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To the editor:

Postmenstrual gestational age should be used with care in studies of early human
hematopoietic development

The hematopoietic system undergoes rapid changes during
embryogenesis; therefore, studying this process requires accurate
embryo staging. In the mouse, timed pregnancies can routinely be
set and controlled; however, accurate staging of human pregnan-
cies is more problematic, compounded by different ways that
gestational age is assessed.

Although developmental biologists calculate gestational age
based on the woman’s last ovulation (postovulatory gestational
age), clinicians evaluate it from the first day of the last menstrual
period (postmenstrual gestational age), using ultrasound mea-
surement of crown-rump length.1 Recording the postmenstrual
gestational age of the human embryo largely meets the needs of
the medical care. However, it will exceed postovulatory
gestational age, which is the true developmental age of the
embryo, by 2 weeks in the normal case of a regular menstrual
cycle with mid-cycle ovulation and may differ by an unknown
duration when the date of ovulation is unknown, which is
almost always the case. These ambiguities in gestational age
determination introduce significant discrepancies in research into
early human embryogenesis.2

The Carnegie staging system, originally described by Streeter3-7

and refined by O’Rahilly and Müller,8 covers the whole human
embryonic period (the first 56 days of development) and divides it
into 23 Carnegie stages (CSs). Each CS is based on both external

and internal morphological criteria and is not directly dependent on
gestational age. Human embryos determined clinically to be of the
same gestational age can belong to different CSs, and conversely,
human embryos belonging to the same CS can be of different
gestational ages. Therefore, embryos categorized only according
to their gestational ages are not accurately staged with regard to
their developmental status.8 The Carnegie system is internationally
accepted and provides a staging standard for research purposes.
However, it is not uncommon in the literature to see staging such
as “22-day-old human embryo” or “6-week-old human embryo,”
sometimes without specification of whether this is the postovu-
latory or postmenstrual gestational age.9-13 On some occasions,
damage to the embryo leaves little chance to perform staging using
morphological criteria.

Recently, we investigated hematopoietic stem cell development
in the early human embryo.14 The study was approved by the
Lothian Research Ethics Committee. Informed consent was provided
according to the Declaration of Helsinki. Embryonic specimens were
obtained after elective medical termination of pregnancy with written
consent and ethical approval of the protocol. Developmental stages
were determined according to the Carnegie staging system,8 and
we assessed how these correlated with postmenstrual gestational
dating. The postmenstrual gestational age was determined for 89
embryos based on ultrasound measurement of crown-rump length.
The embryos were split into 6 groups based on developmental
stage (CS 12–17). A mean postmenstrual gestational age and
a 95% confidence interval were calculated for each of the
groups (Figure 1). For embryos categorized as CS 12–15, the
95% confidence intervals of the postmenstrual gestational age
overlapped between the 4 groups, indicating that postmenstrual
gestational age cannot be used to distinguish between CS 12–15
human embryos. Also, there was no relationship between
postmenstrual gestational age of individual CS 12–15 embryos
and the CSs to which they were assigned (correlation coefficient
r 5 .251; P 5 .101). However, CS 16 and 17 embryos could be
distinguished based on their postmenstrual gestational age at a
95% confidence level, and there was a direct relationship between
postmenstrual gestational age and the CSs to which they belonged
(r 5 .536; P , .001).

These data demonstrate that postmenstrual gestational age
cannot be used to accurately stage human embryos under CS 16.
This is of particular importance for those working in the field of
human developmental hematopoiesis because the first human
hematopoietic stem cells emerge at CS 14.14
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Figure 1. Relationship between postmenstrual gestational age and CSs.

Human embryos obtained for the present study were split into groups depending on

CSs to which they belonged. For each group, a mean postmenstrual gestational age

in days (s) and a 95% confidence interval (error bars) were calculated and plotted

against corresponding CSs. The number of human embryos obtained for each CS is

indicated above the error bars.

BLOOD, 11 APRIL 2013 x VOLUME 121, NUMBER 15 3051

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/121/15/3051/1365414/3051.pdf by guest on 08 June 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2013-01-475673&domain=pdf&date_stamp=2013-04-11


Richard A. Anderson

Medical Research Council Centre for Reproductive Health,

University of Edinburgh,

Edinburgh, United Kingdom

Marc L. Turner

Scottish National Blood Transfusion Service and Medical Research Council

Centre for Regenerative Medicine, University of Edinburgh,

Edinburgh, United Kingdom

Alexander Medvinsky

Medical Research Council Centre for Regenerative Medicine,

University of Edinburgh,

Edinburgh, United Kingdom

Acknowledgments: The authors thank the patients for donating tissues. The

authors also thank research nurses Anne Saunderson, Joan Creiger, and

Isobel Morton for patient recruitment. This work was supported by grants from

the Leukaemia and Lymphoma Research and the Medical Research Council.

Contribution: A.I. performed the experiments, interpreted experimental data,

and wrote the manuscript; S.R., R.A.A., and M.L.T. interpreted experimental

data and edited the manuscript; and A.M. directed the study, interpreted

experimental data, and wrote the manuscript.

Conflict-of-interest disclosure: The authors declare no competing financial

interests.

Correspondence: Andrejs Ivanovs, Medical Research Council Centre for

Regenerative Medicine, University of Edinburgh, 5 Little France Dr, Edinburgh

EH16 4UU, United Kingdom; e-mail: andrejs.ivanovs@ed.ac.uk.

References

1. Salomon LJ, Bernard JP, Duyme M, et al. Revisiting first-trimester fetal
biometry. Ultrasound Obstet Gynecol. 2003;22(1):63-66.

2. O’Rahilly R, Müller F. Prenatal ages and stages-measures and errors.
Teratology. 2000;61(5):382-384.

3. Streeter GL. Developmental horizons in human embryos: description of age
group XI, 13 to 20 somites, and age group XII, 21 to 29 somites. Contrib
Embryol. 1942;30:211-245.

4. Streeter GL. Developmental horizons in human embryos: description of age
group XIII, embryos about 4 or 5 millimeters long, and age group XIV, period of
indentation of the lens vesicle. Contrib Embryol. 1945;31:27-63.

5. Streeter GL. Developmental horizons in human embryos: description of age
groups XV, XVI, XVII, and XVIII. Contrib Embryol. 1948;32:133-203.

6. Streeter GL. Developmental horizons in human embryos: a review of the
histogenesis of cartilage and bone. Contrib Embryol. 1949;33:149-168.

7. Streeter GL. Developmental horizons in human embryos: description of age
groups XIX, XX, XXI, XXII, and XXIII. Contrib Embryol. 1951;34:165-196.

8. O’Rahilly R, Müller F. Developmental Stages in Human Embryos. Washington,
DC: Carnegie Institution of Washington; 1987.

9. Tavian M, Coulombel L, Luton D, et al. Aorta-associated CD341 hematopoietic
cells in the early human embryo. Blood. 1996;87(1):67-72.

10. Oberlin E, Tavian M, Blazsek I, et al. Blood-forming potential of vascular
endothelium in the human embryo. Development. 2002;129(17):4147-4157.

11. Robin C, Bollerot K, Mendes S, et al. Human placenta is a potent hematopoietic
niche containing hematopoietic stem and progenitor cells throughout
development. Cell Stem Cell. 2009;5(4):385-395.

12. Migliaccio G, Migliaccio AR, Petti S, et al. Human embryonic hemopoiesis.
Kinetics of progenitors and precursors underlying the yolk sac––iver transition.
J Clin Invest. 1986;78(1):51-60.

13. Huyhn A, Dommergues M, Izac B, et al. Characterization of hematopoietic
progenitors from human yolk sacs and embryos. Blood. 1995;86(12):
4474-4485.

14. Ivanovs A, Rybtsov S, Welch L, et al. Highly potent human hematopoietic stem
cells first emerge in the intraembryonic aorta-gonad-mesonephros region. J Exp
Med. 2011;208(12):2417-2427.

To the editor:

Utility in prognostic value added by molecular profiles for diffuse large B-cell lymphoma

We read with interest the report from Hong et al1 on the in-
cremental prognostic value of gene expression signatures in
diffuse large B-cell lymphoma (DLBCL). We were surprised
by the conclusions that these “signatures are inferior to clinical
factors and provide little added value in risk assessment” when
considering a 2-gene score (TGS) and a 6-gene score described
by us2-4 and others.5 The authors’ claim that “all studies assess
predictive significance based on P value from multivariable Cox
regression” was also surprising, because dedicated parts of
prior studies specifically addressed added prognostic value. We
reported robust risk reclassification by integration of molecular
indices (TGS) with clinical factors within the international
prognostic index (IPI) (TGS-IPI),2 and both our study and the
study of Lenz et al5 demonstrated splitting of IPI strata using
molecular signatures.

We favored risk reclassification as a measure of added value
from molecular indices over more complex statistical tests for
several reasons (pie charts in figure 4B of Alizadeh et al2). First,
even statistically significant biomarkers may yield minimal im-
provement in the area under the curve.6,7 Therefore, many
statisticians consider C-statistics unsuitable for assessing
improvement in prediction, preferring the use of measures such
as net reclassification improvement and integrated discrimination
improvement (IDI).7-10 Second, C-statistics and IDI lack an
intuitive interpretation for clinicians. However, most surprisingly,

we came to the opposite conclusion as the authors in considering
these indices in 3 cohorts of DLBCL patients (n 5 561), including
an important validation cohort that they did not consider. We
provide these new data here (Figure 1A), having originally opted
not to present them for space considerations.

Although Hong et al do not provide detailed methods to fully
address this, several aspects of the analysis may have led to the
discrepancy in their conclusions.

1. There is an error in the LIM domain only 2 (rhombotin-like 1)
(LMO2) coefficient (0.032 instead of 0.32) for calculating the TGS.

2. The model parameters we reported weight gene expression
values measured by quantitative real-time reverse-transcription
polymerase chain reaction, with array data needing appropriate
rescaling. The TGS values obtained by the authors are thus
incorrect, because rescaling is equivalent to changing the relative
weightings of the genes in the model, similar to how an equation
considering “age” would differ depending on whether it was
measured in days or years.

3. We used a custom gene-level chip definition to renormalize
probe-level Affymetrix array data from Lenz et al,5 providing more
accurate gene expression quantification (Figure 1B-C).

4. The publicly available normalized expression data used by the
authors are already log2 transformed. Doing this again as suggested
in the methods would result in data distortion (Figure 1D).
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