Skin test reactivity in patients suffering from
lung and breast cancer
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Mast cells and histamine-mediated reactions may be altered in patients with cancer. In an
attempt to characterize the possible skin defects in patients with cancer, we tested 22 patients
suffering from lung cancers, 30 from breast cancers, and 30 age-matched normal individuals,
using several compounds, in investigating the pathophysiology of the skin response. Histamine
hydrochloride (10 and 100 mg/ml) and codeine phosphate (9%) were tested by prick test.
Substance P (50 and 500 ng per injection site), phentolamine (20 ug per injection site), and
carbachol (1 pg per injection site) were tested by intradermal skin tests. Skin mast cells were
also microscopically examined in 10 patients with lung cancer, five with breast cancer, and 10
normal subjects. The mean wheal sizes induced by all the tested substances were similar in
patients with cancer and chronic bronchitis and in normal individuals. The flare to histamine,
codeine phosphate, and substance P was completely abolished in 7/22 patients with lung
cancer, but the lack of flare was not related to the age of the patients, nor to the staging of
cancer, nor to metastasis. The mean numbers of alcian blue-stained or toluidine blue-stained
positive mast cells were similar in normal subjects and in subjects with cancer. This study does

not confirm the skin hyporeactivity of patients with cancer. (J ALLERGY CLIN IMMUNOL

1991,87:1066-72.)

The inverse relationship between cancer and allergy
is suggested by some epidemiologic studies,' but the
reasons are not completely clear and may combine a
difference in immune response between allergic
individuals and patients with cancer, a mast cell-
abnormal reactivity in patients with cancer, and/or a
decreased histamine skin reactivity in patients with
cancer. The increase in mast cell numbers in tumor
tissues has already been observed by Paul Ehrlich?
and although this observation has been ignored for
many decades, recent studies have demonstrated
that some neoplastic tissues are infiltrated by mast
cells.®* In the National Surgical Adjuvant Breast and
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Abbreviations used

NSCLC: Nonsmall cell lung cancer
SCLC: Small cell lung cancer
TNM: Tumor, node, metastasis
WHO: World Health Organization

Bowel Project (United. States), the number of mast
cells was related to the survival rate of patients suf-
fering from rectal cancer, a high number being as-
sociated with a poor prognosis.® In small cell lung
carcinoma, the tumor is highly infiltrated by m@ast cells
(Bousquet J. Unpublished observation) and the cell
line allowing the longer in vitro coculture of human
mast cells is obtained from SCLC.® Animal studies
have confirmed a mast cell abnormality in canéer,’
and these cells might be involved in angiogenesis and
metastasis.® These studies appear to indicate that mast
cells may be abnormal in numbers and function in:
patients suffering from cancer. In another study, Bur-
tin et al.” have found that histamine skin tests were
depressed in patients suffering from various advanced
cancers and that the skin reactivity returned:to normal
or subnormal levels in patients who underwent a car-
cinologic treatment.
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TABLE I. Characteristics of patients suffering from lung carcinoma

TNM classification
Patient Age Anatomic :
No. {yr) Histology classification Stage WHO classification
1 71 SCLC< T4N3M1 v 3
2 69 SCLC T3N3M1 v 3
3 66 NSCLC T4N2MO 11 15) 1
4 71 NSCLC T2N2MO Nla 1
5 33 NSCLC T4N2MO b 3
6 59 NSCLC T4N3MO IIIb 2
7 52 SCLC T3NIMO la Impossible to determine
8 73 SCLC T3N3MO IIb 2
9 49 NSCLC T3NIMO Illa 1
10 50 NSCLC T3NIMO I 2
11 67 NSCLC T2NIMO I 0
12 66 NSCLC T2NOMO Hib 1
13 45 SCLC T3N3MO v 2
14 51 NSCLC T3N3M1 v 1
15 67 NSCLC-SCLC T3N2M1 v 3
16 60 SCLC T3N2M1 v 2
17 60 NSCLC T4N2M1 v Impossible to determine
18 66 NSCLC T3N2M1 v 2
19 72 NSCLC T3N2M1 v 3
20 71 NSCLC T3N2MO Ila Impossible to determine
21 60 NSCLC T3N2MO IIfa 1
22 63 NSCLC T3N2MO IIta 2

Allergens and nonspecific agents induce skin re-
actions characterized by a wheal and a flare. The
wheal is due to leakage of capillaries leading to plasma
extravasation, whereas the flare is related to a neu-
rovascular response by an axon reflex in which
substance P appears to be one of the neurotrans-
miters.'% ' The wheal-and-flare reaction can be in-
duced by codeine phosphate, a mast cell secretagogue
investigating mast cell releasability,'” histamine ex-
ploring the target organ,” phentolamine, an o-
adrenergic agonist, and acetylcholine or carbachol,
vasodilating agents, by their parasympathicomimetic
activity.'* '3 :

With all these compounds in the same study, it
is possible to investigate many components of the
wheal-and-flare reaction as well as skin mast cell reac-
tivity.'s- 17 ‘

We attempted (1) to study the skin reactivity of
patients with lung and breast cancers, (2) to test if
patients with advanced cancer have a different skin
reactivity from patients with early stages or if the
histologic type of the cancer might influence skin tests,
(3) to characterize the components of the wheal-and-
flare reaction that might be abnormal, and (4) to char-
acterize skin mast cells in patients with cancer. We
studied the skin response induced by histamine, co-

deine phosphate, substance P, phentolamine, and car-
bachol in 22 patients suffering from lung cancer, 30
having a breast cancer, and 30 age-matched normal
individuals. Since mast cells may be abnormal in pa-
tients suffering from cancer, we also examined skin
mast cells in 15 patients with cancer and 10 normal
individuals.

MATERIAL AND METHODS
Patients

Thirty normal individuals, ranging in age from 35 to 70
years (mean = SD, 51.2 = 9.5 years), were carefully se-
lected and were found to be apparently free from pathologic
conditions that are known to alter the skin response.”
Among these individuals, 12 were smokers.

Twenty-two patients suffering from lung cancer were
only investigated when the disease was confirmed by his-
tologic examination, the cancer staged according to the new
TNM staging classification,' ' and performance index was
quoted according to WHO?® (Table I). Patients ranged in
age from 33 to 73 years (mean * SD, 62.2 + 9.8 years).

Thirty patients suffering from breast cancer were only
investigated when the disease was confirmed by histologic
examination and the cancer staged according to the classi-
fication of Scarff and Hanley,* Scarff and Toloni,” and
Bloom? (Table II). Patients ranged in age from 31 to 71
years (mean = SD, 55.2 = 11.2 years).

No patient with cancer who had received chemotherapy
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TABLE W. Characteristics of patients suffering from breast carcinoma
Patient Age
No. (yr) Histologic classification Scarf*" 2 and Bloom* staging Metastasis
1 68 Infiltrative carcinoma I
2 64 Adenocarcinoma 1I 1
3 64 Infiltrative carcinoma e G
4 56 Noninfiltrative carcinoma —_— 0
5 51 Paget — 4
6 43 Adenocarcinoma I £
7 74 Adenocarcinoma 1 &
8 70 Carcinoma . £
9 66 Infiltrative carcinoma —_— ]
10 66 Adenocarcinoma 1I 0
11 64 Adenocarcinoma III 1]
12 51 Infiltrative carcinoma 11 &
13 50 Adenocarcinoma - g
14 43 Adenocarcinoma I 0
15 50 Adenocarcinoma i +
16 45 Infiltrative carcinoma I +
17 52 Invasive adenocarcinoma It +
18 30 Invasive adenocarcinoma HI -+
19 59 Invasive adenocarcinoma 41 +
20 68 Infiltrative carcinoma — 4
21 49 Carcinoma — +
22 35 Adenocarcinoma i +-
23 56 Adenocarcinoma 111 +
24 52 Invasive adenocarcinoma i +
25 62 Infiltrative carcinoma m +
26 42 Adenocarcinoma 1I +
27 62 Carcinoma m +
28 53 Invasive adenocarcinoma 1 +
29 39 Adenocarcinoma — +
30 42 Galactophoric adenocarcinoma m +

or radiation therapy was accepted into the study because
these treatments might interfere with the results of perfor-
mance of skin tests. In none of the patients was the weight
loss >5%.

All subjects volunteered to participate in the study and
gave their informed consent. None of the subjects tested
had taken any drugs that might modify skin tests according
to a study previously published.'*

Methods

Histamine. Two concentrations of histamine dihydro-
chloride (Stallergénes Laboratories, Fresnes, France) were
tested, 100 and 10 mg/ml. The shelf life of the extract was
tested, and we found no decay activity during a period of
2 months.

Codeine phosphate. One strength of codeine phosphate
(Stallergénes Laboratories) was tested, 9%. We also tested
the shelf life of the extract and found no decay activity after
a 2-month period.

Substance P. Two strengths of substance P (Calbiochem
Laboratories, Basel, Switzerland) were tested, 50 ‘and
500 ng per injection site. Every day of the test, a new
dilution was made in saline.

Phentolamine. One strength of phentolamine (Ciba-
Geigy Laboratories, Basel, Switzerland) was tested, 20.pg
per injection site. Every day of the test, a new phentolamine
ampule was used.

Carbachol. Only one strength of carbachol{Calbiochem)
was tested, 1 pg per injection site. The extract was freshly
prepared each test day.

Diluents. The diluents used to dilute -tested substances
were also tested, a 50% glycerol solution and a normal
saline.

Skin tests

Phentolamine, carbachol, substance P, and saline were
tested by intradermal skin tests according to. the classic
method.? Histamine, codeine phosphate, and the 50% glyc-
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TABLE Ill. Results of skin tests in patients suffering from cancer and in control subjects

Control subjects Breast cancer Lung cancer

No. of subjects 30 30 20
Age (m = SD) (yr) 51.2 £ 9.5 55.2 = 11.2
Histamine (100 mg/ml)

Wheal 9.2 + 2.7 8.5 + 2.6 8.7 = 3.1

Erythema 28.2 + 8.2 31.2 = 5.1 26.5 £ 5.5
Histamine (10 mg/ml)

Wheal 52+ 14 47 + 1.0 48 + 1.5

Erythema 207 = 7.6 19.5 + 8.7 19.8 + 5.5
Codeine phosphate (9%)

Wheal 64 =12 5712 6.2 = 2.1

Erythema 179 + 8.3 16.5 + 5.5 16.5 = 7.8
Substance P (500 ng)

Wheal 149 + 2.7 153 = 4.8 14.2 £ 4.6

Erythema 34.8 £ 11.6 30.5 £ 94 33559
Substance P (50 ng)

Wheal 124 + 2.9 122 = 2.6 11.2 £ 2.3

Erythema 31.2 = 13.2 27.4 = 11.0 26.2 + 5.1
Carbachol

Wheal 14.5 = 3.6 14.0 = 2.7 13.7 + 3.2

Erythema 29.2 = 99 27.7 * 3.6 26.0 = 5.1
Phentolamine

Wheal 12.8 + 3.6 12.9 = 3.7 129 + 3.2

Erythema 2.0+ 53 20.4 = 8.9 204 + 9.6

m, Mean.

The erythema was only calculated in patients who presented a reaction.
The results are expressed in mean = SD of the mean diameter of the reaction (millimeter).

erol solution were tested by modified prick tests according
to a technique previously described in detail.** The wheal
and the flare were recorded by the Scotch (3M, St. Paul,
Minn.) tape technique 10 minutes after the performance of
the test.

Skin mast cells

Skin mast cells were studied on biopsy specimens ob-
tained on the ulnar surface of the arm by a 3 mm punch
biopsy device. All mast cells of the surface of the punch
biopsy specimen were enumerated after fixation by formalin
or Carnoy’s solution and staining by alcian blue/safranin
or toluidine blue according to Marshall et al.”® Results were
listed as numbers of mast cells per biopsy specimen of
3 mm of diameter.

Study design

All subjects had the same skin test study with all sub-
stances described above. Moreover, 10 patients with lung
cancer, five with breast cancer, and 10 normal subjects had
a study of skin mast cells. The study was done within 2
months. Statistical analyses were performed with nonpara-
metric tests (Mann-Whitney U test).

RESULTS
Wheal reaction

Diluents did not elicit any positive reaction. All
patients and normal subjects had a positive wheal to
all agents tested. The mean wheal sizes induced by
all agents were similar and nonsignificantly different
in normal individuals and patients suffering from lung
or breast cancers (Table III). There was no difference
in the wheal reaction when TNM or performance index
according to WHO was considered for lung cancers
or the Scarff and Hanley,* Scarff and Toloni,? or
Bloom? classification or the TNM for the breast
cancers.

Flare reaction

Diluents did not induce a noticeable flare. The most
striking finding observed in this study is the complete
absence of the flare reaction induced by histamine,
codeine phosphate, and substance P in some individ-
uals suffering from lung cancer, whereas it was present
in most normal individuals and most subjects with
breast cancer (Fig. 1). However, it was not possible
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FIG. 1. Percentage of normal subjects and patients with cancer presenting a flare reaction with
histamine dihydrochloride, 10 and 100 mg/mi {H 70 and H 100), codeine phosphate {CPJ, and
substance P (SP}, 50 and 500 ng per injection site.

to correlate the absence of flare to the age of the
patients or by WHO or TNM classifications. The his-
tologic type of the cancer was also examined, and
although the flare was present in 33.3% of SCLCs
and 66.6% of NSCLCs, the difference was not sig-
nificant. There was a concordance of the flare response
induced by histamine, codeine phosphate, and sub-
stance P in 18/22 patients with lung cancer. The flare
induced by carbachol or phentolamine was present in
all subjects. When flare was present, the mean sizes
of the flare responses were slightly decreased in pa-
tients with cancer by comparison to normal individuals
(Table III).

Skin mast cells

The mean number of skin mast cells per 3 mm
punch biopsy specimen was similar in patients with
lung cancer (alcian blue-stained, 19.6 = 6.8 cells;
toluidine blue-stained, 22.1% * 6.2% cells), or
breast cancer (alcian blue-stained, 20.5 += 3.8 cells;
toluidine blue-stained, 21.6 * 6.5 cells) and normal
individuals (alcian blue-stained, 21.8 *= 7.2 cells; to-
luidine blue-stained, 22.5 *x 9.2 cells) with both
staining procedures.

DISCUSSION

This study demonstrated that patients suffering
from lung or breast cancers have a normal wheal re-
sponse but that some patients with lung cancer pre-
sented an abolition of the flare induced by histamine,
codeine phosphate, and substance P. Results of the

flare response were independent from the stage of the
cancer or age. Skin mast cells are in normal numbers
in patients suffering from lung or breast cancers.

In this study, we examined several components of
the skin reaction to assess whether there was a defect,
since Burtin et al.® had found a depressed skin reac-
tivity to histamine, especially in patients with metas-
tasis. We only studied patients suffering from lung or
breast cancers for many reasons. We initially desired
to use a rather homogeneous group of patients with
cancer. Primary lung cancer is often related to a major
cause, tobacco smoking,” that does not profoundly
alter the skin reactivity,'®: ® and we had demonstrated
previously that tobacco smoking did not affect skin
reactivity, since patients with chronic bronchitis have
a normal wheal-and-flare reaction to histamine or co-
deine phosphate (unpublished observation). We
checked carefully that none of the patients had a
weight loss >5%, since malnutrition might affect the
skin reactivity. It was also possible to investigate fully
patients with breast cancers, and although they are
more heterogeneous in terms of histology, the resuits
obtained are consistent with results of patients with
lung cancer. We also carefully selected the normal
individuals. Age represents an important factor to be
considered since skin tests are modified by age.” Pa-
tients with lung cancer tended to be slightly older, but
the results of this study were unlikely to be affected
by age because (1) the ages in each group are dis-
tributed over four decades, (2) the flare response to
carbachol and phentolamine is subnormal in patients
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with lung cancer, and (3) the absence of flare was not
age related. Finally, we carefully checked drugs ad-
ministered to all subjects tested to avoid possible drug
interference.'® 7

It was found that patients with lung or breast cancer
react with a normal or slightly decreased wheal with
all compounds tested. The stage of the cancer, or
metastasis, or its histologic classification do not alter
the wheal reaction. These results may be surprising,
since Burtin et al.® observed that patients with cancer
with metastasis had a decreased wheal to histamine.
This discrepancy may be due to the techniques used
or to the selection of patients. Both studies were care-
fully performed, but in the present study, we used
prick testing for histamine and Burtin et al.® used
intradermal testing. The major differences in the re-
sults of both studies appeared to be the lack of wheal
of patients of Burtin et al. for concentrations of his-
tamine ranging from 0.1 to 2 pg/ml. According to
the calculations of Dreborg et al.'” and Dreborg™ be-
tween prick and intradermal tests, Burtin et al.® used
fivefold to tenfold lower concentrations of histamine,
and we might have found differences with a lower
concentration of histamine. Moreover, the selection
of patients appears to be different. We tested non-
malnourished adults having a lung or a breast cancer
ranging in age from 31 to 71 years, whereas Burtin
et al.® tested patients as old as 97 years with various
types of cancers being treated in a renutrition unit,
half of these patients having malnutrition (weight loss
>20% and/or prealbumin <0.15 gm/L). These two
latter points may be of relevant importance in the
discrepancies observed. Finally, all patients in the
present study were tested before any carcinologic
treatment was started.

As already observed by Burtin et al.,® many patients
suffering from lung cancer but only 3/30 patients
suffering from breast cancer had a complete abolition
of the flare response to histamine, codeine phosphate,
and substance P, whereas the flare induced by phen-
tolamine and carbachol was present in all patients.
The defect appears to be linked to histamine receptors,
since substance P is likely to mediate its flare response
through the release of histamine by mast cells™® and
both carbachol and phentolamine have different re-
ceptors. Therefore, this study highlights the links be-
tween histamine and substance P in the generation of
the flare. The histologic type of cancer may be of
relevant importance since only one third of patients
with SCLC had a flare versus two thirds of patients
with NSCLC. The difference between SCLC and
NSCLC was not significant, but a low number of
patients were tested. These data need further studies
to be clarified, especially since SCLCs release neu-
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ropeptides like bombesin that might alter the flare
response.’! In contradistinction to Burtin et al.,’ we
did not find differences according to TNM classifi-
cation.

Skin mast cells are in normal numbers in patients
with cancer and were found to have a normal reac-
tivity, since the wheal induced by codeine phosphate,
a mast cell secretagogue,'s is only slightly decreased
in patients with cancer.

Skin tests of patients with lung or breast cancers
demonstrate that the wheal is only slightly decreased
whatever the histologic type or the TNM classification.
This result differs from a previous study® in which
patients with metastasis had a decreased wheal re-
sponse to histamine. The flare to histamine, codeine
phosphate, and substance P is abolished in some pa-
tients with lung cancer, but this is not related to me-
tastasis.
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