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MANY FACTORS influence the decision
of whether or not to excise a pigmented
skin lesion.1 The overriding concern is
not to miss a melanoma, excisions being
both diagnostic and, mostly, curative.2

Because naevi and seborrhoeic kera-
toses are easily confused with melano-
mas,1,3 many pigmented skin lesions are
excised for every melanoma excised.4

The number of pigmented lesions
excised per melanoma can be consid-
ered as the “number needed to treat”
(NNT).5 The NNT is between 11 and
29 for Australian general practitioners
when based on melanomas and naevi
only, and up to 36 when seborrhoeic
keratoses are included.1,4,6,7

What is the ideal NNT? A low NNT
may mean that diagnostic criteria are too
narrow and that melanomas are more
likely to be missed. A high NNT may
mean that the economic and personal
costs of excising lesions are excessive.

How do doctors make the decision to
excise? Among the factors that may
influence them are the concerns of
patients (or family members) about
malignancy (“patient pressure to
excise”),7 medicolegal worries about
“missing” a melanoma, economic bene-
fits from performing excisions,8 and the
likelihood, from epidemiological data,
that a particular pigmented skin lesion
might be a melanoma. This likelihood is
influenced by the prevalence of benign
pigmented skin lesions (naevi among
young people and seborrhoeic keratoses
among elderly people) and the preva-
lence of melanomas (which increases
with age).

Few studies have examined determi-
nants of the NNT. We report here on

data from the baseline period of a ran-
domised controlled trial of the manage-
ment of pigmented skin lesions in
general practice.9 We sought to identify
doctor and patient characteristics that
may affect the NNT.

METHODS

The trial is described in more detail
elsewhere.9 Briefly, the purpose of the
trial was to examine the effect of an
intervention (use of a diagnostic algo-
rithm and photographic images) as a
diagnostic aid for pigmented skin
lesions. Data collected for intervention

and control groups during a baseline
period, before practices were ran-
domised, were compared with data col-
lected during the trial period.9

Participants

For the trial of the diagnostic algorithm
and camera, we attempted to recruit all
GPs in Perth, WA, who did not already
use cameras to record images of pig-
mented skin lesions. We used the
(somewhat incomplete) mailing lists of
the Divisions of General Practice in
Perth. GPs qualified to participate if
they would permit their practices to be
randomly allocated to an intervention or
control group and would allow pathol-
ogy laboratories to provide skin biopsy
data. They were enrolled via a mail-out
(with repeat letters and/or telephone
follow-up for non-respondents) and
accompanying publicity. GPs who were
not on a Division mailing list but who
were identified during visits to study
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practices were also asked to participate
in the trial.

Data from pathology reports

All pathology laboratories in Perth that
deal with skin lesions provided copies of
pathology reports on pigmented skin
lesions (invasive or in-situ melanomas,
naevi, and seborrhoeic keratoses)
excised by participating GPs from 1
November 1998 to 31 August 2000.
Our analysis in this article is restricted
to excisions performed by all partici-
pants of the larger randomised control-
led trial during the baseline period
before practice randomisation (ie,
between November 1998 and February
2000).

GP and patient characteristics

We obtained the GPs’ sex, year of gradu-
ation and country of medical education

from the Medical directory of Australia.10

GPs’ practices were allocated to one of
four socioeconomic status (SES) catego-
ries based on the postcode of the practice
location.11 Data on the patients’ age, sex
and SES (estimated from the postcode of
their address11) came from pathology
reports. We calculated NNTs based on
the number of naevi, seborrhoeic kera-
toses and melanomas excised. We had no
information on reasons for excision.

Statistical analysis

To examine all variables simultaneously,
we used logistic regression with allow-
ance for multiple excisions per GP.12

The odds ratios from the model are
about equal to ratios of NNT (see foot-
note to Box 2). In a secondary analysis,
we repeated the calculations excluding
six GPs who each excised more than 75
lesions, to establish whether their data
skewed the results. We also tested for

any interaction between the sex of the
GP and the patient’s sex, age and SES.

Ethics approval

The trial protocol was approved by the
human research ethics committees of
the Royal Australian College of General
Practitioners and the University of
Western Australia.

RESULTS

Participation rate

We identified 1213 GPs; five who
already used cameras in their practices
were excluded; 468 GPs from 223 prac-
tices participated in the trial (a response
rate of 39%). Participation was lowest
among graduates from Asian countries
and among GPs who had graduated in
the most recent or the most distant past.
Higher participation was associated
with higher SES of the area in which
GPs practised (Box 1).

Number of lesions excised

During the baseline period, participants
excised 4741 pigmented skin lesions, of
which 42 (0.9%) were excluded because
of missing data, leaving 4699 lesions,
including 62 in-situ and 98 invasive
melanomas. Two-thirds (318) of the
GPs excised at least one lesion, and
among these GPs the median number
excised was eight (interquartile range,
3–16). The NNT was 29 (or 31, after
excluding the six GPs who excised more
than 75 lesions each). When sebor-
rhoeic keratoses were excluded from the
analysis, the NNT was 21.

Number needed to treat

NNT and GP characteristics. The least
recent graduates had the lowest NNT.
The GPs’ sex, country of education and
their numbers of excisions were not
significantly associated with the NNT.
Excluding GPs with more than 75 exci-
sions had little effect on these associa-
tions (data not shown).

NNT and patient characteristics. The
NNT ranged from 83 in the youngest
patients (10–19 years) to 11 in the
oldest patients (� 70 years) (Box 2).
Patients less than 30 years old contrib-
uted about 25% of all lesions but only

1: Response by general practitioners according to their sex, year of 
graduation, country of initial medical education, and socioeconomic 
status associated with the practice’s postcode

Participants (%) Total P*

Total 468 (39%) 1213

Sex

Female 168 (40%) 421

Male 300 (39%) 765 P = 0.8

Unknown 0 (0) 27

Year of graduation from medical school

Before 1980 207 (35%) 592

1980–1989 194 (47%) 409

1990–1997 55 (39%) 140 P < 0.001

Unknown 12 (17%) 72

Country of medical education

Australia or New Zealand 315 (41%) 768

United Kingdom 89 (42%) 210

Asia 26 (25%) 106

Other 26 (46%) 56 P = 0.006

Unknown 12 (16%) 73

Socioeconomic status of practice location†

4th quarter 78 (28%) 276

3rd quarter 133 (38%) 354

2nd quarter 98 (38%) 258

1st quarter 159 (49%) 325 P < 0.001

*χ2 test comparing participants with non-participants, ignoring “unknown” category.
† Divided into four categories according to postcode of practice.11 “4th quarter” areas are the most 
disadvantaged, “1st quarter” areas the least disadvantaged. When GPs worked at more than one practice, 
one was chosen at random.
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about 10% of the melanomas. Almost
all lesions from young patients were
naevi, while the majority of lesions from
older patients were seborrhoeic kera-
toses. The NNT was higher in females
than males and highest among patients
from areas of lowest SES.

NNT and interactions between GP and
patient characteristics. Testing for inter-
actions between GP and patient charac-
teristics, we found that the only
significant interaction was between the
sex of the patient and the sex of the GP
(P = 0.03). Among patients of male
GPs, the NNT for females was about
30% higher than the NNT for males
(odds ratio [OR], 1.3; 95% CI, 1.0–
1.7), but among patients of female GPs,
the NNT for females was about three
times higher than the NNT for males
(OR, 3.3; 95% CI, 1.5–7.5).

DISCUSSION

The patient demographic factors that we
examined — age, sex and SES — were
more important than characteristics of
the GP in predicting whether an excised
pigmented lesion was a melanoma, with
the exception that in combination with
the sex of the patient, the sex of the GP
was important. We have no explanation
for the particularly high NNT among
female patients of female GPs. It could
be due to chance. Were our findings
affected by inadequacies of method?
Certainly, the study was retrospective,
not designed to evaluate reasons for exci-
sion, and the GP response rate was sub-
optimal (and particularly low among
GPs who graduated in the most distant
past, a group that had a low NNT).
Importantly, however, the NNTs were
similar to figures from studies in which
response rate was not an issue.1,4,6,7 Fur-
thermore, excluding GPs who per-
formed many excisions had little impact.

Should we be surprised that the NNT
had such large variation (eg, at different
ages)? The NNT depends on the preva-
lence of disease and on diagnostic accu-
racy, which are measured by sensitivity
and specificity. As the prevalence falls,
increases in specificity are necessary to
maintain a constant NNT, but this may
result in a fall in sensitivity. Neverthe-
less, there is scope to increase specifi-
city, thereby reducing the numbers of
lesions excised, among groups at low
risk without compromising sensitivity.

2: Diagnosis of excised pigmented skin lesions by various characteristics 
of the patient and general practitioner

Number and type of pigmented skin lesions (%)

Total Melanoma Naevus
Seborrhoeic 

keratosis NNT*
Odds ratio 
(95% CI)† P

Total 4699 160 (3%) 3124 (67%) 1415 (30%) 29

Patient characteristics

Age (years)

10–19 496 6 (1%) 478 (96%) 12 (2%) 83 6.7 (2.8–16.0)

20–29 805 9 (1%) 769 (96%) 27 (3%) 89 7.1 (3.4–15.1)

30–39 941 20 (2%) 786 (84%) 135 (14%) 47 3.6 (2.2–6.0)

40–49 862 26 (3%) 569 (66%) 267 (31%) 33 2.8 (1.8–4.4)

50–59 620 26 (4%) 283 (46%) 311 (50%) 24 2.1 (1.3–3.5)

60–69 455 25 (5%) 140 (31%) 290 (64%) 18 1.6 (0.9–2.7)

� 70 520 48 (9%) 99 (19%) 373 (72%) 11 1.0 P (trend) 
< 0.001

Sex

Male 1989 86 (4%) 1217 (61%) 686 (34%) 23 1.0

Female 2710 74 (3%) 1907 (70%) 729 (27%) 37 1.4 (1.1–1.8) P = 0.02

Socioeconomic status‡

4th quarter 1138 19 (2%) 806 (71%) 313 (28%) 60 2.4 (1.4–4.0)

3rd quarter 1256 35 (3%) 846 (67%) 375 (30%) 36 1.5 (1.0–2.2)

2nd quarter 1138 49 (4%) 720 (63%) 369 (32%) 23 1.1 (0.6–1.9)

1st quarter 1167 57 (5%) 752 (64%) 358 (31%) 20 1.0 P (trend) 
< 0.001

GP characteristics§

Sex

Male 3930 143 (4%) 2584 (66%) 1203 (31%) 27 1.0

Female 769 17 (2%) 540 (70%) 212 (28%) 45 1.3 (0.8–2.2) P = 0.3

Year of graduation from medical school

Before 1980 2164 98 (5%) 1366 (63%) 700 (32%) 22 1.0

1980–1989 2064 54 (3%) 1409 (68%) 601 (29%) 38 1.6 (1.1–2.4)

1990–1997 471 8 (2%) 349 (74%) 114 (24%) 59 1.6 (0.8–3.3) P (trend) 
= 0.01

Country of medical education

Australia/NZ 3293 125 (4%) 2185 (66%) 983 (30%) 26 1.0

Other 1406 35 (2%) 939 (67%) 432 (31%) 40 1.2 (0.8–1.8) P = 0.4

Number of lesions excised

< 15 1198 42 (4%) 770 (64%) 386 (32%) 29 1.0

15–24 1021 42 (4%) 665 (65%) 314 (31%) 24 1.0 (0.6–1.5)

25–74 1285 30 (2%) 887 (69%) 368 (29%) 43 1.3 (0.8–2.2)

� 75 1195 46 (4%) 802 (67%) 347 (29%) 26 1.0 (0.5–1.9) P (trend) 
= 0.6

* NNT = number needed to treat (ie, number of pigmented skin lesions that were excised for each melanoma 
excised).
† Odds ratios for each variable adjusted for all other variables in the table. The odds ratios are about equal 
to the NNT in each category divided by the NNT in the reference category (eg, NNT for the 10–19 age group 
is nearly seven times higher than that for the � 70 age group, after adjusting for all other variables).
‡ Divided into four categories according to postcode of patient’s address.11 “4th quarter” areas are the most 
disadvantaged, “1st quarter” areas the least disadvantaged.
§ The characteristics of the excising GP were assigned to each lesion. Therefore, the numbers in each 
category refer to the number of lesions excised by GPs in that category, not the number of GPs.
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No, I'm SURE they
meant to say 'smut' . . .

That patients from areas of lower SES
had more benign lesions excised for
every melanoma seems to go against
past experience in other care (the
“inverse care law”13). This finding
might be partly explained by a higher
incidence of melanoma among higher-
SES patients,14 and could also be influ-
enced by the low participation rate of
GPs in areas of low SES.

The differences in NNT revealed by
our study suggest that GPs could
increase their suspicion of pigmented
skin lesions (and lower their threshold
for excision) among older and male
patients and, conversely, decrease suspi-
cion (and raise the threshold to excise)
among younger and female patients.

ACKNOWLEDGEMENTS
Dr Geoff Emery, Dr Jim Annear, Dr Roland Gaebler, Dr
John Hilton, Dr Damien McCann and Dr Mary Surveyor
facilitated the study. Professor Mark Elwood, Dr Peter
Heenan, Dr Paul Ireland, Associate Professor John Kelly,

Professor Emeritus Richard Lovell (deceased), Dr Gra-
ham Mason and Dr John Primrose provided scientific
advice. Ms Chris Costa, Ms Jade Nolan and Ms Helen
Bartholomew provided technical support.

COMPETING INTERESTS
This work was supported by a contract awarded to the
National Cancer Control Initiative by the Commonwealth
Department of Health and Aged Care. While the support-
ing source had representation on a steering committee for
the trial, it had minimal involvement in the study design
and no role in data collection, analysis and interpretation
or in writing or publishing. None of the authors has any
financial or professional competing interests.

REFERENCES
1. Marks R, Jolley D, McCormack C, Dorevitch AP. Who

removes pigmented skin lesions? J Am Acad Der-
matol 1997; 36: 721-726.

2. MacKie RM. Clinical recognition of early invasive
malignant melanoma. BMJ 1990; 301: 1005-1006.

3. Davis NC. Malignant melanoma. Clinical presentation
and differential diagnosis. In: Emmett AJJ, O’Rourke
MGE, editors. Malignant skin tumours. 2nd ed. Edin-
burgh: Churchill Livingstone, 1982: 107-116.

4. Del Mar C, Green A, Cooney T, et al. Melanocytic
lesions excised from the skin: what percentage are
malignant? Aust J Public Health 1994; 18: 221-223.

5. Fahey T, Newton J. Conveying the benefits and risks
of treatment. Br J Gen Pract 1995; 45: 339-341.

6. Burton RC, Coates MS, Hersey P, et al. An analysis
of a melanoma epidemic. Int J Cancer 1993; 55:
765-770.

7. Del Mar CB, Green AC. Aid to diagnosis of
melanoma in primary medical care. BMJ 1995; 310:
492-495.

8. Burton RC. Aspects of screening for skin cancer.
Cancer Forum 1996; 20: 244-246.

9. English DR, Burton RC, Del Mar CB, et al. Evaluation
of aid to diagnosis of pigmented skin lesions in
general practice: controlled trial randomised by
practice. BMJ 2003; 327: 375-378.

10. Arnold PC, editor. Medical directory of Australia.
Sydney: Australasian Medical Publishing Company
Limited, 2000.

11. McLennan W. 1996 Census of population and hous-
ing: socio-economic indexes for areas. Canberra:
Australian Bureau of Statistics, 1998. (ABS Cata-
logue No. 2039.0.)

12. Zeger SL, Liang KY. An overview of methods for the
analysis of longitudinal data. Stat Med 1992; 11:
1825-1839.

13. Tudor Hart J. The inverse care law. Lancet 1971; 1:
405-412.

14. Holman CD, Mulroney CD, Armstrong BK. Epidemi-
ology of pre-invasive and invasive malignant
melanoma in Western Australia. Int J Cancer 1980;
25: 317-323.

 (Received 29 May 2003, accepted 13 Oct 2003) ❏

The 2 GHz mind of a computer

ON COMPLETION of a scientific manu-
script or a grant proposal, I allow my
computer to proofread the written man-
uscript. It takes its job seriously, silently
highlighting words that it does not know
or like, and attempting to help by offer-
ing alternative suggestions.

On a recent occasion, surprisingly, it
passed my name without any comment,
and instead suggested, provokingly, that
my coauthor’s name, one that is noted
in his field, was fragmented, and that it
needed to be revised. It continued on its
one-track 2 GHz/512 RAM (random
access memory) mind, attempting to
write a proper manuscript. It felt that
“sonicated calf thymus” should be
rewritten as either “solicited or fornicated
calf thymus” and repeatedly suggested
that aldehyde should be replaced with
baldheaded. It wanted me to change
“lymphocytes were lysed by sonication”
to “lymphocytes were lysed by fornica-
tion or sanitation”. It even tried to be
scandalous by suggesting that trypsin be
replaced with try sin, that one should
rinse “with demonized (deionized) water”
and “that mutterers (multimers) are
formed”.

It asked me to change nRNP (nuclear
ribonucleoprotein) to nun in a sentence
that would then have read “nun was
electrophoresed” and also to change
neutrophils to Europhiles in a sentence
that would have become “the Europhiles
were incubated with biotin”.

Sometimes it suggested words that I
have never heard or read.
I t  a sk ed  me  to
cha nge  cD NA
(complementar y
DNA) to coda and
nD NA  (nu c l ear
DNA) to nana. I could
never agree with the compu-
ter that hatpin was an
improvement on hapten,
that stool could
be used for
cytosol, or that
smut could serve
as a substitute
fo r  th e  S m
autoantigen. There
are times I think it
has some innate
commercial slant,
like when it sug-

gests that Neutrogena be used for neutro-
penia or that antigenicity should be split
into antigen city.

However, the computer flatly refused
to suggest alternatives to words like
fluoroisothiocyanate, haemocyanin or iso-
tachophoresis, yet, surprisingly, agreed
on words like atherosclerosis, phospholip-

ids, toluene, electrophoresis or ELISA
without further comments or
suggestions.

The computer clearly had no
clue that obeying its directives
to write something like “try sin

to digest hatpins and forni-
cated calf thymus in stool, fol-
lowed by r insing with

demonized water to form bald-
headed mutterers, Europhiles

and smut autoantigen in
antigen city” would not
make the slightest scien-
tific sense.
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