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ABSTRACT

Single-agent chemotherapy with cisplatin or carboplatin can induce
remissions in approximately 30% of previously treated patients with
advanced stage ovarian cancer. Previous studies have shown that the
extent of platinum-DNA adduct formation measured in VVBCDNA of
ovarian cancer patients treated with cisplatin or carboplatin is directly
associated with disease response (Reed et al., Proc. Nati. Acad. Sci.
USA, 84:5024-5028, 1987). It has been unclear whether adduct level in
WBC DNA is independent of known prognostic variables in this disease,
or whether adduct level parallels a known prognostic variable that can
be more easily monitored. In a cohort of 24 ovarian cancer patients
treated with single-agent cisplatin or carboplatin, we retrospectively
assessed the relationship between disease response, platinum-DNA
adducts in WBC DNA, and each of eight prognostic variables by both
univariate analysis and multivariate analysis. The prognostic variables
evaluated included: response to previous treatment, Karnofsky status,
total platinum dose prior to current therapy, stage of disease, age, bulk
of disease at initiation of therapy, histolÃ³gica! type, and histolÃ³gica!
grade. By univariate analysis, adduct level was strongly associated with
disease response (two-sided /' = 0.0058), with the next strongest asso
ciations with disease response being held by Karnofsky status (/' =

0.125), stage of disease (P = 0.189), response to previous treatment (P
= 0.352), total previous platinum dose (P = 0.358), and age (P = 0.374).
No significant associations were found between adduct level and histolÃ³g
ica! type or histological grade. Further, when patients were stratified by
the number of cycles studied (one cycle, two cycles, or three cycles),
higher levels of adduct were consistently seen in those patients responding
to therapy. We conclude that, in this small cohort of refractory ovarian
cancer patients treated with single-agent cisplatin or carboplatin, adduct
level in WBC DNA appears to be more closely related to disease response
than other previously identified prognostic variables.

INTRODUCTION

cis-Diamminedichloroplatinum(II) (cisplatin) is the most ac
tive single agent known in the treatment of ovarian cancer (1,
2). Its analog l,l-dicarboxycyclobutane-diammineplatinum(II)
(carboplatin) shows similar clinical activity in early studies but
exhibits a different spectrum of toxicity (3, 4). Phase II studies
of these two agents used in high dose in the treatment of ovarian
cancer have been conducted at this institution and have been
reported elsewhere (4, 5). Nineteen patients were treated with
high dose cisplatin as a single agent (5) and 30 patients with
high dose carboplatin (4). As part of these studies, the formation
of the intrastrand bidentate adenine-guanine 5' â€”¿�Â»3' N7- and
guanine-guanine 5' â€”¿�>3' N7-diammineplatinum adducts was

monitored in peripheral WBC DNA of 24 of these patients,
utilizing an ELISA2 with a polyclonal antiserum elicited in

rabbits (6, 7).
These studies have demonstrated that the level of adduct
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measured in WBC DNA is directly related to disease response
in this patient cohort. However, it has been unclear whether
adduct level was reflective of some other known prognostic
variable in ovarian cancer that may be more easily monitored.
To address this question, we reviewed the medical records of
these 24 patients who had been studied for platinum-DNA
adduct formation. Clinical prognostic variables previously
shown to be associated with favorable disease response were
assessed for each patient. These variables were then compared
with the peak adduct level observed during the course of therapy
for each patient, using univariate analysis and logistic regres
sion analysis. The results suggest that platinum-DNA adduct
formation, as measured by this ELISA, may be unrelated to
previously reported prognostic variables for human ovarian
cancer patients treated with platinum-based chemotherapy.

MATERIALS AND METHODS

Patients Studied, Specimens Obtained, and ELISA. Patients were
treated with high dose cisplatin or high dose carboplatin, as previously
reported, on approved experimental protocols in the Medicine Branch,
National Cancer Institute (4, 5). Blood was obtained by venipuncture
on the morning following the completion of platinum drug infusion,
WBCs were separated by centrifugation, and DNA was isolated as
previously described (6,7). ELISAs were run according to the previously
published method (6, 7) within 1 month of DNA isolation. Adduct
levels, as measured by this assay, are expressed as amol/^g of DNA.
We have recently shown that this assay recognizes only a fraction of
total DNA-bound platinum (8) but that, in rat kidney DNA, ELISA
values are directly related to atomic absorbance spectroscopy measure
ments, with a linear correlation coefficient of 0.81.3 Studies are in

progress to determine if such a correlation exists for DNAs from human
leukocytes. For the purpose of statistical analysis, all ELISA values
below the lower limit of detection for the assay were assigned the value
of 0(6-8).

Review of Medical Records and of Pathological Material. The medical
records of all 24 individuals were reviewed for the purpose of this study,
with emphasis on the following prognostic variables: age, bulk of disease
prior to starting therapy, histological grade, histological type, Karnof
sky status, response to therapy administered immediately prior to single
agent platinum therapy, stage of disease, and total dose of platinum
received prior to the start of single agent platinum therapy.

Statistical Methods. For each patient, one or more cycles of therapy
were studied to assess the level of adduct formed in WBC DNA. As
reported previously (7), the peak adduct level observed during the course
of therapy was used for statistical analysis. Univariate analyses were
performed using both the Wilcoxon two-sample statistic to evaluate
differences in continuous variables and the Fisher exact test to compare
proportions of patients in two groups possessing categorized character
istics (9). Logistic regression analysis (10) was used and implemented
via the PROC LOGIST program (11) of the SAS statistical analysis
software package (SAS Institute, Cary, NC) to identify independent
factors that would jointly predict response.

RESULTS

Description of Total Cohort of Patients. This patient group is
a subset from two studies that have been previously reported

3E. Reed. S. Gupta-Burt, and M. C. Poirier, unpublished observations.
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(4, 5) and includes all patients from these original reports who
were studied for cisplatin-DNA adduct level. In this patient
group, 12 patients received high dose cisplatin as single-agent

salvage therapy for relapsed or progressive ovarian carcinoma
(5), and 12 other ovarian cancer patients received high dose
carboplatin as single-agent salvage therapy (4). All individuals
had primarily failed or relapsed from combination chemother
apy. All patients receiving carboplatin had received prior cis
platin, and 10 of the 12 patients receiving high dose cisplatin
had received prior cisplatin in standard dose regimens. In the
cisplatin subset described here, 1 patient experienced a complete
response to therapy, 3 patients experienced a partial response
to therapy, and 8 patients did not respond. In the carboplatin
subset, 4 patients experienced a partial response to therapy and
8 patients did not respond. Therefore, of the 12 patients treated
with cisplatin and the 12 patients treated with carboplatin,
there were 8 objective responses in the 24-patient cohort, re
sulting in a response rate of 33%. The median adduct level in
WBC DNA in responders was 227 amol of adduct/^g of DNA.
In nonresponders, the median adduct level was 79 amol/Vg of
DNA. There were 7 patients who did not form measurable
levels of adduct at any time during treatment, and all failed
therapy. The clinical characteristics of this 24-patient cohort
are summarized in Table 1.

Univariate Analysis of Known Prognostic Variables in This
Patient Cohort. A number of variables have been reported to be
associated with disease response in ovarian cancer (12,13). The
contribution of these previously identified prognostic variables
to disease response in this cohort was determined by univariate
analysis. Data for each of the variables listed above were ob
tained by review of the medical records and/or by pathological
review of the original diagnostic material which established the
diagnosis of ovarian cancer. For each of these variables, a
univariate analysis was performed, with the results shown in
Table 2. As shown, adduct level is the only variable related to
disease response to a statistically significant degree, with a two-
sided P value of 0.0058. Weak trends towards significance are

Table 1 Patient clinical characteristics

Table 2 Univariate analysis of prognostic variables in this cohort of 24 ovarian
cancer patients

Total number of patients
Carboplatin

CisplatinAge

(years)
Mean
Median

RangeStage

at start of treatment
III

IVResidua]

disease at entry onto protocol
<2 cm
>2cmPrior

cisplatin (total dose in mg/m2)

Mean
Median

RangeResponse

to prior chemotherapy
Response (PR, MR. stable)"

ProgressivediseaseKarnofsky

at start of treatment
Median

RangeResponse

(PR. CR) to current treatment
Response
No response24

12(50%)
12(50%)52.5

57.5
18-6916(66.7%)

8(33.3%)7

(29.2%)
17(70.8%)546.5

118
0-122417(70.8%)

7(29.2%)90

60-1008

(33.3%)
16(66.7%)

Continuous
variablesAdduci

level (amol/j/g)
Age (years)
Total previous platinum

dose (mg/mÂ¡)

KarnofskystatusDichotomous

variablesStage

3
Bulk of residual disease

(<2cm)
Response to previous

therapyMedians;

mean Â±SEResponders

Nonresponders226;

227 Â±33 38; 79 Â±25
52; 50 Â±5 59; 54 Â±3

418; 444 Â±124 612; 598 Â±8095;

91 Â±5 90; 85 Â±3Proportion

oftotalResponders

Nonresponders7/8

9/16
3/84/167/8

10/16P

value of
relation to

diseaseresponse"0.00580.374

0.3580.125P

value of
relation to

diseaseresponse*0.189

0.6470.352

" Wilcoxon two-sample test, two-sided P value.
* Fisher exact test, two-sided P value.

Table 3 Effect of histology on disease response and on adduct level

No. of Disease
patients response" Adduct levels

Histological grade
(12 individuals)

Poorlv differentiated

Well differentiated

Histological type
(19 individuals)

10 2 PRs 127, 188
8 NRs 0,0,0.0, 307, 141,

109, 17
2 2 NRs O, O

Papillary/serousEndometroidMixed

muellerian14415

PRs9
NRs1

CR3
NRsNR304.

300, 188.127.890,
0, 0, 0, 307.274,149,

141,592100.

0.66142

' PR. partial response; MR. mixed response: CR, complete response.

Â°PR, partial response; CR. complete response; NR. no response.

shown for Karnofsky status and Stage 3 disease versus Stage 4.
Minor associations are observed for the response to previous
therapy, total previous platinum dose, and age. There was no
relationship between adduct level and bulk of disease.

Pathological material was formally reviewed for histological
type for 19 patients in this cohort and for histological grade for
12 patients. The results ofthat review are shown in Table 3. Of
the individuals assessed for histological grade, 10 individuals
had tumors of poorly differentiated grade. Two of the 10
patients with poorly differentiated histological grade responded
to therapy and both had measurable levels of adduct. Eight of
these 10 did not respond to therapy, and 4 of these had
unmeasurable levels of adduct. Neither of the 2 patients with a
well differentiated grade responded to therapy and both had
unmeasurable levels of adduct. Of the 19 individuals assessed
for histological type, 14 patients had disease of the papillary/
serous histology. Five of these responded to therapy and all had
measurable levels of adduct. Nine of these 14 did not respond
to therapy and 4 of the 9 had unmeasurable levels of adduct.
Four patients had disease of endometrial histology and 1 re
sponded to therapy. Two of the 4 patients with disease of
endometrial histology had unmeasurable levels of adduct. One
patient had a mixed Muellerian histology and did not respond
to therapy. When assessed by the Fisher exact test, neither
histological grade nor histological type influenced either disease
response rates or adduct levels in this cohort of patients.

Analysis of Prognostic Variables Relative to the Median Ad
duct Level in the 24-Patient Cohort. To assess whether adduct
level is independent of other variables studied, each variable
was analyzed to determine whether there was an association of
that variable with high or low adduct levels. In this 24-patient
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cohort, the median peak adduci level was 118 amol/jig of DNA,
and values were designated high or low relative to this value.
Results of this analysis are shown in Table 4. For the continuous
variables of age and total previous platinum dose, there is no
association of either variable with high or low adduct levels.
There were equal numbers of patients with Karnofsky status in
the 90-100 range with low levels of adduct versus high levels of
adduct. Between the Karnofsky levels of 60 and 80, there were
also equal numbers of patients above and below the median
adduct level. For stage of disease, bulk of residual disease, and
response to previous therapy, the distribution of individuals
was virtually the same above and below the adduct level median.
For histolÃ³gica! type and histological grade, the distribution of
individuals among the various histological groups was not
statistically associated with high or low adduct levels. There
fore, for each of the eight prognostic variables examined, there
was no association in this cohort with either high or low levels
of adduct.

Analysis of Each Prognostic Variable by Treatment Group.
We next sought to determine whether there were substantive
differences between the 12 patients who received cisplatin and
the 12 patients who received carboplatin in this cohort. As
indicated above, 4 of the 12 patients in both groups responded
to therapy. As shown in Table 5, the cisplatin group and the
carboplatin group did not differ significantly in the mean peak
adduct level attained, although the carboplatin group was higher

Table 4 Analysis of each prognostic variable relative to the median adduct level
in this patient cohort

Table 5 Analysis of each prognostic variable by treatment group

Variable
Adduct

level group
Median;

mean Â±SE P value"

Age (years)

Total previous platinum dose
(mg/m2)

>118 59; 53 Â±5
<118 52; 53 Â±3
>118 418; 501 Â±106
<118 640; 592 Â±87

0.89

0.34

Karnofsky
statusAdduct

level >1 18
Adduct level <118602 0No7020of

patients800

4904 510043P

value"1.00

(Â£80vs.
590)

No. of patients

Stage III IV value"

Adduct level >1 18
Adduct level O18Bulk

of
residualdiseaseAdduct

level >118
Adduct level <1 189/12

7/123/125/120.67No.

ofpatients<2

cm3/124/12>2 cm9/12

8/12P

value*1.0

No. of patients

Response to
previoustherapyAdduct

level >118
Adduct level <118Previous

response8/12

9/12No

previous
response4/12

3/12P

value*1.0

No. of patients

Histological Papillary/ Mixed
type Endometroid serous muellerian P value"

Adduct level >118

Adduct level<l 18

0.89 (P/s vs.
E, MM)

No. of patients

Histological
gradeAdduct

level > 118
Adduct level<l 18Poorly

differentiated4

6Well

differentiated03P value*0.52

Â°Wilcoxon test, two-sided P value.
* Fisher exact text, two-sided P value.

Continuous
variables

Treatment group,
median; mean Â±SE

Cisplatin Carboplatin P value"

Adduct level (amol//jg)
Age (years)
Total previous platinum dose

(mg/m2)

Karnofsky status

108; 93 Â±23 176; 164 Â±42 0.25
58; 54 Â±3 57; 51 Â±5 0.97

380; 416 Â±87 640; 677 Â±92 0.04

89 Â±3 90; 85 Â±4 0.43

Dichotomous
variablesStage

3
Bulk of residual disease. <2 cm
Response to previous therapy
Well differentiated histological

gradeTreatment

group,
proportion oftotalCisplatin8/12

3/12
9/121/5Carboplatin8/124/128/12

1/7P

value*1.00

1.00
1.00

1.00"

Wilcoxon test, two-sided P value.
* Fisher exact test, two-sided P value.

with respect to total previous platinum doses. The cisplatin
group and the carboplatin group did not differ with respect to
age, Karnofsky status, stage of disease, tumor bulk, response to
previous therapy, or histological grade.

Analysis of Prognostic Variables for Prediction of Disease
Response. Logistic regression analysis was performed to try to
determine whether there is a set of independent variables which
could be used to predict response. All variables described above
were used to develop a statistical model. A random group of 16
patients was selected to develop a model, leaving 8 to test the
resulting model. We recognize that, by attempting to develop a
model based on so few observations, we would, at best, be able
to identify only a very limited number of potentially important
factors. Additionally, the model developed could only be tested
in an approximate manner. The best model developed from the
16 patients can be expressed according to the following logistic
inequality:

classify to response if 0.25 < â€”¿�â€” â€”¿� ; -
1 + exp(4.68 - 0.0212 x adduct level)

By solving this inequality, a response was predicted if adduct
level exceeded 169, and nonresponse was predicted for an
adduct level below 169. Whereas this classification rule cor
rectly identified the response outcome in 15 of the 16 individ
uals from the initial group used for model development, this
was true for only 5 of 8 individuals in the group of 8 used to
test the model. This finding is consistent with the univariate
analysis presented in Table 2. Therefore, in this small cohort
of 24 patients, there was a direct relation between adduct level
and disease response but we could not identify an acceptable
"cut off" value for adduct level which reliably predicted who

would and who would not respond to therapy.
Relationship between Adduct Level and Duration of Response

in This Patient Cohort. Peak adduct level was compared to
duration of disease response in those individuals who responded
to platinum therapy. These data are summarized in Table 6. In
this subset of 8 patients (1 through 4 treated with carboplatin,
5 through 8 with cisplatin), adduct level was not associated with
the duration of disease response. Of interest, the highest levels
of WBC DNA adduct observed among the 8 responders were
in carboplatin-treated patients. For the total 24-patient cohort,
the difference between adduct levels in the two treatment groups
is substantial but not statistically significant, with the mean and
median adduct levels of 93 and 108 amol/jug of DNA, respec
tively, for cisplatin-treated patients and 164 and 176 amol/Vg
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Table 6 Relationship between peak adduci level and the duration of disease
response in eight patients who responded to single-agent therapy

All patients have expired or have been treated with subsequent therapy.

Patientno.12345678TherapyCarboplatinCarboplatinCarboplatinCarboplatinCisplatinCisplatinCisplatinCisplatinPeak
adducilevel(amol/iig)35730430024221018812789Disease

responseTypePR"PRI'RPRCRPRPRPRDuration(months)4138793.51914

' PR, partial response; CR. complete response.

Table 7 Peak adduci lerei for each patient grouped by number of cycles studied

Peak adduci level

No. of
cyclesstudiedOne

cycleMean
Â±SDTwo

cycles
Mean Â±SDThree

cycles
Mean Â±SDNo

response0,0,0.0,0,

109,141,30770
Â±1040,

59, 89, 149. 274
114Â±930,

66, 142
69 Â±58Partial

or
completeresponse210,30425789,

127.300
172Â±92188.

242, 357
262 Â±70

DNA, respectively, forcarboplatin-treated patients. All patients
in this study experienced grade 4 hematological toxicity, related
in part to extensive prior treatment.

Influence of Cycles Studied on Adduct Level. The statistical
analyses of this patient population have been based on "peak"

adduci level observed during the course of therapy. It has been
unclear whether this peak value is influenced by the number of
cycles of therapy administered, i.e., whether individuals studied
on several cycles would have higher peak adduct measurements
than individuals studied on only one cycle, simply as a function
of statistical chance. Of the 24 patients studied, 10 were studied
on one cycle only, 8 were studied on two cycles, and 6 were
studied on three cycles (see Table 7). There were 7 patients who
did not form measurable levels of adduct in this study; 1 was
studied on three cycles of therapy, 1 on two cycles, and 5 on
one cycle. Of the 5 patients that were studied on only one cycle
of therapy and did not form measurable levels of adduct, 3
patients received only that cycle and 2 patients received only
two cycles of therapy because of progressive disease. As shown
in Table 7, if the patients are grouped by the number of cycles
studied and a comparison is made of the adduct levels of
responders and nonresponders, median and mean adduct levels
are higher in responders within each group.

DISCUSSION

Platinum-DNA adduct, as measured by this ELISA assay,
readily forms in WBC DNA of ovarian cancer patients treated
with platinum-based chemotherapy. The extent of platinum-
DNA adduct formation in WBC DNA is directly related to
disease response in this group of patients treated with either
single-agent cisplatin or carboplatin. This finding suggests that
platinum binding to DNA in peripheral blood WBCs may
parallel DNA binding in tumor tissues. We have reported
autopsy results of two ovarian cancer patients where bone
marrow and tumor tissues were obtained. One patient was
studied by ELISA (7) and one by atomic absorption spectometry
(14). In both cases, adduct levels in the bone marrow and in

ovarian tumor were strikingly similar.
Several clinical factors have been identified as strong prog

nostic indicators of disease response in ovarian cancer patients
that have not been previously treated (12, 13). Data reported in
the present study suggest that, in patients on salvage therapy,
an individual's tendency to form platinum-DNA adduct in

nonmalignant tissues (in this case, WBC DNA) is associated
with patient response to platinum-based chemotherapy. The
formation of platinum-DNA adduct in this patient group, when
analyzed by univariate analysis, was more strongly associated
with disease response than were any of the standard prognostic
variables. Logistic regression analysis eliminated factors other
than adduct level from consideration with regard to predicting
response to therapy, but a specific adduct level could not be
identified which would predict who would and who would not
respond to therapy.

Given the strong statistical association with disease response,
it is noteworthy that the WBC adduct level was not associated
with the duration of disease response. This suggests to us that
other factors may be related to the duration of disease response,
such as the ability of remnant tumor cells to repair cisplatin-
DNA adduct. Our previous studies with human ovarian cancer
cell lines have demonstrated that DNA repair capacity is in
creased in cisplatin-resistant cells (15, 16). We are developing
methods to assess relative cisplatin-DN A adduct repair capacity
in fresh tissues of human origin (15) to study this prospectively.
Since adduct level in nonmalignant blood tissue appears to
parallel levels in tumor tissue (7, 14), such tumor cell repair
capacity may be inversely related to the persistence of adduct
in normal tissues, which may give an indirect measure of
cisplatin-DNA adduct repair capacity.

When these clinical studies were performed, we did not
perform blood pharmacokinetic measurements in this patient
population. Since that time we have sought to ascertain whether
pharmacokinetic differences between patients could account for
adduct differences seen. In a study done in collaboration with
the University of Maryland, we have measured adducts in
individuals on a single-agent phase II study of carboplatin. In
the first 17 courses of therapy studied, there was no correlation
between adduct level and the area under the plasma concentra
tion-time curve. In fact, several patients with high total or free
areas under the curve had undetectable levels of adduct in WBC
DNA (8). However, in studies comparing groups of patients
receiving different doses of drug, patients receiving higher cis
platin doses formed adduct more readily than patients receiving
lower doses (17). We therefore believe that adduct level is
determined by the interrelationships between drug exposure (as
can be assessed by pharmacokinetics) and cellular factors that
determine the relative sensitivity/resistance to these two DNA-
binding agents.

Gill et al. (18) have studied a group of individuals receiving
platinum-based therapy and have presented preliminary data
regarding the optimization of DNA platination by dose sched
uling of cisplatin and carboplatin. They have also related adduct
level in WBC DNA, as measured by atomic absorbance spec-
troscopy, to disease response. In this phase I study, the first 8
patients were assessed for adduct level on cycle one only. The
2 individuals forming the highest levels of adduct in WBC DNA
on cycle 1 of therapy were the only 2 patients who responded
to treatment. These data suggest that, although our original
studies focused on peak adduct formation, it may be equally
useful (and more efficient) to focus on the first cycle of therapy.

Two substantive limitations of this study are its retrospective
nature and very small numbers. Conclusions we have drawn
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must be considered as being indicative of an hypothesis for
additional confirmation. Nevertheless, the analysis does suggest
that adduct level in WBC DNA may reveal more about the
biology of a patient's disease than parameters that can be

assessed at the bedside. Fichtinger-Schepman et al. (19) have
reported that a patient's blood can be exposed to cisplatin in

vitro and that the adduct level achieved in vivo can be accurately
predicted. We are currently planning such a prospective study
in human ovarian cancer.

We have previously reported that platinum-DNA adduct may
persist in human bone marrow tissues for weeks to months
after the completion of platinum therapy (7, 8). Further, for
cohorts of patients treated on the same protocols, adduct levels
in WBC DNA increase with total cumulative platinum dose,
suggesting an apparent half-life of adduct in WBC DNA of
greater than 28 days (6). In carboplatin-treated patients studied
here, adduct levels were substantively higher than in cisplatin-
treated patients, but the total cumulative platinum doses were
also higher. It is, therefore, unclear whether carboplatin truly
causes higher levels of adduct in bone marrow tissues or whether
this is simply a reflection of differences between the two groups
in the total platinum dose.

We have reported elsewhere that adduct level in peripheral
blood cell DNA also is associated with disease response in
patients with poor prognosis testicular cancer (20). The adduct
levels seen in testicular cancer patients which were associated
with complete response to therapy (median of 170 amol/^g of
DNA) were somewhat lower than adduct levels associated with
disease response (complete and partial response) in this ovarian
cancer cohort (median of 226 amol/^g of DNA). The median
adduct level of partial responders in this cohort (242 amol//ig
DNA) was 3-fold that of partial responders in the testicular
cancer cohort (78 amol/ng DNA). These data may represent a
pharmacological demonstration of what is clinically known and
has been reported in tissue culture studies (21, 22), that ovarian
cancer cells in the cancer patient may be less sensitive to
cisplatin than testicular cancer cells in the cancer patient.

Platinum-DNA adduct level in WBC DNA appears to be
directly associated with disease response in patients with re
fractory ovarian cancer on single-agent therapy. Data obtained
from autopsy specimens and reported elsewhere support the
hypothesis that adduct levels in WBC DNA may parallel adduct
levels in tumor tissues in this disease. These data indicate that
much can be learned about the biology of human ovarian cancer
by the direct study of malignant and nonmalignant tissues from
living patients.
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