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Re-Examining the Significance of
Surgical Volume to Breast Cancer
Survival and Recurrence versus Process
Quality of Care in Taiwan

Raymond N. Kuo, Kuo-Piao Chung, and Mei-Shu Lai

Objective. This study explored the association of surgical volume versus process
quality with breast cancer survival and recurrence.

Data Sources/Study Setting. Population-based cancer registration data and
National Health Insurance claim data.

Study Design. This population-based study linked Taiwan’s Cancer Database with
Taiwan’s National Health Insurance Database to collect data on all patients diagnosed
with breast cancer in 2003-2004 who received surgical treatment.

Principal Findings. This study included 6,396 female breast cancer patients,
reported by 26 hospitals. After controlling for patient and provider characteristics,
Cox’s regression models did not reveal any association between a physician’s surgical
volume and breast cancer recurrence or survival, although hospital volume was mar-
ginally associated with positive 5-year recurrence (HR: 1.001, 95%CI: 1.000, 1.001).
After controlling for hospital or physician volume of surgery, we found a significant
association between quality of care and both 5-year survival and recurrence. Random
effects were also identified between patients and providers based on 5-year survival
and 5-year recurrence.

Conclusions. Process quality of care was significantly more related to survival or
recurrence than to surgical volume. The random effects found within hospital-patient
clustered data indicated that the effect of the clustered feature of this data should be
considered when performing volume-outcome related studies.

Key Words. Quality of care, volume-outcome relationship, breast cancer,
multilevel analysis, survival analysis

Beginning with Luft et al. in 1979 (Luft, Bunker, and Enthoven 1979),
researchers have expressed a great interest in and conducted a large number
of studies on the relationship between the volume of procedures performed
by hospitals or surgeons and care outcome, commonly referred to as
volume-outcome. One of the findings of their study, which retrospectively
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collected data on hospital volume of 12 surgical procedures performed in
1,498 hospitals and mortality data, was that hospitals that performed a
greater volume of procedures had lower related inhospital mortality rates
(Luft, Bunker, and Enthoven 1979). Following that study, two hypotheses
were proposed to explain and further explore this relationship: practice makes
perfect and selective referral (Luft 1980; Luft, Hunt, and Maerki 1987; Farley
and Ozminkowski 1992; Hannan et al. 1992). Today, the findings, methods,
and proposals of that study continue to spark controversy, especially regard-
ing the thresholds that have since been set for specific procedures as well as
the causality between volume and outcome itself (Shahian and Normand
2003). Most studies interested in the relationship between volume and out-
come for other procedures (Chowdhury, Dagash, and Pierro 2007; Heneb-
iens et al. 2007; Holt et al. 2007), especially those used to treat cancer
(Hillner, Smith, and Desch 2000; Hodgson, Fuchs, and Ayanian 2001;
Halm, Lee, and Chassin 2002; Weitz et al. 2004; Hebert-Croteau, Roberge,
and Brisson 2007), support Luft et al.’s conclusions. Following a study which
reported that a volume threshold could predict the outcome after risk-adjust-
ment (Hannan et al. 1991), the Leapfrog Group began to translate the aca-
demic discussions on volume-outcome relationship into policy practice and
initiated its “evidence-based referrals” for coronary artery bypasses (Birk-
meyer, Finlayson, and Birkmeyer 2001). Evidence-based referral, often
referred to as regionalization, was then later recommended by the US
National Cancer Policy Board and the Institute of Medicine for high-risk
operations for cancer care (Hogan and Winter 2008).

Despite the preponderance of studies that support the relationship
between volume and outcome, other studies have found the results of previ-
ous studies to be inconsistent and their study designs or statistical methods
to be problematic (Halm, Lee, and Chassin 2002; McKee et al. 2002; Rat-
hore et al. 2004; du Bois et al. 2005; Sioris et al. 2008) and began to chal-
lenge the wisdom of basing case referral policy on service volume criteria
(Zacharias et al. 2005; Marcin et al. 2008). Those previous volume-outcome
studies can be challenged from several perspectives (Shahian and Normand
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2003). For example, some of them argue that high volume cannot guarantee
either high quality or good outcomes (Hogan and Winter 2008), and some
have pointed out that there are great differences in the definition of high
and low volume across the studies as well as biases caused by improper risk
adjustment (Shacley et al. 2000; Hodgson, Fuchs, and Ayanian 2001; Chow-
dhury, Dagash, and Pierro 2007). Moreover, many studies have neglected
to recognize the clustering characteristics of data and did not use multilevel
models to estimate variation (Urbach and Austin 2005; Panageas et al.
2007). Finally, others suggested that volume is only one of several compo-
nents of quality and not the only predictor of outcome (Hogan and Winter
2008).

Therefore, in this study, we linked three population-based databases in
Taiwan to evaluate whether patient- and hospital-level process quality of care could
better explain the variation in the recurrence of breast cancer and survival
than volume after controlling for age, disease severity, comorbidity, and other
patient-level factors. The results were tested not only using the Cox regression
model but also using a multilevel model, which may be better suited for clus-
tered data.

METHODS

Data Source

This study links population-based data collected from three databases in
Taiwan: the Taiwan Cancer Database, the National Health Insurance Claims
Database, and the National Death Registry. The 20032004 Taiwan Cancer
Database, which is maintained by Taiwan’s Department of Health’s Bureau of
Health Promotion, collects cancer-specific data, including type of cancer, can-
cer stage, surgical margin, and details of the surgical procedures used. Only
major cancer care providers in Taiwan are eligible to report to the Taiwan
Cancer Database. The data were abstracted by trained cancer registrars at
each hospital into a standard report form, submitted with supporting medical
records, and passed through a computerized logic check. The Bureau of
Health Promotion also carries out regular medical records reabstractions from
a set of randomly selected cases to ensure data quality. Participating hospitals
are accredited by the BHP and regularly receive quality reports. At present
the database covers more than 80 percent of the newly diagnosed breast cancer
patients in Taiwan. This study also used Taiwan’s 2002-2007 National Health
Insurance Claims Database to collect patient ID, date of the ambulatory or
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inpatient care, disease classification codes (i.e., the ICD-9-CM codes), physi-
cian ID, physician specialty, hospital ID, surgical and nonsurgical procedures
performed, and medications prescribed for each case. The two databases were
linked to measure process quality of care, which is defined as how closely phy-
sicians followed suggested treatment guidelines (Chung et al. 2008), and
determine whether there was a recurrence of breast cancer. Taiwan’s 2003—
2008 National Death Registry was linked to the previous databases to calcu-
late survival time. The IDs of the patients, physicians, and hospitals were all
encrypted using the same encryption algorithm to cross-link the data while
protecting privacy. The release of all data was approved by the Data Release
Review Board of the Bureau of Health Promotion. The protocol for this study
was approved by the IRB of the College of Public Health, National Taiwan
University (protocol # 990205).

Study Sample

This study included all cases of woman breast cancer diagnosed between
2003 and 2004 and reported to Taiwan’s Cancer Database. Excluded were
patients who did not receive curative surgery, patients who received surgery
more than 2 years after their first diagnosis, and patients in whose records
the date of surgery was omitted. Also excluded were patients who received
treatment at hospitals with fewer than 30 cases during the study period. The
case list was then linked to the 2002-2007 National Health Insurance Data-
base of claims data. Patients who received treatment not reported in this
database or who paid out-of-pocket for their treatment were also excluded.
The case list was then linked to the 2003-2008 Death Registry to determine

survival status.

Measures

Process Quality Of Care. The process-dimensional quality of care measured in
this article was primarily based on the core measure indicators cited by Chung
et al. (2008), which originally consisted of fifteen indicators: two pretreatment,
nine treatment-related, and four monitoring-related indicators. Because we
focused on the process quality of the first course of treatment, we excluded the
four monitoring-related indicators, as they are more related to post-treatment
outcome than to treatment quality of care. We did not include one of the other
original indicators because the databases we used did not collect information
on it. We therefore separately measured a total of 10 indicators at the patient
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level (see Appendix). We then aggregated these scores to obtain the scores of
the process quality, which were calculated as the total number of indicators
related to each case divided by the actual number applying to that case. The
result of the patient-level scores of the process quality was then aggregated to
the physician- and hospital-levels to create physician- and hospital-level pro-
cess quality scores.

Comorbidity. The individual comorbidity scale was estimated following the
method first published by Klabunde et al. in 2000 and modified in 2006
(Klabunde, Harlan, and Warren 2006; Klabunde et al. 2000, 2007). This scale
is also known as the “NCI comorbidity index.” In this estimation, different
comorbidities (ICD-9-CM diagnosis codes) listed on a case’s insurance claims
a year before first diagnosis are assigned specific scores and summed for each
case. Comorbidities that appeared less than three times or within the same
month were excluded.

Survival And Recurrence. The outcomes measured in this study were the overall
survival and recurrence of the patients. The surgeries were performed
between 2003 and 2005. Survival was derived by linking the Taiwan Cancer
Database data to the Death Registry data. Cases listed in the Death Registry
were defined as event cases in our survival analysis, and those not listed in the
registry as of the end of 2008 were defined as censor cases. Recurrence in a
patient was defined if the recurrence was directly reported along with recur-
rence information (type of recurrence, recurrence date) to the Taiwan Cancer
Database. It was also defined if that patient subsequently received treatment
after the last follow-up date recorded in that database. The type of therapies
included surgeries, chemotherapy, radiotherapy, and palliative care. Chemo-
therapy data were excluded if the regimens were the same as used within
2 months before the last day of follow-up. The length of the follow-up was cal-
culated as the number of days from the date of the initial diagnosis to the event
date, censor date, or the end of 2008.

Statistics

Cox’s proportional hazard models were fitted to explore the association of sur-
gical volume and quality of care on the 5-year recurrence and the overall sur-
vival of breast cancer patients while controlling for age, stage, comorbidity,
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and type of surgery. As our data are clustered at the provider level, the random
effects of patient-level process quality on 5-year overall mortality and 5-year
recurrence were also examined using multilevel modeling. Physician and
hospital volume were treated differently depending upon the kind of analysis
performed. To examine the association between process quality of care and
survival or recurrence, volume was treated as a continuous variable in the
Cox PH models. In the multilevel models, volume was classified according to
the k-means clustering method, and all hospitals were grouped as high-,
medium-, and low-volume hospitals. The multilevel modeling was performed
using HLM 6.0 (Raudenbush et al. 2008). These multilevel models were esti-
mated by maximum likelihood estimation (MLE), and the standard errors
were estimated using EM Laplace iterations for accurate approximation to
maximum likelihood (ML) estimates of all parameters. Except for multilevel
modeling, all statistical operations were performed by SAS (version 9.1, SAS
Institution Inc., Cary, NC, USA).

RESULTS
Patient Characteristics

The original number of newly diagnosed breast cancer cases identified from
the Taiwan Cancer Database was 6,618. From this number we excluded those
who could not be linked to the National Health Insurance data (n = 42,
0.6%), duplicate reporting (n =12, 0.2%), discontinued enrollment, or
incomplete National Health Insurance data for the year prior to the day of
breast cancer diagnosis (n = 105, 1.6%), as well as those for whom the quality
indicators could not be fitted to (n = 63, 1.0%). After excluding the cases
from 1 of the 27 hospitals because it had fewer than 30 cases, this study
included 6,396 breast cancer patients (96.6%) ranging from 31 to 919 patients
per hospital, with an average of 246.0 (SD = 231.0). As can be seen in
Table 1,788 and 1,305 cases of a total of 6,396 cases in this study died or had
a recurrence of cancer within 5 years. Compared to those who survived, the
patients who died had a significantly higher comorbidity score (p = <.001),
lower physician and hospital process quality scores (<.001 and < .001,
respectively), and were treated by a physician and hospital with a lower surgi-
cal volume (.001 and .002, respectively). Compared to recurrence-free
patients, those who had recurring breast cancer had significantly higher com-
orbidity (<.001), and significantly lower physician and hospital process qual-
ity scores (<.001 and <.001). However, although we found a significantly
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Table 2: Distribution of the Type of Surgery, Surgeon Specialty, Cancer
Stage, and Status of Surgical Margin

Grouped by 5-Year Mortality Grouped by 5-Year Recurrence
Death Survive Recurrence Free
(m= 788) (n= 5608) (m= 1,305) (n= 5069)
n % n %  p-value n % n %  p-value

Specialized surgeon

Yes 764 121 5569 879 <001 1,286 204 5,025 79.6 .056

No 24 38.1 39 619 19 30.2 44 69.8
Type of surgery

BCS 138 71 1,818 929 <001 327 16.7 1,626 83.3 <.001

Others 650 14.6 3,790 85.4 978 22.1 3443 779
Cancer stage

0 12 21 564 979 <001 38 6.6 537 934 <001

1 66 3.7 1,709 96.3 198 112 1,574 88.8

2 274 10 2,479 90 530 193 2,213 80.7

3 351 30.8 789  69.2 474 41.7 663 58.3

4 75 78.1 21 219 50 549 41 451

N/A 10 179 46 82.1 15 26.8 41 732
Surgical margin

Negative 714 119 5,286 88.1 <.001 1,196 20 4,784 80 <.001

Positiveorclose 74 18.7 322 813 109 277 285 72.3

lower physician volume (.005), we did not find a statistical difference in hos-
pital volume (.181).

As can also be seen in Table 2, patients who were treated by specialized
surgeons also had a lower mortality (<.001) or recurrence (.056) than those
treated by surgeons who were not specialized in the treatment of their specific
disease. In addition, those who had negative surgical margins, meaning no
cancer cells at the outer edge of the tissue, and those who received breast

conserving surgery tended to have low mortality and low recurrence rates (all,
<.001).

Surgical Volume Versus Process Quality as Predictors of Outcome

As shown in Table 3, which summarizes the results of four Cox’s PH mod-
els analyzing the effect of hospital surgical volume and process quality on 5-
year overall survival and 5-year recurrence, age, cancer stage, and comor-
bidity were significantly associated with 5-year overall survival. Model 1, an
analysis of 5-year survival in which process quality was not considered,
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found no association between hospital surgical volume and overall survival.
Model 2, which adds patient-level process quality and hospital-level process
quality to the survival analysis, found a significant relationship between
patient-level process quality and survival (HR: 0.576, p < .001) but not for
hospital-level process quality. Model fitting was improved significantly after
entering these quality scores (p < .001). Model 3, an analysis of 5-year recur-
rence which did not control for process quality, found a significant associa-
tion between high hospital surgical volume and increased recurrence (HR:
1.001, p = .007), although the hazard ratio was marginal. Model 4, which
adds process quality to the 5-year recurrence analysis, found a significant
relationship between patient-level process quality and decreased recurrence
(HR: 0.548, p < .001) but not hospital-level process quality. Again, model
fitting was also improved significantly after entering the quality scores in the
model.

Unlike Table 3, which analyzes hospital-level variables, Table 4 sum-
marizes the results of the four Cox’s PH models analyzing the relationship
between physician’s surgical volume and physician- and patient-level pro-
cess quality and 5-year overall survival and 5-year recurrence. After control-
ling for stage of cancer, comorbidity, and other patient-level and hospital-
level characteristics, Model 1, an analysis of 5-year survival, found no associ-
ation between physician surgical volume and survival. Model 2, which adds
physician- and patient-level process quality to the analysis, found a signifi-
cant association between patient-level process quality and survival (HR:
0.560, p=.001) but not for physician-level process quality. As before,
model fitting was improved significantly after entering the process quality
scores.

Models 3 and 4 analyzed the 5-year recurrence with physician level sur-
gical volume, with the latter adding process quality variables. In both models
there was no association between physician surgical volume and 5-year recur-
rence, after controlling for possible confounders. The results of Model 4
showed a significant association between patient-level process quality and
decreased recurrence (HR: 0.560, p < .001) but not for physician level. It is
interesting to note that in Model 4 there was a significant association between
breast conserving surgery and increased risk of recurrence, but there was no
significant difference between recurrence rates regardless of surgeon specialty.
The adjusted Cox survival and freedom from recurrence curves presented in
the Appendix (Figure 1) also show that after controlling for other factors,
patients who received high quality of care were associated with better survival
and a lower risk of recurrence.
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Figure 1: Adjusted Cox Survival and Freedom from Recurrence Curves
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Multilevel Mixed Effect Models

Considering that our data are clustered at the provider level, we also exam-
ined the random effects of patient-level process quality on 5-year overall
mortality and 5-year recurrence while controlling for patient and hospital
characteristics. Table 5 summarizes the results of our multilevel mixed effect
models. Model 1 found no association between hospital volume and 5-year
overall mortality, although random intercept was found to be significant
(p = .004). Model 2 was performed to investigate a possible moderating
effect of hospital volume and patient-level process quality on mortality. We
found no moderating effect between the two variables. However, the random
effect on the score of process quality was found to be significant (p < .001),
suggesting that a hospital-patient clustered structure must be considered
when exploring the association between hospital-level factors and 5-year
overall mortality.

Models 3 and 4 analyzed the multilevel mixed effects for 5-year recur-
rence controlling for patient and hospital characteristics. Model 3 found no
association between hospital surgical volume and 5-year recurrence, although
random intercept was significant (p < .001). Model 4 was performed to investi-
gate a possible moderating effect of hospital volume and patient-level process
quality on 5-year recurrence. We found the random effect of patient-level pro-
cess quality to be significant (p = .003). In summary, the random effects in
Models 2 and 4 were found to be significant, indicating the importance of con-
sidering the clustering characteristics of the data when analyzing the associa-
tion between surgical volume and outcome.
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DISCUSSION

In this study, which explored the associations between process quality of care
and surgical volume and 5-year survival and 5-year recurrence in breast
cancer, our multilevel analysis found no relationship between surgical volume
and either mortality or recurrence. Our Cox’s PH models and multilevel mod-
els indicated that process quality of care was more significantly correlated with
survival/mortality and recurrence than with hospital surgical volume. In addi-
tion, we found significant random effects within hospital-patient clustered
data, indicating that it was necessary to perform a multilevel analysis to obtain
unbiased results in our study.

This study found no association between hospital surgical volume or
physician surgical volume and breast cancer treatment outcomes after con-
trolling for stage of cancer and comorbidity. We initially used a k-means
cluster method to distinguish between high and low volume to accentuate
the difference between high-volume and low-volume providers. However,
our multilevel models found no association between hospital volume and
mortality or recurrence in either case. We conducted a sensitivity analysis
classifying volume by different approaches (e.g., the thirtiles) to confirm the
results of our multilevel models. Still we found no volume-outcome associa-
tion in our subjects with breast cancer (data not shown). Similarly, Harcourt
el al. found no correlation between hospital case volume and survival (Har-
court and Hicks 2003). Although we found a marginal relationship between
hospital surgical volume and 5-year recurrence in a Cox model (Table 2
Model 4), the hazard ratio was close to one and could be considered mar-
ginal when compared with the hazard ratio of process quality. This finding
might be due to the fact that process quality of care has a stronger relation-
ship with survival and recurrence, and volume is just one component
related to quality (Halm, Lee, and Chassin 2002; Douek and Taylor 2003;
Kraus, Buchler, and Herfarth 2005; Hogan and Winter 2008; Joseph et al.
2009).

Our study found no association between surgical volume and outcome,
which is in disagreement with several studies. One study of 13,360 breast can-
cer resection patients in Taiwan, reporting a significant correlation between
surgeon or hospital surgical volume and patient outcomes, suggests that surgi-
cal volume can be used as an overall indicator of treatment quality (Chen et al.
2008). However, that study did not provide cancer staging data and probably
did not adjust for disease severity, which would bias their findings.
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We conducted a sensitivity analysis using that study’s definition of high- and
low-volume hospitals but still found no association between surgical volume
and 5-year survival after controlling for stage of cancer was found (data not
shown). The result of our supplementary study was consistent with Shacley
et al., who found that the relationship between outcome and volume was
weakened after adjusting for case mix (Shacley et al. 2000). Some of their
evidence suggested that positive volume-outcome relationships may be biased
by a lack of adjustment for case mix or arbitrary definitions of volume and
poor quality of studies. Halm et al. also pointed out that studies that per-
formed more sophisticated risk adjustment using clinical data were less likely
to report an association between hospital volume and outcome (Halm, Lee,
and Chassin 2002).

This study found process quality of care to be relevant to breast cancer
survival and recurrence, a finding in agreement with Cheng et al., who
examined the association between adherence to quality indicators and
breast cancer survival in 1,378 breast cancer patients treated in a cancer
center (Cheng et al. 2009). Cheng et al. stated that their study was limited
due to the improper control for comorbidity which they thought might bias
their estimation of the real effect of indicator adherence. This study, how-
ever, did control carefully for comorbidity and came to similar conclusions
as theirs. Our study also found that when patient-level process measure
adherence is controlled, physician or hospital-level process quality is not
associated with the patient’s survival or recurrence-free time (Tables 3 and
4). This shows that seeking care from a health care provider who performs
well overall does not guarantee a better outcome for specific patients who
do not get optimal care. The comparison for process quality based on
scoring at physician- or hospital-level could be misleading if a health care
provider has greater variation than others.

It has been suggested that issues concerning the improper level of unit
used can be avoided by applying a multilevel modeling (Carey and Burgess
1999). Our study found significant random effects in all of our multilevel mod-
els, suggesting the necessity for using multilevel modeling for exploring
volume-outcome association. Panageas et al. advocated the importance of
analyzing cluster-correlated data to obtain unbiased assessments of volume-
outcome relationships (Panageas et al. 2007). Urbach and Austin also pointed
out that many volume-outcome studies may have problems with using inap-
propriate statistical methods (Urbach and Austin 2005).

In the United States, health insurers often refer cancer patients to
higher volume hospitals, as recommended by US National Cancer Policy
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Board and the Institute of Medicine (Hogan and Winter 2008). In Taiwan,
there is no referral policy based on surgical volume or case load. However,
the Department of Health in Taiwan focuses on monitoring quality of care
not volume of procedures to accredit hospitals as cancer centers. One
recent study in Japan found no significant relationship between volume and
outcomes for cancer care and questioned the effectiveness of regionalizing
cancer surgery to high-volume centers (Yasunaga, Matsuyama, and Ohe
2009). Wouters et al. also criticized the use of “volume” as a proxy for qual-
ity of care because it overlooks the hospital outcomes in favor of volume
when choosing future referral centers (Wouters et al. 2009).

Another concern would be that for those physicians who are more
likely to recommend and perform surgery than others, their performance
measured in this study could be biased. Although this care pattern (or prefer-
ence for treatment choices) might affect their surgical volume, it is very diffi-
cult to conclude from this that the evaluation of the quality of care provided
to the patient may be biased by the physician’s preference of treatment. Ide-
ally, regardless if the physician is more likely to recommend surgery or not,
the process quality of care should be guaranteed once the decision has been
made that surgery is to be performed. It is the same reason why this study
examined the significance of surgical volume and process quality of care on
the outcome of breast cancer care: previous studies have reported that the
surgical volume of breast cancer might have a positive relationship with the
patient’s survival rate. However, most studies that explored the relationship
between surgical volume and outcome in breast cancer care did not consider
the effect of quality of care (Chen et al. 2008; Hebert-Croteau et al. 2005;
Hebert-Croteau, Roberge, and Brisson 2007). To overcome the potential
bias due to a physicians’ preferences for treatment choices when measuring
their performance, future researches are suggested that they incorporate
more information regarding the patients’ health status and severity of their
disease(s).

This study has several limitations. It only used data from hospitals
reporting to the Taiwan’s Cancer Database. Those hospitals all treat a high
volume of cancer patients (at least 500 cases of any type of cancer annually).
This may limit the generalizability to these hospitals alone. Although these
hospitals treat more than 80 percent of the breast cancer patients in Taiwan,
there are low-volume regional or community hospitals whose staging data are
not included in Taiwan’s Cancer Database. Second, this study is based on 26
hospitals, which may raise questions on the fit of multilevel models to our
study. Although the number is low, a robust estimation for standard error was
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chosen for this study and the regression coefficients were estimated without
bias (Maas and Hox 2005). Third, the fact that this study does not include
patients who did not receive curative surgeries may limit the generalizability
of our findings to all breast cancer patients. The curative surgeries for those
patients are more standardized and the outcome is expected to be more corre-
lated with the quality of care. Patients who did not receive curative surgeries
as their first course of treatment also limit the number of indicators that are
applied for measuring the process quality of care. Another limitation is that
our study observation period only covers a 5-year period. Because expected
survival times for breast cancer exceed this time period for early stage breast
cancer patients, future investigations may consider having longer observation
periods.

CONCLUSION

This study found process quality of care, not surgical volume, to be signifi-
cantly associated with survival and recurrence. We found significant random
effects within hospital-patient clustered data, underscoring the necessity of
performing multilevel analysis to ensure that our results are unbiased. The
findings suggest that there may be possible bias in past studies and provide fur-
ther evidence of the importance of using multilevel analysis for any outcome
study based on hierarchical data.
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