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INTRODUCTION
Due to the rapid aging of Japanese society following 

World War II, Japan now has one of the highest percentages 
o f  e l d e r l y  c i t i z e n s  a m o n g  d e v e l o p e d  c o u n t r i e s .   
Consequently, according to the data of Ministry of Health, 
Labour, and Welfare of Japan; 69% of cancer patients and 
80% of patients who die of cancer are aged ≥ 65 years.   As 
elderly individuals’ lifespans grow longer, their mental and 
physical functions decline, often causing them to fall into a 
pathologic state known as geriatric syndrome.   In addition to 

suffering from mental and physical impairment, many elderly 
people are socially and economically disenfranchised.1   
Daily living, high medical expenses, and the absence of care 
typically raise barriers to cancer treatment.   Thus, treatment 
of elderly individuals requires a comprehensive assessment 
of factors such as the background.2   

The field of gerontology already employs the Compre­
hensive Geriatric Assessment (CGA), a multifaceted assess­
ment of aspects such as activities of daily living (ADL),3   
mood4 and cognition.5   The results of the CGA are used as a 
basis for performing therapy and rehabilitation, which are 
used to improve survival rates and physical functioning.6   

The use of the CGA has also been attempted in the treat­
ment of elderly cancer patients.   The National Comprehen­
sive Cancer Network guidelines, which are used worldwide, 
also recommend the use of the CGA as a tool for assessing 
benefits and the risk of adverse events in cancer treatment for 
elderly patients.2   In this study, we report on our retrospec­
tive assessment of patient characteristics, performance status 
(PS), and CGA items in 93 patients with incipient malignant 
lymphoma; as well as our analysis of malignant lymphoma 
classification, stage, treatment content, and chemotherapy 
dose intensity.
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In recent years, the Comprehensive Geriatric Assessment (CGA), which is used in gerontology to assess functioning in elderly 
individuals, has been said to be useful in geriatric oncology.   Therefore, we examined whether items in the CGA were associ­
ated with survival time in elderly patients with non-Hodgkin lymphoma (NHL).   We conducted the CGA for 93 patients aged ≥ 
65 years who had undergone treatment for NHL retrospectively.   The CGA includes activities of daily living, instrumental 
activities of daily living, mood, cognition, nutrition, and the Charlson comorbidity index.   For each category, we divided sub­
jects into a “good” group and a “poor” group.   In regard to the Charlson comorbidity index, patients were divided into two 
groups using different cutoffs to divide the groups; the two groups were established according to the division with the largest 
significant difference in survival time.   Multivariate analysis was then performed with the following prognostic factors affect­
ing survival: all CGA items, NHL classification, stage, performance status, and doxorubicin use/non-use.   We also performed 
similar analysis for 43 diffuse large B-cell lymphoma (DLBCL) patients who had undergone anthracycline treatment.   Results 
are factors affecting survival in NHL cases included comorbidity score ≥ 6 (P < 0.0001), doxorubicin non-use (P = 0.005), and 
cognitive impairment (P = 0.0488).   In cases of DLBCL, survival was affected by comorbidity score ≥ 5 (P = 0.0016).   High 
comorbidity score was strongly associated with survival in both NHL and DLBCL. 〔J Clin Exp Hematop 56(1):43-49, 2016〕
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MATERIALS AND METHODS

Patients and surveillance design

Patients aged 65 years or older who were admitted for the 
f i rs t  t ime to the Department  of  Medical  Oncology, 
Hematology, and Infectious Diseases, Fukuoka University 
Hospital for the treatment of non-Hodgkin lymphoma (NHL) 
were consecutively enrolled in this study during the period of 
January 2004 and December 2008.   Their background char­
acteristics were collected and CGA was conducted by 
reviewing the medical records at the time of initial examina­
tion when they were hospitalized.   Patient characteristics 
consisted of age, sex, histological classification, stage, PS, 
and international prognostic index (IPI).7   Items for the CGA 
consisted of ADL3, instrumental activities of daily living 
(IADL),8 mood,4 cognition,5 nutrition,9 and comorbidities.10 

CGA was performed using detailed daily review of medi­
cal records by physicians, nurses,  and pharmacists.   
Assessment of ADL was based on the Barthel index;3 patients 
who required at least one item of assistance with feeding, 
bathing, walking, dressing, toilet use, or grooming were 
deemed to be impaired in their ADL.   In assessing IADL, we 
referred to the ability to manage one’s own medication and 
go shopping by oneself, which are items on the IADL scale;8 
patients who required at least one item of assistance in either 
of these were deemed to be impaired in their IADL.   As for 
mood, although all patients naturally demonstrated some 
level of anxiety, those who were diagnosed as depressive or 
having depressive tendencies based on the Geriatric 
Depression Scale4 were considered to be impaired in their 
mood.   In assessing cognition, patients were deemed to have 
cognitive impairment if described as such by their attending 
physician or a nurse.   For patients in whom cognitive impair­
ment was suspected, we administered the revised version of 
Hasegawa’s dementia scale.5   Nutrition was assessed based 
on the Mini Nutritional Assessment; patients with body mass 
index < 19 were deemed to suffer from undernutrition.9   
Comorbidity was assessed using the Charlson comorbidity 
index.10   

Comorbidities were scored as follows: myocardial infarc­
tion, congestive heart failure, peripheral vascular disease, 
cerebrovascular disease, dementia, chronic pulmonary dis­
ease, connective tissue disease, ulcer disease, mild liver dis­
ease, and diabetes were each scored as one point; hemiplegia, 
moderate or severe renal disease, diabetes with end organ 
damage, any tumor, leukemia, and lymphoma were each 
scored as two points; moderate or severe liver disease was 
scored as three points; and metastatic solid tumor and 
acquired immune deficiency syndrome were scored as six 
points.   All individual scores were added together to yield a 
total comorbidity score.   We also examined the relationship 
between dose intensity and prognosis and safety profiles in 

patients with diffuse large B-cell lymphoma (DLBCL), the 
most common type of lymphoma among our subjects, who 
had received a standard combination chemotherapy consist­
ing of rituximab, cyclophosphamide (CPA), doxorubicin 
(ADR), vincristine (VCR), and prednisolone (R-CHOP) che­
motherapy.11   We then analyzed these cases using patient 
characteristics, CGA, and dose intensity as variables.

Statistical analysis

We examined the association of CGA with using a simple 
and a multiple proportional hazard model.   For the multivari­
ate analysis, a variables selection was conducted by the step­
wise method in order to determine the simplest model.   For 
all cases of lymphoma, in addition to CGA items, we 
included PS, age, stage, lymphoma classification, and the use 
or non-use of doxorubicin as explanatory variables.   For 
cases of DLBCL, in addition to CGA items, we included PS, 
age, IPI, and average relative dose index (ARDI).   

Of the CGA items analyzed in the proportional hazards 
model, ADL, IADL, cognition, mood, and nutrition were 
divided into a “good” group and a “poor” group.   In regard 
to the Charlson comorbidity index, patients were divided into 
two groups using different cutoffs to divide the groups (for 
example, 1–2 points vs ≥ 3 points, 1–3 points vs ≥ 4 points, 
etc.), and cut off point was determined using the proportional 
hazard analysis: the two groups were established according to 
the division that demonstrated the largest significant differ­
ence in survival time.   As for PS, patients were divided into 
groups with relatively favorable (0–1) or poor statuses (2–4).   
Depending on age, patients were divided into an early-elderly 
group (65–74 years) and a late-elderly group (≥ 75 years).   
Depending on the treatment, patients were divided into the 
group that used doxorubicin (the key drug in lymphoma 
treatment) and the group that did not.   Depending on the dis­
ease stage, patients were divided into an early-stage group (I–
II) and an advanced-stage (III–IV).   Depending on the classi­
fication, patients were divided into an “aggressive” group 
(moderate- or high-grade malignant lymphoma) and an 
“indolent” group (low-grade malignant lymphoma).   As for 
IPI, patients were divided into two groups: a low and low-
intermediate group and a high-intermediate and high group.   

Next, we determined ARDI to examine the association 
between the intensity of R-CHOP chemotherapy and adverse 
events.   The standard usages and doses of drugs in R-CHOP 
was as follows.   For rituximab, 375 mg/m2 was infused intra­
venously the day before beginning CHOP.   CPA, ADR, and 
VCR were each injected intravenously on day 1 in respective 
doses of 750 mg/m2, 50 mg/m2, and 1.4 mg/m2.   Predniso
lone was administered for five days beginning on day 1 at a 
dose of 100 mg/day.   These latter four drugs were adminis­
tered every three weeks.   Rituximab rarely results in serious 
adverse events other than infusion reactions and has little 
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effect on the treatment schedule; therefore, it was excluded 
from examinations of dose intensity.   Prednisolone was also 
excluded.   The dose intensity of CPA, ADR, and VCR were 
determined in terms of dosage per week (mg/m2/week), and 
the dosages actually administered were divided by the 
respective standard dosages to determine their respective rel­
ative dose intensities.   The relative dose intensity of these 
three drugs was then averaged to determine ARDI.   To 
examine the association of ARDI with survival time, we 
examined survival time in 5% increments starting at 100%.   
We then determined proportional hazards and used the ARDI 
with the largest significant difference as a cutoff point to 
divide ARDI into two groups.   Survival curves were drawn 
by the Kaplan-Meier method.

Evaluation of adverse events

Chi-square tests were performed between each of the 
items in the CGA and ≥ grade 3 hematologic toxicity, as well 
as between CGA items and the manifestation of febrile neu­
tropenia (FN).   We similarly examined the development of 
constipation, stomatitis, and peripheral neuropathy, all of 
which are known to be frequent adverse events in CHOP 
chemotherapy.11

RESULTS

Patient characteristics

Ninety-nine elderly patients with NHL were enrolled in 
the study between January 2004 and December 2008.   Since 
6 patients were excluded because of being unable to obtain 
complete CGA data from their medical records, the present 
study were comprised of 93 patients whose characteristics 
were listed in Table 1.   The median age was 77 (range, 
65–90) years.   Forty-three patients were male and 50 were 
female.   Seventy-seven patients had aggressive lymphoma 
including 66 of DLBCL, while 16 patients had indolent lym­
phoma including 9 with follicular lymphoma and 5 of MALT 
lymphoma.   A total of 91 patients received anti-lymphoma 
treatment including chemotherapy in 82, radiation alone in 5 
and surgery alone in 4, while 2 patients underwent best sup­
portive care.   R-CHOP therapy was given in 55 patients and 
CHOP in 9 (Table 1).   

Since Charlson comorbidity index scores malignant lym­
phoma as 2 points, all patients had a comorbidity score of ≥ 
2.   A total of 52 patients (56%) had a score of 2, while nine 
patients had a score of ≥ 5.   Cognitive impairment was 
deemed present in four patients, three of whom had under­
gone Hasegawa’s dementia scale and scored 27, 21, and 12 
(Table 2).

Comprehensive geriatric assessment and overall survival

We also analyzed the relationship between Charlson 
comorbidity index and survival rates.   Chi-square tests dem­
onstrated the greatest significant difference between scores of 
2–5 and ≥ 6 in NHL and between scores of 2–4 and ≥ 5 in 

Table 1. Baseline clinical features of 93 non-Hodgkin lymphoma 
patients

Characteristics No. of patients (%)
Median age
    65-74
    75-90
Sex (male/female)
Classifying of NHL
    Indolent type
        Follicular lymphoma
        MALT lymphoma
        Lymphoplasmacytic lymphoma
        Nodal marginal zone lymphoma
    Aggressive type
        Diffuse large B-cell lymphoma
        Angioimmunoblastic T-cell lymphoma
        Peripheral T-cell lymphoma
        NK/T-cell lymphoma
        Mantle cell lymphoma
        Anaplastic large cell lymphoma
        Adult T-cell leukaemia/ lymphoma
        Burkitt lymphoma
Ann-Arbor stage
    I-II
    III-IV
Performance status
    0-1
    2-4
Treatment	
    Chemotherapy
        R-CHOP
        CHOP
        Methotrexate
        R-COP
        Others
    Radiation
    Surgery
    Best supportive care
    Treatment of doxorubicin
        Including doxorubicin
        Without doxorubicin

77
53 (57)
40 (43)
43/50

16 (17)
  9 (10)
5 (5)
1 (1)
1 (1)

77 (83)
66 (71)
2 (2)
2 (2)
2 (2)
2 (2)
1 (1)
1 (1)
1 (1)

41 (44)
52 (56)

73 (78)
20 (22)

82 (88)
55 (59)
  9 (10)
4 (4)
3 (3)

11 (12)
5 (5)
4 (4)
2 (2)

66 (71)
27 (29)

NHL, non-Hodgkin lymphoma; MALT, extranodal marginal zone 
lymphoma of mucosa-associated lymphoid tissue type; R-CHOP, 
rituximab, cyclophosphamide, doxorubicin, vincristine, predniso­
lone;  R-COP, r i tuximab,  cyclophosphamide,  vincrist ine, 
prednisolone
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cases of DLBCL.   These respective points were used to 
divide patients into two groups for use as variables in multi­
variate analysis.   In multivariate analysis of CGA and sur­
vival time among the 93 NHL patients, the largest significant 
difference was observed in the Charlson comorbidity index 
(P < 0.0001)(Table 3).   The next largest significant differ­
ences observed were in doxorubicin use/non-use (P = 0.005) 
and cognition (P = 0.049).   In regard to the Charlson comor­
bidity index which demonstrated the greatest significant dif­
ference, we drew survival curves for scores of ≥ 6 and < 6 
(Fig. 1).

For the 43 DLBCL patients who underwent R-CHOP 
chemotherapy, we analyzed the relationship between the 
ARDI of ADR/CPA/VCR and survival rate; we consequently 

found the greatest significant difference in ARDI ≥ 75% (P = 
0.028).   Thus, patients were divided into an ARDI ≥ 75% 
group and an ARDI < 75% group, which were included along 
with the variables analyzed for overall lymphoma.   In multi­
variate analysis related to survival rates for these 43 patients, 
leaving only the Charlson comorbidity index (P = 0.0016) as 
a significant variable (Table 4).   Only comorbidity score was 
selected as a result of the stepwise method in the multivariate 
analysis, and therefore the results of univariate and multivari­
ate analysis for comorbidity score are consistent.

Comprehensive geriatric assessment and adverse events

Within the CGA, items associated with hematological 
toxicity were observed at a significantly higher frequency in 
patients with low ADL and in the development of anemia due 
to undernutrition.   However, there were no risk factors 
related to leukocyte count, infection, or FN (Table 5).   Also, 
there were no associations between CGA and the non-hema­
tological toxicities of constipation, stomatitis, and peripheral 
neuropathy.

DISCUSSION
Japanese studies on lymphoma in elderly individuals 

have not produced data for examinations of indices other 
than PS.   Although the present study is a retrospective study 
and therefore limited in terms of items examined, we were 
able to analyze the relationship between survival rates and 
CGA items.   

In this study, we found that a Charlson comorbidity index 
score of ≥ 6 (P < 0.0001) was found to be a high risk factor 
for incipient NHL in individuals aged ≥ 65 years.   The most 
common comorbidities in patients with scores ≥ 6 were meta­
static solid tumors.   Because malignant lymphomas are 

Table 2. Comprehensive geriatric assessment of 93 non-Hodgkin lymphoma patients

Item Group No. (%) Reference
Activities of daily living good/poor 67 (72%)/26 (28%) Barthel index3

Instrumental activities of daily living good/poor 64 (73%)/29 (27%) Instrumental activities of daily livings (Lawton & Brody)8

Mood good/poor 79 (85%)/14 (15%) Geriatric depression scale4

Cognition good/poor 89 (96%)/  4 (4%) The revised version of Hasegawa's dementia scale5

Nutrition good/poor 55 (49%)/38 (51%) Mini nutritional assessment9

Comorbidity score

2 52 (56%)

Charlson comorbidity index10

3 22 (23%)

4 10 (12%)

5   3 (3%)

6   1 (1%)

7   1 (1%)

8   3 (3%)

9   1 (1%)

1.0

0.8

0.6

0.4

0.2

0.0

0 500 1000 1500 2000 2500 3000 3500 4000

Fig. 1.    Overall survival curves of 93 non-Hodgkin lymphoma 
patients by Charlson comorbidity index. A clear difference was 
observed between the comorbidity scores of ≥ 6 and < 6.
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relatively easy to control with drug therapy and radiotherapy, 
it is understandable that metastatic solid cancers would be 
objects of focus as prognostic factors.   But this fact that the 
Charlson comorbidity index score is a high risk factor for 
survival is very important for making decision of treatment.   

General cancer treatment guidelines for elderly individu­
als are as follows.2   First, the patient’s remaining life expec­
tancy is compared with the survival time that would be 
yielded by treatment.   If treatment would be able to suffi­
ciently prolong the patient’s remaining life expectancy, treat­
ment is proactively performed; otherwise, palliative or sup­
portive therapy is considered.   Our analysis strongly 
indicated that patients with a high Charlson comorbidity 
index score have extremely poor prognosis.   So treatment for 
such cases should not strive for standard therapy to maintain 

high ARDI, but rather should reduce dosages and discontinue 
doxorubicin (the key drug) with the goal of controlling the 
tumor.   Moreover it is preferable we propose that such cases 
are discussed by cancer board, where multi-disciplinary can­
cer team meet together.12 

From among the 93 NHL patients in this study, we 
abstracted 43 DLBCL patients who underwent R-CHOP che­
motherapy.   We analyzed for survival time not only CGA 
items, but also IPI and ARDI (which are prognostic factors 
for DLBCL); in univariate analysis, ARDI was significantly 
correlated with survival rates.   However, in multivariate 
analysis, high comorbidity score emerged as a significant risk 
factor (P = 0.0016) as well as 93 NHL patients.   

Studies on prognosis for malignant lymphoma have sel­
dom considered the CGA.   As retrospective analysis of 348 

Table 4. Prognostic factors who received R-CHOP for 43 diffuse large B-cell lymphoma patients

Prognostic factor
Univariate Multivariate

p-value OR (95% CI) p-value OR (95% CI)
Activities of daily living 0.284 0.48 (0.07-1.72)

Instrumental activities of daily living 0.712 0.81 (0.23-2.34)

Mood 0.830 0.85 (0.13-3.06)

Cognition 0.277 5.11 x 10-9 (3.42-3.42)

Nutrition 0.802 1.14 (0.39-3.09)

Comorbidity score 0.0016 11.60 (2.80-45.32) 0.0016 11.60 (2.80-45.32)

Age 0.538 1.38 (0.48-3.81)

Performance status 0.090 0.24 (0.01-1.20)

International prognostic index 0.312 1.37 (0.60-4.55)

Average relative dose intensity 0.028 3.25 (1.13-11.65)

R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone; OR, Odds’s ratio; CI, confidence interval

Table 3. Prognostic factors affecting survival by univariate and multivariate analysis of 93 non-Hodgkin lymphoma patients

Prognostic factor
Univariate Multivariate

p-value OR (95% CI) p-value OR (95% CI)
Activities of daily living 0.054 2.00 (0.99-3.86)

Instrumental activities of daily living 0.015 2.32 (1.18-4.43)

Mood 0.871 1.08 (0.37-2.54)

Cognition 0.119 2.96 (0.71-8.27) 0.0488   4.28 (1.01-12.38)

Nutrition 0.572 1.20 (0.63-2.28)

Comorbidity score 0.0005 7.59 (2.68-18.94) < 0.0001 10.80 (3.69-28.37)

Age 0.140 1.63 (0.85-3.10)

Classifying of non-Hodgkin lymphoma 0.450 1.42 (0.60-4.15)

Stage 0.049 1.93 (1.00-3.90)

Performance status 0.238 0.24 (0.23-1.36)

Treatment of doxorubicin 0.023 2.23 (1.12-4.27) 0.0051   2.80 (1.38-5.49)

OR, Odds’s ratio; CI, confidence interval
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DLBCL patients in 2008 who underwent a CHOP-like regi­
men, Bosly et al.13   said ARDI, IPI, PS, and age as important 
prognostic factors, with particular emphasis of the impor­
tance of ARDI.   In Japan, in 1999, Mori et al.14   have con­
ducted prospective trials to determine optimal CHOP doses 
for elderly patients.   In a prospective study in which patients 
were administered a 1/2 dose, 7/12 dose, 5/6 dose, or a stan­
dard dose, they reported that the optimal schedules for 
patients aged < 80 years and patients aged ≥ 80 years were 
5/6 and 7/12 of the standard dose.   Treatment was decided 
by patients’ age not CGA.   In another study conducted by 
the same researchers with 57 elderly patients, patients aged 
65–79 years and patients aged ≥ 80 years were administered 
5/6 and 7/12, respectively, of the standard CHOP dose.   The 
researchers reported respective three-year survival rates of 
58% and 30%.15   These results thus indicate that elderly lym­
phoma patients who are at least healthy enough to participate 
in clinical trials demonstrate better outcomes with a higher 
ARDI in CHOP.   These results show that ARDI is related to 
survival time.   

As shown in Table 2, patients who Charlson comorbidity 
scores of ≥ 5 (which strongly affect prognosis) only 
accounted for approximately 10%.   However, as Japanese 
society further ages, the number of patients with comorbidi­
ties will increase; therefore, it becomes more important to 
consider high comorbidity score’s patients for providing 
appropriate treatment.   In an examination of Charlson comor­
bidity index and other prognostic factors in 154 DLBCL patients 
who had undergone R-CHOP chemotherapy, Wieringa et al.16   
said Charlson comorbidity score ≥ 4 (P = 0.02) and IPI (P = 
0.01) are prognostic factors; this report supports our results.   

In addition to comorbidities, the use of doxorubicin also 
emerged as a factor favorably affecting survival times in the 
93 malignant lymphoma patients in the present study (P = 
0.005).   In multivariate analysis of therapeutic outcomes for 
DLBCL and mantle cell lymphoma using CGA and the use/
non-use of anthracycline-based treatment as variables, 
Marchesi et al.   similarly found doxorubicin to be an inde­
pendent factor contributing to improved survival rates.   This 
finding supports the idea that doxorubicin is the key drug for 

aggressive lymphoma.17 
Our study also suggested that cognitive impairment 

would affect survival in multivariate analysis (P = 0.0488).   
Raji et al.   reported older patients who had cognitive impair­
ment were associated with high mortality than those of no 
mental problems in patients with breast, colon, and prostate 
cancer.18   This report supports our results.   

In regard to CGA and adverse events among DLBCL 
patients, patients with impaired ADL and patients with under­
nutrition demonstrated a significantly high frequency of ≥ 
grade 3 anemia (P = 0.045 and P = 0.007, respectively).   In a 
prospective trial related to CGA and adverse events con­
ducted among 500 patients with various cancers,19,20 not only 
low hemoglobin value, but also low leukocyte count and 
infection were noted significantly more frequently in patients 
with poor CGA outcomes.   In this study, FN and infection 
yielded no differences in patients with poor CGA outcomes; 
this lack of difference may have been due to proper adjust­
ment of anticancer drug dosages.   

In the present study, the Charlson comorbidity index was 
found to be a significant prognostic factor in NHL.   There 
have been almost no attempts in the past to assess function­
ing in elderly individuals, conduct a prospective study based 
on such an assessment, or to examine its association with 
prognosis like this.   One possible reason is that no standard 
usage, dosage, or treatment has been established for malig­
nant lymphoma among the elderly.   Elderly individuals are 
frail compared to young individuals; therefore, they demon­
strate greater diversity in host factors and require more indi­
vidualized treatment.   Consequently, stratification involves 
many factors, making prospective comparative studies diffi­
cult to organize.   Tucci et al.   have reported among unfit 
patients who are problem in CGA, their outcomes did not dif­
fer between curative treatment and palliative care.21   They 
suggests that the curability of DLBCL may not only depend 
on its biological characteristics, but also patient-related fac­
tors, which may be linked particularly to the parameters ana­
lyzed by CGA.   

In this study, comorbidity score and cognition were asso­
ciated with prognosis.   As the number of elderly malignant 

Table 5. Association between comprehensive geriatric assessment and hematological toxicity and infection in diffuse large B-cell lym­
phoma 43 patients

White blood cell Absolute 
neutrophil count Hemoglobin Platelet Febrile neutropenia/Infection

Activities of daily living 1.0 1.0 0.045 1.0 0.092

Instrumental activities of daily living 1.0 1.0 0.278 0.312 0.728

Mood 1.0 1.0 0.174 0.571 0.393

Cognition 1.0 1.0 0.372 1.0 1.0

Nutrition 0.458 0.451 0.007 0.161 0.219

Comorbidity score 0.188 0.226 0.372 0.372 0.465
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lymphoma patients in Japan is expected to continue increas­
ing, treatment guidelines for such patients need to be 
established.
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