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Abstract

Breast cancer is the most common cancer form among women in the Western world.
Although treatment has improved during the last decades, there is still a significant
proportion of the patients who are not cured. To further improve clinical outcome we
need new treatment strategies, new prognostic markers, and new treatment predictive
factors for personalized medicine.

In this dissertation I have focused on local relapse and distant recurrences, where the
former is a tumor recurring in the same breast and the latter is distant spread in the body.
I have focused on high through-put techniques, but have also evaluated one single factor,
using immunohistochemistry.

The most promising result is the gene expression profile for “radioresistance” found
in a patient cohort consisting of 100 lymph node negative patients operated with breast
conservation surgery and either postoperative radiotherapy or not. The samples were
analyzed with oligonucleotide array. A gene expression profile was found that clearly
separated patients who developed local recurrences despite radiotherapy (“radioresistance”)
from patients without local recurrences (either with or without radiotherapy). The
clinical consequence, if these results can be confirmed, would be that patients with a
“radioresistant” gene profile should be offered mastectomy instead of breast conservation
surgery and radiotherapy.

In another patient cohort consisting of 85 node positive breast cancer patients
treated with CMF (cyclophosphamide, methotrexate, and 5-fluorouracil) we found a
gene expression profile, using cDNA microarray, capable of distinguishing patients who
developed distant recurrences from non-recurring patients. This profile was compared to a
previously published gene list and to drug-associated genes from the literature. Our results
were slightly better. However, our gene profile was not able to exceed the performance of
conventional clinical markers.

From the same patient cohort, we developed a protocol for protein extraction from
the same samples used for RNA. We analyzed the protein expression pattern using 2-DE
(two-dimensional electrophoresis) and found several differentially expressed proteins, both
when comparing distant recurrences to no recurrences and estrogen receptor positive to
estrogen receptor negative tumors. Similarities of regulated genes and proteins were also
found when comparing the two studies.

Finally, we investigated the prognostic importance of a proliferation marker, cyclin
B1, in a case-control study. There were 190 lymph node negative breast cancer patients
with no chemotherapy who died from breast cancer and 190 corresponding controls
who were alive at the corresponding case’s time of death. Cyclin B1 was an independent
prognostic proliferation marker and had a high reproducibility. The marker may be useful
instead of histological grade, or as a complement, to identify patients in need of adjuvant
chemotherapy.



In conclusion, breast cancer is a heterogeneous disease and should be subdivided
even more than it is today into different risk groups with the aid of new markers. We
used different high through-put techniques to analyze hundreds to thousands of gene
expressions and proteins. Our aim was to find new prognostic and predictive gene
expressions and protein profiles that may improve individual treatment schemes and help
provide personalized medicine. However, so far it is too early to conclude that the use of

single markers can be eliminated, because we also found significant prognostic value of
the proliferation marker cyclin B1.
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Dissertation at a glance

Question

| Is it possible to find a gene
expression profile for
breast cancer patients
who develop distant
recurrences after adjuvant
chemotherapy
(“chemotherapy
resistance”)?

” Is it possible to find
specific proteins for breast
cancer patients who
develop distant
recurrence after adjuvant
chemotherapy
(“chemotherapy
resistance”)?

| | | Is it possible to find a gene
profile for patients who
develop a local recurrence
despite radiotherapy
(“radioresistance”)?

IV Is the proliferation
marker, cyclin B1, a
prognostic marker for
breast cancer death in
chemotherapy naive
breast cancer?

Patients Result

and Method

A gene expression

85 patients after
profile distinguished

adjuvant
chemotherapy, the two groups of
with/without distant patients, but it was not
recurrence. superior to
cDNA microarray. conventional clinical
markers.

Several proteins

20 patients after
distinguished

adjuvant
chemotherapy recurrences from no
with/without distant recurrence and also
recurrences ER+from ER- tumors.
both ER+ and ER-.
2-Dgel

electrophoresis.

A gene expression
profile identified
patients with local
recurrences despite
radiotherapy, and also
patients with no
capacity to develop
local recurrences

100 patients
with/without local
recurrences after
breast conservation
surgery with/without
radiotherapy.
Oligonucleotide array.

Cyclin B1 was an
independent prognostic
factor, adjusted for age,

tumor size and
endocrine therapy, with
agood/very good
reproducibility.

A case-control study,
380 patients with no
chemotherapy. Cyclin
B1 analysis with
Immuno-
histochemistry.

Conclusion

A gene expression
profile identified
recurring patients

after adjuvant CMF

(“chemotherapy
resistance”).

Proteins involved in
“chemotherapy
resistance” and ER
associated proteins
were found.

We found a very
promising gene

expression profile
associated with

“radioresistance”.

Cyclin B1 could be
used as a marker for
decision whether
adjuvant
chemotherapy
should be given or
not.
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Populirvetenskaplig sammantattning

Brostcancer drabbar var tionde kvinna i Sverige. Patienterna opereras idag antingen med
mastektomi, dvs hela bréstet opereras bort, men vanligare dr brostbevarande kirurgi.
Efter brostbevarande kirurgi far patienterna stralbehandling for att minska risken for
dterfall i samma brost, sk lokalrecidiv. Majoriteten av patienterna fir ocksi medicinsk
tilliggsbehandling for att férhindra spridning. Med tilliggsbehandling menas all typ
av behandling efter operation och stralbehandling. Exempel pa tilliggsbehandling ir
cytostatika/cellgifter, anti-hormonell och/eller antikroppsbaserad behandling. Dessa kan
ges enskilt eller i kombination, bl.a. beroende pad tumdrens egenskaper. Tvé tredjedelar
av patienterna ir botade efter operation. Detta innebir att bara en tredjedel behdver
adjuvant behandling — en behandling som emellertid ges till 6ver 80%. Manga patienter
blir alltsd 6verbehandlade med onddiga biverkningar och kostnader f6r samhillet som
foljd. De urvalskriterierna, som anvinds idag for att dela in patienterna i olika riskgrupper
for aterfall, behover forbittras. Kanske behdvs det nya och mer kraftfulla tekniker for
att identifiera olika riskgrupper och grupper med kinslighet for olika behandlingar. For
nirvarande anvinds foljande patient- och tumér-relaterade faktorer i klinisk rutin: alder,
tumorstorlek, antal sjuka lymfkorltar, histologisk gradering (mikroskopisk undersékning),
ostrogen och progesteron receptor uttryck och HER2 (uttryck av en specifik gen).

Om brostcancer sjukdomen  aterkommer/recidiverar 4ndras prognosen drastiske.

Genuttryck har visat sig ha stor betydelse inom bréstcancer och dirfor har jag vale ate
studera manga genuttryck samtidigt for att soka specifika ménster. Varje aktiverad gen
kan ses som en mall f6r proteinnybildning, varfor dven proteinménster har studerats.
En orsak till lokalrecidiv trots postoperativ stralbehandling kan vara nagon form av
stralbehandlingsresistens. I studie III har jag hittat ett genmonster som kan identifiera
dessa tumérer. Om fynden kan bekriftas bor patienter med detta uttrycksmonster istillet
opereras med mastektomi fran borjan och skulle da sannolikt undvika lokalt aterfall.

Jaghar ocksé jamfort patienter som trots cytostatikabehandling utvecklar fjirrmetastaser
med patienter, som fitt samma behandling men inte utvecklat fjirrmetastaser. I studie I
och Il identifierade vi genuttryck och proteiner som kunde sirskilja de tvd grupperna. Vid
en jimforelse med traditionella kliniska markérer var genuttrycksprofilen emellertid inte
bittre. Orsakerna till detta kan vara manga. Brosttumarer ir sd olika att patientgruppen
kanske maste vara mycket storre for att finna ett gen/proteinménster som sirskiljer. Aven
undergruppering av patienter vad giller strogen receptor uttryck och studie uppligget
kan vara orsaker som haft betydelse.

Eftersom fjirrmetastaser har si stor betydelse f6r prognosen for brostcancer sa skulle
naturligtvis ett test vara optimalt som kunde férutsiga vilka patienter som inte kommer
att utveckla metastaser. Dessa patienter skulle d4 slippa onddig behandling samt relaterade
biverkningar. Dirfor studerade jag i studie IV en tillvixtmarkor cyklin B1 som 4r delaktig
i celldelningen. Okad forekomst av cyklin B1 visade sig vara korrelerad till dod i brost
cancer och skulle kunna anvindas som ett komplement till dagens markorer.
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Background

Breast cancer is the most common malignancy among women in the Western world,
and it affects approximately every tenth woman. In the past decades there have been
considerable improvements in diagnosis, development of new drugs, and prediction
of prognosis and treatment effects, all of which have enhanced survival. Annually
in Sweden more than 7 000 women develop breast cancer, and despite improved
treatment, approximately 1 500 women die each year from this disease. In the latest
meta-analysis from Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) from
2000 (published 2005), comprising 194 randomized trials of adjuvant chemotherapy or
endocrine therapy worldwide, it was shown that adjuvant systemic treatment significantly
reduces the rate of recurrence and mortality'. Today patients with primary breast cancer
are operated with either breast conservation surgery or mastectomy with the exception
of those with metastasized disease. Depending on the type of surgery and tumor/patient
characteristics, the patients are treated with postoperative radiotherapy and/or systemic
adjuvant treatment. There are several treatment regimes: endocrine, cytostatic, antibody-
based, or different combinations. The choice of regime is governed by many prognostic
and treatment predictive factors: tumor size, lymph node involvement, histological grade,
estrogen- (ER) and progesterone receptor (PgR) status, extensive peritumoral vascular
invasion, age, Ki67, and human epidermal growth factor receptor 2 (HER2)?. There are
promising new factors, such as uPA (urokinase-type plasminogen activator) and PAI-1
(plasminogen activator inhibitor type 1)?, which have shown grade 1 evidence. Mutations
in p53 and topoisomerase Ila are under evaluation, but are not generally accepted markers
for clinical use today**“.

Although prognostic and treatment predictive markers have improved treatment decisions,
not every patient receives sufficiently effective therapy for a cure. A considerable proportion
of the patients are cured by the primary surgery, and they are consequently overtreated
when given adjuvant therapy. Breast cancer is a complex heterogeneous disease suggesting
that further subdivision of the patients is needed, perhaps down to the individual level.
Ideally, the risk of recurrence for the individual patient or sensitivity/resistance to different
treatment regimes should be accurately determined. Then a tailor-made treatment plan
should be designed for each individual’s unique genetic/proteome makeup, so called
personalized medicine. For this purpose we probably need to use genetic and proteome
information on a wider basis. We will have to analyze several patterns of genes, gene
expressions, and proteins rather than single genes or gene products. It is likely that subtle
changes over the entire integrated network of genetic and proteome information will be
of importance.
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During the last decade a large number of studies using gene expression analysis have been
published®. Gene expression analyses have addressed the clinically important questions
such as the identification of patients with a high risk of distant®'* and local recurrences'"
12, and treatment sensitivity'>. One clear subdivision of breast cancer is based on ER status.
ER positive and ER negative tumors have remarkably different gene expression profiles'.
It has also been shown that breast cancer can be subdivided into different subgroups, e.g.
by the use of the “molecular portrait”. This classifies the tumors into five subtypes: basal-
like, Erb-B2+, normal-like, and luminal-like subtypes A and B'>'°.

The most common proteomic method when studying breast cancer is two-dimensional
electrophoresis (2-DE). This method has been used to describe differences between
ductal carcinoma and non-neoplastic tissue'” and to identify proteins associated with
c-erbB-2 (HER2)-overexpression'®. However, none of the proteins identified with 2-DE
or with other proteomic techniques hitherto have been found to be useful for the clinical
management of breast cancer patients® ' "

In this dissertation, the main focus is on the discovery of new markers, with special
focus on high through-put technologies, and to compare their clinical value in relation to
established conventional markers. In the following sections, topics related to recurrences
and the current status of the markers used clinically, treatment of breast cancer, and
different techniques, will be described.

Recurrences

Since recurrence of breast cancer decreases the survival, it is absolutely essential to prevent
loco-regional and distant recurrences by selection of appropriate treatment. Historically,
there are three theories or paradigms for the progression of breast cancer. The “Halstedian”
theory proposes that breast cancer is a local disease with a contiguous spread through
the lymphatics dictating local control. In contrast, the “systemic” view proposes that
breast cancer is a systemic disease with two distinct subgroups, those with the ability to
metastasize to distant sites and those that lack this ability. That theory dictates systemic
therapy and predicts that the local control will have little effect on overall survival. More
recently, a third hypothesis has been developed, since neither of the prior hypotheses is
valid for all tcumors. This newer theory proposes that there is a time interval during which
tumor cells have not metastasized to distant sites from the primary tumor. At the time
of diagnosis it is not known whether this interval has passed. Therefore the greater the
likelihood of systemic spread at the time of diagnosis, the lower is the likelihood that local
therapy will influence the patient’s survival*"

In the following section the definitions, the incidences in relation to treatment, and
the prognosis of the patients in relation to the different recurrence types are summarized.
Breast cancer recurrences are divided into three groups: local, regional, and distant. Local
recurrences appear as a recurrence in the same breast, regional recurrences appear in the
regional lymph nodes (axilla, supra-, infraclavicular fossa and parasternal lymph nodes),
and distant recurrences are those that occur elsewhere in the body.

14



Local recurrence

A local recurrence is defined as a reappearance of the same cancer in the ipsilateral breast,
chest wall or overlying skin or scar after initial therapy. Most local recurrences are found
by the clinician, the patient herself, or mammography. Most local recurrences occur at
a fairly constant rate during the first decade after breast conservation surgery, whereas
most local recurrences after mastectomy occur within 4 years’’. The incidence of a
local recurrence is also dependent on the surgical method; there is a higher risk of local
recurrences after breast conservation surgery than after mastectomy?’. With the addition
of radiotherapy after breast conservation surgery, the incidence for a local recurrence is
reduced by about two thirds*. Today breast conservation surgery with radiotherapy is
considered an established and safe treatment option for the majority of patients.

The presence of a local recurrence implies an increased risk of both distant metastases
and mortality*"** ». For every four local recurrences avoided with radiotherapy during
the first five years after the primary operation, one additional breast cancer patient is alive
after 15 years™ .

Besides tumor-involved margins, the generally accepted risk factors for the development
of a local recurrence are young age and multicentricity’*®. For predicting the occurrence
of a local recurrence despite radiotherapy (“radioresistance”), there is currently no useful
marker.

R€gi07lﬂ[ recurrence

Regional recurrence refers to metastases in the ipsilateral axillary, supraclavicular and
infraclavicular, and/or parasternal lymph nodes, where the supraclavicular fossa is the
most commonly affected site after adequate surgery. Regional recurrences are only seen in
1-3% of all breast cancer patients after mastectomy or breast conservation surgery with
postoperative radiotherapy to the remaining breast®. Regional recurrences significantly
enhance the risk of distant metastases®® and consequently indicate a markedly reduced
overall survival.

Distant recurrence

Approximately every third breast cancer patient will develop a distant recurrence, and the
disease is then considered as non-curable despite current systemic treatment regimes. A
distant recurrence in breast cancer appears most often in the lung, liver, or skeleton. Bone
is the most common site of the first metastasis in women with hormone receptor-positive
tumors, whereas hormone-receptor-negative tumors tend to develop visceral metastases
and/or brain metastases®” *. In comparison to other malignant diseases, breast cancer is
unusual because it can recur very late. Normally the distant recurrences appear within the
first decade but they can also appear after 20 years'.

To avoid the development of all kinds of recurrences we need reliable clinical and
pathological markers to subgroup each patient to make sure that she receives the
appropriate treatment.

15



Factors in clinical routine

Prognostic factors

Prognostic factors are tools to predict the tumor aggressiveness and to measure the risk of
relapse and death in the absence of systemic treatment. The aim of a prognostic factor is
to identify patients in need of additional treatment and/or those already being cured by
the local therapy. Prognostic factors describe the natural history of a malignant tumor,
e.g. the risk for spread from a local tumor to the lymph nodes and to distant sites®

Tumor size  Lymph node status Distant metastasis

Stage ) (N) (M)
Stage 0 Tis NO MO
Stage | T1 NO MO
Stage IIA TO N1 MO

T1 N1 MO
T2 NO MO
Stage IIB T2 N1 MO
T3 NO MO
Stage IlIA TO N2 MO
T1 N2 MO
T2 N2 MO
T3 N1-2 MO

Stage IIB T4 NO-2 MO
Stage IlIC Any N3 MO
Stage IV Any Any M1

Table 1. Primary tumor size (T): Tis= Carcinoma in situ, T1= Tumor < 20 mm, T2 = Tumor 21-50
mm in greatest dimension, T3= Tumor >50 mm, T4= Tumor of any size extending to chest wall or
skin, and inflammatory carcinoma.

Regional lymph nodes (N):cINO= No regional lymph node metastasis, cN1= Moveable ipsilateral
axillary metastasis, cN2= Fixed ipsilateral metastasis or parasternal lymph nodes, cN3= Metastasis

in ipsilateral supra- or infraclavicular lymph nodes, or parasternal lymph nodes + ipsilateral axillary
lymph nodes. pN1= 1-3 microscopically positive axillary or parasternal lymph nodes, the latter may
not be clinically detectable, pN2=4-9 positive axillary lymph nodes, or clinically detectable parasternal
lymph nodels without positive axillary lymph nodes, pN3= 210 postive axillary lymph nodes, both
clinically detectable parasternal metastases and 21 axillary lymph nodes or microscopic parasternal
metastases and >3 axillary lymph nodes, or ipsilateral lymph node in fossa supraclavicular.

Distant metastasis (M):MO= No distant metastasis, M 1= Distant metastasis

16



From a prognostic point of view it is important to characterize the spread of the
tumor, i.e. the stage. The stage of a tumor is strongly correlated to the prognosis, and
that influences the choice of treatment. The TNM classification system is well established
and is based on the size of the primary tumor, the occurrence of lymph node metastases,
and the presence of distant metastases (Table 1). Based on the number of positive lymph
nodes, the patients are usually divided into four groups: negative nodes, 1-3 positive
nodes, 4-9 positive nodes, and 210 positive nodes. The 5-year survival for breast cancer
patients worsens with increasing number of positive lymph nodes*. The number of
tumor-involved lymph nodes in relation to the number of examined nodes has also been
shown to be of clinical importance in node-positive patients. A higher ratio implies worse
prognosis®.

Among tumor associated prognostic factors, histological grade is the most commonly
applied. It is based on evaluation of tubular formation, nuclear atypia, and the number
of mitosis. Each part is scored from 1 to 3. The scores for the three components are
summed and categorized as grade 1 (3-5): well differentiated, grade 2 (6-7): moderately
differentiated, or grade 3 (8-9): poorly differentiated®®. Three parameters, histological
grade, axillary lymph node status (1=no positive lymph nodes, 2=1-3 positive lymph
nodes, 3=>4 positive lymph nodes) and tumor size, are included in a prognostic index
called the Nottingham prognostic index (NPI):
0.2x size (cm) + node stage (1-3) + histological grade (1-3)¥%.

Age, extensive peritumoral vascular invasion, and Ki67, according to the St Gallen
consensus, are also recommended to be used as prognostic factors in clinical routine®.

ER, PgR and HER?2 are both prognostic factors and treatment predictive factors (see
below)?.

Treatment predictive factors

Treatment predictive factors describe how a group of tumors with defined characteristics
will respond to a specific treatment®. ER and PgR are strong treatment predictive factors
and are used to decide whether endocrine treatment will be beneficial or not. For patients
with HER2-positive breast cancer, treatment with the antibody trastuzumab is meaningful
both in the metastatic and in the adjuvant situation®.

Not yet accepted factors under evaluation

There is a constant search for new prognostic and treatment predictive factors. With the
introduction of new targeted treatments, the need to predict therapeutic efficiency has
increased further.

Single factors

uPA and PAI-1 are considered prognostic factors, since high levels of uPA and PAI-1 are
associated with poor RES and poor overall survival®. uPA/PAI-1 can also be considered
as a treatment predictive factor, because patients with high levels of uPA/PAI-1 derive
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substantial benefit from adjuvant CMF chemotherapy* “°. The tumor suppressor gene,
p53, and proliferation markers such as topoisomerase Ila, cyclin D and E, are under
investigation but are presently not recommended to be used routinely®. Cyclin A and B
are also under investigation and are not recommended in clinical routine. Useful clinical
markers to detect resistance/sensitivity to chemotherapy have not yet been identified,
although some may have clinical usefulness, e.g. thymidilate synthase, thymidine
kinase® ™, c-erbB2%, multidrug resistance-associated protein®, p53*-°, topoisomerase
IIo’!, and Tau®?.

Ki-67, cyclins, S-phase fraction, and mitotic activity are proliferation markers. S-phase
fraction has been shown to be an independent prognostic factor in a prospective study™,
but it is not used in the clinic. Cyclin D and E are under investigation. Much less attention
has been paid to cyclin A and B. The cyclins are effective during the cycling course of
events of synthesis and degradation during each cell cycle. The G1 cyclins are required for
the binding to the cyclin-dependent-kinases and entry into S-phase. Mitotic cyclins are
required for the binding to cyclin-dependent-kinases in G2 and are responsible for the
entry into mitosis. Cyclin B1 is a mitotic cyclin. The accumulation of cyclin B1 begins
in S-phase; it is essentially restricted to the G2-M transition, reaches its maximal level at
mitosis, and then is rapidly degraded at the metaphase-anaphase transition>.

Multiple factors

Recently the Food and Drug Administration (FDA) approved OncotypeDX®, which is
based on 21 selected genes, so called recurrence score. This signature is able to distinguish
lymph node negative, tamoxifen treated, ER positive patients not in need of adjuvant
chemotherapy from those who would benefit from adjuvant chemotherapy®. Among the
21 genes are the genes for ER/PgR, HER2 and the proliferation genes, Ki-67 and cyclin
BI.

The gene expression based profile, Mammaprint®, consists of 70 genes, and it predicts
the outcome of distant recurrences in young (<55 years old), node-negative breast cancer
patients'. The authors suggest that those patients with a low-risk gene profile do not need
adjuvant systemic therapy, whereas a “poor prognosis” signature would indicate treatment
with adjuvant chemotherapy. One possible advantage with the 70-gene profile is that the
low-risk group is larger than the low-risk group based on conventional markers, e.g. St
Gallen or National Institute of Health (NIH) consensus criteria. As a consequence the
number of overtreated patients may be reduced.

Studies to further validate the prognostic gene profiles are under investigation; TaylorX
is analyzing OncotypeDX"®, and MINDACT (Microarray In Node negative Disease may
Avoid ChemoTherapy) is analyzing Mammaprint®.

Prognostic and treatment predictive factors are used daily in the clinic® 5 to sub-
classify the patients and to assign adequate treatment. The primary treatment of breast
cancer can be divided into local and adjuvant systemic treatment. Adjuvant systemic
treatment regimes include polychemotherapy, endocrine therapy, and/or trastuzumab,
and different combinations thereof. The purpose is to delay or inhibit the development
of distant recurrences.
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Primary local treatment

Treatment regimes for breast cancer vary both nationally and internationally, and the
treatment regimes mentioned in this section are mostly from guidelines of the South
Sweden Breast Cancer Group (Sydsvenska brostcancer gruppen).

The primary local treatment includes surgery and radiotherapy, and the goal is to
eradicate the local tumor to reduce recurrences. Today, most breast cancer patients are
operated with breast conservation surgery or modified radical mastectomy. In common
routine, breast conservation surgery is followed by sentinel node biopsy. That is a surgical
technique that uses radioisotope and blue dye to identify axillary lymph node metastases.
An axillary lymph node dissection is performed if there is a positive sentinel node.
Mastectomy is preferred for T3 (>50 mm) and T4 (overgrowth to adjacent chest wall,
skin, multicentric, and inflammatory) tumors. Mastectomy can also be chosen when an
acceptable cosmetic result cannot be obtained with breast conservation surgery due to the
size of the tumor in relation to the breast volume, or due to the preference of the patient.
Furthermore, after the development of a local recurrence, mastectomy is indicated in the
majority of the patients. Breast conservation surgery has been shown to be the treatment
of choice for women with unifocal breast cancers <3-4 cm. However, the frequency of
local recurrences is higher in patients treated with breast conservation surgery than with
mastectomy””. The meta-analysis from EBCTCG shows that the addition of radiotherapy
after breast conservation surgery lowers the risk for a local recurrence by two thirds at
15 years®, equivalent to the risk of developing a local recurrence after mastectomy. No
differences in overall or breast cancer death rates are seen when comparing mastectomy to
breast conservation surgery with radiotherapy*> > 7.

According to international guidelines (European Society of Breast Cancer Specialists
(EUSOMA) and the American Society of Clinical Oncology (ASCO), radiotherapy is
indicated when the risk of developing a local recurrence is >20% in 10 years (http://www.
swebcg.roc.se)?. Clinically, that is equivalent to patients op