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Introduction 

The assessment of immunity in humans and the role that such 
assessments play in influencing choices in cancer patient 
management have been the subject of several excellent reviews 
[20, 23, 26, 53]. Single-point immune assessments of cancer 
patients have provided useful information about the relation- 
ship between stage of disease, patient prognosis, and the 
functional integrity of patient immune reactivity. A full 
definition of those immunological changes associated with 
malignant disease, however, requires investigations dealing 
with the serial immune monitoring of cancer patients. This 
type of investigation would be better suited to describe the 
sequence of immune changes which occur when a patient's 
disease course moves from a state of microscopic nondetect- 
able disease to a state of clinically overt, macroscopic disease. 
Such a situation would follow the local surgical excision of a 
primary tumor where in time residual local microscopic disease 
or metastatic deposits of microscopic tumor have grown to 
present with clinically overt recurrent cancer. Specific clinical 
circumstances where this occurs would include surgically 
resected Stage I and II lung cancer, Dukes C bowel cancer, 
Stage I (deep penetration) and Stage II malignant melanoma, 
and Stage II breast cancer. Following tumor resection in these 
stages of disease patient immune function is generally normal 
or has been restored to normal. At the time of tumor 
recurrence immune function will be found to be variably but 
grossly compromised. What remains to be established is the 
sequence and the exact nature of the changes in immune 
function that occur prior to the observation of gross immu- 
nological impairment associated with newly detected 
advanced-stage recurrent disease. That type of information 
might make it possible to intervene with an immunothera- 
peutic manipulation to prevent or to modify the immune 
changes that occur. That in turn might delay, prevent, or 
reduce the size and degree of spread of recurrent disease. 

The intent of this approach to immune assessment of 
cancer patients would be to identify a series of suitable 
immunological parameters to monitor and to determine when 
changes in those parameters might indicate clinical tumor 
recurrence and patient relapse. That could offer the possibility 
of timely therapeutic interventions to reverse or to prevent 
undesirable immune changes and so perhaps affect the clinical 
course of monitored patients. This review will focus on that 
problem. 
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The purpose of the review is to consider some of the 
information which has been obtained in sequential studies of 
cell-mediated immune function in cancer patient populations 
either receiving various forms of therapy or being monitored 
following primary surgery with no specific treatment. The 
review will be restricted to the nonlymphoreticular solidtumor 
malignancies, since immune function abnormalities seen with 
tumors of the immune system present unique problems of 
interpretation. Alterations in humoral immunity, and partic- 
ularly in serum 'blocking' factors, will not be dealt with in 
depth in this review since that subject has been reviewed 
elsewhere [50]. 

Serial Immunological Assessment 
of General Immunocompetence 
in Patients with Solid Tumors 

Serial immunologic testing of patients with solid tumors has 
relied chiefly on assays of general immunocompetence; these 
determinations include quantitation of leukocytes and leuko- 
cyte subpopulations, assessment of lymphoproliferative res- 
ponsiveness to antigens and to mitogens, and assessment of 
delayed cutaneous hypersensitivity (DCH) to dinitrochloro- 
benzene (DNCB) and recall antigens. Some, but not all, 
single-point studies have demonstrated a relationship between 
lymphocyte numbers, lymphocyte subset proportions, stage of 
disease, and patient prognosis. In those studies there was a 
trend toward decreasing lymphocyte values with increasing 
tumor burden [26, 53]. Also, within each stage of disease, 
patients with normal lymphocyte values appeared to fare 
better than those with depressed values [26, 53]. It is not 
surprising then that serial determinations of lymphocyte values 
have demonstrated, in some situations, an association between 
decreasing lymphocyte levels and disease relapse. 

In patients with lung cancer, a fall in the absolute 
lymphocyte count, a decrease in the percentage of T cells, and 
a decline in the proportion of active T cells have each been 
associated with disease relapse. Anthony et al. studied, at 
monthly intervals, 30patients with lung cancer treated by 
surgery, radiotherapy, BCG, or combinations thereof [1]. 
Immunotherapy led to increases in T cell percentages in about 
half the cases studied. A fall in the absolute lymphocyte 
numbers and T-cell percentages preceded disease relapse and 
clinical deterioration by 2 - 4  months. This occurred in approx- 
imately half the 14 patients who relapsed, and was associated 
with a relative increase in B cells measured by EAC rosettes. 
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In the other patients no consistent changes in these parameters 
were noted. This pattern was not dependent on previous 
therapy. In the study of lung cancer patients by Dellon et al. 
there was an inverse relationship between T-cell levels and 
stage of disease prior to surgery in patients with small cell, 
squamous, or large cell tumors of the lung [13]. In patients with 
adenocarcinoma, T cells were reduced to the same extent in 
patients with localized or disseminated disease. In subsequent 
serial studies, a decline in T-cell levels preceded the clinical 
detection of recurrent disease by 2 - 3  months. Patients who 
showed stable or rising T-cell values following definitive 
surgical resection did not suffer disease relapse. However,  
patients with squamous cell carcinoma who remained free of 
disease had persistent low levels of T cells. 

The decline in T-cell percentages reported in serial studies 
of lung cancer patients has been attributed in some studies to a 
decline in that portion of the total T-cell population known as 
the active T cells. Active T-cell percentages have been found to 
decline in lung cancer patients prior to disease relapse. In the 
study by Oldham et al. [42] a pattern of dereasing active T-cell 
percentages without a concomitant decline in total T cells was 
seen in lung cancer patients prior to or coincident with clinical 
detection of metastasis. Patients with resectable disease 
received surgery _+ BCG, patients with nonresectable localized 
disease received partial resection, radiation, chemotherapy 
with cytoxan, methotrexate, and vincristine + BCG, and 
patients with disseminated disease received partial resection, 
radiation therapy to metastatic disease, chemotherapy with 
cytoxan, methotrexate,  and vincristine + BCG. On average, 
active T cells declined to subnormal levels 3 months prior to 
confirmation of disease relapse or disease progression. This 
was also seen in those patients whose active T-cell percentages 
persisted at subnormal levels throughout the study. However, 
each of these patterns was also seen in patients who remained 
free of disease. In contrast, patients who showed normal active 
T-cell levels throughout the 2-year follow-up period or who 
demonstrated an increase in active T cells from subnormal to 
normal levels during the study remained free of disease. 

This same general pattern of decreasing lymphocyte, 
T cell, or active T-cell level in individual patients coincident 
with clinical detection of disease relapse has been found in 
other tumor systems. Wybran and Fudenberg, who first used 
the active T-cell rosette assay to study cancer patients, showed 
that active T-cell percentages generally followed the clinical 
course of individual patients [59]. Active T cells declined prior 
to clinical relapse in a patient with osteogenic sarcoma treated 
with radiation therapy + transfer factor or during progressive 
clinical deterioration in a patient with ovarian cancer; 
improved coincident with clinical response to chemotherapy 
with prednisone + triiodothyroxine in a patient with dissem- 
inated breast cancer; and remained stable in patients with 
breast or colon cancer during periods of stable disease. These 
results were extended by this same group in their subsequent 
studies [34]. In those studies, active T cells declined several 
weeks prior to detection of recurrent disease in patients with 
surgically resected osteogenic sarcomas who had received 
radiation therapy with or without chemotherapy at a time 
when total T cells were normal. Total T cells were not found to 
decrease even under the influences of therapy until the 
terminal phase of progressive disease. Analogous findings have 
been reported by several other groups in a variety of solid 
tumor settings, including gastric carcinoma and head and neck 
cancers [31, 48, 57, 60], although in some of those studies 
depression of active T-cell numbers without changes in active 

T-cell percentages has been the indicator of clinical disease 
recurrence. 

The clinical utility of serial immunological monitoring of 
cancer patients is illustrated by the study of Brooks et al. in 
patients with malignant brain tumors [7]. In that study, 82 
patients with primary malignant brain tumors who had 
undergone subtotal resection of disease and 5,000 rads 
whole-brain irradiation were assessed with a battery of tests 
preoperatively and every 1 - 2  months thereafter until clinical 
reactivation of disease. On average, absolute lymphocyte 
counts and T-cell percentages declined and nonspecific serum 
blocking increased 4 - 9  weeks before clinical evidence of 
recurrent tumor could be appreciated. Indeed, no evidence of 
recurrent tumor could be found at the time of a significant 
alteration in these immune parameters. There was no 
significant correlation between preoperative immunological 
parameters and subsequent clinical course in these patients. 
The inability to predict stage of disease, responsiveness to 
therapy, and subsequent clinical course from preoperative 
determinations of leukocyte values has, for the most part, also 
been the rule for patients with breast cancer, melanoma, and 
sarcomas; there has been less consistency in studies of patients 
with colon carcinoma [39, 52, 53, 54]. 

Clearly, all studies do not agree and a consensus 
concerning the usefulness of leukocyte quantitation in cancer 
patients has been difficult to achieve. This dilemma can be 
appreciated by considering several examples. Wybran 
reported a decline in active T cells without a change in total 
T cells prior to clinically detectable disease progression in 
patients with surgically resected melanoma [59]. But Ninger et 
al., in follow-up studies of patients with surgically resected 
melanoma, have observed just the opposite in some patients, 
no change in other patients, and similar changes in still other 
patients immediately prior to or coincident with clinical 
recurrence of melanoma [40]. No consistent pattern of change 
in total or active T cells prior to clinical relapse was found in 
some patients with lung cancer who received radiation therapy, 
BCG, or both [30]. In this last study, total T-cell percentages 
were decreased in most, but not all, patients who suffered 
disease relapse; changes in active T-cell percentages were less 
consistent in this group and showed an equal tendency to 
decrease, increase, or remain the same. It is of interest to note 
that investigators who had originally reported an association 
between clinical disease relapse and decreased active T-cell 
percentages have been unable to confirm their original finding 
in their later studies [43]. 

Studies of this nature have generally provided interesting, 
but inconsistent, information. This is due primarily to the small 
numbers of patients available for serial assessment and the 
infrequency of monitoring. Some investigations also suggest 
that frequent test intervals are necessary to establish the 
sensitivity and reproducibility of this approach [30]. 

Three other studies of serial leukocyte determinations in 
cancer patients deserve mention. Leukocyte populations other 
than the lymphocyte have been monitored for indication of 
disease relapse or disease progression in serial immunological 
studies. In that regard, Hedley et al. reported that monocyte 
maturation to macrophages in vitro and nitroblue tetrazolium 
dye (NBT) reduction by peripheral blood monocytes were 
diminished prior to or coincident with clinically detectable 
recurrence of melanoma [24]. Also, the value of serial 
leukocyte determinations need not be limited to post-surgical 
settings. McMahon et al. demonstrated that a persistent 
lymphocytopenia of at least 3 week's duration prior to surgery 
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could distinguish bronchogenic carcinoma patients from those 
with benign lesions with 95% accuracy (based on 40 patients) 
[38]. Finally, the development of monoclonal antibodies 
capable of distinguishing an ever-expanding number of 
leukocyte subsets should allow for more precise serial 
leukocyte determinations in cancer patient populations. It will 
be important to perform these studies with a variety of 
available reagents to determine which of these reagents will 
be clinically useful. Using commercially available reagents 
reported to measure helper/inducer cells and suppressor/cy- 
totoxic cells it has been reported that patients with dissemi- 
nated solid tumors do not exhibit significant alterations in 
T-cell subset distributions, and therefore serial monitoring of 
these subsets with that set of reagents would not be expected to 
be a useful procedure to predict disease recurrence [22]. This 
approach was, in fact, not useful in the study by Karavodin et 
al. [29]. In that study, sequential determinations of total 
T cells, helper/inducer T cells, and suppressor/cytotoxic T cells 
in the peripheral bloood of melanoma patients with commer- 
cially available monoclonal antibody reagents did not show 
fluctuations which could be correlated with clinical evidence of 
tumor progression. 

The other in vitro technique for assessing general immu- 
nocompetence in humans that has been most frequently 
employed for serial studies of cellular immunity in solid tumor 
patients is the lymphoproliferation assay. Most studies have 
used T-cell mitogens or allogeneic lymphocytes to induce 
lymphocyte DNA synthesis in peripheral blood mononuclear 
cells. These assays show wide biological variation even when 
performed sequentially with cells from normal healthy sub- 
jects. Such normal variation must be considered in analysis of 
the results of single-point studies in cancer patient populations. 
For example, in one study of patients with bladder cancer [9] 
the lymphoproliferafion responses of PBMC from individual 
subjects in the normal control group varied by as much as 70% 
over a period of several weeks. Another problem which must 
be appreciated is that antineoplasfic therapies produce variable 
effects on the lymphoproliferation assay. The responsiveness 
of PBMC from nasopharyngeal cancer patients to PHA was 
found to recover later and to a lesser extent than the 
responsiveness to ConA following radiation therapy [33]. 
Depressed PHA responses in cancer patients have also been 
found to improve following surgery [41] and combination 
chemotherapy [5]. Cancer patients brought into complete and 
permanent remission of disease with therapy may remain 
immunodepressed for years thereafter [15]. 

The relationships already discussed concerning disease 
relapse and fluctuation of leukocyte values are often paralleled 
by similar fluctuations in lymphoproliferative responsiveness. 
Oldham et al. [42] showed a good correlation between 
declining values for percentages of active T cells, PHA 
responses, and disease relapse in their lung cancer patients 
serially monitored following surgical resection. As was the case 
for active T cells in that study, PHA response changes 
preceded clinical detection of recurrence. Somewhat similar 
findings were reported by Gross and Eddie-Quartey in their 
studies of surgically resected lung cancer patients who received 
BCG [19]. In that study, lymphoproliferative responses to 
PHA and to PPD declined significantly 3 months prior to 
clinical detection of recurrence. This was not the case for 
resected melanoma patients. The manner in which the 
lymphoproliferative data was expressed was important since 
significant declines were found only when responsiveness was 
expressed as an 'optimal adjusted response' which takes into 

account the lymphoproliferative reactivity produced by subop- 
timal stimulating concentrations of antigen or mitogen. 
Depressed PHA responses in lung cancer patients in associa- 
tion with increases in monocyte suppressor cell activity and 
clinical disease relapse have also been observed in a study 
where surgically resected lung cancer patients were random- 
ized to receive either no therapy, 3-monthly injections of 
Freund's Complete Adjuvant, or 3-monthly injections of 
Freund's Complete Adjuvant emulsified with extracted lung 
tumor-associated antigens [6]. These findings suggest that the 
depressed PHA responses seen in other immune monitoring 
studies of cancer patients may also have resulted from 
abnormal immunoregulation mediated by suppressor mono- 
cytes. In that same study, T cell and active T-cell changes could 
not be correlated with clinical disease relapse. 

A different relationship was reported for lymphocytes and 
lymphoproliferative responses in patients who relapsed with 
breast cancer [17]. In the study by Glas et al. [17] lymphocyte 
counts and lymphoproliferative responses were compared 
among 'recurrent' and disease-free patients. In the patients 
who developed recurrent disease, lymphocyte counts were 
depressed at the time of clinical evidence of metastasis 
compared with pretherapy values. This was not the case in 
patients who remained free of disease. Lymphoproliferative 
reponses to PPD were depressed in patients with recurrent 
disease compared with the values seen in patients who were 
free of disease; on an individual basis they were not 
significantly different from pretherapy values. PHA reactivity 
in the recurrent patients was unchanged when pretherapy and 
disease recurrence assessment points were compared; in the 
disease-free patients, a significant increase in reactivity was 
found. However, since these conclusions were based on the 
results of single-point studies performed following surgery and 
at the time of disease relapse only, the temporal relationship 
between changes in immune function and changes in disease 
status could not be appreciated. 

Payne et al. [45] have monitored lymphoproliferative 
responses in patients with colon cancer following surgical 
resection of primary disease. Of 10 patients who relapsed 
during the study, nine demonstrated depression of PHA-in- 
duced lymphoproliferation preceding or coincident with clin- 
ical detection of disease recurrence. Five of those patients had 
diminished PHA responses at least 3 months before their CEA 
levels became abnormal. Some fluctuations in PHA response 
were also seen, however, in some patients who did not suffer 
disease relapse. Golub et al. monitored melanoma patients for 
lymphoproliferative responsiveness to mitogens (PHA, PWM, 
and ConA) and antigens (PPD and allogeneic cells) during 
therapy with tumor cell vaccines [18]. They found that mitogen 
responses were stable during therapy, PPD responses 
increased during therapy in those patients who were originally 
tuberculin negative, and MLC responses increased for all 
patients during therapy. In the six patients who eventually 
relapsed, only the MLC response diminished prior to clinical 
detection of recurrence. In surgically resected melanoma 
patients, consistent normal levels of DNA synthesis in 
response to stimulation by mitogens and PPD have been found 
throughout periods of disease relapse and disease progression 
[20, 51]. Cunningham et al. serially monitored breast cancer 
patients receiving adjuvant chemoimmunotherapy with the 
PHA assay [11]. Patients received either phenylalanine 
mustard or 5-FU + cytoxan or 5-FU + cytoxan + BCG at 
regular intervals for up to 1 year following mastectomy. 
Following surgical resection of tumor there was some recovery 
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of P H A  responsiveness. Adjuvant  therapies did not consis- 
tently influence P H A  responses in any of the three groups. No 
consistent pattern of P H A  responsiveness was seen in 
association with disease recurrence in the 39 patients who 
relapsed. 

Some of the difficulties in applying and interpreting 
lymphoproliferation assays for serial studies of cancer patients 
have been considered by Dean et al. [12]. Lymphoproliferative 
responses to PHA and to alloantigens in the MLC were tested 
in a large group of surgically resected lung cancer patients 
treated with BCG. The manner in which the data were 
expressed had a significant impact on the interpretation of the 
results. When lymphoproliferative responses were expressed 
as stimulation indices, the variation seen with normal subjects 
was large and the values obtained for cancer patients often 
appeared comparable to those of normal subjects in longitu- 
dinal tests. When the raw data were expressed as either net 
counts per  minute (ncpm) or as a relative proliferation index 
(defined as ncpm patient divided by mean ncpm of three 
normal subjects tested on the same day as the patient), the 
da-to-day variation in activity was substantially reduced and 
the patient group demonstrated an inverse relationship 
between immune reactivity and disease progression. 

Thus, the difficulties in analyzing the results of serial 
studies of leukocytes in cancer patients also apply to the 
lymphoproliferation assay. The results obtained in applying 
these techniques show great variability. Investigators applying 
them do not always report  their results in a uniform way, 
making comparisons between studies difficult. 

Delayed cutaneous hypersensitivity responses (DCH) to 
the primary skin sensitizing agent DNCB and to recall antigens 
have been widely used to test the immunocompetence of solid 
tumor patients. The response to DNCB is considered one of 
the most sensitive indicators of a change in the tumor status of 
a patient. The response to DNCB depends on the immuno- 
competence of the afferent, central, and efferent portions of 
the immune reaction mechanism. Positive responses to DNCB 
have been used to predict clinical responses to chemotherapy 
in breast cancer [10, 55]. DNCB responses have been related to 
disease-free interval and survival in various stages of bladder 
cancer [8]. Comparative studies suggest that different types of 
malignancy show different patterns of change with advancing 
disease in DCH tests [4]. Colon cancer patients and head and 
neck cancer patients appear to lose DCH reactivity even in 
early stages of the disease, while patients with gastric cancer, 
lung cancer or breast cancer often maintain reactivity in later 
stages [4, 53]. 

In one study of patients with melanoma or soft tissue 
sarcoma (Stages I, II,  or III),  patients tho were not reactive to 
DNCB or who converted from positive reactivity to negative 
reactivity had an 80% probability of suffering disease relapse 
[14]. The maintenance of positive reactivity or conversion from 
negative to positive reactivity was associated with tumor 
control. Skin test reactions to recall antigens were also serially 
tested in this study, but did not correlate with clinical course in 
either melanoma or sarcoma patients. Most patients who 
suffered disease relapse maintained positive DCH to at least 
one recall antigen. The maintenance of vigorous reactivity to 
recall antigens throughout the course of disease relapse and 
tumor progression has also been reported for breast cancer 
[56]. Similarly, patients with lung cancer whose active T cell 
and P H A  responses declined in association with disease 
relapse continued to respond to recall antigens in DCH tests 
[42]. Neither DNCB responsiveness nor recall antigen re- 

sponsiveness has been found to correlate with reactivation of 
disease in glioma patients [7]. The majority of patients with 
disseminated breast cancer who maintained or increased their 
positive responsiveness to DNCB during a 1-year follow-up 
period remained free of disease,. During that time more than 
one-half of those patients whose DNCB responses declined 
suffered recurrent disease. The improved survival group with 
good DNCB reactivity consisted largely of patients with 
osseous or visceral disease [1011. 

An association between diminution of DNCB reactivity 
and disease relapse has also been reported for patients with 
surgically resected bladder cancer and renal cancer [36]. In the 
same study, there was no such correlation for patients with 
prostatic cancer. In another study of patients with bladder 
cancer [8], clinical course was related to DNCB reactivity for 
patients with superficial disease but not for patients with 
invasive or metastatic disease. There was significantly greater 
variability in skin test responsiveness in the cancer patient 
population for all stages of disease than there was in the 
healthy control population. 

Serial Assessment of Tumor-Associated Immunity 
in Patients with Solid Tumors 

Immune responses to antigen,,; associated with tumor cell 
surfaces by host T cells, B cells, macrophages, K cells, and 
NK ceils have been described in most cancer patient popula- 
tions. Serial assessments of immune responses against neo- 
plastic tissues have been conduc, ted in an attempt to correlate 
fluctuations in patient anti-tumor immunity with alterations in 
patient tumor status. These studies have relied largely on the 
DCH test using tumor cells or tumor cell extracts in vivo and 
on assays of lymphoproliferation, leukocyte migration inhibi- 
tion (LMI), and leukocyte adhe, rence inhibition (LAI) in the 
presence of extracts of neoplastic tumor tissues or on assays of 
cytotoxicity against allogeneic oi" autochthonous target cells. It 
is not usually clear whether the activity being measured is 
directed wholly, in part,  or not at all against determinants 
found on the patient 's own tumor cells. Also, the question of 
specificity of these reactions for neoplastic vs normal tissues 
has yet to be resolved, and this remains an exceedingly 
controversial area in tumor immunology. Nevertheless, the 
limited number of serial studies that have been conducted have 
provided some interesting biological information. 

In many serial studies of this sort in patients with solid 
tumors, no correlation has been demonstrated between 
fluctuations in anti-tumor immunity and disease progression. 
McCoy et al. [37] used the LMI assay to monitor the responses 
of surgically resected lung cancer patients to altogeneic tumor 
cell extracts. The results suggested that most lung cancer 
patients, regardless of stage of disease, can respond to lung 
tumor-associated antigens. Patients tested at clinical relapse 
and even patients tested within i month of death were found to 
react to tumor antigen extracts in the LMI assay. 

Serial studies of prostatic cancer patients with the LMI and 
LAI  assays using tumor extracts demonstrated some degree of 
cancer-related immunity in these assays. Reactivity was 
detected in the majority of patients regardless of stage of 
disease or treatment history. Patients with benign prostatic 
hypertrophy did not demonstrate such reactivity [16]. In 
patients with gliomas there was no relationship between 
reactivation of disease and cytotoxicity against glioma target 
cells [58]. 
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In one study of patients with Stage I or Stage If melanoma 
who received adjuvant chemotherapy with DTIC [2] serial 
determinations of anti-tumor cytotoxicity could not predict 
disease recurrence in patients who relapsed and indeed, did 
not fluctuate in patients during progressive clinical deteriora- 
tion. In another study of surgically resected melanoma patients 
[3] treatment with chemotherapy (methylCCNU) and immu- 
notherapy (BCG + allogeneic melanoma cells) led to a 
significant increase in anti-melanoma cytotoxicity; but that 
event was not associated with tumor regression or with 
improved patient survival. 

A high percentage of those patients with Stage I or Stage If 
melanoma who were serially monitored postoperatively and 
who demonstrated persistent anti-tumor cytotoxicity against 
established melanoma cell lines were found to relapse within 
1 year [32]. In the same study, those patients who demon- 
strated a progressive decline in anti-tumor cytotoxicity fol- 
lowing surgery remained disease-free. This is in contrast to 
earlier reports, which suggested that melanoma patients with 
at most minimum residual tumor burdens have higher levels of 
anti-melanoma cytotoxicity than those patients with greater 
tumor burdens [25]. Blocking of anti-tumor cytotoxicity by 
patients'  serum coincident with disease recurrence was also 
reported in those studies [25]. 

Another  predominant pattern of anti-tumor immune 
reactivity which has been observed in serial studies of solid 
tumor patients is an initial decline in anti-tumor reactivity 
following surgical resection or cytotoxic therapy, followed by 
the reappearance of anti-tumor reactivity coincident with 
disease recurrence. Early studies by O'Toole [44-] demon- 
strated that bladder cancer patients generally have detectable 
anti-tumor cytotoxicity prior to surgery. Following surgery, 
most patients lose reactivity. Those patients who relapse do 
not demonstrate reactivity for extended periods of time (up to 
1 year), but then regain reactivity at or about the time of 
clinical detection of recurrent disease. Patients who achieve 
tumor control lose reactivity following therapy as well, but 
rapidly regain and maintain that reactivity. Similar results have 
been obtained in serial studies of patients with breast cancer by 
Rieche" et al., who monitored breast cancer patients with the 
LMI assay [46]. They observed positive reactivity prior to 
mastectomy, a decline in reactivity within weeks following 
surgery, and the reappearance of reactivity immediately prior 
to clinical detection of metastatic disease. These results have 
been confirmed in a separate series of breast cancer patients 
using the LAI  assay [35]. In that study, most patients lost 
reactivity to tumor antigen preparations following mastecto- 
my, even in the presence of residual disease. Those patients 
who regained LAI  responses to breast tumor extracts were 
found to have recurrent disease within 4 months following the 
reappearance of anti-tumor reactivity. 

The other major pattern of anti-tumor immune reactivity 
that has been found in serial studies of solid tumor patients is a 
loss of reactivity prior to or coincident with disease relapse. 
That has been the case in some studies of surgically resected 
Stage I or Stage II breast cancer patients, some of whom 
received adjuvant radiation therapy and were serially moni- 
tored using the LMI assay with allogeneic tumor tissue extracts 
[27, 28]. In the study by McCoy et al. [37], some association 
between declining LMI reactivity to 3 M KC1 extracts of a 
breast cancer cell line and disease recurrence was found. LMI 
reactivity tended to decline from 1 - 6  months prior to clinical 
relapse. Following disease relapse, low levels of LMI reactivity 
persisted. In one study of patients with bladder cancer, 

anti-tumor cytotoxicity was low prior to surgery, improved 
following tumor resection, and diminished again with recur- 
rence [21]. The decline in anti-bladder tumor cytotoxicity seen 
with disease relapse was not due to a generalized suppression 
of eytotoxicity, since nonspecific cytotoxic activity was normal 
during this time. In a study of patients with melanoma who 
were treated by regional BCG therapy [47], 70% of those 
patients who exhibited disease progression demonstrated a 
progressive loss of anti-melanoma cytotoxic activity in vitro. 
The remaining patients in the progressive disease group 
maintained anti-tumor cytotoxicity. Those patients with stable 
disease who were observed during the same period demon- 
strated either stable positive cytotoxicity or progressive 
increases in cytotoxicity. The maintenance of positive DCH 
reactivity to lung cancer antigens in patients who were 
vaccinated with these materials emulsified in Freund's Com- 
plete Adjuvant  has been associated with tumor control 
[49]. 

Concluding Remarks 

There are major problems in conducting serial immunologic 
assessments of cancer patients, which need to be addressed in 
the near future. First, there is the problem of determining 
which assays are useful to perform. In that regard, it would be 
necessary to determine which immune responses are affected 
by a particular malignancy and how those effects vary with the 
clinical course of the disease. As can be appreciated from this 
review, even today there is no clear consensus in the literature 
on the usefulness of monitoring a single cell-mediated immune 
function in a specific malignant disease situation. Some of the 
more recent general cell-mediated immune assays which test 
functions such as natural killing, antibody-dependent cellular 
cytotoxicity, spontaneous macrophage-mediated cytotoxicity, 
and elements of the immunoregulatory cell network might be 
considered in this regard. Immunoregulatory cell changes 
might precede and lead to the depression of immune effector 
function. Should that happen then clinical tumor recurrence in 
surgically resected cancer patients who are left with at most 
minimal residual microscopic disease may be a direct result of 
the failure to control abnormal immunoregulation in those 
cancer patients. Alternatively, regrowth of residual tumor 
might lead to the induction of abnormal immunoregulation, 
resulting in eventual depression of those immune effector 
functions responsible for controling tumor cell growth. An 
appreciation of this abnormality suggests the means of 
therapeutic intervention with agents capable of selectively 
inhibiting monocyte or lymphocyte suppressor cell mecha- 
nisms. These could be used alone or in combination with 
cytotoxic drugs in the adjuvant therapy of surgically resected 
cancer patients. 

Measurements of tumor-associated reactivity which test 
antigen recognition, proliferation, differentiation, and even- 
tual tumor cell attack capabilities most likely should concen- 
trate on using the patient 's own tumor cells. The results 
obtained with these kinds of assessments would need to be 
considered in light of both the heterogeneity of the patient 's 
tumor and their general immune function status, since 
immune-mediated tumor cell destruction in vivo is thought to 
depend on both tumor antigen-reactive ceils and the activation 
of nonspecific effector cell mechanisms. 

A major obstacle which needs to be overcome is the 
problem of standardization of assays. This task is particularly 
difficult for assays requiring living immunological cells since 



170 

(i) cell-mediated immune assays are semi-quantitative at best; 
(ii) they are subject to extreme biological variability; and (iii) 
they are generally performed with heterogeneous cell popu- 
lations and crude or at best semi-purified antigen or mitogen 
preparations. Here, the trend towards using cryopreserved 
normal responder cells as controls should be encouraged; 
perhaps these tests might also include the use of cryopreserved 
autologous patient cells as well where that is possible. Also, the 
variation inherent in any immune function assay used for serial 
monitoring of cancer patients should be quantitated in each 
laboratory to permit a more rational basis on which to analyze 
the data obtained in serial tests of cancer patients. 

Finally, there is a need to establish how to apply immune 
function tests and how to analyze and express the data 
obtained in a cogent and clinically useful manner. Here, 
patient compliance issues come into play; for example, it is not 
clear how frequently certain tests should be performed. Also, 
one must have a means of factoring in the effects of age and 
treatment history on the results of immune function assays if 
these tests are to be applied to specific individuals. The ability 
to test individual patients in specific immune function assays 
and to obtain data meaningful for other patients who would be 
tested at other institutions is another obstacle which has not 
been adequately addressed, although attempts at arriving at 
uniform means of expressing data have been made. 

Clearly, there are significant obstacles to overcome before 
serial immune testing can be applied to individual cancer 
patients in a clinically meaningful fashion. Still, the effort 
should be made. This is based on the fact that serial immune 
testing of cancer patients could lead to significant information 
about the biology of the host-tumor relationship which 
potentially could be applied to immunotherapeutic interven- 
tion in this disease. Serial tests could identify the sequence of 
immune function changes which accompany clinical disease 
relapse. Those changes might reflect the nature of the events 
responsible for disease recurrence. It is still not clear whether 
the development of immune depression in patients at risk for 
disease recurrence is responsible for or is a consequence of 
growth in tumor burden. It could be that immune depression 
permits exacerbation of tumor through mechanisms which are 
thought to contribute to primary onconeogenesis. In contrast, 
reactivation of quiescent tumor might lead to immune 
depression prior to clinically obvious disease relapse as a 
secondary phenomenon. More detailed study of the immu- 
noregulatory abnormalities associated with cancer is required. 
An appreciation of the defects found in patients prior to 
periods of clinical disease relapse might also suggest means of 
external immunological intervention with specific vaccines, 
general biological response modifiers, cloned immune effector 
moieties or a combination of these approaches. This might 
block or subvert the heretofore inexorable processes respon- 
sible for clinical disease relapse in patients who, for a time, 
have stable disease but then succumb with reactivation of 
tumor. 

References 
1. Anthony HM, Kirk JA, Madsen KE, Mason MK, Templeman GH 

(1975) E and EAC rosetting lymphocytes in patients with 
carcinoma of bronchus. II. A sequential study of thirty patients: 
Effect of BCG. Clin Exp Immunol 20:41 

2. Berkelhammer J, Mastrangelo MJ, Bellet RE, Prehn RT, 
Thibaults LH (1978) Failure of lymphocyte microcytotoxicity to 
distinguish relapsers from non-relapsers in melanoma patients 

receiving post-surgical adjuvant chemotherapy. Eur J Cancer 
14 : 793 

3. Berkelhammer J, Mastrangelo MJ, Bellet RE, Berd D, Prehn RT 
(1979) Chemoimmunotherapy increases the lymphocyte reactivity 
of melanoma patients. Eur J Cancer 15:197 

4. Bolton PM, Mander AM, Davidson JM, James SL, Newcombe 
RG, Hughes LE (1975) Cellular immunity in cancer: Comparison 
of delayed hypersensitivity skin tests in three common cancers. Br 
Med J I I I :  18 

5. Braun DP, Harris JE (1981) Effects of combination chemotherapy 
on immunoregulatory cells in the peripheral blood of solid tumor 
cancer patients: Correlation with rebound overshoot immune 
function recovery. Clin Immunol Immunopathol 20:193 

6. Braun DP, Nisius S, Hollinshead A, Harris JE (1983) Serial 
immune testing in surgically resected lung cancer patients. Cancer 
Immunol Immunopathol (in press) 

7. Brooks WH, Latta RB, Mahaley MS, Roszman TL, Dudka L, 
Skaggs C (1979) Immunobiology of primary intracranial tumors. 
V. Correlation of lymphocyte index and clinical status. J 
Neurosurg 54:331 

8. Brosman S, Elhilali M, Vescera C, Fahey J (1979) Immune 
response in bladder cancer patients. J Urol 121 : 162 

9. Catalona WJ, Ratliff TL, McCool RS (1979) Concanavalin 
A-activated suppressor cells in peripheral blood and lymph nodes 
of urologic cancer patients. Surg Forum 6:21 

10. Cunningham TJ, Daut D, Wolfgang PE, Mellyn M, Maciolek S, 
Sponzo RW, Horton J (1976) A correlation of DNCB-induced 
delayed cutaneous hypersensitivity reactions and the course of 
disease in patients with recurrent breast cancer. Cancer 
37 : 1686 

11. Cummingham MP, Caprini JA, Oviedo MA, Cohen E, Robinson 
B, Scanlon EF (1980) Immune responses and recurrences in 
Stage II and III breast cancer patients undergoing adjuvant 
chemoimmunotherapy. In: Crispen RG (ed) Tumor progression. 
Elsevier North/Holland, Amsterdam, p 355 

12. Dean JH, Cannon GB, Jerrels TR, McCoy JL, Herberman RB 
(1980) Sensitive measurement of immunocompetence and anti- 
tumor reactivity in lung cancer patients and possible mechanisms 
of immunosuppression. In: Crispen RG (ed) Neoplasm immunity: 
Experimental and clinical. Elsevier/North Holland, Amsterdam, 
p 357 

13. Dellon AC, Potvin C, Chretieu PB (1975) Thumus-dependent 
lymphocyte levels in bronchogenic carcinoma: Correlations with 
histology, clinical stage and clinical course after surgical treat- 
ment. Cancer 35 : 687 

14. Eilber FR, Nizze JA, Morton DL (1975) Sequential evaluation of 
general immune competence in cancer patients: Correlation with 
clinical course. Cancer 35:660 

15. Engleman EG, Benike CJ, Hoppe RT, Kaplan HS, Berberich FR 
(1980) Autologous mixed lymphocyte reaction in patients with 
Hodgkin's disease. J Clin Invest 66:149 

16. Evans CM, Bowen JG (1977) Immunological tests in carcinoma of 
the prostate. Proc R Soe Med 70:417 

17. Glass U, Wasserman J, Blomgren H, de Schryver A (1976) 
Lymphopenia and metastatic breast cancer patients with and 
without radiation therapy. Int J Rad Oncol Biol Phys 1:189 

18. Golub SH, Forsythe AB, Morton DL (1977) Sequential exami- 
nation of lymphocyte proliferative capacity in patients with 
malignant melanoma receiving BCG immunotherapy. Int J 
Cancer 19:18 

19. Gross NJ, Eddie-Quartery AC (1976) Monitoring of immunologic 
status of patients receiving BCG therapy for malignant disease. 
Cancer 37:2183-2193 

20. Gross RL (1978) Current status of immunologic studies in human 
lung cancer. Los Alamos Scientific Laboratory; U.S. Department 
of Commerce, National Technical Information Service (June) 

21. Hakala TR, Lange PH, Elliott AY, Fraley EE (1976) Changes in 
cell-mediated cytotoxicity during the clinical course of patients 
with bladder carcinoma. J Urol 115:268 

22. Harris JE, DeBoer KP, Vahey AL, Braun DP (1982) The 
measurement of leukocyte subsets in the peripheral blood of solid 



171 

tumor cancer patients using monoclonal antibody reagents. Med 
Pediatr Oncol 10:185 

23. Haynes BF, Katz P, Fauci AS (1980) Immune responses of human 
lymphocytes in vitro. Prog Clin [I] 4:23 

24. Hedley DW, Nyholm RE, Currie GA (1979) Monocytes and 
macrophages in malignant melanoma. IV. Effects of C. parvum on 
monocyte function. Br J Cancer 39:558 

25. Hellstrom I, Warner GA, Hellstrom KE, Sjogren HO (1973) 
Sequential studies on cell-mediated tumor immunity and blocking 
serum activity in ten patients with malignant melanoma. Int J 
Cancer 11 : 280 

26. Herberman RB (1978) In vitro tests of cellular immunity in man. 
Invest Cell Pathol 1:227 

27. Herberman RW (1979) Assessment of cellular immune response 
to cancer of the breast. Ann Clin Lab Sci 9:467 

28. Jones BM, Turnbull AR (1975) Horizontal studies of cell-me- 
diated immune reactions to autologous tumour antigens in 
patients with operable mammary carcinoma. Br J Cancer 
32 : 33 

29. Karavodin LM, Giuliano AE, Golub SH (1981) T lymphocyte 
subsets in patients with malignant melanoma. Cancer Immunol 
Immunother 11:251 

30. Kerman RH, Stefani SS (1978) Effect of BCG immunotherapy on 
the active-T and total T-RFC in patients with lung cancer. Cancer 
Immunol Immunother 4:41 

31. Kerman RH, Smith R, Stafani SS et al. (1976) Active T rosette 
forming cells in the peripheral blood of cancer patients. Cancer 
Rev 36: 3274 

32. Kristensen E, Reimann R (1977) Direct cytotoxicity test applied 
to patients in Stage I and Ii of malignant skin melanoma. 
I. Specificity and prognostic value. Cancer Immunol Immunother 
2:49 

33. Lamelin J-P, Ellouz R, deThe G, Revillard JP (1977) Lymphocyte 
subpopulations and mitogenic responses in nasopharyngeal car- 
cinoma, prior to and after radiotherapy. Int J Cancer 20:723 

34. Levin AS, Byers VS, Fudenberg HH, Wybran J, Hackett AJ, 
Johnston JD, Spitler LE (1975) Immunological parameters before 
and during immunotherapy with tumor-specific transfer factor. 
J Clin Invest 55 : 487-499 

35. Lopez M, O'Connor R, Macfarlane JK, Thomson DMP (1978) 
The natural history of antitumour immunity in human breast 
cancer assayed by tube leucocyte adherence inhibition. Br J 
Cancer 38:660 

36. Martinez-Pineiro JA, Muntanola P, Hidalgo L (1977) Immuno- 
logical evaluatio of patients with urological cancers. Eur Urol 
3 : 159 

37. McCoy JL, Jerome LF, Cannon GB, Weese JL, Herberman RB 
(1977) Reactivity of lung cancer patients in leukocyte migration 
inhibition assays to 3-M potassium chloride extracts of fresh tumor 
and tissue-cultured cells derived from lung cancer. J Natl Cancer 
Inst 59 : 1413 

38. McMahon LJ, Thomson SP, Nugent CA, Denny WF, Miller TP 
(1980) Persistent lymphocytopenia as a diagnostic feature of 
bronchogenic carcinoma. Chest 78 : 583 

39. Neilan BA (1980) Lack of correlation of T and B lymphocytes with 
stage of colorectal carcinoma. Dis Colon Rectum 23 : 65 

40. Ninger E, Zemarova D, Kovarik J, Lauerova L (1979) Evaluation 
of three E-rosette assays in melanoma patients. Cancer Immunol 
Immunother 6: 121 

41. Nishio S, Horii A, Morikawa Y, Kawakita J, Nishijima T, 
Kishimoto T, Maekawa M (1979) Studies of the nonspecific 
cellular immune response in patients with urinary bladder 
carcinoma. Invest Urol 16:336 

42. Oldham D, Weese JL, Herberman RB, Perlin E, et al. (1976) 
Immunological monitoring and immunotherapy of carcinoma of 
the lung. Int J Cancer 18:739 

43. Oldham RK, Gail MH, Baker MA, Forbes JT, Heineman W, 
Hersh E, Carmack Holmes E, Ritts RE, Wright PW (1982) 
Immunological studies in double blind randomized trial comparing 
intrapleural BCG against placebo in patients with resected Stage I 
nonsmall cell lung cancer. Cancer Immunol Immunother 
13 : 154-173 

44. O'Toole C (1977) A 51chromium isotopoe release assay for 
detecting cytotoxicity to human bladder carcinoma. Int J Cancer 
19 : 324 

45. Payne JE, Meyer JH, Macpherson JG, Nelson DS, Walls RS, 
Pheils MT (1980) The value of lymphocyte transformation in 
carcinoma of the colon and rectum. Surg Gynecol Obstet 
150 : 687 

46. Rieche K, Arndt A, Pasternak G (1976) Cellular immunity in 
mammary cancer patients as measured by the leukocyte migration 
test (LMT). A follow-up study. Int J Cancer 17:212 

47. Saal JG, Riethmuller LG, Rieber EP, Hadam M, Ehinger H, 
Schneider W (1977) Regional BCG-therapy of malignant mela- 
noma: In vitro monitoring of spontaneous cytolytic activity of 
circulating lymphocytes. Cancer Immunol Immunother 3:27 

48. Stefani S, Kerman R, Abbate J (1976) Immune evaluation of lung 
cancer patients undergoing radiation therapy. Cancer 37:2792 

49. Stewart T, Hollinshead A, Harris JE et al. (1979) Specific active 
chemoimmunotherapy in lung cancer: A survival study. Recent 
Results Cancer Res 68:278 

50. Theofilopoulos AN, Dixon FJ (1979) The biology and detection of 
immune complexes. Adv Immunol 28:89 

51. Thomas JW, Plenderleith IH, Clements DV, Landi S (1975) 
Observations in immunotherapy of lymphoma and melanoma 
patients. Clin Exp Immunol 21 : 82 

52. Thyme GS, Moertel CG, Silvers A (1979) Preoperative lympho- 
cyte counts in peripheral blood in patients with colorectal 
neoplasms: A correlation with tumor type, Duke's classification, 
site of primary tumor, and five-year survival rate in 1,000 patients. 
Dis. Colol Rectum 22:221 

53. Wanebo HJ (1979) Immunologic testing as a guide to cancer 
management. Surg Clin North Am 59:323 

54. Wanebo HJ, Thaler HT, Hansen JA, Rosen PP, Robbins GF et al. 
(1978) Immunologic reactivity in patients with primary operable 
breast cancer. Cancer 41 : 84 

55. Webster DJT, Richardson G, Baum M, Priestman T, Hughes LE 
(1979) Effect of treatment on the immunological status of women 
with advanced breast cancer. Br J Cancer 39:676 

56. Weese JL, Oldham RK, Tormey DC et al. (1977a) Immunologic 
monitoring in carcinoma of the breast. Surg Gynecol Obstet 
145 : 209 

57. Weese JL, West W, Herberman R, et al. (1977b) Depression of 
"high affinity" T-cell rosettes indicative of recurrent carcinoma. 
Surg Forum 28:15 

58. Woosley RE, Mahaley S Jr, Mahaley JL, Miller GM, Brooks WH 
(1977) Immunobiology of primary intracranial tumors. Neurosur- 
gery 47 : 871 

59. Wybran J, Fudenberg HH (1973) Thymus-derived rosette-forming 
cells in various human disease states: Cancer, lymphoma, bacterial 
and viral infections, and other diseases. J Clin Invest 52:1026 

60. Yoshino J (1981) Studies on postoperative changes of nonspecific 
cell-mediated immunity in patients with gastric cancer. Nippon 
Gega Gakkai Zasshi 82:355 

Received October 8, 1982/Accepted May 6, 1983 


