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Abstract 

Squamous cell cancers of the head and neck have diverse biological behavior and 

prediction of radiation response. There is lack of specific investigation tool to predict 

the subgroup of cancers unresponsive to radiotherapy. This is a prospective study in the 

use of nuclear and nucleolar morphometric parameters for the prediction of radiation 

response. Twenty six patients with squamous cell cancers of the head and neck region 

were recruited to receive a course of palliative radiation therapy to a dose of 30Gy in 10 

fractions over 2 weeks. Fine needle aspiration cytology was performed on day1 and day-5 

of the above radiotherapy schedule. The AgNOR score and nuclear morphometric study 

was done using computerized image an~lyzer. A total of 26 patients were evaluable 

with a median age of 44 years (range 17-76 years). The primary tumors were from 

nasopharynx (11), larynx & hypopharynx (5), metastatic node (4), and miscellaneous 

tumors of head and neck (6). The response to radiation was gradual with a median 

regression time of 4 weeks. The mean AgNOR score was 3 dots/ nucleus (range (1.2-7 

dots/nucleus). The average nuclear diameter was 11.073 J.lm (range 7.70-16.6 f..Lm) a1,1d 

nucleolar diameter 2.92 J..lm ( 1.09-11.66 J..lm). Patients with higher pretreatment AgNOR 

score (> 2.5) were associated with disease progression and metastasis. However 

patients whose cancer ce11s showed increase in the diameter of the nucleus after initial 

radiotherapy fared better with local control by radiotherapy than those cancer cells were 

not. 

Key words: radiotherapy, radiation response, nuclear morphometry, AgNOR 
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Introduction 

Head and neck cancers are common malignancies among males, which accounts for 20% 

of all cancers (Parkin et al 1999). The malignancies have diverse biological behavior and 

prediction for disease progression. Surg~ry, radiotherapy and occasionally chemotherapy 

are the main modalities of treatment. Radiotherapy especially is being utilized among 

60% of cancers either in the form of radical, adjuvant or in palliative intent. Not all 

patients who are given radiotherapy respond favoural;>ly. The com11_1on mode of 

radiotherapy treatment failure are manifested as residual disease, recurrent disease, 

and/or disease progression during treattnent. Even cancer in the same histologic 

subgroups did not show uniform radiosensitiveness (Million and Cassissi 1984 ). Hence 

there are variation in the response to radiation therapy even when the other parameters 

like stage, site, tumor volume and histology are kept constant (Begg 1998). 

Histopathological subcategorizations too have not shown consistent predictor of response 

to radiotherapy (Meyer and Wang 1971). One approach to predict radiosensitivity is in 

the determination of response by in vivo tests like tumor cell culture and cell surviving 

fraction at 2 Gy dose of radiation (SF2) and the calculation of mean lethal dose (West .~t 

al 1993 ). Other methods are radiation induced histomorphological changes especially 

changes seen in the nucleus as a marker of radiosensitivity. 

This concept of predicting radiosensitivity was firstly introduced by Grahatn in 1947 as 

fl the radiation response test (Graham 194 7). Serial cytology slides were studied in the past 

to study the radiosensitivity of various cancers. Multi nucleation and nuclear enlargement 
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of the malignant cells are common changes encountered following radiotherapy. Past 

radiobiological studies have shown that induction of multinucleated cells are dose related 

and correlated with cell survival assay, suggesting that they are non clonogenic (Bettega 

et al 1980). Radiation can induce fragmentation of the chromosome or form abnormal 

chromosomes which do not take part in mitosis. These chromosomal fragments are called 

micronuclei. Their induction are dose-related and correlated with survival (Grote et al 

1981 and Midander et al 1980). 

Microscopically it is possible to observe the nuclear and nucleolar morphometry using 

computer assiste.d image analyzer (McLean et al 1996). These nucleolar events can be 

demonstrated by silver staining of the nuclear organizer region (AgNOR). The increase in 

the AgNOR counts suggests an increase in the activity of ribosomes. So far, success in 

nuclear morphometric analysis to look for the nuclear roundness factor (NRF) had been 

demonstrated with success in predicting radiation response in Wilms' tumor and prostate 

cancer (Gearhart et al 1995 and Hurwitz et al 1999). In this study, we examined AgNOR 

score, nuclear, and nucleolar morphometry before and during radiotherapy as a predictor 

of radiosensitivity. 

Materials and Methods 

Patient selection 

Twenty-six documented cases of squamous cell cancers involving head and neck region 

were recruited for this study. The initial clinical assessment especially the initial clinical 
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tumor volume of the palpable disease were recorded in the analysis (Annexure-I). The 

clinical tumor volume were measured as the maximum size on three dimensions. These 

and recorded before, during (on the 5th day) and 6 weeks after above radiotherapy 

schedule (Fig- I). 

Radiotherapy schedule 

Radiotherapy was delivered by a 6 MV linear accelerator, using two or three field 

technique. The dose fractionation was 30 Gy in 10 fractions over 2 w~eks period. In case 

of parallel opposed portal the dose was calculated at the mid-plane, but in th~ lower rieck 

field dose was calculated at the d-max. Individualized BDS cast were made for daily 

reproducibility in upper neck region tumors. 

Cytological evaluation 

Fine needle aspiration cytology (FNAC) was perfonned to obtain tissue materials. The 

tissue fluids were obtained from the measurable nodes which were in the radiotherapy 

portal. The FNAC was performed before radiotherapy, on the 5th day while on 

treatment and on the 6th weeks after completion of the course in case of persistent 

disease. The cytology slides were smeared on conventional glass slides with frosted ends 

and then imtnersed in 95% alcohol as fixative. The slides were stained with silver nitrate 

smear and processed. The nuclear organizer regions (NOR) were counted from the high 

power microscope ( 400x magnification)as numbers of dots (nucleolus) per a given 

number of nucleus counted (Fig-2). The same cytology slides were subjected to nuclear 

1 morphometric analysis using an image analyzer (Leica Qwin, Germany) at the same 

magnification. The greatest diameter of the nucleus and nucleolus were determined by 
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this method. We used 400x magnification for the determination of nuclear or nucleolar 

size (Fig-3 and 4) for all the cases. 

Statistical analysis 

The values of the AgNOR score and nuclear morphometric parameters were recorded for 

each patient and for the each sample. The outcome were analyzed for the response to 

radiotherapy and further disease course. The Wilcoxon Signed Ranked test was applied to 

look for difference in the tumor regression according to the nuclear morphometry and 

AgNOR score. 

Results 

There were 2q patients who completed the above treatment schedule consisting of 6 

females and 20 males. The tnedian age of the patient population was 44 years. AgNOR 

score data were available in 12 patients (Table-t), nuclear morphometry and nucleaolar 

morphometry was determined in 9 . patients (Table-2). The failure to determine the 

nuclear morphometric and AgNOR score in all cases was related to sampling error, 

failure to obtain ce11ular material, and regression of tumour after radiotherapy. The 

primary tumor were distributed in nasopharynx (11), larynx & hypopharynx (5) , 

metastatic neck nodes (4) and misce11aneous tumors (6) of the head and neck. 

Radiotherapy 

All 26 patients received schedule fractionation radiotherapy scheme. Following a tumor 

·dose of 30 Gy in 10 fractions over 2 weeks, the patients were assessed for the tumor 
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response on day 5, day 10 and day 28. They were categorized as complete response (CR), 

partial response (PR) and/or no re~ponse (NR). Fourteen patients (54%) achieved 

complete response, 6 patients partial response (23%) and remaining 6 no response (23%) 

to radiotherapy. The conversion rate after scheduled radiotherapy from palliative intent 

to radical was observed in 18 ( 68%) patients after 6 weeks of radiotherapy. Patients 

achieving complete response showed superior survival than partial response to 

radiotherapy (Fig-5). 

Cytology evaluation 

Accurate sampling was possible in 54 aspiration attempts. After few fractions of 

radiotherapy, patients showed good response to radiation making it difficult to obtain 

good tissue samples. Twenty patients (76%) underwent initial cytology ( cytology-1) 

which yielded good cellular material, 10 patients (38%) yielded good cellular aspirate 

after 5th day of radiotherapy (cytology-2) and only 3 patients (12%) had successful 3 rd 

cytology. 

Nuclear 1norphometry 

The greatest diameter of the nucleus and nucleolus were measured [Fig-3 and 4 J..tm]. 

The average diameter of the nucleolus and nucleus was 2.92 J..lm (range 1.09-11.66 

J..lffi) and nucleus was 11.073 J..lm (range 7.70-16.6J..tm) [Table-2] respectively. Patients 

whose initial cytology showed large nuclei had more treatment failures and clinical 

progression of disease than those patients whose cancer cells showed small nuclei. When 

the nuclear diameter increase after a given course of radiotherapy, there was improved 

local control and mentainance of response (p 0.008] (Table-3 and Fig-6). Another 
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interesting observation was that the tumor volume was indirectly proportional to the 

nuclear volume with a p value of 0.003 (Fig-7). 

AgNOR score 

Manual AgNOR dot count .was done for 35 slides by counting number of AgNOR dots 

per given number of nucleus counted. Paired AgNOR count before and after 

radiotherapy was possible in only 12 patients. The mean AgNOR score was 3 dots per 

nucleus (range 1.2 to 7 dots per nucleus). Patients with high AgNOR score showed higher 

. . 

disease progression and metastasis than those with low AgNOR score (Table-t). The 

patients who showed a decrease trend in the number of AgNOR dots per nucleus after 

initial radiotherapy showed an improvetnent in local control than those with increase in 

the number of AgNOR score. 

Follow up 

The patients were advised for regular follow up at an interval of every two months. The 

median follow up interval was 7 months with a range of 4 to 20 months. 

Discussion 

This is a prospective study to evaluate the value of AgNOR score, nuclear diameter and 

nucleolar diameter before and during a course of fractionated radiotherapy to predict 

radiation response. From this study, albeit a small sample size, we observed that, nuclear 

size of the tumor cells are indirectly proportional to the clinical tumor volume. Similarly 

clinical tumor volume is indirectly proportional to the local control by radiotherapy. The 
0 

number of AgNOR dots was directly proportional to the radiation failures. The final 

outcome was analyzed at a median follow up duration of 7 months ( 4-20 months). 
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Silver nitrate staining for the nuclear organizer region (AgNOR) counts per nucleus is 

being used in many cancers to predict response to radiation and/or outcome of treatment. 

In a study on 10 patients, Kossard et al studied AgNOR dots per nucleus in small cell 

melanoma. He found a variation of AgNOR count of 5.83 in small cell melanoma, 8.49 

in superficial spreading melanoma, and 2. 71 among dermal nevi (Kossard et al 1995). 

Thus it suggests that higher AgNOR score predicts an aggressive tumor. In our study too, 

those cancers with a high AgNOR score per nucleus showed an ·aggressive disease 

course. Similar study done by Yue et al in 1999, also showed hyperactivity of malignant 

cells in those with high AgNOR score in head and neck cancers (Yue et al 1999). In a 

study from Japan evaluation of AgNOR score in oral cavity cancers shown that, a rise in 

the AgNOR dots signify a responding tumor to preoperative course of radiotherapy 

(Kinoshita et al 1996). Their findings were in contrary to ours, which suggest that an 

increase in the number of AgNOR dots per nucleus following radiotherapy denotes a 

relentless disease course. 

The nucleus and nucleolus are the main constituent of a cell whether it is malignant or 

benign. Under light microscope, nucleolus look like a dot·like structure situated in the 

center of the nucleus or slightly displaced towards inner side of the nuclear membrane. 

Nucleolus are basically in reticular array or as compact structures. It has a fibrillar center, 

a vacuolar portion and a nucleolus associated chromatin. Thus nucleolus is consisted of 

dense fibrils and granules which appear as dark staining area of varying intensity 
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(Nixdorf-Bergweiler et al I 997). Nucleolus is responsible for ribosome production and 

transcription of r-RNA. Nucleolus is very sensitive to change of ribosomal DNA 

synthesis. Cytochemical studies have shown a marked increase in the amount of AgNOR 

scores with large nucleoli implying a large level of ribosomal production. In our study the 

mean diameter of nucleolus was 2.92J..lm (range 1.09-11.66 J.lm). 

The treatment with radiation therapy is based on the principles of tumo.r factors like site, 

size, and histological grade of the tumor. Patients with stage III and IV head and neck 

cancers are treated with a fixed dose of radiation. But increasing body of evidences 

shows that, the response to radiation is not constant even if we keep the tumor-related 

parameters constant. This wide variation of the radioresponsiveness to fractionated 

radiotherapy is probably indicated by an inherent cytological factor influencing the 

behavior of the cancer after radiation exposure. Fibroblasts from patients suffering from 

ataxia telangiectasia are 2 to 3 times Jnore sensitive than the normal cells (Begg 1999). 

Thus the response to radiation is a product of wide range of cellular parameters like, 

nuclear, nucleolar, chromosomal, apoptosis and genetic factors. 

The cancers are commonly classified according to histology and graded according to the 

degree of their differentiation as well differentiated, moderately differentiated and 

poorly differentiated cancers. The poorly differentiated cancers seems to be more 

sensitive to radiation than well differentiated tumors. These histology-based variation are 

demonstrated in cervical cancers and some head and neck cancers. Sometimes 
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histop~thology do not correlate with clinical curability (Meyer and Wang 1971). In our 

study we concluded that there is no correlation between histopathology grade and 

response to radiotherapy. 

Colony assay of the tumor cells have been implicated for predicting radiation response 

based on the fraction of cells surviving a particular fraction of radiation dose, defined as 

the ability to undergo at least 6 doublings. Intrinsic radiosensitivity. measurement with 

SF2 analysis have been demonstrated by Fertil and Malaise, who analyzed the published 

studies of in vitro radiosensitivity of tumor cell lines from different histologic types and 

found a general correlation with clinical curability (Fertil and Malaise 1985). 

West and his colleagues studied the SF2 assay of radiotherapy treated squamous cell 

cancers of the cervix. Tumour SF2 values in vitro from fresh biopsy material using 

colony formation in agar were found to correlate highly with outcome. Patients with SF2 

value more than median value had significantly worse survival rate than SF2 value below 

median (West et al 1993 ). 

An ideal radiation sensitivity tests should be specific, sensitive, cost effective and can be 

practiced routinely. Chromosomal damage assay and radiosensitive gene assay are a few 

new tools for the prediction of radiosensitivity (Brown 1992). The first study on 

radiosensitivity test was demonstrated on the serial cytology tests from cancer cervix 

called Grahms grading (Grahm et al 1947). Subsequently the studies have been 
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duplicated by Gupta and colleagues (Gupta et al 1987). Following a course of radiation, 

there is alteration of the cellular and nuclear morphology. There may be an increase in 

size of the nucleus, whereby the nuclear material become more condensed with 

appearance of more nuclei. Bhattathiri et al studied serial cytologic features for the 

analysis of micronuclei formation durin~ fractionated radiotherapy and found a 

correlation between micronuclei fonnation and treatment outcome (Bhattathiti et al 

1998). 

Nuclear morphometric analysis is a quantity predictive process which has been 

successfully employed in predicting present treatment outcome in a number of 

malignancies. Nuclear and nucleolar size estimation is a new concept for the assessment 

of tumor radiosensitivity. The initial estimation on nuclear and nucleolar morphometry 

was demonstrated by Me Lean and colleagues. They found a correlation between large 

nucleoli and patient treatment outcome. From the study on induction of 

micronucleation, nuclear budding and multinucleation produced by fractionated 

radiotherapy, Bhattathiri et al showed that multinucleation had the greatest relation with 

radiation sensitivity. This study suggested that the injury to the cytokinetic apparatus was 

important in detennining tumor radiosensitivity (Bhattathiri et al 1998). Another study by 

Memon et al also demonstrated nuclear changes as a predictor of radioresponsiveness in . 

oral cancer patients on radiotherapy (Memon and Jafaray 1970). 

In our study, we measured the diameter of nucleus of the tumor cells before and during a 

fractionated course of radiotherapy. Those patients who showed an increase in the 
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diameter of nucleus size following radiotherapy achieved good local control of disease 

than those who showed otherwise The above finding was statistically significant (p value 

0.008). Following an initial course of radiotherapy, the nucleus of the cell increases and 

gradually lead to fragmentation, leading to reproductive death of the cell. 

Another dimension of radioresponsiveness is nuclear roundness factor (NRF). In a study 

on prostate cancers by Horwith et al those who underwent radical radiotherapy, they 

noticed positive correlation of NRF to radiosensitiveness (Hurwitz et al 1999). The 

authors used automated imaging devise to determine NRF. Sampling from aspiration 

cytology is an optimal method to evaluate nuclear morphometric analysis (Liu et al 

1996), however studies using conventional hematoxyline-eosin histopathological slides to 

determine nuclear morphotnetry had been done (Hamilton and Allen 1995). In our 

experience, the failure to obtain samples during radiotherapy was high and it is more 

marked on subsequent aspiration cytology while the tumor is regressing, most probably 

due to technical shortcomings. 

In conclusion, the response of cancers to radiation is basically governed by inherent 

radiosensitivity to the tumor cells, proportion of hypoxic cells component and 

repopulation of the resistant clones of cells. The first component of radiosensitivity can · 

be predicted by the use of nuclear morphometry before starting radiotherapy or during a 

course of radiotherapy. In borderline clinical situations where the decision to either use 

radiotherapy or surgery is in dilemma, this test might help to decide the treatment arm 
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before completion of radiotherapy. However a study on a large numb~r of patients need 

to be done before it could be recommended routinely. 
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Table- l. AgNOR score and response to radiation 

Res goose AgNOR score 

Good response 

Case- I 2.46/nucleus 

Case-2 2. 17 /nucleus 

Case-3 2. 7 /nucleus 

Case-4 2.36/nucleus 

Case-S 1.36/nucleus 

Case-6 1. 4/nucleus 

Case-7 1. 7 /nucleus 

Poor response 

Case-1 4.46/nucleus 

Case-2 2.6/nucleus 

Case-3 7/nucleus 

Case-4 3/nucleus 

Case-S 2.6/nucleus 

6/7 patients with < 2.5 dots/nucleus had good response and 5/5 patients with > 2.S dots/nucleus had poor 
response. 

li 



Table-2. Nuclear and nucleolar diameters in studied patients 

Sl.Number Nuclear diameter in ym Nucleolar diameter in ym 

BeforeRT DuringRT BeforeRT DuringRT 

I. 8.77(2.3) 16.62(3.7) 5.59(3.07) 11.66(1.06) 

2. 14.91(4.8) 16.2(1.9) 4.13(1.09) 4.69(1.06) 

3. 16.21(1.02) 7.70(1.002) 3.78(0.8) 1.77(0.34) 

4. 8.32(1.6) 11.56(2.5) 2.91(0.6) 2.65(Q.8) 

5. 10.26(2.9) 16.11(3.1) 1.09(0.2) 3.45(1.36) 

6. 9.98(2.98) 9.75(2.37) 2.64(1.09) 2.4(0.7) 

7. 1 0.51(3.19) ~.88(2.19) 3.38(1.23) 2.89(1.09) 

8. 9.53(1.3) 8.48(2. 796) 1.43{1.05) 1.41(0.32) 

9. 10.917(2.93) 9.51(0.77) 2.62(0.69) 4.16(0.69) 

Mean nuclear diameter 11.073 Jlm and nucleolar diameter 2. 92 Jlm. 



Table-3: Nuclear diameters before and ·during radiotherapy (Standard deviation inside 
parenthesis) with survival. 

Nuclear Diameter in J..lffi 

Pre RT (SO in±) 

1.8.77 (2.305) 

2.14.9131 (4.8438) 

3. 16.2046 (1.0221) 

4.10.917 (2.934) 

8.32 (1.677) 

8.91 (3.198) 

9.988 (2.985) 

10.51 (3.193) 

9.532 (1.304) 

Nuclear Diameter in J..lffi 

Post RT (SO in±) 

16.62 (3.729) 

16.2046 (1.9221) 

7.70 (1.002) 

9.51 (0.772) 

11.565 (2.54) 

16.116 (3.008) 

9.755 (2.371) 

8.88 (2.196) 

8.488 (2.796) 

Outcome on 

last visit 

14M NED 

15M NED 

6MPD 

17PD 

12NED 

12NED 

6PD 

7PD 

7PD 

Abbreviations: NED no evidence of disease, PD progressive disease, M months 



Fig-1. STUDY DESIGN 

ENTRY 

+ 
20 };tients ; 

Head & eck Cancers; 
Stageill&N; 

squamous cell .Ca; 
.KPS > 60 

·J 

~croscopic ~or 

volume eastimation 

Aspiration cytology/or Bx 
for 

Nuclear morphomatry 
& 

AgNOR scoring 

Radiotherapy simulation; Dose 
optimization; .. Dose calculation 

Radiotherapy Schedule 
30 Gy/1 0#/2 Wks 

I I I J I J I I I I 
1 2 3 4 5 6 7 8 9 10 

t 
ASP. Cytology/or Bx 

for 
Nuclear morphometry & 

AgNOR scoring 

Response evaluation for twnor 
regression on Day 5,10 & 40 

J. 
Sbrtffiticru rurullys~ of 

---I 

---II 

Tumor response versus 
Nuclear morphometry & AgNOR score 

.2.1. 



Fig-2. Photomicrograph showing studded nucleolar dots 
Counted p~r nucleus to determine AgNOR score 

Magn.if1cation 400x 



Fig-3. Photomicrograph showing numerous nucleo li laden 
nucleus before giving radiotherapy 
Magnification 400.x 
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Fig-4. Photomicrograph showing clumped and bizzare nucleoli 
containing nucleus during radiotherapy 

Magnificatio n 400x 



Fig-5. 

Radiation response Vs Survival 

10 

9 

t/) 8 
.c ...... 
c 7 0 
E 
c: 6 

m 5 > 
·~ 

4 ::l 
t/) 

c: 3 ca 
Q) 

~ 2 

1 

0 
CR PR NR 

... Radiation response 

---·-------- - - ··------------- ------- -----------·-·-----·----------------------· 



Fig-6. 
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Fig-7. 
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Annexure-I. 
PROFORMA FOR RESEACH PROTOCOL 

FOR 
NUCLEAR MORPHOMETRY 

AND 
AgNOR SCORING 

(NUCLEAR MORPHOMETRY & AgNOR SCORE IN HEAD & NECK CANCER RADIOTHERAPY) 

Patient No 

-: Name 
i.": _______________ K.P. No: ____ _ 

HUSM Regd.No 

---A-ge:-···-·-·--- ------ · ·-·· ·---Sex:.-----·-----_·--,.-Nationality·--- --·- · ···----·--;--Race----- ---- ---- ---· ---------

Diagnosis:--------------------------

Stage (TNM) ___________ ECDG. (P.S) _______ _ 

Smo~~~~~cli~a~hi~o~Wooy~-------------~--­

Local examination [Description with figure]: 

X-ra~ Neck 
PNS 
Base skull 

rn: presenUhd-pgm/zl 

i .. ... 


