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The role of geriatric assessment prior to chemotherapy in elderly patients with cancer

Abstract

The age-adjusted International Prognostic Index (IPI) is an important prog-
nostic factor for patients with non-Hodgkin lymphoma (NHL). We investigated
whether a geriatric assessment (GA) is of additional prognostic value in NHL.
In this prospective cohort study of 44 patients aged 70 years or older with NHL
receiving R-CHOP, a GA was administrated before the start of chemotherapy. GA
was composed of Mini Nutritional Assessment (MNA), Groningen Frailty Indica-
tor (GFI), Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE),
Mini Mental State Examination (MMSE) and levels of albumin, creatinine, lactate-
dehydrogenase (LDH) and hemoglobin. Multivariate analyses were performed
using logistic regression and the cox regression model. After adjustment for sex,
age, comorbidity and univariate laboratory values with p < 0.1, abnormal MNA
and GFI scores and low hemoglobin level were associated with not being able
to complete the intended chemotherapy: odds ratio (OR) 8.29 (95% confidence
interval [CI]: 1.24-55.6; p = 0.03), 9.17 (95% CI: 1.51-55.8; p = 0.02) and 5.41
(95% CI: 0.99-29.8; p = 0.05), respectively. Adjusted for sex, age, comorbidity,
age-adjusted IPI and univariate laboratory values with p < 0.1, frailty by GFI and
low hemoglobin were associated with worse survival with hazard ratio (HR) of
mortality of 2.55 (95% CI: 1.07-6.10; p = 0.04) and 4.90 (95% CI: 1.76-13.7; p =
0.002), respectively. We conclude that (risk of) malnutrition, measured with the
MNA, frailty, measured with the GFI, and low hemoglobin level had additional
predictive value for early treatment withdrawal, and GFI and hemoglobin were,
independent of the age-adjusted IP], predictive for an increased mortality risk.

Introduction

Non-Hodgkin lymphomas (NHL) form the largest group of malignancies (40-
50%) within the range of hemato-oncological diseases [1, 2]. The median ages
of diagnosis and death are 66 and 75 years, respectively [3, 4]. Aggressive B-cell
NHL is the most common lymphoid tissue neoplasm in adults and occurs fre-
quently in elderly patients [5]. The incidence steadily increases with age [6].
Since the 1970s the first generation chemotherapy regimen with cyclo-
phosphamide, doxorubicin, vincristine and prednisone (CHOP) remains the best
available treatment after comparison with second generation regimens, as was
shown in a randomized trial of patients with advanced stage aggressive B-cell
NHL [7]. Rituximab has been added to the standard treatment since more than
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ten years (R-CHOP) [8]. In patients over 80 years old a reduced dose of CHOP
with rituximab (R-miniCHOP) has been suggested as new standard treatment
[9].

The process of aging is associated with increasing functional impairment
and increasing comorbidity [10] and age is a well-established prognostic factor
for NHL. In 1993, the International NHL Prognostic Factors Project developed the
International Prognostic Index (IPI) with the risk factors age, stage, performance
status, lactate dehydrogenase (LDH) and extranodal sites of disease. The age-
adjusted IPI, originally developed for patients of 60 years and younger but also
shown to be applicable for older age groups, is defined by the risk factors stage,
performance status and LDH [11].

A comprehensive geriatric assessment (GA) can be a useful tool in the man-
agement and follow-up of elderly patients [12-14]. A comprehensive GA provides
information on the functional status of older cancer patients with the combined
objective and subjective information on comorbidity, functional-, nutritional-,
and psychosocial status. Several studies have been published underscoring the
usefulness of some form of GA [9, 15-18]. Application of GA in a cohort of 143
patients with NHL demonstrated the importance of instrumental activity of daily
living (IADL) score and comorbidity as prognostic variables for survival [18]. The
R-miniCHOP study showed that a decreased serum albumin was an important
risk factor for survival [9] and this was also found in a study among NHL patients
over 90 years of age [19]. In a cohort of 348 elderly patients, among whom 105
patients with non-Hodgkin lymphoma, male sex, advanced stage, poor MNA score
and a prolonged timed get up and go (GUG) test were associated with a higher
risk of mortality [16]. Tailored treatment based on GA identified three groups
in a study of 91 elderly patients with diffuse large B-cell lymphoma (DLBCL): fit
patients, patients with comorbidity, and frail patients. The overall survival of fit
patients was significant better in comparison with the other two groups [17].
Finally, in a study of 100 elderly NHL patients, three subgroups could be char-
acterized by GA: fit, unfit and frail. They received R-CHOP mitigated in dose and
drugs according to co-morbidity, activities of daily living (ADL) and IADL scores,
resulting in manageable toxicity and excellent outcome [15].

The aim of the present prospective study is to investigate the prognostic
value of GA in addition to the age-adjusted IPI for patients aged 70 years and
older diagnosed with non-Hodgkin lymphoma and treated with R-CHOP.
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Patients and Methods

Study design

This prospective cohort study involved patients aged 70 years or older (n = 90)
with non-Hodgkin lymphoma who were considered fit to be treated with chemo-
therapy by their hematologist. Patients were recruited between May 2004 and
February 2010 from three general and one university hospital. To investigate a
homogeneous patient population we selected all patients with DLBCL and fol-
licular lymphoma grade Il who were treated with R-CHOP (n = 44). The exclud-
ed 46 patients (of whom 12 patients with DLBCL) who were treated with other
schemes than the R-CHOP regimen were comparable for the following baseline
characteristics compared to the included patients: male gender (53% vs 43%; P
= 0.39), age (mean = 77 yr vs 78 yr, P = 0.48), Karnofsky Index (median = 0, vs
median = 0; p = 0.56), age-adjusted IPI of 2 to 3 (55% vs 46%; p = 0.47)
and 2 or more comorbidities (53% vs 46%; p = 0.82), see figure 1. We in-
cluded follicular lymphoma grade III patients, because usually these pa-
tients receive the same treatment regimens as patients with DLBCL, re-
sulting in improved survival [20, 21]. One patient was assessed twice, at
the first manifestation of DLBCL and at a relapse three-and-a-half years
later. In the survival analysis only data on the first manifestation was used
(n = 43). Ten patients were included in a previous analysis with several types of
cancer combined [22].

Geriatric Assessment

Before participating in the study, informed consent was obtained. At baseline, the
patients were prospectively assessed by trained nurses using the following tests:
Mini Nutritional Assessment (MNA) [23], Groningen Frailty Indicator (GFI) [24],
Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) [25], and
Mini Mental State Examination (MMSE) [26]. There were data missing for MNA
(n = 2), but these could be reliable categorized based on the available data. The
GFI, IQCODE, MMSE and MNA tests were pragmatically selected for performing a
GA with a minimum of overlap between the domains and a maximum of 45 min-
utes to complete the interview. The MNA combines anthropometric measures
with risk factors for malnutrition (disease, mental health and functional depend-
ency, ingestive behaviour and subjective health) [27]. The MNA is a stepwise test
and is comprised of two sections. First, there is the screening section (6 items).
When the score is less than 12 points, indicating the possibility of malnutrition,
the assessment section (12 items) is filled in. The GFI has been developed as
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a simple screening instrument for frailty and a case finder for elderly patients
who would benefit from integrated (geriatric) care. The GFI consists of items on
physical, cognitive, social and emotional functioning with a maximum score of 15
points. Patients scoring 4 or more points are considered to be frail (appendix).
The IQCODE screens for cognitive decline over the last 10 years by interviewing
family members or care givers, for which we used the short Dutch translation
IQCODE-N [28]. The 16 items are rated on 5-point Likert scales, ranging from
much improved to much worsened, and the average score is used in the analyses.
In clinical settings, a cut-off score of 3.31 reasonably balances between sensitiv-
ity and specificity on the outcome of cognitive decline with higher scores indicat-
ing poorer cognition. The MMSE has been tested extensively and is considered
to be a standard test for current cognitive function. Sensitivity of the MMSE for
cognitive dysfunction is 88%, the specificity is 93% [29]. The cut-off point for
poor cognition is 24 points or less. If indicated by the test results, a dietician or

a geriatrician was consulted because of the importance of corrective action [30].

Laboratory values and other variables

Laboratory assessment before start of chemotherapy included serum albumin
(cut-off < 35g/L); hemoglobin (cut-off < 6.8 mmol/L); creatinine (cut-off = 100
umol/L) and LDH (cut-off = 250 U/L). These laboratory values were recorded
retrospectively from the medical files by a trained registrar. Co-morbidity was
registered by Charlson’s comorbidity scoring system [31]. Another way of reg-
istration for comorbidity is possible with the Cumulative Illness Rating Scale
for Geriatrics (CIRS-G), but we did not choose for this system because it is more
time consuming. Of course, we did not count NHL as comorbidity to calculate the
Charlson comorbidity index, because NHL was the index disease. Performance
status was registered by the scoring system ECOG/WHO or Karnofsky (KI) [32,
33]. Toxicity of chemotherapy in patients with early treatment withdrawal was
retrospectively retrieved from the medical files and was scored according to the
Common Terminology Criteria of Adverse Events (CTCAE) v. 4.03 [34].

Treatment and follow-up

According to current guidelines, patients with stage I (Ann Arbor stage [35])
were planned to be treated with at least three cycles of R-CHOP and patients with
stages II-1V at least six cycles (according to scheme). When less than the number
of cycles according to scheme were administered, this was considered as early

treatment withdrawal.
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The duration of follow-up was defined as the time between the date of the
first GA until 1%*January 2013 or the date of death. Vital status was checked with
the nationwide population registries network at the end of the study period.
These registries provide complete coverage of all deceased Dutch citizens. The
cause of death was retrospectively retrieved from the medical files. Repeated as-
sessment by GFI and MMSE was scheduled at the end of chemotherapy or at six

months after start of chemotherapy.

Statistical analysis

Categorical variables are presented as numbers with percentages, chi-square
tests were used to compare subgroups. We dichotomized stage in stage I and
stage II-IV. Because of the small numbers of patients with an age-adjusted IPI of
low risk and high risk we dichotomized the age-adjusted IPI in two categories:
0 and 1 risk factor (n = 24) versus 2 and 3 risk factors (n = 20). We also dichoto-
mized MNA, GFI, 1Q-code, MMSE, albumin, hemoglobin, creatinine and LDH ac-
cording to the given cut-off scores.

To assess the association between GA scores and early treatment with-
drawal, odds ratios (ORs) with 95% confidence intervals (CI) with p-values were
estimated by univariate- and multivariate logistic regression analysis. Survival
probabilities were estimated using Kaplan Meier curves and the log-rank test
was used to test for differences in survival rates among subgroups of MNA, GF],
serum albumin, hemoglobin, serum creatinine, serum LDH and age-adjusted IPL.
Association between baseline geriatric assessment scores and survival were es-
timated by hazard ratios (HRs) by univariate- and multivariate Cox proportional
hazard analysis. Multivariate logistic regression models were adjusted for sex,
age, comorbidity and univariate laboratory values with p < 0.1. The multivariate
Cox regression models were adjusted for sex, age, comorbidity, age-adjusted IPI
and univariate laboratory values with p < 0.1. Changes in GA-scores over time
were analysed using the paired sample t-test. A p-value lower than 0.05 was con-
sidered significant. IBM-SPSS statistics 21 for Windows® (IBM-SPSS inc. Chicago,

IL.) was used for statistical analyses.

Results

Characteristics and scores of the geriatric assessment are shown in table 1. The
mean score (+ SDs) of the MNA screening was 10.5 * 2.6 and for the MNA assess-
ment 13.6 + 1.8. The mean scores of GFI, IQCODE and MMSE were 3.10 + 0.14, 3.6
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+ 2.7 and 27.7 + 1.9 respectively.

Table 2 shows the baseline characteristics of the 44 patients treated with
R-CHOP chemotherapy, of whom 43% were men. The mean age was 78 years
(range 70-86), 46% were 80 years or older. The majority of patients either be-
longed to the low-intermediate risk category of the age-adjusted IPI (one risk
factor) or to the high-intermediate risk category (two risk factors). No co-mor-
bidities were documented in 11 (22%) patients. Most patients had diffuse large
B-cell lymphoma (91%). The median follow-up was 46 months (range 0-101).

At baseline, 15 patients (34%) were at risk for malnutrition or were mal-
nourished and 19 patients (43%) had a GFI score of four or more points. Albu-
min was low in 14 (32%) patients and low hemoglobin was seen in 11 (25%)
patients. There were only a few patients with cognitive impairment by IQ-CODE
and MMSE, 11% and 5% respectively. Creatinine and LDH were elevated in 13
(30%) and 38 (86%) patients respectively (Table 3).

Thirty-two (73%) patients received chemotherapy according to the proto-
col. Twelve (27%) patients failed to complete the intended number of chemo-
therapy cycles: 11 with stage [I-IV and 1 with stage I. The most important reasons
for early withdrawal were toxicity of chemotherapy (50% of cases), insufficient
response, worsening of comorbidity and general condition.

Table 4 shows the association between geriatric assessment scores and lab-
oratory variables for early treatment withdrawal. In the univariate analysis poor
MNA and GFI scores, and a decreased value of hemoglobin were associated with
early treatment withdrawal. In multivariate analysis, after adjustment for sex,
age, comorbidity and univariate laboratory values with p < 0.1, poor MNA and
GFI scores and low hemoglobin level maintained association with early treat-
ment withdrawal: ORs 8.29 (95% CI: 1.24-55.6; p = 0.03), 9.17 (95% CI: 1.51-
55.8; p = 0.02) and 5.41 (95% CI: 0.99-29.8; p = 0.05), respectively. According
to the CTCAE, half of the patients with early treatment withdrawal (n = 12) had
hematological toxicity grade 3 to 4. All 12 patients suffered from nonhemato-
logical toxicities such as mucositis, lung infection, depression, renal insufficiency,
bad condition, atrial flutter, dysphagia, nausea, colonic- or gastric hemorrhage,
and sepsis, see table 5. In a separate analysis, also adjusting for MNA and GFI,
the MNA was no longer significantly associated with early treatment withdrawal,
possibly reflecting that impaired nutritional status results in frailty (data not
shown).

With respect to survival, 28 (65%) patients had died at the date of last
follow-up. The Kaplan-Meier curves for survival, according to predefined cut-off
scores, are shown in figure 2. Patients with abnormal MNA and GFI score, low
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hemoglobin and elevated creatinine showed a significantly higher mortality risk.
In univariate Cox regression analysis the age-adjusted IPI with 2-3 risk factors
versus 0-1 risk factor showed a HR of 1.57 (95% CI: 0.74-3.31; p=0.24). In multi-
variate analysis (adjusted for sex, age, comorbidity, univariate laboratory values
with p < 0.1 and age-adjusted IPI) abnormal GFI score and low hemoglobin pre-
dicted for mortality with HRs of 2.55 (95% CI: 1.07-6.10; p = 0.04) and 4.90 (95%
Cl: 1.76-13.7; p = 0.002), respectively, shown in table 6.

Most common cause of death was progression of NHL (50%). Four patients
(15%) died because of toxicity of chemotherapy. Other causes were cardiovascu-
lar problems (12%), infectious problems (12%) or unknown (11%).

GFI and MMSE were repeated in only 13 patients at the end or 6 months
after the start of chemotherapy; therefore meaningful analyses could not be per-

formed.

Discussion

This prospective cohort study demonstrates that early treatment withdrawal
after start of R-CHOP was associated with poor scores for MNA and GF], and de-
creased levels of hemoglobin at the start of chemo-immunotherapy. An abnormal
score for GFI and decreased level of hemoglobin were significantly associated
with the risk of death, both in univariate and multivariate analyses. As the num-
ber of patients with cognitive impairment, measured by 1Q-code and MMSE, was
limited, no meaningful analyses could be performed in this regard.

It is important to realize that in this cohort of patients the hematologist
decided to treat the patient with systemic therapy before GA was performed.
The patients were considered fit enough for treatment with R-CHOP on clini-
cal grounds. This probably explains the low number of patients with cognitive
dysfunction as assessed by MMSE and IQ-CODE. The hematologist quite likely se-
lected on the absence of obvious cognitive problems. Nevertheless, GA revealed
considerable shortcomings in the test results of MNA and GFI, respectively in
34 and 43% of the patients. It is well accepted nowadays that a GA provides ad-
ditional information to judgment by performance status and is predictive for the
functional outcome in the elderly patient with cancer [12, 14].

Poor scores for MNA, GFI and anemia were associated with early withdraw-
al of systemic chemotherapy (inability to be treated according to scheme) and
this pertains especially for the GFI and anemia. Most probably a poor score with
MNA also reflects frailty. The GFI, a 15-items questionnaire (9 on physical func-
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tioning and 6 on psychosocial functioning), is an indicator for frailty, exempli-
fied for example by a decline in self-management abilities [36]. Alternatively, the
ADL and IADL questionnaires could be used. However, GFI also reflects nourish-
ment, cognition, feelings of anxiety and depression. When frailty, defined by GFI
or ADL/IADL, results in the inability to receive optimal chemo-immunotherapy,
reduced survival can be expected as has been demonstrated in several studies
[9, 15, 17, 37, 38). Shortcomings in IADL have been demonstrated to result in
increased hematologic toxicity [39], overall grade 3-5 toxicity [40], early func-
tional decline [41] and shorter survival [18]. The predictive model of Hurria et
al on grade 3-5 toxicity also identified anemia as a risk factor [40] and moreover,
anemia is part of the FLIPI risk score, albeit this score has been developed for
follicular lymphomas [42, 43]. The present study showed that early treatment
withdrawal was associated with toxicity of the R-CHOP regimen in 50% of the
cases. Early withdrawal of systemic chemotherapy could be responsible for the
reduced survival in this patients category, as also has been demonstrated in the
analysis of a population-based cohort of patients aged 75 years or older with
DLBCL [44]. Finally, shortcomings in MNA was found a risk factor for non-hema-
tologic toxicity [39] as well as for early death [16].

To date, the most important prognostic value for survival is obtained by
using the age-adjusted IPI [11], even in the present era in which a lot of immune-
histochemical biomarkers have been investigated for additional prognostic sig-
nificance [45]. Fine-tuning of the application of the IPI in the post rituximab era
resulted in the so-called R-IPI [46] and for patients older than 70 years of age
the E-IPI has been demonstrated to give more discriminative power in the low
and low-intermediate risk groups [47]. Nevertheless, in other patient cohorts
the standard IPI remained a valid predictor of outcome [48]. Others showed the
absolute lymphocyte count to be an independent risk factor besides the R-IP]I,
ALC/R-IPI [49], or the comorbidity [50]. Especially in elderly patients, of whom
the majority is not entered into clinical trials [51], population-based data [44]
may provide additional insights for proper treatment decisions in this fast grow-
ing number of patients, as has been shown for comorbidity and IPI [50]. There-
fore, the present study emphasizes the importance of a GA by showing that frailty
by the GFI and low hemoglobin were predictive for the risk of early withdrawal
of R-CHOP and mortality of patients over 70 years of age treated with R-CHOP.
Notably, almost half of the patients (46%) in our study were 80 years or older
and the median follow-up was 46 months, thereby augmenting the value of the
data for elderly patients.

Some limitations have to be taken into account. Firstly, the cohort is small,
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resulting in relatively wide confidence intervals. Secondly, a limited number of Table 2 Baseline characteristics of patients with NHL receiving R-CHOP regimen (n=44)*
tests were selected to perform a GA, striving for a minimum need of time and a n (%)
minimum of overlapping items between tests. We did not assess the response sel\)/(lale 19 (43)
criteria standardized by Cheson [52], and therefore we could not analyze wheth- Female 25 (57)
er GA predicted for response. Thirdly, the selected patients underwent a GA after Ag;:) ) 8 (18)
-74 years
they were considered to be fit to undergo chemotherapy by their hematologist, 75-79 years 16 (36)
thereby introducing selection bias. Despite these limitations the GA results re- 2 80 years 20 (46)
led . . e ith ] ithd 1 of ch h WHO-performance / Karnofski Index
vealed some interesting associations with early withdrawal of chemotherapy 0 (K1 90-100%) 31 (71)
and mortality. 1 - (KI 70-80%) 10 (23)
In conclusion, we found additional prognostic factors. MNA, GFI and hemo- 22 “f' 30-60%) 3(6)
Age-adjusted IPI
globin were associated with early treatment withdrawal and GFI and hemoglobin 0 - Low risk 3(7)
were, independent of the age-adjusted IPI, predictive for an increased mortal- 1- Low-intermediate risk U §47;
. . . . . . 2 - High-intermediate risk 18 (41
ity risk. Further research in larger cohorts of elderly patients with non-Hodgkin 3 - High risk 2(5)
lymphoma is needed for proper fine-tuning of prognostic factors besides the well Comorbidity (Charlson index)

. e . . 0 11 (25
known IPI. The value of GA to identify risk factors, suitable and elderly patients 1 1 §27;
confined, is demonstrated with this study and practical judgment alone falls 22 20 (46)
short in this regard. Whether appropriate interventions, based on identified risk MU:known 1)

alignancy
factors by GA, can result in better outcome of treatment, should be investigated Diffuse large B-cell lymphoma (DLBCL) 40 (91)
in future prospective studies. So far, the identification of GA-associated risk fac- Follicular lymphoma grade Ill 4(9)

oo st
tors should be helpful for caution in the management strategy of the hematolo- :tgaze | 11 (25)
gist. Stage Il 11 (25)

Stage Ill 10 (23)
Stage IV 12 (27)

*One patient presented with stage | and three-and-a-half years later with stage || DLBCL and thus

Table 1. Domains and measures of the Geriatric Assessment was registered twice.
Domain Measure No. of items Description Range of scores Mean (SD) Min-Max
Nutrition MNA 6 (screening) Identify patients at risk for 0-14 (S) 10.5 (2.6) 4-14
12 (assessment) malnutrition 0-16 (A) (higher score: better nutritional state) 13.6 (1.8) 9-16
Cognition 1QCODE 16 Screens for cognitive decline over the 1-5 (lower score: less cognitive decline) 3.10(0.14)  3.00-3.63

last 10 years by interviewing family
members or care givers
MMSE 20 Screens for cognitive dysfunction 0-30 (Higher score: better cognitive function) 27.7 (1.9) 23-30

Frailty GFI 15 Screens for deterioration on physical, 0-15 (Higher score: more frailty) 3.6(2.7) 0-11
cognitive, and psycho-social items

Abbreviations: MNA, Mini Nutritional Assessment, a stepwise test: when the score in the screening section (S) is less than 12 points, indicating

the possibility of malnutrition, the assessment section (A) is completed. With the assessment section, a total score of 24-30 points is indicative of being well-nourished,
17-23.5 points for being at risk of malnutrition, and a score of less than 17 points for being malnourished.; IQCODE, Informant Questionnaire on Cognitive Decline,
ranging from much improved to much worsened, and the average score is used in the analyses; GFl, Groningen Frailty Indicator, with a maximum score of 15 points.
Patients scoring 4 or more points are considered to be frail. MMSE, Mini Mental State Examination, where the cut-off point for poor cognition is 24 points or less. SD,
standard deviation.
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Table 5. Treatment related adverse events of 12 patients with early treatment withdrawal.
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Grade 5
no (%)

Grade 4

no (%)

Grade 3
no (%)

Grade 3-5
no (%)

Toxicity type*

Hematologic

1(8)

4(25)
2(17)
1(8)

5(42)
2(17)
2(17)

Leukocytopenia

Anemia

1(8)

Trombocytopenia

Nonhematologic

2(17)

2(17)
3(25)

Mucositis

3(25)

Lung infection
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1(8)
2(17)

1(8)
3(25)

1(8)
* According to the Common Terminology Criteria for Adverse Events (CTCAE) Version 4.03 (34)

Gastric hemorrhage

Sepsis
lleus

1(8)
1(8)
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Figure 2.

Kaplan—Meier curves of overall survival during up to 60 months (i.e. 4 yr, until 31 December 2012)
follow-up in patients with NHL according to categories of: [A] MNA, [B] GFI, [C] age-adjusted IPI, [D]
albumin, [E] hemoglobin, [F] creatinine, and [G] LDH.

P-values by log-rank tests.



104

The role of geriatric assessment prior to chemotherapy in elderly patients with cancer

References

10.

11.

12.

13.

14.

Balducci L and Extermann M, Cancer and aging. An evolving panorama. Hematol Oncol Clin
North Am, 2000. 14(1): p. 1-16.

Netherlands Cancer Registry managed by comprehensive cancer centre the Netherlands
(http://www.cijfersoverkanker.nl).

Howlader N, Noone AM, Krapcho M, Neyman N, Aminou R, Altekruse SF, et al., SEER Cancer
Statistics Review, 1975-2009 (Vintage 2009 Populations). ] Natl Cancer Inst, 2011 (based on
November 2011 SEER data submission, posted to the SEER web site, 2012).
http://seer.cancer.gov/csr/.

Curado MP, Edwards B and Shin HR, Cancer incidence in five continents. Volume IX. IARC Sci
Publ, 2008(160): p. 1-837.

Groves FD, Linet MS, Travis LB and Devesa SS, Cancer surveillance series: non-Hodgkin’s
lymphoma incidence by histologic subtype in the United States from 1978 through 1995. ] Natl
Cancer Inst, 2000. 92(15): p. 1240-51.

Fisher R], Gaynor ER, Dahlberg S, Oken MM, Grogan TM, Mize EM, et al., Comparison of a
standard regimen (CHOP) with three intensive chemotherapy regimens for advanced
non-Hodgkin’s lymphoma. N Engl ] Med, 1993. 328(14): p. 1002-6.

Coiffier B, Lepage E, Briere ], Herbrecht R, Tilly H, Bouabdallah R, et al., CHOP chemotherapy
plus rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell
lymphoma. N Engl ] Med, 2002. 346(4): p. 235-42.

Peyrade F, Jardin F, Thieblemont C, Thyss A, Emile JF, Castaigne S, et al., Attenuated immuno
chemotherapy regimen (R-miniCHOP) in elderly patients older than 80 years with diffuse large
B-cell lymphoma: a multicentre, single-arm, phase 2 trial. Lancet Oncol, 2011. 12(5): p. 460-8.
Garman KS, Pieper CF, Seo P and Cohen H]J, Function in elderly cancer survivors depends on
comorbidities. ] Gerontol A Biol Sci Med Sci, 2003. 58(12): p. M1119-24.

Shipp MA, Harrington DP and Anderson JR, A predictive model for aggressive non-Hodgkin’s
lymphoma. The International Non-Hodgkin’s Lymphoma Prognostic Factors Project. N Engl |
Med, 1993. 329(14): p. 987-94.

Extermann M and Hurria A, Comprehensive geriatric assessment for older patients with cancer.
J Clin Oncol, 2007. 25(14): p. 1824-31.

Extermann M, Overcash ] and Lyman G, Comorbidity and functional status are independent in
older cancer patients. ] Clin Oncol, 1998. 16: p. 1582-1587.

Repetto L, Fratino L, Audisio RA, Venturino A, Gianni W, Vercelli M, et al., Comprehensive
geriatric assessment adds information to Eastern Cooperative Oncology Group performance
status in elderly cancer patients: an Italian Group for Geriatric Oncology Study. ] Clin Oncol,

2002.20(2): p. 494-502.

Chapter 5 | Prognostic factors of GA in elderly with NHL 105

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

Spina M, Balzarotti M, Uziel L, Ferreri A], Fratino L, Magagnoli M, et al., Modulated
chemotherapy according to modified comprehensive geriatric assessment in 100 consecutive
elderly patients with diffuse large B-cell ymphoma. Oncologist, 2012. 17(6): p. 838-46.
Soubeyran P, Fonck M, Blanc-Bisson C, Blanc JF, Ceccaldi ], Mertens C, et al., Predictors of early
death risk in older patients treated with first-line chemotherapy for cancer. ] Clin Oncol, 2011.
30(15): p. 1829-34.

Olivieri A, Gini G, Bocci C, Montanari M, Trappolini S, Olivieri ], et al., Tailored therapy in an
unselected population of 91 elderly patients with DLBCL prospectively evaluated using a
simplified CGA. Oncologist, 2012. 17(5): p. 663-72.

Winkelmann N, Petersen I, Kiehntopf M, Fricke HJ, Hochhaus A and Wedding U, Results of
comprehensive geriatric assessment effect survival in patients with malignant lymphoma. ]
Cancer Res Clin Oncol, 2011. 137(4): p. 733-8.

Trebouet A, Marchand T, Lemal R, Gyan E, Broussais-Guillaumot F, Guillermin Y, et al., Lym
phoma occurring in patients over 90 years of age: characteristics, outcomes, and prognostic
factors. A retrospective analysis of 234 cases from the LYSA. Ann Oncol, 2013. 24(10):
p.2612-8.

Ganti AK, Weisenburger DD, Smith LM, Hans CP, Bociek RG, Bierman PJ, et al., Patients with
grade 3 follicular lymphoma have prolonged relapse-free survival following anthracycline-
based chemotherapy: the Nebraska Lymphoma Study Group Experience. Ann Oncol, 2006.
17(6): p. 920-7.

Overman MJ, Feng L, Pro B, McLaughlin P, Hess M, Samaniego F, et al., The addition of
rituximab to CHOP chemotherapy improves overall and failure-free survival for follicular grade
3 lymphoma. Ann Oncol, 2008. 19(3): p. 553-9.

Aaldriks AA, Maartense E, le Cessie S, Giltay E]J, Verlaan HA, van der Geest LG, et al,, Predictive

value of geriatric assessment for patients older than 70 years, treated with chemotherapy. Crit
Rev Oncol Hematol, 2011. 79(2): p. 205-12.

Guigoz Y and Vellas B, The Mini Nutritional Assessment (MNA) for grading the nutritional state
of elderly patients: presentation of the MNA, history and validation. Nestle Nutr Workshop Ser
Clin Perform Programme, 1999. 1: p. 3-11; discussion 11-2.

Slaets JP, Vulnerability in the elderly: frailty. Med Clin North Am, 2006. 90(4): p. 593-601.
Jorm AF and Jacomb PA, The Informant Questionnaire on Cognitive Decline in the Elderly (1Q
CODE): socio-demographic correlates, reliability, validity and some norms. Psychol Med, 1989.
19(4): p. 1015-22.

Folstein MF, Folstein SE and McHugh PR, “Mini-mental state”. A practical method for grading
the cognitive state of patients for the clinician. ] Psychiatr Res, 1975. 12(3): p. 189-98.

Guigoz Y, Lauque S and Vellas BJ, Identifying the elderly at risk for malnutrition. The Mini
Nutritional Assessment. Clin Geriatr Med, 2002. 18(4): p. 737-57.



106

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The role of geriatric assessment prior to chemotherapy in elderly patients with cancer

de Jonghe JF, Differentiating between demented and psychiatric patients with the Dutch version
of the IQCODE. Int ] Geriatr Psychiatry, 1997. 12(4): p. 462-5.

Hodkinson HM, Evaluation of a mental test score for assessment of mental impairment in the
elderly. Age Ageing, 1972.1(4): p. 233-8.

Blanc-Bisson C, Fonck M, Rainfray M, Soubeyran P and Bourdel-Marchasson I, Undernutrition
in elderly patients with cancer: target for diagnosis and intervention. Crit Rev Oncol Hematol,
2008.67(3): p. 243-54.

Charlson ME, Pompei P, Ales KL and MacKenzie CR, A new method of classifying prognostic
comorbidity in longitudinal studies: development and validation. ] Chronic Dis, 1987. 40(5):

p. 373-83.

Karnofsky DA and Burchenal JH, The Clinical Evaluation of Chemotherapeutic Agents in
Cancer. MacLeod CM (Ed), Evaluation of Chemotherapeutic Agents, 1949. Columbia Univ
Press, : p. 196.

Oken MM, Creech RH, Tormey DC, Horton ], Davis TE, McFadden ET, et al., Toxicity and re
sponse criteria of the Eastern Cooperative Oncology Group. Am ] Clin Oncol, 1982. 5(6):

p. 649-55.
http://www.eortc.be/services/doc/ctc/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf,
Common Terminology Criteria of Adverse Events (CTCAE) v. 4.03

Carbone PP, Kaplan HS, Musshoff K, Smithers DW and Tubiana M, Report of the Committee on
Hodgkin’s Disease Staging Classification. Cancer Res, 1971. 31(11): p. 1860-1.

Schuurmans H, Steverink N, Lindenberg S, Frieswijk N and Slaets JP, Old or frail: what tells us
more? ] Gerontol A Biol Sci Med Sci, 2004. 59(9): p. M962-5.

Nabhan C, Smith SM, Helenowski I, Ramsdale E, Parsons B, Karmali R, et al., Analysis of very
elderly (280 years) non-hodgkin lymphoma: impact of functional status and co-morbidities on
outcome. Br | Haematol, 2011. 156(2): p. 196-204.

Tucci A, Ferrari S, Bottelli C, Borlenghi E, Drera M and Rossi G, A comprehensive geriatric
assessment is more effective than clinical judgment to identify elderly diffuse large cell lym
phoma patients who benefit from aggressive therapy. Cancer, 2009. 115(19): p. 4547-53.
Extermann M, Boler [, Reich RR, Lyman GH, Brown RH, DeFelice ], et al., Predicting the risk of
chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age
Patients (CRASH) score. Cancer, 2012. 118(13): p. 3377-86.

Hurria A, Togawa K, Mohile SG, Owusu C, Klepin HD, Gross CP, et al., Predicting chemotherapy
toxicity in older adults with cancer: a prospective multicenter study. ] Clin Oncol, 2011. 29(25):
p. 3457-65.

Hoppe S, Rainfray M, Fonck M, Hoppenreys L, Blanc JF, Ceccaldi ], et al., Functional decline in
older patients with cancer receiving first-line chemotherapy. ] Clin Oncol, 2013. 31(31):

p. 3877-82.

Chapter 5 | Prognostic factors of GA in elderly with NHL 107

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Federico M, Bellei M, Marcheselli L, Luminari S, Lopez-Guillermo A, Vitolo U, et al., Follicular
lymphoma international prognostic index 2: a new prognostic index for follicular lymphoma
developed by the international follicular lymphoma prognostic factor project. ] Clin Oncol,
2009.27(27): p. 4555-62.

Solal-Celigny P, Roy P, Colombat P, White ], Armitage JO, Arranz-Saez R, et al., Follicular ym
phoma international prognostic index. Blood, 2004. 104(5): p. 1258-65.

Boslooper K, Kibbelaar R, Storm H, Veeger NJ, Hovenga S, Woolthuis G, et al., Treatment with
rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone is beneficial but toxic
in very elderly patients with diffuse large B-cell ymphoma: a population-based cohort study on
treatment, toxicity and outcome. Leuk Lymphoma, 2013.

Salles G, de Jong D, Xie W, Rosenwald A, Chhanabhai M, Gaulard P, et al., Prognostic signifi-
cance of immunohistochemical biomarkers in diffuse large B-cell lymphoma: a study from the
Lunenburg Lymphoma Biomarker Consortium. Blood, 2011. 117(26): p. 7070-8.

Sehn LH, Berry B, Chhanabhai M, Fitzgerald C, Gill K, Hoskins P, et al., The revised
International Prognostic Index (R-1PI) is a better predictor of outcome than the standard IPI
for patients with diffuse large B-cell lymphoma treated with R-CHOP. Blood, 2007. 109(5):
p.1857-61.

Advani RH, Chen H, Habermann TM, Morrison VA, Weller EA, Fisher R], et al., Comparison

of conventional prognostic indices in patients older than 60 years with diffuse large B-cell
lymphoma treated with R-CHOP in the US Intergroup Study (ECOG 4494, CALGB 9793): con
sideration of age greater than 70 years in an elderly prognostic index (E-IPI). Br | Haematol,
2010.151(2): p. 143-51.

Ziepert M, Hasenclever D, Kuhnt E, Glass B, Schmitz N, Pfreundschuh M, et al., Standard

International prognostic index remains a valid predictor of outcome for patients with

aggressive CD20+ B-cell lymphoma in the rituximab era. ] Clin Oncol, 2010. 28(14):

p. 2373-80.

Bari A, Marcheselli L, Sacchi S, Marcheselli R, Pozzi S, Ferri P, et al.,, Prognostic models for
diffuse large B-cell lymphoma in the rituximab era: a never-ending story. Ann Oncol, 2010.
21(7): p. 1486-91.

Janssen-Heijnen ML, van Spronsen D], Lemmens VE, Houterman S, Verheij KD and Coebergh
JW, A population-based study of severity of comorbidity among patients with non-Hodgkin’s
lymphoma: prognostic impact independent of International Prognostic Index. Br | Haematol,
2005.129(5): p. 597-606.

Mora O and Zucca E, Management of elderly patients with hematological neoplasms. Ann
Oncol, 2007. 18 p. i49-i53.

Cheson BD, Pfistner B, Juweid ME, Gascoyne RD, Specht L, Horning SJ, et al., Revised response
criteria for malignant lymphoma. ] Clin Oncol, 2007. 25(5): p. 579-86.





