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Making the Case to Study the Volume-Outcome
Relationship in Hematologic Cancers
Ronald S. Go, MD; Wayne A. Bottner, MD; and Morie A. Gertz, MD
Abstract
The positive relationship between the volume of health services (hospital and physician) and health-related
outcomes is established in the complex surgical treatment of cancers and certain nononcologic medical
conditions. However, this topic has not been systematically explored in the medical management of
cancers. We summarize the limited current state of knowledge about the volume-outcome relationship in
the management of hematologic cancers and provide reasons why further research on this subject is
necessary. We highlight the relatively low annual volume of hematologic cancers in the United States, the
increasing complexity of making a diagnosis due to constant change in classiﬁcation and prognostication,
the rapid availability of novel agents with unique mechanisms of action and toxicities, and the proliferation
of treatment guidelines distinct to each disease subtype. We also discuss the potential implications pertaining to medical practice and trainee education, including effects on quality of care, access and referral
patterns, and subspecialty training.
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n 2000, the Institute of Medicine (IOM)
convened a workshop to review the current understanding of the relationship
between volume of health services and
health-related outcomes.1 It reported on its
systematic review of 135 studies concerning
27 conditions and procedures that included
cancer surgery. The conclusion was that for
a variety of surgical procedures and certain
medical conditions, higher volume (whether
assessed by hospital or physician) is associated with better health outcomes even after
adjusting for case-mix differences. In particular, a statistically signiﬁcant positive association was found in 71% and 69% of studies
of hospital and physician volumes, respectively.2 More importantly, a signiﬁcant volume effect was found in all 16 studies
judged to have the soundest research
methods. The 2 medical conditions included
in the review showing signiﬁcant volumeoutcome associations were acquired immunodeﬁciency syndrome and myocardial
infarction. The IOM report highlighted the
fact that it did not ﬁnd a single study that
investigated the volume-outcome relationship in the medical management of cancer.
One of its recommendations for new areas of
research was to examine the volume-outcome
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relationship for chronic conditions such as
cancer and nonsurgical procedures.1
PATIENT VOLUME AND PHYSICIAN
SPECIALIZATION ASSOCIATED WITH BETTER
OUTCOME IN CANCER SURGERY
For surgery, the volume-outcome relationship is
particularly dramatic for certain low-frequency,
high-risk, cancer surgical procedures, such as
pancreatectomy and esophagectomy, with
short-term mortality rates 2 to 3 times greater
in low- vs high-volume hospitals.1 Subsequent
systematic reviews and population-based studies
have shown similar outcomes, and the ﬁndings
have been replicated in other countries.3-7
Although there is recognition that the volumeoutcome relationship has its limitations and
that unmeasured processes of care are also
important factors, the IOM panel concluded
that volume may still be the best proxy for
quality.1
Surgeon specialization has also been shown
in multiple studies to have a positive outcome
for patients with cancer undergoing surgery. A
recent review revealed that of 20 of the 27
studies that examined long-term survival for 5
cancers, including colorectal, melanoma, breast,
bladder, and ovarian, all but 2 found that
patients operated on by specialty surgeons had
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signiﬁcantly better long-term survival rates. The
2 negative studies showed the same trend in
favor of specialization but did not reach statistical signiﬁcance. The main limitation of these
ﬁndings is that not all the studies adjusted for
discrepancies in volume between specialty and
general surgeons.8 This positive association
was also seen in noncancer surgical procedures.4
LIMITED STUDIES ON PHYSICIAN
CHARACTERISTICS AND QUALITY OF
MEDICAL CANCER CARE
In the years since the 2000 IOM workshop, a
limited number of research papers have been
published investigating physician characteristics and the outcome of medical cancer care.
Using the Surveillance Epidemiology and
End Results (SEER)eMedicare database, a
few studies in solid tumors have shown
that physician characteristics may affect the
quality of medical cancer care, such as
delivery of guideline-based treatments (treatments received by patients with stage III
colorectal cancer who saw a medical oncologist, a radiation oncologist, and a surgeon
were more likely to comply with National
Comprehensive Cancer Network guidelines,
odds ratio¼20.6), choice of treatment (patients
with localized prostate cancer who consulted
with a radiation oncologist were 20 times
more likely to have radiation as primary treatment as opposed to those who saw a urologist
only), and cancer screening (colonoscopy performed by gastroenterologists was associated
with lower risk of subsequent death from colorectal cancer compared with that performed by
nongastroenterologists, odds ratio¼0.6).9-11
Similarly, there is a paucity of studies in hematologic cancers. One study in 1987 demonstrated that patients with Hodgkin lymphoma
(HL) treated in the community had mortality
rates that, on average, were 1.5 times higher
than those in patients treated at National Cancer
Instituteedesignated comprehensive cancer centers.12 A population-based study of all patients
with acute myelogenous leukemia (AML) in
Ontario, Canada, from 1964 through 2003
showed that referral to specialized cancer centers
was associated with a longer 3-year overall survival rate (hazard ratio [HR]¼1.3) independent
of other relevant clinical factors.13 However, a
similar study in England and Wales consisting
of adolescents and young adults with AML
1394
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and acute lymphoblastic leukemia (ALL) diagnosed between 1984 and 1994 did not show a
survival advantage of centralized treatment.14
Another population-based lymphoma study in
Nebraska showed that survival disparity exists
among rural residents according to the type of
physician. Between 1992 and 2006, individuals
treated by community-based oncologists had a
higher relative risk of death compared with
those cared for by university-based oncologists.15 A Mayo Clinic study in 2011 showed
that disease-speciﬁc expertise inﬂuenced time
to treatment and treatment outcome in patients
with chronic lymphocytic leukemia (CLL).
Compared with those cared for by CLL hematologists, patients who were cared for by non-CLL
hematologists had shorter time to ﬁrst chemotherapy (HR¼2.4) and overall survival
(HR¼1.5), even when adjusted for pertinent
clinicopathologic risk factors.16 These studies
strongly suggest that physician specialization,
among other characteristics, may also have a
strong effect on the outcome of medical cancer
care because complex processes of treatment decision making are usually involved. However,
none of these studies adjusted for the actual
volume of patients seen.
COMPELLING REASONS TO PERFORM
VOLUME-OUTCOME STUDIES IN
HEMATOLOGIC CANCERS
In addition to the paucity of data as described
previously herein, there are several compelling
reasons to perform further studies in patients
with hematologic cancers, as discussed in the
following subsections.
Disparity in Outcome of Patients With
Hematologic Cancers Is Understudied
Treatment and outcome disparities in patients
diagnosed as having hematologic cancers are
poorly understood. Previous studies have
focused primarily on sociodemographic factors,
showing inferior outcomes in minority groups
in general and in adolescents and young adults
with ALL treated with adult protocols.17-22
Very few studies have investigated the actual
volume-outcome relationship in hematologic
patients. A study from the Center for International Blood and Marrow Transplant Research
in 2005 involved patients with leukemia and
lymphoma receiving autologous and human
leukocyte antigeneidentical sibling allogeneic
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transplants. After adjusting for the clinical
severity index, the 100-day mortality rate was
lower in transplant physicians treating more
than 20 patients annually.23 A subanalysis of a
German clinical trial in 2014 found a relationship between health care setting and survival
in chronic myelogenous leukemia (CML). Patients who were treated at teaching hospitals
achieved a lower mortality rate (HR¼0.6),
even after adjusting for comorbidities and physician experience. The number of patients
enrolled in the clinical trial was used as a proxy
measure for experience.24 A retrospective study
from France determined the outcome of patients
with hematologic cancers who developed acute
respiratory failure and were admitted to the
intensive care units (ICUs) of 28 participating
hospitals. Patients admitted to ICUs with more
than 30 hematologic cancer patients per year
treated for acute respiratory failure had lower
mortality rates than those admitted to lowervolume ICUs.25 The latter study suggests that
expertise in the management of complications
of hematologic cancer treatment may also be
an indicator of quality care.
Hematologic Cancers Are Relatively Rare
and Are Becoming More Complex to Treat
Hematologic cancers compose only approximately 10% of all cancers seen in the United
States.26 Yet, the disease classiﬁcation is
becoming more complex and constantly
evolving. For example, there are now more
than 50 subtypes of non-Hodgkin lymphoma
(NHL).27 Therefore, for a community oncologist who sees all types of cancers, for every
100 solid tumor patients seen, on average,
there is only one patient with a speciﬁc subtype of hematologic cancer. To illustrate
further the rarity of hematologic cancers, it
is estimated that in 2015, there will be
71,850 new cases of NHL, the most common
hematologic cancer. This number is less than
invasive urinary bladder cancers (74,000)
and just slightly more than kidney cancers
(61,560), both solid tumors considered relatively uncommon in clinical practice. New
cases of even less common hematologic cancers, such as AML, CML, HL, CLL, and multiple myeloma (MM), are less than or similar
to those of sarcoma.26 Moreover, knowledge
on how to incorporate tumor biology has
become essential not only for the diagnosis
Mayo Clin Proc. n October 2015;90(10):1393-1399
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but also for treatment. In AML and MM, cytogenetics and molecular/mutational proﬁles
are routinely used in subtype classiﬁcation,
risk stratiﬁcation, and determination of the
need for subsequent stem cell transplant.28,29
Increase in Novel Agents and Proliferation
of Treatment Guidelines for Hematologic
Cancers in the Past Decade
Between 2003 and 2014, 54 new oncology drugs
were approved by the US Food and Drug Administration. Of these drugs, 21 (39%) were for hematologic cancers. Most of these drugs were
novel agents (eg, ibritumomab tiuxetan, bortezomib, azacitidine, lenalidomide, vorinostat, and
ibrutinib), with newly described mechanisms of
actions and unique toxic effects different from
traditional chemotherapeutic agents.30 Recognizing the complexities of treating hematologic
cancers, the National Comprehensive Cancer
Network has expanded the number of treatment
guidelines. Currently, 9 of 40 treatment guidelines (23%) are for hematologic cancers.31 This
is an understatement because the NHL treatment
guideline is further subdivided into 16 different
subguidelines for the various NHL subtypes.32
Although many NHL subtypes are currently
treated in the same way or with similar chemotherapeutic regimens, it is almost certain that
this will not be the case in the future. In fact,
the recently announced Precision Medicine
Initiative, championed by the National Institutes
of Health, speciﬁcally selects cancer as the model
disease.33 Therefore, we will likely see further
divergence of the already complex treatment
and diagnostic guidelines.
Most General Community Oncologists Who
Treat Patients With Hematologic Cancer
Have Limited Experience With These
Diseases
The National Cancer Institute estimates that
most patients with cancer (w85%) are treated
at community hospitals in or near the communities in which they live.34 In a recent American
Society of Clinical Oncology national census of
oncology practice covering 599 practices with
4546 oncologists, most (82%) were community
oncologists and most (71%) have a combined
hematology-oncology practice.35 Therefore,
community oncologists see and treat a broad
spectrum of patients, including those with solid
tumors, hematologic cancers, and benign blood
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disorders. Keeping up-to-date with most of the
hematology-oncology literature is challenging,
especially in the current practice environment.
In fact, many community oncology leaders
have expressed the inevitable necessity of subspecialization.36 A recent national practice survey demonstrated substantial knowledge gaps
in the individualized management and interpreting the response to treatment of CML, ALL, and
NHL.37
Although there are no published data on how
many of a speciﬁc type of hematologic cancer a
community oncologist sees annually, one can
get an estimate of this from the SEER Program
and the Gundersen Health System, where one
of us practices (W.A.B.). For example, it is estimated that there will be 24,000 new cases of
MM in the United States this year, with a disease
prevalence of 84,000.38 Because the American
Society of Clinical Oncology Workforce Information System reported 13,084 oncologists working in 2011,39 we estimate that an oncologist in
the United States on average sees 2 new MM cases
a year and follows 6 patients with MM at all
phases of the disease. The numbers of annual
new cases for other hematologic cancers are
correspondingly low (2 AMLs, 5 NHLs, and
1 CLL, CML, and HL). Gundersen Health System is a moderately sized health system in the
Midwest caring for approximately 560,000
people.40 In the past decade, the practice
has, on average, had 10 full-time adult
hematologist-oncologists (4 hematologists
and 6 medical oncologists), and the practice
volume has remained stable.41 In 2013, the
practice saw 1307 new analytical cancer cases,
including 148 cases of hematologic cancers
(3 ALLs, 15 AMLs, 20 CLLs, 7 CMLs, 3 hairy
cell leukemias, 4 HLs, 44 NHLs, 22 MMs, 15
myelodysplastic neoplasms, and 15 myeloproliferative neoplasms). Assuming that
Gundersen’s case-mix approximates that of
other community practices, one can estimate
that the average community hematologistoncologist sees only 1 to 2 new cases of a
distinct hematologic cancer annually. Because
many hematologic cancers do not require
immediate therapy, the opportunity to treat
is less. Recognizing this limitation, the Gundersen Health System is relatively unique
among hematology-oncology community
practices in this country. It has successfully
sustained separate clinical services for medical
1396
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oncology and hematology, with hematologists
seeing virtually all patients with hematologic
disorders (benign and malignant) for the
past 4 decades. If the trend is toward more
specialization, this practice may well serve as
a paradigm for community hematology for
the future.
POTENTIAL IMPLICATIONS
In the past 15 years, we have seen major advances in the understanding of the pathogenesis of hematologic cancers. Many distinct,
molecularly deﬁned pathologic subtypes have
emerged from previous entities with corresponding therapeutic opportunities. These
changes have dramatically increased the diagnostic and treatment complexities. For the
busy general hematology-oncology practitioners, familiarity with these ever-growing
changes will become increasingly difﬁcult to
sustain over time. Therefore, a case can be
made to study whether a volume-outcome
relationship exists in the medical management
of hematologic cancers. This is very much in
line with the ﬁndings and goals set forth by
the 2011 IOM committee on the Learning
Health Care System in America.42 If patient
volume is found to be associated with clinical
outcome, then there are several potential practice and education implications, discussed in
the following subsections.
Deﬁning the Determinants of High-Quality
Care
It is possible that volume is in itself a proxy for
certain best practices associated with highquality care. Therefore, identifying these practices
is important because they may be translatable to
lower-volume facilities. Potential examples
include having a uniform care pathway,43 adherence to national clinical practice guidelines,44
multidisciplinary prospective case conferences,45
tumor board discussion of challenging cases,
upfront chemotherapy dose adjustments for
elderly and frail patients,46 and early identiﬁcation and management of treatment toxic effects.47
More Appropriate Patterns of Referral to
Reduce Cost of Care
Data generated from volume-outcome studies
may provide an initial system to guide
evidence-based facility referral and benchmarking for future qualitative analyses.

October 2015;90(10):1393-1399

n

http://dx.doi.org/10.1016/j.mayocp.2015.07.003
www.mayoclinicproceedings.org

VOLUME-OUTCOME RELATIONSHIP IN HEMATOLOGIC CANCERS

Hematologic cancers that are shown to
beneﬁt from disease expertise ideally will be
referred to higher-volume facilities at least
for an initial consultation. In contrast, we
may ﬁnd that certain cancers may not require
a referral. Moreover, if we show that highvolume community practices demonstrate
outcomes similar to high-volume academic
facilities, this may minimize unnecessary
referrals and, thus, improve access, reduce
cost of care, and offer more convenience to
patients and caregivers.48
Disease Specialization Among Community
Oncologists or Practices
Community oncologists may be incentivized
and encouraged to change practice patterns
toward disease-speciﬁc specialization. At the
minimum, each practice may need to have at
least 1 dedicated care physician for hematologic cancers.36 This model should be sustainable
even in community practice for several reasons. First, because 1 in 10 cancers is of
hematopoietic origin, for every 10 oncologists,
there should be enough patient volume to
support 1 specializing in hematologic cancers.
Second, most hematologic cancers are not
curable and require long-term treatment or
follow-up. Therefore, the prevalence is relatively higher over time. Finally, the hematology practice would be supplemented by the
care of patients with nonmalignant pathologic
abnormalities (thrombosis, bleeding, cytopenias, hemoglobinopathy, etc).
Increased Focus on Hematology Training
Currently, most adult hematology-oncology
fellowship programs offer combined training
in both disciplines as opposed to individual
disciplines. In 2013, of the 150 hematologyoncology fellowship programs in the United
States, just 14 programs (9%) offered oncologyonly or hematology-only training, a 41% decline
from 2007.49,50 Increasing the opportunity to do
hematology-only (combined benign and malignant diseases) fellowship training will allow for
more disease-speciﬁc focus for trainees. This is
the paradigm in Canada and most European
countries. An alternative is to allow the option
of an extra year of advanced fellowship program
focusing on hematologic malignancy, similar to
current stem cell transplant fellowships.
With the imposition of residency work-hour
Mayo Clin Proc. n October 2015;90(10):1393-1399
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restrictions, it is becoming more difﬁcult to
gain enough experience and proﬁciency in managing such a wide range of cancers, not to
mention benign hematology. It is, therefore, a
more rational approach to go from generalization to specialization, and not in the opposite
direction. Subspecialization happened decades
ago with internal medicine, not only in academia
but also in community practice, and thrived.51 A
similar trend occurred in surgery less than a
decade after the IOM report. The number of
surgical subspecialty training programs,
including various surgical oncology fellowships,
is growing.52 This has already impacted practice
patterns (centralization of cancer surgery) and,
at the same time, improved surgical outcomes
in certain complex cancer operations.53
CONCLUSION
Owing to the relative rarity of hematologic cancers and the increasing complexity on how they
are managed, we believe that the time is ripe to
study whether a volume-outcome relationship
exists. Not only do we have an opportunity to
assess the quality of nonsurgical cancer care,
we also have a chance to learn more about
variations in practice that are tied to relevant
outcomes. Similar to surgical volume-outcome
studies performed in the past 2 decades, such
investigations could be performed either at the
level of the treatment facility or the oncologists
by secondary analyses of large patient data sets
from national cancer registries, private or public
payers, and clinical trials.
Abbreviations and Acronyms: ALL = acute lymphoblastic
leukemia; AML = acute myelogenous leukemia; CLL = chronic
lymphocytic leukemia; CML = chronic myelogenous leukemia;
HL = Hodgkin lymphoma; HR = hazard ratio; IOM = Institute
of Medicine; ICU = intensive care unit; MM = multiple
myeloma; NHL = non-Hodgkin lymphoma; SEER = Surveillance Epidemiology and End Results Program
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