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Summary.—Local infiltrates of eosinophilic leucocytes and macrophages and the
deposition of acid mucopolysaccharides (AMPS) in 72 operable primary lung cancers
and 17 isolated pulmonary metastases of known origin were correlated to tumour
stage (radically or non-radically operable) and clinical course, by following the
patients for 2-3} years. Half of the primary lung cancers showed strong local eosino-
philia which, in combination with either strong macrophage infiltration or absence
of AMPS reaction, characterized a very good prognosis in radically operable patients.
No eosinophils, together with a strong AMPS reaction, indicated a very poor prog-
nosis, irrespective of tumour stage. 16/17 metastases (7 different histologies) had
either no local eosinophilia (13), strong AMPS deposition (12) or both (9). This sug-
gests that malignant clones with great metastatic potential in general are charac-
terized by absence of local eosinophilia and/or a strong AMPS reaction. These
observations taken together indicate that local eosinophilia expresses an immune
reaction which is, however, confined to specific cell populations and usually does not
include successful metastatic clones. If it does, metastatic success may be due to an
escape mechanism based on the elaboration of AMPS.

THE preceding article describes patterns
of response of local eosinophilic leuco-
cytes, macrophages and acid mucopoly-
saccharides in primary and secondary lung
cancers. The present paper correlates
these reactions with the operative findings
and clinical course of the patients 2-31
vears after operation.

PATIENTS AND METHODS

The series consisted of 72 consecutive,
operable patients with primary lung cancer,
15 patients with isolated, unilateral or
bilateral pulmonary metastases of known
origin and 5 patients with unusual malignant
lung tumours of various origins (2 teratomas,
one germinal cell tumour, one non-classifiable
tumour and one sarcoma of the lung). Two
patients with bilateral metastases were
operated upon twice and the tumours ex-
amined each time. The patients with primary
Iung cancer were divided into 2 classes on the

basis of operative findings: radically operable
(tumours of any size: no lvmphnode meta-
stases proximal to the resected lobe or lung:
no infiltration of adjacent structures) and
non-radically operable (lymphnode meta-
stases proximal to the resected lobe or lung
and/or invasion of adjacent structures). All
patients of this group were untreated before
operation. The operation consisted of lob-
ectomy. bilobectomy or pneumonectomy.

In 14/15 patients with metastatic disease
the primary tumour had been surgically
removed 6 months to 7 years earlier. Eight
patients had received postoperative radio-
therapy to the primary site. The interval
between radiotherapy and the resection of
pulmonary metastases ranged from 3-18
months (4 patients) to 2-7 vears (4 patients).
Three patients had been treated with
chemotherapy for 12, 5 and 2 months: treat-
ment had been stopped 3. 2 and 3 months,
respectively, before lung surgery. In most
cases the surgical procedure was limited to
excision of the largest metastasis; additional
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smaller ones were treated with cryotherapy
(10 cases). None of the 5 patients with unusual
lung tumours received preoperative treat-
ment.

One day before operation differential
blood-cell counts were made in 39 unselected
patients.

The tumours were evaluated for infiltrating
cells and acid mucopolysaccharides on freshly
frozen sections, as described in the preceding
paper (Miiller & Kolb, 1979) and then histo-
logically typed with sections from fixed
specimens. The primary lung cancers were
separated into 4 groups: squamous-cell
carcinoma, adenocarcinoma, undifferentiated
carcinoma (no oat-cell types) and alveolar-
cell carcinoma. The tumours were also classi-
fied into 4 groups on the basis of 2 reactive
parameters, local eosinophilia and accumula-
tion of extracellular acid mucopolysacchar-
ides (designated metachromasia) which ap-
peared to be negatively correlated. The initial
grading of cells and metachromasia was ex-
pressed as one of 3 levels: zero (0). weak (+)
and strong (+ + and + + +). For simplifica-
tion, the levels “zero”” and “weak’ were com-
bined and the following groups formed:

Group A: numerous eosinophils. no or weak

metachromasia:

Group B: numerous eosinophils. strong
metachromasia;

Group C: no or few eosinophils. strong
metachromasia:

Group D: no or few cosinophils. no or weak
metachromasia.

The patients with radically operable

primary lung cancers were followed up at
3-month intervals during the first year and
at 6-month intervals thereafter (physical ex-
amination, chest X-rays, blood chemistry and
blood-cell counts were done) either at our
outpatient clinic or by private physicians, in
which case, the results were obtained from
them. The periods of observation ranged
from 2-31 years after operation. All non-
radically operable patients with primary lung
cancer received postoperative local radio-
therapy. The patients with metastatic or other
tumours were treated and followed up at the
Department of Oncology of our hospital.

RESULTS

The distribution of the reactive patterns
in 72 lung cancers and 22 other lung
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TaBLE 1.—Distribution of reactive patterns
tn tumours of different origin and histo-
logical type

Reactive groups

Origin and histology A B (& D

Primary lung cancers, total 2
Squamous 21
Adenocarcinoma 1 1 2 3
Undifferentiated 3 B
Alveolar-cell carcinoma 1

Hypernephroma — I

Testicular teratoma - 1*
Adrenal carcinoma - -

Colon cancer - 1 -
Melanoma - - 1
Transitional-cell carcinoma 1 - - -
Osteogenic sarcoma — - - 1
Angiosarcoma -- - -

Metastatic tumours, total 1 3* 9t 4*
1
1

| — =
—

—_—

Tumours of unknown origin,
total
Teratoma - - |
Germinal-cell tumour - - -
Non-classifiable tumour 1 -
Sarcoma of the lung - - -

—_ ——

*and T 2 patients with 2 tumours each.

tumours (20 patients) are shown in Table
L. Typical patterns for primary lung can-
cers were A and C, with 26 and 21 tumours,
respectively. Groups A+ B, 37 tumours,
contained 30 squamous-cell cancers and 7
tumours of other histologic types, Groups
C+D with 35 tumours consisted of 23
squamous-cell cancers and 12 other his-
tologies, among them 5 adenocarcinomas.
In the metastatic and other tumours there
were 11 different histologies. Neverthe-
less, most of them belonged to reactive
patterns C and D (10 and 7 tumours,
respectively) and 2 histologic types of
metastases (hypernephroma and adrenal
carcinoma) clearly favoured pattern C
(4/5 and 2/2 cases, respectively) irrespec-
tive of preoperative treatment or duration
of malignant disease.

Operative treatments and approximate
sizes of the primary cancers, indicated as
the largest tumour diameter (average of a
group) measured in the fresh specimens,
are shown in Table 1I. In the radically
operable patients the tumours were rather
smaller in Groups A and B (3-6 and 3-0
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TaBLE IL.—Distribution of reactive patterns and tumour sizes in patients with primary
lung cancers, grouped by operative stage and clinical course

Reactive groups and tumour diameters (cm)

—

A (cm)

Operation
Radical, total 14 (3-6)
Lobectomy 11 (3-6)
Bilobectomy 1 (6-5)
Pneumonectomy 2 (2:3)
Non-radical, total 12 (5-3)
Lobectomy 6 (4:3)
Bilobectomy 3 (43
Pneumonectomy 3 (50)

Course
Radically operable

Alive, no tumour 12 (3-5)
Alive, progressive - =
Lost to follow-up 1 (3-0)

Dead from tumour
Dead, other cause - —
Dead, unknown cause 1 (5-5)

Non-radically operable
Alive, no progression - =
Alive, progressive - =
Lost to follow-up 2 (5:0)
Dead from tumour 10 (¢

cm) than in Groups C and D (44 and 4-7
cm).In contrast, with non-radically oper-
able cases, Group A (53 ecm) was second
to D (81 em) and larger than Groups C
or D (both 4-6 cm).

The clinical course (also included in
Table 11) showed marked differences in the
different reactive groups of the “radical”
stage. Pattern A was associated with the
best course, with 12/14 patients alive and
free of tumour. Patterns B, ¢ and D
showed 2/5, 2/9 and 2/8 patients free of
disease after the same interval. The course
of the non-radically operable patients was
equally bad in all groups; only 5/13
patients were known to be free of pro-
gressive disease 2-31 years after operation.

The operative treatment and clinical
course of the patients with metastatic and
other tumours is shown in Table ITI. Only
2/15 patients with metastases were alive
without tumour progression, and 1/5
patients with other tumours was free of
disease. In retrospect, this patient prob-
ably had a primary, radically operated
teratoma of the lung.

The possible prognostic value of the 3

B (cm) ¢ (cm) D (em)
5 (3-0) 9 (44) 8 (47)
2 (3:3) 5 (48) 6 (48)
2 (2:0) - - - -
1 (4:5) 4 (39) 2 (3-5)
6 (4:6) 12 (4-6) 6 (81
3 (3:5) 4 (43) 4 (45)
1 (11-0) - - - -
2 (3-0) 8 (48) 2 (10-5)
2 (2:0) 2 (2:3) 2 (5-8)
- - 2 (43) 1 (4:5)
- - = 1 (4:5)
1 (3:0) 4 (51) 4 (41
2 0) L (50) - =
2 (2:3) 1 (5:0) 2 (3-3)
1 (55) - = - -
1 (3-0) 2 (4-8) - -
2 (6-8) 9 (37) 4 (81)

TasLe LI1.—Distribution of reactive pat-
terns in patients with metastatic and other
tumours, grouped by operative procedure
and clinical course

Reactive groups

l S N

A B C D

Operation
Metastatic tumours
Lobectomy - - 2
Tumour resection only - 1 2 2%
Tumour resection with
cryotherapy 1 2% 5t 2
Tumours of unknown origin
Lobectomy 1 - 1 1
Tumour resection only - - - 2
Course
Patients with metastases
Alive, no progression - - 1 1*
Alive, progressive - - 3 1
Dead of tumour 1 2 4t 2
Patients with other tumours
Alive, free of tumour - - -
Dead of tumour 1 - 1 2
*and T 2 patients with bilateral tumours.
reactive parameters in primary lung

cancers is illustrated in Fig. 1, where they
are combined into 3 different pairs and
correlated to tumour stage (radically or
non-radically operable) and clinical course.
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Fi1a. 1.—Correlation of reactive patterns with tumour stage and clinical course in cases with primary
lung cancer. Ieo, me stands for reactive pair “‘eosinophils (eo) and metachromasia (me)”, ITma, me
for reactive pair “macrophages (ma) and metachromasia (me)” and IIleo, ma for reactive pair
“‘eosinophils (eo) and macrophages (ma)”’; 0, “no or little”, + + + ‘“positive” reactivity. R=
radical, NR =non-radical; white areas: patients free of tumour; black: dead from tumour or alive
with progressive metastases; shaded: patients lost to follow-up, dead from non-tumour related

causes or from unknown cause.

Patients who were lost to follow-up, died
of non-tumour-related or unknown causes
(1 patient) were combined in the shaded
areas. Panel I represents the familiar
division into Groups A-D (pair I), panel IT
patient distribution with the reactive pair
“macrophage infiltration and metachrom-
asia’ (pair IT) and panel III the distribu-
tion based on the 2 cellular parameters
“eosinophil and macrophage infiltration”
(pair III). The differentiation into radical
and non-radical operability was helpful,
since with all reactive pairs there were
differences in clinical course between the
2 stages, particularly in Group A, but
slightly less in Group B of all pairs.
Differentiation into radical and non-
radical groups appeared of no prognostic
importance in Group C of all pairs and in
Group D of pairs I and III; the prognosis
in these patients was very poor, inde-
pendent of tumour stage. With pair II,
there was again a difference in Group D
between radical and non-radical oper-
ability, but the group was small and the
result therefore less reliable. If a choice of

28

2 parameters had to be made, pairs I and
III, both including eosinophils, would
appear to be superior to pair II. In the
absence of metachromasia or macrophages,
the arrangement according to pair II
might be a better prognostic indicator
(groupma, me). Thus, the application of 3
parameters appears to be more informative
than the determination of any 2 para-
meters alone.

The predictive power of any single para-
meter is represented in Fig. 2. Here the
eosinophils are clearly superior to macro-
phages or metachromasia, still provided
the distinction is made between radical
and non-radical groups. The value of
macrophages and metachromasia is
roughly equal. For the groups without
cellular infiltrates, it becomes evident
(comparing Fig. 1 and 2) that the addition
of metachromasia selects patients with the
poorest prognoses, whether radically oper-
able or not, those with no cellular in-
filtrates, but strong metachromasia.

The relationship between local eosino-
phils and eosinophilic leucocytes in the
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Fra. 2.—Correlation of individual reactions (eosinophils, macrophages and metachromasia) with
tumour stage and clinical course in cases with primary lung cancer. For further explanations see

Fig. 1.

blood in 17/39 patients of Groups A+ B
and 22/53 patients of Groups C+D is
shown in Table IV. Patients with strong
local eosinophilia tended to have slightly
higher normal levels of eosinophils in the
blood than those without local eosinophilia
and in 2/17 patients the values were
markedly elevated, 11 and 299, respec-
tively. In the patients lacking local
eosinophilia the number of circulating
eosinophils was 0-0-5% in 9/22 cases and
none had abnormally high values. Thus,
the differences were discrete and only if
circulating eosinophils were absent or very
high, could a parallel local reaction be
suspected. The highest levels were seen in
2 non-radically operable lung cancer
patients. One of them died within the first
postoperative year, the other (299
eosinophils) was lost to follow-up.

The distribution of peripheral macro-
phage counts (Table V) showed no clear-
cut correlation with local macrophage
infiltration; if anything, the correlation
was negative. Circulating lymphocytes and
total leucocyte counts were also compared
with local eosinophil and macrophage in-
filtrations and listed in Table VI. No
correlation between local reactions and

circulating leucocytes or lymphocytes
could be discerned.
DISCUSSION

From the results presented the conclu-
sion can be drawn that local reactions to
early primary lung cancers have prog-
nostic significance. In radically operable
patients, local eosinophilia is a favourable
sign; the absence of eosinophils, irrespec-

TABLE IV.—Comparison between peripheral and local eosinophils

1 1ls. O/
Blood cosinophils, 9

osinophilia  Stages and No. of ,
in tumour tumours pts 0-0-5

Strong Radical 5 -
Non-radical 9 1
Other tumours 3 1

No or weak Radical 9 b}
Non-radical 9 4
Other tumours 4 -

1-3 3-5-6
1
1

1

6-5-9  9-5-12

1

N s — W
o=
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TABLE V.—Comparison between peripheral and local macrophages

Macrophage

Blood mac.sp aages (%)

reaction Stages and No. of ~— A —
in tumour tumours pts 0-5-2 2-5-5'5 6-85 9-12 12-54
Strong Radical 10 1 4 3 2 -
Non-radical 11 3 4 2 2 —
Other tumours 4 - 1 2 — 1
No or weak Radical 4 - 1 2 - 1
Non-radical 7 1 3 1 2 -
3 1 - 2

Other tumours

tive of other parameters, is unfavourable;
the absence of acid mucopolysaccharides
(metachromasia) tends to indicate a good,
their accumulation a poorer prognosis; the
significance of macrophages is equivocal:
numerous macrophages tend to be favour-
able, but their absence is not necessarily
unfavourable, provided eosinophilia is
strong; the absence of either macrophages
or eosinophils, occurring together with a
strong acid mucopolysaccharide reaction
is fraught with a very poor prognosis,
irrespective of tumour stage. In non-
radically operable patients none of these
parameters is able to discern between
better or poorer clinical courses.

The association of local eosinophilia
with a good prognosis apparently is not
limited to early lung cancers, but has also
been seen in localized carcinoma of the
colon (Yoon, 1958) and may therefore not
be coincidental. In contrast, combined
local and peripheral eosinophilia in gastro-
intestinal (Yoon, 1958) and lung cancer
(Goetzl et al., 1978) or peripheral eosino-

philia alone in patients with various
malignant tumours (Isaacson & Rapoport,
1946) are often signs of advanced disease,
perhaps resulting from aberrant tumour
products (Goetzl et al., 1978). However,
we believe that local eosinophilia in early
cancer could be associated with an
immune response, e.g. complement activa-
tion by antigen-antibody complexes
(Ioachim et al., 1976; Paluch & Ioachim,
1979). The frequent absence of local
eosinophilia from metastatic tumours,
often combined with strong metachrom-
asia, suggests that metastatic cell clones
do not evoke an immune response and/or
they shield themselves from recognition
and destruction by an acid mucopoly-
saccharide coat (Takeuchi, 1966, 1968;
Takeuchi et al., 1976) produced by them-
selves or by adjacent fibroblasts under
their control. The findings with local
macrophages were rather disappointing,
considering the experimental literature
with animal tumours (Evans, 1972; Eccles
& Alexander, 1974) and the vast number

TABLE VI.—Peripheral leucocytes and lymphocytes compared with local eosinophils and

macrophages
Mean Blood lymphocytes (%)
Free cells in Stages and No.of  leuc. A N
in tumour tumours pts counts -10 11-20 21-40  41-60

Strong local Radical 5 7020 - 2 2 1
cosinophilia  Non-radical 9 8860 1 4 4 -
Other tumours 3 6870 - 2 1 -

No or weak local Radical 9 8260 1 3 5 -
eosinophilia  Non-radical 9 9020 - 4 4 1
Other tumours 4 8280 1 2 1 -

Strong local Radical 10 7800 1 4 4 1
macrophage  Non-radical 11 8790 1 6 4 -
reaction Other tumours 4 7350 - 2 2 —
No or weak local Radical 4 7150 - 1 3 -
macrophage  Non-radical 7 9190 - 2 5 -
reaction Other tumours 3 8100 1 2 - -
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of in witro studies on macrophage and
tumour-cell interactions (Keller, 1976).
The unreliability of these cells as prog-
nostic indicators could result from their
functional insufficiency in animal and
human tumour bearers (Normann &
Sorkin, 1976; McVie et al., 1977; Currie &
Hedley, 1977; Normann et al., 1979). It
would appear from our observations that
macrophages indicate a favourable prog-
nosis at early stages if they occur together
with eosinophils, in the context (as we
believe) of an immune reaction. The
nature of the main effectors, whether
cellular or humoral or both, remains un-
settled. Strong local eosinophilia, because
of its association with a good prognosis,
suggests immune specificity, and for the
recognized cell clone, efficiency of the
underlying mechanism.
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