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Hypersensitivity Skin Tests in Three Common Cancers
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Summary

Cellular immunity was studied in three homogeneous
groups of patients with cancer to determine whether the
pattern of depression of immune competence varied
between solid tumours with different patterns of clinical
behaviour. Delayed hypersensitivity skin responses were
measured in patients with carcinoma of the breast,
stomach, and colon and matched controls. Response to
2,4-dinitrochlorobenzene (DNCB) was used as an indica-
tion of primary responses and the Mantoux reaction as
an index of recall responses.
Responses were diminished in all three cancer groups,

but there were significant differences between each type
of cancer and even between different control groups.
Cellular immunity was lost earliest and to the greatest
extent in patients with colonic cancers and tended to be
retained until a late stage in breast cancer, with gastric
cancer occupying an intermediate position. Thus, while
there was some degree of correlation between depressed
immunity and prognosis our results gave no evidence
that general host immune competence could explain the
worse prognosis of gastric than colonic cancer. Para-
doxical findings in patients with breast cancer suggested
a great complexity in the host tumour interaction.
Assessments of immune competence in cancer patients
must be related to specific types of neoplasms with
appropriate control groups if the results are to be
meaningful.

Introduction

The host response to malignant tumours is usually considered
to be primarily a function of the cellular part of the immune
system. Hypersensitivity skin testing, graft rejection, or, in
vitro, the lymphocyte response to phytohaemagglutinin may all
be used to measure the integrity of this system, but hyper-
sensitivity skin tests are simple, reproducible, and easy to
interpret. Patients with malignancy of the reticuloendothelial
or haemopoietic system' have impaired delayed hypersensitivity
responses, but responses in patients with commoner solid
tumours are less clearcut and results sometimes conflict.
Published work suggests that patients with early or localized
carcinoma show no impairment2 3 but that diminished responses
do occur in patients with advanced or metastatic disease.4
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Many of the conflicting findings may have resulted from group-
ing together tumours of many different sites and stages without
classification into homogeneous subgroups. Likewise, factors
such as the effects of treatment or malnutrition' may not have
been taken into account. Hence it is still not clear whether
measurable changes in host immune competence are relevant
to the history of clinical malignancy.

General immune competence has been measured in the hope
that it might predict prognosis,6 and to some extent this has
been borne out, particularly in patients with gross depression
of immunity, who are often in the terminal stage of their disease.
Little is known about differences between tumour types and
whether more subtle changes can be detected early in the
disease. The protocol described here was designed to answer
some aspects of this problem.

Patients and Methods

Patients with suspected malignancy of the breast, colon, and stomach
were referred consecutively from outpatient clinics. The diagnosis
was confirmed histologically, their informed consent obtained, and
2,4-ditnitrochlorobenzene (DNCB) sensitization performed. After
appropriate investigations patients were admitted 12-14 days later for
surgery. DNCB challenge and Mantoux tests were carried out and
read before definitive treatment. Altogether 174 patients with breast
cancer, 40 with colonic cancer, and 45 with stomach cancer were
studied.
The control group for patients with breast cancer consisted of 34

patients with suspected breast cancer which proved to be benign on

biopsy. The controls for the gastric and colonic cancer groups were
47 patients with benign gastrointestinal disease-for example, gastric
ulcer or diverticulitis simulating gastric or colonic cancer.

Tumour Staging.-So that subgroups within each cancer group were

comparable all tumours were classified according to Dukes's staging
for colorectal cancer. Thus, for stomach and colonic cancer, stage A
covered early local tumours, stage B more advanced local tumours
without lymph node metastases, stage C tumours with lymph node
spread, and stage D those with distant spread. The breast cancer
patients were accordingly staged as follows: stage A-T,-,, No, MO;
stage B-T3-4, No, MO; stage C-Ti-1, N,,3, M0; and stage D-
TI-4, NO3,1 Ml. Stage C contained two distinct subgroups, one (Cl)
composed of patients with potentially curable disease (T1_2, N,, MO)
treated primarily by surgery and the second (C2) composed of patients
with more advanced lesions (T3-4, N, 3, MO), usually treated by
radiotherapy.

Delayed Hypersensitivity Skin Tests.-The Mantoux test was
carried out using purified protein derivative (P.P.D.) equivalent to
10 units of old tuberculin or 1 unit initially when there was a history
of tuberculosis or close contact. DNCB sensitization and challenge
were performed as described by Aisenberg7 but using a lower sensi-
tizing dose. DNCB 2000 tsg in acetone 0-1 ml was applied within a

plastic ring 2-2 cm in diameter on to the front of the upper arm. At the
same time 100 ,ug DNCB in 0-1 ml acetone was applied to the volar
surface of the forearm to detect prior sensitization. These sites were

allowed to dry, occluded by a dressing, for 48 hours. Patients were

challenged with DNCB 50,ug and 100,tg 12 to 14 days later. Responses
were read at 72 hours, a positive response comprising induration and
erythema at the test site. The responses were graded as follows:
grade 0, negative to both 50 ,ug and 100 ,ug; grade 1, negative to 50 jug
and positive to 100 Itg; grade 2, positive to both 50 ,ug and 100 jug;
grade 3, positive to initial 100 ug applied at the same time as the
sensitizing dose.

Statistical Analysis.-The data were analysed in two ways. (a) The
response grades were subjected to analysis of variance and t test tech-
niques. To compare tumour sites allowing for staging direct standard-
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ization was used to improve the tests when the test statistic was close
to its critical value. This method uses all the information recorded
but its validity is reduced because of the bimodality of the Mantoux
response. The significance levels given refer to the appropriate
analysis of grades of response. (b) The response grading was ignored
and the response was analysed as a binary variable, which was positive
(grades 1, 2, and 3) or negative (grade 0), by the Z2 test. The Yates's
continuity correction was used for fourfold tables and the Fisher exact
test was used where necessary.

Results

DELAYED HYPERSENSITIVITY RESPONSES IN MAJOR DIAGNOSTIC GROUPS

Analysis of the Mantoux response in the non-breast cancer groups
showed a consistently lower grade of response in women. Therefore
we analysed the data separately for each sex and standardized for sex
where appropriate. There were no sex-related differences in the
DNCB response gradings. The overall results are shown in the table.

Mantoux Tests.-Taking into account the grade of response the
overall response of patients with breast cancer was significantly
diminished compared with that of controls with breast disease
(P<0 05). The Mantoux response was significantly depressed
(P<0003) in patients with cancer of the colon as compared with
controls with benign gastrointestinal disease. A similar depression
among patients with gastric cancer was only of borderline significance.
The patients with breast cancer responded significantly better to
P.P.D. than did patients with colonic cancer (P <0O001). The response
of patients with gastric cancer lay between the other two, so the
differences between these patients and those with either colonic or
breast cancer was not significant. The control patients with breast
conditions responded better to P.P.D. than women with gastro-
intestinal diseases, but this just failed to attain statistical significance.
DNCB Response.-The responses in the breast cancer group were

greatly diminished as compared with the control group (P <0 001), as
were those in the colonic and stomach cancer groups when compared
with their controls. Only one patient with colonic and two with
gastric carcinoma were strongly positive to DNCB. The most striking
findings among the cancer patients were the differences between the
three groups, patients with breast cancer responding much better than
those with either colonic or stomach cancer (P<0001). Response
rates to DNCB were similar in the latter two groups. There were also
considerable differences between the control groups. Most of the
breast cancer controls had strong positive reactions and significantly
better responses to DNCB than the gastrointestinal controls
(P <0-001).

DELAYED HYPERSENSITIVITY RESPONSE IN RELATION TO TUMOUR STAGE

Breast Cancer.-The overall depression in Mantoux response in the
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breast cancer group was due largely to the stage D patients. As might
be expected the DNCB response also was lowest in stage D patients.
Patients with clinically early disease (stages A and C1, equivalent to
stages 1 and 2 of the Manchester classification) also had impaired
DNCB responses compared with the breast control group (P<0 02
for stage A; P<0 001 for stage C,). The unexpected finding was the
high DNCB response in stages B and Ca (equivalent to Manchester
stage 3), which was not significantly different from that of the control
group. The clinically less advanced stage of C, (Manchester stage 2)
had a significantly lower DNCB response grading (P <0 008) than the
more advanced stage of C, (Manchester stage 3).

Colonic Canicer.-The Mantoux response gradings of the patients
with cancer were significantly lower than those of the controls at all
stages and there were no significant differences between the stages.
The DNCB response was most depressed in stage D, but there were
no statistically significant differences between any of the stages.

Stomach Cancer.-There was no significant difference in Mantoux
response among the different stages. The DNCB response was most
depressed in stage C and least depressed in stage A/B, where, though
there was some depression, the response grading did not diffei signifi-
cantly from that of controls. The better response to DNCB of stage
A/B patients as compared to stage C patients was just significant
(P <0 05).

DELAYED HYPERSENSITIVITY RESPONSE IN RELATION TO TUMOUR SITE OF
ORIGIN

In stage A/B the response rate to both P.P.D. and DNCB was signifi-
cantly greater in patients with breast cancer than in those with colonic
cancer (Mantoux test P<0 003; DNCB response P<0 001); the
responses in patients with stomach cancer lay between these two. In
stage C the Mantoux positive rate was also higher in the breast cancer
group, but the difference from colonic or stomach did not reach
statistical significance. In stage C cases the DNCB response rate of
patients with breast cancer was much higher than in those with colonic
cancer (P<0 007) and stomach cancer (P<0 001). In stage D there
were no significant differences between the three sites.

Discussion

Our data confirm that cellular immunity is impaired in these
three types of tumours. Though the depression occurred on
both Mantoux and DNCB testing the differences were con-
sistently more obvious with the DNCB test.
There were important differences between the two

control groups such that if the whole breast cancer group was
compared with the gastrointestinal control group there were no
significant differences in either Mantoux or DNCB response

Mantoux and DNCB Response Grades in Relation to Stage of Cancer. Results are Numbers (%/) of Patients

No. of Mean Age
Patients (Years)

Mantoux Test Grade DNCB Test Grade
I -

0 1 2 3 0 1 2 3

Patients with Breast Cancer
A 55 56 20 (36) 14 (25-5) 14 (25-5) 7 (13) 9 (16-5) 4 (7-5) 21 (38) 21 (38)
B 25 56 11 (44) 5 (20) 8 (32) 1 (4) 2 (8) 3 (12) 1 1 (44) 9 (36)
C, 31 56 13 (42) 6 (19) 9 (29) 3 (10) 8 (26) 3 (10) 13 (42) 7 (22)
C, 39 59 18 (46) 5 (13) 13 (33) 3 (8) 2 (5) 4 (10) 14 (36) 19 (49)
D 24* 60 15 (65) 3 (13) 2 (9) 3 (13) 12 (50) 7 (29) 1 (4) 4 (17)

Total 174* 57 77 (45) 33 (19) 46 (27) 17 (10) 33 (19) 21 (12) 60 (35) 60 (35)

Breast controls 34t 42 11 (33) 3 (9) 12 (36) I 7 (21) 3 (9) 0 (0) 7 (21) 23_(70)
Patients with Colonic Cancer

A/B 18 65 13 (72) 1 (6) 4 (22) 0 (0) 10 (56) 2 (11) 6 (33) 0 (0)
C 11 67 9 (82) 1 (9) 0 (0) 1 (9) 5 (46) 2 (18) 3 (27) 1 (9)
D 11 68 7 (64) 2 (18) 2 (18) 0 (0) 9 (82) 0 (0) 2 (18) 0 (0)

Total 40 66 29 (73) I 4 (10) 6 (15) 1 (3) 24 (60) 4 (10) 11 (28) 1 (3)
Patients with Stomach Cancer

A/B 9: 64 4 (45) 0 (0) 2 (22) 3 (33) 3 (37 5) 2 (25) 1 (12-5) 2 (25)
C 101 66 5 (50) 3 (30) 1 (10) 1 (10) 7 (78) 2 (22) 0 (0) 0 (0)
D 26§ 68 17 (65) 2 (8) 6 (23) 1 (4) 13 (59) 6 (27) 3 (14) 0 (0)

Total 45 66 26 (58) 5 (11) 9 (20) 5 (11) 23 (59) 10 (26) 4 (10) 2 (5)

Gastrointestinal
controls 47 58 17 (36) 9 (19) 16 (34) 5 (11) 9 (19) 10 (21) 13 (28) 15 (32)

*One Mantoux test not done.
tOne Mantoux and one DNCB test not done.
tOne DNCB test not done.

§Four DNCB tests not done.

Stage
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gradings. This difference between the control groups was
probably related to general ill health since patients requiring
operation for gastrointestinal disease tend to be more ill than
patients with benign breast disease. Obviously, misleading
results may be obtained if normal patients are used as controls
for some malignancies.
Can this depression of cellular immune response be related

to prognosis? While the prognosis of malignancy is clearly
related to the outcome of the interplay of host and tumour little
is known of the basic factors involved in this interaction. The
idea that general immune competence plays a part would be
supported if the changes in immune competence in different
tumours corresponded to the outcome seen in that type.
Broadly speaking, prognosis is similar for breast and colonic
tumours of equivalent stage but very much worse for gastric
cancer. The depression of cellular immunity in gastric cancer,
however, consistently lay between that seen for breast (least
depression) and colonic (greatest depression) cancers. Thus,
depression of cellular immune competence alone cannot explain
the different prognoses of gastric and colonic cancer. The
possibility that on the tumour side of the equation the different
sites are so disparate as to mask the effects of immune compe-
tence is not excluded; but the stage-related findings in breast
cancer were also against general immune competence playing
an important part in determining or reflecting prognosis,
though only prolonged prospective follow-up can give an answer
in relation to individual cases of early cancer. The differences
between breast and gastrointestinal cancers were unlikely to be
related to sex differences since normal men consistently have a
better response to the Mantoux test.8
Some workers9 10 have suggested that depression of cellular

immunity is stage related though the data are not extensive. Our
figures showed an insignificant tendency in this direction in
colonic cancer. In the patients with breast cancer it is difficult to
assess the significance of variations between the different stages.
Clearly, neither total volume of tumour nor the presence of
lymph node metastases was closely related to immune de-
pression either in the breast or gastrointestinal cases. There is
no clear explanation for the curious findings in the breast cancer
patients. It would be tempting to suggest that some of the small
tumours with a poor response had occult metastases and so
really belonged to stage D; the corresponding argument to
explain the good response of the large tumours would be that a
good immune response had facilitated control of dissemination

but had been unable to prevent continued local growth of the
primary tumour. Follow-up of these patients, however, showed
that the prognosis of the patients with a large local tumour and
lymph node metastases (stage C,) was extremely poor in spite of
the well maintained cellular immunity. The difference between
small and large tumours is so clearcut that it cannot be ignored,
and it seems that these differences must reflect some facets of
the biological processes in the host tumour interrelationship
that are not understood.
The considerably depressed responses in gastrointestinal

cancer might suggest a nutritional effect. Nutritional factors and
general "illness" undoubtedly play some part (as seen in the
different control groups) but if they were the only factors
involved the most profound depression would be expected to
occur in gastric rather than colonic cancer. Depressed immunity
seems to result from a summation of at least two effects-
nutritional factors and some specific effect of the tumour itself.
The view that the latter may be the more important of the two
would be supported by the finding that cellular immunity
returns to normal after curative surgery. But though this some-
times occurs it is by no means invariably seen.

Thus, the changes in cellular immunity in cancer are complex
and vary between different tumours. It would be easy to dismiss
them as random and of little importance but they probably
point to the fact that the host tumour interaction is more com-
plex than is commonly believed. Greater study of general
immunity and careful correlation with clinical and prognostic
factors may well throw much light on the role of immunity in
cancer.

We thank Dr. J. Marks of the Tuberculosis Reference Laboratory
at the Public Health Service, Cardiff, for his advice on Mantoux
testing. This work was supported by the Cancer Research Campaign.

References
IBrown, R. S., et al., Annals of Internal Medicine, 1967, 67, 291.
2 Lamb, D., et al., Journal of Immunology, 1962, 89, 555.
3Nelson, H. S., Journal of the National Cancer Institute, 1969, 42, 765.
4Solowey, A. C., and Rapaport, F. T., Surgery, Gynecology and Obstetrics,

1965, 121, 756.
5 Chandra, R. K., British Medical3Journal, 1974, 3, 608.
6Eilber, F. R., and Morton, D. L., Cancer, 1970, 25, 362.
7Aisenberg, A. C.,Journal of Clinical Investigation, 1962, 41, 1964.
8 British Tuberculosis Association, Tubercle, 1959, 40, 317.
9 Khoo, S. K., and Mackay, E. V. J., Journal of Obstetrics and Gynaecology

of the British Commonwealth, 1974, 81, 229.
" Bone G., and Lauder, I., British Journal of Cancer, 1974, 30, 215.

SHORT REPORTS
Five-year Follow-up of Jamaican
Adults with Sickle Cell Anaemia

In 1968 we reported the clinical and haematological features of 60
Jamaican patients over 30 years old with homozygous sickle cell (S.S.)
disease.' Though reports from other countries2-5 confirm that some
patients with S.S. disease may survive into their fifth, sixth, and even

seventh decades, little is known about their mortality. In 1973 we
performed a 5-year follow-up on our 60 patients (original case numbers
in parentheses).

Results

Two patients (42 and 50) were subsequently classified as sickle-~ thalas-
saemia, on the basis of raised Hb A2 levels and family studies and have been
excluded. Five patients were untraced, one (35) was last seen in good health

Actual and Expected Deaths* of 53J'amaicans with S.S. Haemoglobin after Five Years

Males Females Both Sexes
Age at Initial
Examination No. A %Lal Expected No. Actual Expected No. Actual Expected

Deaths Deaths Deaths Deaths Deaths Deaths

30-34 11 - 0-163 13 1 0-180 24 1 0-343
34-39 9 2 0-161 8 2 0-146 17 4 0-307
40-44 1 2 0-029 2 2 0-047 3 4 0-076
45-49 0 - 0-000 2 1 0-061 2 1 0-061
50-54 3 1 0-196 3 - 0-148 6 1 0-344
55-59 1 - 0-093 0 - 0-000 1 - 0-093

Total 25 5 0-642 28 6 0-582 53 11 1-224

*Based on Jamaica Life Tables, 1959-61.
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