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Childhood Leukemia in Connecticut, 1940-1962

By SIDNEY J. CUTLER, HERMAN HEISE AND HENRY EISENBERG

THE COMPREHENSIVE REPORT on trends in cancer treatment and

end results, prepared for the Fifth National Cancer Congress by the End

Results Group,1 indicated that during the 20-year period 1940-1959 there had

been an encouraging increase in survival among patients with acute leukemia.

For example, for all ages combined, the 1-year survival rate increased from

5 per cent among patients diagnosed in 1940-44 to 17 per cent among patients

diagnosed in 1955-59. The trend was about the same for male and female

patients. The observed improvement in prognosis coincided with a marked

increase in the use of chemotherapy (including steroids). The percentage of

patients treated by chemotherapy in successive 5-year periods beginning in

1940 was 1, 13, 45, and 68. Further examination of the data revealed that the

increase in survival time was particularly marked in children. For example,

the 1-year survival rate in patients with acute leukemia, under 20 years of

age, increased as follows: 1940-49, 4 per cent; 1950-54, 14 per cent; 1955-59,

29 per cent. These figures are based on a total of 1,370 patients.

This study was undertaken to identify factors that might be associated with

the reported improvement in survival among leukemia patients under 20

years of age. In discussing recent advances in acute leukemia, Freireich and

Frei state that “. . . since the introduction of chemotherapy in 1947, the

duration of the disease has been substantially prolonged, particularly for chil-

dren with acute lymphocytic leukemia However, Zuelzer has pointed

out: “Increased familiarity with leukemia on the part of physicians and lay-

men alike has resulted in a high index of suspicion and relatively early institu-

tion of definitive diagnostic procedures.”3

The study was carried out by reviewing hospital records in Connecticut,

which contributed about one-third of all leukemias in children reported

by the End Results Group. Since the Connecticut Tumor Registry provides
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2 CUTLER, HEISE AND EISENBERC

Table 1.-Number of Cases by Race, Sex, and Period of Diagnosis,

Connecticut, 1940-1962

Race & Sex 1940-62 1940-49

(10 yrs)

1950-53

(4 yrs)

1954-56

(3 yrs)

1957.59

(3 yrs)

1960.62

(3 yrs)

Registered cases

White
Male

Female

Total

255

210

74

64

43

37

33

33

55

34

89

50

42

92465 138 80 66

Non-\Vhite

Male
Female

Total

1
6

1
-

-

2 1
-

2
-

1

7 1 2 1 2 1

Total 472 139 82 67 91 93

Cases with information only

from death certificates 97 40 16 13 14 14

Grand Total 569 179 98 80 105 107

information on all cases of cancer diagnosed among residents of the state,

this series of cases is truly unselected. This is a particularly important con-

sideration in view of the questions raised by Meighan concerning the repre-

sentative nature of data drawn from specialized treatment centers.4’5

DESCRIPTION OF THE MATERIAL

During the 23-year period 1940-62, a total of 569 cases of leukemia, among

residents of Connecticut under 20 years of age, were identified by the Tumor

Registry. Of these, 472 were seen in Connecticut hospitals. For the remaining

97 cases, the only information available was obtained from death certificates.

It seems likely that a large proportion of cases identified solely through death

certificates received medical care outside of Connecticut, particularly in view

of the geographic proximity of Connecticut to the specialized medical centers

in Boston and New York City.* Because we were unable to determine sur-

vival time for such cases, the major part of this study is based on the 472

patients seen in Connecticut hospitals. The distribution of patients by race,

sex, and calendar period of diagnosis is given in Table 1.

In reviewing the hospital records, the exact diagnostic entry for each pa-

tient was recorded. These diagnostic terms were grouped under three

headings. (See Appendix Table 1.) The resultant totals were as follows:

Total Males Females

All eases 472 256 216

Acute lymphocytic leukemia 331 175 156
Acute myelogenous leukemia 108 66 42

Other leukemia 33 15 18

* The distribution by calendar period and age for cases with information only from

death certificates is given in Appendix Table 4.
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CHILDHOOD LEUKEMIA IN CONNECTICUT 3

Table 2.-Per cent of Leukemia Cases with a Bone Marrow Confirmation of
Diagnosis, Connecticut, 1940-62

1940-49 1950.53 1954-56 1957-59 1960.62

All leukemias
Ages 0-19

Number of cases 139 82 67 91 93
Per cent confirmed by

bone marrow examination 47 71 72 82 80

Ages 0-9

Number of cases 92 64 56 65 67
Per cent confirmed by

bone marrow examination 50 72 70 83 79

Acute lymphocytic leukemia
Ages 0-19

Number of cases 95 60 45 63 68
Per cent confirmed by

bone marrow examination 47 72 62 84 79

Ages 0-9

Number of cases 67 48 38 51 52
Per cent confirmed by

bone marrow examination 54 77 61 84 81

During the total period of study, 70 per cent of the cases were classified as

acute lymphocytic leukemia (A.L.L.). Among children under 10 years of age,

the percentage was a little higher, 74 per cent, and this percentage was

similar in boys and girls. The percentage of cases classified as A.L.L. changed

very little over time.

The percentage of cases classffied as A.L.L. in this series is similar to that

reported by Zuelzer3 and lower than that reported by Meighan for Saskatch-

ewan � and Oregon.5 Whether the differences are real is an open question in

view of possible variation in classifying specific diagnostic entities and in

view of the recognized difficulty, in some cases, of distinguishing between

lymphoblasts and myeloblasts.6

The frequency with which leukemia diagnoses were confirmed by bone

marrow examination (B.M.E.) in each calendar period is shown in Table 2.

During the 1940’s only half the cases were so confirmed. There was a sharp

increase in the frequency of B.M.E.’s in the 1950’s. The percentage of cases

with B.M.E.’s was 71 per cent in 1950-53 and 72 per cent in 1954-56. During

the period 1957-59, the percentage increased further to 82 and remained at

this level during the early 1960’s. The pattern was essentially the same among

patients with acute lymphocytic leukemia as for all leukemia patients, and

for patients under 10 years of age as for all patients under 20.

In general, patients without a B.M.E. had more severe disease. For ex-

ample, 25 per cent of patients without a B.M.E. had an initial white blood

cell count of 100,000 or higher compared with 10 per cent of patients with a

B.M.E. In each calendar period, patients without a B.M.E. had a shorter

survival time. (See Appendix Table 2.)
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Fig. 1.-Age distribution of patients under age 20; all leukemias, acute lympho-
cytic, and acute myelogenous; 1940-62.

The age distribution of Connecticut residents, under 20 years of age, with

leukemia is portrayed in Figure 1 and is similar to other series.46 The age

profile is essentially the same whether or not we include cases identified

solely through death certificates. \Vhereas patients with acute l�mphocytic

leukemia were concentrated around ages 2 and 3, the age distribution for

patients with acute mvelogenous leukemia was essentially flat. Comparison

of the age distributions in successive calendar periods, given in Table 3, in-
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CHILDHOOD LEUKEMIA IN CONNECTICUT 5

Table 3.-Age Distribution of Leukemia Patients under 20 Years of Age,

Connecticut, 1940-62

1940-62 1940-49 1950-56 1957-62

All leukemias

Number of cases 472 139 149 184

Per cent
0-4 51 44 56 52

5-9 22 22 24 20
10-14 16 20 9 18
15-19 11 14 11 10

Total 100 100 100 100
Acute lymphocytic leukenzia

Number of cases 331 95 105 131

Per cent
0-4 54 46 56 57

5-9 24 24 25 22

10-14 13 16 9 15

15-19 9 14 10 6

Total 100 100 100 100

dicates that there was an increase in the relative frequency of children under

5 years of age subsequent to the 1940’s.

TIIErcr IN PATIENT SURVIVAL

The trend in the survival of leukemia patients under 20 years of age is

summarized in Tables 4a-c and Figure 2. Two indices of survival are used,

median number of months survived and the percentage of patients alive at

the end of one year.#{176}Table 4a, pertains to all forms of leukemia combined.

Overall, there was a sharp increase in patient survival from 1940-49 to 1954-56,

followed by a leveling off of the upward trend. For example, for all patients

under 20 years of age the median survival time in the five successive calendar

periods was 2.3, 5.2, 10.3, 9.4, and 10.8 months. The 1-year survival rates

exhibited a similar pattern. The age of the patient is of profound prognostic

importance. There is a marked difference in prognosis between patients under

10 years of age and those 10-19 years. For example, in the last three calendar

periods the median survival times were as follows:

Median months s-urvived

Age 1954-56 1957-59 1960-62

0-9 11.0 11.3 11.9

10-19 6.5 4.5 6.0

Since 7 out of every 10 cases in this series were classified as acute lympho-

cytic leukemia, the trend in patient survival for this type of leukemia was

similar to the trend for all forms of leukemia combined (Table 4b). The im-

provement in survival among patients with acute myelogenous leukemia was

0 Standard life-table technics were used in computation.7-’
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CHILDHOOD LEUKEMIA IN CONNECTICUT 7

Table 4a.-Trends in Survival of Leukemia Patients under 20 Years of Age:

All Forms of Leukemia Combind, Conncticut, 1940-1962

1940-49
Median
1950-53

months
1954-56

survived
1957-59 1960-62 1940-49

1-year survival r
1950-53 1954-56

ate (%)
1957-59 1960-62

ALL

LEUKEMIAS

Both sexes

combined

Ages: 0-4 2.2 5.7 13.0 11.2 11.2 5 20 53 43 45
5-9 3.5 5.0 9.7 11.3 13.0 17 28 39 42 61

0-9 2.7 5.7 11.0 11.3 11.9 9 22 48 43 49
10-19 1.7 3.0 6.5 4.5 6.0 4 22 36 23 27

0-19 2.3 5.2 10.3 9.4 10.8 7 22 46 37 43
Males

Ages: 0-9 3.2 7.0 13.0 11.3 11.0 9 28 54 45 44
10-19 1.3 2.5 (10.5) 3.5 3.5 7 18 (43) 18 31
0-19 2.6 5.2 12.2 8.8 10.4 8 26 52 36 40

Females

Ages: 0-9 1.9 5.0 9.7 112 12.7 9 16 43 41 55
10-19 2.1 (5.5) (4.0) (8.5) 8.0 0 (29) (25) (33) 20

0-19 2.0 5.2 9.3 10.5 11.5 6 18 41 39 47

Note: Figures in parentheses are based on less than 10 patients. The number of cases in

each subgroup is given in Appendix Table 3.

Table 4c.-Trends in Survival of Leukemia Patient.s under 20 Years of Age:

Acute Myelognous Leukemia, Connecticut, 1640-1962

Median months

1940-49 1950-56

survived

1957.62

1-year

1940-49

survival rate (%)
1950-56 1957.62

ACUTE MYELOGENOUS LEUKEMIA

Both sexes combined

Ages: 0- 9 1.5 6.8

10-19 2.7 (6.0)
10.0

2.5

7

0
26

(25)
29
14

0-19 2.0 6.8
Males

Ages: 0- 9 3.0 6.7

53

8.0

4

10

26

31

22

36

0-19 2.5 7.5

Females

Ages: 0- 9 0.6 7.0

4.6

10.0

6

0

29

21

26

20

0-19 1.5 6.0 9.5 0 22 14

Note: Figures in parentheses are based on less than 10 patients. The number of cases in

each subgroup is given in Appendix Table 3.

less impressive (Table 4c). During the period 1957-62, survival time for pa-

tients with acute myelogenous leukemia was only half as large as for patients

with the lymphocytic type.

In recent years, the relationship of survival rates for boys and girls has

been reversed; that is, the rates for girls are now higher. This shift is particu-

larly striking in children under 10 years of age with acute lymphocytic
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Fig. 2.-Survival trend among patients ages 0-19 and 0-9, total leukemia and acute

lymphocytic leukemia, 1940-1962.

leukemia. For example, beginning in 1950 the median survival times for boys

and girls were as follows:

Patients under Median montha survived

10 years of age 1950-53 1954-56 1957-59 1960-62

Boys 8.2 13.8 11.5 10.9
Girls 5.8 9.5 11.5 15.5

Boys & Girls 6.3 13.0 11.5 12.0

These figures indicate that survival time for girls increased continuously,

whereas survival time for boys reached a peak in 1954-56 and then declined.

However, these apparently contrasting trends may be due to chance variation

from the trend for boys and girls combined-namely, little change subsequent

to 1953. (The number of cases on which the above figures are based is given

in Appendix Table 3.)

Although response to therapy does not necessarily imply longer survival,

it is noteworthy that the survival advantage in favor of girls, in recent years,

is consistent with the findings of Gehan.11 In analyzing the experience of the

Acute Leukemia Cooperative Group B, he found that girls had a higher

probability of responding to treatment. The possibility of a sex differential

in prognosis among children with leukemia warrants further exploration

through examination of other series.

In view of the prognostic significance of age, we examined the relationship

of age to survival time in greater detail. Freireich and Frei 2 reported that

for patients with acute lymphocytic leukemia, “Most frequent response to
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Fig. 3.-Survival trend by age among patients with acute lymphocytic leukemia,
1940-1962.

therapy and longest survival are observed in young children, age 3-5. Prognosis

is not as good for infants (<2 years), and survival decreases with increasing

age, over 10.” The experience in Connecticut among patients with A.L.L. is

illustrated in Figure 3. The number of cases in each age group is small and

these findings need to be verified through examination of other series. Never-

theless, these findings warrant attention since they point to a marked im-

provement in survival among very young children (<2 years). During the

period 1957-62 there was relatively little variation in survival among age

groups under 10. Survival clearly drops off with age after age 10.

RELATIONSHIP TO LEUKEMIA INCIDENCE

Zuelzer3 referred to increased familiarity with leukemia on the part of the

physician and layman alike. This increased familiarity may result not only in

earlier institution of definitive diagnostic procedures, but also in the identifi-

cation of cases that previously remained undiagnosed. Since Connecticut regis-
ters every diagnosed case among residents of the state, it is possible to relate

the number of cases to a defined population base, in order to examine the

trend of leukemia incidence. Thus, we can determine the relationship between

the trend in the incidence of the disease and the trend in patient survival rates.

Since the increase in patient survival was particularly impressive among

children under 10 years of age, we are here restricting our examination of

leukemia incidence to this age group. \Ve previously indicated that 97 out of

the 569 known cases of leukemia were identified solely through death certifi-

cates. These cases were included in the calculation of incidence rates but

could not be included in the analysis of survival. We do not know whether
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10 CUTLER, HEISE AND ELSENBERG

survival for patients diagnosed ( and possibly treated) outside of Connecticut

hospitals was the same as for patients treated in Connecticut hospitals. Never-

theless, we do not believe that inclusion of the “death certificate only” cases in

the incidence data and their exclusion from the survival data seriously distorts

the comparison of trends in leukemia incidence and patient survival. The

trends in the incidence of leukemia in children under 10 years of age is corn-

pared with the trend of 1-year survival rates in Figure 4. For all forms of leu-

kemia combined ( upper half of chart ) , there was a small increase in the

incidence rate, from 4.3 per 100,000 during the 1940’s to 4.9 in the period

1950-53. There was no consistent trend in incidence subsequent to the early

1950’s. The rate of incidence for acute lymphocytic leukemia increased some-

what more consistently, from a rate of 2.8 in the 1940’s to a rate of 3.6 in the

early 1960’s. The change in the 1-year survival rate was much greater. There

was a marked increase from the 1940’s to 1950-53, and an even larger increase

between 1950-53 and 1954-56. There was no significant change in survival

subsequent to 1956. The trend was similar for all leukernias combined and for

the acute lvrnphocytic type. It is noteworthy that between 1950-53 and

1954-56 leukemia incidence decreased somewhat, whereas the survival rate

increased sharply. Thus, it is clear that the observed upward trend in patient

survival is not directly related to changes in the incidence of the disease.

RELATIONSHIP TO PATIENT CHARACTERISTICS

The prognostic significance of conditions existing at time of diagnosis is

generally recognized. For example, Zuelzer 12 has indicated that “the best

chances for long-term survival and possibly even a cure are those of a child

with stem cell leukemia, a low initial white blood count, and preferably, but

not necessarily, in good clinical condition We have therefore examined

available information on patient characteristics, the relationship of these charac-

teristics to patient survival, and the possible association of changes in patient

characteristics to the observed increase in survival time.

White Cell Count

The relationship of the initial white blood cell count to patient survival in

this series is described in Table 5 and Figure 5. Patients with subnormal counts

(<4,000) clearly had the longest survival time. The survival experience for

patients with counts of 4 to 10 thousand and 10 to 25 thousand was similar.

Survival for patients with counts of 25 to 50 thousand and 50 to 100 thousand

was also similar. Patients with cell counts of 100,000 or higher had the least

favorable prognosis, particularly during the first 6 to 8 months after diagnosis.

For summary purposes, it is reasonable to group the cell counts into two broad

categories: Low, <25,000; High, 25,000+.
The data for all children with leukemia indicate that there was a small in-

crease in the percentage of patients with white counts under 25,000. The

trend in cell counts is examined in Table 6 for children under 10 years of age

with acute lymphocytic leukemia. The percentage with subnormal counts

(<4,000) was higher in the last two calendar periods, but coincided with a
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Fig. 4.-Comparison of incidence rates and survival rates for leukemia in children

0-9 years of age; trend 1940-1962.

leveling off of the upward trend in patient survival (see Tables 4a and b). It

thus appears that the observed increase in patient survival since the 1940’s

was not associated with a significant change in initial white cell counts.

Signs and Symptoms

The various signs and symptoms present at, or within one week of, first

hospital admission were grouped under six headings, as follows:

1. Bleeding: bleeding or hemorrhage, visible or internal.
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12 CUTLER, HEISE AND ELSENBERG

Table 5.-Survival Time by Initial White Blood Cell Count; Connecticut, 195O�1962*

Total Leukemia Acute Lymphocytic Leukemia

White cell

count

(thou./cu.mm.)

Number

of

cases

Median

months

survived

1-year

survival

rate (%)

Number

of

cases

Median

months

survived

1-year

survival

rate (%)

Ages 0-19

Under 4

4-9

10-24

25-4c)

50-99

100 & over

Unknown

48

81

59

46

30

45

24

13.0

10.3

10.9

6.3

6.5

3_S

10.0

52

38

46

24

20

24

50

37

63

39

29

19

29

20

15.8

9.9

11.2

6.7

7.5

2.9

9.0

59

43

46
28

21

17

45

Ages 0-9

Under 4

4-9
10-24

25-49
50-99

100 & over

Unknown

37

61

45

33
20

34

22

15.3

11.2

12.6

6.5
8.0

3.0

10.0

57

41

56
21

25

24

50

33

49

32
20

14

23

18

15.7

11.2

12.7
6.8

8.0

3.5

9.0

61

45

56

25

21

22

44

* Cases diagnosed prior to 1950 had a ver short survival and are excluded from this table.

2. Infection: respiratory, fever, boils, infectious disease.
3. Leukemic infiltration: enlarged or palpable lymph nodes, spleen or liver, or other

manifestations of leukemic involvement.
4. Pain: bone, joint, headache, etc.

5. General: weakness or fatigue, pallor and other abnormal color, weight loss, irrit-
ability, sweats, loss of appetite, vomiting.

6. Other: supple neck, loss of motor power, “anemia,” and ill-defined symptoms.

Patients with bleeding had a significantly lower survival than patients with-

out bleeding (Table 7). A quantitative relationship between the platelet count

and hemorrhage was reported by Gaydos, Freireich and Mantel.’3 The quan-

titative relationship held up for both milder forms (petechiae, ecchymoses,

epistaxis) and for grossly visible hemorrhage. Unfortunately, in this series,

information on platelet count was unavailable for a large proportion of cases.

None of the other groups of signs and symptoms yielded a significant differ-

ence in survival for patients with symptoms present compared to patients with

symptoms absent. Although the median months of survival was substantially

higher for patients with “general symptoms” present than for those without

such symptoms, the number of patients without “general symptoms” was very

small (16 per cent of all leukemia patients) and the observed difference in

survival might be due to chance variation.0

There was no systematic change over time in the proportion of patients

with each group of signs and symptoms present. For example, the percentage

of children under 10 years of age with bleeding present, in each calendar

#{176}Observed difference was not statistically significant.
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Fig. 5.-Survival experience according to initial white count (thousands of cells/

Cu. mm.); total leukemia, ages 0-19; acute lymphocytic leukemia, ages 0-9; 1950-
1962.

period was: 1940-49, 60; 1950-53, 52; 1954-56, 57; 1957-59, 49; 1960-62, 54.

In general the observed upward trend in patient survival was not associated

with changes in patient characteristics at initial hospitalization. Furthermore,

there was virtually no change in the interval between the reported date of

onset of signs or symptoms and the date of diagnosis of leukemia. In all calen-

dar periods, the median interval was about one month.

In view of the observed association of the initial white cell count and of

bleeding with patient survival, we examined the joint effect of these two

characteristics on patient survival. As shown in Table 8, among patients with

“low” white counts, the presence of bleeding was clearly associated with a

somewhat lower survival. In contrast, the findings for patients with “high”

white counts are puzzling, in that survival times were lower for patients with

bleeding absent. It may be that among such patients there was a significant

Table 6.-Trend in Distribution of Cases by initial White Blood Cell Count:

Children under 10 Years of Age with Acute Lymphocytic Leukemia

1940-62 1940-49 1950-53 1954-56 1957-59 1960-62

Total Cases 256 67 48 38 51 52
Number with

information 236 65 43 34 46 48

Per cent:

Under 4 17 11 12 12 20 31
4-9 28 28 37 32 28 19

10-24 20 23 14 21 22 19

25-49 12 14 12 15 11 10

50-99 10 14 12 6 4 10

100 & over 13 11 14 15 15 10
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14 CUTLER, HEISE AND EISENBERG

Table 7.-Survival Time by Signs and Symptoms Present at, or One Week Prior to,

First Hospital Admission; Children under 10 years of age,*

Connecticut, 1950-1962t

Total Leukemia Acute Lymphocytic Leukemia

Signs Number Median 1-year Number Median 1-year
and of months survival of months survival

Symptoms cases survived rate (%) cases survived rate (%)

Bleeding 1

Present 133 8.5 36 96 9.0 39
Absent 110 10.9 44 85 11.1 45

Infection

Present 155 9.9 41 113 10.4 42
Absent 88 9.3 38 68 9.5 41

Leukemic Infiltration
Present 213 9.8 41 160 10.3 43
Absent 30 9.3 30 21 9.5 29

Pain

Present 85 10.2 40 74 10.7 42
Absent 158 9.4 39 107 9.8 41

General Symptoms
Present 209 10.0 41 158 10.4 42
Absent 34 4.7 32 23 4.5 35

Other

Present 89 9.1 37 68 9.0 38
Absent 154 10.0 41 113 10.5 43

* The findings were similar for all patients under 20 years of age.

t Cases diagnosed prior to 1950 had a very short survival and are excluded from this table.

1 The survival curves, over 30 months of observation, for patients with and without
bleeding were significantly different. (Mantel c’ test: total Leukemia, .OOl<p<.Ol; acute
lymphocytic leukemia, .O2(p<.OS).

number with undetected intracranial bleeding, particularly among patients

with A.L.L. On the basis of the available data, it appears reasonable to divide

children with leukemia into three prognostic groups: (1) <25,000 white cells,

bleeding absent; (2) <25,000 white cells, bleeding present; and (3) 25,000 +

white cells. There was little change over time in the distribution of cases with

respect to these prognostic groups.

The trend of survival time for each of these groups is summarized in Table 9.

It is clear that, over calendar time, survival improved in each of the three

prognostic groups. Figure 6 portrays the survival experience of children under

10 years of age with acute lymphocytic leukemia. In the two less favorable

groups (<25,000 white cells, bleeding present; and 25,000+ white cells) the

survival curves shifted to the right, but the shape of the curves remained

essentially unchanged. In contrast, among children with initial white counts

below 25,000 and no bleeding or hemorrhage at first hospital admission there

was a definite change in the shape of the curve. For this group of patients, the

survival curve for patients diagnosed in 1957-1962 is definitely concave. The

survival curves for the three prognostic groups, for patients diagnosed in

1957-1962, are brought together in Figure 7. From about the sixth month
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CHILDHOOD LEUKEMIA IN CONNECTICUT 15

Table 8.-Survival Time by Combination of Initial White Blood Cell Count and

Bleeding Status, Conecticut, 1950�1962*

Total Leukemia Acute Lymphocytic Leukemia

White cell Number

count and of

bleeding status cases

Median 1-year

months survival

survived rate (%)

Number

of

cases

Median

months

survived

1-year

survival

rate (�)

Ages 0-19

Under 25,000 188
Bleeding absent 95
Bleeding present 93

10.9 44
11.9 49
10.1 39

139
74

65

11.4

12.5

10.4

48

53

43

25,000+ 121

Bleeding absent 41

Bleeding present 80

5.2 23

3.5 20

6.3 25

77

23

54

6.1

3.4

6.6

22

13

26

Ages 0-9

Under 25,000 143
Bleeding absent 71

Bleeding present 72

11.8 49
12.4 52

11.6 47

114
61

53

12.6
12.9

11.8

52
56
49

25,000 + 87
Bleeding absent 28

Bleeding present 59

6.2 23
5.0 25

6.3 22

57
16

41

6.5
4.0

6.6

23

19

24

* Cases diagnosed prior to 1950 had a very short surv ival and are excluded fro m this table.

after diagnosis, mortality in the “high” white cell group was definitely higher

than in the two other groups. For approximately 18 months the survival curves

for the two groups with initial white cell counts under 25,000 were roughly

similar. The mortality rate was relatively low during the first 9 months and

then accellerated. However, beyond 18 months the two curves diverge sharply.

Among patients with bleeding at hospital admission, mortality continued at a

high rate, whereas there was a marked diminution in mortality among patients

with no evidence of bleeding or hemorrhage at hospital admission. The con-

cave shape of the curve for the latter group suggests that treatment may be

significantly modifying the course of the disease.

Further examination of Figure 6 indicates that the 1957-62 curve for the

<25,000 white cells, bleeding present group is similar to the 1950-56 curve for

the <25,000 white cells, bleeding absent group. Also the 1957-62 curve for the

25,000 + white cells group is similar to the 1950-56 curve for the <25,000 white

cells, bleeding present group. This suggests a lag in calendar time with respect

to change in the characteristics of the survival curves for the less favorable

prognostic groups. Whether the survival curves for the less favorable groups

will exhibit concave contours among patients diagnosed subsequent to 1962

remains to be seen.

TREATMENT

This analysis of treatment is limited to identification of the types of therapy

received by each patient, as recorded in hospital records. No attempt was
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Fig. 7.-Survival experience according to bleeding status and initial white count;
acute lymphocytic leukemia, ages 0-9, 1957-1962.

made to classify treatment with respect to schedule of administration, dosage,

or sequence of agents.

As shown in Table 10 the percentage of children with leukemia treated by

chemotherapy increased sharply subsequent to the 1940’s. In fact, subsequent

to 1953, very few children failed to receive chemotherapeutic treatment during

the course of medical care. During the 1950’s, more than 70 per cent of children

were put on chemotherapy within one month of diagnosis. By the early 1960’s

this percentage increased to 80.

The specific agents used in each calendar period are identified in Table 11

for children under 10 years of age with acute lymphocytic leukemia. The

picture was similar for all children with leukemia. From 1950 on about 75 per

cent of children were treated with steroids, usually in combination with metho-

trexate, 6-mercaptopurine, or both.
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18 CUTLER, HEI5E AND EISENBERG

Table I 0.-Per Cent of Children with Leukemia Treated by Chemotherapy,

Connecticut, 1940-1962

1940-49 1950-53 1954-56 1957-59 1960-62

Total leukemia

Number of cases
Ages: 0-9 92 64 56 65 67

10-19 47 18 11 26 26
Per cent treated by

chemotherapy *

Ages: 0-9 30 89 96 94 97

10-19 11 78 100 100 92

Acute lymphocytic leukemia

Number of cases

Ages: 0-9 67 48 38 51 52

10-19 28 12 7 12 16

Per cent treated by

chemotherapy *

Ages: 0-9 36 90 97 96 96
10-19 11 67 100 100 94

* Includes steroids.

Table 11.-Per Cent Distribution by Method of Treatment; Children under 10 Years

of Age svith Acute Lymphocytic Leukemia, Connecticut, 1940-1962

1940-49 1950-53 1954-56 1957-59 1960-62

Number of cases 67 48 38 51 52

Per cent treated by:

Chemotherapy * 36 90 97 96 96

Methotrexate (MTX) 18 10 8 10 2

6-Mercaptopurine (6-MP) - - - 2 -

MTX+6-MP - - 8 2

Steroids (ST)f - 21 8 6 15

MTX+ST - 42 16 24 19

6-MP+ST - - 16 2 17

MTX + 6-MP + ST - 8 37 41 29
Other chemotherapy only � 18 9 12 3 12

No chemotherapy 64 10 3 4 4

Radiation 9 4 - - -

Supportive therapy only 45 4 - 2 2

No treatment reported 10 2 3 2 2

* The multiple agents shown were administered some time during a patient’s history, but

not necessarily in combination or in the listed sequence.

t Includes only ACTH, cortisone, hydrocortisone, Meticorten, prednisone, prednisolone,
and any combination of these steroids.

�Inclu(les cases for which the specific agent was not reported.

Since this study is based on an unselected series of patients treated in a

variety of hospitals serving a defined population, we felt that it would be of

interest to determine the frequency with which specific drugs were used and

the year in which each drug was introduced in Connecticut (Table 12). A
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CHILDHOOD LEUKEMIA IN CONNECTICUT 19

Table 12.-Specific Chemotherapeutic Agents used in Connecticut in Treating

Patients with Leukemia under 20 Years of Age

Rank Drug or Agent
Frequency of

Administration
Year First

Given

1 Aminopterin, Amethopterin, Methotrexate 175 1948
2 Meticorten, Prednisone, Prednisolone 149 1954
3 6-Mercaptopurine, Purinethol 126 1952
4 Cortisone 81 1950

5 ACTH 59 1950

6 Hydrocortisone (solu-cortef) 32 1953
7 Nitrogen Mustard 13 1945

8 Medrol 10 1957

9 Vincristine, Leurocristine 6 1962
10 Antifolics, folic acid antagonists, e.g.,

Pteropterin, Diopterin S 1947
11 Chlorambucil (Leukeran) 5 1957

12 Cytoxan 5 1962
13 6-Azauridine 5 1956

Note: Agents administered to less than 5 patients are not listed.

total of 33 different agents were used, but only 13 were administered to at

least 5 patients, 8 to at least 10 patients, and 5 to at least 50 patients. The five

most popular agents and the year in which they were first used in Connecticut

were methotrexate#{176} ( 1948 ), prednisone f ( 1954), 6-mercaptopurine � ( 1952),

cortisone ( 1950), and ACTH ( 1950).

COMPARISON WITH OTHER SERu�s

In discussing variation in survival rates reported from different sources,

Meighan 5 stated:

Median survival of 20 months, 16 months, and 14 months were reported recently

from data compiled from center experience. But when survival studies are based upon
investigations of whole populations, median survival of 16.2 weeks in this series, and of
3 months and 2.8 months in similar studies from Canada and Norway have been re-

ported. Such differences between survival statistics obtained from center experience and
from total population studies can be explained only by two alternatives; either treatment
in medical centers is more efficient than that received by the general population, or re-
ported center experience does not represent a random sample of the population. It is
probable that both reasons are correct partially.

Many of the reports based on specialty center experience cannot be com-

pared with our data, because they pertain to results obtained on patients

meeting specified criteria for evaluating particular treatment regimens. Even

reports that include all patients admitted during a specified calendar period

may involve a bias due to preselection of cases for referral to a specialty center.

Severely ill children may not be able to travel to a hospital outside of their

place of residence. Specialty centers frequently receive patients who have

* Includes Aminoptenn and Amethopterin.

t Includes prednisolone and Meticorten.
� Includes Purinethol.
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20 CUTLER, HEISE AND EISENBERG

already received some treatment. Such patients represent a preselected group

of survivors.

In spite of these difficulties, it may be informative to compare the experi-

ence in Connecticut with reports from specialty centers. Three such reports

which include all patients treated during a specified interval are summarized

below.

1. Freireich, et al.9
89 patients under 20 years of age admitted to Chemotherapy Service of the Na-

tional Cancer Institute, October 1953 through October 1958.

Median Survival Time from Diagnosis
Ages 0-9: 10 months

Ages 0-19: 10 months

2. Zuelzer’

175 children with stem cell leukemia receiving “composite cyclic therapy” at the
Child Research Center of Michigan, 1955-1963. Median survival time from diag-

nosis: 17.2 months.

3. Man galik et 11.10

210 patients with acute lymphoblastic leukemia (168, under 15 years of age; 42,

15 years or older) examined at Hematology Clinic, University of Utah College of
Medicine, 1947-July 1, 1964.

Median Survival Time from Diagnosis, by Period of Admission0

1947-54: 4 months
1954-57: 8 months
1958-64: 12 months

The above figures may be compared with the data for patients with acute

lymphocytic leukemia treated in Connecticut hospitals:

Median Survival Time from Diagnosis, by Period of Diagnosis

1954-56

Ages 0-9: 13.0 months

0-19: 12.3 months

1957-59

Ages 0-9: 11.5 months
0-19: 9.9 months

1960-62
Ages 0-9: 12.0 months

0-19: 11.0 months

Although diagnostic criteria employed in classifying cases as acute lympho-

cytic leukemia vary somewhat from one series to another, this should not

grossly distort comparisons. It appears that the survival experience of children

with acute lymphocytic leukemia treated in Connecticut hospitals is generally

comparable to that reported by several specialized treatment centers and is

clearly more favorable than the rates reported by Meighan.

DIsCussIoN

\Ve reviewed an unselected series of 472 cases of leukemia in patients under

* Estimated from Figure 1 of Mangalik’s report.
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CHILDHOOD LEUKEMIA IN CONNECTICUT 21

20 years of age, who were residents of the State of Connecticut. These cases

were diagnosed during the 23-year period 1940-1962. The survival experience

in this series compares favorably with that in several specialty treatment

centers, and improved markedly from the 1940’s to the middle 1950’s. There

has been little change in survival since. Improvement in survival was sub-

stantially greater among patients with acute lymphocytic leukemia compared

with patients with acute myelogenous leukemia.

During the period that patient survival increased rapidly, the rate of leu-

kemia incidence increased only moderately. There was little change over time

with respect to patient characteristics such as initial white blood cell count

and the presence of bleeding and hemorrhage. There was a marked increase

in the use of steroid and chemotherapy, but the continued increase in the use

of chemotherapy after the middle 1950’s and changes in the specific agents

used were not associated with further improvement in patient survival. How

the new and modified treatment regimens introduced since 1962 will be re-

flected in unselected series such as the one in Connecticut remains to be seen.

These findings were in line with other reports in the literature concerning

the prognostic significance of age. Prognosis for patients 10-19 years of age is

clearly less favorable than for younger children. There was a marked improve-

ment in survival among children under 2 years of age. As a result, in recent

years, there was less variation in survival with respect to age, among children

under 10.

In the last calendar period of study, 1960-62, the survival rate in girls under

10 years of age was higher than in boys. This is a reversal of the relationship

in earlier years. This change in prognosis with respect to sex was not associated

with any of the patient characteristics examined in this study. Due to the

limited number of cases in this series these findings must be ragarded as

suggestive only. However, if substantiated in other series, the implications of

a sex differential in prognosis among children would warrant study for clues

regarding sex-linked factors associated with response to treatment.

These data suggest that within a morphologic type, and particularly for

acute lymphocytic leukemia, patients may be grouped into three broad

prognostic groups with respect to initial white count and the presence of

bleeding (or hemorrhage): (1) <25,000 WBC, bleeding absent; (2) <25,000

WBC, bleeding present; and (3) 25,000 + WBC. Although survival improved

over time among patients in all three groups, the survival curve for the first

group was the only one that exhibited a change in shape. Among children in

this most favorable group (<25,000, bleeding absent) the survival curve for

patients diagnosed in the period 1957-62 was definitely concave in configura-

tion. A concave configuration implies a slowing down of the rate of mortality

with length of follow-up and suggests that treatment may be modifying the

course of the disease. It thus appears that patients in this group have the best

probability for long-term survival and perhaps a possibility for cure. Whether

experience subsequent to 1962 will indicate a change in the characteristics of

the survival curve among patients in the two other prognostic categories re-

mains to be seen.
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472 256 216

331 175 156

240 131 109
12 7 5

10 5 5

2 - 2
33 15 18

14 6 8
3 3 -

14 7 7

3 1 2

108 66 42

80 44 36
28 22 6

33 15 18

9 3 6

5 3 2

3 2 1

9 3 6

4 2 2

3 2 1

SUMMARY

This study reviews the experience of all leukemia patients under 20 years of

age seen in Connecticut hospitals during the period 1940-1962. The survival

experience in this series compares favorably with that in several specialty
treatment centers, and improved markedly from the 1940’s to the middle

1950’s. There has been little change in survival since. Improvement in sur-

vival was substantially greater among patients with acute lymphocytic com-

pared with patients with acute myelogenous leukemia.

22 CUTLER, HEISE AND EISENBERG

Appendix Table 1.-Diagnostic Terms Found in Connecticut Hospital Records

for Leukemia Cases 1940-62, Ages 0-19

Both

Major group and diagnostic terms Sexes Males Females

ALL CASES*
Acute Lymphocytic Leukemia

Acute lymphocytic, lymphatic, lymphogenous,

lyniphoid; lymphoblastic t
Acute stem cell

Blast cell t

Undifferentiated t
Acute-unspecified type

Subacute or aleukemic lymphocytic,
lymphatic, lymphogenous, lymphoid

Subacute or aleukemia-unspecified type
Lymphocytic, lymphatic, lymphogenous,

lymphoid-unspecified whether acute or

chronic

Stem cell

Acute Myelogenous Leukemia

Acute myelogenous, myeloid, myelocytic,

granulocytic; myeloblastic t
Monocytic,t monoblastic t

Other Leukemi�as �

Chronic lymphocytic, lymphatic, lymphogenous,
lymphoid

Chronic myelogenous, myeloid, myelocytic,
granulocytic

Chronic-unspecified type

Subacute or aleukemic myelogenous, myeloid,
myelocytic, granulocytic

Myelogenous, myeloid, myelocytic, granulocytic-

unspecified whether acute or chronic

Unspecified as to type and whether acute or

chronic

* Excludes cases with information only from death certificates.

t Coded as “acute” whether or not specified as “acute.”
� One may suspect the accuracy of the diagnosis, “chronic leukemia” among patients

under 20. However, the survival experience of patients with “Other leukemias” was

significantly better thaii for patients with acute lyniphocytic leukemia (Mantel x2: .001 <p
<.01).
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CHILDHOOD LEUKEMIA IN CONNECTICUT 23

Appendix Table 2.-Trend in Survival According to Bone Marrow Confirmation

of Diagnosis; Patients under 20 Years of Age with Leukemia, Connecticut, 1940-1962

1940-49 1950-56 195 7-62
Marrow No Marrow Marrow No Marrow Marrow No Marrow

0-19
Number of cases

Median months survived

1-year survival rate

0-9
Number of cases

Median months survived
1-year survival rate

65

3.7

9

46

4.0

11

74

1.3

5

46

1.5

7

106

8.0
35

85

8.4

36

43

5.8

28

35

6.4

29

149

10.7
42

107

11.6

47

35

8.5

34

25

9.5

44

During the period that patient survival increased rapidly, the rate of leu-

kemia incidence increased only moderately. There was little change over time

with respect to patient characteristics such as initial white blood cell count

and the presence of bleeding and hemorrhage. There was a marked increase

in the use of steroid and chemotherapy, but the continued increase in the use

of chemotherapy after the middle 1950’s and changes in the specific agents

used were not associated with further improvement in patient survival. How

the new and modified treatment regimens introduced since 1962 will be

reflected in unselected series such as the one in Connecticut remains to be seen.

SUMMARIO IN INTERLINGUA

Le studio es tin revista del experientia de omne Ic patientes con leucemia vidite in le

hospitales de Connecticut durante he periodo ab 1940 ad 1962. Le cifras de superviventia

non es minus favorabile que ilhos in plure centros de tractamento speciahisate e revela un
trend de marcate melioration inter le annos quaranta e le medio del annos cinquanta.

Postea, pauc alteration del superviventia ha occurrite. Le melioration dcl cifras tie

superviventia esseva considerabilemente plus marcate pro patientes con acute Icucemia

lymphocytic que in patientes con acute leucemia myelogene.
Durante le periodo in le qual le superviventia de patientes accresceva rapidemente, le

incidentia de leucemia aecresceva solo moderatemente. Pauc alteration esseva notate in
le curso del tempore con respecto a characteristicas tal como he numeration leucocytic

initial e le presentia de sanguination e hemorrhagia. Occurreva un marcate augmento in le
uso de steroides e altere modalitates chirnotherapeutie, sed le continue augmento in le uso
de agentes chirnotherapeutic post le medio del annos cinquanta (e alterationes in le agentes

specific usate) non esseva associate con un continue melioration in le cifras de super-

viventia. Como le nove modificationes del therapeutica, introducite depost 1962, va reflecter
se in non-seligite series de patientes (del genere studiate in Connecticut) remane a vider.
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Appendix Table 4.-Number of Leukemia Cases with Information only from Death

Certificates, by Age, Connecticut, 1940-62

Age

Total Leukemia Acute Lymphocytic Leukemia

1940-62 1940-49 1950-56 1957-62 1940-62 1940-49 1950-56 1957-62

All cases 97 40 29 28 41 17 5 19

0-4 37 16 11 10 17 8 2 7

5-9 32 11 9 12 13 4 2 7

10-14 13 7 5 1 3 2 - 1

15-19 15 6 4 5 8 3 1 4
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