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ABSTRACT

Objectives One feature unique to the Taiwanese
healthcare system is the ability of physicians other than
oncologists to prescribe systemic chemotherapy. This
study investigated whether the care paths implemented
by oncologists and non-oncologists differ with regard to
patient outcomes.

Setting Data from the Taiwan Cancer Registry and
National Health Insurance Database were linked to identify
patients with colon cancer who underwent colectomy as
first treatment within 3 months of diagnosis and adjuvant
chemotherapy between 2005 and 2009.

Participants and methods Postoperative patients who
underwent adjuvant chemotherapy were included in
this study. The exclusion criteria included patients with
stage IV disease, a positive surgical margin and early
disease recurrence. Among the patients presenting with
multiple primary cancers, we also excluded patients
who were diagnosed with colon cancer but for whom
this was not the first primary cancer. The variables
included sex, age, comorbidities, disease stage,
chemotherapy cycle and changes in treatment regimen
as well as the specialty of treatment providers and their
case volume. Cox regression models and Kaplan-Meier
analysis were used to examine differences in outcomes
in the matched cohorts.

Results We examined 3534 patients who were
prescribed adjuvant chemotherapy by physicians

from different disciplines. In terms of 5-year disease-
free survival, no significant difference was observed
between the groups of oncologists or surgeons among
patients with stage Il (90.02%vs88.99%) or stage

Il (77.64%Vs79.99%) diseases. Patients who were
subjected to changes in their chemotherapy regimens
presented recurrence rates higher than those who were
not.

Conclusions The discipline of practitioners is seldom
taken into account in most series. This is the first study

to provide empirical evidence demonstrating that the
outcomes of patients with colon cancer do not depend on
the treatment path, as long as the selection criteria for
adjuvant chemotherapy is appropriate. Further study will
be required before making any further conclusions.

Strengths and limitations of this study

» This is the first study to examine the differential out-
comes of patients with cancer under different care
paths, which are of particular importance in coun-
tries where adjuvant chemotherapy prescribed by
physicians from different disciplines is the norm.

» We excluded many ineligible patients based on strict
analysis criteria and used propensity score match-
ing to reduce the bias of confounding factors be-
tween two groups.

» The study design links two large national datasets
covering a large number of patients with records
related to long-term follow-up.

» The primary limitation of this study was our inability
to obtain data pertaining to variations in dose in-
tensity across providers and clinical information of
patients.

INTRODUCTION

Shared care refers to the joint participation of
physiciansin the planning of patient care. This
approach has been shown to improve cancer
outcomes by helping to coordinate care to
ensure the timely administration of adjuvant
chemotherapy and extend survival.' * Inno-
vations in healthcare have resulted in highly
specialised treatment regimes. For example,
coronary artery bypass grafts performed by
cardiothoracic surgeons have been replaced
with percutaneous catheterisation interven-
tion performed by cardiologists.” * This has
led to the blurring of professional bound-
aries, as discussed by the American Society
of Gynecologic Oncology.” Another situa-
tion is the longsimmering conflict between
breast surgeons or radiologists over who
should perform an ultrasound or stereotactic
biopsies.” These disputes demonstrate the
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interprofessional boundary changes that have occurred
in the healthcare workforce.”

In most western countries, physicians stay close to their
areas of specialisation and rarely violate interprofessional
boundaries.® Surgeons and radiation oncologists play
distinct roles in cancer treatment. Medical oncologists
are a subspecialty dedicated to the ‘total management’
of patients with cancer and tasked with coordinating a
multidisciplinary approach from initial diagnosis through
cure to end-oflife care.” Nurses prescribing medication
is another example of the permeable role boundary of
oncologists."” ! The literature indicates that a reluctance
on the part of surgeons to refer patients to oncologists
or the disparities in receipt of adjuvant therapy has to do
with the age and race of patients as well as their expressed
preferences with regard to chemotherapy.® '* In Taiwan,
chemotherapy is reimbursed irrespective of the specialty
of the provider. It has been assumed that this provides
a financial incentive for the horizontal substitution of
surgeons in performing the tasks normally assumed by
oncologists. However, differences in outcomes among
patients treated by different subspecialists must be eluci-
dated before addressing this issue.

The formidable gastrointestinal side effects of chemo-
therapy and neutropenic fever have been greatly allevi-
ated through the adoption of more efficient antiemetics
and granulocyte colony stimulation factor. These medical
advances have improved outcomes and facilitated the
administration of chemotherapy, which has in turn opened
the door to practitioners in other disciplines to move into
areas conventionally regarded as the ‘turf’ of oncolo-
gists. When neutropenia or infection is encountered after
chemotherapy, the doses can be reduced or the schedule
delayed; however, these changes tend to undermine tumour
response due to a compromised dose intensity. Moreover,
regimen changes in the form of omissions or replacement
with new agents can also affect survival benefits.'*"® The
aforementioned skills and knowledge all fall within the
discipline of oncology. Thus, the segregation of oncolo-
gists from the multidisciplinary team approach represents
a deprofessionalisation of oncologists as well as an example
of poor collaboration and a threat to the quality of care.

Our objective in this study was to determine whether
the care paths implemented by oncologists and non-on-
cologists differ with regard to patient outcomes. From a
logistical perspective, two distinctive forms of in-house
cancer care can be observed in Taiwan: (1) surgeons
consulting with oncologists in the prescription of post-
operative chemotherapy and (2) surgeons prescribing
adjuvant chemotherapy and conducting follow-up.
From a practical perspective, it is impossible to conduct
randomised clinical trials to compare the differences in
outcomes among patients following different care paths.
The results of this study are of particular relevance in
regions facing a shortage of oncologists and in regions
where there are concerns pertaining to the outcomes
of patients receiving adjuvant treatment from clinicians
other than oncologists.

MATERIALS AND METHODS

Study population

The sample included patients who were first diag-
nosed with colon cancer according to the American
Joint Committee on Cancer Stages I-III (ICD-0-3=C18)
between January 2005 and December 2009. All partici-
pants had undergone colectomy, as verified by the Taiwan
Cancer Registry (TCR). The data were linked to the
National Health Insurance Research Database (NHIRD)
for follow-up between Jan. 2005 and December 2012.
Patients with pre-existing cancer and those younger than
20 years were excluded from analysis.

Data sources

This study linked population-based data collected from
two databases in Taiwan: the TCR and the NHIRD. The
TCR collects cancer-specific data, including cancer type,
cancer stage, surgical margin and details of the surgical
procedures used. The data are abstracted into a standard
report form by trained cancer registrars at each hospital,
before being submitted with supporting medical records
and passed through a computerised logic check. From the
NHIRD, we retrieved the patient ID, date of ambulatory
or inpatient care, disease classification codes (ICD-9-CM
codes), physician ID, physician specialty, hospital ID,
procedures performed (surgical and non-surgical) and
medications prescribed in each case. The two databases
were linked to identify cases of cancer recurrence. The
IDs of the patients, physicians and hospitals were all
encrypted using the same algorithm to enable the cross-
linking of data, while protecting privacy.

Patient selection and variables
Postoperative care paths were determined according
to whether adjuvant chemotherapy administration and
follow-up were performed by oncologists (path 1) or
surgeons (path 2) until disease recurrence. The adjuvant
chemotherapy regimen included either single-agent fluo-
rouracil or in combination with or without leucovorin and
oxaliplatin. Any cases of other oral chemotherapy, uncon-
ventional regimens and off-label usages were excluded.
To avoid the misclassification of adjuvant therapy, we
considered only chemotherapy prescribed within a desig-
nated period. The period began after curative colectomy
and ended (1) on the claims date after which no new
treatment for colon cancer was received within 3 months,
including surgery, chemotherapy and radiation; (2) at
the time of cancer recurrence; or (3) 12 months after
surgery, whichever occurred first. Differentiating salvage
chemotherapy for recurrence after adjuvant chemo-
therapy from true upfront chemotherapy in early recur-
rence (within lyear of diagnosis) can be fraught with
ambiguities. Thus, we adopted a strict criterion of ineli-
gibility for all patients presenting early recurrence, which
resulted in the exclusion of 613 patients from analysis.
We also excluded 235 patients who were diagnosed with
colon cancer but for whom this was not the first primary
cancer (in the sequence of malignant and non-malignant
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neoplasms over the lifetime of the patient). The recom-
mendations for chemotherapy were derived from clinical
trials and guidelines outlined by Roswell Park, NSABP
C-04," " the Mayo Clinic'®'? and the Mosaic regimen. 22
A change in the regimen was defined as either the addi-
tion of a new chemotherapeutic agent or the removal of
an existing agent from the original protocol.

The patient’s sex, age, stage of cancer, comorbidities
and history of regimen changes were used for matching
and were also controlled in Cox regression models.
The designation of comorbidity was based on a version
of the National Cancer Institute (NCI) Comorbidity
Index, in which cases are classified according to comor-
bidity scores (ie, 1, 2 or 23).* The case volume of physi-
cians was controlled by counting the annual number of
patients newly diagnosed with colon cancer. Recurrence
was defined as a metastatic or recurrent disease before or
after the completion of adjuvant treatment or within the
follow-up period (>12 months). Cases of recurrence were
defined using diagnostic codes (ICD-9 codes: 196.0-3,
196.5-6, 196.8-9, 197.0-8, 198.0-8, 199.0-1) or the
implementation of a new treatment modality (eg, surgery
or radiotherapy) before the end of a cycle of adjuvant
chemotherapy or 3months or more after the completion
of this adjuvant chemotherapy. Patients with secondary
malignancies were excluded from the analysis. Disease-
free survival (DFS) was defined as the time between
colectomy and disease recurrence. Billing codes were
used to assign patients to the surgeon who performed the
definitive surgery and prescribed systemic chemotherapy.
For the oncological care path, patients were assigned to
the medical oncologist who billed for most of the visits
and oversaw adjuvant chemotherapy within 1year after
colectomy. The case volume of the treatment provider
was defined in terms of the number of patients on which
the surgeon operated or who received systemic chemo-
therapy or care in a given year, as determined in quartiles
of case volume (ie, <25%, 25%-50%, 51%—-75%, >75%).

Statistical analysis

Descriptive statistics were used to evaluate baseline char-
acteristics. We adopted propensity score methods similar
to those described in previous studies® * to create a
cohort of matched patients (ie, sharing similar character-
istics). The scores were calculated using logistic regres-
sion to estimate the probability of each patient receiving
adjuvant chemotherapy on the basis of sex, age, stage,
comorbidities and change in regimen. Patient cohorts
on both paths were matched using a greedy-matching
algorithm to formulate a 1:1 case—control match ratio
using callipers with a width of <0.2standard deviations of
the logit of propensity scores. The degree of balance in
characteristics was compared using the Mantel-Haenszel
test and generalised estimating equation regression. The
association between various care paths and patient DFS
was examined using the Cox proportional hazards model.
The results are reported as HRs in conjunction with 95%
Cls. The Kaplan-Meier method was used to estimate the

DFS of patients with stage II and stage III colon cancer.
We performed a log-rank test to test the difference in DFS
between the care paths of oncologists and surgeons. All
statistical tests were two-sided, and a computed p value
<0.05 was considered significant.

Patient and public involvement

No patients or members of the public were involved in
the design or implementation of this study. Patients and
the general public will be informed of the study results via
peer-reviewed journals.

RESULTS

A total of 25005 patients with primary colon cancer were
identified from the TCR data. Among these patients, 20678
had undergone colectomy surgery. We further limited the
cohort to stage I-III, class 1 and 2 patients with a histology
of adenocarcinoma who had undergone postoperative
adjuvant chemotherapy (figure 1). This left a total of 3534
matched patients eligible for analysis. The proportions
of men and women were 54.2% and 45.8%, respectively
(table 1). Among them, 50.5% of patients were older than
60 years and 23.8% were elderly patients (>70years old).
Patients with stage II and III colon cancer accounted for
26.1% and 72.5% of all cases, respectively. Of these patients,
59.1% had an NCI comorbidity score of 1 or 2.

A total of 1767 patients received care from profes-
sionals in each discipline. After matching, no statistical
differences were observed between patients receiving
care from different professionals, in terms of sex, disease
stage, comorbidities or adjuvant chemotherapy (table 1).
Surgeons were slightly more likely than oncologists to
change the treatment regimen (p=0.060). A greater
proportion of patients received postoperative chemo-
therapy from low-volume surgeons than from low-volume
oncologists (<25%: 34.0% vs 14.3%; 25%-50%: 31.9% vs
17.1%, respectively, p<0.0001).

As shown in table 2, care paths did not have a signif-
icant influence on recurrence. Stage III colon cancer
(p<0.0001), NCI score 3+ (p=0.029) and more cycles of
adjuvant chemotherapy (p=0.027) were factors associated
with a higher likelihood of disease recurrence. Patients
who underwent changes in their chemotherapeutic
agents had a higher recurrence rate than did patients
who maintained the same regimen (p<0.0001).

We also conducted sensitivity analysis to examine the
impact of treatment paths on recurrence among patients
with stage II and stage III colon cancer (table 3). We
observed no significant differences between the care
paths in terms of recurrence. Changes in chemotherapy
regimen were strongly associated with disease recurrence
among patients in stage II (HR 5.97, p<0.0001) as well as
those in stage III (HR 2.49, p<0.0001).

In terms of DFS, no statistical differences were observed
in the outcomes of patients in stage II or stage III who
followed different care paths (figure 2 and figure 3).
The 5-year DFS rates in patients in stage II and stage
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Eligibility criteria:
1. Year of cancer diagnosis between 2005 and 2009 (N = 286,882)
2. Colon cancer by site (ICD-0O-3 = C18) (N = 25,005)

A/_—_—_’-\s

Data from TCR and NHIRD were Excluded:

combined to include patients who Patients receiving upfront
underwent colectomy as first chemotherapy, radiation, or no
treatment within 3 months of treatment (N = 4,327)

diagnosis (N =20,678)

,\

Patients who underwent adjuvant Excluded:
chemotherapy (N = 8,015) Patients without adjuvant chemotherapy
(N = 12,663)
Patients who underwent adjuvant Excluded:
chemotherapy (N = 7,846) 1 .Missing data or unclear attributes (N =
28)
2 Tll-defined care patterns (N = 141)

A\ 4

Final targeted population for Excluded:
analysis (N =3,797) 1. Non—class 1 and 2 cases (N = 422)
2. Pathological stage 4 (N = 2,490)
l 3. Clinical stage 4 (N = 85)

] _ 4. Histology other than adenocarcinoma (N = 37)
Propensity score matching

5. Positive surgical margin (N = 167)
(N=3,534)

6. Recurrence within 1 year of colectomy
(N=613)

7. Colon cancer is not the first primary cancer
(N=235)

Figure 1 Flowchart of cohort selection from 2005 to 2009. NHIRD, National Health Insurance Research Database; TCR,
Taiwan Cancer Registry.
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Before propensity score matching After propensity score matching*

Oncologist Surgeon Oncologist Surgeon

(n=1767) (n=2030) Standardised (n=1767) (n=1767) Standardised

N (%) N (%) difference, % P value N (%) N (%) difference, % P value

Sex 0.12 0.11

Female 832 (47.1) 905 (44.6) 832 (47.1) 785 (44.4)

Mean (SD) 59.14 (12.4) 59.76 (12.7) 4.9 0.13 59.14 (12.4) 59.99 (12.5) 4.9 0.04

50-60 523 (29.6) 582 (28.7) 2.0 523 (29.6) 516 (29.2) 0.9

>70 390 (22.1) 514 (25.3) 7.6 390 (22.1) 453 (25.6) 8.4

I 24 (1.4) 29 (1.4) 0.6 24 (1.4) 25 (1.4) 0.5

Il 1262 (71.4) 1508 (74.3) 6.4 1262 (71.4) 1302 (73.7) 5.1

0 523 (29.6) 564 (27.8) 4.0 523 (29.6) 495 (28.0) 3.5

2 376 (21.3) 472 (23.3) 47 376 (21.3) 403 (22.8) 3.7

Adjuvant chemotherapy

Mean (SD) 11.5 (6.2) 1.4 (7.1) 0.8 0.81 11.2 (6.2) 1.3 (7.1) 0.4 1.00

No 1670 (94.5) 1889 (93.1) 1670 (94.5) 1643 (93.0)

Providers’ case volume <0.0001 <0.0001

25%-50% 303 (17.1) 644 (31.7) 34.4 303 (17.1) 563 (31.9) 34.7

>75% 686 (38.8) 265 (13.1) 61.5 686 (38.8) 233 (13.2) 61.1

No 1475 (83.5) 1704 (84.9) 1475 (83.5) 1491 (84.4)

Disease-free survival, months

Median (IQR) 45 (31-63) 47 (31-63) 45 (31-63) 47 (31-64)

The standardised differences of the 12 comorbid conditions were between 0.3 and 4.6 in unmatched data and between 0 and 4.5 in matched data
(data not shown).

P values were obtained using the Mantel-Haenszel test for categorical variables and generalised estimating equation regression for continuous
variables.

*Variables used for propensity score matching included sex, age, stage, 12 comorbid conditions of NCI comorbidity index and history of regimen
changes.

NCI, National Cancer Institute.

III who received care from oncologists and surgeons  DISCUSSION

were 90.02% versus 88.99% and 77.64% versus 79.99%  The number of cases of colon cancer newly diagnosed
(p=0.628and p=0.137, respectively). Patients with stage I~ in Taiwan was 9584 in 2005 and 15140 in 2013.%° In
colon cancer were excluded from analysis due to their  the 1990s, adjuvant chemotherapy for colon cancer
favourable prognosis and relatively small sample size. was shown to improve survival.'” *’ At present, adjuvant

(3]
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Table 2 Disease recurrence categorised by clinical characteristics of patients, treatments, care paths and the case volume of

primary care providers (Cox regression models)

Overall (n=3534)

No change regimens (n=3313) Change regimens (n=221)

HR (95% CI) P value HR (95% CI) P value HR (95% Cl) P value

Characteristics
Sex

Male Ref Ref Ref

Female 0.83 (0.70 to 0.98) 0.025 0.83 (0.69 to 0.99) 0.042 0.77 (0.47 to 1.26)  0.297
Age (years)

<50 Ref Ref Ref

50-60 1.05 (0.83 to 1.34) 0.679 1.11 (0.85 to 1.44) 0.458 0.78 (0.42to 1.45) 0.426

61-70 0.93 (0.72 to 1.20) 0.561 1.04 (0.79 to 1.37) 0.786 0.39 (0.18t0 0.84) 0.016

>70 0.96 (0.74 to 1.25) 0.741 0.99 (0.74 to 1.32) 0.943 0.94 (0.48t0 1.85) 0.862
Stage

| 1.02 (0.41 to 2.53) 0.960 0.72 (0.23 to 2.27) 0.569 2.32 (0.47to 11.4)  0.299

Il Ref Ref Ref

Il 2.05 (1.63 to 2.59) <0.0001 2.21(1.73t02.82) <0.0001 1.06 (0.53t02.13) 0.862
NCI score

0 Ref Ref Ref

1 1.06 (0.86 to 1.31) 0.570 0.97 (0.77 to 1.22) 0.780 1.77 (0.96 to 3.26)  0.067

2 1.11 (0.87 to 1.41) 0.421 1.04 (0.80 to 1.34) 0.794 1.66 (0.78 t0 3.53) 0.186

3+ 1.37 (1.03 to 1.82) 0.029 1.25 (0.92 to 1.68) 0.150 2.89(1.19t0 7.03) 0.019
Adjuvant chemotherapy
No of cycles 1.01 (1. 00 to 1.03) 0.027 1.01 (1.00 to 1.02) 0.133 1.03(0.99t0 1.08) 0.101
Change in regimen

No Ref - -

Yes 2.75 (2.15 to 3.52) <0.0001 - -
Care paths

Oncologists Ref Ref Ref

Surgeons 0.88 (0.73 to 1.05) 0.148 0.87 (0.72 to 1.06) 0.165 0.94 (0.56t0 1.59)  0.820
Providers’ case volume

<25% Ref Ref Ref

25%-50% 0.97 (0.77 to 1.23) 0.829 0.98 (0.76 to 1.26) 0.850 1.05 (0.55t0 2.00) 0.889

51%-75% 0.95 (0.74 to 1.21) 0.667 0.94 (0.72 to 1.21) 0.609 0.89 (0.44t0 1.80) 0.740

>75% 0.94 (0.73 to 1.21) 0.634 0.89 (0.68 to 1.16) 0.381 1.66 (0.80t0 3.45) 0.175

NCI, National Cancer Institute.

chemotherapy for high-risk patients with stage II and
stage III colon cancer is the standard. Surgeons in Taiwan
typically prescribed adjuvant treatment themselves or
refer the patient to an oncologist.

To the best of our knowledge, this is the first study
to investigate whether the care paths implemented by
oncologists and non-oncologists differ in terms of patient
outcomes. We observed no difference in DFS despite differ-
ences in the care paths (figures 2 and 3). A similar result
was observed in two early retrospective cohort studies that
compared patient outcomes among different disciplines.
The study by Silber et al applied a research design similar
to that of the current study. They hypothesised that

patients would benefit more (in terms of postoperative
survival) when receiving chemotherapy from a medical
oncologist rather than a gynaecologic oncologist. None-
theless, the two groups of patients presented equal survival
results. They explained that their results could perhaps
be attributed to the imperfect measurement of chemo-
therapy and the assignment of providers.*® Earle reported
that after adjusting for surgeon types and patient charac-
teristics, gynaecologic oncologists and general gynaecolo-
gists achieved outcomes that were marginally superior to
those of general surgeons. However, the details and juris-
diction of specialists in chemotherapy were not discussed.
In addition, characterising chemotherapy using a variable
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Stage Il (n=921) Stage Il (n=2564)
HR (95% CI) P value HR (95% Cl) P value

Sex

Female 1.17 (0.76 to 1.79) 0.484 0.78 (0.65 to 0.94) 0.009

<50 Ref Ref

61-70 1.34 (0.71 to 2.55) 0.370 0.86 (0.65 to 1.13) 0.267

NCI score

1 1.12 (0.64 to 1.94) 0.693 1.05 (0.84 to 1.32) 0.670

3+ 1.61 (0.78 to 3.33) 0.198 1.32 (0.97 to 1.80) 0.083

No of cycles 1.01 (0.98 to 1.04) 0.509 1.02 (1.00 to 1.03) 0.035

No Ref Ref

Care paths

Surgeons 1.00 (0.65 to 1.55) 0.986 0.85 (0.69 to 1.03) 0.102

<25% Ref Ref

51%-75% 0.48 (0.24 to 0.96) 0.038 1.03 (0.79 to 1.34) 0.854

NCI, National Cancer Institute.

Survival Probability Survival Probability
1.00 1.00
0.99 - Oncologists = 90.02% (—) 0.98 e -
0.98 Surgeons = 88.99% (---) 0.96 5 Oncologists = 77.6:!% )
i i P=.6283 b Surgeons = 79.99% (---)
0.97 E 0.94 L P=.1373

0.92
0.90

0.96
0.95

0.94 0.88

0.93 0.86

0.92 0.84

0.91 0.82

0.90 0.80

0.89 0.78

0.88 .‘:--: 0.76

087 ! i : i R — 074 . i . i i i

0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Time (Month) Time (Month)

Figure 2 Disease-free survival of patients with stage Il Figure 3 Disease-free survival of patients with stage IlI
cancer by different care paths. cancer by different care paths.
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of all-or-none activity identified in billing claims tends
towards oversimplification and can be detrimental to
overall findings.” Compared with the designs used in the
aforementioned studies, the present study included more
details pertaining to the administration of chemotherapy.

Our results indicate that changes in regimen or dose
are significantly associated with disease recurrence.
Patients who were prescribed chemotherapy by surgeons
underwent more regimen changes than did those who
were prescribed chemotherapy by oncologists. None-
theless, the survival of patients who were under the care
of surgeons was no worse, as one may intuitively infer.
Nonetheless, our study design cannot be used to deter-
mine whether surgeons made more change regimens
or to characterise the outcomes in cases where changes
were made. We included regimen changes in our statis-
tical models to control for confounding factors related
to regimen changes, which are not necessarily observable
in our data. We also conducted sensitivity analysis that
included only patients who had not undergone regimen
changes (table 2). Our results revealed no statistical
differences in disease recurrence among patients treated
by oncologists or surgeons. The actual implications of
these findings remain unclear due to the fact that clin-
ical information of the patients and details of the chemo-
therapy they received are unknown.

We also determined that the two paths were very similar
in terms of the number of chemotherapy cycles (mean:
11.2 vs 11.3, p=1.00). This differs from the report by
Silber et al, in which it was reported that medical oncol-
ogists prescribed chemotherapy for longer durations
than did gynaecologic oncologists. Anecdotal evidence
suggests that medical oncologists may be referred a larger
proportion of patients with a refractory disease requiring
more courses of salvage treatment. A wider range of cycles
may stem from the various regimens employed under
various treatment paradigms. We employed the unit
of weeks from the billing data, which is less satisfactory
than the unit of real cycles. Nonetheless, neither Silber
et al nor we could verify the assumption that chemo-
therapy prescribed through dissimilar in-house logistics
affects survival.

We found that the case volume of patients managed by
the health provider was not associated with disease recur-
rence. This contradicts the findings of previous studies,
which reported a positive association between the volume
of patients and colorectal cancer outcomes. ! However,
colorectal surgery is a lowrisk procedure, such that the
incidence of incomplete surgical staging is lower than that
observed in gynaecological malignancies.” The results in
most previous studies were in terms of short-term postoper-
ative mortality and length of stay or costs. In those studies,
adjuvant chemotherapy was seldom discussed.” It was not
possible to compare most of the studies directly due to differ-
ences in volume definitions and outcome measures.” * In
this study, the provider’s patient volume was not associated
with recurrence; however, we found that 65.9% of patients
who received chemotherapy from surgeons were treated

by professionals with low case volumes (<50%). Conversely,
we found that 68.5% of patients who received chemo-
therapy from oncologists were treated by professionals with
high case volumes (>50%). One previous study reported a
5% improvement in survival for every additional patient
shared between surgeons and oncologists.” However, these
findings seem to imply a certain degree of spillover. When
surgeons reached the maximum number of patients they
could treat, some patients were referred to or voluntarily
went to oncologists. One study on ovarian cancer reported
that a surgeon’s volume of patients is not predictive of
survival; however, a referral to a medical oncologist (or lack
thereof) was a strong predictor.”® The reasons for refer-
ring or not referring patients to oncologists remain to be
investigated, particularly within a fee-forservice payment
system.”’

Previous studies have shown that adherence to clin-
ical guidelines in the administration of cancer treatment
would have the same effect on survival, regardless of the
specialty of the practitioner.” * Nonetheless, adherence
to clinical guidelines could be expected to promote the
trespassing of professional boundaries. Boundary blur-
ring can be affected by any number of factors, such as
culture, financial and non-financial incentives, the scope
of work, knowledge and skills, role and identity, and
power status.” %’ *=*! Collaboration between disciplines
has numerous benefits in terms of patient outcomes.
Nonetheless, in Taiwan, the status of medical oncologists
has been devalued despite international recognition of
their contributions.*

This study has anumber of limitations. First, randomised
controlled trials are the most reliable means of obtaining
evidence in the field of medicine; however, conducting
a prospective randomised trial to compare the outcomes
of patients undergoing different care paths would be
impossible. Furthermore, cross-boundary work is not a
major concern in healthcare systems outside Taiwan. The
only related retrospective studies have focused on the
management of ovarian cancer, which has for decades
involved a power struggle in the American Gynecology
Society.” * Second, we were unable to identify other
influential factors, such as variations in dose intensity,
the number of cycles across providers, the preferences
of patients, the physical frailty of patients or treatment
complications. To mitigate the potential confounding
effects of changesin the treatmentregimen, we performed
sensitivity analysis in which 221 patients who underwent
regimen changes were excluded. The results were no
different than those obtained using the entire sample.
The dataset was the factor limiting our definitions of
regimen changes. In the future, researchers should make
an effort to take these unobserved factors into account.
Third, we focused exclusively on patients who received
adjuvant chemotherapy, based on strict eligibility criteria.
This resulted in the exclusion of a substantial number of
patients who underwent paths other than those involving
surgeons or oncologists as well as those who experienced
recurrence within 1year.
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CONCLUSIONS

The prescribing of systemic chemotherapy by non-on-
cologists is a common practice in the single-payer global
healthcare system in Taiwan. This is the first study to
address the fundamental question of whether the disci-
pline of the care provider affects patient outcomes. Our
analysis does not favour any path of care and our find-
ings indicate no difference in patient survival, regard-
less of who oversaw the administration of chemotherapy.
Nonetheless, one must not jump to any conclusions at
this point with regard to the blurring of professionalism
boundaries. Moreover, these findings are not applicable
to other malignancies or other disease stages. Further
study using outcome measures other than survival time
should be conducted in the future.
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