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Abstract

Background Laparoscopic colectomy (LC) is a less invasive alternative to open colectomy (OC) in the treatment of stage
I-III colon cancer. Research on the long-term (5-year post-diagnosis) health-related quality of life (HRQOL) of LC patients
is scarce. Our study aimed to compare the long-term HRQOL and psychological well-being of stage I-III colon cancer
survivors treated either with LC or OC.

Methods This study used a German population-based cohort of patients treated with either LC (n=286) or OC (n=980).
LC patients were matched to OC patients using a propensity score. At 5-year follow-up, patients completed assessments
on HRQOL (EORTC QLQ-C30 and EORTC QLQ-CR29) and psychological well-being (distress and disease/treatment
burden). Least square mean scores of HRQOL were derived using linear regression. Proportions of patients with moderate/
high distress and disease/treatment burden were compared with Chi-square tests.

Results In total, 81 LC patients were matched to 156 OC patients. Generally, LC patients had HRQOL comparable to OC
patients, albeit LC patients reported significantly better body image (87.1 versus 81.0, p=0.03). Distress levels were gener-
ally low and comparable between the two groups, even though LC patients were more likely to experience disease recurrence
(16% versus 7%, p=0.02) than OC patients. OC patients were more likely to feel moderate/high levels of burden associated
with the treatment (72% versus 56%, p=0.01) and the time after treatment completion (43% versus 28%, p=0.02).
Conclusion LC patients reported comparable long-term HRQOL outcomes but higher levels of psychological well-being
than OC patients 5 years after diagnosis, even though LC was associated with higher risk of disease recurrence.

Keywords Colon cancer - Health-related quality of life - Laparoscopy - Long-term survivor - Population based - Propensity
score

Laparoscopic colectomy (LC) is increasingly adopted as ~ Results from randomized clinical trials show that LC had
a less invasive alternative to traditional open colectomy  more favorable short-term clinical outcomes such as less
(OC) for the curative treatment of stage I-III colon cancer.  peri-/post-operative complications and shorter hospital stay,
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and was comparable with OC in disease-free survival [1-4].
Population-based studies reported better oncologic outcomes
favoring LC, in both the short and long term [5-8].

Regarding health-related quality of life (HRQOL), results
are mixed. LC has been associated with better peri-opera-
tive, post-operative, and short-term HRQOL when compared
with OC [9-12]. Also, HRQOL tended to improve back to or
surpass pre-LC levels within a year [13]. Conversely, some
studies have reported no significant differences in HRQOL
between LC and OC patients [14—16]. However, these stud-
ies were randomized clinical trials, based on a single institu-
tion, had small samples or reported on short-term HRQOL
(< 5-year post-surgery). The only randomized clinical trial
with up to 5 years follow-up, published so far, reported com-
parable HRQOL between LC and OC [17]. To our knowl-
edge, there are no published population-based results on the
long-term HRQOL (5-year post-surgery) of colon cancer
survivors treated either with LC or OC.

The use of LC for the treatment of colon cancer is
encouraged in view of its better clinical outcomes and cost-
effectiveness when compared with OC [18, 19]. However, a
recent study on colorectal cancer patients showed that per-
ceptions of surgical outcomes differed between patients and
surgeons; patients reported that being cured of colorectal
cancer and avoiding complications were more important
compared to factors traditionally considered by surgeons
such as use of laparoscopy, incision appearance or length
of hospital stay [20]. LC could be associated with higher
disease recurrence [21] although results from randomized
controlled trials and population-based studies have indi-
cated otherwise [17, 19]. However, we found no published
reports on the fear of recurrence of patients treated with
LC. Research with breast cancer patients suggest that fear
of recurrence is an important motivator for choosing mas-
tectomy over breast conservation therapy [22]. As such, it
is important to have a clearer picture of the consequences
of LC on long-term HRQOL and psychological well-being
of patients.

Therefore, the aims of the current study are twofold: to
compare the (1) long-term HRQOL and (2) psychological
well-being of stage I-III colon cancer survivors by treatment
(LC versus OC).

Methods
Setting and participants

We used data from the population-based case—control
DACHS (Darmkrebs: Chancen der Verhiitung durch Screen-
ing) study. The DACHS study was started in 2003 in col-
laboration with 22 hospitals located in the Rhine-Neckar
region of southwest Germany, an area with a population of
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approximately 2 million. To date, DACHS has included over
6000 cases (‘patients’) and continues to recruit individuals
with a newly diagnosed and histologically confirmed pri-
mary colorectal cancer (ICD 10: C18-20). Other inclusion
criteria include being at least 30 years of age, German speak-
ing, and being physically and mentally able to participate
in a baseline interview of approximately one hour. Further
details of the DACHS study have been reported elsewhere
[23].

The DACHS study was approved by the ethics commit-
tees of the University of Heidelberg and the state medical
boards of Baden-Wiirttemberg and Rhineland-Palatinate.
Written informed consent was obtained from all participants.

Data collection

Eligible patients were identified by their treating clinician
during their hospital stay or were contacted by mail shortly
after discharge by clinicians or clinical cancer registries.
Information was collected at baseline, and at 3- and 5-year
follow-ups. At baseline, trained interviewers used a stand-
ardized questionnaire to collect detailed socio-demographic,
clinical, and lifestyle history. Detailed treatment and recur-
rence information were provided by the attending physicians
at the 3-year follow-up. At 5-year follow-up, 86% of patients
still alive completed a mailed questionnaire on HRQOL and
changes in medical or recurrence history (Supplementary
Fig. 1). Attending physicians verified self-reported recur-
rence or new cancers (‘disease recurrence’) at 5-year follow-
up. Vital status of participants was checked via population
registries after 3- and 5-year post-diagnosis. The current
study reports on patients diagnosed with stage I-III colon
cancer treated with either LC or OC between 2003 and 2014
and have completed a HRQOL questionnaire at 5-year fol-
low-up between 2009 and 2016.

HRQOL

HRQOL was assessed with the European Organization for
Research and Treatment of Cancer Quality of Life Core-30
(EORTC QLQ-C30) questionnaire [24] and the colorectal
cancer-specific module (EORTC QLQ-CR29) [25, 26]. The
EORTC QLQ-C30 consists of five functioning scales (physi-
cal, role, cognitive, emotional, social), a global health/qual-
ity of life (QOL) scale, and nine items/scales on symptom
and financial impact. The EORTC QLQ-C29 consists of
functioning (anxiety, body image, weight concerns, sexual
interest—male, sexual interest—female) and symptom scales
(urinary frequency, urinary incontinence, dysuria, blood and
mucus in stool, stool frequency, abdominal pain, buttock
pain, bloating, dry mouth, hair loss, taste, flatulence, fecal
incontinence, sore skin, embarrassment, stoma care prob-
lems, impotence, dyspareunia). The EORTC QLQ-CR29
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subscales sexual interest-male and sexual interest-female
were combined into the subscale ‘sexual interest,” as were
the subscales impotence (male) and dyspareunia (female)
which were combined into the subscale ‘sexual problems.’
Answers ranged from 1 (not at all) to 4 (very much), and
from 1 (very poor) to 7 (excellent) for items in the global
health/QOL scale. All raw scores were linearly transformed
to scales of 0—100 using standard procedures [27]. Higher
functioning and global health/QOL scores indicated better
function or health status; higher scores on symptom items/
scales and financial impact indicated more symptom com-
plaints and greater financial impact.

Psychological well-being

Questionnaire on distress in cancer survivors (QSC-R10) The
10-item QSC-R10 is a validated instrument assessing dis-
tress experienced by cancer survivors in daily life. For this
study, we used three items which are relevant for our sample,
namely feeling physically imperfect, fear of disease progres-
sion, and not being able to participate in hobbies as before
cancer [28]. Items score ranged from O (‘not applicable’) to
5 (‘a very serious problem’) [28].

Burden due to cancer and treatment

Four items assessed patients’ perceptions of burden due to
cancer and treatment. Items included the burden of initial
diagnosis, with treatment, with time after completion of
treatment, and with follow-up consultation and investiga-
tions. Items score ranged from 1 (‘not at all’) to 4 (‘very’).

Statistical analyses
Propensity score matching

To address possible confounding common in observational
studies, a propensity score was calculated to indicate the
probability of being treated with LC [29]. Logistic regres-
sion was used to derive the propensity score conditional to
a set of baseline covariates which included age at diagnosis,
gender, tumor stage, tumor location (proximal or distal),
hospital volume, presence of comorbid condition (heart fail-
ure, angina pectoris, hypertension, diabetes mellitus), educa-
tion, employment status, place of residence (village, town,
city), and lifestyle factors (body mass index (BMI), smoking
status, and alcohol consumption) [30-32]. The LC sample
was matched on propensity score to the OC sample using a
1:2 nearest-neighbor algorithm with a caliper distance of 0.2
standard deviation [33-35].

Differences in demographic and clinical characteristics
between the two groups stratified by surgery were deter-
mined with t-test for continuous variables or Chi-square test

for categorical variables. Least square means of the EORTC
QLQ-C30 and the EORTC QLQ-CR29 scale scores between
the samples were derived using linear regression. For single
items on psychological well-being, we defined a priori that
items on the QSC-R10 with a score of 4 or 5 and items on
burden due to cancer/treatment with a score of 3 or 4 indi-
cated moderate-to-high impact on psychological well-being.
The difference in proportion of LC and OC patients indicat-
ing moderate-to-high psychological impact was tested with
Chi-square tests.

Sensitivity analyses

To address the reduction in the OC sample size from propen-
sity score matching, we compared the mean EORTC QLQ-
C30 and QLQ-CR29 scores of LC and OC patients using
the whole sample (unmatched), with the propensity score
included as a covariate for adjustment [36]. Other covariates
included for adjustment were comorbidity and lifestyle fac-
tors (BMI, smoking status, alcohol use) at 5-year follow-up.
As disease recurrence could influence HRQOL, we reran the
analyses excluding patients with disease recurrence, using
the matched and unmatched samples.

All analyses were conducted with SAS (version 9.4 for
Windows, SAS Institute Inc., Cary, NC). Statistical signifi-
cance was determined at p <0.05 (two-sided). The p values
were not adjusted for multiple testing and referred to the
individual tests rather than a global test for differences.

Results
Patients’ characteristics

This study included 994 stage I-11I colon cancer survivors
who completed the HRQOL questionnaire at 5-year follow-
up (Supplementary Fig. 1), of whom 86 (9%) were surgically
treated with LC. Patients treated with LC were significantly
younger at diagnosis than those treated with OC (65.0+10.5
versus 67.8 +9.8, p=0.01) (Table 1). LC patients were also
more likely to have stage I disease, have a tumor located in
the distal colon, treated in a large volume hospital, less likely
to have hypertension, were better educated, employed, liv-
ing in the city, and weight within normal BMI range when
compared with OC patients.

Using the derived propensity score, 81 LC patients were
matched with 156 OC patients. No suitable matches were
found for 5 LC patients and 6 LC patients had 1 match with
OC patients. After matching, both groups were comparable
on baseline characteristics (Table 1). However, LC patients
were more likely to experience disease recurrence (16% ver-
sus 7%, p=0.02) than OC patients.
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Table 1 Demographic and clinical characteristics of sample stratified by surgery, before and after propensity score matching

N (%) Unmatched sample Matched sample
Laparoscopy (n=86) Open p value Laparoscopy (n=81) Open p value
colectomy colectomy
(n=908) (n=156)
Mean age at diagnosis 65.0+10.5 67.8+9.8 0.01 64.9+10.6 65.0+11.3 0.96
Gender 0.88 0.74
Female 37 (43) 398(44) 35 (43) 64 (41)
Male 49 (57) 510 (56) 46 (57) 92 (59)
Tumor stage 0.0002 0.76
I 39 (45) 229 (25) 36 (44) 63 (40)
II 24 (28) 397 (44) 23 (28) 44 (28)
11 23 (27) 28 31) 22 (27) 49 (31)
Tumor location <0.0001 0.48
Distal 71 (83) 407 (45) 66 (81) 121 (78)
Proximal 15 (17) 500 (55) 15 (19) 35(22)
Missing - 1(0.1) - -
Chemotherapy 0.09 0.07
Yes 21 (24) 302 (33) 20 (25) 56 (36)
No 65 (76) 606 (67) 61 (75) 100 (64)
Radiotherapy 0.76 -
Yes - 3(0.3) 0 0
No 86 (100) 905 (100) 81 (100) 156 (100)
Disease recurrence 0.13 0.02
Yes 13 (15) 87 (10) 13 (16) 11 (7)
No 73 (85) 820 (90) 68 (84) 145 (93)
Missing - 1(0.1) - -
Hospital volume <0.0001 0.37
Small 1(1) 223 (25) 1(1) 0
Medium 38 (44) 297 (33) 36 (44) 72 (46)
Large 47 (55) 387 (43) 44 (54) 84 (54)
Missing - 1(0.1) - -
Comorbidity at baseline
Angina pectoris 6 (7) 93 (10) 0.33 5 (6) 11(7) 0.79
Heart failure 4(5) 104 (11) 0.05 34) 74) 0.77
Hypertension 3541) 489 (54) 0.01 33 (41) 62 (40) 0.88
Diabetes mellitus 10 (12) 148 (16) 0.25 9 (11) 16 (10) 0.83
Marital status at baseline 0.10 0.87
Single 89 45 (5) 709) 13 (8)
Married 60 (70) 650 (72) 57 (70) 108 (70)
Divorced 8 (14) 51 (6) 8 (10) 12 (8)
Widowed 10 (12) 159 (18) 9 (11) 22 (14)
Missing - 3(0.3) - 1(1)
Education 0.0006 0.98
<9 years 40 (47) 609 (67) 37 (46) 73 (47)
10-11 years 22 (26) 154 (17) 22 (27) 42 (27)
> 12 years 24 (28) 145 (16) 22 (27) 41 (26)
Employment status at baseline 0.0004 0.50
Full-/part-/self-employed 33 (38) 177 (19) 31 (38) 57 (37)
Housewife/man 10 (12) 93 (10) 9(11) 10 (6)
Unemployed/ (early) retired 43 (50) 631 (69) 41 (51) 88 (56)
Other - 7 (1) - 1(1)
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Table 1 (continued)

N (%) Unmatched sample Matched sample
Laparoscopy (n=86) Open p value Laparoscopy (n=81) Open p value
colectomy colectomy
(n=908) (n=156)
Place of residence 0.02 0.99
Village (pop: < 10,000) 21 (24) 324 (36) 20 (25) 38 (24)
Town 27 (31) 307 (34) 26 (32) 51(33)
City (pop: > 100,000) 38 (44) 277 (31) 35(43) 67 (43)
Body mass index (BMI; kg/m?) at baseline 0.04 0.96
<25 Normal* 39 (45) 312 (34) 36 (44) 67 (43)
25-30 Overweight 36 (42) 393 (43) 34 (42) 66 (42)
>30 Obese 11 (13) 202 (22) 11 (14) 23 (15)
Missing - 1(0.1) - -
Smoking status at baseline 0.55 0.73
Never 35 (41) 422 (46) 32 (40) 64 (41)
Former 37 (43) 374 (41) 37 (46) 64 (41)
Current 13 (15) 111 (12) 12 (15) 28 (18)
Missing 1(1) 1(0.1) - -
Alcohol use (g/day) at baseline 0.80 0.96
<0.9 24 (28) 252 (28) 23 (28) 47 (30)
0.9-6.1 19 (22) 191 (21) 18 (22) 3221
6.2-14.4 12 (14) 145 (16) 12 (15) 27 (17)
14.55-30.7 19 (22) 160 (18) 18 (22) 30 (19)
>30.7 11 (13) 146 (16) 10 (12) 20 (13)
Missing 1(1) 14 (2) - -

Propensity score derived from baseline covariates including age at diagnosis, gender, tumor stage, tumor location, hospital volume, education,
comorbidity, employment status, place of residence, BMI, smoking status, alcohol use

*BMI-normal category includes underweight patients (BMI < 18.5). Both samples had comparable proportions; unmatched sample: LC=2 (2%),

OC=21 (2%); matched sample: LC=1 (1%), OC=5 (3%)

HRQOL

In general, no statistical differences were found for any of
the functioning subscales of the EORTC QLQ-C30 and
the EORTC QLQ-CR29 except for a higher body image
in LC patients (87.1 versus 81.0, p=0.03) (Figs. 1 and 2).

In terms of symptom burden, no statistically significant
differences were found (Figs. 1 and 2).

Psychological well-being

No differences of statistical significance were found for
the distress items (Fig. 3). With regards to perception of
burden of cancer and treatment, OC patients were more
likely to feel moderate-to-high levels of burden associ-
ated with the treatment (72% versus 56%, p=0.01) and
the time after completion of treatment (43% versus 28%,
p=0.02) (Fig. 4).

Sensitivity analysis

Results based on conventional multiple regression using
the unmatched sample were generally comparable to that
derived from the matched sample. LC patients reported
significantly better body image than OC patients (Table 2).
Analyses using the matched and unmatched samples but
excluding patients with disease recurrence showed results
similar to those analyses in which these patients were
included (Supplementary Tables 1 and 2).

Discussion

This population-based study showed that HRQOL outcomes
in LC patients were generally comparable to that of OC
patients 5 years after diagnosis. Differences in HRQOL were
observed only for body image, with LC patients reporting
significantly better body image. No significant differences
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Fig.1 Mean EORTC QLQ-
C30 scores of stage I-1II colon
cancer patients, stratified by
treatment and matched by
propensity score (LC: n=81,
OC: n=156). For functioning 80
subscales, higher scores indicate
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were noted for symptom burden. In terms of psychological
well-being, no significant differences in distress were noted.
LC patients were also less likely to be burdened by the treat-
ment and the time after treatment completion.

Our results on HRQOL are generally in line with previ-
ous studies. Similar to a study on the short-term outcomes
of LC patients [37], LC patients in our study were more
satisfied with their body. With regards to comparison of
long-term outcomes, our results are generally comparable
to that reported in the LAFA trial [17]. In that study, no
differences in HRQOL were found between LC patients
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Diarrhea Appetite loss Nausea/Vomiting Financial
(p=0.12) (p=0.17) (p=0.56) Difficulties
(p=0.96)

and OC patients 2 to 5 years after surgery. Our study found
differences only in body image. Possible explanation for
this difference in results could be due to differences in
samples. Our matched sample was younger than that in
the LAFA trial. Evidence indicates that significant differ-
ences in HRQOL were more often found among younger
colorectal cancer survivors [38]. Furthermore, we previ-
ously found that younger (< 50 years at diagnosis) colon
cancer survivors reported significantly lower body image
than older survivors 5-16 years after diagnosis [39].



Surgical Endoscopy

Fig.2 Mean EORTC QLQ-
CR29 scores of stage I-1I1
colon cancer patients, stratified
by treatment and matched by
propensity score (LC: n=81,
OC: n=156). For functioning
subscales, higher scores indicate
better functioning; for symptom
subscales, higher scores indi-
cate higher symptom burden.
Propensity score derived from
baseline covariates including
age at diagnosis, gender, tumor
stage, tumor location, hospital
volume, education, comorbid-
ity, employment status, place of
residence, BMI, smoking status,
alcohol use

Fig.3 Percentage of patients
who scored >4 on relevant sin-
gle items of the Questionnaire
on Distress in Cancer Survivors
(QSC-R10) [28], using propen-
sity score matched sample (LC:
n=81, 0C: n=156)
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Fig.4 Percentage of patients 100
who scored >3 on aspects of

burden of cancer and its treat- 80
ment, using propensity score -
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OC: n=156) £
]

5 40
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20
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Initial diagnosis
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Our results have clinical implications. LC patients were
less burdened by the treatment and recovery time. These
results support a previous study that reported patients
treated for colorectal cancer consider being free of surgical
complication and free of cancer as important factors in the
post-operative period [20]. Although in the matched sam-
ple, disease recurrence was significantly higher in the LC
group, nevertheless the proportion of LC patients reporting
moderate/high fear of disease progression was not signifi-
cantly higher. As LC is increasingly adopted as a feasible
alternative to OC, it is important for patients to be aware that
while LC can offer short- and long-term HRQOL benefits,
there could be an increased risk of disease recurrence which
can negatively impact HRQOL [40]. The increased risk of
recurrence is disquieting and requires careful clarification
in future research. This is relevant as the HRQOL in the
LC group was at least comparable to OC, and LC is associ-
ated with comparable or better survival in clinical trials and
population-based studies [3, 8].

To our knowledge, this is the first study to report on the
long-term HRQOL of a population-based sample of LC and
OC patients who completed a validated HRQOL assessment
at uniform follow-up. Despite these strengths, there are several
limitations which need to be discussed. Although the sample
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Burden

Treatment Time after Follow-up
(p=0.01) treatment consultations and
completion investigations
(p=0.02) (p=0.18)
mLaparoscopy ®Open colectomy

size as a whole was large, the proportion of LC patients was
small (9%). This prevalence might be lower than other coun-
tries in Europe, but it is comparable to other reports using
German samples [6, 8]. Furthermore, to reduce potential treat-
ment selection bias, we used propensity score matching which
reduced the OC sample significantly. However, comparable
results from sensitivity analyses using the unmatched sample
suggest that analyses from a smaller matched sample did not
result in larger p values. Although we included a wide range of
demographic and clinical variables into the propensity score,
residual confounding could still exist as we do not have data
on patients’ baseline performance status. Overall, we observed
a tendency towards better HRQOL in LC patients for many
subscales, which were, however, not statistically significant
except for the body image subscale. Further larger studies,
which have sufficient power to detect differences of the magni-
tude observed here, are needed to investigate whether our pat-
tern only reflects a chance finding or a true difference between
LC and OC patients.

In conclusion, among stage I-III colon patients, LC patients
reported comparable long-term HRQOL outcomes and higher
levels of psychological well-being than OC patients 5 years
after diagnosis even though LC was associated with higher
risk of disease recurrence.
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Table2 Mean HRQOL scores
of stage I-1II colon cancer
patients, stratified by treatment

(unmatched sample)

Laparoscopy (n=283)* Open colectomy (n=_885)* p value

Mean SE 95%CL 95% CU Mean SE 95%CL 95% CU

EORTC QLQ-C30

Functioning
Physical functioning 779 29 723 83.5 76.1 1.1 739 78.3 0.54
Role functioning 772 3.8 69.8 84.7 729 1.5 699 75.8 0.25

Emotional functioning 749 3.1 68.9 81.0 726 1.2 702 75.0 0.45
Cognitive functioning 79.7 3.0 73.9 85.5 786 12 763 80.8 0.71
Social functioning 832 3.6 76.1 90.2 715 1.4 748 80.3 0.12
Global health/QOL 693 29 63.6 74.9 651 1.1 629 67.3 0.15

Symptom
Sleep problems 319 44 232 40.5 354 3.0 295 41.3 0.50
Fatigue 27.1 3.1 211 33.1 303 2.1 262 34.5 0.38
Pain 228 33 162 29.4 224 23 179 26.9 0.92
Dyspnea 206 3.6 135 27.6 21.8 24 170 26.7 0.77
Constipation 132 33 6.7 19.7 175 23 13.0 21.9 0.29
Diarrhea 11.3 32 49 17.6 184 22 14.1 22.7 0.06
Appetite loss 60 25 10 11.0 97 17 63 13.1 0.23
Nausea and vomiting 37 14 1.0 6.4 43 09 24 6.1 0.72

Financial difficulties 103 29 46 16.0 112 20 173 15.1 0.79
EORTC QLQ-CR29

Functioning
Future perspective 70.6 4.1 625 78.6 662 1.6 63.1 69.4 0.29
Body image 872 28 817 92.7 815 1.1 794 83.7 0.04
Weight concerns 722 38 647 79.7 713 1.5 684 74.3 0.83
Sexual interest 466 43 381 55.2 427 1.7 394 46.0 0.36
Symptom
Urinary frequency 43.1 34 363 49.8 446 14 420 47.3 0.65
Urinary incontinence 154 33 9.0 21.8 157 13 132 18.2 0.91
Stool frequency 192 28 13.6 24.7 197 1.1 175 219 0.86
Stool incontinence 84 28 29 13.8 102 1.1 8.1 12.4 0.50
Flatulence 247 39 170 32.3 249 15 219 279 0.94
Bloated feeling 176 3.7 102 249 245 1.5 217 27.4 0.06
Blood/mucus in stool 1.5 1.1 -08 3.7 33 05 25 4.2 0.10
Embarrassment 9.8 31 38 15.8 11.0 12 87 13.4 0.69
Sore skin 149 30 9.0 20.8 149 12 126 17.2 0.99
Dysuria 45 16 13 7.7 43 06 3.0 55 0.90
Buttock pain 95 26 43 14.7 114 10 93 134 0.47
Abdominal pain 75 28 19 13.0 131 1.1 109 152 0.05
Sexual problems 36.7 53 262 472 410 21 369 45.1 0.42
Dry mouth 19.6 3.6 126 26.7 260 1.4 232 28.7 0.08
Hair loss 124 31 64 18.4 107 12 83 13.1 0.58
Trouble with taste 9.1 29 34 14.9 98 12 175 12.0 0.82

For functioning subscales, higher scores indicate better functioning; for symptom subscales, higher scores
indicate higher symptom burden

*Sample excludes those patients for whom a propensity score could not be calculated
95% CL, CU: 95% lower confidence level, upper confidence level

Mean scores are adjusted for propensity score and 5-year follow-up covariates (comorbidity, BMI, smoking
status, alcohol use)

Propensity score derived from baseline covariates including age at diagnosis, gender, tumor stage, tumor
location, hospital volume, education, comorbidity, employment status, place of residence, BMI, smoking
status, alcohol use
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