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Summary The aim was to characterize the variation in the cellular in vitro radiosensitivities in squamous cell carcinomas of the head and
neck, and to test for a possible correlation between different measures of radiosensitivity and the clinical and histopathological data. Cellular
in vitro radiosensitivities were assessed in tumour biopsies from 71 patients using the modified Courtenay–Mills soft agar clonogenic assay
combined with an immunocytochemical analysis. Radiosensitivity was quantified as the surviving fraction after a radiation dose of 2 Gy
irrespective of cell type (overall SF2), or based on identification of cell type (tumour cell SF2, fibroblast SF2). Sixty-three biopsies were from
primary tumours, and eight were from recurrences. Overall plating efficiency ranged from 0.005 to 1.60% with a median of 0.052%. The
majority of the colonies obtained from the biopsies were fibroblast marker-positive; the proportion of tumour marker-positive colonies ranged
from 1 to 88% with a median of 15%. The median overall SF2 was 0.47 (range 0.24–0.96), the median tumour cell SF2 was 0.50 (range
0.11–1.0) and the median fibroblast SF2 was 0.49 (range 0.24–1.0). Comparing data from independent experiments, the overall SF2 was
significantly correlated with the SF2 of fibroblasts (2P = 0.006) but not with the tumour cell SF2. The tumour cell and fibroblast radiosensitivities
measured in the same individuals were not correlated (r = 0.06, 95% CI [–0.19, 0.30]). This finding seems to preclude a strong correlation
between the radiosensitivity of tumour cells and fibroblasts. Concerning the clinical characteristics, neither of the measures of tumour
radiosensitivity was correlated with T- and N-category, stage, tumour size, sex and age. However, the tumour cell radiosensitivity decreased
with increasing grade of histopathological differentiation (2P = 0.012). The same tendency was found in two independent analyses of the
same patient material. This correlation was not significant in case of the overall SF2 or the fibroblast SF2.
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Patients and tumour biopsies
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105 tumour biopsies
from SCC HN

77 tumour biopsies
with assessment of overall SF2

Overall success rate 77/105=73%

74 tumour biopsies giving rise to
detectable tumour cell colonies

71 tumour biopsies giving rise
to joint overall, tumour cell and

fibroblast SF2 estimates:
tumour cell success rate

71/105=68%

Low cell yield/plating efficiency (26)
Contamination (1)
Technical error (1)

Only stomal cell growth (3)

No tumour cell colonies in the 2 Gy tubes (3)

Figure 1 The flow-chart shows the success rates and causes of failures for
cultures of squamous cell carcinoma of the head and neck. The success rate
for measuring tumour cell SF2 was 68%. Low cell yield: fewer than two
culture tubes could be set-up. Low plating efficiency: fewer than ten colonies
in the unirradiated tubes
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Modified Courtenay–Mills soft agar clonogenic assay
and immunocytochemical staining of colonies
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Table 1 Tumour characteristics and parameters of in vitro radiosensitivity in 63 primary head and neck carcinomas

Site T N M Stage Size Histopathological grade Plating efficiency Overall Tumour cell Fibroblast
classification (mm) of differentiation (%) SF2 SF2 SF2

Oropharynx 2 1 0 3 40 Poor 0.153 0.66 0.19 0.71
Oropharynx 3 3 1 4 60 Poor 0.039 0.65 0.33 0.55
Oropharynx 2 1 0 3 30 Moderate 0.021 0.58 0.25 0.50
Oral cavity 4 2 0 4 40 Poor 0.214 0.35 0.11 0.39
Oral cavity 3 0 0 3 50 Poor 0.046 0.40 0.30 0.40
Oropharynx 2 0 0 2 25 Poor 0.036 0.24 0.67 0.26
Oral cavity 2 0 0 2 20 Moderate 0.181 0.46 0.28 0.47
Oropharynx 1 0 0 1 10 Moderate 0.019 0.44 0.25 0.46
Oropharynx 2 0 0 2 25 Poor 0.074 0.45 0.50 0.53
Oral cavity 2 0 0 2 30 Well 0.313 0.41 0.24 0.48
Oropharynx 2 2 0 4 30 Poor 0.022 0.77 0.50 0.77
Oral cavity 1 0 0 1 15 Moderate 0.040 0.45 0.36 0.46
Hypopharynx 4 0 0 4 40 Moderate 0.168 0.46 0.36 0.44
Oral cavity 2 0 0 2 25 Moderate 0.108 0.70 0.38 0.69
Oropharynx 4 0 0 4 70 Moderate 0.050 0.43 0.41 0.65
Oral cavity 1 0 0 1 18 Well 0.053 0.56 0.75 0.60
Supraglottic 4 0 0 4 35 Poor 0.023 0.42 0.41 0.41
Oropharynx 1 0 0 1 15 Poor 1.447 0.48 0.46 0.49
Oral cavity 3 1 0 3 60 Well 0.005 0.61 0.50 0.75
Oral cavity 2 0 0 2 40 Well 0.013 0.57 0.50 0.58
Hypopharynx 2 0 0 2 40 Moderate 0.021 0.68 0.50 0.44
Oropharynx 2 2 1 4 10 Poor 0.017 0.77 0.67 0.66
Oropharynx 3 1 0 3 45 Poor 0.026 0.67 0.56 0.65
Oral cavity 2 0 0 2 30 Moderate 0.027 0.75 0.43 0.77
Oropharynx 2 0 0 2 30 Moderate 0.037 0.56 0.67 0.57
Oropharynx 3 0 0 3 50 Poor 0.016 0.57 0.48 1.00
Oral cavity 1 0 0 1 15 Well 1.596 0.35 0.53 0.38
Hypopharynx 2 2 0 4 30 Poor 0.291 0.40 0.56 0.49
Oral cavity 1 0 0 1 20 Well 0.200 0.41 0.49 0.37
Oral cavity 2 0 0 2 30 Well 0.014 0.73 0.75 0.78
Oral cavity 1 0 0 1 15 Well 0.219 0.46 0.43 0.49
Oropharynx 2 0 0 2 25 Poor 0.015 0.75 0.59 0.81
Oropharynx 2 2 0 4 30 Moderate 0.027 0.42 0.59 0.43
Oral cavity 1 0 0 1 20 Well 0.214 0.39 0.54 0.32
Oral cavity 2 0 0 2 35 Well 0.149 0.32 0.65 0.45
Oropharynx 1 0 0 1 20 Well 0.031 0.52 0.58 0.62
Oropharynx 3 1 0 3 50 Moderate 0.014 0.60 0.46 0.63
Oral cavity 1 0 0 1 10 Moderate 0.290 0.51 0.66 0.47
Oral cavity 4 2 0 4 75 Poor 0.143 0.49 0.69 0.50
Oral cavity 2 0 0 2 35 Moderate 0.178 0.42 0.64 0.26
Oropharynx 2 0 0 2 40 Well 0.018 0.94 1.00 0.90
Glottic 2 0 0 2 10 Moderate 0.044 0.96 0.93 0.80
Glottic 1 0 0 1 5 Moderate 0.117 0.33 0.75 0.41
Oral cavity 4 3 0 4 30 Poor 0.094 0.60 0.78 0.57
Supraglottic 3 2 0 4 40 Well 0.041 0.76 1.00 0.67
Oral cavity 2 0 0 2 30 Well 0.042 0.51 0.83 0.54
Oral cavity 1 0 0 1 12 Well 0.141 0.67 0.87 0.44
Supraglottic 3 0 0 3 50 Well 0.005 0.79 1.00 0.72
Oropharynx 1 0 0 1 20 Moderate 0.253 0.39 1.00 0.39
Oral cavity 2 1 0 3 30 Moderate 0.033 0.37 0.50 0.34
Maxillary sinus 4 0 0 4 60 Well 0.029 0.46 0.72 0.50
Oral cavity 2 0 0 2 30 Well 0.095 0.30 0.50 0.25
Oral cavity 3 1 0 3 50 Well 0.058 0.49 1.00 0.46
Oropharynx 3 2 0 4 45 Poor 1.026 0.38 0.23 0.39
Oral cavity 1 0 0 1 20 Moderate 0.024 0.48 0.30 0.45
Oral cavity 1 0 0 1 20 Well 0.046 0.38 0.44 0.35
Oropharynx 1 2 0 4 20 Poor 0.650 0.36 0.34 0.36
Oral cavity 1 0 0 1 20 Well 0.118 0.38 0.31 0.38
Oral cavity 2 0 0 2 30 Well 0.125 0.52 0.52 0.52
Oral cavity 2 0 0 2 25 Well 0.038 0.47 0.50 0.49
Oropharynx 1 0 0 1 15 Moderate 0.293 0.51 0.15 0.55
Oropharynx 1 0 0 1 20 Well 0.788 0.27 0.75 0.24
Oral cavity 4 0 0 4 30 Well 0.621 0.38 0.57 0.36
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Statistical analysis and calculation of the surviving
fraction after 2 Gy
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Clinical and histopathological parameters
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Validation of the assay for radiosensitivity testing
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T T
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Figure 2 Immunostaining of serial sections (× 50) and colonies (× 400) obtained from pretreatment head and neck squamous cell carcinoma specimens. Left
panel: expression of cytokeratin using cytokeratin antibodies AE1-3 (1:40). Right panel: vimentin expression using vimentin antibody 3B4 (1:200). The colonies
are typical tumour cell colonies (T) and fibroblast colonies (F), respectively, according to the definitions in the text
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Figure 3 The percentage of tumour cell colonies out of all colonies in the unirradi
colonies were obtained in the tumour marker-stained slides; n = 73
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Figure 4 The correlation between the number of colonies in control and 2-Gy tub
(A) Tumour cell colonies: n = 142, r = 0.70, 2P < 0.001, the slope of the regression
leaving out these points = 0.85. (B) Fibroblast colonies: n = 142, r = 0.96, 2P < 0.0
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Table 2 Correlation between independent experiments in the same tumour biopsy examining reproducibility

Variables n r 2P-value Analysis

Overall SF2 (ck) Overall SF2 (vim) 71 0.55 < 0.001 Linear regression
Fibroblast SF2 (vim+) Fibroblast SF2 (ck–) 69a 0.43 0.001 Linear regression
Tumour cell SF2 (ck+) Tumour cell SF2 (vim–) 43b 0.31 0.046 Weighted regressionc

aFibroblast SF2 (ck–) with non-zero colony count at 2 Gy. bTumour cell SF2 (ck+) and tumour cell SF2 (vim–)
with non-zero colony count at 2 Gy. cWeighted with the statistical precision on tumour cell SF2 (ck+) and
tumour cell SF2 (vim–). ck = tumour marker; vim = fibroblast marker; +/– = positive/negative reaction

Table 3 Correlation between measures of radiosensitivity with respect to cell type in the same individual

Variables n r 2P-value Analysis

Overall SF2 (ck) Fibroblast SF2 (vim+) 71 0.33 0.006 Linear regression
Overall SF2 (vim) Tumour cell SF2 (ck+) 63a 0.11 0.388 Weighted regressionb

Fibroblast SF2 (vim+) Tumour cell SF2 (ck+) 63a 0.06 0.643 Weighted regressionb

aTumour cell SF2 (ck+) with non-zero colony count at 2 Gy. bWeighted with the statistical precision on tumour
cell SF2 (ck+). ck = tumour marker; vim = fibroblast marker; + = positive reaction.


         





Relationship between the radiosensitivity of tumour
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Figure 5 The relationship between different measures of in vitro radiosensitivity in the same individual with respect to cell-type. (A) A correlation between
overall SF2 and fibroblast SF2 was found (n = 71, r = 0.33, 2P = 0.006; (0.33, 2.00), not shown). (B) Overall SF2 and tumour cell SF2 did not correlate (n = 63,
r = 0.11, 2P = 0.39). (C) No correlation was found between the tumour cell radiosensitivity and the fibroblast radiosensitivity (n = 63, r = 0.06, 2P = 0.64; (2.00,
0.43), not shown)
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Figure 6 The correlation between tumour cell radiosensitivity and the
histopathological grade of differentiation in 63 primary tumours (r = –0.32,
2P = 0.012); bars = median
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