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ABSTRACT

Background: Many patients experience toxicity from chemotherapy that may negatively impact their
health-related quality of life (HRQoL), but side effects often go undetected by health care personnel.
Our aim was to investigate whether hematologic toxicity (HT) was associated with HRQoL impairment,
and, consequently, if blood counts could be used to identify patients with the highest need for sup-
portive care during chemotherapy.

Material and methods: Data from two phase lll trials of first-line chemotherapy in advanced non-
small-cell lung cancer (NSCLC) were analyzed (n=873). Blood counts were measured weekly in the
treatment period. We categorized patients as having severe (CTCAE grade 3-4) or non-severe (grade
0-2) HT during the first chemotherapy cycle. HRQoL was reported on the EORTC QLQ-C30 and LC13
before and at the end of the cycle. The primary endpoints were changes in global quality of life,
fatigue, nausea/vomiting and dyspnea (LC13).

Results: Of the 766 patients with complete data set, 177 (23%) developed severe HT during the first
chemotherapy cycle. Changes in fatigue and nausea/vomiting were significantly worse for patients expe-
riencing severe compared to patients with non-severe HT (difference in mean change of 4.9 points;
p=.01, and 6.4 points; p=.01, respectively), but this association was limited to neutropenia, not
thrombocytopenia or anemia. There were no significant associations between HT and global quality of
life or dyspnea (difference in mean change of 2.1 points; p=.28, and 3.3 points; p =.053, respectively).
Conclusions: Patients developing severe HT had worse changes in two out of four of the primary
HRQoL endpoints, but the association was not strong enough to use blood counts to identify patients
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who need more clinical attention and supportive care during chemotherapy.

Introduction

Cytotoxic chemotherapy remains an important treatment for
advanced non-small-cell lung cancer (NSCLC), prolonging sur-
vival and improving and delaying cancer-related symptoms
[1, 2]. However, many patients experience significant toxicity
that may negatively impact their health-related quality of life
(HRQol) [3, 4]. Unfortunately, there are no good methods for
predicting chemotherapy-induced impairment of HRQoL, and
although adverse effects are common, up to half of treat-
ment-related symptoms remain undetected by clinicians [5, 6].

Hematologic toxicity (HT) is the main dose-limiting toxicity of
chemotherapy, and causes some of the most important compli-
cations, such as neutropenic infections and thrombocytopenic
bleedings. It seems reasonable that there might be an associ-
ation between HT and HRQoL impairment, but few have investi-
gated this and the results of previous studies are not consistent.
Some have found reduced HRQoL in patients with chemother-
apy-induced neutropenia, even in the absence of fever or other
signs of infection [7, 8], while others have not found associa-
tions between leukopenia/neutropenia and HRQoL [9].

Blood counts are often controlled between courses of
chemotherapy. If there are associations between HT and
treatment-related symptoms, these laboratory tests could
represent a simple and objective method for identifying
patients at risk of severely impaired HRQoL who may benefit
from supportive care during the treatment period.

In the present study, we reviewed data from two phase IlI
trials of chemotherapy in advanced NSCLC [10, 11]. The main
aim was to investigate whether patients who experienced
severe HT in their first treatment cycle had more negative
changes in HRQoL than those who did not. Furthermore, the
association between HT and survival was examined.

Methods
Patients and treatments

Both randomized clinical trials (RCTs) compared first-line
chemotherapy regimens in advanced NSCLC [10, 11]. All par-
ticipants were chemotherapy naive, had stage IV or IlIB not
eligible for curative treatment, WHO performance status (PS)
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0-2, and adequate bone marrow, kidney and liver function.
Both trials were approved by ethics committees, and all
patients gave written informed consent.

RCT 1 (n=436) compared pemetrexed 500 mg/m? plus
carboplatin AUC =5 (Calvert's formula) on day 1 (PC) with
gemcitabine 1.000 mg/m? on days 1 and 8 plus carboplatin
AUC =5 on day 1 (GC) [11]. RCT 2 (n=437) compared vinor-
elbine capsules 60 mg/m? plus gemcitabine 1.000 mg/m? on
day 1 and 8 (VG) with vinorelbine capsules 60 mg/m? on day
1 and 8 plus carboplatin AUC=5 on day 1 (VC) [10]. While
pemetrexed/carboplatin (PC) was administrated at day 1
only, the other treatments were administrated on days 1 and
8. Chemotherapy cycles were repeated every 3 weeks for up
to four cycles in RCT 1 and three cycles in RCT 2. Patients
who were 75 years or older had a 25% dose reduction from
the first cycle.

Blood counts were performed weekly throughout the treat-
ment period. HRQoL was reported on the European
Organization for Treatment of Cancer (EORTC) Quality of Life
Questionnaire-Core 30 (QLQ-C30) and the lung cancer-specific
module LC13 [12, 13]. The baseline questionnaire was com-
pleted before randomization. The next questionnaire was sent
to the patient from the study office and completed immedi-
ately before the second cycle of chemotherapy (week 3). The
recall period on the questionnaires was the last week.

Both RCTs reported similar survival and HRQoL outcomes,
but differences in the frequency of HT. In RCT 1, patients
receiving gemcitabine/carboplatin had more grade 3 or 4
neutropenia (PC: 40%, GC: 51%; p=.024) and thrombocyto-
penia (PC: 24%, GC: 56%; p<.001) [11]. In RCT 2, patients
receiving vinorelbine/carboplatin had more grade 3 or 4 neu-
tropenia (VG: 23%, VC: 35%; p<.001) [10].

Patient selection and design of present study

Patients were eligible for the present analyses if they
received chemotherapy, had at least one blood count regis-
tered during the first cycle, and completed the HRQoL
assessments at baseline and end of first cycle (week 3).
Neutropenia, thrombocytopenia and anemia were graded
using the Common Terminology Criteria of Adverse Events
version 4.0. Severe HT was defined as grade 3 or 4 neutro-
penia (absolute neutrophil count <1.0x 10°  cells/L),
thrombocytopenia (platelets <50 x 10°/L) or anemia (hemo-
globin <8.0g/dL) occurring on any day during the first cycle.

The primary endpoints were changes in the scales pre-speci-
fied as the primary HRQoL endpoints in both RCTs [10, 11]: glo-
bal quality of life, fatigue, nausea/vomiting and dyspnea (LC13).
Global quality of life gives information on the patient’s overall
health status, fatigue and nausea/vomiting are common side
effects of chemotherapy [14], and dyspnea and fatigue are fre-
quent symptoms in lung cancer [3]. Changes in other HRQoL
scales were reported as exploratory analyses.

Statistical considerations

The HRQoL scores were calculated according to the EORTC
manual [15]. A high score in global quality of life and on the
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functional scales represents a good health status, while a
high symptom scale score represents more symptoms. To
analyze the impact of HT on changes in HRQoL, we used lin-
ear mixed models for repeated measurements. The models
included assessment time (baseline or end of cycle 1), HT
(grade 0-2 or 3-4), the interaction term and the baseline
score as fixed effects. Random intercepts for patients
accounted for the dependence of repeated measurements. In
addition, the effect of adjustment for chemotherapy regimen
was investigated as this was considered to be the most rele-
vant potential confounding factor. Since the main analyses
included only patients who completed both the baseline and
the follow-up HRQoL assessment, sensitivity analyses were
performed including also patients with missing data at one
of the assessments.

Previous studies have aimed to determine which changes
in HRQoL scores that could be considered as clinically mean-
ingful. In a study based on patients with breast and small-
cell lung cancer, it was proposed that a mean change of
5-10 points corresponds to ‘a little difference’, 10-20 points
to a ‘'moderate difference’ and a change of more than 20
points to ‘a large difference’ [16]. Other studies including
patients with NSCLC have generally been in line with this
proposal [17]. Survival was defined as the time from random-
ization until death, and the groups were compared with the
Kaplan-Meier method and the log-rank test. Median follow-
up was estimated using the reverse Kaplan—-Meier method.
The level of statistical significance was defined as p<.05, and
since this was an exploratory investigation, nominal levels of
significance were reported without adjustments for multiple
testing. Analyses were performed using Stata version 13.1
(College Station, TX, USA).

Results
Study population and hematologic toxicity

A total of 873 patients were enrolled in the two RCTs. Of the
841 patients that received study treatment and had at least
one blood count in the first cycle, 766 (91%) patients com-
pleted both the baseline and the end of cycle 1 HRQoL
assessment, and, thus, were eligible for the present study
(Figure 1). Reasons for exclusion were no study treatment
(n=16), missing data on HT during cycle 1 (n=16) or miss-
ing HRQoL data at baseline (n=5) or at the end of cycle
1 (n=70).

Any severe HT was observed in 177 (23%) patients during
the first cycle. Severe neutropenia and thrombocytopenia
was observed in 149 (19%) and 67 (9%) patients, respect-
ively. Only three (0.4%) patients had severe anemia. Of the
177 patients experiencing severe HT, 30 (17%) had severe HT
on day 8, 165 (93%) on day 15 and six (3%) patients on day
21-22. Twenty-four (14%) patients experienced severe HT
during more than one week of the cycle.

Among the patients with severe HT, there was a higher
proportion of stage IllIB disease (28 vs. 20%; p=.03). There
were no other statistically significant differences in baseline
characteristics between those with severe HT and those with-
out (Table 1).



1576 A. KRISTENSEN ET AL.

Enrolled in RCTs (n =873)
RCT 1 (n=436)
RCT 2 (n=437)
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Received study treatment (n=857)

v
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Hematologic toxicity data registered
(n=841)

> HRQoL missing at end of cycle 1

Patients analyzed in present study
(n=766)
RCT 1 (n=372)
RCT 2 (n=394)

Figure 1. Patient selection.

Relationship between hematologic toxicity and changes
in HRQolL

Figure 2 shows the mean change from baseline to end of
cycle 1 in the primary endpoints according to worst grade of
HT. Global quality of life decreased 2.8 points for patients
with severe HT and 0.7 points for patients without (differ-
ence in mean change of 2.1 points; p=.28). Fatigue and nau-
sea/vomiting mean scores increased more in patients with
severe HT (10.6 vs. 5.7 points for fatigue; p=.01, and 10.7 vs.
4.3 points for nausea/vomiting; p=.01). For dyspnea (LC13),
there was a trend towards improvement in patients with
severe HT (1.3 points) and worsening in patients without (2.0
points), but the difference did not reach statistical signifi-
cance (p=.053). Adjustment for chemotherapy regimen did
not substantially influence these results, and the associations
that were significant in the unadjusted analyses were signifi-
cant also in adjusted analyses. Sensitivity analyses including
all observed HRQoL data for the 841 patients with HT regis-
trations gave similar results.

For four of the remaining HRQoL scales, the analyses indi-
cated that changes from baseline were significantly worse
when patients experienced severe HT (Table 2). Role func-
tioning, social functioning and alopecia worsened for all
patients, but more for patients with severe HT (difference in

No study treatment (n=16)

No hematologic toxicity data

HRQoL missing at baseline (n=5),

(n=70)

Table 1. Patient characteristics at baseline according to severity of hemato-
logic toxicity.

Grade 3-4 Grade 0-2

n=177 n=>589 p
Age, years

Mean 65.2 64.8 .62

Range 43-84 25-90
>75 years 22 (12%) 102 (17%) 12
Gender .80

Male 102 (58%) 333 (57%)

Female 75 (42%) 356 (43%)
Performance status .67

0 41 (23%) 128 (22%)

1 103 (58%) 333 (57%)

2 33 (19%) 128 (22%)
Stage .03

1B 50 (28%) 120 (20%)

\Y% 127 (72%) 469 (80%)

Note: The differences between subgroups were investigated by t-test for con-
tinuous variables and Pearson’s Chi-square for categorical variables.

mean change of 7.8 points for role functioning; p=.01, 4.5
points for social functioning; p=.046, and 4.8 points for alo-
pecia; p=.02). Pain in arm or shoulder worsened in patients
with HT and improved in those without (difference in mean
change of 7.4 points; p=.01).

Analyses according to type of HT revealed that patients
who experienced severe neutropenia had significantly worse
changes in fatigue and nausea/vomiting, as well as role
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Global quality of life'

Fatigue

Nausea/vomiting

Dyspnea (LC13)

Figure 2. Change from baseline to end of cycle 1 in primary HRQoL endpoints for patients with and without severe hematologic toxicity.

Table 2. Change from baseline to end of cycle 1 in HRQoL scales not defined as primary endpoints for patients with
and without severe hematologic toxicity.

Measure

Grade 3-4
n=177
Mean change
(95% Cl)

Grade 0-2
n=>589
Mean change
(95% Cl)

Difference mean change (95% Cl)

EORTC QLQ-C30 functional scales

Physical
Role
Emotional
Social
Cognitive

-9.8 (-12.5 to -7.1)

-13.9 (-18.2 to -9.5)

1.9 (-0.8 to 4.6)

-11.1 (-15.0 to -7.3)

-3.9 (-6.8 to -0.9)

EORTC QLQ-C30 symptom scales

Pain

Dyspnea

Insomnia

Reduced appetite

Constipation

Diarrhea

Financial difficulties
EORTC QLQ LC13 scales

Dysphagia

Cough

Hemoptysis

Sore mouth

Peripheral neuropathy

Alopecia

Pain in chest

Pain in arm or shoulder

Pain in other parts

0 (-39 to 3.8)
-34 (7510 0.7)
-2.6 (-7.0 to 1.7)

4.9 (0.1 t0 9.7)
16.1 (11.3 to 20.9)
1.8 (-1.9 to 5.5)
0.6 (-2.1 to 3.3)

1.3 (-1.9 to 4.5)
-8.0 (-11.5 to —4.5)
-1.1 (-3.0 t0 0.7)

9 4 (5.6 to 13.2)

4 (2.0 to 8.7)

1(5.6 to 12.7)
—1 3 (-4.9 t0 2.3)
2.8 (-0.9 to 6.5)
2.8 (-2.0 to 7.6)

-7.6 (-9.1 to -6.1)
—60 (-8.4 to -3.7)
5 (2.0 to 5.0)
—67 (-8.8 to —4.6)
-1.1 (-2.8 t0 0.5)

-3.9 (-6.0 to -1.8)
-1.6 (-3.8 10 0.7)
—10( 3.3 to 14)
0 (1.4 to 6.7)
160 (13.3 to 18.6)
—08( 2810 1.2)
8 (1.3 to 4.3)

8 (0 to 3.5)
—64( 8.3 to -4.4)
—19( 2.9 to -0.9)
0 (4.0 to 8.1)
4 (0.5 to 4.2)
4 (24 t0 6.3)
—09( 29 to 1.1)
-4.7 (-6.7 to -2.7)
-1.1(-3.8 to 1.1)

2.2 (-0.9 to 5.3)
7.8 (2.9 to 12.8)
1.6 (-1.5 to 4.6)
4.5 (0.1 to 8.8)

2.7 (-0.6 to 6.1)

3.9 (-0.6 to 8.3)
-1.8 (6.5 to 2.8)
-1.7 (-6.6 to 3.3)

0.9 (-4.6 to 6.4)

0.1 (-5.3 to 5.6)

2.6 (-1.6 to 6.8)
-2.2 (-5.3 t0 0.9)

-0.4 (-4.1 to 3.2)
—16( 5.7 to 2.4)
14 to 2.8)
1.0to 7.7)
-0.8 to 6.8)
0.7 to 8.8)
—04 (-4.5 to 3.7)
74 (3.2 to 11.6)
3.9 (-1.6 to 9.4)

7 (-
3(-
0 (-
8

.16

The statistics presented are from linear mixed models of the relationship between severity of hematologic toxicity
(HT) and changes in HRQoL from baseline to end of cycle 1. Positive values for difference in mean change indicate
worse changes in HRQoL for patients with grade 3-4 HT vs. patients with grade 0-2. p Values are for the test of dif-
ference in mean change for patients with grade 3-4 vs. grade 0-2.

functioning, social functioning, cognitive functioning, alope-
cia, pain in arm or shoulder and pain in other parts com-

pared to patients with no severe neutropenia (data not

shown). Change in dyspnea (LC13) was more favorable for
patients with severe neutropenia.
thrombocytopenia revealed no significant differences in the
primary HRQoL endpoints, and for the remaining scales
worse changes in role functioning only (data not shown).

Similar

analyses for

Overall survival

Since only three patients had severe anemia, we did not per-
form separate analyses in this group.

Figure 3 shows overall survival according to severity of HT.
The median follow-up time for the survival analyses was 23.3
months, and 665 (87%) of 766 patients were registered as
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1.0

0.8

0.6

0.4

Probability of survival

0.2

0.0

Grade 3-4
Grade 0-2

p=0.03 (log-rank test)

18 24 30 36

Time (months)

Figure 3. Overall survival according to severity of hematologic toxicity.

dead at database lock. The median survival was 9.5 months
for patients with severe HT and 7.2 months for those without
(p=.03).

Discussion

In this study, we found that patients with advanced NSCLC
experiencing severe HT during their first cycle of chemother-
apy had worse changes in fatigue and nausea/vomiting, but
similar global quality of life and dyspnea as patients with no
severe HT. Changes in role functioning, social functioning,
alopecia and pain in arm or shoulder were also significantly
worse for patients with severe HT. The differences in mean
change were in the range of 5-10 points, corresponding to a
clinically small difference [16, 17].

There was a relationship between severe HT and impaired
HRQoL for neutropenia, but not thrombocytopenia. An
explanation for this may be that the underlying pathophysio-
logical mechanisms for neutropenia and thrombocytopenia
differ. Moreover, there are more complications of neutro-
penia than from thrombocytopenia. Unfortunately, we did
not have data on the rate of objectively registered complica-
tions from neutropenia or thrombocytopenia after the first
cycle of chemotherapy, since these complications were sum-
marized for the whole study treatment period in both the
RCTs from which we collected our data [10, 11].

To our knowledge, no previous study has investigated
whether there are associations between thrombocytopenia
and HRQoL, but some have addressed the impact of chemo-
therapy-induced neutropenia. In two small studies (n=80
and 84), Fortner et al. found that patients developing severe
neutropenia had increased physical symptom distress and
declined physical and social functioning [7, 8]. In contrast, a
large German multicenter study (n=2.659) of docetaxel-
related toxicities did not find any impact of leukopenia/

neutropenia on global quality of life or other EORTC QLQ-
C30 domains [9]. An explanation for these divergent results
may be the timing of the assessments relative to treatment
administration and hematologic nadir. Fortner et al. assessed
HRQoL weekly in the first treatment cycle, while in the
German study HRQoL was assessed monthly, for up to 10
months. Acute side effects from chemotherapy are often
transient, and we have previously demonstrated that the
most severe HRQoL impairment is found in the first week fol-
lowing chemotherapy administration [18]. In the present
study, we did find some associations between HT and
HRQoL impairment, but it is possible that the associations
would have been stronger if HRQoL had been assessed at
the time of the hematologic nadir.

Experiencing severe HT was also significantly associated
with increased survival. This is in agreement with previous
reports in many cancer types, focusing especially on chemo-
therapy-induced neutropenia [19-21]. Drug disposition varies
considerably between individuals, and it has been proposed
that the absence of neutropenia (i.e., grade 0) indicates a
weak biological effect of myelotoxic drugs [19].

The results of the present study give some indications
about the relationship between HT and HRQoL. Among the
six HRQoL measures in which significant differences were
detected, three (fatigue, nausea/vomiting and alopecia) are
typical acute side effects of chemotherapy [14]. This suggests
that experiencing severe neutropenia is associated not only
with increased survival, but also with more acute toxicity
from chemotherapy. The social functioning and role function-
ing scales in the EORTC QLQ-C30 reflect whether the physical
condition or treatment has interfered with family life and
social activities, and the ability to do work, household or leis-
ure activities. It stands to reason that this ability is lower in
patients suffering more from chemotherapy toxicity. Pain in
arm or shoulder is usually caused by the lung cancer rather



than chemotherapy toxicity, and we have no good explan-
ation why this was worse in patients with severe HT. It could
be expected that neutropenia, as an indicator of biological
effect, would be associated with improved control of cancer-
related symptoms, but assessment at the end of the first
cycle might have been too early to detect a symptomatic
treatment response.

The results might have been different if we had analyzed
subsequent cycles, but many patients have dose-reductions
in later cycles and receive more supportive medication (e.g.,
antiemetics), and analyses and interpretation of the data are
complicated by high dropout rates. These were the main rea-
sons why we only analyzed the first cycle. By selecting
patients that completed both HRQoL assessments, we per-
formed a complete case analysis, which makes strong
assumptions about the missing data mechanisms. However,
we consider the proportion of patients with missing assess-
ments as small (9%) and results of sensitivity analyses includ-
ing all observed HRQoL data gave the same results and
conclusions as the main analyses.

Conclusions

In conclusion, this study suggests that there may be greater
decrements in certain HRQoL domains in patients experienc-
ing severe neutropenia during chemotherapy. However, this
association was not so strong that blood counts can be used
to identify patients that need more clinical attention and
supportive care during chemotherapy.
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