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1. Introduction 

 

Head and neck squamous cell carcinomas (HNSCC) show a unique behavior from the 

point of view of tumor progression. This type of cancer has a clinical course different 

from most other tumor types, and the metastatic cascade is modified according to the 

biological behavior of this tumor. Lymphatic dissemination, local reccurrence and 

neoangiogenesis are the main features of HNSCC progression. Microvessels in most of 

the tumors are not only a source of oxygen and alimentation but also the key elements 

of the hematogenous dissemination. In HNSCC, microvessels are mostly a source of 

oxygen and alimentation and rarely participate in the hematogenous dissemination. 

Lately, many works focused on the clinical and biological meaning of expression of 

VEGF (vascular endothelial growth factor) in this type of tumor, especially on the 

angiogenic type of VEGF. Interestingly, increase of VEGF expression in HNSCC is 

associated with poor prognosis, independently of microvessel density (MVD), but the 

mechanisms involved are unclear yet. 

 The endocrine microenvironment is another important factor in tumor progression in 

case of cancers characteristically expressing sex hormone receptors as breast (1), 

prostate (2) or endometrium (3). Sex hormone receptors are also expressed outside the 

sexual organs, such as in the vascular endothelium (4), the larynx (5) or lung epithelium 

(6). The presence of the hormone-dependent proteins in normal human laryngeal tissue 

and laryngeal cancers supports the hypothesis that hormonal mechanisms may play an 

important role in carcinogenesis (7-9). 

Immunotherapy is considered a specific approach to cancer treatment in which 

activation of immunologic effector mechanisms are used to destroy cancer cells. 

HNSCC was not considered until recently an immunotherapeutic target, but pioneer 

studies suggested that immunotherapeutic approaches could well be a new way to 

manage this otherwise highly aggressive cancer. Until these days head and neck cancer 

was considered to be an immunosuppressive tumor, contrary to the fact that this tumor 

type has a rich mononuclear infiltrate whose density is really high in many cases. The 

clinical significance of immunosuppression in patients with head and neck cancer was 

demonstrated by the shortened time to recurrence, shortened disease-free survival and 

shortened overall survival.  
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2. Aims of the theses 

1. Examination of the vascularity of head and neck cancers belonging to different 

anatomical regions, with different capacity of progression 

2. Antiangiogenic effects of radiotherapy in head and neck cancers 

3. Molecular identification, expression of estrogen and progesterone receptors in head 

and neck cancers 

4. Stromal reactions after local administration of leukocyte interleukin injections 

(Multikine) in head and neck cancers 

 

3. Materials and methods 

3.1. Patients 

A total of 216 patients with head and neck cancer were included in this study. The 

histological diagnosis in all cases was squamous cell carcinoma. The anatomical 

localization of these tumors was in the following regions: oral region (tonsilla, 

oropharynx), 65 cases (30.09%); glottis, 43 cases (19.9%); hypopharynx, 21 cases 

(9.72%); tongue or base of tongue, 51 cases (23.61%); floor of mouth, 24 cases 

(11.11%); lip, 12 cases (5.55%). TNM classification was the following: 11 patients had 

stage T1 (5.16%), 114 stage T2 (53.52%), 65 stage T3 (30.51%) and 23 stage T4 tumors 

(10.79%). Lymphatic dissemination appeared in 75 patients (35.21%), in 138 patients 

(64.78%) we could not identify involved lymph nodes, and hematogenous metastasis 

appeared only in one case. Median age was 62.5 years (range: 41-84 years). 

Examination of vascularity was performed on archival tumor samples belonging to 

Department of Otolaryngology-Head and Neck Surgery of Semmelweis University. The 

relationship between vascularity and radiotherapy and the expression of hormone 

receptors in head and neck cancers was examined on surgically resected tumors, from 

patients treated in the National Institute of Oncology, Budapest. The effects of the local 

administration of leukocyte interleukin injection (Multikine) was examined on tumors 

originating from the following clinical sites: Departments of Otolaryngology-Head and 

Neck Surgery, Dentistry and Oral Surgery of Semmelweis University, Budapest, and 

Departments of Otolaryngology and Head and Neck Surgery of Uzsoki Hospital, 

Budapest, Petz Aladár Hospital, Győr, and National Institute of Oncology, Budapest. 

These examinations were approved by ethics committees of each institution. 



 4

3.2. Methods 

3.2.1. Immunohistochemistry 

Examination of vascularity in head and neck squamous cell carcinomas of different 

anatomical location were performed on 21 archival tumor samples, using double 

labeling immunohistochemistry with antibodies against CD31 and laminin. Expression 

of vascular endothelial growth factor was immunohistochemically examined using anti-

VEGF antibody. The effect of radiotherapy on vascularity of oral cancers was examined 

using paraffin-embedded samples, stained with anti-CD34 antibody. Expression of 

hormone receptors (estrogen receptor-α ERα, estrogen receptor-β ERβ and progesterone 

receptor PGR) in head and neck cancers was performed on frozen samples with specific 

monoclonal antibodies. Examination of the effects of neoadjuvant immunotherapy, 

using leukocyte interleukin injections, was performed immunohistochemically with 

antibodies against the following markers: CD68 (macrophages), CD34 (hematopoietic 

stem cells), CD1a (dendritic cells), anti-myeloperoxidase (neutrophil cells), CD3 (T 

cells), CD20 (B cells), Ki-67 (proliferating cells), CD25 (interleukin-2 receptor). In all 

cases, appropriate isotype control antibody was used as negative control. 

3.2.2. Histochemistry 

The proportion between the quantity of the epithelial component and the stroma in head 

and neck cancers was determined by two methods: first, connective tissue was stained 

according to Mallory-trichrom staining, second, slides were labeled 

immunohistochemically for cytokeratin, using pan-cytokeratin antibody, and then both 

were morphometrically analyzed. 

3.2.3. Morphometry 

Evaluation of vascularity of head and neck cancers was performed using Cue-2 image 

analysis program, at 20x magnification, in five „hot spot” areas, according to 

international consent (10). Morphometric evaluation of the stromal effects of 

neoadjuvant immunotherapy was performed using Image Pro Analysis software. 

3.2.4. Immunocytochemistry, fluorescent microscopy 

Nuclear and cytoplasmic expression of hormone receptors on frozen samples have been 

viewed by Nikon Eclipse-E600 epifluorescence microscope, equipped with Spot Junior 

CCD camera and image analysis software. 
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3.2.5. RT-PCR / nested PCR 

Total RNA was isolated from the frozen homogenized tumor samples, possible DNA 

contamination was eliminated. For reverse transcription random-primer oligo-dT 

combination was used, the occurrence of reverse transcription was checked by carrying 

out polimerase chain reaction (PCR) with β-actin primers. For detection of the possible 

DNA contamination, RNA of the same sample was used as negative control, and DEPC 

treated water as non-template control. To detect ERα, ERβ and PGR expressions, nested 

PCR reactions were carried out. PCR products were separated on a 2% agarose gel and 

detected with Gel Doc 2000 program, after ethidium-bromide staining. Nested PCR 

products originated from samples of randomly chosen patients were isolated from the 

agarose gel in the case of all receptor types and all bands, and DNA sequences were 

determined. 

 

3.2.6. Treatment protocol of the patients treated with neoadjuvant leukocyte interleukin 

immunotherapy 

This study involved two independent examinations. Patients in both examinations, 

before the administration of leukocyte interleukin injection, were treated uniformly with 

cyclophosphamide, indomethacin and multivitamin. In the first examination, patients 

were treated with three different doses of leukocyte interleukin (LI). In  patients treated 

with low and medium doses, 400 IU and 800 IU of  LI was administered peritumorally 

three times a week, through two weeks (2400 IU and 4800 IU final doses, respectively), 

while patients treated with high dose of LI were given peritumorally 800 IU of LI, five 

times a week (final dose 8000 IU), also through two weeks. All leukocyte interleukin 

injections were administered intradermally at the circumferential margin of the visible 

or palpable tumor mass. In the second examination, LI administration was performed in 

the following manner: one half of the daily dose (400 IU) was injected 

perilymphatically and the other half (400 IU) was injected peritumorally over a three 

weeks’ period, five times per week, reaching a cumulative dose of 12000 IU of LI. All 

LI injections were administered intradermally in the same manner as in the first 

examination, and the perilymphatic injection was administered at the posterior 

submandibular area at the jugular lymphatic chain, ipsilateral to the injected tumor. In 

both examinations, surgery of the tumor mass (or residual tumor mass) was performed 
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between days 21 and 28 following the initial administration of LI, and locoregional 

radiation therapy commenced following wound healing.  

 

3.2.7. Statistical analysis 

The data were analyzed with chi2 test, t-test, ANOVA and Kaplan-Meier method. 

 

4. Results and discussion 

4.1. Examination of vascularity in tumors of the larynx and hypopharynx 

In this study we examined 21 cases in which 11 cases were laryngeal tumors and 10 

were hypopharyngeal tumors (I). Histology of the cancers was universally squamous 

cell carcinoma.  The majority of the hypopharyngeal cancers were diagnosed in stage 

T4, so we presumed that the higher malignancy of hypopharyngeal tumors could be due 

to the T4 stage and accordingly to the larger size of tumors. Determination of tumor 

volume of the laryngeal and hypopharyngeal cancers did not support this asssumption 

because laryngeal tumors had significantly larger size in stage T2 than hypopharyngeal 

tumors in stage T4. Next, we examined if the smaller size of hypopharyngeal tumors is 

the consequence of the lower angiogenetic capacity of these tumors. To identify 

peritumoral microvessels, we applied double labeling immunohistochemistry using 

antibodies against CD31 and laminin, and microvascular density (MVD) and 

microvascular perimeter (MVP) were determined by computer-assisted image 

cytometry. First we compared the MVD of the two types of tumors without respect  to 

the size or stage of these tumors, when results indicated that the MVD is highly similar 

in the two tumor subtypes (glottic cancers: 211±40 mm2; hypopharyngeal cancers: 

205±20 mm2). To account for the size differences between these tumors, we compared 

the MVD of the laryngeal tumors of stage T2 with that of hypopharyngeal ones of 

stages T4, but the difference was not significant statistically, although the MVD of 

hypopharyngeal tumors were lower  than MVD of laryngeal tumors (178± 20 mm2, vs. 

232± 70 mm2). There was no difference in the microvascular perimeter (MVP) between 

the two groups either (larynx cancer: 96±9.9 mm2; hypopharyngeal cancers: 

88.4±7.3mm2). Morphometric measurements suggest that the angiogenic capacity of the 

two tumor types is similar. In the case of hypopharyngeal cancers we compared the 

MVD of the nonmetastatic cases with those producing regional lymph node metastases, 



 7

but there were no statistically significant differences. Ultimately, we examined the 

expression of the most important vascular growth factor in these cancers, with 

immunohistochemistry using antibody against human VEGF. We stated that in case of 

these two types of tumors, the frequency of the expression of VEGF-positive tumor 

cells was identical (larnyngeal cancers: 40%; hypopharyngeal cancers: 41.66%), and the 

results did not correlate with the stage or size of these tumors. Although the biologic 

behavior of the cancers of hypopharynx is markedly different from that of cancers of the 

larynx, the molecular basis of this is not known and has been rarely studied. Frequently, 

the different invasive/metastatic behavior of tumors is due to a difference in 

proliferation rate, growth properties, or both. In this study we demonstrated, in a small 

number of patients, that the angiogenic capacity of the more aggressive hypopharyngeal 

tumors is the same as in the case of the less invasive laryngeal cancers, and this is why 

this fact cannot be responsible for the different metastatic behavior. Another result of 

this study is that the proliferating feature of these tumors cannot be in accordance with 

the invasive and metastatic characteristics, the invasive and metastatic capacity of 

hypopharyngeal cancers appearing at a markedly lower size, in comparison with 

laryngeal tumors. These results lead us to think over the therapy applied for these 

patients which is effective in the case of laryngeal cancer but poorly effective in the 

case of slowly growing and highly invasive hypopharyngeal tumors.  

 

4.2. The effects of radiotherapy-induced vascularity changes in oropharyngeal cancers 

In this study 35 patients with advanced oropharyngeal cancer were examined (II). 

Histology of the cancers was universally squamous cell carcinoma. Twenty-one patients 

were in stage III (60%) and fourteen in stage IV (40%). TNM classification was the 

following: T1 stage had 4 patients (11,42%), T2 stage- 14 patients (40%), T3 stage– 11 

patients (31,42%) and T4 stage had 6 patients (17,14%). In the majority of the cases the 

tumors were localizated in the tonsillar region and faucial arch (24 cases, 68,57%), then 

in the base of the tongue (7 cases, 20%), followed by the region of the soft palate (3 

cases, 8,57%) and pharyngeal wall (1 case, 2,82%). Eight weeks after completion of 

radiation therapy, 14 patients (40%) reached complete response (CR), 10 patients 

(28.6%) had partial response (PR), 4 patients (11.4%) had stable disease (SD), and 7 

patients (20%) progressive disease (PD). The median follow-up time was 59 months 
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(range: 24-67). After five years, 4 (11.5%) of the 35 patients were alive, three of them 

without evidence of disease, one with a relapse of the primary tumor. The estimated 

median overall survival was 13 months (95% CI: 8.1-17.9), median progression-free 

survival was 6 months (95% CI: 4-8). The median MVD score at the beginning of the 

therapy was 109/mm2 (SEM: 13.7), which decreased after 20 Gy radiotherapy to 

82/mm2 (SEM: 10.0). Response rate of patients with decreased postirradiation MVD 

was significantly better (p=0.04) than that of patients whose tumor was characterized by 

a smaller decrease. Overall survival of patients with low MVD at 20 Gy was 

significantly better (p=0.012), while progression-free survival showed only a statistical 

trend (p=0.053).  

Tumor growth is critically associated with the vascularization of tumor tissue (11,12). 

Overgrowth of tumors at advanced stage may result in decreased MVD due to a 

„dilution effect” but changing angiogenic phenotype can also lead to altered MVD. 

Therapeutic modalities may also affect the vascularity. Such changes may have 

prognostic and predictive significance. Some authors did not find any correlation 

between MVD, response rate and overall survival (13-17). Others have shown that the 

high MVD is associated with better prognosis and response rate (13,18,19) but some 

other authors find opposite results (25). Effects on vessels and antiangiogenic properties 

of radiation have already been investigated in different models (20-23). In our study we 

analyzed the effect of radiotherapy on MVD. Our findings support the observation of 

Kourkourakis that HNCC with maintained angiogenic potential during therapy has a 

poorer prognosis (24). The paramount significance of our study is that our results are 

the first clinical evidence from a prospective study, supporting the new theory about the 

significance of anti-endothelial effect of ionizing radiation. Another significant finding 

of our study is that there is a possibility to detect the response to radiotherapy in an 

early stage of the treatment of HNCC and that these patients could be selected for a 

more aggressive treatment. Further studies are necessary to support these options.  

 

4.3. Expression of hormone receptors in head and neck cancers 

Sixty-seven HNSCC patients were enrolled in this study, the median age was 64 years 

(range: 42-86 years), the proportion of men and women was 56/11 (V). Histological 

diagnosis of all samples was squamous cell carcinoma, and the majority was grade II 
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(36/67; 53.8%). TNM classification was the following: T1: 1.5% (1/67), T2: 29.8% 

(20/67); T3: 50.7% (34/67); T4: 17.9% (12/67); predominantly non-metastatic forms 

(N0M0: 64.2%). In almost half of the cases, localization was in the laryngeal region 

(32/67; 47.8%), in one third of cases in the oral cavity (24/67; 35.8%), while the others 

were localized in hypopharynx (11/67; 16.4%). We used two groups, for an easier 

analysis: oral cavity cancers and laryngeal-hypopharyngeal (LH) tumors. 

Immunohistochemistry demonstrated frequent nuclear ERα positivity in HNC cells and 

in normal laryngeal tissue, although cytoplasmic reaction was also observed at lower 

frequency. ERβ was predominantly found in the cytoplasm of the cancer cells, although 

nuclear reaction was also detected at lower frequency. PGR protein was found in both 

the nucleus and the cytoplasm of cancer cells, in the same proportion. Stromal 

components of HNC did not show sex hormone receptor protein reactivity in any of the 

cases. Nested PCR analysis of the mRNA extracted from frozen tumor tissues detected 

authentic ERα and occasionally its δ3 splice variant. ERβ was found to be frequently 

expressed in two isoforms, wild-type and the δ5 splice variant, while PGR was detected 

in the authentic wild-type form, all confirmed by sequencing. Furthermore, 2 human 

HNC cell lines PE/CA-PJ15 and -PJ41, cultured in vitro, were also found to express 

ERα without the expression of ERβ and PGR, and PJ15 expressed the δ3 variant of ERα 

as well. About half of HNC cases expressed ER and PGR (28/67 cases, 41.8%). While 

frequency of ER expression was higher in oral cancers compared to 

glottic/hypopharyngeal ones (58.3% vs. 46.5%), PGR expression was similar in the two 

localizations. Solitaire hormone receptor expression was a rare phenomenon in HNC, 

characterizing a small subset of glottic/hypopharyngeal cancers exclusively (6/43 

cases). Since PGR expression is regulated by ER activity, co-expression of ER(s) with 

PGR is considered a molecular sign of functional ER expression (1). According to this 

assumption, functional ER expression was a frequent characteristic of HNC, proven to 

be independent of the anatomical localization (27/67 cases, 40.3%). Neither ER nor 

PGR expression affected survival of HNC patients: 36-month survival rates were in the 

range of 55-70%. Furthermore, functional expression of ER in HNC did not affect 

survival either. Since oral cavity cancer cases were in a minority in this cohort (35.8%), 

the proportion of receptor-positive and -negative groups of patients were critically 

unbalanced, therefore we performed a subgroup analysis on laryngeal/hypopharyngeal 
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cancers. Kaplan-Meier analysis of the data indicated that patients with ER expression 

(ERα, ERβ or both) in their tumors are characterized by a trend of poorer survival 

compared to negative cases (p=0.0636). On the other hand, PGR expression status did 

not affect survival of these patients. Comparison of the ER+ and ER- 

laryngeal/hypopharyngeal cancers indicated that the T3 and grade 3 cases were over-

represented in the ER+ group, while there was no difference in the N stage.  

The role of sex hormone receptors in head and neck cancer is controversial. Many 

research teams focused on the fact that hormone receptors are expressed in „hormone-

independent” tissues (26), trying to answer the question why the incidence of head and 

neck cancer is higher in men, what kind of hormonal mechanisms are playing a role in 

carcinogenesis and what kind of mechanisms are „protecting” the women from this type 

of cancer (27). We try to answer the question of the importance of the presence of 

functional ER in head and neck cancers. This type of cancer is developing mostly in 

alcoholic men, whose characteristic disease is the alcoholic liver destruction with its 

complication. Destruction of liver function is followed by the destruction of metabolic 

processes, naturally including the metabolic processes of sex hormones (estrogen, 

testosterone) (28,29). Study performed on a large cohort of HNC – alcoholic and 

nonalcoholic – patients, showed that these patients have higher FSH and LH level and 

the alcoholic ones have higher estrogen and lower testosterone level (28,29). Another 

result of this study was that patients with higher FSH and lower testosterone level have 

a poorer overall survival (28). The survival of laryngeal/hypopharyngeal cancer patients 

with ER-positive tumors tended to be poorer compared to those with ER-negative 

tumors, although the difference did not reach the level of statistical significance. These 

data suggest that ER expression and/or the estrogen-activated ER in this subgroup of 

HNC may act as a progression promoting factor. However, further studies on a larger 

cohort of patients is necessary to confirm these preliminary data and to establish if ER 

plays similar role in oral cavity cancers as in case of laryngeal/hypopharyngeal ones. 

Our study was done on a relatively small size cohort and the imbalance between the 

ER+ and ER- tumors did not allow such an analysis. On the other hand, frequent 

expression of ER, especially together with PGR in HNC suggests that antiestrogens, ER 

or aromatase inhibitors may have a therapeutic role in the clinical management of HNC.  
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4.4. The effects of leukocyte interleukin treatment on the microenvironment of oral 

cancers 

In the first study 54 patients participated, 27 were treated with leukocyte interleukin (LI) 

injection (Multikine) and 27 were the control cases (III). The majority of the tumors 

were anatomically located in the region of the tongue (22/54, 40.74%), followed by the 

region of the floor of the mouth (14/54, 25.92%) and base of tongue (9/54, 16.66%), lip 

(6/54, 11.11%), retromolar region (2/54, 3.70%) and oropharynx (1/54, 1.85%). TNM 

classification was the following: T1: 2 cases (3.77%), T2: 42 cases (79.24%), T3: 9 

cases (16.38%); N0M0: 13 cases (24.52%), N(1-2-3)M0: 40 cases (75.47%).  

After leukocyte interleukin treatment we have evaluated the presence and quantity of 

tumor necrosis and the quantity of proliferating cancer cells, labeled 

immunohistochemically for Ki-67. The incidence or the absence of any kind of necrosis 

in OSCC (oral squamous cell carcinoma) was similar in all of the tumors from the 

different LI-treated groups studied and in the control groups also. Morphometric 

analysis of the density of Ki-67 positive cancer cells indicated that LI treatment induced 

significant increase (p<0.05) in cycling tumor cells at the lower LI doses administered. 

On the other hand, the incidence of cycling stromal cells decreased with the increasing 

LI dose. Mononuclear infiltrates were evaluated in two components of the tumor, in the 

stromal compartment and in the cancer nests. Using conventional H&E staining, there 

were no clear-cut differences identified between the tumors resected from the control 

and LI-treated groups because the control group was also highly heterogeneous in this 

respect; certain tumors were characterized by a dense leukocytic infiltrate, others by a 

plasmocytic one and yet others by a lymphoid one. The intraepithelial density of 

macrophages was comparable to that of the stroma. A relatively high density of 

intraepithelial macrophages was revealed in the control tumors in a manner similar to 

ones treated with LI. In this study we were not able to detect CD34+ mononuclear cells. 

In the second study (IV) the patients treated with high dose of LI (19 treated and 20 

control cases) were similar in the degree of keratinization and histologically. The 

anatomical localization of the tumors was the following: floor of the mouth: 10 cases 

(25.64%), tongue: 20 cases (51.28%), lip, oropharynx, bucca, gingiva: 9 cases 

(23.07%). TNM classification was the following: T1: 1 case (2.70%), T2: 32 cases 

(86.48%), T3: 4 cases (10.81%); N0M0: 34 cases (91.89%). In two of 19 LI-treated 
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patients it was not possible to detect any cancer tissue in the surgically resected tumor 

mass, these patients were considered to be complete responders. In two other LI-treated 

patients the imaging technique verified more than 50% tumor volume reduction, which 

was considered partial response. In other four LI-treated patients the volume reduction 

identified with imaging technique was proven to be more than 30%, which was 

considered a minor response. Therefore the objective response rate in the LI-treated 

group was 21%, with an overall response of 42% (8/19 patients). In this study analysis 

of the effects of LI treatment on OSCC was performed on the LI-treated nonresponder 

subgroup as well as separately on the responder subgroup. High dose of LI did not 

change the proportion of cycling cancer cells in responder or nonresponder subgroup. 

Analysis of macrophage density indicated a down-modulation of the stromal presence 

of CD68+ macrophages in the LI responder subgroup exclusively and this trend was 

even more pronounced intraepithelially in the LI-treated group (p<0.002 for the LI 

responder subgroup, p<0.01 for nonresponders). In the LI-treated group, increased 

intratumoral infiltration by neutrophils was observed exclusively in patients with 

multifocal microscopic necrosis. LI-treated patients exhibited increased neutrophil 

migration into the cancer nests and neutrophil density was also pronounced in the tumor 

stroma in the LI responder subgroup. Tumors with high eosinophil density were twice 

as numerous in the LI-treated group compared with the controls (47% vs. 25%). In the 

LI-treated group the proportion of the collagenous stroma in tumor tissue was 

significantly increased compared with the proportion in tumor tissue of control patients 

(p<0.05). Periepithelial collagenosis was similar in frequency in the tumors of both the 

control and LI-treated patients, whereas interstitial intraepithelial fibrosis was 

significantly more frequent (p<0.001) in the LI-treated group (12 of 17 patients, 70%) 

compared with the controls (2 of 20 patients, 10%). In the control group, 40% of cases 

did not show any kind of fibrosis. The degree of stromal fibrosis in the responder and 

nonresponder subgroup increased in a similar manner in comparison with the control 

group (p<0.001). 

 The first study (III), where 27 OSCC patients were treated with an immunomodulator 

investigational drug, leukocyte interleukin, clearly demonstrated that OSCC is an 

immunogenic tumor and that LI treatment induces lymphocytic infiltration into the 

tumor. Similarly to other tumor types, the mononuclear infiltrate showed a significant 
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individual variability in tumors deriving from different patients. This suggests that 

separate analysis would be necessary to determine which of the components of the 

cellular infiltrate (T cells, dendritic cells or macrophages) play a significant role in 

disease prognosis or therapeutic response in OSCC. One of the most interesting findings 

of this study was that LI treatment induced cell cycle entry of a high proportion of 

tumor cell population. This effect could well be beneficiary for the patients because one 

of the major problems facing OSCC radiation therapy or chemotherapy is that both 

therapeutic modalities primarily affect cycling tumor cells, and those which are not in 

cell cycle are prone to be more resistant to both chemotherapeutic and radiotherapeutic 

interventions. In the second study (IV) where high dose of LI was administered to the 

OSCC patients, important changes were observed regarding the components of 

mononuclear infiltrate, proportion of tumor stroma and cancer nest and in the objective 

response to treatment. LI-treated OSCC patients were characterized by a markedly 

altered pattern of inflammatory cells, suggesting that an acute inflammatory reaction 

was mediated predominantly by neutrophils and, to a smaller extent by eosinophils and 

macrophages. Multifocal necrosis of cancer cell nests and an increase in the proportion 

of connective tissue were detected in the LI-treated patients compared with the controls. 

These changes may reflect the aftermath of an antitumor immune response raised 

against OSCC, which was induced by the neoadjuvant administration of LI. Our results 

indicate that although some degree of antitumor reactivity could be elicited in most 

patients, this does not necessarily translate into an objective clinical response in all 

patients. In the case of oral carcinomas treated with LI it is not yet clear which the 

specific mediators (in LI) are that elicit the antitumor immune response. The increased 

density of intraepithelial leukocytes in parallel to microscopic necrosis after LI 

treatment may suggest that the activation of nonspecific antitumor mechanisms is 

equally important to produce clinicopathologically detectable destruction of the 

established tumor. These data suggest that the LI-treated group responded 

homogenously to the treatment but the anticancer effects of LI treatment were 

heterogeneous. Taken together the findings from both studies, we can conclude that the 

LI neoadjuvant immunotherapy regimen is a clinically viable approach to the 

management of OSCC. 
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5. Conclusions 

1. Vascularity is not a critical factor in the progression differences showed by laryngeal 

and hypopharyngeal cancers. 

2. Decrease of microvessel density induced by low dose of radiotherapy shows a 

significant correlation with better prognosis and response rate in OSCC. 

3. About half of head and neck cancer cases expressed ER and PGR (34/67 and 33/67). 

While the frequency of ER expression was higher in oral cancers compared to 

glottic/hypopharyngeal ones, PGR expression was very similar in the two localizations. 

Functional ER expression was a frequent characteristic of HNC. 

Laryngeal/hypopharyngeal cancer patients with ER expression showed by a trend of 

poorer prognosis compared to ER-negative cases.  

4. OSCCs are pathologically homogenous cancers but are very heterogeneous regarding 

the density and composition of infiltratig cells.  

5. Quantity of cancer cells presenting the Ki-67 antigen increased after low doses of 

leukocyte interleukin treatment. Interestingly this increase was not detectable in tumors 

treated with high dose of LI.  

6. In patients treated with high dose of LI we obtained objective response in 42.1% of 

the cases, which was better detectable with pathological examination and quantification 

of tumor cell nests and tumor stroma proportion as with imaging techniques. We 

concluded that the tumor stroma reacted similarly after LI treatment in treatment-

responder and -nonresponder groups, but the anticancer effects were different, which 

could be caused by the different sensitivity of the tumors presented at the LI treatment.  
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