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In vitro monocyte maturation as a prediction of
survival in squamous cell carcinoma of the lung
RICHARD G DENT AND PETER COLE

From the Host Defence Unit, Department of Medicine, Cardiothoracic Institute,
Brompton Hospital, London

ABSTRACT In vitro monocyte maturation was studied in patients with squamous cell carcinoma
of the lung-limited to the ipsilateral hemithorax in 30 and more extensive in 40. The patients
were studied prospectively and initial monocyte maturation was correlated with survival. Mono-
cyte maturation in patients with limited disease before treatment ranged from 3-1 to 57-6%, with
a median value of 214%. The survival of those patients in whom monocyte maturation was less
than the normal range (<30-4%) was significantly shorter than the survival in those with normal
maturation (p<0-05). Four of the five patients whose initial maturation was less than 10%
proved to be inoperable at surgery. Patients with extensive disease had monocyte maturation
ranging from 2 4 to 52-9% with a median value of 13-2%, significantly lower than in. those with
limited disease (p<0025). Patients with extensive disease and low monocyte maturation sur-

vived a significantly shorter time than those with normal maturation (p<0 005). The depression
of monocyte development may explain the finding of negative delayed hypersensitivity skin re-

actions in many patients with lung carcinoma and may prove useful as an index of prognosis.

During the past 10 years there has been increasing
interest in the role of the mononuclear phagocyte
system of cells (MPS) in the host response to
cancer. Monocytes have been shown to have the
ability to kill tumour cells in vitro,' and the
presence of macrophages within tumours has been
correlated with a good prognosis.2 Treatmnent of
animals with materials that "activate" the MPS
also increases their resistance to tumour challenge.3
There have been a number of reports that

monocytes from patients with cancer may function
abnormally in vitro and that the degree of this
abnormality may be related to prognosis. In this
study we have investigated the in vitro maturation
of monocytes into macrophages using cells isolated
from the peripheral blood of patients with squa-
mous cell carcinoma of the lung and related the
results to patient survival.

Methods

A total of 70 patients with squamous cell car-
cinoma of the lung were studied during the period

Address for reprint requests: Dr Peter Cole, Host Defence Unit,
Department ofMedicine, Cardiothoracic Institute, Brompton Hospital,
Fulham Road, London SW3 6HP.

July 1978 to September 1979. On the basis of
clinical examination, radiology, and other appro-
priate investigations, 30 patients were classified as
having limited disease (confined to ipsilateral
hemithorax with or without involved hilar nodes)
and 40 patients more extensive disease. Patients
were classified by "performance status," as des-
cribed by Karnofsky,4 from a detailed clinical
history. On this scale patients with normal per-
formance in everyday activities score 10 and those
who are moribund one. Patients who were receiv-
ing systemic corticosteroids or who had received
any specific therapy for their carcinoma were ex-
cluded from this study.

In vitro monocyte maturation was performed as
described by Currie and Hedley.5 Briefly, 20 ml
of blood was defibrinated and the mononuclear
cells separated by density centrifugation on Ficoll-
Triosil. The number of monocytes in the mono-
nuclear cell preparations was assessed by staining
for non-specific esterase activity.6 Fifty microlitres
of a suspension of 4X106 mononuclear cells/ml
in RPMI 1640 (Flow Laboratories, Irvine, Scot-
land), supplemented with glutamine 2 mM, peni-
cillin 100 units/ml, streptomycin 100 ,ug/ml and
HEPES buffer 0-02 M, and 50 ,ul of autologous
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patient's serum were placed in wells of plastic
microtitre plates and allowed to incubate in culture
for seven days at 37°C in a humidified atmosphere
of air containing 5%CO2. After seven days the
numbers of adherent mature macrophages remain-
ing were counted. Monocyte maturation was then
expressed as the number of mature macrophages
per well at day seven as a percentage of the num-
ber of non-specific esterase positive monocytes per
well on the first day. Each result represented the
mean of five replicate wells.

Patients were divided into those with in vitro
monocyte maturation within the normal range and
those below this range. Survival curves were con-
structed for each group and compared statistically
by the log rank test.7 Differences between groups
were compared by the Mann-Whitney U test.8
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Sixty normal control subjects of similar age and
sex distribution to the patients with cancer were
investigated on a total of 120 occasions. The range
of in vitro monocyte maturation in these subjects
was 30 4 to 62-0%.

PATIENTS WITH SQUAMOUS CELL CARCINOMA
LIMITED TO THE IPSILATERAL HEMITHORAX

Monocyte maturation in this group of 30 patients
ranged from 3-1 to 57-6% with a median value of
214%. This was significantly lower than that of
normal control subjects (p<0-001). Eleven of the
30 patients had in vitro monocyte maturation
within the normal range and median survival in
this group was 12 months at the end of the study
period. In contrast, 19 patients with monocyte
maturation below that in the normal controls
had a median survival of only eight months (fig 1).
Actuarial survival curves for the two groups are
shown in fig 2 and are significantly different
(p<0 05). Whereas all patients with in vitro mono-
cyte maturation within the normal range survived
for eight months, only 10 of the 19 (53%) of
those with low monocyte maturation remained
alive after this time.

Twenty-four patients with limited squamous
cell carcinoma of the lung came to surgery and
five of these proved to be inoperable. Preoperative
monocyte maturation in these five ranged from
3l1 to 24'3% with a median value of 6-1%. Median
survival in this group was four months. In those
who proved to be operable the range was 5*0 to
57-6% with a median of 31-3%, significantly higher
than in those who were inoperable (p<0-01).
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Fig 1 Survival times for patients with limited and
extensive squamous cell carcinoma of the lung having
either normal (N) or low (L) in vitro monocyte
maturation; *=deceased; O=still alive; bars
represent median values.

Median survival in those who were operable was
11 months.

PATIENTS WITH SQUAMOUS CELL
CARCINOMA OF THE LUNG
Monocyte maturation in 40 patients with extensive
disease ranged from 2-4 to 52 9% with a median
of 13-2%. This was significantly less than normal
controls (p<0 001) and patients with limited
disease (p<0 025). Ten of the 40 patients had
normal monocyte maturation and median survival
in this group was 10-5 months compared with 5*25
months in those 30 patients with maturation below
the normal range (fig 1). Eight of the 10 patients
with normal in vitro monocyte maturation re-
mained alive at eight months (80%) compared
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Fig 2 Survival curves for
patients with limited squamous
cell carcinoma of the lung with
in vitro monocyte maturation
within or below the normal
range (30 4 to 62-0%).

Fig 3 Survival curves for
patients with extensive
squamous cell carcinoma of the
lung with in vitro monocyte
maturation within or below the
normal range (30 4 to 62 0%).
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with eight of the 30 with low maturation (27%). Discussion
Actuarial survival curves for these two groups
are shown in fig 3 and show that survival in the In vitro n

two was significantly different when assessed by patients wit
the log rank procedure (p<0005). and this ca

12

nonocyte maturation is depressed in
th squamous cell carcinoma of the lung
annot be explained by the coexistence

100 -

80 -

60 -

40 -

20 -

O 0

100

80

60

40'

20-

0*

448

,Q

I.-I

1-4

CZ

.,-d

$-4
z
U)

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.36.6.446 on 1 June 1981. D

ow
nloaded from

 

http://thorax.bmj.com/


Monocyte maturation and survival in lung cancer

of chronic obstructive airways disease, infection,
smoking habit, or debility. The results described
in this study show that there is a relation between
in vitro monocyte maturation and survival, even
if the patients with limited disease are considered
separately from those with extensive disease. The
patients with poor monocyte maturation were
comparable clinically with those with normal
maturation (tables 1 and 2). In particular, general
performance status (Karnofsky score), weight loss,
and sex distribution were similar in the groups,
all clinical features that have been related to the
prognosis of patients with lung cancer as well as
to extent of disease.9 10 The degree of debility, as
judged by the level of serum albumin was not
significantly different in the groups with low and
normal maturation.

All those patients with normal monocyte matur-
ation at presentation and with clinically limited
disease remained alive at eight months, despite
the fact that two of them were unfit for surgery
because of poor respiratory function. None of the

Table 1 Clinical features of patients with limited
squamous cell carcinoma of the lung
Clinical feature In vitro monocyte maturation

Normal Low
(>30.4%) (< 30.4%)

Male 8 15
Female 3 4
Mean age (yr) 63-8 61-5
Mean Karnofsky score 7-8 8-2
Lossofweight >8lbs(%) 1 (10) 3 (16)
Mean diameter of tumour in cm (n) 4-2 ( 9) 4-5(16)
Mean lymphocyte count (x 106/1) 1900 1800
Mean monocyte count (x 106/1) 420 412
Mean serum albumin (g/l) 40-6 38-8
Surgery 9 15
Unfit for surgery 2 4
Immunotherapy 0 1
Radiotherapy 0 1

Table 2 Clinical features of patients with extensive
squamous cell carcinoma of the lung
Clinicalfeature In vitro monocyte maturation

Normal Low
(>30 4%) (<30 4%)

Male 8 25
Female 2 5
Mean age (yr) 63 3 66 7
Mean Karnofsky score 7 2 7 0
Loss of weight > 8 lbs(%) 4 (40) 14 (47)
Mean diameter of tumour in cm (n) 5 0 ( 5) 56 (22)
Mean lymphocyte count (x 10'/I) 1500 1200
Mean monocyte count (x 10'/1) 530 595
Mean serum albumin (g/l) 35-8 32-6
Evidence of metastases 5 12
Treated with radiotherapy 4 8
Treated with insertion of gold grains I 0

nine patients with normal maturation proved to
be inoperable at thoracotomy. In marked contrast
was the behaviour of the 19 patients with clinically
limited disease but low monocyte maturation.
Fifteen of these patients were considered fit for
surgery but five proved to be inoperable and
overall seven of this group had died by eight
months. Five patients in this group had particu-
larly low monocyte maturation (<10%) and they
fared especially poorly. Four of the five had in-
operable disease, two being dead within only 3 5
months. The fifth patient had a large 8 X 8 cm
diameter tumour resected and received postopera-
tive immunotherapy in the form of intrapleural
BCG (Tice strain 107 viable organisms/ml). Re-
peat monocyte maturation at eight weeks after
operation was 31.5% and this patient remains
alive and disease-free 13 months later, suggesting
that treatment can reverse the depression of mono-
cyte function. Only one patient with monocyte
maturation greater than 10% proved to be in-
operable. It may be concluded that normal mono-
cyte maturation at presentation in patients with
clinically limited disease is likely to be associated
with operability and a good prognosis but that
poor maturation, especially below 10%, may indi-
cate inoperability and correspondingly poor sur-
vival. A further study is being undertaken to
assess whether postoperative monocyte matura-
tion predicts survival any better than preoperative
in those who prove to be operable.
The analysis of monocyte maturation in patients

with extensive disease provided an even stronger
indication of survival with 80% of patients with
normal maturation alive at eight months compared
with only 27% of patients with low values. Values
below 10% were associated with particularly poor
survival, 15 of 17 patients dying before eight
months with a median survival of only 4 9 months.
The results may be explained in a number of

ways. First, poor monocyte maturation may be
an artefact of in vitro study and have no rele-
vance to monocyte function in vivo. This is a
possibility with all in vitro tests of cellular func-
tion but the fact that such a correlation with sur-
vival exists suggests that the observation may be
relevant. Depression of in vitro monocyte matur-
ation has also been reported in patients with
malignant melanoma4 and breast carcinoma." In
patients with primary breast carcinoma those who
relapse in the first year after surgical removal
have the lowest preoperative monocyte matura-
tion," suggesting this in vitro assay has some
relevance. Other in vitro monocyte functions that
have been found to be depressed in cancer patients,
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such as monocyte chemotaxis,1218 have confirmed
similar findings in vivo.'4
The second possibility is that patients with poor

monocyte function are those who develop more
malignant disease. If this were the case, and ab-
normal monocyte function preceded the develop-
ment of neoplasia, then control groups matched
for the presence of coexistent disease, infection,
smoking and so on would be expected to contain
a proportion of patients with similarly poor mono-
cyte function. This has not been found to be the
case in our studies, as yet unpublished.
The third possibility is that monocyte function

is altered in patients with cancer as a result of
the presence of the tumour. The evidence favours
this possibility since patients with more extensive
disease have significantly more depressed in vitro
monocyte maturation, a finding confirmed in
studies of patients with malignant melanoma4 and
breast carcinoma." The implantation of tumour
into animals causes depression of monocyte chemo-
taxis and the presence of extracts of tumour de-
presses a number of monocyte and macrophage
functions in vitro as reviewed by James.'5 If this
is the case, in vitro monocyte maturation may be
reflecting production by the tumours of inhibitory
materials that affect monocyte function, and poss-
ibly other anti-tumour effector mechanisms, thus
explaining the relation to survival.
Poor delayed hypersensitivity skin responses to

specific antigen have been correlated with poor
survival in patients with lung cancer by a number
of workers,'6'18 and this has been assumed to re-
flect depression of specific cell-mediated immune
mechanisms involving the lymphocyte. However,
it is now appreciated that normal mononuclear
phagocytes as well as sensitised lymphocytes are
necessary for the development of a positive skin
response,'9 and it is therefore possible that abnor-
mal MPS function underlies negative skin re-
sponses.20 21 MPS cells have also been shown to be
necessary for the in vitro proliferative response of
lymphocytes to specific (PPD) and non-specific-
(for example, PHA) mitogens. Abnormal MPS
numbers or function may therefore explain the
poor lymphocyte transformation recorded so often
in patients with lung cancer.22

In vitro monocyte maturation is easy and cheap
to perform, is reproducible, and provides an indi-
cation of prognosis in patients with both limited
and extensive squamous cell carcinoma of the
lung. It may help to explain the finding of poor
delayed hypersensitivity skin responses in patients
with lung cancer and may prove useful in assessing
the suitability of patients for surgery.

We are grateful to the physicians and surgeons of
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patients. RGD was supported by a Brompton
Hospital Clinical Research Committee grant. This
work was supported by the Medical Research
Council. The secretarial assistance of Miss M Ash
is acknowledged gratefully.
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