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INFILTRATION by lymphoreticular cells*
is a common feature of many human
malignant neoplasms. The infiltrate is
often dense, particularly in peripheral
regions, and is a regular feature of some
types of tumour, notably seminoma of the
testis, medullary carcinoma of the breast
and malignant melanoma.

The precise significance of the pheno-
menon is unclear although it has excited
much speculation for over 100 years.
Recently, however, the favourable associ-
ation between lymphoreticular infiltration
and prognosis has become widely known
and has acquired immunological and
defensive connotations. The purpose of
this paper is to reviewexistingknowledgeof
this subject, with particular emphasis on
prognostic associations, direct observa-
tions and immunological aspects, and to
compare and contrast the naturally occur-
ring local lymphoreticular response to
human tumours with other situations in
which the activity of infiltrating lympho-
reticular cells is understood more clearly.

EARLY OBSERVATIONS
Interest in the stromal response to

neoplasia began during the latter half of
the 19th century. Virchow (1863) con-
sidered that the frequent presence of
lymphoreticular cells in human tumours
reflected the origin of cancer at sites of
previous chronic inflammation. Waldeyer
(1872), among others, supported this idea
and suggested that some local disturbance
of connective tissue was an essential
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prelude to tumour growth. This concept
persisted for many years.

The general opinion showed a marked
change at the turn of the century. The
first acceptably documented reports of
spontaneous regressions ofhuman tumours
appeared and there was increasing interest
in the host responses in animal tumour
models. Handley's view (Handley, 1907),
that " round cell infiltration in malig-
nant melanomata indicated a "regressive
process " was reinforced by Wade's poetic
description of a regressing canine sarcoma
-" The tumour is borne away on a
lymphocyte tide . . . " (Wade, 1908).
Further evidence that lymphoreticular
infiltration in human neoplasms might
have a defensive basis was obtained with
other animal models. A detailed cyto-
logical analysis of tumour grafts in
pretreated immune mice led Da Fano
(1912) to conclude that peritumoral accu-
mulation of lymphocytes and plasma
cells was an expression of a defence
mechanism akin to immunity. This view
was strongly supported by Murphy (1926).

Advances in carcinogenesis coincided
with a decline in support for the idea that
simple chronic inflammation was a pre-
requisite for tumour growth. Many
authors considered that lymphoreticular
cells accumulated in tumours as a response
to necrosis (Greenough, 1925; Dawson
and Tod, 1934; Innes, 1934). The other
more widely held view was epitomized
by Ewing-" Inflammatory reaction fre-
quently meets the invasion of tumour

* Lymphoreticular cells, for the purposes of this review, are considered to include cells of the mononuclear
phagocyte system, lymphocytes, plasma cells, polymorphonuclear leucocytes and mast cells.
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cells ... and must be regarded as a
defensive process " (Ewing, 1940).

PROGNOSTIC ASSOCIATIONS
Strong corroboration for the defensive

nature of the local lymphoreticular
response to human tumours may be
provided by the reported positive associa-
tion with improved prognosis. Despite
the rather weak association in the original
reports of MacCarty (MacCarty and Mahle,
1921; MacCarty, 1922; Sistrunk and
MacCarty, 1922) the basic alliance has
been confirmed repeatedly. Over 30
publications since 1921, dealing with non-
lymphoid tumours, can be traced in which
the association has been sought for and
adequately documented. Of these, all but
a few confirmed the prognostic advantage
of dense lymphoreticular infiltration.
These data are summarized in Table I.

No general agreement exists about the
relative contribution of different cells to
the prognostic association. Most authors
have described the infiltrating cells as
lymphocytes, round cells or inflammatory
cells. Schoch (1926) and Yoon (1959)
placed most emphasis on eosinophils,
while Graham and Graham (1966) reported
that mast cells were important in carci-
noma of the cervix. Berg (1959) con-
sidered that peripheral plasma cell infil-
trates conferred a beneficial prognosis
in breast carcinoma. No authors specific-
ally mention the role of macrophages,
probably because it is difficult to identify
these cells with confidence by light
microscopy of conventionallystainedtissue
sections.

Apart from seminomata, it is uncom-
mon to find granulomata either in the
stroma of tumours or in regional nodes,
and insufficient cases have been studied
from the prognostic viewpoint. The pos-
sible significance of stromal and nodal
granulomata in relation to cancer and
sarcoidosis is discussed by Gresham and
Ackerley (1958).

Although the published results seem
to indicate a strong positive relationship
between infiltration and survival, there

may be a tendency for the true position
to be biased by any reluctance to publish,
or submit for publication, negative or
inconclusive results. This problem is
highlighted by a recent multicentre study
(Morrison et al., 1973) which compared
the effect of stromal lymphoid infiltration
in breast cancer cases from Boston
(U.S.A.), Glamorgan (U.K.) and Tokyo
(Japan). The results differed in each
centre and it was only in Glamorgan that
dense infiltration conferred significantly
better survival.

DIRECT OBSERVATIONS

Despite the persistent interest in
prognosis, it is remarkable that there
have been so few direct and detailed
studies of lymphoreticular cells in human
tumours. The results of such studies
might indicate whether a causal relation-
ship exists between infiltration and sur-
vival.

Histochemical examination of human
tumours has shown that variable numbers
of macrophages are distributed evenly
throughout the stroma of most neoplasms
(Monis and Weinberg, 1961). Their close
spatial relationship to tumour cells in
malignant melanoma has been emphasized
by Burg and Braun-Falco (1972).

Infiltrating lymphoreticular cells are
rarely mentioned in electron microscopic
studies of human tumours. The ultra-
structure of the cellular response to
neoplasia is the subject of a detailed
review elsewhere (Carr and Underwood,
1974).

Close juxtaposition of the cell mem-
branes of seminoma cells with those of
infiltrating lymphocytes and plasma cells
is mentioned by Pierce (1966) in his
ultrastructural study of testicular neo-
plasms. Goldenberg, Goldenberg and
Sommers (1969) described the phagocytosis
of infiltrating leucocytes by breast carci-
noma cells. Speculation that neoplasms
composed of cancer cells which readily
phagocytose any infiltrating defensive
cells would behave more aggressively, was
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TABLE I.-Summary of Reported Association between Lymphoreticular h1filtration
in Non-lymphoid Hruman Neoplasms and Survival

Tumour
Carcinoma of breast

Carcinoma of stomach

Carcinoma of oesophagus
Carcinoma of colon and
rectum

Carcinoma of cervix

Choriocarcinoma
Seminoma
Carcinoma of bladder

Hypernephroma

Melanoma

Carcinoma of larynx

Neuroblastoma

Squamous carcinoma
of skin

Author(s)
Sistrunk and MacCarty (1922)
Greenough (1925)
White (1927)
Black, Opler and Speer (1955)
Berg (1959)
Hultborn and Tornberg (1960)
Hamlin'(1968)

Cutler et al. (1969)
Bloom, Richardson and

Field (1970)
Champion, Wallace and

Prescott (1972)
Morrison et al. (1973) Boston
Morrison et al. (1973)-Tokyo
Morrison et al. (1973)-
Glamorgan

MacCarty and Mahle (1921)
Black, Opler and Speer (1954)
Yoon (1959)
Monafo, Krause and Medina

(1962)
Inokuchi et al. (1967)
Hawley, Westerholm and
Morson (1970)

Paile (1971)
Takahashi (1961)
MacCarty (1922)
Yoon (1959)
Schoch (1926)
Graham and Graham (1966)
Elston and Bagshawe (1973)
Dixon and Moore (1953)
Sarma (1970)
Tanaka, Cooper and
Anderson (1970)

Kiely, Greally and Greally
(1972)

Jones et al. (1968)
Cochran (1969)
Little (1972)
Paavolainen (1970)
Bennett et al. (1971)
Marting and Beckwith (1968)
Lauder and Aherne (1972)
Powell (1923)

Infiltrating cells'
Lymphocytes
Round cells
Lymphocytes
Lymphocytes
Plasma cells
Round cells
Lymphocytes/plasma cells/
immunoblasts

Lymphoid
Medullary vs. scirrhous

Round cells

Lymphoid
Lymphoid
Lymphoid

Lymphocytes
Lymphocytes
Eosinophils
Stromal inflammation

Stromal reaction
Lymphocytes/plasma cells

Round cells
Inflammatory cells
Lymphocytes
Eosinophils
Eosinophils
Mast cells
Pleomorphic mononuclear
Lymphocytic/granulomatous
Lymphoid
Lymphocytes

Lymphoid

Round cells
Plasma cells/lymphocytes
Plasma cells/lymphocytes
Plasma cells/lymphocytes
Lymphocytes
Lymphocytes
Lymphocytes
Lymphocytes

1 Description of infiltrating cells taken directly from published report.
2 Excluding medullary carcinoma.
3 Very weak.
4 Some protection against local recurrence.

an ingenious attempt to equate lack of
infiltration with poor survival.

Crystalline inclusions in the cytoplasm
of lymphocytes infiltrating a single basal
cell carcinoma of skin were described by
Friedmann, Michaels and Bird (1971).
Similar inclusions are found in blood
lymphocytes in Down's syndrome.

Detailed ultrastructural examination
of densely infiltrated tumours (Under-
wood and Carr, 1972) has shown some
variation in the response from tumour
to tumour but certain general points can
be stated. Most of the lymphocytes
are of small or medium size; large lympho-
blasts are extremely rare. The macro-

Prognostic
association
Positive
Positive
Negative
Positive
Positive
Positive
Positive

Positive
Positive

Negative2

Negative
Negative
Positive

Positive
Positive
Positive
Positive

Positive
Positive

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive3

Positive

Negative
Negative4
Negative
Negative
Positive
Positive
Positive
Positive
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phages are usually mature and rich in
primary lysosomes. Mitotic macro-
phages can be found occasionally. Dense
infiltrates in some tumours also contain
cells which morphologically resemble the
reticulum cells and dendritic reticular cells
of lymphoid organs.

In none of these reports is there any
convincing evidence that the close spatial
relationship between tumour cells and
infiltrating lymphoreticular cells has a
toxic effect likely to retard tumour growth.
However, it would be unwise to put too
much emphasis on this purely morpho-
logical evidence.

Primary tissue cultures of human
tumours sometimes contain large numbers
of the infiltrating lymphoreticular cells
and several studies have been concerned
with the interactions between these cells
and the tumour cells. Humble, Jayne
and Pulvertaft (1956) coined the term
" emperipolesis " to describe motile lym-
phocytes in the cytoplasm of human
tumour cells in short-term primary tissue
cultures, and asserted that lymphocytes
had an unusual affinity for tumour cells.
In fact, transmission and scanning elec-
tron microscopy of comparable cultures
strongly indicates that it is macrophages
rather than tumour cells that are chiefly
involved in close associations with lym-
phocytes (Underwood, 1973). Richters,
Sherwin and Richters (1971) have made
a semiquantitative analysis of lymphocyte
interactions in cultures of normal lung
and lung cancers and claimed that,
although special interactions (e.g. emperi-
polesis, clustering) were uncommon, they
were more characteristic of tumour cells
than of other cells. Mitotic lymphocytes
are less common in lung tumour cultures
compared with cultures of normal lung
tissue (Richters and Sherwin, 1965).

There is no indication that the indi-
genous lymphoreticular cells in prinmary
tumour cultures are actively cytotoxic
towards neoplastic cells. This was
affirmed by Nairn et al. (1971a, b) for skin
and colon cancer, even when cytotoxic
lymphocytes were present in the peri-

pheral blood. A more detailed investiga-
tion involving partial separation of the
stromal lymphocytes by passage of cell
suspensions from tumours through a
column, followed by culture of the
effluent fractions, has confirmed this lack
of cytotoxic activity (Nind et al., 1973).

Lymphocytes in central regions of
some human tumours show low uptake
of tritiated thymidine (Lieb and Lisco,
1966), but lymphocytes in malignant
serous effusions are reported to exhibit a
normal response to mitogenic stimulation
with phytohaemagglutinin (Cardozo and
Harting, 1972). Lymphoid cells infiltrat-
ing breast carcinomata do not apparently
exhibit a mitogenic response to plhyto-
haemagglutinin (Blomgren et al., 1973).
The infiltrating cells might, therefore, be
mainly of non-thymus dependent type
(e.g. B cells) or else subject to the influence
of a suppressive factor elaborated by the
tumour. Blomgren et al. (1973) dismissed
the latter interpretation since admixture
of tumour cells with normally responding
blood lymphocytes had no suppressive
effect.

The relative proportions of B and T
lymphocytes among the infiltrating cells
was assessed by Nind et al. (1973) in
melanomata and colon cancers. No con-
sistent pattern was detected.

High tissue levels of IgG have been
reported in breast carcinomata densely
infiltrated by lymphocytes and plasma
cells (Roberts et al., 1973). It is reason-
able to suppose that some of this immuno-
globulin is synthesized locally, probably
by the infiltrating plasma cells, but its
specificity is unknown.

IMMUNOLOGICAL ASPECTS
This section deals with reports seeking

a relationship between lymphoreticular
infiltration and tumour specific immune
reactivity.

There are conflicting accounts of
delayed hypersensitivity responses to intra-
dermal injections of tumour extracts.
Grace and Kondo (1958) and Stewart
(1969) observed positive responses in
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patients whose tumours bore dense infil-
trates of lymphocytes and plasma cells.
In contrast, Hughes and Lytton (1964)
found no correlation between tumour
histology and skin responses. An impor-
tant criticism of these studies is that the
injected preparations were relativelv
impure, consisting of mixed extracts of
both tumour cells and infiltrating stromal
components. It is not clear, therefore,
whether the responses were elicited by
tumour specific antigens or by inflam-
matory mediators derived from the infil-
trating cells. Current work with purified
tumour antigens should clarify this.

Cellular responses to cryostat sections
of autologous breast cancer tissue mounted
in " skin windows " have been described
by Black and Leis (1971). A positive
response, typified by distinctive "baso-
phil associated mononuclear cell aggre-
gates", was restricted to patients with
limited disease, reactive regional lymph
nodes or lymphoreticular infiltration in
the primary neoplasm.

Some correlation might be expected
between lymphoreticular infiltration and
the presence of cytotoxic antibody or
lymphocytes in the peripheral blood.
Surprisingly, the histology of the tumour,
other than its histogenetic type, is seldom
mentioned in these studies. Among the
rare exceptions is the investigation by
Stjernsward et al., (1970) of lymphocyto-
toxicity in hypernephroma patients; no
correlation with lymphoreticular infiltra-
tion was found. Nind et al. (1973)
observed that negative blood lymphocyto-
toxicity to autologous colonic cancer cells
was often associated with diffuse stromal
infiltrates of lymphocytes, plasma cells
and eosinophils. Lymphocyte positive
cases sometimes displayed perivascular
aggregates of small lymphocytes, never
seen in negative cases.

Saxen and Penttinen (1965) found that
suspensions of HeLa cells were clumped
more commonly by serum from cancer
patients than by serum from normal
individuals, and the effect was most
marked with serum from patients with

densely infiltrated tumours. The nature
of the clumping factor is unknown.

There is little information on the effect
of immunotherapy on the local lympho-
reticular response. Increased infiltration,
or a change in the character of the infil-
trate, might provide an early indication of
a response likely to improve prognosis.
Induction of lymphocytic infiltration,
fibrosis and tumour cell necrosis by injec-
tion of tumour homogenate with adjuvant
was claimed by Taylor and Odili (1972).
Such studies are hampered by the lack of
adequate controls in this difficult clinical
situation and by the massive sampling
error involved in a simple histological
assessment.

COMPARISON WITH EXPERIMENTAL
TUMOUR MODELS

Clearer understanding of the signifi-
cance of lymphoreticular infiltration in
human tumours might be derived from
comparison with animal tumour models
in which the local host response has been
modified experimentally.

In ascites tumours, the local cellular
response in immune animals is predomi-
nantly due to macrophages and, in mice,
there is compelling ultrastructural evid-
ence that the macrophages actively ingest
and destroy live tumour cells (Journey
and Amos, 1962; Chambers and Weiser,
1972). The involvement of basophils in
the cellular response to ascites tumours
in immune guinea-pigs (Dvorak, Dvorak
and Churchill, 1973) illustrates the inter-
species variation that may occur. This
impedes a direct analogy between animal
experiments and the human situation.

Histologically, serially transplantable
solid animal tumours do not appear to
bear lymphoreticular infiltrates of com-
parable density with the infiltrates in
spontaneous human neoplasms. It now
seems certain, however, that they do often
contain significant numbers of glass
adherent macrophages (Evans, 1972).
The presence of mature stimulated macro-
phages in one of two histologically similar
transplantable hamster lymphomata, des-
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cribed by Birbeck and Carter (1972),
was associated with a failure to metas-
tasize. Destruction of tumour cells by
the macrophages was not, however,
observed.

Fisher and Fisher (1972) have exam-
ined a model which is somewhat analogous
to the human situation. Transplantation
oftumours induced by methylcholanthrene
beneath the renal capsule of allogeneic
and immune syngeneic rats induced dense
lymphocytic infiltration at the tumour-
kidney interface. Macrophages were in-
conspicuous. However, despite the inti-
macy of the lymphocytes and tumour
cells, there was no ultrastructural evidence
of cell mediated cytotoxicity.

A model in which the impaired growth
of a transplantable tumour in pretreated
rats was accompanied by lymphoreticular
infiltration has been reported recently by
Carr et al. (1974). Live tumour cells
were injected into the footpads of rats
which had been locally pretreated with
killed cells. Electron microscopy of the
densely infiltrated and retarded tumours
which resulted showed features that were
consistent with the view that activated
macrophages ingested and destroyed live
tumour cells. Deep invagination of both
macrophage and tumour cell cytoplasm
by lymphocyte processes suggested that
lymphocytes might be indirectly involved
in the process (Evans and Alexander,
1972).

LYMPHOMATA
Lymphomata must be considered

separately because of the inherent diffi-
culties in distinguishing the responding
lymphoreticular cells from the indigenous
neoplastic or non-neoplastic population in
lymphoid organs. As such, this section
deals almost exclusively with Hodgkin's
disease, since it is widely believed that at
least some of the lymphocytes in the
lesions may be part of a response analo-
gous to that which occurs in non-lymphoid
solid neoplasms. The composition of the
affected tissue, particularly the lympho-
cyte content, is closely related to the

course of the disease (Rosenthal, 1936)
and is the basis for contemporary histo-
logical classifications (Table II). This

TABLE II.-Summary of Reported Associa-
tion between Tissue Lymphocyte Content
and Survival in Hodgkin's Disease

Author(s)
Lukes and Butler

(1966)
Franssila, Kalina and

Voutilainen (1967)
Keller et al. (1968)
Landberg and

Larsson (1969)
Gough (1970)
Fuller, Gamble and

Butler (1971)
Tubiana et al. (1971)
Newton et al. (1973)

5-year survival (%)

Lymphocyte Lymphocyte
predominance depletion

73

55
88
50
58

13

0
38

5
8

77
21
69

20
3

40

strong prognostic association has encour-
aged the view that the lymphocyte in
Hodgkin's disease may counteract a
neoplastic element.

Interactions between the lymphocytes
and other cells in Hodgkin's lesions have
only recently been sought by electron
microscopy. Quantitative ultrastructural
analysis of biopsies from the nodular
sclerosing form of the disease has been
claimed to show a significant correlation
between tightness of lymphocyte apposi-
tion to Reed-Sternberg cells and micro-
scopic cytotoxic changes in the latter
(Archibald and Frenster, 1973).

Giant cells often develop in short
term cultures of Hodgkin's tissue, a pheno-
menon which has attracted a fair amount
of attention since it was first observed
by Lewis and Webster (1921) despite the
fact that it is not specific for Hodgkin's
disease. Most of these giant cells are
probably the result of fusion of macro-
phages and simply reflect the presence
in the tissue of macrophages capable of
reacting to the foreign culture surface in
this way. More recently, the cellular
interactions in these cultures have
attracted some interest. Emperipolesis
is common (Dreyer, Shullenberger and
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Dmochowski, 1964) but this also is not an

event which is peculiar to neoplastic
lymphoid tissues (loachim, 1965). Sinko-
vics et at. (1970) have alleged that some
of the indigenous lymphocytes in Hodg-
kin's cultures exert a toxic effect on
fibroblast-like cells, an interaction clearly
distinct from emperipolesis. Ultrastruc-
tural examination of similar cultures has
confirmed rare, close, spatial associations
between lymphocytes and degenerate cells
(Underwood, 1973), and the general
impression is that conflicting populations
of cells are present.

CONCLUSIONS

It is not possible at this time to estab-
lish a firm causal relationship between
lymphoreticular infiltration in human
tumours and the reported favourable
prognostic association. There are no
direct observations of the phenomenon
which indicate that the infiltrating cells are
actively defensive in a conventional sense.
There is an absence of features comparable
with those that occur in cell mediated
tissue destruction such as graft rejection
and autoimmune disease (reviewed by
Wiener, 1970). Nonetheless, the possi-
bility remains that the intense lympho-
cytic infiltration seen in some tumours
may reflect the presence of concomitant
immunity, as in the Fisher's model,
without actual cytodestruction in the
primary lesion. However, despite the
well recognized cytotoxic activity of
circulating blood lymphocytes towards
autologous tumour cells (Hellstr6m et al.,
1968; Currie, Lejeune and Fairley, 1971;
Nairn et at., 1971a, b) it is clear that no

strong association exists between positivity
and tumour histology except, perhaps, for
the uncommon perivascular lymphocytic
aggregates reported by Nind et at. (1973).

Necrotic tissue is a powerful stimulus
to the inflammatory response and the
infiltrate in tumours has been attributed
to this mechanism. This would establish
a passive and indirect link between
tumour necrosis, impaired tumour growth,
cellular infiltration and improved survival.

Although necrosis is undoubtedly in part
responsible for the infiltrate in some
tumours, particularly by polymorphs,
there remains a substantial proportion of
neoplasms that elicit a lymphoreticular
infiltrate independently of necrosis.

It has been suggested that lympho-
reticular cells may actually favour or
accelerate tumour growth, while accepting
that under other circumstances they may
be defensive. Both Humble et al. (1956)
and Kelsall and Crabb (1959) lent support
to the trephocyte theory of lymphocytes
in relation to tumour growth, evidence
for which is almost exclusively based on
Carrel's (1922) experiments on the growth
promoting properties of leucocytes in
vitro. Recently, Prehn (1972) has argued
that a weak cell mediated immune response
may actually accelerate tumour growth
although it is not clear whether a persis-
tent stromal relationship between lympho-
cytes and tumour cells is essential for the
accelerated growth to be maintained in
an established tumour. Compatibility
between accelerated tumour growth and
improved survival (and, in turn, the
association with lymphoreticular infil-
tration) is difficult to reconcile. Presum-
ably the vessels in the vicinity of a rapidly
growing neoplasm might be subjected to
the threat of potentially metastatic inva-
sion for a shorter time than with a more
slowly growing lesion taking longer to
reach the same clinically detectable size.
This is purely speculative.

The most favourable circumstances in
which to find evidence of an active
defensive function for the local lympho-
reticular cells would be in spontaneously
regressing neoplasms, although it is un-
likely that this rare event is always
immunologically mediated. However, in-
filtration was not a constant feature of the
compendium of cases described by Everson
and Cole (1966). Similarly, Berg (1971)
has remarked upon the bland disappear-
ance of tumour cells in regressing malig-
nant melanomata without infiltration.

In conclusion, two aspects of this
subject seem to warrant detailed investi-
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gation. Firstly, there is very little detailed
information about the immunological
milieu within human tumours. Although
much is known about the interplay
between antibody, blocking factors and
cytotoxic cells in the peripheral blood, the
innate permeability of tumour vessels
may limit the relative accessibility of
tumour cells to these different components
of the immune response. The interaction
between blocking factors and cytotoxic
cells goes some way to account for the
observed disparity between the activity
of circulating lymphocytes towards auto-
logous tumour cells and the apparent
anergy of the local response. The elabora-
tion of humoral lymphosuppressive factors
by human tumours might also account
for the impairment of the local response
(Edwards, Rowland and Lee, 1973).
Other humoral factors may be responsible
for the accumulation of lymphoreticular
cells in some tumours, as in a recent report
of a lung tumour associated with an eosino-
philotactic factor (Wasserman et al.,
1974).
A second area for future study would

be an extension of the cell separation
approach. Pretlow and his colleagues
have now succeeded in separating different
populations of viable cells from tumours
by density gradient sedimentation (Pret-
low et al., 1973). Examination of the
function of these cells might provide a
reasonably sound basis for the objective
assessment of the early effects of immuno-
therapy on local lymphoreticular function
in solid tumours under experimental and
clinical conditions.
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