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ABSTRACr Intradermally transplanted non-immunogenic murine carcinomas measuring 3-6 mm
in diameter were exposed to a neodymium-YAG laser beam (1060 nm) over a range of exposure
times (0.5-6 seconds) and energy densities (expressed as watts/mm2 exposure field). Subsequent
growth of the irradiated tumours was compared with that of untreated tumours. A clear dose-
response relationship dependent only on power delivered per unit area was found. Below a given
dose threshold (about 2 joules/mm2) the tumours continued to grow at the same rate as the
control tumours although an effect of irradiation could be seen histologically. Above this
threshold the tumours completely disappeared but by 10-14 days started to regrow at a rate
slightly greater than in 'the control mice; the reason for this increased rate-remains to be deter-
mined. At the highest doses (above about 5-5 joules/mm2) there was complete regression and
skin healing, with no evidence of local recurrence in seven animals and with no evidence of
distant metastases in six out of seven up to 12 months later, a result not previously achieved by
surgical excision. The laser provides a controlled and simply applied method of tumour eradica-
tion. This animal model gives a quantitative basis for further studies of the effects of laser
irradiation on tumour growth.

Laser irradiation, a monochromatic and coherent
source of light energy, has been used for some years
in man as one form of treatment for different
tumours, including those of the skin,' bladder,2
stomach,3 and bronchus.4 In three studies,2-4 the
irradiation was applied via an endoscope. Generally
the dosage and mode of application of the laser has
been determined by trial and error.

While there is extensive information on the
biological effects of light' 6 the mechanism of laser
action on tumours has not been determined. Ther-
mal denaturation of tissue protein, local occlusion of
vascular channels,78 selective enzyme changes, and
the induction of toxic substances by the cell9 may be
concerned. Energy transmission to the tissue cells is
modified by tissue density, elasticity, fluid content,
blood supply, and reflectivity of the skin overlying
the tumour; quantitation is therefore difficult.
Studies on animal models using pulsed ruby and
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neodymium laser'"1' gave confficting and largely
qualitative results.
Apart from any possible specific effects on tumour

cells, the advantages of the laser include ease of
application and the ability to apply a precisely
measurable and uniform energy dose to a specific
field. This latter property is often not fully used as
the laser is usually applied to the tumour in a ran-
dom punctate fashion, the endpoint being visible
blanching of tumour and surrounding tissue. A more
quantitative approach is required.
The Medilas MMB continuous solid phase

Nd-YAG (yttrium aluminium garnet) laser
(Brocades GB Ltd, West Byfleet, Surrey) produces
a slightly divergent beam that can be applied for a
period ranging from a half a second to many sec-
onds; it gives both volume heating and deep penet-
ration of tissue and has a wavelength of 1060 nm in
the infrared range. By altering the distance from the
tumour the field size can be varied to give a uniform
coverage of whole tumour beds up to about 2 cm in
diameter, the energy supplied being modified by var-
iations of wattage and exposure time.

In the present study the effect of neodymium-
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Effect of neodymium-YAG laser on transplanted mouse carcinomas

YAG laser irradiation on the growth of an intra-
dermal, non-immunogenic mouse tumour has been
described and quantitated. This study is proceeding
in parallel with clinical studies of the endoscopic
application of the same laser to bronchial tumours.

Methods

E
E

I

E

Pilot experiments with hairless mice showed that at

doses of 20-60 watts maintained for 0-5-2 seconds
the laser produced ulcers of variable thickness that .
healed within a week. This enabled us to judge the _______-.-__ -_-_r___
order of dosage to be given to the tumour-bearing 0 5 10 15 20 25
mice. Growth or regrowth curves oftumours: unirradiated

The tumour, WHT adenocarcinoma N-C, was of tumours, mean line shown, n = 14); unaffected
spontaneous origin in the breast and in the present tumours receiving an average dose of 1 09 jouleslmm2,
experiments was transplanted on to 2-4-month-old -( individual results shown); delayed-growth tumour
WHT/Ht mice of either sex. It is moderately well receiving 4-04 joules/mm2, - -(individual results
differentiated, has given no evidence of immunogen- shown); and cured tumours receiving 7-15 joulesImm2,
icity in the mouse substrain used here, and fre- -----.(mean line shown, n = 7). The energy delivered per
quently metastasises.13 14 A tumour cell suspension mm exposure field was calculated as watts/mm2 X

*speaeasdsiebyHw 415 and
. t(seconds) = joules. Each individual growth curve is the

was prepared as described by Hewitt,14 lSadgroups least-squares regression line through five to nine

of mice had about 2 x 105 cells suspended in 0-02 ml measurements oftumour diameter.

injected under ether anaesthesia into the dermis of
the left flank. Tumours grew as discrete plaques with
no extension deep to the corium and by the seventh tance was increased to 11 cm, giving a field size of
day after injection, when the laser irradiation was mm diameter, and the exposure time was changed t
performed, they measured 3-6 mm in diameter. 6 seconds to compensate for the reduced intensity c

Forty-three mice were divided. into groups of the exposure. The power was increased in steps fror
nine, 12, 10, and 12, each group being irradiated on 10 to 80 watts. The area irradiated was known fror
a different day. Fourteen animals randomly chosen the visible helium-neon excitant light set up to coin
from these groups were left unirradiated to serve as cide with the infrared beam. To determine the totz
controls. Mice for irradiation were very lightly energy absorbed per unit area field the total wattag
anaesthetised by subcutaneous injection of a saline was divided by the irradiation field area and multip
solution of tribromoethanol (Avertin, Winthrop), lied by time.
the skin round the tumour was shaved, and a fold of After irradiation any residual tumour could b
skin bearing the tumour was retracted from the detected by palpation, and its further growth wa
abdominal wall and held in the beam with the documented by measurement and photograph)
fingers. Animals were killed when the diameter reache

In the first two groups, the tumours were 7 cm about 15 mm.
from the end of the hand piece, the field being 5-5
mm in diameter. Pairs of tumour-bearing mice were Results
exposed for 2 seconds at 20, 40, 60, 80, or 100
watts; two pairs were exposed for 0-5 and 1 second At all dose levels the immediate response to irradia
at 20 watts. In the third and fourth groups the dis- tion was unimpressive. No direct burning occurrec
Growth of control and laser-treated tumours (means + SEM)
The lines for the control and unaffected groups are interchangeable but differ appreciably in position (and to a lesser extent slope-see
text) from the line of the delayed-growth group.
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Tumour group No of Laser dose Regression slopet x-axis interceptt
experiments (J/mm2) * ofgrowth curve (mm

diameterlday)

Unirradiated 14 0-50 ± 0-02 -9-43 ± 1-15
Laser-unaffected 9 1-09 ± 0-18 0-45 ± 0-03 -10-9 ± 2-12
Laser-delayed growth 10 4-04 ± 0-35 0-61 ± 0-03 7-67 ± 1-51
Laser-cured 7 7-15 ± 0-34

*All differ significantly.
t" Slope" and "Intercept" refer to the least-squares regression relationships of tumour diameter to days after irradiation.
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Depending on the dosage applied, various degrees
of blanching were visible in the tissues surrounding
the tumour, which remained intact with perhaps
slight shrinkage at the higher doses. A little carbon-
isation occurred if hairs remained in the field. As
seen in the figure and table, there were three statisti-
cally distinct categories of response, depending
largely on the dose level: in the range 0-42-1-89
joules/mm2 (nine animals) the growth of exposed
tumours was indistinguishable from that of unirradi-
ated tumours; in the range 1*89-5-04 joules/mm2
(10 animals) there was delay in the resumption of
growth; and seven tumours in mice receiving doses
in the range 4*66-8*4 joules/mm2 were eradicated.
In this group four mice have so far survived nearly
12 months without local or distant metastases. Of
the remaining three, two are still alive and well after
two months; one died at six weeks but the cause of
death was not determined. (Three mice were
excluded from the analysis-see below.)
Tumours whose growth was not delayed by irradi-

ation showed some central necrosis but continued to
grow centrifugally at the same rate as control
tumours. Both the delayed-growth and cured
tumours had disappeared within two days of irradia-
tion, leaving various degrees of ulceration and scar.
Thereafter rapid healing occurred, leaving an almost
invisible scar in the cured animals.

Recurring tumours presented as small nodules in
the centre of the scar, usually first palpable about
10-12 days after exposure, after which they grew at
a rate that statistically was slightly greater than that
of untreated tumours (table). Further study is
required to assess whether this increase is of
physiological significance. In three mice recurrences
appeared at the periphery of the irradiation field; in
all such cases the tumours had been at the upper end
of the range of tumour size, suggesting that the
exposure field size was inadequate. These mice were
excluded from the analysis.

Histology Only recurrent and control tumours
were examined. In all cases the tumour was clearly
demarcated and did not invade the surrounding or
underlying connective tissue; it extended laterally
beneath the adjacent skin. In both controls and
laser-treated cases there was ulceration of the skin
over the tumour and some necrosis of the adjacent
tumour. Indeed, the main difference between the
control tumours and the laser-treated tumours lay in
how deeply the tumour necrosis extended from the
ulcerated area: in the controls the necrosis was
superficial, but in the laser-treated tumours it fre-
quently extended to the deep aspect of the tumour,
although in all cases a layer of viable tumour cells
was still present at the deep surface.

Discussion

In previous studies of this very malignant tumour
quite wide surgical excision of similar intradermal
tumours was almost always followed, within 70 days,
by local recurrence or lymph-node or pulmonary
metastasis or both'4; possibly these sequelae were
encouraged by the surgical interference. In the pres-
ent study therefore the relative absence of local and
distant metastases in the cured group was unex-
pected but encouraging, the response perhaps being
due to instant shutdown or coagulation of surround-
ing blood vessels.1" Whether laser treatment is
clearly better than diathermy or other forms of local
heating remains to be determined.'6
These results agree with earlier findings by

McGuff, who used the pulsed ruby laser applied to
autogenous hamster tumours,'0 but differ from the
results of Minton, who, using pulsed ruby and
neodymium lasers, found no evidence of ongoing
destruction of the Cloudman S91 melanoma after
the irradiation."I They are consistent with the good
results obtained by Kozlov and Moskalik for the
treatment of various benign and malignant skin
tumours in man.'
The Nd-YAG laser irradiation is characterised by

a large penetration depth and deep heating resulting
from internal scattering of irradiation (TH Halls-
dorssen et al, paper presented to International
Medical Laser Symposium, Detroit, 1979). Perhaps
therefore all the effect is due to heat, and no specific
enzyme changes need be invoked. The resolution of
the tumour over the 24-48 hours after irradiation is
more difficult to explain; it could represent merely
the scavenging of a large mass of dead tumour tis-
sue, or it could suggest that some form of local toxin
is produced in the days after irradiation, as sug-
gested by May.9

It has been suggested that low-power irradiation
over a longer period may be preferable to high-
power irradiation over short periods (Hallsdorssen
et al, 1979). Our results do not support this conclu-
sion. The effect on the tumour seems to be related to
the power delivered per unit area irrespective of the
combination of exposure time, wattage, and field
area (and hence distance of the hand piece from the
tumour) used to calculate this power.
The clear division of the responses into three

groups can partly be explained by the geometry of
the tumour and the laser beam. In the low-dose
group the histological findings suggest that at the
edges of the field where the irradiation is weakest a
ring of living cells was left that continued to grow
outwards at the same rate as in the controls; the lack
of a dose relation within this group would suggest
that the number of cells surviving is relatively unim-
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portant. The intermediate group received sufficient
irradiation to destroy all these peripheral cells
(except when the field size was inadequate), but
some cells could have remained alive in the base of
the tumour and given rise to recurrences. Finally, in
the group with the total cure all cells were presum-

ably eradicated.
These results show that the Nd-YAG laser can

efficiently eradicate small superficial carcinomas
with properties similar to those of naturally occur-

ring carcinomas in man. If we may speculate from
these results, it seems that the Nd-YAG laser could
be used endoscopically in man to eradicate and con-

trol haemoptysis from small, centrally placed bron-
chial squamous carcinomas not amenable to surgery,
or to reduce the tumour mass in the case of undif-
ferentiated carcinomas treated by chemotherapy.

This tumour model can also provide a suitable
means of showing the effects of different frequencies
of laser light on tumour cells made more frequency
specific by dyes or drugs.
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