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27 Introduction

28 Type 2 diabetes is associated with three of the five leading
29 causes of cancer mortality in the USA—carcinoma of the
30 colon, pancreas and breast (postmenopausal) [1]. The
31 excess risk for each cancer is ~30% (colon), ~50%
32 (pancreas) and ~20% (breast) [2–4]. Type 1 diabetes carries
33 an excess cancer risk of ~20%, but involves a different
34 range of tumours [5]. The major cancers linked with type 2
35 diabetes are also associated with obesity or insulin
36 resistance, suggesting that factors other than glucose play

37an important role [6]. These observations, although well-
38attested, have attracted relatively little interest within the
39world of diabetes. This is partly due to the dominant role of
40cardiovascular disease, which largely accounts for the
41twofold increase in mortality associated with type 2
42diabetes [7], and partly, perhaps, because cancer has
43seemed unavoidable.
44The latter assumption can no longer be considered
45correct, for several studies have shown metformin to be
46associated with a lower risk of cancer than insulin or
47sulfonylureas [8–10]. Bowker and colleagues examined the
48relationship between diabetes treatment and mortality in a
49health database from Saskatchewan, and found that cancer
50mortality was almost doubled among insulin users (HR 1.9,
5195% CI 1.5–2.4, p<0.0001) relative to metformin users,
52and that sulfonylureas were also associated with increased
53mortality (HR 1.3, 95% CI 1.1–1.6, p=0.012) [9]. A study
54published in this issue of Diabetologia confirms these
55observations, while showing that cancer risk in metformin-
56treated patients is similar to that in patients who have not as
57yet received medication for diabetes. Furthermore, the
58paper suggests that the effect of metformin may be
59tumour-specific, in that its use was associated with a
60reduced risk of cancer of the colon and pancreas, but not
61of cancer of the breast or prostate [10].
62The antitumour effect of metformin seems to be
63mediated via its ability to increase the AMP-activated
64protein kinase (AMPK) signalling pathway [11]. AMPK,
65which is activated by a rise in the AMP:ATP ratio, plays a
66key role in cellular energy balance. Activation restores
67levels of ATP by switching on ATP-generating pathways
68and switching off ATP-consuming pathways, and this
69enzyme is thought to mediate many of the metabolic
70actions of metformin [12]. Increased AMPK activity also
71leads to an inhibition of the downstream mammalian target
72of rapamycin (mTOR) complex; mTOR kinase integrates
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73 various cellular signals from growth factors, nutrition and
74 energy state to regulate protein synthesis and cell growth.
75 Rapamycin, the inhibitor of mTOR, and its derivatives have
76 been tested in several cancer trials with some success. A
77 study of human prostate cancer cells demonstrated a strong
78 anti-proliferative effect of metformin [13]. This effect was
79 unaffected by inhibition of the AMPK pathway, but was
80 associated with cell cycle arrest in G0/G1 phase, together
81 with a major reduction in cyclin D1 levels.
82 Another interesting mechanism for the anti-oncogenic
83 effect of metformin has been postulated, based on the findings
84 of a study of mice with CD8+ T lymphocytes which lack
85 tumour necrosis factor receptor-associated factor 6 (TRAF6)
86 and are unable to generate T memory cells [14]. This failure
87 was associated with defective fatty acid oxidation. Metformin
88 restored both the metabolic defect and generation of memory
89 T cells. A further experiment showed that metformin
90 treatment increased CD8+ T memory cell populations in
91 wild-type mice, and enhanced the efficacy of anti-cancer
92 vaccination. These intriguing findings indicate a shared
93 mitochondrial nexus for metabolic and immune pathways,
94 and imply that metformin may also have a direct influence
95 upon immune competence [14].
96 The welcome news, therefore, is that metformin use is
97 associated with a lower risk of some types of cancer, and may
98 even find a role in the management of cancer in non-diabetic
99 individuals. This does not alter the fact the type 2 diabetes is
100 associated with an excess cancer risk, and that diabetes
101 therapies that increase levels of circulating insulin might
102 potentially contribute to this risk. More specifically, there is
103 concern that high insulin levels and associated changes in the
104 IGF-1 axis may accelerate the progression of existing cancer
105 foci. Insulin treatment of type 2 diabetes was, for example,
106 associated with a twofold increase in the risk of colorectal
107 cancer, compared with other therapies, in an analysis that
108 adjusted for prior use of metformin or sulfonylureas [15]. The
109 same analysis reported that cancer risk increased by an
110 estimated 20% for each year of insulin therapy. The paper by
111 Currie et al. in this issue of the journal confirms an association
112 between insulin therapy and colon cancer, and suggests that
113 sulfonylureas may also carry an equivalent risk [10].

114 Insulin and cancer

115 The possibility of an association between insulin and cancer
116 has attracted intense research interest among cancer
117 epidemiologists, since cancers of the colon, breast and
118 pancreas have all been associated with increased circulating
119 levels of endogenous insulin in the non-diabetic population
120 [6, 16]. This might explain some of the overlap between
121 cancer risk in diabetes, obesity and other conditions
122 associated with insulin resistance [6]. There is a possible

123mechanistic basis for these epidemiological findings, in that
124insulin is a growth factor for a number of epithelial tumours
125in cell culture systems, and hyperinsulinaemia also produ-
126ces a secondary increase in the availability of IGF-1—
127another known tumour growth factor—which is mediated
128by a reduction in IGF binding protein-1 levels (IGFBP-1).
129These changes in the insulin–IGF-1 axis might be expected
130to favour the survival and progression of early malignant
131foci [6, 17]. Tumour cells must overcome no fewer than six
132roadblocks to progression before a malignant growth can
133become established. These are the acquisition of self-
134sufficiency in growth signals, insensitivity to growth-
135inhibitory signals, evasion of programmed cell death
136(apoptosis), limitless replication potential, sustained angio-
137genesis, and loss of barriers to tissue invasion [18]. Changes
138in the insulin–IGF-1 axis have the potential to support self-
139sufficiency in growth signals and resistance to apoptosis, and
140may thus offer an adaptive advantage to cancer foci struggling
141to survive in a hostile environment [17].

142The insulin–IGF-1 axis

143Insulin and IGF-1 are sister molecules that share a common
144ancestry but diverged early in vertebrate evolution, since
145when they have co-evolved with their receptors to subserve
146distinct metabolic or trophic functions. The insulin and IGF-1
147receptors are tetrameric members of the receptor tyrosine
148kinase family that are composed of two extracellular α
149domains and two intracellular β domains and share consid-
150erable sequence homology. The metabolic consequences of
151receptor stimulation are mediated by the phosphorylation of
152IRS proteins and activation of the phosphatidylinositol 3-
153kinase–Akt/protein kinase B pathway (the Akt pathway);
154activation of this pathway promotes the other familiar
155metabolic effects of insulin, although the Akt pathway may
156also transmit growth signals. The growth-promoting conse-
157quences of receptor stimulation are more generally mediated
158by the Ras–mitogen-activated protein kinase (MAPK) path-
159way (the Ras pathway), which promotes cell growth and
160differentiation by regulation of gene expression [19].
161Readers unfamiliar with this system might assume that
162signal specificity is intrinsic to the molecular interaction of
163these receptors and their ligands, as predicted by the
164traditional lock-and-key model. The reality is more com-
165plicated, for in certain contexts the insulin receptor can
166transmit mitogenic signals and the IGF-1 receptor can
167transmit metabolic signals. This is because the insulin–IGF-
1681 axis functions within a dense and highly flexible
169signalling network, and differences in signalling specificity
170may vary with the target tissue, the density and spatial
171localisation of receptors, the kinetics of ligand binding, and
172downstream modulation of post-receptor signalling, all of
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173 which contribute to this remarkable functional plasticity,
174 quite apart from any variation in the ligand itself [20].
175 A whole new dimension is superimposed upon this pre-
176 existing complexity when a cell undergoes malignant
177 transformation, for—consistent with the dictum that ‘on-
178 cology recapitulates ontogeny’—tumour cells can re-
179 acquire signalling capabilities that are otherwise only seen
180 in the early stages of development. These include a variant
181 form of the insulin receptor known as IR-A, which is
182 abundantly expressed in both fetal and cancer tissues and is
183 responsive to IGF-2 as well as to insulin [21]. Cancer cells
184 may thus overexpress not only the insulin and IGF-1
185 receptors, but also IR-A and hybrid receptors formed by
186 recombination of their constituent proteins.
187 In summary, tumour cells equipped with this aberrant
188 signalling capacity may become dependent upon the trophic
189 effects of insulin and/or IGF-1, thus accelerating their own
190 growth and acquiring increased resistance to apoptosis [22].
191 Overexpression of this network of proteins is commonly
192 observed in cancers of the colon, breast, pancreas and
193 prostate. It should, however, be appreciated that cancers
194 arise from multiple fortuitous mutations, and are therefore
195 heterogeneous in the extreme. Some in vitro cancer cell
196 lines are much more responsive to insulin and IGF-1
197 signalling than others. The reported effects of insulin on
198 tumour cell lines are highly variable, as we will shortly see,
199 and differences between cell lines, experimental conditions
200 and concentrations of insulin must be taken into account
201 when interpreting results from such reports. This having
202 been said, there is abundant evidence that insulin can, in
203 some circumstances, promote the growth of both healthy
204 and malignant cell lines in culture systems.
205 Cancers take many years to develop, and it is therefore
206 surprising that studies such as those reported in this issue of
207 Diabetologia [10, 23–25] can claim to detect differences in
208 cancer rates within a few years of exposure to different
209 therapeutic agents. These observations, if confirmed,
210 strongly suggest that the effects we are witnessing arise
211 from differences in the rate of development of pre-existing
212 malignant foci rather than malignant transformation and
213 new cancer cell formation. This inference is consistent with
214 the observed effects of insulin on cells in culture. Further
215 support for this view comes from autopsy studies showing
216 that a high proportion of people in an ageing population
217 harbour early cancers. Prostate cancers, for example, are
218 present in some 50% of 70-year-old men and in 80% of
219 those over the age of 90 [17].

220 Insulin analogues and cancer

221 On 9th April 2008, Pfizer (New York, NY, USA) issued a
222 ‘Dear Healthcare Professional’ letter to the effect that

223inhaled recombinant human insulin had been associated
224with six new cases of lung cancer in clinical trials, with one
225further post-marketing report in a patient treated with
226Exubera. A single case had been reported in comparator-
227treated patients, and all cases had a history of prior cigarette
228smoking [26]. The company stated that this sixfold increase
229in risk (0.13/1,000 cases vs 0.02) did not prove a causal
230connection, but the observation may have helped to motivate
231the precipitate removal of Exubera from the market on 17th
232October 2007 [27]. The effects of massive local concen-
233trations of insulin in the lung cannot, however, be extrapo-
234lated to the safety or otherwise of subcutaneous insulin.
235Three potentially relevant observations provide the
236essential background for any discussion about insulin
237therapy and cancer: (1) the epidemiological finding that
238insulin concentrations within the physiological or therapeu-
239tic range are associated with the rate of tumour diagnosis;
240(2) laboratory findings that the intrinsic mitogenicity of
241insulin may vary according to the functional plasticity of
242the insulin–IGF-1 signalling network, particularly in tu-
243mour cells; and (3) the demonstration that some tumour cell
244lines are responsive to changes in the ambient concen-
245trations of either or both these ligands. Concerns that the
246insulin analogues might be associated with an increased
247risk of tumour progression [28, 29] must be appreciated
248against this complex background.
249The introduction of biosynthetic human insulin opened
250the way for ‘designer’ insulins modified for faster or more
251sustained effects following injection, and it soon became
252apparent that some alterations of the insulin molecule
253increase its trophic effects, as demonstrated by accelerated
254DNA synthesis and cell division in cell culture systems,
255typically human mammary epithelial cells (HMECs). These
256effects are mediated by prolonged binding to the insulin
257receptor, or by increased cross-reactivity with the IGF-1
258receptor [30, 31], and all new insulins are routinely
259screened for their effects on cell growth in the course of
260preclinical evaluation. Insulin B10Asp, the first of the
261analogues to be developed, was based on a single amino
262acid substitution. This was, however, sufficient to produce a
263tenfold increase in mitogenicity, compared with human
264insulin. In the light of this observation, the regulatory
265authorities required 2 year carcinogenicity studies in
266rodents, as against the standard 1 year toxicity testing,
267and the insulin was withdrawn when mammary tumours
268appeared in rats [32].
269Further experience revealed that the insulin and IGF-1
270receptors recognise the terminal part of the insulin B chain
271and extensions into the C chain differently. Modification of
272B26–B30 regions of the B chain increases IGF-1 receptor
273binding, as does modification of the B10 residue and
274extension of the B chain by addition of arginine residues
275[33]. Changes at both sites have additive effects, in that
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276 AspB10DiArg insulin, used for experimental purposes only,
277 produces a 90-fold increase in binding to the IGF-1 receptor
278 on HMECs. Insulin glargine (A21Gly,B31Arg,B32Arg
279 human insulin) also contains arginine residues at positions
280 B31 and B32, together with a glycine substitution at A21;
281 Insulin aspart (B28Asp human insulin) carries a B28Asp
282 substitution, and in insulin lispro (B28Lys,B29Pro human
283 insulin) the sequence of proline and lysine residues at B28/
284 B29 in human insulin are reversed. Insulin detemir, B29Lys
285 (ε-tetradecanoyl),desB30 human insulin carries a fatty acyl
286 chain attached to the end of the B chain. The ability of
287 analogues to stimulate HMEC growth generally correlates
288 with their ability to bind to the IGF-1 receptor, but
289 prolonged interaction with either receptor also appears
290 necessary for stimulation of mitotic activity [30].
291 Kurtzhals and colleagues used a variety of systems,
292 including human osteosarcoma cells, to compare receptor
293 affinities and mitogenic potencies of the insulin analogues
294 in current clinical use, and found that insulin glargine has a
295 six- to eightfold increase in receptor affinity and mitogenic
296 potency compared with human insulin [33]. Sanofi-Aventis
297 had previously observed a similar increase in mitogenic
298 activity in osteosarcoma cells [28]. In contrast, the two
299 short-acting analogues were reported to resemble human
300 insulin in most respects other than a slight increase in IGF-
301 1 receptor affinity for insulin lispro. Insulin detemir had
302 reduced metabolic and mitotic potencies in vitro compared
303 with human insulin, presumably because it carries a fatty
304 acyl chain, which might be expected to interfere with
305 receptor binding, but is, for technical reasons, difficult to
306 compare with other insulins in such systems [33].
307 As indicated in the previous section, insulin analogues
308 have been tested in tumour cell lines with variable results.
309 A pancreatic cancer cell line responded similarly to insulin
310 glargine and human insulin, and survival of insulin
311 glargine-treated patients following treatment for pancreatic
312 cancer did not differ from that of patients on insulin or
313 controls [34]. In another study, colorectal, breast and
314 prostate cell lines showed proliferative changes and
315 increased resistance to apoptosis in response to exposure
316 to pharmacological doses of insulin glargine, insulin
317 detemir and insulin lispro, but not to human insulin [35].
318 Another recent paper tested the effect of exposure to insulin
319 analogues on a panel of neoplastic and non-neoplastic
320 mammary epithelial cell lines. Preliminary screening for the
321 insulin/IGF-1 receptors indicated that growth of the
322 malignant cell line MCF7 was strongly promoted by insulin
323 glargine, but not by other insulins, at dosage levels in the
324 picomolar range, comparable to those found in the
325 circulation of insulin-treated patients. This effect was
326 strongly linked to activation of the IGF-1 receptor and the
327 MAPK pathway. Other cell lines carrying insulin/IGF-1
328 receptors did not respond in this way [36].

329Insulin glargine is partially degraded at the injection site,
330yielding two bioactive products known as M1, which lacks
331the diarginine residues at B31 and B32, and M2, which has
332additional deletion of the threonine at B30. Both products
333retain the glycine substitution for asparagine at A21. These
334are therefore closely similar to, but not identical with,
335human insulin [37, 38], and their mitogenicity appears to be
336low [38]. All three forms (unchanged insulin glargine, M1
337and M2) enter the circulation. Further degradation of
338insulin glargine to M1 occurs on exposure to serum,
339probably mediated by carboxypeptidase enzymes [38].
340These observations suggest that insulin glargine behaves
341to some extent as a prodrug, generating bioactive break-
342down products both at the site of injection and within the
343circulation. It follows that insulin glargine may be less
344mitogenic in vivo than in vitro, but the studies suggest
345considerable inter-individual variation, and a substantial
346proportion of the insulin injected will, on present evidence,
347reach the cells in the form of unaltered glargine.
348In summary, it is currently impossible to extrapolate
349from the in vitro to the in vivo situation with any
350confidence. The mandatory preclinical testing procedures
351to which all the insulin analogues in current clinical use
352have been subjected are therefore insufficient to confirm or
353to exclude a possible cancer risk in humans. Preclinical
354testing has, however, identified legitimate cause for concern
355regarding some of the analogues.

356Carcinogenicity studies in rodents

357Preclinical evaluation of the analogues includes safety tests
358in animals, and development of insulin B10Asp was halted
359when this was shown to promote the development of
360mammary tumours in female Sprague–Dawley rats [32].
361The daily doses tested were 12.5, 50 and 200 U/kg, and
362malignant tumours developed in 0, 11% and 23% of the
363rats, respectively. Insulin glargine, by contrast, was tested at
364the lower daily doses of 2, 5 and 12.5 U/kg [39], the last of
365which is said to correspond to human daily doses of
366approximately 100 U (rats) or 50 U (mice). It is worthy
367of note that insulin B10Asp would have passed the
368carcinogenicity testing to which insulin glargine was
369subjected and would now be in clinical use. Interpretation
370of the insulin glargine studies was further complicated by a
371very high early mortality rate, which was probably due to
372hypoglycaemia at the higher insulin doses. This led the US
373Food and Drug Administration (FDA) to comment that ‘the
374findings in female mice were not conclusive due to
375excessive mortality in all dose groups’ [40], a caution
376which, curiously, finds no echo in the published report of
377the study [39]. Mammary tumours did indeed develop in
37810–20% of the female rats, but were no more common in
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379 rats treated with insulin glargine than in those treated with
380 neutral protamine Hagedorn (NPH) insulin or control
381 solutions.
382 In summary, and despite the rapid increases in knowl-
383 edge that have accrued since the insulin analogues have
384 reached the market, we can make no firm judgement as to
385 whether the insulin analogues do or do not enhance cancer
386 risk on the basis of preclinical or laboratory testing. Since
387 prospective clinical trials are evidently impracticable (who
388 would agree to participate?), this possibility can only be
389 addressed by observational studies in humans.

390 First observations in man

391 A large observational study submitted to this journal last
392 year suggested that use of insulin glargine is, after
393 adjustment for dose, associated with a possible increase in
394 tumour risk in humans [23]. Interpretation of this analysis
395 proved controversial, but the implications were serious. A
396 special advisory group, convened by the EASD, agreed that
397 it would be premature to publish these findings in isolation,
398 and that replication was needed. The three other observa-
399 tional analyses presented in this issue of Diabetologia were
400 therefore commissioned to examine the safety of this
401 insulin [10, 24, 25], and the main findings will be
402 summarised here. Coincidentally, a further paper in this
403 issue reports a prospective evaluation of the risk of
404 retinopathy progression in patients treated with insulin
405 glargine or human NPH insulin [41].

406 German insurance study In this report [23], which triggered
407 the remainder, Hemkens and colleagues present data from a
408 large insurance dataset, and compare the rate of diagnosis of
409 malignant tumours in patients treated with human insulin, as
410 against three of its analogues: insulin lispro, insulin aspart
411 and insulin glargine. Insulin detemir, more recently intro-
412 duced to the German market, was not included. The 127,031
413 patients (39% of all those on insulin) in this large population
414 sample had all started insulin treatment since 2000, and were
415 all treated exclusively with human insulin (soluble and/or
416 NPH) or one of the three analogues. Of these, 95,804
417 (75.4%) were exclusively on human insulin, 23,855 (18.8%)
418 were on insulin glargine alone, 3,269 (2.6%) were on insulin
419 lispro and 4,103 (3.2%) were on aspart alone. It should be
420 noted that, in Germany, patients with type 2 diabetes are
421 often treated with preprandial doses of rapid-acting insulin
422 without a basal supplement. The insulin dose was extracted
423 from the medical records. Although classification of
424 diabetes is not specified in the register, those included in
425 this analysis will almost all have had type 2 diabetes, an
426 interpretation supported by the median age of ~67 years in
427 all four groups.

428The major finding of this analysis was a strong correlation
429between insulin dose and cancer risk, regardless of insulin
430type. The influence of dose greatly complicated the analysis,
431since the crude incidence of malignant neoplasms was higher
432in patients on human insulin than in those receiving one of the
433three analogues, but patients on human insulin were also
434treated with larger doses of insulin. Insulin glargine users were
435prescribed a median of ~22 U/day (95th quantile ~59 U),
436compared with a median of ~37 U (95th quantile ~100 U) for
437human insulin. Insulin glargine thus carried a significantly
438lower risk of cancer than human insulin in the unadjusted
439analysis, but the risk ratio reversed itself when insulin dose
440was allowed for, such that the rate of diagnosis of cancer and
441all-cause mortality both rose more steeply at higher doses of
442insulin glargine relative to human insulin. The adjusted HR
443for diagnosis of a cancer was 1.31 (95% CI 1.20–1.42) for
444individuals on 50 U of insulin glargine daily, as against 50 U
445of human insulin. Dose for dose, insulin glargine thus
446appeared to carry a higher risk of cancer than human insulin.
447As might be imagined from the somewhat complex
448nature of the analysis, this report created a dilemma for the
449journal. Our referees expressed a number of major
450reservations. These ranged from biological implausibility,
451given the short median period (1.31 years for insulin
452glargine) of exposure to each of the insulins, to the limited
453overlap between the dose ranges, the unexplained effect of
454insulin glargine on all-cause mortality, the lack of overall
455difference in cancer risk between the four insulins in the
456crude analysis, failure to correct for BMI in the dose–
457response analysis, and a number of technical considera-
458tions. Nor was it possible to break the findings down
459according to the nature of the tumour—a major limitation
460given the low probability that any one agent might produce
461a non-specific increase in all types of cancer. Three of the
462six referees initially recommended rejection on the basis of
463these limitations, some of which were inescapable. On the
464other hand, strengths of the study included its large size,
465and its main findings survived a searching and prolonged
466review process. We anticipate that it will continue to
467generate controversy following publication, and concluded
468that it would be premature to publish these hypothesis-
469generating data in isolation.
470Publication was therefore made conditional upon the
471performance of additional studies, and these terms were
472accepted by the authors. Two national diabetes registries in
473Sweden and Scotland were therefore invited to run their
474data against those of their respective cancer registries [24,
47525]. The overall null hypothesis was that patients treated
476with insulin analogues were not more likely to be
477diagnosed with cancer during the period of observation.
478At a later stage, a further analysis was commissioned from
479Pharmatelligence (Cardiff, UK), a commercial organisation
480with a well-characterised diabetes database previously
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481 obtained from The Health Information Network (THIN) in
482 the UK [10].

483 Sweden The Swedish study linked data from a number of
484 registries to identify 114,841 patients who received pre-
485 scriptions for insulin in 2005 [24]. These records were then
486 linked to data from the cancer registry for the two
487 subsequent calendar years. The specific focus was on
488 insulin glargine, as noted above, and some limitations
489 should be noted. For example, duration of insulin therapy
490 and exposure to other insulins prior to 2005 could not be
491 considered. Patients were then divided into three groups:
492 insulin glargine only (5,970 individuals), insulin glargine
493 plus other insulins (20,316 individuals) and insulin users
494 not on insulin glargine (88,555 individuals). Classification
495 of diabetes was based on age at diagnosis, and those
496 diagnosed after 30 years of age, including almost all those
497 on insulin glargine alone, were considered to have type 2
498 diabetes. Insulin dose could only be estimated in terms of
499 the number of insulin prescriptions filled, which meant that
500 a dose–response relationship could not be examined in the
501 same way as in the German study [23], which was based on
502 recorded insulin doses. The endpoints were diagnosis of
503 any neoplasm, and a diagnosis of a cancer of the breast,
504 prostate or gastrointestinal tract. Joint consideration of all
505 gastrointestinal tumours might be considered a further
506 limitation of this study, since colon cancer is a much
507 stronger candidate for an insulin effect.
508 The analysis found no statistically significant difference
509 in cancer incidence between the two largest groups, those on
510 insulins other than insulin glargine, and those on insulin
511 glargine plus other insulins. Those on insulin glargine alone
512 did, however, have a higher risk of breast cancer than those
513 on insulins other than insulin glargine, with an RR of 1.99
514 (95% CI 1.31–3.03), all other cancer risks being equal. This
515 observation was robust in statistical terms, in that it was little
516 affected by any of the subsequent adjustments that were
517 made, and metformin use did not emerge as a confounder.
518 As in any observational study, this finding must be
519 interpreted with caution. To begin with, the number of
520 breast cancers was relatively low: 25 cases on insulin
521 glargine vs 183 on insulins other than insulin glargine.
522 Furthermore, it is puzzling that the reported effect should be
523 limited to users of insulin glargine alone, rather than all
524 insulin glargine users regardless of other insulins. The
525 insulin glargine plus other insulin group did, however,
526 contain a much higher proportion of younger patients
527 (presumably on basal bolus therapy) than the other two
528 groups. This indicates the strong possibility of an allocation
529 bias, sometimes termed ‘confounding by indication’, i.e.
530 differences between exclusive insulin glargine users and the
531 comparator groups that might also influence their relative
532 risk of breast cancer. Statistical corrections can limit this

533possibility, but cannot rule it out. Conversely, the observa-
534tion has biological plausibility, for breast cancer would be a
535prime candidate for an insulin glargine effect in any a priori
536hypothesis based on laboratory data.

537Scotland The Scottish analysis [25] used a national clinical
538database that covers almost everyone with diagnosed
539diabetes in Scotland. The analysis included all patients
540exposed to insulin therapy for the calendar years 2002,
5412003 and 2004. An open cohort analysis included 49,197
542patients on insulin, divided, as in the Swedish analysis, into
543insulin glargine alone, insulin glargine plus other insulins,
544and non-glargine insulins. These groups were then matched
545with cancer registry data validated up to the end of 2005.
546The analysis considered overall cancer incidence, and the
547frequency with which cancer of the breast, colon, prostate
548and pancreas were diagnosed. As in the Swedish study,
549there were clear differences between the patient groups; for
550example, those on insulin glargine alone were older than
551those on insulin glargine plus other insulins (68 vs 41 years)
552and users of other insulins (60 years). Not surprisingly,
553those on insulin glargine alone were also more overweight,
554more hypertensive, and more likely to be on oral glucose-
555lowering agents; 97% had a diagnosis of type 2 diabetes, as
556against 37% of those on insulin glargine plus other insulins.
557Taken together, the two insulin glargine groups (insulin
558glargine alone or with other insulins) had a significantly
559lower rate of cancer progression than did the human insulin
560group (HR 0.66, 95% CI 0.57–0.76, p<0.0001). Here
561again, the picture reversed itself when those on insulin
562glargine alone were considered, and this group then had a
563higher overall cancer rate than those on human insulin (HR
5641.66, 95% CI 1.06–2.60, p=0.026 [Fixed cohort, Model
5652]). The number of site-specific cancers was small, but the
566number of breast cancers was increased (HR 4.37, 95% CI
5671.64–11.7, p=0.003 [Fixed Cohort, Model 2]).

568UK GP database This analysis [10], based on records
569obtained from THIN, had the advantage of an established
570database with carefully defined sub-categories according
571to diabetes therapy. This database also enabled cancer risk
572to be determined in patients on monotherapy with
573metformin or sulfonylureas, on combination therapy with
574both, or on insulin (subdivided into insulin glargine only,
575NPH insulin only, human biphasic and analogue biphasic
576insulin only). An additional group of diet-treated diabetes,
577plus patients in the 3 year period prior to their diagnosis
578of diabetes, allowed cancer risk to be examined in
579medication-naive individuals. The analysis was deliberate-
580ly limited to patients who entered a given treatment
581category later than the year 2000, although insulin users
582might, for example, have previously taken oral agents.
583This dataset was therefore more sharply defined in terms
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584 of diabetes therapy than the two national registries, but
585 was also smaller.
586 The most striking finding to emerge from this analysis
587 was the protective effect of metformin. This has been noted
588 previously [9], but the present analysis has shown that the
589 risk of cancer in metformin-treated patients is equivalent to
590 that in treatment-naive individuals prior to diabetes therapy,
591 and that the rate of cancer development associated with
592 monotherapy with sulfonylureas or insulin is lower when
593 these therapies are combined with metformin. Furthermore,
594 metformin was associated with a reduced rate of cancer of
595 the colon or pancreas, but no reduction was seen for cancer
596 of the breast or prostate. The difference in risk of pancreatic
597 cancer was striking, yet is consistent with experimental
598 studies in hamsters [42]. It has also recently been shown
599 that metformin abrogates sitagliptin-induced pancreatic
600 ductal metaplasia, a precursor of carcinoma, in a rat model
601 of type 2 diabetes [43]. These observations suggest that
602 metformin may come to play a major role in cancer
603 prevention in diabetes. For present purposes, however, the
604 points to note are that concomitant metformin use is
605 potentially a major confounder when it comes to estimating
606 the risks of insulin therapy. Furthermore, the lack of effect of
607 metformin on breast cancer, if confirmed, might help to
608 explain why this particular cancer has tended to emerge from
609 the analyses conducted in the previous two studies [10].
610 This study was essentially negative when it came to
611 comparison of the four insulin-treated groups, whether in
612 terms of all cancers or cancer of the breast, pancreas, or
613 colorectal cancer, or a basket of all three cancer types. It
614 will also be noted that the four insulin-treated groups were
615 less evidently heterogeneous than patients in the other
616 analyses we have considered. Numbers were, however,
617 relatively small, with 2,286 on insulin glargine alone,
618 compared with 1,262 on NPH insulin, and once again a
619 dosage-based comparison, as performed in the German
620 study [23], did not prove feasible.621

622 Insulin glargine and retinopathy

623 A further safety concern requiring human studies arose
624 when one of the early clinical trials [44] was reported to
625 have observed a threefold increase in retinopathy progres-
626 sion with insulin glargine compared with human insulin
627 [41]. Curiously, this fact is not mentioned in the original
628 report [44], which concludes with the statement that insulin
629 glargine has a safety profile that, apart from reduced
630 nocturnal hypoglycaemia, is ‘otherwise similar to NPH
631 insulin’. Equally curious, a later review also cites the same
632 paper as documenting a three step or greater retinopathy
633 progression in 7.5% of those on insulin glargine vs 2.7% of
634 those on NPH (p<0.05) [45]. Since IGF-1 has a role in

635normal retinal vascular function and disease [46], this
636observation raised the possibility that insulin glargine might
637also have mitogenic effects on the vascular endothelium. The
638FDA required prospective comparative studies of retinopathy
639progression in patients taking human and glargine insulins in
6401999 [28], and this work finally culminated in the report
641published in this issue of Diabetologia. Reassuringly, this
642analysis was entirely negative.

643What does it all mean?

644It will be evident from the foregoing that we have entered
645an area of considerable complexity. A number of useful
646conclusions may, however, be drawn, and questions can be
647formulated in terms that should permit an answer within a
648relatively short space of time.
649To begin with, there is a school of thought that has
650maintained that there has been little or no case for insulin
651glargine to answer in terms of the laboratory and preclinical
652data. We do not accept this view. It is indeed difficult to
653extrapolate from preclinical testing to the clinical situation,
654as we have emphasised, but at least one of the analogues
655has demonstrated clear evidence of increased mitogenicity,
656and at concentrations similar to those achieved in clinical
657use. Although there have been negative studies, the growth
658of some tumour cell lines is clearly enhanced by insulin.
659There is indeed a case to answer.
660Any consideration of the possible effect of the insulin
661analogues on cancer growth must allow for the fact that
662circulating levels of endogenous insulin appear to be
663associated with cancer risk in obesity and other insulin-
664resistant conditions, including type 2 diabetes. Epidemio-
665logical association does not prove causation, but there are
666mechanistic data to support a direct role for insulin. This
667being the case, treatments that elevate circulating insulin
668levels in diabetes might potentially carry an increased risk
669of cancer. This possibility is strongly suggested by the
670powerful influence of insulin dose upon cancer risk shown
671in the German study [23], an effect seen with all types of
672insulin. This question requires further investigation, and the
673potential effect of the analogues, if any, must be judged in
674the light of this information.
675A further point to consider is that differences in cancer
676risk between treatments have emerged within a remarkably
677short period of exposure to the putative agent. This is
678almost without precedent in the field of cancer [24], and the
679observation, if confirmed, can only be interpreted in terms
680of activation or accelerated progression of latent malignant
681foci. The potential importance of factors that promote
682cancer progression is suggested by the observation that the
683rate of clinical prostate cancer is about tenfold greater in the
684USA than in Japan, whereas the prevalence of latent

Diabetologia

JrnlID 125_ArtID 1441_Proof# 1 - 24/06/2009



AUTHOR'S PROOF!

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

685 prostate cancer in autopsy studies is much the same in the
686 two populations [17] (Fig. 1). Breast cancer screening has
687 been implemented in both Sweden and Scotland, and might
688 have contributed to earlier diagnosis. There is no reason to
689 believe that insulin therapy causes cancer, but there is,
690 nonetheless, reason to suspect that high concentrations of
691 insulin may promote its development.
692 When it comes to interpretation of the studies them-
693 selves, it is important to note that the model upon which the
694 German analysis is based depends on a number of
695 assumptions that may or may not prove to be justified.
696 This study does, however, introduce the issue of dose,
697 which may prove central to future consideration of this
698 issue. The Swedish and Scottish studies [24, 25], which
699 were especially commissioned to consider the safety of
700 insulin glargine, are reasonably consistent. Both show a
701 clear difference between the cancer risk of the group on
702 insulin glargine plus other insulin and that of the group on
703 insulin glargine alone. The demographic characteristics of
704 both groups also differ, in that the former groups were

705composed largely of younger patients on basal bolus
706therapy. The baseline risk of cancer is much lower in this
707age group, together with the likelihood of pre-existing
708cancer foci. Furthermore, a proportion had type 1
709diabetes, which is associated with a different range of
710cancers [5]. Statistical adjustment cannot fully compensate
711for biological differences between groups. The insulin
712glargine only groups also differed, although to a lesser
713extent, from the comparator groups on human insulin. The
714German study indicated an increased cancer risk in both
715sexes, suggesting that it would be premature to focus
716further attention on one specific tumour type to the
717exclusion of all others. This having been said, both studies
718independently indicate a signal for breast cancer, a
719biologically plausible tumour, and this observation cannot
720simply be ignored.
721The THIN study managed to match the study groups
722more closely [10]; it also allowed a time-matched compar-
723ison to be made between monotherapy with human insulin
724and insulin glargine, which was not possible in the previous
725two studies [24, 25]. In the event, no difference emerged
726between the therapies [10]. The number of patients studied
727was, however, relatively low, and interpretation of all three
728studies must allow for the relatively low frequency of breast
729cancer: 25 cases in patients on insulin glargine alone in
730Sweden, five cases in Scotland and ten cases in THIN. The
731latter study therefore provides some reassurance in relation
732to the two previous studies, but does not resolve the
733question at issue.

734Where next?

735The difficulties we encountered during the course of this
736analysis provide an excellent demonstration of the problems
737and pitfalls of observational studies [46]. Prospective
738clinical trials set out to compare like with like, whereas
739pharmacoepidemiological studies such as those reported
740here almost inevitably need to make statistical adjustments
741for unmatched comparisons. You can only correct for
742confounders when you know what the confounders are. A
743prospective clinical trial would be the best way of resolving
744the issue, but would be unfeasible, arguably unethical, and
745far too slow to perform. Clinical trial data held on file by
746sanofi-aventis may allow some of these questions to be
747answered, but independent review would be an essential
748element of any such analysis. An additional approach,
749supplementary to the foregoing, would be a much larger
750pharmacoepidemiological analysis, jointly designed and
751conducted by industry and representatives of the scientific
752associations, and independently analysed. We believe that
753such a study would achieve as close an approximation to
754the truth as is likely to be possible.

Fig. 1 Scanning electron micrograph showing prostate cancer.
Prostate cancer appears to have a weak negative association with type
2 diabetes, possibly because a common polymorphism in the HNF1B
gene, which predisposes to type 2 diabetes, also protects against
prostate cancer [54]. Image from Steve Gschmeissner/Science Photo
Library
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755 Summary and conclusions

756 The focus of this series of investigations has been on
757 insulin glargine. It has not proved possible to place
758 insulin detemir under similar scrutiny, but it would be
759 prudent for this insulin analogue to be investigated in
760 more detail. On current evidence, the short-acting
761 analogues do not appear to present a potential problem.
762 With respect to insulin glargine, it is in no one’s interest
763 to mount a witch-hunt against this popular and widely
764 used insulin—many will reflect upon the fate of
765 rosiglitazone—but it is in everyone’s interest for the
766 truth to be known. The evidence presented in this set of
767 papers is sufficient to establish that there is a case to
768 answer, but is entirely insufficient to bring in a verdict.
769 Certain reassurances do, however, seem justified. There
770 is no evidence that insulin, however formulated, causes
771 cancer. There is no evidence of an overall increase in the
772 rate of cancer development in patients on insulin
773 glargine, and some suggestion that the risk may actually
774 be reduced. There is no evidence of harm in type 1
775 diabetes, or in males, or in premenopausal breast cancer.
776 On the other hand, it has to be said that insulin glargine
777 has not been shown to be more effective than human
778 insulin in achieving glycaemic control in type 2 diabetes;
779 its main benefit (if any) is in relation to symptomatic
780 episodes of nocturnal hypoglycaemia [47–52]. We have
781 safe and effective alternatives to offer our patients with
782 type 2 diabetes.
783 The observations presented here require further anal-
784 ysis and evaluation, and are likely to open a much wider
785 debate. Once the safety of the analogues has, as we
786 would all wish, been confirmed, the wider debate will
787 centre around the relationship between insulin and
788 cancer, and the possibility of reducing this risk by
789 lifestyle measures and metformin. One point has become
790 abundantly clear, and this is that cancer must now be
791 numbered among the complications of diabetes. Further-
792 more, and as with ischaemic heart disease, cancer is
793 associated with a higher mortality in those with diabetes
794 than in those without [53]. Cancer risk and prevention
795 may become increasingly important considerations in
796 diabetes therapy, and the implications of the studies
797 reported here are likely to be very far-reaching.
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