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Fig 1. Kaplan-Meier survival curve for the 0
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whole group of 107 patients. Median survival was
30 months; 26 patients were alive at latest follow-
up. Symbols indicate censored events.

chain in 27%, and biclonal in 1%. No monoclonal serum protein
was found in 8% of cases.

Urine immunoelectrophoresis was performed in all patients. Sev-
enty-nine percent had a urine monoclonal light chain detected.
Monoclonal « light chains accounted for 69% and A chains for 31%.
All patients had a monoclonal protein identified in the serum or the
urine.

Initial chemotherapy consisted of melphalan and prednisone in
82% of cases. The remaining patients received vincristine, bis-
chloroethyl nitrosourea (BCNU), melphalan, cyclophosphamide,
and prednisone (VBMCP) or other combination alkylator chemo-
therapy. One patient in this study underwent purged autologous
BM transplantation late in the course of disease.

B,M levels. Serum samples were retrieved from a frozen serum
bank. 8,M levels were measured with an enzyme-linked immunoad-
sorbent assay using the Phadezym Beta-2 microtest kit (Pharmacia

Table 1. Median Survivals for Variables at Different Cutoff Values

<Cutoff Value >Cutoff Value
Median Median
Cutoff Survival Survival
Variable Value n {yr) n (yr} P
PCLI 1 66 3.47 41 1.40 .0004
1.5 83 3.35 24 1.22 .0001
2 90 3.31 17 1.21 <.0001
3 97 3.00 10 1.21 <.0001
B,M 2.7 22 5.90 85 219 .0001
4 46 3.90 61 2.30 .0550
6 64 3.47 43 2.19 .0138
8 72 3.00 35 2.19 .0237
TK 5 83 3.04 24 2.10 4617
7 94 3.05 13 1.43 .0025
10 100 2.87 7 0.79 —t

CRP 4 54 3.40 53 2.27 0721
6 65 3.40 42 2.00 0195
8 74 3.40 33 1.38 .0048

® Log rank test comparing those above and below the cutoff value.
t Too few patients for test of significance.

Months after Diagnosis

Diagnostics, Uppsala, Sweden). The upper limit of normal was 2.7
mg/mL (2 SD above the mean).

PCLI. BM aspirates were incubated with 5-bromo-2-deoxyuri-
dine. The immunofluorescence PCLI procedure was performed us-
ing 2 monoclonal antibody (MoAb) (BU-1) with specificity for 5-
bromo-2-deoxyuridine.>'* Monoclonal plasma cells were easily
identified by their morphology and reactivity with fluorescein
isothiocyanate (FITC)-conjugated affinity-isolated F(ab’), anti-x or
anti-A light chain reagent (Tago, Burlingame, CA). S-phase cells
were detected using the BU-1 antibody and a rhodamine-conju-
gated antimouse Ig reagent (Cappel, West Chester, PA). This proce-
dure allowed determination of the PCLI within 4 hours of receipt of
the sample.

TK procedure. TK was measured using TK Prolifigen radioen-
zyme assay (REA) assay test kits (a portion of the cost of the kits was
reimbursed by Dianon Systems, Stratford, CT). Normal range for
this radioenzyme assay in our laboratory is less than 7 U/L (2 SD
above the mean).

CRP procedure. CRP measurement was performed using im-
munonephelometry (Beckman Instruments, Inc, Brea, CA). The
normal range is less than 8 mg/L (2 SD above the mean).

Plasmablastic classification. Patients with plasmablastic MM
and nonplasmablastic MM were differentiated by examination of
marrow specimens prepared with Wright’s stain and the use of a
previously described classification system.® Patients with more
than 2% plasmablasts on any portion of the slide were classified as
having plasmablastic MM without knowledge of patient outcome.
Two observers, J.A.L. and P.R.G., reviewed slides independently
and there was agreement in 90% of cases. Discordant cases were
resolved by consensus.

Table 2. Distribution of Data for Factors Predicting Survival

Cutoff =Cutoff

Variabie Value Value (%) Range Mean + SD Median
PCLI 1.0 38 0.01t010.2 1.1+1.6 0.4
B,M (mg/mL) 27 79 1210270 7.2+86.4 4.4
TK {u/L) 7.0 12 00tod45.8 45+7.7 25
CRP (mg/L) 8.0 31 1.0t093.0 10.0+£16.0 3.0
Albumin (mg/dL} 3.0 86 2110460 34+04 3.4
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Table 3. Univariate Cox Model Results

Hazards Ratio

Variable n Coefficient SE P {95% Cl}
PCLI 107 0.33 0.06 <.0001 1.39(1.23, 1.57)
TK 107 0.06 0.01 .0001 1.06 (1.03, 1.09)
B8.M 107 0.05 0.02 .0015 1.05 (1.02, 1.09)
B$M {=2.7 mg/mL} 107 1.03 0.33 .0016 2.80(1.48, 5.31)
Age 107 0.03 0.01 .0047 1.34 (1.09, 1.64)"
Albumin, serum 107 -0.8 0.29 .0056 0.45 (0.26, 0.79)
CRP 107 0.12 0.06 .05 1.13{1.00, 1.28)
Sex (male) 107 -0.4 0.23 .07 0.67 (0.43, 1.04)
Plasmablastic MM 91 0.59 0.35 .09 1.81(0.92, 3.57)
Creatinine, serum 107 0.09 0.05 .09 1.10{0.99, 1.22)
Lactic dehydrogenase 107 0.01 0.01 .25 1.01(0.99, 1.02)
Calcium, serum 100 0.05 0.07 .43 1.06 {0.92, 1.21)
Stage (=11B) 107 0.11 0.23 .64 1.11(0.71, 1.73)

Abbreviation: Cl, confidence interval.
* For 10-year difference.

Statistical methods. Survival, measured from the date chemo-
therapy was begun to death or last follow-up, was estimated using
the Kaplan-Meier product limit method. Two survival curves were
compared using the logrank test. The association of potential inde-
pendent variables to survival was assessed first univariately and
then multivariately through the use of the Cox proportional hazards
model. Curves were compared after adjustment for covariates by
applying the proportional hazards model. To compensate for the
exaggerating effect of very low values, some variables were analyzed
using their log equivalents (this was done for ,M, PCLI, and TK).

RESULTS

Overall median survival was 30 months (Fig 1). This sur-
vival experience is similar to comparable groups of my-
eloma patients studied at the Mayo Clinic and elsewhere.
The PCLI, 3,M, TK, and CRP were each statistically signifi-
cant univariate prognostic factors when treated as continu-
ous variables and using discrete cutoff values. Table 1 shows
the median survivals for patients above and below various
cutoff levels for each variable and summarizes the results of
logrank tests comparing the two groups so defined. To dis-
play the survival data, we chose cutoffs that gave the best P
value with one exception. The best cutoff for the PCLI was
2.0% (P < .0001); however, the median survival and P value
were similar using a cutoff of 1.0%. Using a PCLI cutoff of
1.0% apportioned a greater number of patients to the high-
risk group. Therefore, we chose a cutoff of 1.0% for the
PCLI survival curves. Table 2 shows the distribution of sur-
vival data for PCLI, 8,M, TK, and CRP using each of the
chosen cutoff values.

TK levels correlated with the PCLI (r = .43, P < .0001)
but not stage, CRP, or serum creatinine. Sixty-nine percent

Table 4. Results of Multivariate Proportional Hazards Model

Hazards Ratio
Coefficient SE P (95% Cl

<0001 1.37(1.21, 1.54)
.0030 2.65 (1.39, 5.04)

Variable

PCLI 031 006
BM{=2.7 mg/mt} 097 033

of the 13 cases with TK = 7 U/L had a PCLI = 1.0%. Only
22% of patients with high PCLI had a TK = 7 U/L. Thirty-
nine percent (5/13) with a high TK had a CRP = 8 mg/L,
and all 13 had 8,M = 2.7 mg/mL. Lambda light-chain pro-
teinuria was more common in patients with a high TK.
Urine light chain was greater than 1 g/24 h in five patients.
All 13 patients with a high TK had 8,M = 2.7 mg/mL. Only
1 of these 13 patients was alive at the time of this report.
CRP and 3,M levels did not correlate with PCLI.

An increased 3,M correlated with a high serum creatinine
level. Of 85 patients with a 8,M = 2.7 mg/dL, 24% had a
creatinine > 2 mg/dL; of 61 patients with a 5,M = 4 mg/
mL, 31% had creatinine = 2 mg/dL; of 43 patients with a
B8,M = 6 mg/mL, 44% had creatinine = 2 mg/dL.

Although the 8,M cutoff is at the top of the normal range
at 2.7 mg/mL, it best separated patients on the basis of sur-
vival, median of 5.9 years for 22 patients with a normal
B8,M. A TK cutoff of 10 U/L yielded the best separation,
with a median survival of 0.79 years for levels = 10 U/L
versus 2.87 years for levels less than 10 U/L; however, there
were only seven patients in the high-risk group, whereas a
cutoff of seven identified 13 patients with poor survival (P =
.0023). A TK cutoff of 5 U/L showed no prognostic signifi-
cance. CRP cutoffs of 4, 6, and 8 mg/L gave progressively
better separation, with the cutoff of 8 mg/L having a P value
of .0048.

Statistically significant prognostic variables included the
PCLI, TK, 8,M (both as a continuous variable and at a
cutoff of 2.7 mg/mL), age, albumin, and CRP. There was a
poorer survival trend (P < .10) for women and patients with
plasmablastic morphology or high serum creatinine levels.
No prognostic significance for lactic dehydrogenase was ob-
served because only one of 107 patients had a high value.
There was no prognostic significance for the serum calcium
level or Durie-Salmon stage in this study (Table 3).

Muftivariate analysis. When all statistically significant
univariate prognostic factors were analyzed in multivariate
analysis, independent survival prediction was limited to the
variables of PCLI and 8,M (divided at 2.7 mg/dL) (Table 4).
Age, TK, CRP level, plasmablastic morphology, and serum
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Fig 2. Kaplan-Meier survival curves for patients
grouped by PCLI and 8,M {(mg/mL). Upper curve:
PCLI < 1andg:M < 2.7, n = 15. Median survival
was 71 months; nine patients were alive at latest
follow-up. Symbols indicate censored events. Mid-
dle curve: PCLI = 1 or .M = 2.7, n = 58. Median
survival was 40 months, with 14 patients alive at 0
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latest follow-up. Lower curve: PCLI = 1 and 3,M =
2.7.n = 34, Median survival was 17 months, with
three patients alive at latest follow-up.

creatinine level were not significant after the PCLI and 8,M
were considered. With PCLI not in the model, 3,M and TK
were the only independent prognostic factors. CRP did not
provide independent prognostic significance in this study.

By grouping together the two most significant prognostic
variables in this study, PCLI and $8,M, survivals were as
follows (Fig 2) : for 34 patients with high values for both
tests, median survival was only 16 months; for 58 patients
with high values for either test, median survival was 40
months; and for 13 patients with low values for both tests,
median survival was 71 months (P < .0001). All but one
death in the group with low values for both PCLI and 3,M
occurred in patients above the age of 65.

Survival of younger patients below the median age of 65
years grouped by PCLI and 8,M is shown in Fig 3: median

40 80

Months after Diagnosis

for 16 patients with both values high, 17 months; for 28
patients with either value high, 42 months; and for nine
patients with both values low, 71 months (P < .0001). Eight
of the nine patients under age 65 with low PCLI and 3,M
were still alive with more than 52 years of follow-up.
Among these 9 patients, | was stage 1A, 6 were stage IIA,
and 2 were stage IIIA. The patient who died was 48 years old
at diagnosis, stage ITA, hemoglobin 15.8 mg/dL, BM plasma
cells 10%, normal serum creatinine and calcium, and uri-
nary excretion of 30 mg/24 h of « light chain; free « light
chain was present in the urine but heavy chain was not.
Because a new prognostic scheme has been proposed us-
ing serum 3,M and CRP,'® we examined the survival of
three groups of patients using the suggested cutoff values of
6 mg/mL for 3,M and 6 mg/L for CRP. Median survivals
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Fig 3. Kaplan-Meier survival curves for patients
under age 65 grouped by PCLI and 3,M (mg/mL).
Upper curve: PCLI < 1 and ;M < 2.7, n = 9.
Median survival was 71 months; eight patients
were alive at latest follow-up. Symbols indicate
censored events. Middle curve: either elevated
B2M = 2.7 or PCLI = 1, n = 26. Median survival

Months after Diagnosis

was 41 months. Eight patients were alive at latest
follow-up. Lower curve: PCLI =z 1 and .M = 2.7, n
= 16. Median survival was 17 months; two pa-

tients were alive at latest follow-up.
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were as follows: for 41 patients with both values high, 28
months; for 41 patients with either value high, 27 months;
for 44 patients with both values low, 47 months (P = .006).
As expected from the univariate and multivariate analysis,
the survival curves are not as well separated compared with
groups defined using PCLI and 3,M (Fig 4).

DISCUSSION

Prognostic studies in MM have as their goal the reproduc-
ible identification of subsets of patients with poor and good
prognosis. Defining a more reproducible and accurate prog-
nostic system should allow better patient counseling and
improved stratification and design of clinical trials. Ulti-
mately, a prognostic classification should allow selection of
patients who should or should not be considered candidates
for early intensive treatment such as autologous BM or pe-
ripheral blood (PB) stem cell or allogeneic transplant versus
“standard” chemotherapy.

The current group of patients was similar to others re-
ported at the Mayo Clinic with respect to patient age, sex, Ig
type, hemoglobin, serum calcium and creatinine, and clini-
cal stage.® The median survival of 30 months or 2'/2 years
for the whole group was as expected for such a cohort of
patients. This study confirms earlier results in two indepen-
dent studies at different institutions showing that PCLI and
B.M are independent prognostic factors that are superior to
standard clinical variables such as serum creatinine, cal-
cium, hemoglobin, and clinical stage.>!' Other variables
such as age, sex, and serum albumin have been less repro-
ducible prognostic factors. It is unusual that the Durie-Sal-
mon clinical stage did not predict survival in this study, but
this has been reported previously.?

TK is a cellular enzyme necessary for cell proliferation.
Serum levels are elevated in a subset of patients with MM
who have a high PCLI and a poor prognosis.!>!? CRP is an
acute-phase reactant produced by the liver and found at an
increased level in some patients with MM. CRP mRNA and
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CRP synthesis are increased by interleukin-6 (IL-6),%! and
when antibody to IL-6 is administered to patients the levels
of IL-6 and CRP are reduced.? Because CRP levels corre-
late with IL-6 levels, CRP may be offered as a surrogate for
measurement of IL-6.

We confirmed the prognostic utility of the TK and CRP
levels in univariate analysis in this study. TK is correlated
with PCLI, and patients with a TK = 7 U/L had a very short
median survival of 1 year; all but 1 of 13 patients died in the
first 2 years. CRP = 6 mg/L affected survival results less
significantly in this study.

Multivariate proportional hazards analysis showed that
TK and CRP did not add to the prognostic information
gained from measuring PCLI and 8,M. Analysis showed
independent prognostic significance only for PCLI (P <
.0001) and B,M (P = .003). If PCLI measurement is not
available, the TK identifies 25% to 33% of patients with a
high PCLI and acts as an independent predictor of survival.
However, it should be remembered that a substantial por-
tion of high-risk patients with high PCLI will be missed
using the TK instead of the PCLI.

Only when PCLI, TK, age, and sex (male) are left out
does serum albumin act as an independent prognostic factor
(data not shown). In those patients in whom PCLI is not
available, TK may act as an independent predictor of sur-
vival. CRP was not an independent prognostic factor in this
study.

With the PCLI and 8,M as the independent prognostic
variables, three groups of patients can be identified: poor
risk, those with high values for both, median survival 17
months; intermediate risk, those with high values for either,
median survival 40 months; and good risk, those with low
values for both, median survival 71 months. These survival
differences were similar for the group under the median age
of 65 years.

The group of nine patients under 65 years with low PCLI
and low 8,M is important. One patient was stage IA, six

Fig4. Kaplan-Meier survival curves for patients
grouped by .M {mg/mL) and CRP (mg/L). Upper
curve: 3,M < 6 and CRP < 6, n = 44. Median
survival was 47 months; 15 patients were alive at
latest follow-up. Symbols indicate censored
events. Middle curve: 5,M =6 orCRP =2 6.n = 41.

Months after Diagnosis

Median survival was 27 months; nine were alive at
latest follow-up. Lower curve: 8,M = 6 and CRP =
6. n = 22. Median survival was 28 months; two
patients were alive at latest follow-up.
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were stage IIA, and two were stage IIIA. Serum calcium was
9.55 + 0.34 mg/dL (lowest, 8.9; highest, 10.0); creatinine
was 1.04 + 0.15 mg/dL (lowest, 0.8; highest, 1.3), and hemo-
globin was 13.1 = 2.4 mg/dL (lowest, 8.4; highest, 15.8).
Their remarkable survival, 8 of 9 being alive almost 6 years
after starting chemotherapy, was achieved with “‘standard”
chemotherapy. As a group they are likely to be considered
candidates for more intensive procedures, such as autolo-
gous marrow or peripheral stem cell transplant or allogeneic
transplant, because of their young age and good renal func-
tion. Except for their low PCLI and low 8,M, their myeloma
is not recognizable as low risk. All but one had multiple
bone lesions or osteoporosis and fracture, and most had
anemia, advanced stage, or significant Bence Jones protein-
uria.

Favorable prognosis suggested by a low initial PCLI and
8,;M should be taken into consideration when interpreting
results of clinical trials and in making a decision to consider
patients for procedures with high morbidity and mortality
such as allogeneic transplant. A significant proportion of
such patients in transplant trials would likely effect a good
outcome.

The decision to use prognostic factors like PCLI and 8,M
to select groups that might be candidates for trials compar-
ing transplant with “standard” chemotherapy requires fur-
ther study in larger numbers of patients. Our patients repre-
sent a group treated primarily with melphalan and
prednisone. Because prognostic indicators may vary with
the chemotherapy that patients receive, such a study should
also be performed in a cooperative trial where more inten-
sive treatment is used. We are currently studying such a
group of patients in the Eastern Cooperative Oncology
Group.
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