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Predictive value of flow cytometric analysis in DNA
contents in patients with locally advanced head and neck
carcinoma
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Abstract

A restrospective study was performed on 61 eligible patients with stage III and IV (AJC/UICC Staging
System) squamous carcinomas of the head and neck region who were treated with definitive radiotherapy
with, or without, surgery. DNA contents were measured by flow cytometric analysis of archival paraffin
blocks and were correlated with clinicopathological findings, tumour response and patient survival.
Comparison of variables including treatment modality was performed for identification of significant
prognostic factors. There were 28 diploid, 27 aneuploid tumours and the remaining six were questionable.
All patients were followed-up for at least two years or until death.

Aneuploid tumours had a significantly higher S-phase fraction (percentage S-phase) (p<0.001). Neither
ploidy nor percentage S-phase were found to have predictive value in tumour response or patient survival
within the power of a sample size of 61. Twenty of the 27 (74 per cent) aneuploid tumours had a complete
response (CR) whereas 19 out of 28 (68 per cent) diploid tumours achieved CR. Five-year survival by the
Kaplan-Meier method was 33 per cent for both aneuploid and diploid tumours. However, nodal stage (N
stage) was found to have significant predictive value in both tumour response and patient survival. The
complete response for stage Ny patients was 96 per cent, N; patients 61 per cent, N, patients 60 per cent
and 43 per cent for Nj patients (p<0.002). Similarly, the five year survival for the Ny and N3 groups of
patients was 53 per cent and 29 per cent respectively (p<0.05).
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Introduction

Head and neck carcinomas account for three per
cent of all malignancies (Cancer Facts and Figures,
1995). Patients with advanced stage disease (Stage
III and IV) have poor local-regional control and five-
year survival despite standard treatments with
radiation and/or surgery. Chemotherapy has been
tested many times in non-randomized studies, but its
value is still questionable because of selection and
other biases, inadequate follow-up and a tendency to
publish only positive resuits (Tannock, 1989). Other
investigational treatments such as dose-intensive
chemotherapy, hyper-accelerated fractionation irra-
diation or radio-sensitizers carry a higher risk of
toxicity. There is an immediate need to develop a
predictive assay in such patients so that more
aggressive treatment can be directed to high risk
patients and individual treatment can be optimized.

Clinicopathological parameters (e.g. tumour
grade, stage, nature of invading margins) have

been studied as possible prognostic factors. How-
ever, because they are semi-quantitative and subject
to inter-observer variation, they cannot provide
consistent predictive value to assist in the patient’s
management (Boyd and Reade, 1988). Flow cyto-
metric analysis (FCM) of cellular DNA content now
provides a rapid and quantitative assessment of
tumour ploidy and proliferative activity. It has been
recognized as a useful determinant of survival in a
number of tumour sites (Ewers ez al., 1984; Balijham
et al., 1985; Look et al., 1988).

There are a number of reports on the prognostic
significance of FCM in head and neck carcinomas.
However, most of them did not account for other
confounding prognostic variables nor the inhomo-
genicity of treatment in the analysis. Unfortunately,
the studies that controlled for confounders showed
conflicting results thus making conclusions difficult
(Goldsmith et al., 1987; Kerasley et al., 1991; Rua et
al., 1991). The objective of this study was to assess
the predictive value of FCM in patients with locally
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advanced head and neck carcinomas treated with
radiation. Variables including ploidy, S-phase frac-
tion, treatment modality, disease stage and site,
gender, age and tumour grade were assessed as
potential predictors for tumour response and patient
survival.

Materials and methods
Selection of patients

This was a retrospective study of patients with
head and neck carcinomas diagnosed between 1979
and 1989. They were eligible for the study if they met
the following criteria: pathologically confirmed
squamous cell carcinoma of the head and neck
region, except nasopharynx; locally advanced Stage
III and IV disease (according to the American Joint
Committee on Staging Classification) with no distant
metastasis; treatment with definitive radiation (over
4500 cGy) with or without surgery; no previous or
current chemotherapy; retrievable archival paraffin
blocks, and no concurrent cancer. Sixty-one patients
were eligible. Archival paraffin blocks were
retrieved and reviewed by the pathologists. Repre-
sentative sections of the tumour were then sent to
the tumour facility for DNA content analysis. Three
patients received radiation doses of less than 4500
cGy (2700 cGy, 3420 cGy and 3940 cGy respectively)
because of progressive disease and rapid deteriora-
tion during treatment. They were included in the
study because the inadequate treatment was a result
of progiessive disease and was felt not to induce bias
in the analysis. The age of patients ranged from 39 to
82 years old and the median was 63. There were 45
males (74 per cent) and 16 females (26 per cent). The
characteristics of the carcinomas are as shown in
Table 1.

Treatment technique

All 61 patients received radiation treatments from
a 6 Mev linear accelerator and 49 of them had
surgery for the primary tumour and/or lymphatics
also. The primary tumour and the lymphatics at risk
were treated with doses ranging from 2700 cGy to
9500 cGy with a median dose of 5940 cGy. The
reason for giving the 9500 cGy to one patient was to
compensate for the multiple interruptions during
treatment. The daily fraction was 180-200 ¢Gy and
treatments were given five days per week. Patients
who received implants or chemotherapy were
excluded from this study. Patients were followed-
up three months post-irradiation for evaluation of
response and then regularly until death or loss to
follow-up.

Paraffin block preparation

Available haematoxylin and eosin stained glass
slides were retrieved from the files and reviewed for
each case evaluated. The diagnosis of invasive
squamous cell carcinoma was confirmed and each
case was graded using a modification of the Broder
System. Well-differentiated carcinomas (grade 1)
were those composed predominantly of mature
squamous cells, with abundant keratin pearl forma-
tion. Mitotic activity was minimal. The nuclei were
uniform. The cell displayed obvious intercellular
bridges in some areas. Moderately differentiated
carcinomas (grade 2) were those composed of cells
with less abundant cytoplasm. The cell borders were
less distinct and the nuclei were more pleomorphic.
Mitotic figures were more numerous. Poorly-differ-
entiated carcinomas (grade 3) were composed of
sheets and nests of small primitive cells. Cytoplasm
was scant. The nuclei were hyperchromatic or
vesicular. Mitoses were numerous. Keratinization
was minimal to absent.

TABLE I
CHARACTERISTICS OF THE HEAD AND NECK CARCINOMAS IN THE STUDIED POPULATION
Characteristic Group (Total n=61) Frequency %
Tumour stage 2 10 16.4
3 30 49.2
4 20 3238
TX* 1 1.6
Nodal stage 0 26 42.6
1 13 21.3
2 15 24.6
3 7 11.4
Site of disease Oral cavity 6 9.8
Oropharynx 11 18
Hypopharynx 7 11.5
Nasal cavity 3 4.9
Larynx 33 54.1
Branchial cyst 1 1.6
Grade 1 7 11.7
2 42 70.0
3 11 18.3
Missing 1
Surgery Yes 49 80.3
No 12 19.7

*TX — Tumour stage cannot be assessed.
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TABLE II
RELATION OF TUMOUR GRADE TO TUMOUR RESPONSE AND PATIENT SURVIVAL

Variable Group CR* n (%) NR" n (%) p-value from: Fisher’s exact test
Grade 1 6 (86) 1 (14)

2 31 (74) 11 (26) 0.66

3 7 (64) 4 (36)
Variable Group n Median survival (months) p-value from log-rank test
Grade 1 7 37.9

2 42 354 0.91

3 11 12.7

*CR = Complete response.
"NR = No response.

Representative sections of the primary tumour
were sent for DNA content analysis. Samples of
uninvolved lymph nodes were sent to be used as
controls for identifying the diploid peak.

Flow cytometry

DNA flow cytometry was performed on formalin-
fixed, paraffin-embedded material as previously
described (Dressler and Bartow, 1992). Briefly,
four 50 micron sections were deparaffinized in
xylene and rehydrated in an alcohol series. Follow-
ing digestion in pepsin-saline, samples were centri-
fuged through a double-layered sucrose cushion to
minimize contamination by debris. Released nuclei
were stained in a Tris fluorochrome buffer contain-
ing propidium iodide, RNase and NP-40 (Dressler
and Bartow, 1992).

Samples were run on a Coulter EPICS 753 flow
cytometer using the 488 nM argon laser. Single
parameter, 256 channel integrated red fluorescence
histograms were collected on a minimum of 20,000
events. Doublet contribution was minimized by bit
map gating on peak versus integrated red fluores-
cence. Cell cycle analysis was performed using
models previously described (Dressler et al., 1987).
The MODFIT software for cell cycle analysis was
used for all analyses (Verity Software, Maine),
incorporating the ‘cut nuclei’ debris component to
estimate debris contribution. An interpretation of
DNA diploid was given to histograms that contained
a single symmetric population in the DNA diploid
region with a Go/G; coefficient of variation (cv) less
than, or equal to, eight per cent. The use of an
external DNA diploid control block (uninvolved
lymph node) identified the diploid region (Dressler
and Bartow, 1992). An interpretation of DNA
aneuploid was given to histograms which showed
two distinct G¢/G; populations. The abnormal peak
had to comprise at least five per cent of the total

events, to be given an interpretation of DNA
aneuploid (most DNA aneuploid tumours had
>10 per cent aneuploidy). Cell cycle analysis (S-
phase fraction) was reported only in DNA aneuploid
tumours that contained at least 10 per cent events in
the aneuploid G¢/G; peak and whose (cv) was less
than, or equal to, eight per cent to allow for accuracy
and reproducibility of S-phase fraction. A histogram
was interpreted as ‘questionable ploidy’ if it could
not be defined according to the ploidy status using
criteria stated above. This category largely consisted
of single peak tumours whose G¢/G; (cv) was greater
than eight per cent or where resolution could not
identify distinct peaks from shoulders.

The median S-phase value was used as the cut-off
point to define ‘high’ versus ‘low’ S-phase values in
this study.

Outcome measures

Response to treatment was defined as complete if
there was no clinically detectable disease at three
months after radiation treatment. The rest was
defined as no response (less than a complete
response). Overall survival was computed from the
day of pathological diagnosis to that of the last day of
follow-up or death. Patients lost to follow-up were
censored at the last day of follow-up. All patients
were followed for at least two years or until death.

Statistical analysis

Patients were grouped based on flow cytometry
results for S-phase and ploidy status. For S-phase,
patients were grouped as low (less than, or equal to,
the median) or high (above the median). The other
grouping was diploid versus aneuploid. For the
analysis of response, Fisher’s exact test was used
(Fleiss, 1981). Survival distributions were estimated
using the Kaplan-Meier method with differences in

TABLE III
TUMOUR RESPONSE RATES IN DIFFERENT N STAGES
Response

Variable Group CR n (%) NR n (%) p-value from: Fisher’s exact test
N-stage* 0 25 (96) 1 @)

1 8 (61) S (39)

2 9 (60) 6 (40)

3 3 (43) 4 (57) 0.002

*N stage = Nodal Stage American Joint Committee.
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TABLE IV
RELATIONSHIP BETWEEN PLOIDY AND S-PHASE FRACTION
Ploidy
Variable group Aneuploid n Diploid n p-value, from: Fisher’s exact test X? test
S-phase fraction < = 11.15 2 21
>11.15 17 7 <0.001 <0.001

the distributions assessed by the log rank test (Lee,
1992). Cox proportional hazards models were used
to assess the significance of the prognostic variables
on survival (Lee, 1992). All analyses were performed
using the statistical computing package SAS (SAS
Institute Inc, 1989 and 1991). The following con-
founding variables were included in the models: age,
gender, T-stage, N-stage, tumour grade, ploidy,
percentage S-phase and treatment modality.

Results

Histopathology

All tumours were squamous cell carcinoma. The
distribution of T-stage and N-stage are shown in
Table I. There were seven (12 per cent) grade 1, 42
(70 per cent) grade 2 and 11 (18 per cent) grade 3
tumours. There was a trend showing grade 3 tumours

1.0 1

Survival

had poorer response rate and survival though it was
not statistically significant (Table II). While neither
tumour grade nor T-stage were found to have
significant predictive value in both tumour response
and patient survival, N-stage was. The higher the N-
stage, the worse was the complete response rate and
median survival. The complete response rate for N
patients was 96 per cent as compared to 43 per cent
in N3 patients (p = 0.002) as shown in Table III. The
five year survival for Ny patients was 53 per cent as
contrasted to 29 per cent in N3 patients (p = 0.049).
The survival distribution of each nodal subgroup is
shown in Figure 1.

Flow cytometry

Out of 61 tumour specimens, 28 were diploid (46
per cent), 27 were aneuploid (44 per cent) and six

6 7 B8 9 10 11 12

Years

Survival by nodal (N) stage.
— Ng=26;------ N =13;-——-- No=15,——— N;=7.
Log-rank test: p = 0.049.
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TABLE V
DIFFERENCES BETWEEN LEVELS OF PLOIDY AND PERCENTAGE S-PHASE WITH RESPECT TO RESPONSE AND SURVIVAL
Response
Variable Group CR n (%) NR n (%) p-value from: Fisher’s exact test
% S-phase <=1115 16 (69) 7 (31 1.000
> 11.15 16 (67) 8 (33 )
Ploidy Aneuploid 20 (74) 7 (26) 0.77
Diploid 19 (68) 9 (32) )
Variable Group 5-Year Kaplan Meier Survival p-value from: log-rank test
% S-phase <=1115 39%
<1115 29% 0.46
Ploidy Aneuploid 33% 0.88
Diploid 33% ’

were questionable. The S-phase fraction (percentage
S-phase) was obtained in 47 tumours (77 per cent)
and the remaining was uninterpretable. The range
was 1.23-34.23 with a median of 11.15. The median
was used to separate high and low percentage S-
phase in this study. Out of the 47 tumours with
interpretable results, 23 tumours were in the high
percentage S-phase and the remaining 24 were in the
low percentage S-phase. There was a strong and
significant association between aneuploidy and high
percentage S-phase (p =0.001) as in Table IV,

Clinical outcome analysis

Five-year overall survival of all 61 patients was 35
per cent (male 26 per cent; female 56 per cent;
p =0.0463). There were 45 patients with complete
response (74 per cent) and 16 (26 per cent) with no
response (see definition for response under the
paragraph of outcome measure). Twenty-five (56
per cent) of the 45 complete responders relapsed
with a mean time to relapse of 49.8 months and a
range of 5.3-151.8 months.

There was no statistically significant difference in
the response pattern between aneuploid and diploid
tumours. Twenty (74 per cent) out of 27 aneuploid
tumours and 19 (68 per cent) out of 28 diploid
tumours achieved complete response. Similar results
were obtained with percentage S-phase. The com-
plete response rate for low and high percentage S-
phase was 69 per cent and 67 per cent respectively.
In survival analysis, there was again no significant
predictive value with ploidy or percentage S-phase.
The five year survival for low and high percentage S-
phase was 39 per cent and 29 per cent respectively
(p = 0.46); survival was 33 per cent, identical for both
aneuploid and diploid tumour groups (Table V).

Treatment variables were compared with respect
to clinical outcome. There was no significant
difference observed whether patients received sur-
gery as part of their treatment, or not, although there

was a trend suggesting the addition of surgery may
achieve a higher complete response rate and longer
median survival (Table VI).

Survival analysis using the Cox proportional
hazards model of clinical outcome with different
prognostic variables was performed. Ploidy and
percentage S-phase, grade of tumour, T-stage,
surgical treatment and age were found to have no
statistically significant association with response or
survival. The only two significant independent
factors identified were gender and N-stage. The
risk ratio of Ny 3 as compared to Ny patients in
survival was found to be 2.72 (p = 0.001). The death
rate among males was estimated to be 2.6 times
higher than that of the females (p<0.01).

Discussion

The result of standard treatment of advanced stage
squamous cell carcinoma of the head and neck
region is unsatisfactory. The need to develop a
predictive assay to select poor prognosis patients for
aggressive treatment becomes more and more
urgent. Several studies have been performed to
assess the value of DNA content analysis in
predicting the clinical outcome of these patients in
order to individualize treatment. However, the result
is conflicting and multivariate analyses were not
performed in some studies (Goldsmith et al., 1987,
Tytor et al., 1987; Farrer et al., 1989; Kerasley e al.,
1991; Rua et al., 1991; Bundgaard et al., 1992). One
study showed reversed outcome in that patients with
aneuploid tumours had a better outcome than
diploid (Goldsmith et al., 1987).

In this study, only patients with Stage III and IV
squamous cell carcinoma of the head and neck
(excluding nasopharynx) intended for cure were
included. All of them had radiation treatment and
none received chemotherapy which delineated a
more homogenous group of patients than other
studies. Prognostic variables, such as treatment

TABLE VI
TREATMENT MODALITIES AND CLINICAL OUTCOME
Response
Variable CR n (%) NR n (%) Median survival (months)
Radiation + Surgery 38 (78) 11 (22) 353
Radiation 7 (58) 5 (42) 10.1
(r=0.18) (»=0.28)
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modality, were included in models to adjust for
confounders. There was no association between
tumour grade, percentage S-phase and ploidy as
contrasted to the results of two previous studies on
larynx and tongue (Hemmer er al., 1990; Rua et al.,
1991). However, the importance of N-stage as a
prognostic variable as suggested by other studies
(Goldsmith et al., 1987; Tytor et al., 1987; Rua et al.,
1991) was confirmed (Table IV).

No data was available on the relationship between
tumour response and DNA contents prior to this
study. All previous studies compared ploidy and
percentage S-phase with disease-free survival but not
tumour response. Both univariate and multivariate
analysis of the variables in this study did not show
any difference in tumour response or patient survival
between either ploidy or percentage S-phase groups
(Table V).

Within the limitations of a retrospective analysis
with small sample size, we found no predictive value
for tumour ploidy or percentage S-phase in patients
with advanced stage squamous cell carcinoma of the
head and neck treated by radiation. Despite the
effort to include all eligible patients over a period of
11 years and after reviewing more than 600 charts,
only 61 patients were found to be eligible. The
number of patients studied is small which reduces
the statistical power for detecting small differences.
For example, given that there were 28 diploids and
27 aneuploids with a response rate of approximately
70 per cent in this study, the minimum difference in
response rates between the two groups that could
have been statistically significant is 23 per cent,
which is much larger than the observed difference of
six per cent. Thus, more effort should be spent to
find a predictive assay in this group of patients for
customizing treatments.
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