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Symptom burdens related to 
chemotherapy-induced anemia in stage 
IV cancer

Anemia is a common complication of cancer 
treatment as well as of cancer itself. Most 
cancer patients undergoing chemotherapy 

experience anemia sometime during their treatment 
course.1,2 Moderate to severe anemia is associated 
with an array of symptoms that are known to com-
promise the physical functioning and quality of life 
of cancer patients. Common anemia-related symp-
toms include fatigue, drowsiness, depression, dys-
pnea, tachycardia, and dizziness.1,3-7 

Symptoms produced by cancer itself or the dis-
ease treatment (ie, side effects such as anemia) col-
lectively compose a patient’s symptom burden.8 
Although the occurrence of anemia-related fatigue 
has been described more systematically, other clini-

cal presentations of chemotherapy-induced anemia 
(CIA) are not well characterized. Furthermore, the 
overall symptom burdens associated with different 
ranges of hemoglobin (Hb) concentrations have also 
not been well reported. Although various tools have 
been developed to facilitate the reporting of fatigue 
and other symptoms experienced by patients with 
CIA, such as the Functional Assessment of Cancer 
Therapy-Anemia (FACT-An) questionnaire and the 
MD Anderson Symptom Inventory (MDASI),9-11 
these questionnaires have not been extensively used 
outside of the research context. As such, knowledge 
on symptom burdens associated with CIA in real-
world patient populations remains lacking. 

Given the common occurrence of CIA, manage-
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Background Chemotherapy-induced anemia (CIA) is associated with many symptoms that negatively impact quality of life. 
However, a systematic examination of symptoms in patients with CIA is lacking. 
Objective To describe the occurrence of a comprehensive list of symptoms in patients with stage IV malignancies by CIA status.
Methods Patients diagnosed with stage IV non-Hodgkin lymphoma, breast, and lung cancer at Kaiser Permanente Southern 
California (2010-2012) were eligible. CIA was defined as hemoglobin <10 g/dL after the initiation of chemotherapy. 
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were documented in >50% of patients who developed CIA, whereas only fatigue (77%) was noted in >50% patients without 
CIA. Several symptoms, including depression, diarrhea, dizziness or lightheadedness, and dyspnea, particularly demonstrated a 
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ment of CIA and associated symptoms plays an impor-
tant role to patients’ quality of life during cancer treatment. 
Symptom control is often the main goal for patients with 
stage IV cancers, as treatment for disease is most likely pal-
liative or noncurative. To facilitate supportive care plan-
ning, it is important to understand patient symptom bur-
dens as chemotherapy progresses over cycles and Hb levels 
decline. We conducted a comprehensive medical record 
review study in patients diagnosed with stage IV non-
Hodgkin lymphoma (NHL), breast cancer, and lung can-
cers at Kaiser Permanente Southern California (KPSC), a 
large community-based health care delivery system. The 
objective of this study was to report the occurrence of CIA-
related symptoms throughout the course of chemotherapy 
and by Hb levels.

Methods
Study setting and population
KPSC is an integrated managed-care organization that 
provides comprehensive health services for 4 million 
racially, ethnically, and socioeconomically diverse mem-
bers who broadly represent the population in Southern 
California.12 The organization maintains electronic records 
of health care received by its members, including physi-
cian record notes and clinical databases such as laboratory 
test results, diagnosis codes, medical procedures, medica-
tion dispenses, and disease registries. KPSC’s cancer regis-
try is Surveillance, Epidemiology, and End Results, which 
is affiliated and routinely collects information on age, sex, 
race and/or ethnicity, cancer type, histology, and stage at 
diagnosis. 

Patients who met the following inclusion criteria were 
included in this study: diagnosed with stage IV NHL, breast 
cancer, or lung cancer at age 18 years or older at KPSC 
between March 25, 2010 and December 31, 2012; initiated 
myelosuppressive chemotherapy at KPSC before June 30, 
2013 (only the first chemotherapy course was included in 
this evaluation); and had at least 1 Hb measurement during 
the course of chemotherapy. Of those who met the inclu-
sion criteria, patients who met the following criteria were 
excluded if they had less than 12 months KPSC member-
ship before start of chemotherapy, missing information on 
cancer stage or chemotherapy regimen/agents, a diagnosis 
of myelodysplastic syndrome before chemotherapy initia-
tion, a diagnosis of inherited anemia, an Hb concentration 
<10 g/L within 3 months before chemotherapy initiation, 
a transfusion within 2 weeks before chemotherapy initia-
tion, radiation within 4 months before chemotherapy ini-
tiation, or bone marrow transplantation within 12 months 
before chemotherapy initiation or during the chemother-
apy course. These exclusion criteria were applied to evaluate 
symptom burdens most likely related to CIA as opposed to 
other cancer treatment or pre-existing anemia. 

CIA in this study was defined as moderate to severe 

anemia with Hb <10 g/dL after chemotherapy initiation. 
Based on this definition for CIA, all patients who devel-
oped CIA between the first chemotherapy administra-
tion to 60 days after the last dose of chemotherapy were 
included for the record review. In addition, a random sam-
ple of 100 patients who did not develop CIA (ie, did not 
reach an Hb <10 g/dL during chemotherapy) but other-
wise met study eligibility criteria was also reviewed to serve 
as a comparison group. Of those, 2 patients were subse-
quently excluded after record review because of findings of 
ineligibility, so only 98 patients were presented. The large 
number of patients (ie, >4,000) who did not develop CIA 
made record review of all patients infeasible. 

Data collection
Data on anemia-related symptoms or signs and anemia-
related comorbidities (Table 1) were collected by standard-
ized review of physician record notes in the electronic med-
ical records. A set of 24 anemia-related symptoms were 
identified based on the literature and clinical expertise and 
included abdominal pain, blurred vision/double vision/loss 
of vision, cold intolerance/coldness in hands or feet, depres-
sion/anxiety, diarrhea, dizziness/lightheadedness, dyspnea/
shortness of breath/tachypnea, edema, fatigue, headache, 
heart failure, heat intolerance, hypotension, insomnia, leg 
pain, loss of appetite, nausea/vomiting, pale skin, palpita-
tions/tachycardia, paralysis/ataxia/numbness or tingling in 
extremities, pectoral angina/chest pain, sweating/diaphore-
sis, syncope, and vertigo. Record review period was defined 
as 1 month before chemotherapy to 60 days after the last 
dose of chemotherapy in the first course. To understand 
the development of new symptoms during chemotherapy 
treatment, pre-existing symptoms documented within 1 
month before chemotherapy initiation were recorded. The 
entire record review process was standardized between 2 
trained abstractors, including the training, instruction 
manual, ongoing feedback, abstraction form/database, and 
coding.

The data elements extracted included the date the symp-
tom was documented, date the symptom started, symp-
tom duration (when available), and any relevant comments 
regarding the symptom (ie, if dyspnea was at rest or on exer-
tion, whether the symptom was a side effect caused by che-
motherapy, or change in symptom severity). Ten percent of 
the records were reviewed independently by 2 abstractors 
to ensure quality control. Additional quality control mea-
sures included SAS algorithms (SAS Institute, Inc., Cary, 
North Carolina) to check reasonability and logical consis-
tency in the abstracted data.

Patient demographic characteristics, cancer stage, addi-
tional selected comorbidities (Table 1), chemotherapy 
information, Hb test results, and anemia treatment, includ-
ing erythrocyte stimulating agent (ESA) use and red blood 
cell transfusion, were collected using KPSC’s cancer regis-
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TABLE 1 Distribution of patient demographic and clinical characteristics

Characteristic

Patients who developed CIA, n (%) Patients who did not develop CIA, n (%)

P- 
valuea

NHL
112 

(28%)
Breast

43 (11%)

Lung
247 

(61%)

Overall
402 

(100%)
NHL

30 (31%)
Breast

11 (11%)
Lung

57 (58%)

Overall
98 

(100%)

Mean age at diagnosis, 
y (SD)

67.7 
(13.5) 55.8 (15.2) 67.4 (9.5) 66.3 

(12.0)
59.8 
(11.8)

52.5 
(13.5) 65.0 (11.9) 62.0 

(12.6) <.01

Race/ethnicity, n (%)

   White 61 (54.5) 15 (34.9) 151 
(61.1) 227 (56.5) 12 (40.0) 5 (45.5) 35 (61.4) 52 (53.1) .18

   Black 8 (7.1) 8 (18.6) 45 (18.2) 61 (15.2) 3 (10.0) 1 (9.1) 4 (7.0) 8 (8.2)

   Asian 11 (9.8) 5 (11.6) 22 (8.9) 38 (9.5) 3 (10.0) 1 (9.1) 10 (17.5) 14 (14.3)

   Hispanic 32 (28.6) 15 (34.9) 25 (10.1) 72 (17.9) 10 (33.3) 4 (36.4) 8 (14.0) 22 (22.4)

   Other 0 (0) 0 (0) 4 (1.6) 4 (1.0) 2 (6.7) 0 (0) 0 (0) 2 (2.0)

Female sex, n (%) 49 (43.8) 43 (100) 116 
(47.0) 208 (51.7) 13 (43.3) 11 (100) 26 (45.6) 50 (51.0) 0.90

Comorbidities, n (%)          

   Autoimmune disorder
   (RA, SLE, MS, IBD)b 7 (6.3) 1 (2.3) 8 (3.2) 16 (4.0) 1 (3.3) 0 (0.0) 1 (1.8) 2 (2.0) 0.55

    Cerebrovascular 
diseaseb 7 (6.3) 3 (7.0) 23 (9.3) 33 (8.2) 0 (0.0) 0 (0.0) 1 (1.75) 1 (1.0) 0.01

    Congestive heart 
failureb 12 (10.7) 3 (7.0) 19 (7.7) 34 (8.5) 0 (0.0) 0 (0.0) 1 (1.75) 1 (1.0) 0.01

   Cirrhosisb 6 (2.4) 3 (7.0) 6 (2.4) 15 (3.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.05

   COPD/emphysemab 20 (17.9) 4 (9.3) 91 (36.8) 115 (28.6) 4 (13.3) 0 (0.0) 14 (24.6) 18 (18.4) 0.04

   Gastritisc 9 (8.0) 2 (4.7) 8 (3.2) 19 (4.7) 1 (3.3) 0 (0.0) 1 (1.75) 2 (2.0) 0.40

    Gastroesophageal  
reflux diseasec 38 (33.9) 11 (25.6) 49 (19.8) 98 (24.4) 5 (16.7) 2 (18.2) 12 (21.1) 19 (19.4) 0.30

   Hemorrhoidsc 14 (12.5) 3 (7.0) 21 (8.5) 38 (9.5) 2 (6.7) 2 (18.2) 4 (7.02) 8 (8.2) 0.69

   Hepatitisb 3 (2.7) 1 (2.3) 11 (4.5) 15 (3.7) 3 (10.0) 0 (0.0) 0 (0.0) 3 (3.1) 1.00

   History of anginac 6 (5.4) 0 (0.0) 12 (4.9) 18 (4.5) 0 (0.0) 0 (0.0) 1 (1.75) 1 (1.0) 0.14

    Ischemic heart 
diseaseb 19 (17.0) 0 (0.0) 37 (15.0) 56 (13.9) 2 (6.7) 0 (0.0) 5 (8.8) 7 (7.1) 0.07

   Malnutritionc 44 (39.3) 12 (27.9) 71 (28.7) 127 (31.6) 2 (6.7) 1 (9.1) 5 (8.8) 8 (8.2) <0.01

   Liver diseaseb 4 (3.6) 1 (0.4) 0 (0.0) 5 (1.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.59

   Renal failureb 25 (22.3) 2 (4.7) 45 (18.2) 72 (17.9) 1 (3.3) 1 (9.1) 5 (8.8) 7 (7.1) 0.01

   Peptic ulcer diseasec 4 (3.6) 0 (0.0) 7 (2.8) 11 (2.7) 0 (0.0) 0 (0.0) 1 (1.75) 1 (1.0) 0.48

    Peripheral vascular 
diseaseb 8 (7.1) 2 (4.7) 24 (9.7) 34 (8.5) 0 (0.0) 1 (9.1) 0 (0.0) 1 (1.0) 0.01

   Splenomegaly/
   splenic enlargementc

19 (17.0) 1 (2.3) 2 (0.8) 22 (5.5) 5 (16.7) 0 (0.0) 0 (0.0) 5 (5.1) 0.88

    Thromboembolic 
eventsb 13 (11.6) 3 (7.0) 22 (8.9) 38 (9.5) 0 (0.0) 0 (0.0) 2 (3.5) 2 (2.0) 0.02

   Thyroid disorderb 17 (15.2) 7 (16.3) 23 (9.3) 47 (11.7) 6 (20.0) 1 (9.1) 3 (5.3) 10 (10.2) 0.68

   Underweightb 6 (5.4) 2 (4.7) 31 (12.6) 39 (9.7) 0 (0.0) 1 (9.1) 4 (7.02) 5 (5.1) 0.15

Continued on following page
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try and clinical databases. Anemia was defined by severity 
as grade 1 (10 g/dL to lower limit of normal, ie, 14 g/dL 
for men and 12 g/dL for women), grade 2 (8.0-9.9 g/dL), 
grade 3 (6.5-7.9 g/dL), and grade 4 (<6.5 g/dL) follow-
ing the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events.13 

Statistical analysis
Distributions of demographic, cancer, and treatment char-
acteristics were calculated by CIA status, overall and by 
cancer type. Differences between patients who did and did 
not develop CIA were assessed using chi-square test and 
Kruskal-Wallis test. For those who developed CIA, the dis-

Characteristic

Patients who developed CIA, n (%) Patients who did not develop CIA, n (%)

P-  
valuea

NHL
112 

(28%)
Breast

43 (11%)

Lung
247 

(61%)

Overall
402 

(100%)
NHL

30 (31%)
Breast

11 (11%)
Lung

57 (58%)

Overall
98 

(100%)

Mean no. of 
chemotherapy cycles 
per patient (SD)

4.7 (2.3) 6.4 (4.3) 4.7 (3.3) 4.9 (3.2) 5.8 (1.3) 5.2 (4.1) 5.5 (4.0) 5.5 (3.4) 0.03

HB measurements

    Mean baseline HB 
level, g/dL (SD)

12.1 (1.7) 12.2 (1.4) 12.4 (1.4) 12.3 (1.5) 13.1 (1.3) 13.7 (1.0) 13.7 (1.5) 13.5 (1.4) <0.01

    Worst mean HB level 
during chemotherapy,  
g/dL (SD)

8.4 (1.0) 8.7 (0.9) 8.5 (0.9) 8.5 (1.0) 11.5 (0.9) 11.4 (0.6) 11.4 (1.1) 11.4 (1.0) <0.01

    Mean no. of Hb 
measurements 
throughout 
chemotherapy course 
per patient (SD)

22.5 
(20.2)

15.7 (8.1) 12.9 (8.4) 15.9 
(13.4)

8.7 (4.4) 7.9 (4.1) 8.2 (6.1) 8.3 (5.4) <0.01

    Mean no. of Hb 
measurements in a 
chemotherapy cycle/
person

      Cycle 1 8.3 4.3 3.5 4.9 1.9 2.2 1.9 1.9 —

      Cycle 2 5.0 3.0 2.7 3.4 1.4 1.9 1.4 1.5 —

      Cycle 3 3.3 2.6 2.4 2.7 1.6 1.6 1.5 1.5 —

      Cycle 4 3.4 1.8 2.9 2.9 1.3 1.5 1.4 1.4 —

      Cycle 5 3.8 3.4 2.2 2.7 1.4 1.0 1.2 1.3 —

      Cycle 6 2.8 1.9 2.7 2.6 1.5 0.8 1.5 1.4 —

Anemia treatment

Any ESA use during 
chemotherapy, n (%) 5 (4.5) 0 (0) 7 (2.8) 12 (0.3) — — — — —

Red blood cell 
transfusion, n (%) 52 (46.4) 10 (23.3) 92 (37.2) 154 (38.3) — — — — —

      Cycle 1 19 (17.0) 4 (9.3) 20 (8.1)  43 (10.7) — — — — —

      Cycle 2 12 (12.4) 2 (5.0) 17 (8.1) 31 (8.9) — — — — —

      Cycle 3 7 (8.0) 1 (2.7) 17 (9.0) 25 (8.0) — — — — —

      Cycle 4 12 (15.2) 0 (0)  23 (14.2)  35 (12.9) — — — — —

      Cycle 5 10 (14.0) 1 (2.7) 18 (15.8)  29 (13.9) — — — — —

      Cycle 6 9 (15.8) 0 (0)  12 (12.8) 21 (11.9) — — — — —

CIA, chemotherapy-induced anemia; COPD, chronic obstructive pulmonary disease; ESA, erythropoiesis-stimulating agents; HB, hemoglobin; IBD, inflammatory bowel disease; MS, 
multiple sclerosis; NHL, non-Hodgkin lymphoma; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus

aP-value comparing overall between patients with and without CIA.  bCaptured using electronic medical records with diagnosis codes or laboratory test results (for renal failure). 
cCaptured using chart review.

Continued from previous page
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tribution of the worst anemia grade was also calculated for 
each cycle of chemotherapy. 

Next, the distributions for the following symptom cat-
egories were calculated in the 2 study samples defined by 
CIA status: pre-existing symptoms that occurred before 
chemotherapy, any symptoms during chemotherapy (ie, 
whether they started before chemotherapy), and incident 
symptoms during chemotherapy (ie, new symptoms that 
only started after chemotherapy). Specifically, the propor-
tion of patients with each individual symptom and the dis-
tribution of the number of symptoms per patient were cal-
culated. Differences in symptom distribution by CIA status 
were assessed using chi-square test. 

The distribution of symptoms in each chemotherapy 
cycle was calculated up to 6 chemotherapy cycles (as 
>80% of the patients only had treatment up to 6 cycles) in 
the 2 study samples defined by CIA status. For this analy-
sis, a symptom was “mapped” to a cycle if the date (or date 
range) of the symptom fell within the date range of that 
chemotherapy cycle. In patients who developed CIA, the 
distribution of symptoms was also calculated by anemia 
grade. This was again done on the chemotherapy cycle 
level. For each chemotherapy cycle, an anemia grade was 
assigned (no anemia or anemia grade 1, 2, 3, and 4) using 
the lowest Hb measurement in that cycle. Symptoms that 
occurred in a chemotherapy cycle were then “mapped” to 
the anemia grade of that cycle. Some patients had more 
than 1 anemia event of the same grade (eg, if a patient’s 
grade 2 anemia persist across cycles). For these patients, 
we randomly selected only 1 anemia event of the same 
grade from each patient to be included in this analysis. 
Patients could still contribute multiple events of different 
grades to this analysis. We calculated the mean number 
of symptoms per patient for each anemia grade (ie, 1-4) 
separately. Because of the small number of patients who 
developed grade 4 anemia (n = 11), they were combined 
with the grade 3 patients when the distributions of indi-
vidual symptoms were evaluated. 

All analyses were repeated stratified by gender. P values 
for differences between men and women were calculated 

using chi-square test or t test. All analyses were conducted 
using SAS version 9.3. 

Results 
A total of 402 stage IV NHL, breast, and lung cancer 
patients who developed CIA and 98 patients who did not 
develop CIA during the first course of chemotherapy were 
included (Figure 1). The distribution of cancer types in the 
study sample were similar across CIA status (Table 1). The 
mean age at diagnosis was 66 years in patients who devel-
oped CIA and 62 years in patients who did not develop 
CIA. Women accounted for half of the patients in both 
study samples (52% and 51%, respectively). Most of the 
study patients were of non-Hispanic white race/ethnicity. 
Chronic obstructive pulmonary disease/emphysema and 
gastroesophageal reflux disease were among the most com-
mon comorbidities examined in both study samples, while 
malnutrition and moderate to severe renal disease were also 
common in patients who developed CIA (Table 1). 

The mean Hb level before chemotherapy was lower for 
patients who developed CIA compared with patients who 
did not develop CIA (12.3 g/dL and 13.5 g/dL, respec-
tively; Table 1). The mean lowest Hb level during chemo-
therapy was 8.5 g/dL for patients who developed CIA and 
11.4 g/dL for patients without CIA (Table 1). The num-
ber of anemia events by grade in each chemotherapy cycle 
in patients who developed CIA is shown in Table 2. Use 
of ESA was extremely rare in the study population. About 
23% to 46% of patients who developed anemia received red 
blood cell transfusion throughout the chemotherapy cycles. 
There was no clear trend of use of red blood transfusion 
over cycles (Table 1). 

Table 3 shows the number and proportion of study 
patients with each of the symptoms documented before 
and after chemotherapy initiation for the 2 study samples. 
Patients who developed CIA had statistically significantly 
more pre-existing symptoms, incident symptoms, or any 
symptoms that occurred during chemotherapy compared 
with patients who did not develop CIA. The mean num-
ber of pre-existing symptoms was 1.7 (standard deviation 

TABLE 2 Number of anemia episodes by anemia grade in each chemotherapy cycle for patients who developed chemotherapy-induced anemia

Grade

Patients with anemia episode, n (%)a

Cycle 1
(n = 402)

Cycle 2
(n = 347)

Cycle 3
(n = 314)

Cycle 4
(n = 271)

Cycle 5
(n = 209)

Cycle 6
(n = 176)

1b 197 (56.6) 172 (54.8) 142 (49.3) 96 (38.4) 81 (40.9) 70 (48.6)

2 b 119 (34.2) 121 (38.5) 124 (43.1) 129 (51.6) 94 (47.5) 60 (41.7)

3 b 29 (8.3) 19 (6.1) 22 (7.6) 22 (8.8) 22 (11.1) 12 (8.3)

4 b 3 (0.9) 2 (0.6) 0 (0) 3 (1.2) 1 (0.5) 2 (1.4)

aPercentage does not add up to 100% because some patients did not have an anemia episode in some chemotherapy cycles. bWorse anemia grade in a cycle for each person.
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FIGURE Study sample flow chart
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TABLE 3 Distribution of symptoms in patients who developed CIA and those who did not (n = 98)

Symptoms

Symptoms before start
of chemotherapy (pre-existing)

Symptoms occurring during 
chemotherapy

Symptoms occurring during but
not before chemotherapy 

(incident)

Developed 
CIA

Did not 
develop CIA Developed CIA

Did not 
develop CIA Developed CIA

Did not 
develop CIA

Mean no. per patient (SD) 1.7 (2.0)* 1.2 (1.5)* 6.8 (3.4)** 4.1 (2.7)** 5.5 (3.1)** 3.3 (2.4)**

Individual symptom, no. of 
patients (%)

   Abdominal pain 31 (7.7) 7 (7.1) 139 (34.6) 22 (22.4) 118(29.4) 17(17.5)

    Blurred vision/double 
vision/loss of vision 5 (1.2) 1 (1.0) 48 (11.9) 7 (7.1) 45 (11.2) 6 (6.1)

    Cold intolerance/cold-
ness in hands or feet 2 (0.5) 0 (0) 16 (4.0) 1 (1.0) 14 (3.5) 1 (1.0)

   Depression/anxiety 38 (9.5) 9 (9.2) 173 (43.0) 24 (24.5) 144 (35.8) 19 (19.4)

   Diarrhea 13 (3.2) 1 (1.0) 118 (29.4) 10 (10.2) 111(27.6) 9 (9.2)

    Dizziness/
lightheadedness 14 (3.5) 2 (2.0) 119 (29.6) 15 (15.3) 110 (27.4) 14 (14.3)

    Dyspnea/shortness of 
breath/tachypnea 115 (28.6) 22 (22.4) 231 (57.5) 40 (40.8) 131 (32.6) 21 (21.4)

   Edema 35 (8.7) 6 (6.1) 157 (39.1) 18 (18.4) 125 (31.1) 14 (14.3)

   Fatigue 132 (32.8) 20 (20.4) 362 (90.1) 75 (76.5) 237 (59.0) 57 (58.2)

   Headache 19 (4.7) 7 (7.1) 96 (23.9) 17 (17.3) 84 (20.9) 14 (14.3)

   Heart failure 0 (0) 0 (0) 16 (4.0) 1 (1.0) 16 (4.0) 1 (1.0)

   Heat intolerance 1 (0.3) 0 (0) 4 (1.0) 0 (0) 4 (1.0) 0 (0)

   Hypotension 7 (1.7) 0 (0) 72 (17.9) 1 (1.0) 69 (17.2) 1 (1.0)

   Insomnia 27 (6.7) 3 (3.1) 114 (28.4) 19 (19.4) 98 (24.4) 17 (17.3)

   Leg pain 22 (5.5) 2 (2.0) 92 (22.9) 9 (9.2) 81 (20.1) 8 (8.2)

   Loss of appetite 60 (14.9) 6 (6.1) 225 (56.0) 18 (18.4) 180 (44.8) 15 (15.3)

   Nausea/vomiting 33 (8.2) 4 (4.1) 223 (55.5) 42 (42.9) 199 (49.5) 41 (41.8)

   Pale skin 1 (0.2) 3 (3.1) 32 (8.0) 1 (1.0) 31 (7.7) 0(0)

    Palpitations/tachycardia 19 (4.7) 3 (3.1) 138 (34.3) 14 (14.3) 127 (31.6) 12 (12.2)

    Paralysis/ataxia/
numbness/tingling in 
extremities

13 (3.2) 3 (3.1) 109 (27.1) 32 (32.7) 103 (25.6) 30 (30.6)

    Pectoral angina/chest 
pain 56 (13.9) 9 (9.2) 138 (34.3) 24 (24.5) 100 (24.9) 20 (20.4)

    Sweating (perspiration, 
diaphoresis) 18 (4.5) 6 (6.1) 53 (13.2) 7 (7.1) 43 (10.7) 4 (4.1)

   Syncope 8 (2.0) 0 (0) 36 (9.0) 3 (3.1) 34 (8.5) 3 (3.1)

   Vertigo 0 (0) 0 (0) 9 (2.2) 0 (0) 9 (2.2) 0 (0)

CIA, chemotherapy-induced anemia

*P = .04. **P < .01. 

[SD], 2.0) for those with CIA and 1.2 (SD, 1.5) for those 
without CIA (P = .04). The mean number of symptoms 
that occurred during chemotherapy was 6.8 (SD, 3.4) and 
4.1 (SD, 2.7), respectively (P < .01). Of individual symp-

toms, fatigue was the most commonly documented symp-
tom during chemotherapy in patients who developed CIA, 
noted in 90% of the study sample (Table 3). Dyspnea/
shortness of breath (58%), nausea/vomiting (56%), and 
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loss of appetite (56%) were documented in 50% or more of 
these patients. Abdominal pain (35%), depression/anxiety 
(43%), dizziness/lightheadedness (30%), edema (39%), pal-
pitations/tachycardia (34%), and pectoral angina/chest pain 
(34%) were documented in 30% or more of these patients. 
In patients who did not develop CIA, fatigue remained the 
most prevalent symptom (77% of the patients). Other than 
fatigue, only dyspnea/shortness of breath (41%), nausea/
vomiting (43%) and paralysis/ataxia/tingling in extremi-
ties (33%) were noted in 30% or more of this study sample. 

Table 4 shows the number and proportion of study 

patients with symptoms that occurred during each chemo-
therapy cycle. Again, fatigue is the predominant symptom 
documented throughout cycles for all patients. In patients 
who developed CIA, the proportion of patients experienc-
ing the following symptoms was relatively stable across 
chemotherapy cycles: depression/anxiety, dizziness/light-
headedness, fatigue, pale skin, and sweating. The propor-
tion of patients experiencing paralysis/ataxia/numbness/
tingling in extremities increased over cycles. For headache, 
loss of appetite, hypotension, and nausea/vomiting, the 
proportion of patients with symptom documentation was 

TABLE 4 Distribution of symptoms by chemotherapy cycle

Patients who developed CIA

Symptoms
Cycle 1

(n = 402)
Cycle 2

(n = 347)
Cycle 3

(n = 314)
Cycle 4

(n = 271)
Cycle 5

(n = 209)
Cycle 6

(n = 176)

Mean no. per patient (SD) 2.6 (2.6) 1.9 (2.1) 1.8 (1.9) 1.7 (2) 1.6 (2) 2.2 (2)

Individual symptom, no. of patients 
(%)

   Abdominal pain 71 (17.7) 35 (10.1) 26 (8.3) 25 (9.2) 20 (9.6) 27 (15.3)

   Blurred vision/double vision/
      loss of vision 17(4.2) 9(2.6) 12(3.8) 8(3.0) 2(1.0) 9(5.1)

   Cold intolerance/coldness in hands
      or feet 7(1.7) 5(1.4) 4(1.3) 2(0.7) 0 (0) 1(0.6)

   Depression/anxiety 79 (19.7) 43 (12.4) 42 (13.4) 30 (11.1) 25 (12.0) 38(21.6)

   Diarrhea 51 (12.7) 26 (7.5) 25 (8.0) 21 (7.7) 14 (6.7) 17 (9.7)

   Dizziness/lightheadedness 41 (10.2) 35 (10.1) 22 (7.0) 26 (9.6) 21 (10.1) 16 (9.1)

   Dyspnea/shortness of breath/
      tachypnea 120(29.9) 84(24.2) 82(26.1) 68(25.1) 43(20.6) 43(24.4)

   Edema 76 (18.9) 46 (13.3) 46 (14.6) 30 (11.1) 22 (10.5) 29 (16.5)

   Fatigue 205 (51.0) 159 (45.8) 149(47.5) 128(47.2) 88 (42.1) 97 (55.1)

   Headache 54 (13.4) 27 (7.8) 16 (5.1) 16 (5.9) 12 (5.7) 15 (8.5)

   Heart failure 13 (3.2) 1 (0.3) 0 (0) 1 (0.4) 1 (0.5) 0 (0)

   Heat intolerance 3 (0.7) 0 (0) 1 (0.3) 0 (0) 0 (0) 0 (0)

   Hypotension 36 (9.0) 11 (3.2) 10 (3.2) 8 (3.0) 7 (3.3) 6 (3.4)

   Insomnia 50 (12.4) 37 (10.7) 31 (9.9) 15 (5.5) 12 (5.7) 17 (9.7)

   Leg pain 30 (7.5) 30 (8.6) 18 (5.7) 17 (6.3) 16 (7.7) 13 (7.4)

   Loss of appetite 124 (30.8) 62 (17.9) 51 (16.2) 44 (16.2) 27 (12.9) 38 (21.6)

   Nausea/vomiting 123(30.6) 74(21.3) 59(18.8) 41(15.1) 33(15.8) 41(23.3)

   Pale skin 15 (3.7) 6 (1.7) 3 (1.0) 5 (1.9) 4 (1.9) 2 (1.1)

   Palpitations/tachycardia 58(14.4) 37(10.7) 20(6.4) 25(9.2) 12(5.7) 15(8.5)

   Paralysis/ataxia/numbness/
      tingling in extremities 33 (8.2) 38 (11.0) 31 (9.9) 34 (12.6) 23 (11.0) 29 (16.5)

   Pectoral angina/chest pain 63 (15.7) 43 (12.4) 35 (11.1) 29 (10.7) 24 (11.5) 17 (9.7)

   Sweating (perspiration, diaphoresis) 29 (7.2) 9 (2.6) 12 (3.8) 8 (3.0) 7 (3.3) 8 (4.5)

   Syncope 8 (2.0) 8 (2.3) 6 (1.9) 9 (3.3) 4 (1.9) 2 (1.1)

   Vertigo 4 (1.0) 0 (0) 2 (0.6) 1 (0.4) 1 (0.5) 1 (0.6)

Continued on following page
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highest in cycle 1, stabilizing in subsequent cycles (Table 
4). In patients without CIA, the cycle-level prevalence of 
most of the symptoms did not increase over cycles, except 
for paralysis/ataxia/numbness or tingling in extremities. 
For insomnia, loss of appetite, and nausea/vomiting, the 
cycle-level prevalence dropped after the first cycle. There 
was no clear increasing trend of the mean number of symp-
toms per patient across chemotherapy cycles in both study 
samples (Table 4).

Table 5 shows the distribution of symptoms by anemia 

grade in patients who developed CIA. In general, the prev-
alence of symptoms increased with higher grades of anemia. 
The following symptoms especially have a clear increase in 
prevalence as the severity of anemia progressed: abdominal 
pain, depression, diarrhea, dizziness/lightheadedness, dys-
pnea, edema, fatigue, heart failure, headache, hypotension, 
insomnia, leg pain, loss of appetite, pale skin, palpitations, 
pectoral angina, and sweating. The mean number of symp-
toms per patient increased as CIA grade increased, from 
3.6 (SD, 2.9) for grade 2 CIA to 5.4 (SD, 3.5) for grades 

Patients who did not develop CIA

Symptoms
Cycle 1
(n = 98)

Cycle 2
(n = 91)

Cycle 3
(n = 80)

Cycle 4
(n = 74)

Cycle 5
(n = 59)

Cycle 6
(n = 57)

Mean no. per patient (SD) 1.4 (1.6) 1.2 (1.2) 1.3 (1.2) 1.5 (1.5) 1.0 (1.0) 1.5 (1.5)

Individual symptom, no. of patients 
(%)

   Abdominal pain 11 (11.2) 5 (5.5) 3 (3.8) 4 (5.4) 3 (5.1) 4 (7.0)

   Blurred vision/double vision/
      loss of vision

1(1.0) 3(3.3) 3(3.8) 0 (0) 1(1.7) 1(1.8)

   Cold intolerance/coldness in hands
      or feet

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1(1.8)

   Depression/anxiety 7 (7.1) 6 (6.6) 5 (6.3) 9 (12.2) 2 (3.4) 7 (12.3)

   Diarrhea 2 (2.0) 5 (5.5) 1 (1.3) 2 (2.7) 2 (3.4) 3 (5.3)

   Dizziness/lightheadedness 7 (7.1) 1 (1.1) 4 (5.0) 2 (2.7) 0 (0) 2 (3.5)

   Dyspnea/shortness of breath/
      tachypnea

23(23.5) 15(16.5) 19(23.8) 11(14.9) 9(15.3) 11(19.3)

   Edema 7 (7.1) 4 (4.4) 7 (8.8) 8 (10.8) 4 (6.8) 5 (8.8)

   Fatigue 40 (40.8) 36 (39.6) 31 (38.8) 34 (46.0) 22 (37.3) 31 (54.4)

   Headache 8 (8.2) 6 (6.6) 4 (5.0) 5 (6.8) 0 (0) 2 (3.5)

   Heart failure 1 (1.0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

   Heat intolerance 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

   Hypotension 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0)

   Insomnia 12 (12.2) 9 (9.9) 8 (10.0) 10 (13.5) 3 (5.1) 3 (5.3)

   Leg pain 3 (3.1) 5 (5.5) 4 (5.0) 2 (2.7) 2 (3.4) 2 (3.5)

   Loss of appetite 12 (12.2) 7 (7.7) 6 (7.5) 7 (9.5) 2 (3.4) 4 (7.0)

   Nausea/vomiting 23(23.5) 21(23.1) 11(13.8) 12(17.6) 10(16.9) 6(10.5)

   Pale skin 1 (1.0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.8)

   Palpitations/tachycardia 5(5.1) 1(1.1) 2(2.5) 3(4.1) 3(5.1) 3(5.3)

   Paralysis/ataxia/numbness/
      tingling in extremities

5 (5.1) 6 (6.6) 16 (20.0) 13 (17.6) 12 (20.3) 14 (24.6)

   Pectoral angina/chest pain 9 (9.2) 7 (7.7) 6 (7.5) 8 (10.8) 3 (5.1) 6 (10.5)

   Sweating (perspiration, diaphoresis) 3 (3.1) 3 (3.3) 3 (3.8) 3 (4.1) 3 (5.1) 1 (1.8)

   Syncope 1 (1.0) 1 (1.1) 1 (1.3) 0 (0) 0 (0) 0 (0)

   Vertigo 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

CIA, chemotherapy-induced anemia

Continued from previous page
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3 and 4 CIA (specifically, 5.3 
[SD, 3.4] for grade 3 CIA and 
6.4 [SD, 4.1] for grade 4 CIA; 
data not shown) (Table 5).

When stratified by gender, 
there are no material differ-
ences between men and women 
in most analyses. In men, the 
mean number of pre-existing 
symptoms was 1.7 (SD, 1.8) 
and 1.0 (SD, 1.2) for those with 
and without CIA, respectively 
(P = .02). The mean number of 
symptoms that occurred dur-
ing chemotherapy was 7.0 (SD, 
3.4) and 4.2 (SD, 2.4), respec-
tively (P < .01). In women, the 
mean number of pre-existing 
symptoms was not statistically 
different in those with and 
without CIA (1.6 [SD, 2.2] 
and 1.3 [SD, 1.8], respectively; 
P = .46). However, like in men, 
the mean number of symptoms 
that occurred during chemo-
therapy was significantly more 
in those with CIA (6.5 [SD, 
3.3] and 4.0 [SD, 2.9], respec-
tively; P < .01). As in the over-
all analysis, there was no clear 
increasing trend of the num-
ber of symptoms per patients 
across chemotherapy cycles 
in both men and women, but 
the average number of symp-
toms increased as the CIA 
grade increased. For men, the 
mean number of symptoms 
per patient increased from 3.7 
(SD, 3.0) for grade 2 CIA to 
6.0 (SD, 3.5) for grades 3 and 
4 CIA (data not shown). For 
women, the mean number of symptoms per patient increased 
from 3.6 (SD, 2.9) for grade 2 CIA to 4.7 (SD, 3.3) for grades 
3 and 4 CIA (data not shown).

Discussion
In this study, we described the number and type of symp-
toms documented in the medical record notes among stage 
IV NHL, breast cancer, and lung cancer patients who did 
or did not develop CIA during chemotherapy. Patients 
who developed CIA had significantly greater numbers of 
different symptoms documented during chemotherapy 
than those who did not develop CIA (6.8 vs 4.1). This dif-

ference is clinically significant because most symptoms 
described in this study can be expected to have a negative 
impact on a patient’s quality of life. In patients who devel-
oped CIA, fatigue was the most commonly documented 
symptom, noted for 90% of the study population. In addi-
tion to fatigue, many other symptoms were noted in a large 
proportion of patients. In contrast, in patients who did not 
develop CIA, only a few symptoms (including fatigue) 
were more commonly noted in this sample. We observed 
more symptoms in chemotherapy cycles with higher 
grades of anemia. Of the symptoms examined, abdominal 
pain, depression, diarrhea, dizziness/lightheadedness, dys-

TABLE 5 Distribution of symptom by grade of anemia episodes for patients who developed chemotherapy-
induced anemia

Symptoms
Grade 1a

(n = 297)
Grade 2
(n = 355)

Grade 3+4
(n = 119)

Mean no. of symptoms per patient (SD) 1.8 (1.9) 3.6 (2.9) 5.4 (3.5)

By individual symptom,
   no. of events with symptom (%)

   Abdominal pain 23 (7.7) 51 (14.4) 34 (28.6)

   Blurred vision/double vision/loss of vision 10 (3.4) 13 (3.7) 7 (5.9)

   Cold intolerance/coldness in hands or feet 3 (1) 5 (1.4) 5 (4.2)

   Depression/anxiety 20 (6.7) 80 (22.5) 40 (33.6)

   Diarrhea 14 (4.7) 54 (15.2) 30 (25.2)

   Dizziness/lightheadedness 23 (7.7) 47 (13.2) 23 (19.3)

   Dyspnea/ shortness of breath/tachypnea 48 (16.2) 121 (34.1) 60 (50.4)

   Edema 25 (8.4) 72 (20.3) 46 (38.7)

   Fatigue 106 (35.7) 234 (65.9) 94 (79)

   Headache 20 (6.7) 33 (9.3) 19 (16)

   Heart failure 0 (0) 10 (2.8) 4 (3.4)

   Heat intolerance 1 (0.3) 3 (0.8) 0 (0)

   Hypotension 4 (1.3) 30 (8.5) 22 (18.5)

   Insomnia 21 (7.1) 47 (13.2) 23 (19.3)

   Leg pain 21 (7.1) 34 (9.6) 12 (10.1)

   Loss of appetite 50 (16.8) 115 (32.4) 51 (42.9)

   Nausea/vomiting 55 (18.5) 115 (32.4) 39 (32.8)

   Pale skin 0 (0) 13 (3.7) 9 (7.6)

   Palpitations/tachycardia 16 (5.4) 63 (17.7) 41 (34.5)

   Paralysis/ataxia/numbness, tingling
      in extremities 30 (10.1) 40 (11.3) 15 (12.6)

   Pectoral angina/chest pain 27 (9.1) 57 (16.1) 42 (35.3)

   Sweating (perspiration, diaphoresis) 11 (3.7) 23 (6.5) 13 (10.9)

   Syncope 3 (1) 17 (4.8) 7 (5.9)

   Vertigo 0 (0) 6 (1.7) 3 (2.5)

aAlthough grade 1 anemia was not considered chemotherapy-induced anemia in this study, here, we presented symptoms 
documented for grade 1 anemia in patients who developed chemotherapy-induced anemia (ie, grade 2 and higher) during 
chemotherapy.
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pnea, edema, fatigue, heart failure, headache, hypotension, 
insomnia, leg pain, loss of appetite, nausea/vomiting, pale 
skin, pectoral angina, sweating, and syncope particularly 
demonstrated a clearly increasing prevalence with declin-
ing Hb level. We also reported that patients who developed 
severe anemia (grades 3 and 4) experienced an average of 
5 to 6 different symptoms at the time of the anemia epi-
sode. These data demonstrated a significant symptom bur-
den in cancer patients with CIA seen in community-based 
oncology practices. Findings on the types of symptoms 
most commonly noted in various grades of CIA episodes 
provided some guidance for supportive care planning. As 
previous studies have shown a reduction in symptom bur-
den after anemia treatment in patients with CIA,14-16 our 
results support the idea of early lab draws and active man-
agement of CIA in maintaining quality of life in cancer 
patients undergoing chemotherapy. 

Our findings on the prevalence of fatigue are in line with 
other studies in the literature. Maxwell reported that the 
prevalence of fatigue was 80% to 96% in cancer patients.17 
Cella and colleagues found that using FACT-General 
questionnaire, 75% of cancer patients reported fatigue.11 
The comparability of our estimate and those found in stud-
ies based on patient self-report offered some assurance of 
the validity of assessing symptom prevalence through phy-
sician record notes. In addition to fatigue, we described 
prevalence of 23 additional symptoms, most of which have 
not been extensively studied in the literature. Gabrilove and 
colleagues found that a substantial proportion of patients 
with CIA had moderate to severe score for lack of appe-
tite (36%) and disturbed sleep (41%) using the MDASI.10 
The prevalence of loss of appetite and insomnia was around 
50% and 25%, respectively, in our study samples. A 2013 
systematic review of 21 multinational studies reported the 
pooled prevalence of several nonfatigue symptoms in can-
cer patients including headache (23%), sleep disturbance/
insomnia (49%), appetite changes (45%), nausea/vomiting 
(26%), diarrhea (15%), depression (34%), dyspnea (44%), 
dizziness (26%), numbness/tingling (42%), edema (14%), 
and sweating (28%).18 Our prevalence estimates in patients 
with CIA for most of these symptoms were higher, likely 
because Reilly and colleagues used source studies that 
included any cancer patients undergoing treatment and 
not just those with CIA. Our findings on the increased 
symptom burden in patients who experienced episodes of 
advanced anemia compared with patients with mild ane-
mia were also consistent with the literature. To this end, 
several studies using MDASI or the FACT-An reported 
differential symptom burdens by Hb level based on patient 
self-report,10,11,19 including data on improvement in symp-
tom burden and quality of life after anemia was amended 
with the use of ESA.20,21

We found that the number of pre-existing symptoms 
was significantly higher in patients who went on to develop 

CIA than in patients who did not develop CIA. Specifically, 
fatigue, loss of appetite, and pale skin before chemotherapy 
seemed to be significantly more common in patients who 
went on to develop CIA. This finding suggested that pre-
sentation of these symptoms before chemotherapy initia-
tion may be a predictor for developing moderate or severe 
anemia during treatment. This is a novel hypothesis, as no 
studies have evaluated the relationship between pretreat-
ment symptom and risk of CIA. However, our study was 
not designed to address this specific question. Additional 
investigation is needed to further shed light on whether 
the occurrence of anemia-related symptoms in nonanemic 
patients can be used to effectively risk-stratify patients for 
subsequent CIA. 

Contrary to our expectation, the prevalence of most 
symptoms did not clearly increase as chemotherapy pro-
gressed. There are several possible explanations to this phe-
nomenon, with the most likely being related to reporting of 
anemia-related symptoms. For example, patients might stop 
reporting the same symptom repeatedly or become adjusted 
to the new Hb levels, leading to less symptom manifesta-
tion. Clinicians may also be less likely to ask about symp-
toms in later treatment cycles and/or to document chronic 
symptoms. Several symptoms were rarely documented alto-
gether, such as cold intolerance, heat intolerance, heart fail-
ure, and vertigo. Symptoms reported in earlier cycles could 
also be managed successfully. Another possible explanation 
is differential loss of follow-up. Patients who experienced 
severe adverse events or symptoms may terminate treat-
ment prematurely. Thus, symptom burden found toward 
later cycles may not represent the true symptom burden 
should everyone who initiated the chemotherapy treatment 
complete all planned cycles.

Limitations
In addition to the limitations already discussed, there are 
several others that should be considered when interpreting 
our results. We did not have a consistent measure of symp-
tom severity in the medical records. Duration of symptoms 
was also often poorly documented by physicians. Therefore, 
our results are not directly comparable with studies such as 
the MDASI that incorporate severity or duration in their 
prevalence measure. There may also be “reporting bias” by 
the clinicians owing to different perceived levels of sever-
ity or clinical relevance of the different symptoms. As a 
result, some symptoms may be underdocumented, leading 
to undercounting.

We also did not distinguish the exact cause of the symp-
toms (ie, owing to anemia, cancer, chemotherapy itself, or 
other chemotherapy-induced complications), as it was not 
possible to reliably ascertain the cause from record review. 
Furthermore, symptom assessment was not separately per-
formed for grade 4 anemia because of the small number 
of events in the study population. We also did not plan to 
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evaluate the impact of anemia treatment on symptom bur-
den, as our goal was to comprehensively describe a wide 
spectrum of symptoms experienced by patients with differ-
ent Hb levels. However, previous studies have shown the 
benefit of treatments that correct CIA in symptom man-
agement.14-16 Finally, this study does not inform about the 
relative importance of these symptoms to patients’ quality 
of life. To this end, a qualitative study found fatigue, short-
ness of breath, and lightheadedness/dizziness to be the 
most important symptoms ranked by patients with CIA.22

Despite the potential limitations, our study has several 
important strengths. In addition to fatigue, patients with 
CIA suffer from a wide range of other anemia-related 
symptoms, but data on the prevalence of these symptoms 
have been lacking. To our knowledge, this is among the 
first studies that collected data on a comprehensive list of 

symptoms and provided detailed analysis by chemotherapy 
cycle and anemia grade. The combined use of KPSC’s clini-
cal databases and medical record review allowed us to pro-
vide detailed characterization of the study population in 
terms of their treatment history, history of comorbidities, 
and laboratory data. 

Conclusions
Our data provide physicians a comprehensive picture of prev-
alence of various types of symptoms and how symptom bur-
den evolves as chemotherapy cycle and anemia severity prog-
ress. High-grade CIA correlates with an increased symptom 
burden. Such an understanding can be crucial in facilitating 
supportive care planning by helping physicians anticipate the 
timing and proactively determine the management approach 
of chemotherapy-related anemia and its symptoms. 
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