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Abstract We have reported that treatment of melanoma
patients with a vaccine consisting of autologous tumor
cells modified with the hapten, dinitrophenyl (DNP) and
preceded by low-dose cyclophosphamide induces de-
layed-type hypersensitivity (DTH) to autologous, un-
modified tumor cells and that this response is a
significant predictor of survival. We analyzed the vac-
cines prepared for 284 patients who were treated fol-
lowing resection of regional or distant metastases to find
out whether the dose and composition determined the
immunological response. A positive DTH response
(‡5 mm induration) to unmodified autologous tumor
cells was induced in 57% of the patients (median: 5 mm;
range: 0–22 mm). Regression analysis showed no sig-
nificant association between the magnitude of DTH and
the number of live (trypan blue exclusion) melanoma
cells per dose over a dosage range of 0.5–25.0·106.
Surprisingly, there was a small but significant positive
relationship between the mean number of dead cells in
the vaccines of a given patient and that patient’s maxi-
mum DTH to unmodified melanoma cells. Only 37% of
patients whose vaccines contained >50% live cells de-
veloped DTH, as compared with 69% and 65% of pa-
tients whose vaccines contained 26% to 50% or £ 25%
live cells, respectively. Thus, it appears that dead tumor
cells contribute to the immunogenicity of the DNP
vaccine, but other factors such as the administration
schedule may be more important determinants of im-
munological and clinical outcome.
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Introduction

We have developed a human cancer vaccine consisting
of autologous tumor cells modified with the hapten,
dinitrophenyl (DNP). The rationale, supported by
studies in preclinical models, is that coupling of a hapten
to a protein often results in the induction of an immune
response to the protein that would otherwise not be
possible [14, 20]. Administration of the vaccine is pre-
ceded by an intravenous injection of low-dose cyclo-
phosphamide, because of multiple reports that this drug,
properly timed, can augment the development of T cell
mediated immune responses [3].

We have observed that administration of DNP vac-
cine to patients with metastatic melanoma induces a
unique reaction – the development of inflammation in
metastatic masses [6]. Histologically, the response con-
sists of infiltration of T lymphocytes, most of which are
CD8+ [4]. These T cells usually produce gamma inter-
feron in situ [9]. Moreover, they represent the expansion
of T cell clones with novel T cell receptor structures [18].

Previously we have reported that administration of
DNP vaccine to melanoma patients with bulky resec-
table nodal metastases produced both relapse-free and
overall survival that appeared to be better than those
reported with surgery alone [5]. In that study, the in-
duction of delayed-type hypersensitivity (DTH) to
autologous unmodified melanoma cells was a significant
independent predictor of clinical outcome: Patients who
developed a positive (‡5 mm induration) DTH response
to unmodified autologous melanoma cells had signifi-
cantly higher 5-year survival (71% versus 49%) than
those who did not. In contrast, the other DTH responses
that developed following administration of DNP vaccine
– to DNP-modified autologous melanoma cells or to
PPD – were not indicators of prolonged survival.
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In that initial report, we tested two dosage schedules
of DNP vaccine and could detect no difference between
them in regard to immunological or clinical outcomes.
In this report, we have expanded the studies to include
284 patients tested at five dosage-schedules. We ob-
served no significant relationship between the develop-
ment of DTH to unmodified autologous melanoma cells
and vaccine dose, as defined by the number of live tumor
cells. However, the vaccine composition, e.g. relative
numbers of live and dead tumor cells, did have a small
but significant effect on DTH responses. Unexpectedly,
we found that dead tumor cells appeared to have made a
contribution to the vaccine’s immunogenicity.

Materials and methods

Patients

The study population consisted of 284 patients with metastatic
melanoma that was completely resectable. Their clinical charac-
teristics are summarized in Table 1. Most of the patients had
clinical stage III disease with large (‡2.5 cm diameter) regional
lymph node metastases. Some of these patients had in-transit me-
tastases as well, but all were excised prior to entry into the proto-
cols. The remainder of the patients had stage IV melanoma and had
undergone resection of one or more distant metastases, the most
common site being the lung.

All protocols were approved by the institutional review board
of Thomas Jefferson University. The major entry criteria were: (1)
at least one resectable metastasis that was processed in the labo-
ratory to yield a sufficient number of melanoma cells for vaccine
preparation; (2) no evidence of metastatic disease post-operatively
as determined by physical examination, laboratory tests, and
computed tomography (CT) or magnetic resonance imaging
(MRI); (3) no chemotherapy within eight weeks of entry and no

radiation therapy within six months of entry; (4) no concomitant
anti-melanoma therapy.

Tumor processing and vaccine preparation

Metastatic tumor was excised, maintained at 4�C and delivered to
the laboratory within 48 h of excision. The tumors were processed
as previously described [3]. In brief, cells were extracted by enzy-
matic dissociation with collagenase and DNAse, aliquotted, frozen
in a controlled rate freezer, and stored in liquid nitrogen in a me-
dium containing human albumin and 10% dimethylsulfoxide until
needed. In most cases, aliquots of tumor cells were obtained by
mechanical dissociation (mincing with a scalpel) for use as controls
in DTH testing. On the day that a patient was to be treated, an
aliquot of cells was thawed, washed, and irradiated to 2,500 cGy.
Then they were washed again and modified with DNP by the
method of Miller and Claman [12]. This involved a 30-min incu-
bation of tumor cells with dinitrofluorobenzene (DNFB), followed
by washing with saline.

Each vaccine fell within a specified dose range of live (trypan
blue exclusion) tumor cells suspended in 0.2 ml of Hank’s solution;
in addition, there were variable numbers of lymphocytes and dead
cells in all specimens. After mixing with bacille Calmette–Guérin
(BCG), the suspension was injected intradermally into three adja-
cent sites, usually on the upper dorsal arm, excluding sites ipsilat-
eral to a lymph node dissection.

Vaccine administration

Five vaccine dosage schedules were tested sequentially: schedule A:
October 1988 to March, 1993; schedule B: April 1993 to March
1994; schedule C: April 1994 to August 1995; schedule D: Sep-
tember 1995 to June 1998; schedule E: October 1998 to March
2001. These are summarized in Table 2. For schedules A, B, and C,
patients were initially sensitized with DNFB by topical application
of a 1% solution in acetone–corn oil on 2 consecutive days at the
same site on the ventral upper arm; cyclophosphamide 300 mg/M2

i.v. rapid infusion was given 3 days prior to DNFB application. For
schedule A, DNP vaccine mixed with BCG (Tice; produced by
Organon Teknika, Durham, N.C.) was administered every 4 weeks
for a total of eight doses; cyclophosphamide 300 mg/M2 was ad-
ministered 3 days before the first and second dose. All vaccine
injections were given in the same site on a limb (usually the upper
dorsal arm) that had not been subjected to lymph node dissection.
For schedule B, the vaccine was administered weekly for 6 weeks;
after a 4-week reevaluation period, the vaccine was again admin-
istered weekly for 6 weeks. The first three vaccines of each course
were DNP-modified and the last three were unmodified. BCG was
admixed only with the first and fourth vaccine of each course. All
of the DNP vaccine injections were given in one area, and all of the
unmodified vaccine injections were given in a second area. Cyclo-
phosphamide (300 mg/M2) was administered 3 days prior to the

Table 1. Patient characteristics

Total 284

Men 161
Women 123
Age (yr): median (range) 53 (16–83)
Stage

III: One nodal site 179
III: In-transit metastases 29
III: Two nodal sites 53
IV: Disseminated 23

Table 2. Summary of vaccine schedules

Schedule No. patients No. doses
cyclophosphamide

DNFB
sensitization

Vaccine schedule Vaccine dosage
range

BCG mixed with

A 47 3 + 28 days ·8 5.0–25.0·106 Every dose
B 30 3 + Weekly ·12 5.0–25.0·106 One-third of doses
C 50 3 + Weekly ·12 5.0–25.0·106 Every dose
D 87 1 – Weekly ·6 2.5–7.5·106 Every dose
E 70 1 – Weekly ·6 0.5–2.0·106 Every dose

Schedule A: cyclophosphamide 300 mg/M2 i.v. three days before
DNFB and three days before first two dose of vaccine
Schedule B: cyclophosphamide 300 mg/M2 i.v. three days before
DNFB and three days before each six-week series of vaccine;
half of the vaccines were DNP-modified and the other half
unmodified

Schedule C: cyclophosphamide 300 mg/M2 i.v. three days before
DNFB and three days before each six-week series of vaccine; all
vaccines were DNP-modified
Schedules D, E: cyclophosphamide 300 mg/M2 i.v. three days
before the first vaccine only; booster injection of vaccine were given
at six and 12 months
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start of each vaccine course. Schedule C was identical to schedule
B, except that all vaccines were DNP-modified and all were mixed
with BCG. Schedules D and E were simplified regimens in which
DNFB presensitization was omitted, and only one series of six
weekly DNP-modified vaccines was administered. These schedules
differed only by dose ranges: D=2.5–7.5·106 versus E=0.5–
2.0·106 tumor cells per dose.

For all dosage schedules, the dose of BCG was progressively
attenuated to produce a local reaction consisting of an inflamma-
tory papule without ulceration. The attenuation schedule was as
follows: no. 1: 0.1 ml of a 1:10 dilution (1–8·106 CFU); no. 2:
0.1 ml of a 1:100 dilution (1–8·105 CFU); no. 3: 0.1 ml of a 1:1,000
dilution (1–8·104 CFU).

Because of the progressive development of cell-mediated im-
munity, most patients were receiving the lowest BCG dose by the
fifth vaccine injection.

DTH testing

Patients were tested for DTH by a standard method that we have
previously described [3]. Cryopreserved melanoma cell suspensions
and peripheral blood lymphocytes (PBL) were thawed, washed and
irradiated (2,500 cGy). DNP modification of melanoma cells and
PBL was performed as described above. Melanoma cells (1·106)
and PBL (3·106), each either DNP-modified or unmodified, were
suspended in Hanks balanced salt solution without serum, phenol
red, or antibiotics and injected intradermally into the ventral
forearm. The mean diameter of the induration was measured after
48 h. A positive response was defined as: maximum diameter of
induration ‡5 mm. Patients were also skin-tested with intermedi-
ate-strength PPD (5 TU). DTH testing was performed before the
treatment program was initiated and at various times post-treat-
ment (schedule A: 2 weeks after the second monthly vaccine;
schedules B, C, D, E: 2.5 weeks after the sixth weekly vaccine).
Analyses were performed by determining the maximum DTH re-
sponse exhibited by each patient to each of the test reagents.

Pretreatment positive DTH responses to autologous melanoma
cells, either DNP-modified or unmodified, were observed in 23
patients (8%) and were generally small (median: 6 mm; range: 5–
18 mm).

Most patients were tested for DTH to autologous melanoma
cells that had been dissociated with enzymes (collagenase and
DNAse) and to melanoma cells that had been mechanically dis-
sociated only. There was a strong correlation between DTH re-
sponses to the two preparations (adjusted squared multiple
R=0.752). Twenty-six patients (9%) developed an apparent DTH
response to the enzymes, as measured by skin testing with enzyme-
coated autologous PBL. Of these, 16 had been treated on schedule
B, which included immunization with unmodified as well as
DNP-modified melanoma cells. If a patient developed DTH to
enzyme-coated PBL, we analyzed only their DTH response to
mechanically-dissociated melanoma cells.

Statistics

All statistical analyses were performed using Systat software (SPSS,
Chicago, Ill.). Scatter plots were fitted with a LOWESS smoother
which runs along the x values and finds predicted values from a

weighted average of nearby y values. This allows the surface to flex
locally to better fit the data.

Results

DTH responses

A summary of the DTH responses observed following
administration of the DNP vaccine is shown in Table 3.
Almost all patients developed positive responses to
DNP-modified autologous melanoma cells and to PPD;
these responses were usually at least 10 mm in diameter.
Responses to unmodified autologous tumor cells were
induced only in a subset of these patients and were
smaller (usually 5–10 mm in diameter).

Following vaccine treatment, five patients (2%) ex-
hibited a small (5–6 mm) DTH response to autologous
unmodified PBL after treatment. This could have rep-
resented a T cell response against normal tissue antigens,
but is more likely to be artifactual, since no other
manifestations of autoimmunity were observed.

The magnitude of the DTH response to unmodified
melanoma cells was not related to the clinical stage.
There was no significant difference between the re-
sponses of the 179 patients with metastases to one nodal
site compared to the 105 patients with more advanced
disease, i.e. nodal disease with in-transit metastases, two
nodal sites involved, or distant metastases (for both
groups, median DTH response: 5 mm, P=0.880;
Kruskal–Wallis test).

Effect of vaccine dose and composition on DTH

Table 4 presents a summary of the composition of the
vaccines administered. All vaccines contained live (try-
pan blue exclusion) tumor cells, dead (trypan blue pos-
itive) tumor cells and lymphocytes. As can be seen from

Table 3. DTH responses
Test reagent DTH response

(mm) median (range)
% Patients with
response ‡5 mm

% Patients with
response ‡10 mm

DNP-modified
autologous
melanoma cells

17 (0–70) 95 77

Unmodified autologous
melanoma cells

5 (0–22) 57 13

PPD 24 (0–85) 99 98

Table 4. Composition of vaccines

Dose parameter Median (range)

No. live tumor cells (·106) 6.8 (0.5–25.0)
No. dead tumor cells (·106) 8.0 (0.1–71.2)
No. live+dead tumor cells (·106) 16.6 (0.5–73.0)
% Live tumor cells 44 (3–88)
% Lymphocytes 34 (0–86)

322



the table, there was considerable variation in vaccine
composition among patients. However, for a given pa-
tient the composition of multiple vaccines manufactured
over a period time was similar (data not shown).
Therefore, for all analyses we used the mean value for
each patient.

Fig. 1 is a scatter plot with a regression line of the
dose of live tumor cells versus the maximum DTH re-
sponse to autologous unmodified melanoma cells. No
significant relationship was observed (adjusted squared
multiple R<0.01; P=0.512).

Since all of the vaccines contained dead cells (i.e.
staining with trypan blue) and lymphocytes, we analyzed
the effects of these components on the development of
DTH. Surprisingly, as shown in Fig. 2, there was a small
but significant positive relationship between the mean
number of dead cells in the vaccines of a given patient
and that patient’s maximum DTH to unmodified mela-
noma (adjusted squared multiple R=0.060; P<0.001).
There was a direct relationship of similar degree between
DTH and the total vaccine dose, defined as the mean
number of live tumor cells added to the mean number of
dead tumor cells, as shown in Fig. 3 (adjusted squared
multiple R=0.039; P=0.001).

We observed a significant inverse relationship be-
tween the magnitude of DTH and the proportion of live
tumor cells per dose (calculated as the number of live
tumor cells divided by the total number of tumor cells),
as shown in Fig. 4 (adjusted squared multiple R=0.063;
P<0.001). Moreover, patients whose vaccines contained
>50% live cells developed significantly smaller DTH
responses than those whose vaccines contained 26% to
50% or £ 25% live cells (Fig. 5; P<0.001). Only 37%
of patients whose vaccines contained >50% live cells
developed DTH to unmodified melanoma, as compared

with 69% and 65% of patients whose vaccines con-
tained £ 25% or 26% to 50% live cells, respectively.

Almost all of the vaccines contained some lympho-
cytes. Since most of the tumors used for vaccine
preparation were lymph node metastases, the lympho-
cyte content of some vaccines exceeded 50% (see Ta-
ble 4). However, as expected, the proportion of
contaminating lymphocytes in a vaccine had no effect
on the development of DTH to unmodified melanoma
cells (Fig. 6) (adjusted squared multiple R<0.01;
P=0.355).

Fig. 1. Scatter plot showing the effect of the mean dose of live
(trypan blue exclusion) tumor cells per vaccine on the development
of DTH to autologous unmodified melanoma cells. Each dot
represents a single patient. A LOWESS smoother was applied.
Regression analysis: adjusted squared multiple R<0.01; P=0.512

Fig. 2. Scatter plot showing the effect of the mean dose of dead
(trypan blue-positive) tumor cells per vaccine on the development
of DTH to autologous unmodified melanoma cells. Each dot
represents a single patient. A LOWESS smoother was applied.
Regression analysis: adjusted squared multiple R=0.060; P<0.001

Fig. 3. Scatter plot showing the effect of the mean dose of
live+dead tumor cells per vaccine on the development of DTH
to autologous, unmodified melanoma cells. Each dot represents a
single patient. A LOWESS smoother was applied. Regression
analysis: adjusted squared multiple R=0.039; P=0.001
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Clinical outcomes

The clinical results of these studies, measured as relapse-
free and overall survival times, have been reported pre-
viously [2, 5] and will be the subject of future reports.
However, we did analyze survival using the Kaplan–
Meier method in which patients were stratified by each
of the vaccine composition parameters. None of these

parameters had any significant effect on relapse-free or
overall survival (data not shown).

The DTH responses induced by DNP vaccine were
never associated with clinical evidence of autoimmunity.
Three patients developed erythema around their lym-
phadenectomy sites following vaccine administration.
This was asymptomatic and spontaneously abated. Skin
biopsy of one of these patients showed a non-specific
vasculitis. No patients developed vitiligo following
treatment.

Discussion

Our previous studies have demonstrated that the efficacy
of autologous DNP-modified melanoma vaccine is de-
pendent on the induction of DTH to autologous un-
modified melanoma cells. In patients who received DNP
vaccine following resection of bulky resectable nodal
metastases, the induction of this response was a highly
significant predictor of relapse-free and overall survival.
Moreover, it was independent of important prognostic
variables, such as the number of positive lymph nodes
[5]. Even in patients with measurable metastases who
had much larger tumor burdens, a positive DTH fol-
lowing vaccine treatment was associated with longer
survival [7].

Here we show that the intensity of the DTH response
to autologous, unmodified melanoma cells was not pri-
marily determined by the doses of vaccine administered,
at least over the dosage range (0.5–25.0·106) that we
tested. We defined the dose by the number of melanoma
cells that were live, i.e. excluding the supravital dye,
trypan blue, although proliferation was rendered in-
competent by irradiation and DNP modification. Live
tumor cells had been assumed to be the active compo-

Fig. 4. Scatter plot showing the effect of the proportion of live
tumor cells per vaccine (calculated as the number of live tumor cells
divided by the total number of tumor cells) on the development of
DTH to autologous unmodified melanoma cells. Each dot
represents a single patient. A LOWESS smoother was applied.
Regression analysis: adjusted squared multiple R=0.063; P<0.001

Fig. 5. Peak DTH responses to autologous unmodified melanoma
cells stratified by proportion of live tumor cells per vaccine. Each
dot represents a single patient. The patients whose vaccines
contained >50% live cells had significantly lower DTH responses
than those whose vaccine contained 26% to 50% or £ 25% live
cells (Kruskal–Wallis test; P<0.001). The dashed line indicates the
delineation between positive and negative responses

Fig. 6. Scatter plot showing the effect of the mean proportion of
lymphocytes per vaccine on the development of DTH to autolo-
gous unmodified melanoma cells. Each dot represents a single
patient. A LOWESS smoother was applied. Regression analysis:
adjusted squared multiple R<0.01; P=0.355
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nent of the vaccine because of reports in animal systems
emphasizing the superior immunogenicity of live tumor
cells over dead ones [15]. However, in our study, we
could find no significant relationship between the num-
ber of live cells per dose and the DTH response to un-
modified melanoma cells that was induced.

Surprisingly, there was a direct correlation between
DTH and the number of dead cells per dose. This effect,
although statistically significant, was small, the number
of dead cells per dose accounting for only 6% of the
variation in DTH responses. That it is biologically sig-
nificant is reinforced by the observation that DTH re-
sponses were greater in patients whose vaccine had the
lowest proportions of live cells. Therefore, the data
suggest that dead tumor cells contribute to the immu-
nogenicity of the DNP-modified vaccine.

On reflection, this result makes biological sense.
There is evidence indicating that dead tumor cells, in-
cluding necrotic cells, are effectively processed by anti-
gen-presenting cells which can result in a T cell response
to tumor-associated antigens [1]. Since DNP modifica-
tion makes cells fragile, the uptake of trypan blue by a
DNP-modified cell may mean only that its membrane
has been disrupted. As long as the tumor antigens have
not been destroyed, DNP-modified cells should be just
as immunogenic when live as when dead.

There are a number of human cancer vaccine tech-
nologies in clinical trials, particularly for the treatment
of melanoma [10, 11, 13, 16]. Many of these have been
shown to have positive clinical effects, usually measured
by regression of established metastases in a small pro-
portion of patients. However, progress in this field has
been limited by the absence of a test that reliably
determines whether or not a patient has developed a
cell-mediated immune response to tumor-associated
antigens. Furthermore, no systematic dose-response
analyses have been published. Simons et al. [19] tested
three dosage levels of an autologous renal cell carcinoma
vaccine transfected with the gene for GM–CSF, but the
number of patients at each dosage level (seven, ten, and
two, respectively) was too small to differentiate their
immunological effects. Schirrmacher et al. [17], in their
studies on an autologous vaccine infected with New-
castle disease virus, have claimed that vaccines with a
higher proportion of live tumor cells and a lower pro-
portion of lymphocytes produced better clinical out-
comes. They did not analyze the effect of vaccine
composition on immunological results.

A most provocative observation was made by
Chandawarkar et al. [8] in a murine tumor model. They
reported that mice immunized with optimal doses of
autologous tumor-derived gp96 heat-shock protein re-
sisted a challenge with the tumor that was the source of
gp96. However, immunization with quantities of gp96
five to ten times larger than the optimal dose did not
elicit tumor immunity and actually appeared to induce
tolerance. We were not able to detect a supraoptimal
dose of vaccine in our studies, even after testing doses of
tumor cells that varied over a 50-fold range.

In retrospect, immunotherapy researchers have
placed insufficient emphasis on the pharmacological as-
pects of cancer vaccines. These vaccines are, after all,
drugs. Thus, their efficacy is likely to depend not only on
the quality and quantity of tumor antigens that they
express and present, but also on parameters of much less
fascination to immunologists, such as dose, adminis-
tration schedule, and route of administration. More
studies on these mundane but critical issues should be
welcomed.
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