

treatment(33). 

18F FDG-PET/CT is currently used for repeat staging of patients following neoadjuvant 

treatment, and as a basis on which to rule out new metastatic lesions and for definitive choice 

of potential surgical treatment. The potential role for 18F FDG-PET/CT in the prediction of 

histological response to neoadjuvant treatment is interesting. Several studies have hitherto 

been conducted to evaluate the potential of PET/CT examinations in predicting histological 

response. Results from previous studies have shown conflicing results regarding the impact 

on changes in PET-parameters following neoadjuvant treatment. Weber and associates where 

first in investigating the concept of using 18F-FDG PET as a potential tool for predicting 

histological response in patients with oesophageal cancer. In 2001 they published results of 

the first prospective study of 37 assessable patients with cancer of the oesophagus or GOJ. 

This study compared changes in SUVmax between baseline PET and following 

nCT(34).Using ROC analysis, a cut-off reduction of SUVmax by >35% was defined as 

metabolic response. This cut-off value was found to correlate with both clinical and 

histological response. Histological response was defined as few or no remaining cancer cells 
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(TRG 1 or TRG 2), using a five-point scale classification system suggested by Manard et 

al(35). Using this cut-off value, metabolic response was found to be a highly accurate 

predictor of histological response with 93% sensitivity 95% CI [68-100%] and 95% 

specificity 95% CI [77-100%]. It has been shown that metabolic changes may be observed 

early on in treatment. One study of 38 patients with SCC of the oesophagus demonstrated 

significant reduction of SUVmean in patients with SCC of the oesophagus with histological 

response (TRG 1 and TRG 2) compared to non-responders following an two-week induction 

cycle of nCT(36). 

In light of these results and using this cut-off value, the MUNICON study was later 

conducted between 2002-2005. 110 consecutive patients with AC of the oesophagus or GOJ 

were included. Metabolic response as defined by Weber was used to determine further 

treatment following a two-week induction of nCT. Metabolic responders completed full 

cycles of nCT and non-responders discontinued nCT and proceeded to resection. The authors 

found that 58% of metabolic responders were histologic responders, while none of the 

metabolic non-responders showed evidence of histological response(37). However, there 

were no significant differences in metabolic response when comparing pCR with non-pCR. 

One retrospective study involving 187 participants with stage II-III cancer of the oesophagus 

undergoing nCRT found no significant differences in SUVmax at baseline between four TRG 

grades (TRG 0-3). However, follow-up PET/CT showed significant differences in SUVmax 

across the TRG grades, with higher values with lessening degree of histological response. 

The same study no significant difference in absolute decrease of SUVmax between baseline 

and follow-up in correlation with TRG. However a significant difference in the rate of 

reduction in SUVmax ((follow-up SUVmax - baseline SUVmax) / baseline SUVmax) was 

observed(38). 

1.1.6.5 Histopathological staging 

Post-operative pathological staging of the tumour specimen may be achieved by means of 

semi-quantitative Tumour Regression Grading (TRG) of remaining cancer cells in the 

specimen. There exist several classification systems for this purpose. Staging may be 

conducted using TRG grading detailing the ratio of tumour cells to fibrotic cells as described 

by Manard et al.(35) and later modified by Cheirac et al.(39). TRG as described by Cheirac is 

graded as follows: TRG 1= no remaining tumour cells, TRG 2 = 1-10% tumour cells, TRG 3 

= 11-50% tumour cells and TRG 4 = ≥50% tumour cells. TRG 1 is synonymous with a 

complete histological response. 
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 BREAST CANCER 

1.2.1 Epidemiology 

Breast cancer is the most common cause of cancer death in women worldwide. Rates are 

significantly higher in the developed countries but rising in developing countries.(40) The 

cumulative incidence for breast cancer in European and North American women are 

approximately 2.7% by age 55, about 5.0% by age 65, and about 7.7% by age 75(41).The 

most well-established risk factors are mainly associated with hormonal exposure and include 

early menarche, menopause and obesity in post-menopause, as well as high levels of 

endogenous oestradiol. The use of oral contraceptives and hormone replacement therapy in 

menopause and, to a lesser extent, alcohol use, increase the risk. There are several known 

familiar genetic mutations associated with a greatly increased risk of breast cancer, such as 

mutations of BRCA1 and BRCA2, however the vast majority of breast cancers occur 

sporadically(42). Protective factors include childbearing, with first birth at a young age 

greatly reducing the risk. Breastfeeding and physical activity are probable protective 

factors(40). 

1.2.2 Histopathology 

Breast cancer comprises a heterogeneous group of neoplasias, with adenocarcinomas of the 

breast being by far the most common, representing around 95% of all breast cancers(43). For 

both morphological and clinical reasons, carcinomas of the breast are further divided into 

invasive and non-invasive forms. As defined by the WHO classification of breast cancer, 

non-invasive, so-called Ductal Carcinoma in Situ (DCIS) is the proliferation of histologically 

atypical epithelial cells confined to the epithelial layer of ducts or lobules. It has the potential 

to become malignant and subsequently transform into invasive cancer. The transformation of 

DCIS to invasive carcinoma is not obligate, and when it does occur it may be a year-long or 

even decade-long process(43). The most common type of invasive carcinoma is Invasive 

Ductal Carcinoma (IDC), which is defined as the proliferation of malignant cells from the 

breast ducts with stromal invasion in or without the presence of DCIS(43). IDC in turn may 

be further categorised into several cytoarchitectural subgroups on the basis of distinguishing 

features. After IDC, the second most common form of invasive carcinoma is the Invasive 

Lobar Carcinoma (ILD) which arises from cells in the lobuli and which accounts for about 

5-15% of all invasive carcinomas(41). Invasive carcinomas have the potential not only for 

stromal invasion, but therefore also for metastatic spread, mainly by means of lymphatic 

dissemination. Invasive carcinomas may furthermore be classified by gene-expression of 
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oncogenic proteins. The clinical utility for this classification rests on prognostic as well as 

treatment-guiding factors. The expression of Oestrogen Receptor (OR), Progesterone 

Receptor (PgR), Human epidermal growth factor receptor 2 (HER2) and Ki-67 are the basis 

of the clinic-pathological, so-called intrinsic subtyping of breast cancer(44). 

1.2.3 Clinical features of breast cancer 

Breast cancer may present clinically as a palpable mass lesion with or without local pain and 

discomfort. Unilateral or blood-tinged discharge is not an uncommon symptom of breast 

cancer. Today around than 50% of all breast cancers in Sweden are detected through the 

national screening program for breast cancer. The staging of breast cancer is based on the 

principle of so-called “triple diagnostics”, which constitutes physical examination, 

radiological imaging examination and cytology and/or tissue biopsy. The clinically most 

widely used methods for radiological diagnosis are mammography, ultrasound and less often 

MRI. Tissue samples for pathological diagnosis are routinely obtained by means of 

ultrasound-guided fine needle aspiration, and when there is remaining concern of 

malignancy, a core needle biopsy will be performed for more comprehensive pathological 

staging and in order to facilitate assessment of OR/PgR-receptor expression or HER2 status, 

as well as Ki-67 expression. Clinically or radiological suspect axillary lymph nodes are 

routinely biopsied by means of fine needle aspiration for the detection of metastatic cells. The 

result of this biopsy will influence further surgical management. 

1.2.4 Prognostic factors 

Currently the 5-year survival following a breast cancer diagnosis is about 90 per cent. The 

most important prognostic factor in early breast cancer is the presence of axillary lymph node 

metastasis. The risk of distant metastasis also increases with the number of involved axillary 

lymph nodes(45). The 5-year survival for patients following ALND ranges from 95 per cent 

in cases with a low proportion tumour positive lymph nodes to 71.4 per cent I patients with a 

high proportion positive nodes(46).  Increasing tumour size and younger age at time of 

diagnosis are unfavourable prognostic factors. Other independent factors are expression of 

HER2, OR/PgR and Ki-67. As in several other malignancies, a complete histological 

response in the excised tissue is associated with significantly better disease-free progression 

and long-term survival (HR 0.48 (95% CI 0.33–0.69))(47). Following neoadjuvant therapy, 

pCR may be observed in 13-22% of cases(48). 
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1.2.5 Surgical treatment 

Most unifocal stage 1-3 breast cancers are treated with breast-conserving partial mastectomy. 

When properly selected, this procedure is considered a safe alternative to radical mastectomy 

in terms of survival(49,50). Radical mastectomy is most often used in the setting of 

multifocal cancer, large-stage T4 cancers and in local recurrence. Historically, radical 

mastectomy in combination with resection of the underlying chest muscle was the mainstay 

in breast cancer surgery. This procedure is associated with considerable morbidity. The 

introduction of radiotherapy led to the current standard of breast conserving surgery. For 

many decades, axillary lymph node dissection (ALND) was always conducted in the same 

session in order to provide accurate pathologically-staged metastatic spread and to prevent 

further distant metastasis. In early breast cancer this procedure has since been replaced by 

initial Sentinel Lymph Node Biopsy (SLNB), a method that is described in detail below. 

1.2.6 Adjuvant and neoadjuvant treatment 

In selected cases the addition of adjuvant therapy in the form of radiotherapy, cytotoxic 

drugs, drugs targeting endocrine processes and anti-HER-2 drugs have improved the 

prognosis of patients with breast cancer(51).  

Patients with primarily operable stage 2 or stage 3 breast cancer (tumour size > 2 cm, 

clinically and radiologically node-negative) are sometimes treated with neoadjuvant 

chemotherapy. This has been shown to reduce the need for mastectomy (risk ratio 0.71 (95% 

CI 0.67 – 0.75)). However there are no significant differences in disease-free progression and 

long-term survival when compared to patients treated with post-operative adjuvant 

chemotherapy(47). Routinely an initial regimen is given of Fluorouracil/Epirubicin followed 

by Docetaxel, and subsequently a longer regimen of Docetaxel, Doxorubicin and 

Cyclophosphamide (TAC). The same regimen may be used in cases where nCT is opted out 

as adjuvant treatment following surgery. The addition of neoadjuvant Trastuzumab in the 

treatment of HER2-positive tumours has been found not only to significantly improve the rate 

of complete histological response, but has also to improve disease-free progression from 56% 

to 71% three years following treatment, compared to chemotherapy only (52). OR-positive 

tumours may also be treated with the addition of anti-hormonal drugs e.g. Tamoxifen. 
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 THE SENTINEL LYMPH NODE 

1.3.1 Definition and concept 

The Sentinel Lymph Node (SLN) as defined by Donald Morton in the late 1980s: “A sentinel 

node is the initial lymph node upon which the primary tumour drains”(53). Initially 

conceived in the clinical setting of staging cutaneous melanoma, the SLN is the hypothetical 

first lymph node or first echelon of lymph nodes to receive lymphatic fluid drained from the 

primary tumour. It is defined not necessarily by anatomical proximity to the site of the 

tumour, but rather by the anatomic and physiological drainage by means of lymphatic vessels 

from the same(54). Based on lymphatic drainage patterns and the distribution of lymph nodes 

in relation to the lymphatic vessels, sometimes two or, in rare cases, three or more lymph 

nodes will in fact be the first to receive lymphatic drainage and are therefore to be considered 

SLNs. The concept further implies that in cancers with a primarily lymphatic mode of 

metastasis, if the SLN is free from metastasis, so also will second, third and further echelons 

of lymph nodes be free from metastasis. 

1.3.2 Clinical applications – Sentinel Lymph Node Biopsy 

The sentinel lymph node concept may be used in clinical cancer staging by means of 

pre-operative and intra-operative detection of SLNs. A Sentinel Lymph Node Biopsy (SLNB) 

may be performed in case of locally advanced melanoma of the skin, and intra-operative 

Sentinel Lymph Node Biopsy in case of breast cancer. The methods for detection of SLNs are 

described in detail in the following sections. The Sentinel Lymph Node Biopsy method has 

revolutionised the staging of melanoma and breast cancer. Unnecessary, extensive loco-

regional lymph node dissection for the prevention of potential lymphatic dissemination of 

cancer may be avoided if the SLNB shows no sign of metastasis. This means that not 

uncommon and sometimes debilitating complications such as extremity lymphoedema may 

be avoided. The SLNB concept has been evaluated for feasibility in several types of 

gastrointestinal cancers(55). 

1.3.3 Detection of Sentinel Lymph Nodes  

1.3.3.1 Intraoperative detection 

In the case of breast cancer staging, Sentinel Lymph Nodes may be detected by the injection 

of 99mTechnetium-labelled colloids and the simultaneous injection of blue dye in the site of 

the site of the primary tumour shortly prior to primary breast cancer surgery. The surgeon 
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will detect the radioactive “hot nodes” using a hand-held gamma detector. SLNs will be 

visually identified by the coloration from the previously-injected blue dye. A novel technique 

using injection of fluorescent indocyanine green instead of blue dye has also been evaluated. 

SLNs will be excised and an intra-operative pathological freeze section will be made. If there 

is evidence of metastasis, ALND will be performed. A more detailed pathological 

examination of SLNs will subsequently be made by means of microscopic examination of 

chemically fixed and stained tissue sections in order to examine the presence of micro-

metastasis. The same principle is applied to the detection of SLNs in oesophageal cancer, 

where there is endoscopically-guided intra/peritumoural injection of 99mTechnetium-labelled 

colloids.  

 

Figure 1. An illustration of techniques used in Sentinel Lymph Node detection. Blue dye 

and/or 99mTechnetium-labelled colloids are injected into an intra/peritumoural location. 

Sentinel Lymph Nodes are detected either visually or using gamma detection techniques. 

This image is derived from an illustration by Henry Vandyke Carter published in the textbook 

“Atlas of the Human body (1918)”. This work is in the public domain.  
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Figure 2. A photograph of a hand-held gamma scintillation detection device and probe used 

for the intra-operative detection of Sentinel Lymph Nodes. Gamma probes and their use in 

tumour detection in colorectal cancer , International Seminars in Surgical Oncology 

5(1):25. (Courtesy of Care Wise Medical Products Corp., CA, US), with credit also to the 

original authors. This image is reproduced in an unaltered state under the terms of the 

Creative Commons Attribution 2.0 International License. 

 

1.3.3.2 Planar Lymphoscintigraphy 

Planar lymphoscintigraphy is a well-established method both in research and in many clinical 

situations for the pre-operative detection of SLNs. This imaging method can visualise SLNs 

in as many as 89-91 per cent of breast cancer patients, though it is limited when it comes to 

the precise anatomical localisation of SLNs (axillary, intrathoracic, parasternal), mainly due 

to the inherently low spatial resolution and absence of anatomical landmarks(56,57). Two 

studies have been conducted utilising planar lymphoscintigraphy to study lymphatic drainage 

patterns prior to and following a surgical biopsy. One study reported a discrepancy in 

lymphatic drainage in 17 of 25 patients(58). However, a more recent study showed a one 

hundred per cent reproducibility in 16 out of 18 patients (59). When detecting SLNs in 
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oesophageal cancer, planar lymphoscintigraphy alone has shown widely disparate detection 

rates of 40-94% (60,61). One prospective study of 112 patients with clinical T1, N0 

oesophageal cancer undergoing pre-operative planar lymphoscintigraphy for SLN detection 

showed varying detection rates depending of anatomical localisation of SLNs(61). SLNs 

were detected in 40 per cent of all patients using lymphoscintigraphy. 

In this study, 80% of patients with cervical SLNs and 73% of patients with abdominal SLNs 

were correctly detected. However, the clear majority of SLNs were located in the 

mediastinum, and of these patients only 39% of patients were accurately assessed. The 

reason for this inability to accurately detect mediastinal lymph nodes is almost certainly 

due to so called “shine through”, where radiocolloid uptake in SLNs is obscured by the 

close anatomical proximity to residual radiotracer at the site of injection in the primary 

tumour. 

          

Figure 3. Planar lymphoscintigraphy in anterior-posterior orientation of a patient 

following peri-areolar injection of 99mTechnetium-labelled colloids in both breasts. White 

arrows indicate radiocolloid uptake in Sentinel Lymph Nodes roughly located in the axillae. 

Yellow arrows indicate injection sites. 

1.3.3.3 Single Photon Emission Computed Tomography (SPECT) Lymphoscintigraphy 

Lymphoscintigraphy using Single Photon Emission Tomography (SPECT), with or without 

simultaneous Computer Tomography, and hybrid technique which combine nuclear medicine 

imaging using gamma camera technology with radiological imaging by Computed 

Tomography (SPECT/CT) may overcome many of the limitations inherent to planar 

lymphoscintigraphy. Compared to planar scintigraphy, SPECT technology offers more 
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detailed visualisation of lymphatic drainage and lymph node deposits of radiotracer, thereby 

identifying the SLN. Integrated CT imaging will be used for attenuation correction, giving a 

truer representation of actual radiocolloid uptake in lymph nodes, as well as offering more 

precise anatomical localisation of the lymph node/s. The impact of “shine through” obscuring 

radiocolloid uptake in SLNs located close to sites of injection will hypothetically be reduced, 

allowing for more accurate detection rates. 

Hybrid imaging using SPECT/CT in the detection of SLNs in breast cancer patients has been 

shown to be valid in several studies. Detection rates of SLNs using SPECT/CT hybrid 

imaging are somewhat better than with planar scintigraphy. The method is particularly useful 

in difficult cases, in particular when patients can be assumed to have unusual lymphatic 

drainage patterns (i.e. intrathoracic, parasternal, supraclavicular), in cases where planar image 

findings  are inconclusive and in cases of non-visualisation of SLNs on planar images(62–

65). It has also been shown to improve detection of SLNs in overweight or obese patients. In 

this patient group, planar lymphoscintigraphy may result in non-visualisation of SLNs, 

whereas SPECT/CT by means of CT attenuation correction is technically superior(66). In a 

recent larger prospective study, Uren and associates were able to demonstrate a detection rate 

of 97.8 per cent using SPECT/CT in patients with primary breast cancer(67). One prospective 

study of one hundred and eighty-seven consecutive patients undergoing surgery for breast 

cancer showed a false negative rate of 5.7% in the detection of metastatic SLNs when using 

SPECT/CT lymphoscintigraphy(68). The method has been used successfully for more precise 

anatomical localisation of SLNs when comparing lymphatic drainage patterns with different 

radiotracer injection techniques (subareolar or intra-tumoural)(69,70).  

With regard to the added value of preoperative SPECT/CT in the detection of SLNs in 

oesophageal cancer, one pilot study found that it was feasible to accurately detect SLNs 

preoperatively in patients undergoing surgery for T2-T3 oesophageal cancer/cancer of the 

GOJ(71). Addressing the phenomenon of skip lesions, involving lymph drainage to 

unexpected anatomical locales, SPECT/CT has the potential to precisely visualise SLNs in 

multiple anatomical locations (neck, thorax, abdomen).  
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Figure 4. SPECT/CT lymphoscintigraphy of patient undergoing pre-operative Sentinel 

Lymph Node evaluation of the left breast. A) transversal SPECT images B) transversal CT 

images C) transversal hybrid SPECT/CT images. Arrows indicate Sentinel Lymph Node 

uptake in SPECT images and the anatomical location of the SLN in CT images. 

1.3.4 Sentinel Lymph Node Biopsy in breast cancer 

ALND has been shown to have very high sensitivity in the detection of lymph node 

metastasis. The sentinel lymph node biopsy (SLNB) method has largely replaced axillary 

lymph node dissection (ALND) and has been extensively validated as a safe method in the 

staging of  the axilla in patients with early-stage breast cancer with significantly less 

morbidity compared to ALND(72–75). The SLNB method has been validated in several 

national and international studies demonstrating detection rates of more than 95 per cent and 

false negative rates of 0.9 per cent(76–78). Furthermore, a well-established of breast cancer 

screening programme and likewise an increase in awareness have resulted in earlier detection 

of small lesions. Patients with morphologically small breast cancers benefit most from SLNB, 

as roughly 80 % of these women will be node-negative(79,80) About 10 per cent of patients 

can be expected to undergo a diagnostic surgical operation/excision before a diagnosis of 

breast cancer can be made; the pre-operative diagnostics of small breast lesions when using 

ultrasound-guided technique or by means of stereotactic biopsy do not always result in a 

definitive diagnosis prior to surgery. In these cases, a second operation is needed in order to 

properly stage the axilla. The feasibility of SLNB after a prior diagnostic operation is 

debated. One of the arguments is that the method may be invalidated due to iatrogenic 

transection of the lymphatic vessels(81,82). Other studies have suggested that a SLNB 

procedure can be performed accurately following excisional biopsies(83–85), while others 

have shown a clear reduction in the SLN detection rates(57) and also increased false negative 
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rates for this patient group(81). It is also of utmost importance to correct stage the axilla in 

order to adequately plan for possible adjuvant therapy. This matter is also impacted due to the 

exclusion of ALND in certain selected SLN-positive patients(86,87). However, a second 

SLNB procedure in patients with a history of previous breast surgery remains a matter of 

debate. Also changes in lymphatic drainage patterns in patients following breast surgery have 

not been well studied. 

1.3.5 Sentinel Lymph Node Biopsy in cancer of the oesophagus or gastro-

oesophageal junction 

Lymphatic dissemination of cancer of the oesophagus or GOJ to loco-regional lymph nodes 

is one of the most important prognostic factors. So-called two-field lymph node dissection is 

routinely performed in stage ≥T2, any N-stage non-cervical oesophageal cancers. This 

includes the dissection and extirpation of all thoracic mediastinal lymph nodes located below 

the tracheal carina, as well as abdominal lymph nodes located in proximity to the GOJ, along 

the minor curvature of the ventricle together with the surrounding coeliac truncus and the 

proximal branches of the same artery(88). This is an extensive procedure associated with a 

considerable risk of post-operative complications. There is therefore some appeal in 

evaluating the SLNB method in this patient group. The method could potentially be used to 

avoid unnecessary lymph node dissection. A reliable method of predicting lymph node spread 

could potentially lead to a situation where organ sparing surgery such as ESD could be 

offered to patients with limited disease (i.e. T1b cancers). Several studies have been 

conducted in order to investigate the utility of SLNB in cancer of the oesophagus and GOJ. 

The methods used have included the endoscopic submucosal intra/peritumoural injection of 

dyes, charcoal for intraoperative visual detection or radiotracers for scintigraphic detection. 

Where radiotracer has been used, patients have undergone pre-operative lymphoscintigraphy 

in order to visualise SLNs, and SLNs have been identified intraoperatively using hand-held 

gamma detector probes(55,89,90). A recent meta-analysis including studies of patients with 

SCC or AC of the oesophagus or GOJ undergoing SLNB found overall detection rates of 

0.93 (95% CI: 0.894- 0.950), with sensitivity at 0.87 (95% CI: 0.811-0.908). The negative 

predictive value was 0.77 (95% CI: 0.568-0.890) and accuracy was 0.88 (95% CI: 0.817-

0.921). In the adenocarcinoma cohort, the detection rate was 0.98 (95% CI: 0.923-0.992), 

sensitivity was 0.84 (95% CI: 0.743-0.911) and accuracy was 0.87(95% CI: 0.796-0.913). In 

the squamous cell carcinoma group, the detection rate was 0.89 (95% CI: 00.792-0.943), 

sensitivity was 0.91 (95% CI: 0.754-0.972) and accuracy was 0.84 (95% CI: 0.732-

0.914)(91). However, the validity of the method is not uncontroversial, mainly regarding the 
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characteristics of lymphatic flow in the oesophagus. It has been suggested that the partly 

longitudinal orientation of lymphatic vessels is the cause for so called “skip lesions”, where 

lymph node metastasis may be seen in unexpected locales such as cervical lymph nodes when 

the primary tumour is located in the middle or distal oesophagus(92). The impact of nCRT on 

the SLNB method in oesophageal cancer has been the subject of few studies and results have 

conflicted with detection rates of 54%[29.1–77%] and sensitivity rates of 25% [1–81%](93) 

in patients undergoing SLNB following cCRT or nCT. 

The few studies that have investigated the validity of the SLNB method in oesophageal 

cancer have included patients with a previous history of neoadjuvant treatment. Most studies 

have included a mixed population of patients with a significant minority of participants 

having been exposed to neoadjuvant treatment prior to surgery and SLNB. Another 

unanswered question is what particle size constitutes an optimal radiotracer in both 

pre-operative scintigraphic detection and intraoperative detection of SLNs. Most studies were 

conducted in Japan, mainly using 99mTc-tin colloid (100 nm in size) which allows for 

lymphoscintigraphy up to 24 h before surgical resection(90). In other parts of the world, 

radiocolloids such as 99mTc-antimony trisulphide colloid (3-30 nm in size) have much shorter 

transit periods in the sentinel nodes but arguably may be better suited to penetrate metastatic 

lymph nodes due to the smaller particle size. 
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2 AIMS 

 GENERAL AIMS 

The aim of this doctoral thesis is to investigate the utility of hybrid imaging using SPECT/CT 

and PET/CT in the staging of cancer patients. The focus lies on the Sentinel Lymph Node 

Biopsy method in patients with oesophageal cancer and patients with breast cancer. 

 PAPER I 

The aim of this paper was to evaluate changes in lymphatic drainage patterns using sequential 

hybrid SPECT/CT lymphoscintigraphy in patients with presumed benign breast lesions 

undergoing an excisional operation.  

 PAPER II 

The aim of this paper was to evaluate the added benefit of pre-operative hybrid imaging with 

SPECT/CT lymphoscintigraphy in patients with cancer of the oesophagus or 

gastro-oesophageal junction undergoing an SLNB procedure. 

 PAPER III 

The aim of this paper was to evaluate changes in lymphatic drainage patterns in patients with 

cancer of the oesophagus or gastro-oesophageal junction using sequential SPECT/CT 

lymphoscintigraphy prior to and following neoadjuvant chemo-radiotherapy.  

 PAPER IV 

The aim of this paper was to evaluate changes in PET parameters in the primary tumour in 

relation to degree of histological response using sequential hybrid 18F FDG-PET/CT in 

patients with cancer of the oesophagus or gastro-oesophageal junction.  
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3 MATERIALS AND METHODS 

 PAPER I 

3.1.1 Patient population 

The patients in this study were prospectively included. The criteria for inclusion were patients 

planned for unilateral excisional breast surgery for a presumed benign breast lesion (e.g. 

fibroadenoma or papilloma). Exclusion criteria were patients planned for bilateral breast 

surgery, significant co-morbidity, pregnancy or communication issues. Patients underwent 

surgery at Bröstcentrum, Stockholm South County Hospital between the years 2010-2014. 

3.1.2 SPECT/CT Lymphoscintigraphy 

Patients underwent lymphoscintigraphy the week prior to surgery. Patients were examined 

first with planar lymphoscintigraphy and immediacy afterwards with hybrid SPECT/CT 

lymphoscintigraphy using the same Siemens Symbia T16 SPECT/CT system (Erlangen, 

Germany) with low-energy, high-resolution collimators. A total activity amount of 30 MBq 

99mTechnetium-labelled Nanocoll® (GE Healthcare, Stockholm Sweden) in a 0.4 ml 

dilution was injected subcutaneously/subareolarly in each breast. One hour after injection, 

planar lymphoscintigraphy was conducted in anteroposterior (AP) position using a 256*256 

matrix. The acquisition time was 5 minutes. The images were reviewed by the attending 

Nuclear Medicine physician for radiotracer uptake representing SLNs in both axillae. If no 

uptake was evident on either side, planar lymphoscintigraphy was repeated after another 

hour. 

SPECT/CT was then performed in the same anatomical region. SPECT acquisition was 

performed using a 128*128 matrix, 40 seconds per projection and 64 projections over an 

angle of 360º. The CT acquisition was performed at 110 kV (tube voltage), 75 mAs, (tube 

current) at a pitch 1.3 and 0.6 s rotation time.  

SPECT data were then reconstructed using Hybrid Recon (Hermes Medical Solutions) with 

OSEM (4 iterations, 8 subsets, Gaussian post-filtration with 0.75 cm FWHM) using 

resolution recovery, attenuation and scatter correction. CT images were reconstructed 

optimised for soft tissues with a B60 kernel and 5 mm slice thickness. SPECT/CT images 

were fused and reviewed in HERMES Hybrid Viewer (Hermes Medical Solutions, 

Stockholm, Sweden).  
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The same imaging was then repeated six weeks after surgery. This interval was chosen to 

represent the time lapse between primary operation and reoperation for axillary staging 

purposes in cases where malignant findings occur in a previous diagnostic operation. 

3.1.3 SPECT/CT Evaluation 

Images were reviewed by the co-main authors of the paper. The reviewers were blinded to 

the side on which the patients had been operated. All conspicuous uptakes in SPECT 

images corresponding to a lymph node in CT images following image fusion were 

considered SLNs. Images (pre- and post-operative) were compared for the reproducibility 

of SLN detection. Patients served as their own controls as both operated and non-operated 

breast sides were examined and reviewed in comparison to ipsilateral sides. Three levels of 

reproducibility were defined; 

1) Total concordance: The same number and locations of SLNs pre- and post-

operativley. Additional SLNs in the post-surgery examination were also included in 

this group. 

2) Partial concordance: At least one of the SLNs detected pre-operativly was detected 

post-operativly. However the total number of SLNs was lower post-operativly. 

3) Discordance: None of the SLNs detected pre-operativly were detectable 

post-operativly. Patients in whom no SLN uptake was evident either pre-operativly 

or post-operativly were also included. 

Examinations of either breast/axillae where no SLN uptake was evident both pre- and 

post-operatively were excluded from concordance analysis. 
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Figure 5. SPECT/CT images from a 45-year old woman undergoing bilateral pre-operative 

lymphoscintigraphy. Images A-C consist of fusion SPECT/CT images in coronal, sagittal 

and transversal orientation demonstrating SLN uptakes. Images D-F depict CT images in 

coronal, sagittal and transversal orientation. White arrows indicate SLN uptake in the right 

axilla. Grey arrows indicate corresponding anatomical location of the SLN in the right 

axilla. Yellow arrows indicate SLN uptake, as well as anatomical location of in the 

contralateral axilla. Black arrows indicate sites of injection with corresponding radiocolloid 

deposits and air bubbles. 

 PAPER II AND PAPER III 

3.2.1 Patient population 

The patients in these studies were prospectively and consecutive included between the years 

2011-2016. Inclusion criteria in paper II were patients with histologically verified stage 

T1-T3, any N-stage, M0 cancer of the oesophagus or gastro-oesophageal junction planned 

either for direct oesophagectomy with curative intent or for oesophagectomy following 

neoadjuvant chemotherapy or neoadjuvant chemo-radiotherapy. Inclusion criteria in paper III 

were histologically verified, stage T2-T3, any N-stage, M0 cancer of the oesophagus or GOJ 

planned for oesophagectomy following neoadjuvant chemo-radiotherapy. Exclusion criteria 

in both studies were patient age ≥ 75 years, considered unfit for oesophagectomy and with a 

performance status, renal and haematological status not permitting chemotherapy. All 

patients were staged using endoscopically-guided biopsies, contrast-enhanced Computed 

Tomography and 18F-FDG Positron Emission Tomography/Computed Tomography 
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(PET/CT). All patients were scheduled for surgical treatment at the Centre for Digestive 

Diseases, Karolinska University Hospital, Huddinge. 

3.2.2 Sentinel Lymph Node mapping 

In paper II, on the afternoon of the day before surgery or the morning of surgery, the patients 

were given endoscopic submucosal radiocolloid injections of 4 X 0.5 mL in total of 60 MBq 

99m

Tc-nanocoll (GE Healthcare Srl., Milan, Italy) peri- and intratumourally. For logistical 

reasons, patients undergoing surgery on a Monday would undergo Sentinel Node evaluation 

the week prior to surgery. These patients underwent a second endoscopic procedure as 

described above on the morning of surgery for intra-operative SLN detection. In paper III 

patients underwent the same procedure the week before commencement of nCRT, and once 

again following the conclusion of nCRT, within one week preceding oesophagectomy. 

3.2.2.1 SPECT/CT lymphoscintigraphy 

A Siemens Symbia T16 system with a low-energy, high-resolution collimator was used for all 

imaging. Whole-body gamma camera imaging was performed 1 hour after radiocolloid 

injection in order to generally localise SLNs. This information was used to centre the 

SPECT/CT examination. If no SLN uptake was evident, the same procedure was repeated 

after another hour. SPECT imaging was performed using a 128 x 128 matrix, with 64 

projections over 360° and 40 s per projection. CT scans of the same anatomical region were 

performed in the same session (110 kV, 75mAs and pitch 1.3.) SPECT data were then 

reconstructed using Hybrid Recon with OSEM (4 iterations, 8 subsets, Gaussian post-filter 

with 0.75 cm FWHM) using resolution recovery, attenuation and scatter correction. All 

image reconstructions and image evaluation were performed using Hermes viewing software. 

Transverse SPECT images were fused with transverse CT images (0.75 mm/ 0.7 mm recon 

increment, B31 medium smooth). There was multiplanar reconstruction of all image data. In 

SPECT images, injection sites were masked using hand-drawn VOIs to accentuate the uptake 

in SLNs. Any discernible radiocolloid uptake/uptakes in SPECT images corresponding to 

lymph nodes on fused CT images were considered an SLN. 

3.2.2.2 Intra-operative SLN detection 

In paper II, the location(s) of SLNs were demonstrated to the operating surgeons immediately 

prior to surgery. SLN stations were classified according to the 11th edition of the Japanese 

classification of oesophageal cancer(94). Prior to lymph node dissection, the operating field 

was scanned using a hand-held gamma scintillation device (gamma probe) (Neoprobe, 
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Cincinnati, OH, USA) Patients underwent two-field lymphadenectomy (D2), which included 

abdominal and mediastinal lymph node stations. Following en bloc lymphadenectomy, the 

dissected lymph nodes were again examined “back table” using the gamma probe. Any 

lymph node with gamma radiation exceeding 10 times the background level was considered a 

Sentinel Lymph Node. All identified SLNs were sent for separate pathological evaluation.              

                                      

Figure 6. Lymph node stations as per the Japanese Classification of Oesophageal Cancer, 

11th Edition: part I. , with credit also to the original authors. This image is reproduced in an 

unaltered state under the terms of the Creative Commons Attribution 4.0 International 

License (http://creativecommons.org/licenses/by/4.0/). 

                                                                                                                                             

 

http://creativecommons.org/licenses/by/4.0/
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 PAPER IV 

3.3.1 Patient population 

The patients in this study were prospectively included within the randomised controlled 

Neoadjuvant Chemotherapy versus Chemo-radiotherapy in Resectable Cancer of the 

Oesophagus and Gastric Cardia Trial (NeoRes). Inclusion criteria were histologically 

confirmed Tumour stage T1–T3, any nodal stage and non-distant metastatic SCC or AC of 

the oesophagus or GOJ where there was intent of curative resection. A further inclusion 

criterion was patient age ≤ 75 years. Patients considered unfit for oesophagectomy and with 

performance status, renal and haematological status not permitting chemotherapy were 

excluded. The NeoRes trial was conducted at the Centre for Digestive Diseases, Karolinska 

University Hospital, Huddinge, and at eight other hospitals in Sweden and Norway, between 

the years 2006-2013. Patients were randomised to either nCRT consisting of three cycles of 

Cisplatin/oxaliplatin-5-FU + 40 Gy given in fractions, or to nCT (three cycles of 

Cisplatin/oxaliplatin-5-FU). Patients in both treatment arms were scheduled for 

oesophagectomy 4–6 weeks following conclusion of neoadjuvant treatment.  

3.3.2 PET/CT examinations 

Patients underwent 18F FDG-PET/CT examinations at the Department of Nuclear Medicine 

Karolinska University Hospital, Solna, using a Biograph 64 True Point V PET/CT system 

(Siemens Medical Solutions, Erlangen, Germany). A total of 4Mbq/kg bodyweight was 

administered intravenously 60 min before PET/CT scans. Scans were conducted for 4 

min/bed position. Diagnostic non-contrast-enhanced CT scans were obtained in the same 

session and CT data was also used for attenuation correction. OSEM PET reconstructions 

were made (four iterations and eight subsets, 168x168 matrix size). Baseline examinations 

were also used as part of routine clinical staging. Follow-up PET/CT scans were obtained 

using the same parameters following completion of the neoadjuvant treatment and before 

surgery. Follow-up examinations were also used for clinical evaluation of the neoadjuvant 

treatment. Interim PET/CT scans were obtained after the initial induction chemotherapy 

cycle in both treatment arms. 

3.3.3 Image evaluation 

Hybrid PET/CT images were reviewed in both separate and fused stacks using the 

HERMES viewing software to improve definition of the lesion borders. The primary 

tumour site was delineated using visually-assessed hand-drawn ROIs in the multiplanar 

orientations. Within the resulting volume of interest (VOI), the primary tumour was 
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delineated from surrounding tissues using a standardised uptake value (SUV) threshold 

value of 2.0. SUVmax was defined as the SUV of the voxel with the highest value within the 

VOI.  

In our work, the same standard reconstruction algorithm (and associated parameters) were 

used, additionally, quality controls are periodically performed on the PET camera, ensuring 

that camera performance is consistent. Further we used a standard investigation acquisition 

protocol were patient glucose level was monitored before FDG administration, ensuring 

normal blood glucose levels. However, the time between FDG administration and scanning 

may vary slightly between examinations. 

Hence in our evaluation, we introduced the SUR as the ratio SUV tumor to blood. 

To avoid confounders in SUV quantification (i.e. differences in blood glucose levels, 

availability of FDG, time between FDG injection and scan, etc.), the tissue-to-blood 

standardised uptake ratio, SUR, was scored. SUR has previously been shown to correlate 

well with the net uptake of FDG in tissues at late time points(95).  

SUR values were calculated as the ratio between SUVmax of the lesion and SUVmean of a 

1cm3 VOI placed within the mediastinal blood pool. For quantification purposes, a linear 

model of SUR variation with the time elapsed between baseline and follow-up examination 

was created for each patient. From the model, the SUR rate of change in units per day SUR 

(days–1) was used as a predictor of decreases in tumour metabolism (for negative rates) or 

increases in tumour metabolism (for positive rates). 

 

3.3.4 Pathological evaluation 

Postoperative histological grading following oesophagectomy was performed by experienced 

pathologists in the Department of Pathology, Karolinska University Hospital, Huddinge. 

Tumours were evaluated using TRG-grading, by which the ratio of tumour cells to fibrotic 

cells was quantified in a system established by Chirieac et al.(39). TRG was graded as;  

1) TRG 1= no remaining tumour cells 

2) TRG 2 = 1-10% tumour cells 

3)  TRG 3 = 11-50% tumour cells  

4) TRG 4 = ≥50% tumour cells.  

Patients with TRG 1 and TRG 2 were classified as histological responders to neoadjuvant 

treatment and patients with TRG 3 and TRG 4 were considered as non-responders. 
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4 RESULTS 

 PAPER I 

64 patients gave their consent to participation in this study. 37 patients underwent both pre- 

and post-operative SPECT/CT lymphoscintigraphy and were available for definitive 

analysis. The details of patients lost to follow-up are given in figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Details of patient inclusion, exclusion and loss to follow-up. 

 

Use of hybrid SPECT/CT lymphoscintigraphy allowed us to identify at least one SLN in 

138 of 148 procedures (93.2 per cent). The SLN detection rate was not statistically 

significantly lower in post-operative examinations on operated sides, being 91.9 per cent 

(34 of 37 procedures) as compared to the detection rate of 93.7 per cent in pooled 

non-operated sides pre- and post-operatively and all operated sides pre-operatively (104 of 

111 procedures, (P=0.771)). Likewise, there was no statistically significant difference in 

Patients excluded n=16 

Underwent bilateral surgery (n=1) 

Due to logistical reasons (n=3) 

Declined to undergo the second 

SPECT/CT examination (n=9) 

Exceeded the intended radiation dose in 

the first SPECT/CT examination (n=1) 

technical reason (n=1) 

malignant findings (n=1) 

 

 

Patients initially included 

n=64 

Available for evaluation 

n=48 
Excluded due to sub-optimal CT 

protocol 

n=9 

 
Available for definitive analysis  

n=37 
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reproducibility, with total or partial concordance observed in 85.7 per cent (30 out of 35) of 

the operated sides, and in 88.9 per cent (32 out of 36) of the non-operated sides, (P=0.735). 

In the 10 procedures (involving five patients) where we were unable to locate an SLN, the 

median age was significantly higher than in the patients where SLN detection was 

successful (70 years; range 61-72, P < 0.000) Likewise the median BMI was significantly 

higher in patients where we were unable to detect an SLN (BMI=31.7; range 23.4-32.8, 

P < 0.001). 

Three procedures were excluded from concordance evaluation. In these three procedures 

we were unable to identify an SLN at either pre- or post-operative SPECT/CT 

examinations. These three procedures occurred in two patients (in one patient on both 

operated and non-operated breast sides, and in one patient on the non-operated breast side). 

Table 1. Concordance rates for SLN detection on operated and non-operated breast sides.  

 Total 

concordance  

Partial 

concordance 

Discordance Total 

Operated 

breast sides 

24 (68.6%) 6 (17.1%) 5 (14.3%) N=35 (100%)⁎ 

Non-operated 

breast sides 

28 (77.8%) 4 (11.1%) 4 (11.1%) N=36 (100%)⁑ 

⁎ Two procedures were excluded because no SLN was visible in either pre-or post-operative examinations. 

⁑ One procedure was excluded because no SLN was visible in either pre-or post-operative examinations. 

 

 

When analysing only the operated breast sides, we observed no statistically significant 

impact of the following clinical parameters on concordance (total or partial) or discordance: 

Patient age, BMI class, Radiological lesion size, length of skin incision at surgery, location 

of lesion, weight or volume of excised breast tissue. 

 PAPER II 

Sixty-three patients agreed to participate in this study, and forty-one patients were available 

for definitive analysis. Using pre-operative SPECT/CT lymphoscintigraphy, at least one SLN 

was detected in 88% of cases (36/41 patients). The median number of Sentinel Lymph Node 

stations detected per patient was 1 (range 0–4). In total, 53 lymph node stations were detected 

in the 41 SPECT/CT examinations.  
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Figure 15. SPECT/CT lymphoscintigraphy images of a 65-year-old male patient with a 

T3N2M0 adenocarcinoma of the distal oesophagus and GOJ (Siewert 2) undergoing pre-

operative SLN mapping. Images A-C consist of Hybrid SPECT/CT images in coronal, 

sagittal and transversal orientations. Images D-F are of CT images in an unfused state in the 

same orientations. White arrows indicate radiocolloid uptake in, and the anatomical location 

of a Sentinel Lymph Node located in the mediastinum, in the 101L lymph node station (as 

defined by the Japanese Classification of Oesophageal Cancer, 11th Edition). Black arrows 

indicate radiocolloid deposit in one of the intra-/peritumoural injection sites. 

39/41 patients underwent intraoperative SLNB synchronously with either open or minimally 

invasive oesophagectomy. A total of 115 Sentinel Lymph Nodes were obtained in these 39 

SLNB procedures. The intra-operative SLN detection rates using a gamma-probe were 

similar to those in the pre-operative imaging, and at least one SLN was detected in 84% of 

procedures (33/39 patients) (P=0.68). The mean number of lymph nodes per procedure was 

2.9 and the median was 2 (range 0–21). At least one suspected Sentinel Lymph Node station 

was identified in all procedures (39/39). The mean number of identified stations was 1.8 and 

the median was 1 (range 1–4). In pathological examinations, it was found that in six cases no 

lymph nodes were evident in the SLN-biopsies. These unsuccessful SLN biopsies contained 

fat, vessels, nerve tissue etc. Of the six cases where SLNB was unsuccessful, three patients 

had adenocarcinomas of the distal oesophagus and cardia, and three patients had squamous 

cell carcinomas of the middle or distal thirds of the oesophagus. Of these same six cases, 

three patients had undergone neoadjuvant treatment and three had not. A total of 971 lymph 

nodes were evaluated by pathologists for metastatic occurrence. The mean and median 
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number of lymph nodes per lymphadenectomy was 24 (range 9–56). Lymph node metastasis 

was evident in 12/39 patients and in 64/971 lymph nodes. SLNB was a false negative in eight 

patients where other sites of lymph node metastasis were identified during routine 

pathological examination. In two of the six patients where the SLNB procedure was 

unsuccessful, metastatic disease was found in lymph nodes evaluated by routine pathology. 

The sensitivity for the 33 successful SLNB procedures was 20%, specificity was 100%, NPV 

74%, PPV 100% and accuracy 75%. 

 PAPER III 

Ten patients were included in this study, and all ten patients underwent SPECT/CT 

lymphoscintigraphy prior to nCRT, and once again following nCRT. Eight out of ten patients 

underwent all three cycles of chemotherapy. One patient underwent two cycles due to 

hyperemesis and one patient underwent only one cycle due to kidney failure. All ten patients 

underwent the planned radiotherapy.  

At baseline examination, the median number of identified SLN stations was 1 (range 0–2). In 

two patients, no SLN was identified at baseline examinations. At follow-up examination, the 

median number of identified SLN stations was also 1 (range 0–1). In three patients, no SLN 

was identified at follow-up examinations. 
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Figure 16. Changes in lymphatic drainage patterns in 10 patients with cancer of the 

oesophagus/GOJ before and after neoadjuvant chemo-radiotherapy. A) Distribution of 

Sentinel Lymph Node stations as determined by SPECT/CT lymphoscintigraphy at baseline 

examination. B) Distribution of Sentinel Lymph Node stations as determined by SPECT/CT 

lymphoscintigraphy at follow-up examination. Black circles indicate location(s) of SLNs. 

The numbers within the circles indicate patient ID. Japanese Classification of Oesophageal 

Cancer, 11th Edition: part I. , with credit also to the original authors. This image is 

reproduced in a derivative state and modified as indicated in the figure legend under the terms 

of the Creative Commons Attribution 4.0 International License 

(http://creativecommons.org/licenses/by/4.0/).  

 PAPER IV 

Seventy-nine patients were enrolled, with fifty-one available for analysis. The two treatment 

groups were well balanced in terms of age, sex and tumour characteristics. The mean rate of 

SUR change (days-1) was -0.048±0.049 and -0.017±0.041 for pooled nCRT and nCT 

responders as well as in pooled non-responders, respectively (p=0.02).  

http://creativecommons.org/licenses/by/4.0/
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Figure 8. 18F FDG-PET/CT images of a 72-year-old male patient with a T3N1M0 squamous 

cell carcinoma of the middle oesophagus at baseline examination, preceding neoadjuvant 

chemo-radiotherapy. Images A-C consist of PET images in coronal, sagittal and transversal 

orientations. Black arrows indicate site of tumour FDG uptake. Images D-F are of fusion 

PET and CT images in the same orientations as above. 

 

Figure 9. 18F FDG-PET/CT images in unfused and fused states of the same patient as in figure 

7, at follow-up examination four weeks following completion of neoadjuvant 

chemo-radiotherapy. There is no remaining pathological uptake in the tumour. 
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Figure 10. Difference in rate of change of the standard uptake ratio (SUR), from baseline to 

follow-up after neoadjuvant treatment, and histological response. The data is pooled to 

include both treatment arms (p=0.02). 

The rate of reduction of SUR in histological nCRT responders was statistically significantly 

higher compared to the rate of reduction in non-responders (P=0.02). The rate of reduction of 

SUR in nCT responders however was not significantly different from that observed in non-

responders (P=0.49). nCRT resulted in a statistically significantly higher rate of reduction in 

tumour SUR compared to patients treated with nCT (p= 0.04).  
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Figure 11. Histological response and differences in rate of change of the standard uptake 

ratio (SUR), from baseline to follow-up after neoadjuvant chemo-radiotherapy (p=0.023). 

      

Figure 12. Histological response and differences in rate of change of the standard uptake 

ratio (SUR), from baseline to follow-up after neoadjuvant chemotherapy (p=0.493). 
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Figure 13. Differences in rate of change in standard uptake ratio (SUR), from baseline to 

follow-up between treatment arms (nCT or nCRT) (p=0.04).  

 

Figure 14. Differences in rate of change in standard uptake ratio (SUR), from baseline to 

follow-up between treatment arms for histological tumour type (adenocarcinoma or 

squamous cell carcinoma). (p>0.1 for both histological tumour types). 

We observed no statistically significant differences in the rate of SUR changes regarding 

tumour type (AC or SCC) and in treatment arms (p>0.1 for all combinations). Also, there 
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were no significant differences in the rate of reduction of SUR when comparing TRG 1 

(pCR) to TRG 2–4 in a pooled analysis which included both histological subtypes. 
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5 DISCUSSION 

 PAPER I 

In this study, 37 patients underwent sequential hybrid SPECT/CT lymphoscintigraphy before 

and after a unilateral excisional breast biopsy using sub-areolar radiocolloid injections for 

evaluating reproducibility in SLN mapping. The patient’s own non-operated breast served as 

a control. Concordance (total or partial) was observed in 85.7 per cent of examinations (30 

out of 35) on operated sides and in 88.9 per cent of examinations (32 out of 36) on non-

operated sides. The post-operative detection rate of SLNs using hybrid SPECT/CT 

lymphoscintigraphy was 91.9 per cent (34 out of 37 patient procedures) on operated sides. 

Our post-operative SLN detection rates were similar to previous studies using pre-operative 

SPECT/CT lymphoscintigraphy(63,65,68). In the three procedures involving operated breasts 

where we were unable to either visualise an SLN either pre- or post-operatively, only in one 

case did this occur only post-operatively. The excisional surgery could therefore only 

potentially have caused non-visualisation in this one case.  

There are some compelling arguments regarding the methodological benefits of using SPECT 

images compared to conventional planar lymphoscintigraphy using a gamma camera. Apart 

from the apparent benefit of more detailed anatomical correlation to SLN uptake, there is also 

evidence that the method produces higher detection rates in this patient group(96,97). One 

study demonstrated a clear benefit of SLN detection using SPECT compared to planar 

gamma camera imaging in overweight patients undergoing pre-operative lymphoscintigraphy 

SLN mapping(66). We found statistically significantly higher BMI and higher age in 

examinations with non-visualisation. In the previously-mentioned study, it was also 

established that obesity is associated with lower SLN detection rates. The fact that 

non-visualisation was associated with higher age is more difficult to interpret and may be due 

to the rather small patient population.  

SLN lymphoscintigraphy appears to be a highly reproducible method. One study using 

sequential planar lymphoscintigraphy the day before surgery in 25 patients undergoing breast 

cancer surgery found the same drainage pattern on repeated scintigraphy the following day, 

immediately prior to surgery in all patients(98). 

Regarding the implications for SLNB accuracy in patients with a previous history of 

diagnostic surgery, earlier studies have been conflicting. One study where the reproducibility 

of sequential planar lymphoscintigraphy pre-operatively repeated the day following an 
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excisional biopsy found 100 % reproducibility in the 16/18 patients where an SLN was 

identified at baseline examination(59).  

On the other hand, another study where the same question was addressed by using sequential 

planar lymphoscintigraphy the day before and again at least two weeks following an 

excisional biopsy, reproducibility was very poor(58). There were changes in the lymphatic 

drainage patters in 17 out of 25 patients and the method was reproducible in only 32 per cent 

of patients (CI 95% 12-52%).  

In our study we observed discordance in SLN mapping on the operated sides in 14.3 per 

cent of patients and on the non-operated sides in 11.1 per cent of patients. These results must 

be considered an improvement on the previously-mentioned results using planar gamma 

camera lymphoscintigraphy. The strengths of this study are the use of hybrid SPECT/CT 

technology with associated improvements to sensitivity and anatomical localisation of SLNs, 

the weaknesses are the rather small patient population.  

 PAPER II 

In this prospective study of 39 patients with cancer of the oesophagus or GOJ undergoing 

radio-guided SNLB following pre-operative SPECT/CT lymphoscintigraphy SLN mapping, 

we found an acceptable detection rate for intraoperative gamma detector-guided SLNB. The 

SLNB procedure was successful in 33/39 patients (82%). These intra-operative detection 

rates are consistent with results from previous studies.  

Unlike most previous studies of SLNB in cancer of the oesophagus or GOJ, most of the 

patients in our study, 30/39 (77%), had undergone neoadjuvant treatment with either nCT or 

nCRT. In a previous study of 112 patients with cancer of the oesophagus or GOJ undergoing 

radio-guided SLNB following pre-operative planar lymphoscintigraphy(61). The total SLN 

detection rate was comparable to our results and at least one SLN was identified in 120/134 

patients (90%). However, in patients who had received nCRT, at least one SLN was 

identified in only five out of eleven cases (45.5%). It is worth noting that pre-operative SLN 

detection using planar lymphoscintigraphy was successful only in 45/112 patients (40.2%), 

compared to 88% of patients in our study.  

In another study of 23 patients undergoing SLNB guided by pre-operative whole-body 

SPECT lymphoscintigraphy, four out of 23 patients had undergone nCRT, and the 

intra-operative SLN detection rate was 91% (21/23). The two patients in whom SLN 

detection was unsuccessful had both undergone nCRT. The authors make no mention of the 

SLN detection rates in the pre-operative SPECT imaging(99). 
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Conversely, in a similar setting Takeuchi et al. described intra-operative SLN detection rates 

in 71/75 patients (95%), and a successful SLNB was carried out in all the four patients who 

had undergone nCT. The authors of this paper likewise did not report on the SLN detection 

rates with pre-operative planar lymphoscintigraphy(90).  

Regarding previous history of neoadjuvant treatment, the study with a population most 

similar to ours was conducted by Thompson et al. In this study, 31 patients were included and 

19/31 patients (61%) had received nCRT in a regimen not unlike that used in our protocol. 

Patients underwent intra-operative radio-guided SLNB. The SLNB detection rate in this study 

was 94 per cent (29/31 patients) (60). Using SPECT/CT, we were able to demonstrate a 

similar SLN detection rate of 90 per cent (27/30 patients) of the cases that had received 

neoadjuvant therapy. This demonstrates that it is possible to achieve a fairly high frequency 

of SLN detection in patients who have received neoadjuvant treatment, which is consistent 

with the findings this previous study. 

Considering the low sensitivity and accuracy of SLNB in our study, it is important to 

compare previous investigations of the SLNB method in the present patient group. 

One previous study showed excellent sensitivity and accuracy for SLNB in patients with T1 

tumours (sensitivity 91.7%, accuracy 98.2%), and more often false negative cases in T2 

tumours (sensitivity 66.7%, accuracy 80.6%) and in T3 tumours (sensitivity 54.2%, accuracy 

60.7%). In a small subgroup that had received nCRT, false negative rates were considerably 

higher and evident in three out of eleven cases (sensitivity 0%, accuracy 40%, n=11)(61). 

Contrary to these findings, Kim et al. found no false negative cases (0/9) in a cohort with 

higher T-stages, which was comparable with our study, albeit with only 17 per cent of the 

patients having previously undergone neoadjuvant CRT. 

Takeuchi et al. observed false negative SLNBs in 4/33 cases (sensitivity 88%, accuracy 

94%). However, the clear majority of patients in that study were T1 stage (76%) and 2/4 false 

negative SLNBs were found in T3 tumours. The authors observed no correlation between 

previous neoadjuvant chemotherapy and accuracy in SLNB, but only 4/75 patients had been 

treated with neoadjuvant chemotherapy and none with CRT. 

The poor sensitivity and accuracy that we found may be explained by the high proportion of 

patients with advanced T3-stage tumours (82%) and a high proportion with a history of 

neoadjuvant treatment (73%) in our patient population. Since only very few patients with T1 

tumours or patients that had not received neoadjuvant therapy were included in this study, 

analysis of the influence of these factors was not feasible. Due to technical limitations, it is 
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also possible that we were unable to detect SLNs located immediately proximal to the tumour 

and/or radiocolloid injection sites, which may have interfered with the detection of SLNs due 

to so called “shine through”. One previous study showed an accuracy of 96% (55/57 patients) 

for SNLB procedures in patients with adenocarcinoma of the oesophagus or GOJ.(89). 

However, it is difficult to compare our results with these findings, as the authors did not 

report on T-stages or usage of neoadjuvant treatment. 

However, Thompson et al. observed only one false negative SLNB in 29 patients. The 

sensitivity was 90% and the accuracy was 96% in a population like that used in our study. We 

were thus unable to repeat these results, with a sensitivity of only 20% and accuracy of 75%. 

We believe that these different results may be explained in part by differences in T-stage in 

the patient populations. In our study, 63% of patients were pT2-stage compared to 43% in 

this previously-conducted study.  

 PAPER III 

In this pilot study of ten patients with cancer of the oesophagus or GOJ undergoing sequential 

SLN mapping using hybrid SPECT/CT lymphoscintigraphy, we found that the 

reproducibility following neoadjuvant radio-chemotherapy appears to be very poor. We were 

only able to identify the same SLN station in examinations before and after neoadjuvant 

chemo-radiotherapy in one out of ten patients. In three cases where at least one SLN station 

was observed at baseline, there was neither any visible uptake in the same stations at follow-

up, nor were there any other detectable SLN stations. In two patients where no SLNs could be 

detected at baseline, at least one SLN station was detected at follow-up examination. Out of 

the five patients where SLN stations could be detected at both examinations, the SLN stations 

were not the same at follow-up compared to baseline examination in four of these cases. 

The impact and underlying mechanisms of neoadjuvant treatment on lymphatic drainage 

patterns in oesophageal cancer are currently not well understood. Our study suggests that 

nCRT may have a significant impact on lymphatic drainage patterns from the oesophagus or 

GOJ. These potential changes may adversely affect the accuracy of the SLNB method in this 

patient group and may in part explain the poor accuracy of SLNB in patients who have 

received nCT in previous studies (61,99). 

It is worth noting that the one case where we were able to reproduce the SLN mapping 

involved the one patient with a lower T-stage (T2) stage tumour; all other patients in this 

study were staged as T3. It is also interesting that this patient was one of two patients with an 
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SCC tumour located in the mid-oesophagus, with the SLN station being located in the 

cervical region (station 109L). Due to the very limited patient population, the significance of 

these characteristics is unclear. The detection rates in baseline SPECT/CT examinations 

where we were able to identify at least one SLN station in 8/10 patients (80%) are consistent 

with previous findings using intra-operative radio-guided technique with detection rates of 

77.5% [57.4–89.8%] in T3-T4 stage tumours(93). 

As there are no previous studies specifically addressing the effects of chemo-radiotherapy on 

changes in lymphatic drainage in the oesophagus, the results presented here can instead be 

compared to other cancers, e.g. breast cancer, where Sentinel Lymph Node imaging has been 

applied in patients exposed to radiation or chemotherapy. In one study of 22 patients with 

breast cancer previously treated with mantle radiation due to Hodgkin’s Lymphoma, and 

undergoing SLN mapping with SPECT/CT lymphoscintigraphy and intra-operative radio- 

guided SLNB, the authors were less often able to identify an SLN in previously treated 

patients compared to the control group (14% and 3% respectively (P=0.01)).(100). 

The same research group later conducted a study on the reliability of SLNB in patients with 

recurrent breast cancer. In this study, which used pre-operative SPECT/CT 

lymphoscintigraphy, thirty-six out of 114 (31%) patients included in this study had 

undergone breast-preserving therapy, including radiotherapy without axillary lymph node 

dissection(101). The authors found that the detection rates were significantly lower in patients 

with a history of breast-conserving therapy, compared to the whole study population, with 

detection rates of 72% compared to 85% for the latter (P=0.01). However, it is impossible to 

quantify with any certainty how the effect of radiotherapy on the breast, radiotherapy to the 

axilla and variation in surgical technique would affect the flow of lymphatics from the breast 

and subsequently the accuracy of an SLNB procedure. The authors conclude that the SLNB 

method is probably more reliable in a setting where there has been no prior no iatrogenic 

disturbance of the lymphatics. 

One large multi-centre cohort study looked at women with clinically node-negative breast 

cancer undergoing SLNB prior to chemotherapy(102). In this study the detection rates and 

accuracy of the SLNB was very good, and at least one SLN was identified in of 1,013/1,022 

patients (99.1%). Interestingly, in a subgroup undergoing a second SLNB procedure 

following nCT, the detection rates were much lower, with successful SLNB in only 213/360 

patients (60.8%). Likewise, the false negative rate for SLNB was high in this subgroup, with 

false negative SLNBs occurring in 33/64 patients (51.6%).  
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Similarly, in a recent study of the accuracy of SLNB accuracy prior to neoadjuvant 

chemotherapy in 224 breast cancer patients, the detection rate was one hundred per cent, with 

at least one SLN identified using radio-guided/blue dye intraoperative SLNB technique(103). 

Approximately half of the patients in this study (98 patients) underwent a second SLNB 

procedure following nCT, with a success rate of SNL detection of only 69.4%. The false 

negative rates in SLNB were also significantly higher in a repeated procedures group (25% 

compared to 7.4% in the first procedure). The authors of this paper advise against a second 

SLNB following nCT due to low SLN detection rates and the unacceptably high rate of false 

negative biopsies. To our knowledge, ours is the first study of the effects of neoadjuvant 

chemo-radiotherapy on changes in lymphatic drainage patterns in patients with cancer of the 

oesophagus or GOJ. Due to the very small patient population, our results must be interpreted 

with caution. Concerning SLN detection rates, our results are in line with some, but not all, 

previous studies(93). There are no previous studies on the reproducibility of SLN mapping of 

the oesophagus in healthy subjects, or in patients without a history of neoadjuvant chemo-

radiotherapy. In light of this, it is important to consider certain methodological uncertainties 

in our study. Since there is a several week-long interval between the two SPECT/CT 

examinations and there may or may not have been any morphological changes to the primary 

tumour, the radiocolloid injections may have been considerably different in the two 

procedures. This could conceivably have an impact on the lymphatic drainage from the 

tumours and result in an alternative SLN in the second procedure. Meanwhile, the SLNB 

method has a high accuracy in T1-stage tumours, albeit in the absence of specific studies 

(104). This may imply that the reproducibility of pre-operative SLN mapping using a method 

such as ours would be better in patients with limited disease and in the absence of 

neoadjuvant treatment. 

 PAPER IV 

In this study of 51 patients randomised to either of two well-defined regimens of nCRT nCT, 

we observed a significantly higher rate of reduction of tumour SUR in patients with 

histological response when compared to non-responders. We found a significantly higher rate 

of reduction of tumour SUR in histological responders following nCRT, but not in responders 

following nCT. A statistically significant higher rate of reduction of SUR was also observed 

in subsequent nCRT when compared to nCT. We interpret these findings as mirroring the 

greater impact on tumour metabolism resulting from this more aggressive treatment regimen. 

It also correlates with the overall lower TRG scores in the nCRT treatment arm. When 
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stratified, we did not find a statistically significant difference in the rate of change in SUR 

when comparing treatment arms with respect to tumour type (AC or SCC).  

We chose to study changes in SUR rather than changes in SUVmax or SUVmean in order to 

avoid some of the inherently imprecise factors associated with these last-mentioned PET 

parameters. Some previous studies used ROC analysis levels of reduction of SUVmax 

following neoadjuvant treatment and thereby were able to find cut-off values for the 

predication of pCR((105,106)). The uncertainty when determining a significant level of 

change, in this case SUVmax, was one of the reasons why there was no ROC analysis in this 

study of changes in SUR in regard to pCR. It is the authors’ belief that the SUR parameter is 

more reliable compared to the clinically-established SUV parameters in reflecting changes in 

tumour metabolism following neoadjuvant therapy. 

The results from previous studies into changes in PET parameters in the evaluation of 

neoadjuvant treatment have been contradictory ((34,37,105,107,108)). The fact that we 

observed a significantly higher rate of reduction of SUR in patients with histological response 

in comparison with histological non-responders is in line with previous findings. The same 

can be said regarding the significantly higher rate of SUR reduction in responders following 

nCRT. However, we could not demonstrate any significant differences in the rate of SUR 

reduction in responders following nCT. Several previous studies have shown significant 

reductions of SUV values following nCT ((34,37,109)). One explanation for this may be that 

only a small number of patients were histological responders to nCT treatment 3/26 (12%). 

This mirrors the larger population of the NeoRes trial, in which histological response was 

observed in 12/91 (15%) of patients in the nCT treatment arm. It is nevertheless possible that 

our rather small patient population in this study could hide a potential difference (i.e. a type 2 

statistical error). Furthermore, no correlation was observed with tumour type (SCC or AC) 

and changes in SUR when comparing responders to non-responders. It is also apparent from 

these calculations that the small patient population may have affected the lack of significant 

findings.  

It is very important to note that in our study, changes in SUR could not be reliably used to 

discriminate pCR from subtotal response. However, these findings are the most difficult to 

interpret when comparing our results to similar studies. In the present study, only 6/51 

patients (12%) achieved pCR, which is rather low when compared to current clinical 

experience. It is possible that a larger patient population may have yielded different results. 

Nevertheless, pCR was attained in 29/181 (16%) of patients in the total NeoRes population, 

which is comparable to the findings in this paper. Previous studies have investigated PET-
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negative tumours in relation to histological response following neoadjuvant treatment. They 

were unable to reliably rule out limited residual disease (remaining viable cancer cells) in 

PET-negative tumours. The false negative rates of PET-negative tumours ranged between 

17.9% (13/73) ((38)) to 29.5% (5/17) ((110)). Conversely one large retrospective cohort study 

of patients with adenocarcinoma of the oesophagus and GOJ came to other conclusions 

((108)). In this study, no significant correlation was observed between PET-negative tumours 

and pCR. Moreover, there were no statistically significant differences in ΔSUVmax or SUR at 

baseline or follow-up, and thus it was not possible to distinguish pCR from subtotal 

histological response. 

The prospective design of this study and the randomisation of patients with histological 

carcinoma types representative of the population in large to one of two well-defined regimens 

of neoadjuvant treatment are considered strengths. The main weakness is the comparably 

small patient population. Another weakness, which is due to epidemiological and clinical 

factors, is the presence of considerable heterogeneity, primarily in T-stages, in the patient 

population.  
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6 CONCLUSIONS 

 PAPER I 

In patients who have small, breast malignancies that have not been diagnosed pre-operatively 

and who are planned for an excisional biopsy, it is not as common to find tumour-containing 

lymph nodes at a secondary axillary procedure compared to patients with pre-operatively 

diagnosed breast malignancies. In this patient group the tolerance for accepting discordant or 

partial concordant findings arguably would be lower. We observed discordance on operated 

breast sides in 14.3 % and on the non-operated sides in 11.1 % of breast sides. These findings 

are different from the 28 % discordance rate found in the study by Estourgie et al. When 

comparing these two studies, ours had the larger patient population, which is an advantage. 

The study participants also underwent bilateral imaging, and by these means the non-operated 

breasts served as controls for evaluating reproducibility. In addition, hybrid SPECT/CT was 

used instead of planar lymphoscintigraphy. By using this method, we were able to gather 

detailed information on the precise anatomical location of the SLNs before and after surgery.  

 PAPER II 

This study shows that pre-operative SPECT/CT imaging combined with intraoperative 

radio-guided detection yields a high frequency of SLN detection in patients with cancer of the 

oesophagus or GOJ. To our knowledge, only one similar previous study using planar imaging 

technique that has reported on SLN detection rates in pre-operative SLN lymphoscintigraphy 

has hitherto been conducted (61). Compared to these findings, we observed a much higher 

detection rate (88 per cent compared to 40.2 per cent). We suspect that the increased 

detection rates are due to increases in sensitivity when utilising SPECT imaging in 

combination with CT attenuation correction of SPECT data. We also perceive a clear benefit 

when correlating SPECT findings to CT images in the process of image fusion. 

Most tumours in this study were ≥T3 and the clear majority of patients had received 

neoadjuvant treatment with either chemotherapy or chemo-radiotherapy. The sensitivity for 

the SLNB procedure was low, with unacceptably high occurrence of false negative biopsies. 

SLNB cannot, therefore, be recommended as a staging tool in patients with ≥T3 tumour 

stages or a previous history of neoadjuvant treatment. Having considered our findings, further 

investigation of the SLNB method in cancer of the oesophagus or GOJ has been discontinued 

at our hospital. However, our findings lend support to the added value of pre-operative fusion 

SPECT/CT lymphoscintigraphy, and use of this method could facilitate the intra-operative 
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identification of SLNs, which may be useful for T1 stage cancer, where there may still be a 

potential for SLNB staging of cancer of the oesophagus or GOJ. 

 PAPER III 

In this small pilot study, we observed very poor reproducibility in SLN detection in patients 

with oesophageal cancer before and after nCRT. We conclude that nCRT may have a 

clinically relevant impact on lymphatic drainage in the vast majority of these patients. We 

suggest that this may negatively influence the accuracy of an SLNB procedure in the same 

way as demonstrated in other cancer forms. 

 PAPER IV 

The potential utility of predicting pCR in a clinical scenario would likely be quite valuable. 

Arguably a surveillance regimen with endoscopy and biopsies and expectance could be used 

in patients who achieve a complete histological response to neoadjuvant treatment. In this 

patient group potentially, unnecessary surgery with oesophagectomy possibly could be 

avoided. The clinical value in the discrimination of differentiation of pCR and subtotal 

histological response compared to non-responders following neoadjuvant treatment could 

improve on the prognostic evaluation of the response to treatment. Patients with TRG2 would 

likely benefit from neoadjuvant treatment. On the other hand, patients with TRG 3 or TRG 4 

arguably might be better suited for surgery without neoadjuvant treatment. Perhaps the 

greatest obstacle to the implementation of 18F-FDG PET/CT in treatment response evaluation 

of oesophageal lies in identifying the optimal PET parameters. 

Another obstacle is the current lack of minimal standards of care in the management of this 

patient group. Furthermore, the comparably low spatial resolution in images when using 

current PET-technology also limits the ability to accurately rule out any limited residual 

disease in patients with cancer of the oesophagus/GOJ following neoadjuvant treatment with 

either nCRT or nCT.  
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7 FUTURE ASPECTS 

The aim of this thesis was in part to evaluate the impact of a previous limited surgical 

procedure to the breast on a prospective SLNB procedure. The present study indicates that an 

SLNB procedure could be considered safe in this patient group. We have no current plans for 

further investigation into this matter. 

Concerning the applicability, and the possible impact of, nCRT on an SLNB method in 

patients with cancer of the oesophagus/GOJ, it is important to consider epidemiological 

factors. Some researchers suggest using the SLNB method in the staging of early oesophageal 

cancer patients where the evidence points towards the method being more reliable(111). For 

instance, intra-operative SLNB could be performed in selected cases of cT1N0 stage cancers. 

If the SLN was found to be in the abdomen, the surgeons could proceed with a laparoscopic 

minimally-invasive oesophagectomy and only perform a limited abdominal 

lymphadenectomy, completely omitting the currently-used mediastinal lymphadenectomy. 

Conversely, if there is evidence of metastatic spread to the SLN, the surgeons would proceed 

to extended thoracoscopic lymphadenectomy. A pilot study was recently conducted in which 

patients with cT1N0M0 adenocarcinoma of the oesophagus underwent intra-operative 

thoraco-/laparoscopically radio-guided SLNB without oesophagectomy. Instead, an 

endoscopic resection of the tumour was conducted in the same procedure(112). This method 

was found to be feasible, though more research into the area is needed. However, at my 

academic centre, these low-grade tumours represent a minority of cases. In part due to the 

discouraging results in the articles included in this thesis, further investigation into the 

applicability of the SLNB method has been discontinued for now. 

The prospects are more hopeful in respect of the utility of 18F-FDG PET/CT in evaluating 

response to neoadjuvant treatment in patients with cancer of the oesophagus and GOJ. 

We are currently involved in the ongoing NeoRes II trial, in which patients with resectable 

cancer of the oesophagus/GOJ are randomised to two time-frames between end of 

neoadjuvant treatment and surgery. Similarly, to the protocol used in the NeoRes I trial, 

patients undergo 18F-FDG PET/CT examinations at baseline, and again at follow-up. 

Hopefully evaluation of PET parameters such as SUR values will prove useful as a predictive 

or prognostic factor in this context. 

The ongoing Systematic Surgery Versus Surveillance and Rescue Surgery in Operable 

Cancer of the Oesophagus with a Complete Clinical Response to Radio-chemotherapy 
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(ESOSTRATE) multi-centre study will use evaluation by means of 18F-FDG PET/CT to 

identify patients with a complete clinical response to neoadjuvant chemo-radiotherapy. 

Patients with a complete response will be randomised to either direct oesophagectomy or to 

monitoring and rescue oesophagectomy. Advances in PET-imaging technology entailing new 

techniques such as fully-digital PET systems may prove to offer higher sensitivity compared 

to those currently used. A significant increase in sensitivity could perhaps result in the 

possibility of ruling out residual limited disease, and to accurately discriminate a complete 

response to neoadjuvant treatment. 

Hopefully the availability of PET-hardware capable of dynamic PET-studies will increase the 

role of PET in the response evaluation of cancer patients. The added value of being able not 

only to measure the steady-state properties of a tumour but also the rate of influx of FDG to 

the same will likely prove valuable in the evaluation of changes in tumour metabolism. 

In addition, 18F-Fluorothymidine (18F-FLT) is a PET-tracer considered to be more specific to 

cellular proliferation, rather than cellular metabolism in the case of 18F-FDG. This difference 

in pharmaco-physiological properties makes it a compelling tracer for investigation in this 

patient group. One advantage would be the fact that residual inflammatory reaction to 

radiotherapy would not have a significant impact on FLT uptake in the affected tissues. The 

uptake of FLT in tumours would rather reflect proliferation in residual cancer cells. We are 

currently conducting a study in our research group of the utility of 18F-FLT PET/CT in 

evaluating the response to neoadjuvant treatment in patients with potentially curable cancer 

of the oesophagus or gastro-oesophageal junction. 
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